LEAD FRAME AND SEM CONDUCTOR DEVI CE USI NG THE SAME Cross Reference to

Rel ated Applications This Non-provisional application clainms priority under
35 U S.C. 119(a) on 5 Patent Application No. 2006-130369 filed in Japan
on May 9, 2006, the entire contents of which are hereby incorporated by
ref erence. Background of the Invention The present invention relates to a

| ead frame and a sem conductor device using it, 10 and nore particularly
relates to a |EBAD FRABIE ND SEMICOMNYECTIOIN DEMICE §$ING THE SAME el easi ng
heat of a high breakdown voltage el ement and the |ike and a sem conduct or
device using it. Conventionally, in a lead franme required to have high heat
radi ation for releasing heat of a high breakdown voltage el enent and the
i ke, peeling off is causedr@t RafercntetolRelated opitaviensn a seal ing resin
material and the lead frame or at an interface between the sealing resin
materi al and a Thie NadproVitea uphligeiehi dginof pricrsty caudsedS ES.0evel tis) oo
cause peeling off between a wire bond or a bondi ng area and breakage of
the wife Barat Aphkcatioy Nd. @664i1303 6% iledbn Vagap amMey S¢c P0G tho anteretcooignisfoft he
el ectric parts. Accordingly, a lead frame and a sem conductor device using
it have bedncldesiheedywhioctoraisd pyeslersned from | owering 20 of reliability in
el ectric connection of the electric parts, which is caused due to peeling
off between the wire bond and the bonding area or breakage of the wire
bond, by preventing the peeling off at the interfaces and devel opnent

t hereof . Backgruadodsheheveakianpl e of a conventional lead frame for a

sem conductor device which is required to have high heat radiation for

rel easi ng heat bie presangnvispdemk sdains toos laad | framseand) %WOWWW@VW&@IH&A&

shown in FIG 7, the conventional |ead frame 101 includes; a die. 02
for ABI diRRg TROTS ATER U tERCE P 7 leadrfaweaﬁ%ﬁunﬁﬂalpehﬂf@4 lékt}?ﬁﬂﬂ” tiOﬁl or
parallel to tie bars 10% and forrred so as to ter he di e c?d 102:
and a pl urelpPasing Bfat K highebisa Wé’?‘ct@?d? Rgerty e B Gna & semiCofifictor

device using it.
Conventionally, in a lead frame required to have high heat radiation for releasing
heat of a high breakdown voltage element and the like, peeling off is caused at an interface
15 between a sealing resin material and the lead frame or at an interface between the sealing
resin material and a die pad. Once such peeling off is caused, it develops to cause peeling
off between a wire bond or a bonding area and breakage of the wire bond, thereby
lowering reliability in electric connection of the electric parts. Accordingly, a lead frame
and a semiconductor device using it have been desired which is prevented from lowering
20 of reliability in electric connection of the electric parts, which is caused due to peeling off
between the wire bond and the bonding area or breakage of the wire bond, by preventing
the peeling off at the interfaces and development thereof.
FIG. 7 shows one example of a conventional lead frame for a semiconductor
device which is required to have high heat radiation for releasing heat of a high breakdown
25  voltage element and the like.
As shown in FIG. 7, the conventional lead frame 101 includes: a die pad 102 for

holding a semiconductor chip; a radiator plate 104 extending in parallel to tie bars 103 and



the tie bars 103 toward the die pad 102 and spaced apart fromthe die pad
102, wherein one of the plurality of inner |eads 105 is connected to the
die pad 102 to serve as a G\ND (ground) lead 106. 5 FIG 8 and FIG 9 each
show one exanpl e of a conventional sem conductor device including a high
br eakdown voltage el enent and the |like which is a sem conductor device
using the lead frame 101 shown in FIG 7. As showmn in FIG 8, in the
convent i ORgHned 8§ idHehQE tieNik 98d 108 aidiandutalley dtiigher IBIdeabg exrntiok fage

el ement and the like, a sem conductor chip 107 is die bonded on the die 10

pad 102 ofpetthendreBiB fokarethd Qo pmzedrﬂcsbﬁéad%fﬁﬂdﬁaniﬂﬁ_cﬂ@ﬁacﬁl@lﬁﬂﬁﬂein one_
el ectrode pad 109 of the sem conductor chip 107 are wire bonded to bondi ng

areas 110opkhet El@rdlilﬂ;ﬂ@f ihRRdsads0f3 RNebnacsDtE e aiet paan1 i ndisaige as saGNLL,
respectively, by nmeans of nmetal thin lines 112. In the sem conductor device

i ncl udi ng(drbgnd)ilgld leeakdown vol t age el enent and the |ike shown in FIG 9,
the ground el ectrode pad 109 of the sem conductor chip 107 is wire 15
bondeds t o an orFIGN\Dahé &UGbbestihngoarer ckidphf oftahenGididnebeniiGénduytoneavise of
the netal thin line 112. The sem conductor chip 107 held by the lead frane
101 and t helniigd highitredkidnes voltdge elemesealdetic hike avisdalsi ngmiesiductmadeyical
114, and a part of the radiator plate 104 which is exposed fromthe
seal i ng reshpthedtaerfrahe 10Uskarveh il Godt er | eads 115 are subjected to resin
20 burr renoval, tie-bar cutting, and cut-bending, thereby obtaining the
seni conduct or devihoen wHdGn 8i m EkGongention# @miGnduptoFleyicd includingytherhigh be
sealed by the sealing resin material 114 is indicated by a broken line as
a seal i ngbreelgdoom wilGge Alepant arst the e gtz cerduptoachipll®Z is disi kendpd o ilsalied
fromthe sealing resin material 114 and the outer |eads 115 are bent into
gul | Wl ngpddbt#sof s lgad fame A bowdudeaiodd pedc B0%rrtt axwadideciinganad d0Psaf ent
Application Laid Open Publication No. 6-21303A, when at |east one hole is
formed i nthersemigosidngtoy clop H0Rarqiwies bandaditn §ording atses Al of dbgimmenirads pe4) i ng
of f caused by thermal stress between the surface of —

and 2 GND connection bonding area 111, respectively, by means of metal thin lines 112.

In the semiconductor device including the high breakdown voltage element and the
like shown in FIG. 9, the ground electrode pad 109 of the semiconductor chip 107 is wire
15  bonded to an on-GND-lead bonding area 113 of the GND lead 106 by means of the metal
thin line 112.
The semiconductor chip 107 held by the lead frame 101 and the metal thin lines
112 are sealed by a sealing resin material 114, and a part of the radiator plate 104 which is
exposed from the sealing resin material 114 and the outer leads 115 are subjected to resin
20  burr removal, tie-bar cutting, and cut-bending, thereby obtaining the semiconductor device
shown in FIG. 8 or FIG. 9. In FIG. 7, a region to be sealed by the sealing resin material
114 is indicated by a broken line as a sealing region 116. A part of the radiator plate 104
which is exposed from the sealing resin material 114 and the outer leads 115 are bent into
gull wing forms.
25 In a semiconductor device disclosed in Japanese Patent Application Laid Open
Publication No. 6-21303A, when at least one hole is formed in the vicinity of the wire

bonding area of the lead frame, peeling off caused by thermal stress between the surface of



an inner lead and the sealing resin material can be prevented, preventing
the wire bond from being broken by the pealing off. Referring to Japanese
Pat ent Application Laid Open Publication No. 2-78262A, the inner |eads and
the G\D | ead which are covered with the sealing resin material have 5
parts which are bent in-plan and have a narrow width to prevent outside

noi sture fromentering. This nmeans an increase in humdity resistance,

t her eby ohainAbM@a@ ahld IR YealinglrbaP | 8at&@4N &R ﬂﬁ%ﬁ’é%ﬂt&ﬁ\ﬁr&%miﬂ_@ €he réesridonal
sem conductor device using the lead frame for holding the high breakdown

vol t age elfedreBEingMebichylthKgsalingwever, involves the follow ng problens. 10
FIG 10A is a sectional view taken along the |ine Xa-Xa of the conventi onal

sen conduct or de!feﬁﬂlcFS hpmpahékema@ent%%;ﬂﬁdti&i Gaidl OBers MawBBcdtion Ao ePH78R 64,
scale a region Dindicated in FIG 10A. As shown in FIG 10B, in the

sem condugh® inndeWade atks tHedGNIeleed eI hienalelegadth fhearslidddsinvbehial koei ves
external nechanical stress in cut-bending and the like of the 15 radiator

pl at e 304 papeadtictyaef bent 2d-plan dridabdve 4 aabewosidget pevwaernttiie nsdshitenfyomesi n
material 114 and the radiator plate 104 fromthe edge of the sealing resin
mat eri al Ehékringwaitist eand msiideecadeuint hemidityhesivanest thesedbyi shtgianer atledhijue
to difference in thermal expansion of the sealing resin material 114, the
| ead fr ameeclidbls seancorduetos daviconduct or chop 107 in packaging reflowto
cause pealing off 122 between the sealing resin material 114 and the 20

| ead frame 101 Thoeotvestidiad spagoidRtdrhdetvidealses thhdeasleinme fieluntldingahé pigho7
toward the outside. Accordingly, if the inward peeling off 121 or the

out ward péetakdgvoivpltagelemerdehd thet lhie, BNBevonineclveothe believing paedemd11 in the
| ead frame 101, the wire bond of the thin nmetal lines 112 is liable be

br okedd | ower i NG hiD4 d iaagsictipna) Viewetakert rlongl the dinsedei*on of phconvemtiohgws a
structure in_section taken along the line Xl a-Xla of the 25 conventional
seni conduéeBicondyteredeyiteviromn IFFES. 8, anditiGRI1EB shoms dhansniargedricals| aaieg
scale a region Findicated in FIG 11A As shown in FIG 11B, even in the
case wher égknﬁélaﬁ?fid&ﬁé(*el%-trode pad 109 of the

As shown in FIG. 10B, in the semiconductor device using the conventional lead
frame 101, which receives external mechanical stress in cut-bending and the like of the
15 radiator plate 104, pealing off 121 is liable to be caused between the sealing resin material
114 and the radiator plate 104 from the edge of the sealing resin material 114 toward the
inside. Further, thermal stress is generated due to difference in thermal expansion of the
sealing resin material 114, the lead frame 101, and the semiconductor chop 107 in
packaging reflow to cause pealing off 122 between the sealing resin material 114 and the
20 lead frame 101 from the die pad 102 that holes the semiconductor chip 107 toward the
outside. Accordingly, if the inward peeling off 121 or the outward peeling off 122
reaches the GND connection bonding area 111 in the lead frame 101, the wire bond of the
thin metal lines 112 is liable be broken, lowering the reliability in electrical connection.
FIG. 11A shows a structure in section taken along the line XIa-Xla of the
25  conventional semiconductor device shown in FIG. 9, and FIG. 11B shows in an enlarged
scale a region F indicated in FIG. 11A.

As shown in FIG. 11B, even in the case where the ground electrode pad 109 of the



3 sem conductor chip 107 is wire bonded to the on-G\D-| ead bondi ng area 113
by means of the netal thin line 112, pealing off simlar to that shown in
FIG 10B develops to lower the reliability in electric connection. As

expl ained in the conventional exanple disclosed in Japanese Pat ent
Application 5 Laid Open Publication No. 6-21303A, when at |east one hole
is formed in the vicinity of the wire bonding area of the |ead frane,

pealing offmCAHSRIoBhif s wlrérsarﬁt%a t@@&e\/&eemﬁmd %uﬁa@g a1 1@rby S dread

and the sealing resin’material can be prevented, preventing bréakage of

the wire Me@yﬁmn@fﬂ 'fo@zqu%fcfffm&ﬁnalr%th@pmnbihqsmh@m\a@wo;ssoma@ﬂ@f@@S
devel opnent of peeling off to the bonding area which is caused by

nechani cake)sihias $n bcttib@odclipt.er f ace between the sealing resin naterial
and the radiator plate fromthe edge of the sealing resin material toward

the inside or WREgfplhifieRUBE BorB¥ntiBR BRAMSIE e fostd BT Ea@eseuvatenmgpnmm
hol ds the sem conductor chip toward the outside. Furt t he conventi onal

exanpl ¢ diiagd eva\ﬁ@dpumm&a@@mg -Rateat wApRki katt R Hodd ¢ fooped iUl viemttyaws No.
2- 78262A, in ich parts of the inner |eads and the G\D | ead which 15 are

covered WikdwirB®osgiak iaf@ dfebé fealEtatd, Peallvelf pases thehtrmal speanstaad thavi ng
a narrow width, enables to prevent outside humdity fromentering,

i ncreasi nguitite bah dhhyr leb@ Sindt diBCeating abdiaimataridli gl Yer@bvaidd preventing

sem conductor device. Wile, devel opnent of outward peeling off cased by

t her mal sbreaksgd oDihet tire dioadplayd theh agelingl & tlhds dmpbssividubdweverchu pugrossar d

t he bondi ng area cannot be suppressed. 20 As descri bed above, in the
convent i odevelsenin ofidedingroffievihe dending brediwigeh heahgaldy feempidahstteshet the t he
sem conductor chip and is required to have high heat radiation, there

remai & amtenfel heteeqr tiol seatinghatsin mateial apdsisd bidgaton pEtp froes theetddeeof thae
peeling off 121 between the sealing resin material 114 and the radi at or

pl ate 104sealingabsin sateind eavisg theisistenal whiek fragaused b thasmel siess deave tepdicf r om
the edge of the sealing resin material 114 25 toward the inside, and the
peel i ng opad that beldwderncmirondedpy ¢hip Fevedrd theequéidal 114 and the lead frane

101, which is caused by thermal stress generated due to difference in
t her mal Further, thé conventional example disclosed in Japanese Patent Application Laid

Open Publication No. 2-78262A, in which parts of the inner leads and the GND lead which

15 are covered with the sealing resin material have parts bent in-plane and having a narrow
width, enables to prevent outside humidity from entering, increasing the humidity
resistance to obtain a highly reliable semiconductor device. While, development of
outward peeling off cased by thermal stress from the die pad that holds the semiconductor
chip toward the bonding area cannot be suppressed.

20 As described above, in the conventional semiconductor devices including the lead
frame that holds the semiconductor chip and is required to have high heat radiation, there
remains an unsolved problem that it is impossible to suppress either the peeling off 121
between the sealing resin material 114 and the radiator plate 104, which is caused by
external mechanical stress and develops from the edge of the sealing resin material 114

25  toward the inside, and the peeling of 122 between the sealing resin material 114 and the
lead frame 101, which is caused by thermal stress generated due to difference in thermal

expansion coefficient of the respective component members and develops from the die pad



expansion coefficient of the respective conponent nenbers and devel ops from
the die pad 4 102 toward the outside. Sunmary of the Invention The present
i nvention has been made in view of the foregoing and has its object of 5
attaining a | ead frame and a sem conductor device using the |ead frane of
which reliability in electric connection of the connection parts is not

| onered by peeling off, even if it is caused, between a |ead frane and a
seal i ng r g2 RowBHeRd &ltsidd0 achi eve the above object, a |ead frame of the
present invention includes an island bonding area which is connected to a
die pad and has a potential equal to the die 10 pad. Another |ead frane of
the present invention has a structure in which trenches are forned in
inner |eads including a ground $@asahpofitid Ineehdién perpendicular to the
direction that the inner |eads extend and the ground | ead includes a bent
portion bent i nThdygeidht flvangon Bigieehingletif©fe@ndf thd $o:Spaiag bhd akd ¥s objettiafst

| ead frame according to the present invention includes: a die pad for

hol di ng a aseifirgaenidut frame Al @;semidoadiabodevideadstngetkt ¢dadi fragn oot whict réliabiitpne
side face of the die pad and another side face thereof opposite the one

si de; a plinekkiricycomhedtionest the eadsecaion gngeds apiposictel beppdolz off siedd§ itos t he
die pad other than the sides fromwhich the radiator plate extends so as

t o i nt er peseet ietwesn pladd framd sad plsealalg keyinofateidler | eads formed 20 outsi de
the plurality of inner |eads and connected to the inner |eads, wherein at

| east one of theaphiavaltict gbovt dhjever a llerddSammerofebe asesantgmemttbr bwtides an
connected to the die pad, and in the radiator plate, an island bonding
area of witlonl pordens gk whicteguainneged han dif patendihes padtansial e@iahiel theadifi r st
slit is formed around three sides of the island bonding area, and the other
side il& conhected to the radiator plate through a joint part. 25 In the
first lead frame, the island bonding area having a potential equal to the
die pad is fordeaihrricahEamgditdhepraseritiavension hes agdrusiwe BuBEd Eanchey ae
peri pheral sides _thereof b

formed 1n inner leads incllluding a ground lead in a direction perpendicular to the direction
that the inner leads extend and the ground lead includes a bent portion bent in the in-plane
direction thereof.

15 Specifically, a first lead frame according to the present invention includes: a die
pad for holding a semiconductor chip; a radiator plate extending outward from one side
face of the die pad and another side face thereof opposite the one side; a plurality of inner
leads arranged opposite respective sides of the die pad other than the sides from which the
radiator plate extends so as to interpose the die pad; and a plurality of outer leads formed

20  outside the plurality of inner leads and connected to the inner leads, wherein at least one of
the plurality of inner leads serves as a ground lead connected to the die pad, and in the
radiator plate, an island bonding area of which potential is equal to that of the die pad is
formed, a first slit is formed around three sides of the island bonding area, and the other
side is connected to the radiator plate through a joint part.

25 In the first lead frame, the island bonding area having a potential equal to the die

pad is formed in the radiator plate so a to be surrounded at three peripheral sides thereof by

the first slit and be connected at the other peripheral side thereof to the radiator plate



the first slit and be connected at the other peripheral side thereof to the
radi ator plate 5 through the joint part. Accordingly, even if pealing off
is caused by mechanical stress at the interface between the sealing resin
material and the radiator plate fromthe edge of the sealing resin
material toward the inside or by thermal stress at the interface between
the lead frame and the sealing resin material fromthe die pad that hol ds

the sem capdugl Ok SinE PR t AVREERERE QM BipdBlingdsty & QRERMy Blecitdiidhl BEEsi AT
off to the island bonding area is  suppressed. As a result, peeling off at

t he i nt er tiaciatpRENBER b GreMcb BndRRE ARG ibNGd RO plhkaraRdhdESaKeDBe Of
the wire bond can be prevented. In the first lead frane, the island bonding

area is peefiiapabliy maemedodhrdahe eididabr BRkermial sPeswiad iHNnSR f2dE HREVdeBNhof
the radiator plate which is a direction perpendicular to a 10 direction

that the teadi@do afl eeseakh@néitn nlafertah €ront Kigt dibgrd thitaids preedeatieddycton
trench extending in a direction perpendicular to a direction that the

i nner § eadsipexstvant tHesoftgdeedtvebptheatibf ageh padlink WTf of (gatiundfl bdrddénd areris
| eads including the ground | ead, and the ground | ead includes at |east two

bent port kgmsessiEntAs B @bult, npgeliagpeffliac ekd iwerfafe béreregt alundviteebdnd hhd The
above arrangenents increase the creepage di stance of the ground | ead
bet ween bhelind srepadd Arrdkddeef ol eire beadl cirobepsrevamdd. peal i ng of f caused by
mechani cal stress at the interface between the sealing resin material and
t he radi at or pllatle firsokrd femedde idind bedirpeata isgrefetabiy Rimeédsi mc¢mdwapettt he
inside further reliably. In the first lead frame, the island bonding area
i s pref er abhywidthvaise)dadetamgof dhe r&Datehaqpese vehidhi ic al direcsihaperpendiaildr fot 2 cal
shape, a U-shape, or a V-shape in plan. In the first |ead frane,
pr ef etbl girection thayithe rag@tar pheie estendldt h smal l er than the island bonding
area. Wth either of the above arrangenents, adhesiveness of the sealing
resin material Ingle {irsé lgad| feamer. noefagiably. artecnch waicadingsn ax§rachon perrendisular ead
frame, the first slit preferably includes notches extending toward .
to a direction that the inner leads extend is formed in a surface portion of each of the inner
leads including the ground lead, and the ground lead includes at least two bent portions
bent in an in-plane direction of the ground lead.
15 The above arrangements increase the creepage distance of the ground lead between
the die pad and the outer lead to prevent pealing off caused by mechanical stress at the
interface between the sealing resin material and the radiator plate from the edge of the
sealing material resin toward the inside further reliably.
In the first lead frame, the island bonding area is preferably in a quadrangular
20  shape, a circular shape, an elliptical shape, a U-shape, or a V-shape in plan.
In the first lead frame, preferably, the joint part has a width smaller than the island
bonding area.
With either of the above arrangements, adhesiveness of the sealing resin material
to the island bonding area increases.
25 In the first lead frame, the first slit preferably includes notches extending toward

the inner leads on the respective sides of a part of the joint part which is connected to the

radiator plate.



the inner | eads on the respective sides of a part of the joint part which
is connected to the radiator plate. 6 Wth the above arrangenent,

adhesi veness of the sealing resin material to the island bonding area
increases. In the first lead frame, the joint part is formed preferably on
an opposite side of the island boding area fromthe die pad. 5 In the
first lead frane, preferably, a trench extending in a direction

perpendi cul ar  §9naindi fBGL 'a%n%é?@ém,t RhekReAlss A fhe ShIER SeskS niREBR doi the
surface portion of the joint part. " Ether of the above arrangenents

i ncr eases j§fig KJR8RAYS Hlb3hance of the joint part, suppressing devel opnent
of peeling off further. In the first lead franme, it is preferable to forma

second slit in @ heghPRa@frable helint pati &l BEMBA BicBer@Bly 30 ARPPSsitesiGd SEthof
the island bonding area fromthe "die pad, the region being sealed by a

seal i Ng r egify vHALES dréd fromhd BR falir st | ead frame, the joint part is
preferably fornmed on a die pad side of the island bonding area. In this

case, kt is prehanabk® 140 fane Befehibld Shrédchhatoma hhedidgtiopadrpndicuhe
first slit 15 of the radiator plate. In the first lead franme, it is

pr ef er abl & 4 @iré@iomMtiat tigdioih é)&i‘tiektdnﬂs B foegldin furfabeportiadoftherioflt aive. on an
opposite side of the die pad fromthe island bonding area. A second | ead

frame accor di nggEitler bheepbese atrangiviesnts @oreasts| thd egepapediigapadffthe joihopati,ng a
sem conductor chip; a radiator plate extending outward from one side face
of the 2eumbressphadcatidpmnatdfgeeldigeft fiadert her eof opposite the one side; a
plurality of inner |eads arranged opposite respective sides of the die pad
ot her than the Isitedirftrlead ituneh it leprefeashiattorfoph at ecend ehds saegionta the
interpose the die pad; and a plurality of outer leads formed outside the
pl ur alid t yrafatonplete dreadsparsde solendohedslans! binelingharer fropmths, dindpedeths ragioheast
one of the plurality of inner |eads serves as a ground |ead connected to
t he di e phepngacdiedchsealing resin material.
In the first lead frame, the joint part is preferably formed on a die pad side of the
island bonding area.
In this case, it is preferable to form a third slit between the die pad and the first slit
15 of the radiator plate.
In the first lead frame, it is preferable to form a fourth slit in a region of the
radiator plate on an opposite side of the die pad from the island bonding area.
A second lead frame according to the present invention includes: a die pad for
holding a semiconductor chip; a radiator plate extending outward from one side face of the
20  die pad and another side face thereof opposite the one side; a plurality of inner leads
arranged opposite respective sides of the die pad other than the sides from which the
radiator plate extends so as to interpose the die pad; and a plurality of outer leads formed
outside the plurality of inner leads and connected to the inner leads, wherein at least one of
the plurality of inner leads serves as a ground lead connected to the die pad, a trench
25 extending in a direction perpendicular to a direction that the inner leads extend is formed in

a surface portion of each of the inner leads including the ground lead, and the ground lead

includes at least two bent portions bent in an in-plane direction of the ground lead.



25 extending in a direction perpendicular to a direction that the inner

| eads extend is fornmed in a surface portion of each of the inner | eads

i ncluding the ground | ead, and the ground | ead includes at |east two bent
portions bent in an in-plane direction of the ground lead. 7 In the second
| ead frame, the trench extending in the direction perpendicular to the
direction that the inner |eads extend is forned in the surface portion of
each inner | eadn theedcadil hgdtifendHeunshcheatdndapdn tiedigictun gedpeadicilactondies at
| east two bent portions bent in the in-plane direction of the ground | ead.
Accor di ngldytectidnethar gepiage dhdd atteel 6f fokhed 5n ghomnthck eaetidir ofreddheindeelepad to
the outer | ead increases, and adhesiveness of the sealing resin nmaterial
to the | eadlidiagrehel grouwbies, anoray grdunddeqenicludgs of leagt aws édnbyonieahaeitaal
stress or by thermal stress between the sealing resin material and the | ead
frame. | nthehe-planstdiecticeobnbe Igeacdf kade, Apcefiepbbltye cecpagd dofantbefghound

| ead which is connected to the die pad has a width smaller than the other
i nner b eagsund Qeddnfrometht idicspadoto the oated 1¢ehiohefaasaspandpadifesivaindsy of dlte balist one
out of the plurality of outer |leads which is adjacent to an outer |ead
connect edrdsen tragerigt dumit leeddranse moteason penteedng peelagyofbfcatded iynmechdmeeds. A
sem conduct or device according to the present invention is directed to a
seni condustess odby theemakitregs beteesn the tseamggesio meht¢rddnd thedeadoframpe present
invention and 15 includes: a sem conductor chip held on the die pad and
havi ng el ectrode thadiestaridseaonyt bad drastee arelodlpadparhat the gieand hepdpghichnade
of a sealing resin material for sealing the die pad |ncluding the

seni condué®ecleniiptheche padhasiansidihirasller daasthe ahgr mnpaketdsof t he radi at or
plate which includes the island bonding area, wherein in the sem condyctor
chip, 1¢he el ectrdbe lrgadsseapns kan femnte Preisiabhe 4t dest ope syt ob e Pl 19f by
means of a netal thip lipe, and the 20 ground el ectrode pad is connected to
the isl anautsrb#?aqlsn\gﬁagé%acg?ceaf wcﬁﬁlcﬁ%iﬁ n@ﬁctﬁi@% mmléq?aéida ngl GRIPEFIERI | y
by nmeans of a netal thin line, the island bonding area is covered at

peri pher af® @ﬁyd)gghfill’i‘éf‘ #ds. except a side connected to the joint part, with

the sealing resin material,, and the other &art of the radi atat glgte and
each of the outbrSegd uetpr, q:j:glﬁ;te ?%ogﬁqxg to the present mvention 18 directed {0 a

semiconductor device using the first or second lead frame of the present invention and

15 includes: a semiconductor chip held on the die pad and having electrode pads and a ground
electrode pad; and a sealing part made of a sealing resin material for sealing the die pad
including the semiconductor chip, each of the inner leads, and a part of the radiator plate
which includes the island bonding area, wherein in the semiconductor chip, the electrode
pads are connected to the inner leads electrically by means of a metal thin line, and the

20 ground electrode pad is connected to the island bonding area or a bonding area of the
ground lead electrically by means of a metal thin line, the island bonding area is covered at
peripheral sides thereof, except a side connected to the joint part, with the sealing resin
material, and the other part of the radiator plate and each of the outer leads are bent in gull
wind forms.

25 In the semiconductor device according to the present invention, preferably, the
semiconductor chip is a high breakdown voltage element.

According to the lead frames and the semiconductor devices using any of the lead



wind forms. 25 In the sem conductor device according to the present

i nvention, preferably, the sem conductor chip is a high breakdown voltage
el enent. According to the lead franes and the sem conductor devices using

any of the lead 8 franes of the present invention, even if peeling off is
caused between the lead frane and the sealing resin material, devel opnment
of the peeling off is suppressed, nmaintaining reliability in electric

ti ft | tri t . i L.nti f
commeet OB 8l YA SHERHL ISRl SRS g B PIRRIL bR ol
di t nbodi. 1 ,of i i .o F i : i
sccor ol 0 AR TSl DS BEE281 i AP B8 s ke b o
present | INSRHLON A0 Sty my LR Shosn @ structure of & lead

view showi ng a structure of a sem conductor device according to Enbodi nent
4 of the present invention. FIG 5 is a plan view showi ng a sem conduct or

devi ce, according to one mdiﬂﬂi@l@?es%ﬁ ﬁ)égrmltﬁegf.mﬁﬁg@di ment 4 of the present
na

invention. FIG 6Ais a sectio view taken alongthe line Vla-Via in
F1G 4 and FIGpéB {58 Rectignalhowig)yd akebudl it UBRI |fkdife \ichodiuy 1o

FIG 5. FIG 7 is a plan‘view show ng a conventional lead franme for a

sem condugl @hdindeyh ¢ et dddi MYe@idi. gh breakdown vol tage el enent and the
i ke. 20 FI 8 1's a plan view show ng one exanple of a sem conductor

devi ce incl udi ngga 2 hi gh JreakdpWhowehd a0auaberERE ardad earhé kecosiing tohe
conventional lead franme showmn in FIG 7. FIG 9 is a plan view show ng
anot her eramplent 23f SRPréRAdMeEalondevi ce
10 FIG. 3 is a plan view showing a structure of a lead frame according to
Embodiment 3 of the present invention.
FIG. 4 is a plan view showing a structure of a semiconductor device according to
Embodiment 4 of the present invention.
FIG. 5 is a plan view showing a semiconductor device according to one modified
15  example of Embodiment 4 of the present invention.
FIG. 6A is a sectional view taken along the line Vla-Via in FIG.4, and FIG. 6B is a
sectional view taken along the line VIb-VIb in FIG. 5.
FIG. 7 is a plan view showing a conventional lead frame for a semiconductor
device including a high breakdown voltage element and the like.
20 FIG. 8 is a plan view showing one example of a semiconductor device including a
high breakdown voltage element and the like using the conventional lead frame shown in
FIG. 7.
FIG. 9 is a plan view showing another example of a semiconductor device
including a high breakdown voltage element and the like using the conventional lead frame
25  shown in FIG. 7.

FIG. 10A is a sectional view taken along the line Xa-Xa in FIG. 8, and F1G. 10B is

a sectional view in an enlarged scale of a region D in FIG. 10A.



i ncluding a high breakdown voltage elenment and the |ike using the
conventional lead frane 25 shown in FIG 7. FIG 10A is a sectional view
taken along the line Xa-Xa in FIG 8, and FIG 10Bis a sectional viewin
an enlarged scale of aregion Din FIG 10A. 9 FIG 11A is a sectional view
taken along the line Xla-Xla in FIG 9, and FIG 11B is a sectional view
in an enlarged scale of a region Fin FIG 11A Description of the Preferred

Enmbodi ments 5 fEnhadi fRnkctonaEoRedhi@diods ¢e e RUeRANFIGNY aRUiTge, WiBl be
described below with reference to FIG 1. FIG 1 shows one exanple in plan

of a | ead if k asRioHsIBMe ! o atheligligbd s@ldbhreghineRkORI® 1148l t age el ement
according to Enbodinent 1 of the present invention. The 10 |ead frane

according to the present enbodinment is fornmed of a thin film mde of a
metal excellent in thermal conductivity, such as a copper alloy, and having
a thickness of approxi mabedeyipliod e PASetR@Mmbadinlents 1, the lead frane

| A having a width of, for exanple, 2.2 nm includes: a die pad 2 for fixing
and hokdi ng a s@mieahdaatigr chip; radiator plates 4 which 15 are forned in
parallel with tie bars 3 arranged on the respective sides of the radiator
pl ates 4 so as Embodirenpdoé thdpresing ippaatidn avil bahdesdrited ielaw wiidt fefaéncef tor
exanple, 1.5 mmand; and a plurality of inner |eads extending fromthe tie
bars 3 towdfxdlithe die pad 2, wherein one of the plurality of inner |eads 5
serves as a G\D (ground) lead 6 connected to the die pad 2. The number of
i nner | eads 5 iKlGset showsewergxaapit ameplaf of eenagdefrares wed tihe hGing ealigh 20
herein, but the nunmber thereof is not limted to seven only if it is equal
to the nubbwkdedn vedegs slemgniehenoeding to FumbdibmentF| @f the pragprtaingentzons edllieng
region 7 where a sem conductor device using the |ead frame IAis to be
seal ed0by lerdsfeame pepording tp Hetrsedeatl emppdimienhesrformedis! 5 thin dileohade ped meajal
outer |eads 8 through the tie bars 3. At |east ) .
excellent in thermal conductivity, such as a copper alloy, and having a thickness of
approximately 0.25 mm.
As shown in FIG. 1, the lead frame 1A having a width of, for example, 2.2 mm
includes: a die pad 2 for fixing and holding a semiconductor chip; radiator plates 4 which
15 are formed in parallel with tie bars 3 arranged on the respective sides of the radiator plates
4 so as to interpose the die pad 2 and which have a width of, for example, 1.5 mm and; and
a plurality of inner leads extending from the tie bars 3 toward the die pad 2, wherein one of
the plurality of inner leads 5 serves as a GND (ground) lead 6 connected to the die pad 2.
The number of inner leads 5 is set to seven, and one of them serves as the GND lead 6
20  herein, but the number thereof is not limited to seven only if it is equal to the number of
necessary elements. Further, FIG. 1 indicates a sealing region 7 where a semiconductor
device using the lead frame 1A is to be sealed by a sealing resin material.
The inner leads 5 are connected to outer leads 8 through the tie bars 3. At least
one trench 9 is formed in a part of each inner lead 5 on the outer lead 8 side while a
25  protrusion 10 is formed at the end of each inner lead 5 on the die pad 2 side.

The trenches 9 are formed in the surface portions of the inner leads § in a direction

perpendicular to the direction that the inner leads 5 extend by half-etching or the like, and

10



one trench 9 is forned in a part of each inner lead 5 on the outer |ead 8
side while a 25 protrusion 10 is fornmed at the end of each inner lead 5 on
the die pad 2 side. The trenches 9 are fornmed in the surface portions of
the inner leads 5 in a direction perpendicular to the direction that the
inner leads 5 extend by half-etching or the Iike, and 10 have a depth of,
for exanple, 0.09 mm Formation of the trench 9 in each inner lead 5

suppr esseg,pegldep8 & ForQixalip®, 983 AP MRALRBE teBherch @Ml &Rh ligRd 164mpE
1A, which 1's calused by nechanical stress or thermal stress generated in

cut - bendi pg,0fssbheeqites ! Gags BalinARdins WGBS TR d8Y plaapAmat 106, whrh is
pealing off toward bonding areas 11 of the inner leads 5 5. The

prot rusi 0Rgus b9 fmddAEnibANBEsd GRS RI REQE %H@atecﬁ A @XRAVING of Cheout®n lbatistd)e
i n-plane direction perpendicular to the direction that the inner |eads 5

extend. Pay kg HfseDlcVetPniRhObf th%i15@@11&%@*:0@@@%6116&@&-&@&01 & thadmeasesist he
contact area between the'inner | eads and the sealing resin material,

i ncreasi ng, adhesi veness of the sealing resin material to the 10 lead frane
1A to enabl e suppression of pealing off caused by thermal stress. In the

present enbodi MY prdifueiode Ao Ohet MBert leads Beprofuls Hetextimpl, 0L mmhiecdkse
an effect of suppressing devel opnent of peeling off can be obtained

suf fi ci enid-plank direati st gpperdiidul rtenbe dpéctapphaxthestrer yedds Gexend. afdovision
therefore, the present invention is not limted to this nunerical val ue.
Furt her, bhthetprencdias 10 ofreachliendrdeatellineyeapeseths cogactatdeebettvbanthe Snner leads

hal f - et ching. The protruding length of the protrusions 10 is not limted to
0. 2 nm and andshe fxeliagnyesar bhterial; ncrengizradbediveness by seatiog otsin olatar@htaide
with the respective adjacent inner leads 5. The first feature of the | ead
frame10A &oddrahiat toendhle pppsssion efibwdingeif caupassbyi thermdlatressn i sl and

bondi ng area 12 of which potential is equal to that of the die pad 2 is
formed 20 in dnrtbygposensfendodindnts the deati of the trepeles dsisseinn ¢ A mmwstessg by
the sealing resin material. The island bonding area 12 is _|ocated at the
central pareffeet of Bepmessing developmiesiofarcelingoffcan pe speingr yltradtwith prisPe 4,

in detail, at the central part between the respective, sides of L.
difference of approximately 0.09 mm, and therefore, the present invention 1s not limited to

this numerical value. Further, the trenches 9 may be formed by pressing rather than

15  half-etching. The protruding length of the protrusions 10 is not limited to 0.2 mm and

may be any arbitrary length only if they are out of contact with the respective adjacent
inner leads 5.

The first feature of the lead frame 1A according to the present embodiment lies in

that an island bonding area 12 of which potential is equal to that of the die pad 2 is formed

20  in a region of one of the radiation plates 4 which is sealed by the sealing resin material.

The island bonding area 12 is located at the central part in the width direction of the

corresponding radiator plate 4, in detail, at the central part between the respective sides of

the radiator plate 4 which face the inner lead leads 5. The island bonding arca 12 isin a

rectangular shape having a size of approximately 0.3 mm by 0.2 mm in plan in the present

25  embodiment, but may be in any shape of quadrangles including squares, circles, and

ellipses, or in a U-shape, a V-shape, or the like only if it has an area wide enough to be

wire bonded. Further, the island bonding area 12 may be formed not only at one point,

11



the radiator plate 4 which face the inner lead |leads 5. The island bonding
area 12 is in a rectangular shape having a size of approximately 0.3 mm by
0.2 mmin plan in the present 25 enbodi nent, but may be in any shape of
guadr angl es including squares, circles, and ellipses, or in a Ushape, a
V-shape, or the like only if it has an area w de enough to be wre bonded.
Further, the island bonding area 12 nay be forned not only at one point,

11 and a sg€8RE:NEiand hnadignGeaI 2Ral Be rﬂamda%ofa@&mlg@se_aﬁe i@ dadt2zer pose the
die pad 2 As shown in FIG 1, the island bonding area 12 is connected to the

correspondi ng Aash@i0in PIGL &thd idndBaiEnOhred 120k RbniRRfet td Ihdravirdrgoading dt h
of 0.15 mmand a length of 0.6 nmmin a region opposite the die pad 2 in

the radi atflatpt plbe #by ARABY ¥f 2 Rlintdhapary he@fuag Hevi&ihroaddi 18t am $lded Rendthagad.©
fromthe die pad 2. Aslit 14a having a width of 0.20 mmis fornmed by, for
exanpl e, predsin@eh @Spokite siePaikaid 2 e therddpher platesd desndf, sthe pestl @hitie
bondi ng area 12, except the side connected to the joint part 13, fromthe
radi at or pddadter dateldnapagt fromitlkedip@al Ron sift Idhdayiopntwiddr of A.30 wirh ¢Ghicamed
connected to the radiator plate 4 and the island bonding area 12, trenches
9 are forbpdosexaspleppesdiensh towasegatatrethie prepherdlDsillaanfshs isldel eimiing mea
width of the joint part 13 is set to 0.15 nm which is smaller than the

wi dt h of fhexicehtandsiBondinegedtethe j&int ParB1dnfroms thet ladtataripéaté 41 and bondi ng
area 12 is covered fromthe four sides thereof with the sealing resin

mat eri al when dndethi fdnplrtivey oftthe poiitsparsEaivbtthtage ¢dreedied topthd radibipr phise 4
sealing resin material. This increases adhesiveness of the sealing resin
mat eri al aud theeislagt hoddipgraden§2 airewhe 9 asn dbiniadgscs appr exisnd tovpird dbe éraspment
15 of peeling off toward the island bonding area 12. In the present
enbodihrenteads he Hewirh tst widile o thietjointipart 43 detet to00.05 2onnwhish dnggaller than the
devel opnment of peeling off between the sealing resin material and the | ead
frame 1A wgdth%ﬁmlé@@&bog@flg argadds Oy3 mi o thee Thei igland bpndigg preant Zeistcanered
Accordingly, the width of the slit 14a is not necessarily set to 0,20, nm
As wel |, fAe Seifpun sidesydigragh vith the seplnsctesti materiohwheR ASEMiGpRAUEPESRIPHE. | n

t he present enbogi ment, . the Loi nt, part 13 is conﬂ,ec,t ed to the,corresfp%ndi ng
sealed to the die pad 2 by the sealing resin material. This increases adhesiveness of the

sealing resin material to the island bonding area 12, enabling suppression of development
15 of peeling off toward the island bonding area 12.

In the present embodiment, the width of the slit 14a is set to 0.20 mm because
development of peeling off between the sealing resin material and the lead frame 1A is
suppressed sufficiently with the width of such an extent. Accordingly, the width of the
slit 14a is not necessarily set to 0.20 mm. As well, the slit 14a may be formed by etching

20  rather than pressing.

In the present embodiment, the joint part 13 is connected to the corresponding
radiator plate 4 at a part thereof on an opposite side of the island bonding area 12 from the
die pad 2. This can set the creepage distance from the die pad 2 to the island bonding
area 12 longer than that in the case where the island bonding area 12 is connected at a part

25  nearer the die pad 2, suppressing development of peeling off, which is caused by thermal
stress between the lead frame 1A and the sealing resin material from the die pad 2 toward

the outside, toward the island bonding area 12.

12



radi ator plate 4 at a part thereof on an opposite side of the island
bonding area 12 fromthe die pad 2. This can set the creepage distance
fromthe die pad 2 to the island bonding area 12 |longer than that in the
case where the island bonding area 12 is connected at a part 25 nearer the
di e pad 2, suppressing devel opnent of peeling off, which is caused by
thermal stress between the lead frame 1A and the sealing resin materi al
fromthe die pafu@hdrOWeNnget iR RULHI dTahe jOMBp4t 1D bet] @BAndONEYEIgp@MERBOIL2.
12 Further, the longer the length of the joint part 13 is set, the nore
devel oprrenhe ?éelin@@@fi@@@;bﬂr@@e@f fIni the preROItRBERAimem, thbtenpriestnt jenbedi 1&nt ,
the length of the joint part 13 is set to 0.6 mn, which enabl es

suf fi ci entsesisps @as,] Whichengdeyedudfiiemtsupprebdien pLédvengneht of fhk pekBnkoffin Iy
experinments that with the joint part 13 having a |l ength of, for exanple,
0.3 5 nmis Reakh by abériheas hies wikte thesiban pakiorddhagngb @éengt2 of, Hor thanplenoBches
extending toward the inner leads 5 arranged on the respective sides of the
radi at or puat pslidp affecicdiesed isiind bapied aree 131 des of the slit 14a where the
joint part 13 is connected to the corresponding radiator plate 4. This
further extendsFitier, notelepageerdiist &anveed fthoiididealseS padngdt on tthe réspeana
bondi ng area 12, further suppressing 10 devel opnent of peeling off.

Mor eover , sides whtlicondpfortpratendtachfsmicd et expesivadidesiof éneslg 14af whére tseplintng
resin material to the lead frane 1A, suppressing devel opnent of peeling off
bet ween t ipertl Bads ramestetAtcatig tdresspemdinggadietr rplatatbr i Hiis flughert preferdbgtheof
the sealing resin material toward the inside, which is caused by .
mechani cakrespagssdisiance fionbBrdlingadf? tchthe iskadd doodingl s b2.40urthad seppspsedsi ng
| owering of humdity resistance acconpani ed by the 15 devel opnent t hereof
Hence, 10t héesdepraenididresinglelfi c Maaevsbelopraienpbthef raehes dugsedsay adkgsiveness

br eakdown vol tage, which is caused due to noisture perneation fromthe edge
of the seathenyakingresingnasriphio theleeddraneldi enpessipg dsselopmeofingsling off

sem conductor chip. The lowerjng of hum dity resistance can be suppressed
suf fi ci enPPY¥eRI I fepbirame diedndohe perling|rpin madotia ioBhie gea phGEF A%l 1

mmto 0.2 mmtoward the inner Jeads 5 on the respective 20 sid of .t he
r adi at or B}aéqri@g toward the inSlee wflicﬁldls caused by mechanﬁ)ca stress in cut-ben 1Sng of the

radiator plates 4, and suppressing lowering of humidity resistance accompanied by the
15 development thereof. Hence, the semiconductor device can be prevented from lowering

of breakdown voltage, which is caused due to moisture permeation from the edge of the

sealing resin material toward the die pad 2 that holds the semiconductor chip. The

lowering of humidity resistance can be suppressed sufficiently with the notches of the slit

14A extending approximately 0.1 mm to 0.2 mm toward the inner leads 5§ on the respective
20 sides of the radiator plates 4.

The two trenches 9 having a depth of 0.09 mm are formed in the joint part 13 by
half etching. This increases the creepage distance from the edge of the sealing resin
material to the island bonding area 12. Accordingly, even if peeling off is caused by
mechanical stress between the lead frame 1A and the sealing resin material from the edge

25  of the sealing resin material toward the inside, development of the peeling off can be
suppressed by the trenches 9. It is noted that the trenches 9 of the joint part 13 is formed

by half etching but may be formed by pressing. Further, the number of the trenches 9

13



The two trenches 9 having a depth of 0.09 mmare forned in the joint part
13 by half etching. This increases the creepage distance fromthe edge of
the sealing resin nmaterial to the island bonding area 12. Accordingly,
even if peeling off is caused by nechanical stress between the |ead frane
1A and the sealing resin material fromthe edge 25 of the sealing resin
material toward the inside, devel opnent of the peeling off can be
SUppresseﬂla?metsbfeaﬁpf@mmﬁa&mdiﬁg tosthe dripeh bhae 1j<_r>il°nepatrr1eznches 9 of the joint
part 13 is forned by half etching but may be forned by pressing. Further,

t he nunber of tAeddstehahesyvd in i nb&iveefior PRNepioh af eeysliatenradingintthe t he
| ength of the joint part 13. As descri bed above, in the present invention,

f or mat i onisddndt biehdsld tred 42 ¢BstEdt Bomnfouheides shaast Wohdhagedingaredid maedned
fromfour sides thereof with the sealing resin material. Accordingly, even
i f peelingcodiflingdy, caes épdelingetharnheal 8t medsnhel wesn betvecs el saadingesdim 5
material and one of the radiator plates 4 fromthe edge of the sealing

resi n st entalal hodvaticdof thb eadiatst pleteord fpaelthaglgefofitse salisg rdsyn mh@rmhiovetrd ess
between the lead frane | A and the sealing resin material fromthe die pad
2 toward theeineidt sirdeelicke wélio pamatbyothesuehstpaelbetvgpenoht leahwaroet he and|thad
bonding area 12 is suppressed. As a result, peeling off between the wre
bond and sdainpoesi ngtarat foanthe blie pkhy eowdrdithe owiside, dortbpomnt besynhereshngd.
Hence, 10 reliability in electric connection of the connection parts is

pr event edoffrtowidehe gsldndviemdihg argut 2 ieruppreseedi sifore whult.inseling aff debverd the
area 12 in one of the radiator plates 4 increases the nunber of bonding
areas cap@btédood abéilegbandingeneeendbisakagedlthe wire band epn bontyerisd. cHepce: hel d
by the die pad 2, which increases the degree of freedomof |ayout of the
seni cthduretigbilighimpelegripsopegctiopy! thiecaiinactidpra!s is proventedfedn hsie lowesil vy a
slit 14b is fornmed in the sealing region 7 of the other radiator plate 4
in whi ch Fréharsprargioned dhaiglaad banding greaddiinoge gk the rediates Pases bmefageesdps ¢
14b, as well_ as the formation of the slit 14a surrounding the island,.
bondi ng apwaberof bopdiecnsascanatie of Peimg<onpciechelesaistivhly R SSRGS i o

the lead franme 1A suppressing. . devel opnment of peeli of f hetween the |ead
frame: 1a B0 Bhabseder Ry ooV hichnitrar FioeercE of rebddm of Ty of e

semiconductor chip to be held by the die bad 2.

15 In Embodiment 1, eonly a slit 14b is formed in the sealing region 7 of the other
radiator plate 4 in which the island bonding area 12 is not formed. Formation of the slit
14b, as well as the formation of the slit 14a surrounding the island bonding area 12,
increases adhesiveness of the sealing resin material to the lead frame 1A, suppressing
development of peeling off between the lead frame 1A and the sealing resin material from

20  the edge of the sealing resin material toward the inside, which is caused by mechanical
stress in ‘cut-bending of the radiator plates 4, and suppressing lowering of humidity
resistance accompanied by the development thereof. Hence, lowering of breakdown
voltage of the semiconductor device, which is caused due to moisture permeation from the
edge of the sealing resin material toward the die pad 2 that holds the semiconductor chip, is

25  prevented. When the width of the slit 14b is set to approximately 2/3 or larger of the
width of the radiator plate 4, the lowering of humidity resistance can be suppressed

sufficiently.
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20 the edge of the sealing resin material toward the inside, which is
caused by nechanical stress in 'cut-bending of the radiator plates 4, and
suppressing lowering of humdity resistance acconpani ed by the devel opnent
t hereof. Hence, |owering of breakdown voltage of the sem conductor device,
whi ch is caused due to noisture perneation fromthe edge of the sealing
resin material toward the die pad 2 that holds the sem conductor chip, is

25 prevented. VRefrfifetoMhd Bl fbitBreSdfithe 1 frSnS €A dcBor@RRr @ HBé®MEn?] 3 or
| arger of the w dth of the radiator plate 4, the lowering of humdity

resi st anceh€ gNIb e:ad AREIB8&aN 0 bl hdrEb@NtS Vent kit Rehes 1 i THds E@ehdiahs eeepske
feature of the lead frane 1A according to Enbodinment 1, the G\D |ead 6

i ncl udes td\@ake@nrorpQhd tRNSadld thaRt cdrfespdrdlintd A0®ar IMenechenes wh the egpage
di stance fromthe die pad 2 to the corresponding tie bar when conpar ed

W th the odsge thhSIND tdag MBI gRBed WriibhnDs bepdnneokt itonse dfe pal eonhedieed
to the die pad 2. In the 5 present enbodi nent, extension of the creepage

di st ance fpresant kenbdigngp@dediehdornt tia- EEbdeeadishandiffgn aheadid GpddQr eases
adhesi veness of the sealing resin material to the G\D |lead 6, thereby
suppr essi ny-dEVelcap endingfarqaeHd intgeasdsl adhasiseksbyf tHeetenihg sdsiresmtcinbm tiehe
die pad 2 toward the outside. It is noted that the nunber of bent portions
15 for ned GIND ledues, GNpeb yeagbpfessiag detelbpmart @f peainpwd! cal@edVy tewesl, sti@ss Stiown
in FIG 1, the trenches 9 for further extending the creepage distance from
the di e pdle @Getpad Rhewedrtheswendi Nt it hated drat frel rsinfter b berit potthves GNDoimeating i n
a direction perpendicular to the direction that the G\ND | ead 6 extends.
Furt her, theGhiliichd 66§ net linaitad toftwbhe GND 6 which is connected to the die
pad 2 is set 1/2 smaller than the width of the other inner |eads 5. To set
the wilth of t hidogevpeesisbawpan (F1Gf 11 the taph¢sed dowfirdebextemlisgdhe erecpaegn
the width of the other inner |eads 5 increases adhesiveness of the sealing
resin madetanse fom theelie pathd & therpopasnondingpis s Siip dpreneden dnehitD bpd §dBlai ng
of f, which is caused _fromthe die pad 2 toward the outside, toward the
on- G\D- | edifegfisdpsipensiiauartig the dirpagionfbpiehie (AP leashbightende thusther.dhe madthg
are fornmed.in the G\ND |ead 6 _and the width at the. .

of a part of the GND 6 which 1s connected to the die pad 2 is set 1/2 smaller than the width

of the other inner leads 5. To set the width of the connection part of the GND lead 6 to be

15 smaller than the width of the other inner leads 5 increases adhesiveness of the sealing resin

material to the connection part, suppressing development of peeling off, which is caused

from the die pad 2 toward the outside, toward the on-GND-lead bonding area 16. It is

noted that though the two trenches 9 are formed in the GND lead 6 and the width at the

connection part thereof is set approximately 1/2 of the width of the inner leads §, the

20  present invention is not limited thereto.

Comparatively large potential difference is caused between the outer lead 8
arranged on the outward extension of the GND lead 6 and an outer lead 8 arranged on the
outward extension of an inner lead 5 adjacent to the GND lead 6, and therefore, it is
necessary to set the distance for insulation between the outer lead 8 connected to the GND

25  lead 6 and the other outer lead 8 adjacent thereto to be large for allowing the Iead frame 1A
to hold a semiconductor chip including a high breakdown voltage element. Accordingly,

in the present embodiment, one of the other outer leads 8 adjacent to the outer lead 8

15



connection part thereof is set approximately 1/2 of the width of the inner

| eads 5, the 20 present invention is not |imted thereto. Conparatively

| arge potential difference is caused between the outer | ead 8 arranged on
the outward extension of the G\D |l ead 6 and an outer |ead 8 arranged on the
outward extension of an inner |lead 5 adjacent to the G\D |l ead 6, and
therefore, it is necessary to set the distance for insulation between the
outer |ea : th
gﬂﬁne%t%gnc?gﬁcggm{méaﬁ% oy ﬁnde&%g t? Had egtc] ?efaﬁé E%ﬁé’}ﬁdﬁgfagteg a

adj acent ere arge for  alrow n rame

seni condugés(?x{ %e%gir}gé"épﬁ% tgé}lgacgtal[%ﬁm}%g?ﬁgﬁm 1\581&1‘3‘96 el ement. Accordingly,

in the presen , one of the o outer Teads 8 adjacent to the

outer |ead 8 11§cc%9&ﬁ%§'% &5 hBo diREn NI Cali% %khciﬁ&ﬂﬁést£€1ug£i§fg¥’téérﬁger

| eads 5 and is renpve ter a resi’n sealing step to presen

whi ch the Bja{g,n'g 4 ﬁ%ﬂ:‘ndﬁfgc@%gér éﬂa)ée difafT0 ?%E&?‘E—:%te&’tot ﬂﬂ@.a%‘%taheﬁ%nﬁthe

whi ch inctudes a p ty o ent” “portions extendi ng 't he creepage

di Stance. oi 8, GABPAIE LN PR BB ord iRELSBRCNI0% sblle QT

| ead 8 that 1s not connected to any i nner In a space o0

adj acent LaRet aRd 1odi Did BE ShalBwhthhk i IshciRln i[&tHi@Qjég}jforﬂnBtiéﬁ‘b? ahay,
formation of a plurality of bent portions in the G\D | ead for extending

the creepag@alf o 3BsE IO hhge CNIB 1RAG ZrNeeddidpothddfichh@Nd@iktadéLBom the
enabl ing size reduction of a sem conductor device including a high

br eakdown d)op4da@encelie iB Hdditichal sreROt@Miikpakzed RAUDIIFDES aOfenRedidupeF tdeoRRs 10
formed in the GND lead 6 is not limted to two. As well, the G\D | ead 6 may

be connegfcdiii®a hiyd Weakdpad Bligge aBmext ensisadtal thande anmbef of bet utthing
| eads 8 other than the outer lead 8 that is connected to any inner |eads

5. ( Enbodiormiet id)thEnbNDi radte & abt Limeepriesemt iAzvesti) tie GND 1dd dasgyr bbe
below with reference to 15 FIG 2. FIG 2 shows one exanple in plan of a
| ead frameomsedd ftothdhdik had@ én i ghtendioeak doywony of tiagaital leadn$ odee oliahi thg t 0
Enbodi ment 2 of the present invention. In FIG
outer lead 8 that is connected to any inner leads 5.
(Embodiment 2)
Embodiment 2 of the present invention will be describe below with reference to
15  FIG. 2.

FIG. 2 shows one example in plan of a lead frame used for holding a high
breakdown voltage element according to Embodiment 2 of the present invention. In FIG.
2, the same reference numerals are assigned to the same constitutional members as in IIG.
1 for omitting description thereof. In Embodiment 2, only the difference from

20 Embodiment 1 is described.

As shown in FIG.2, in a lead frame 1B according to Embodiment 2, a slit 14¢ is
formed around the island boding area 12 of the corresponding radiator plate 4, and an
independent slit 14d extending in the widthwise direction of the radiator plates 4 1s formed
in the opposite side of the island bonding area 12 from the die pad 2 separately from the

25  slit 14¢, rather than formation of the notches extending in the widthwise direction of the

radiator plates 4 in the slit 14c.

Formation of the independent slit 14d in addition to the slit 14¢ formed around the
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2, the sane reference nunerals are assigned to the sane constitutional
menbers as in FIG 1 for omtting description thereof. In Enbodi nent 2,
only the difference from 20 Enbodinent 1 is described. As shown in FIG 2,
in alead frame 1B according to Enbodinment 2, a slit 14c is fornmed around
the island boding area 12 of the corresponding radi ator plate 4, and an

i ndependent slit 14d extending in the widthw se direction of the radiator

pl ates 4 iglahoruymadingi died N2 i0pRESE tagh&dieeicsd of e bealing deddo Mettdigal abede T2ad rom
the die pad 2 separately fromthe 25 slit 14c, rather than formation of the
not ches exfranciBig sigprédmpowdeidivpraentdbf geklion of ddueed madinaichsnipdlatess4id n
the slit 14c. Formation of the independent slit 14d in addition to the slit
14c f or medcuabendidg tdfethe kadiesk giistebantitngedrtia 1dd frinee ddb ead atbesilignes of
the sealing resin material to the lead franelB, suppressing devel opnent of
peel i ng ofrhateaslsEdmbie relgb aifithakedinpessini matediul tovendlithrginefde; bed mapiratsrg

pl ates 4 between the lead franme 113 and the sealing resin material from

t he edde dbwetheg sflalmugy resitmoratamisdniddowathd detdopmaitdesredhd suppr essi ng
5 lowering of humdity resistance acconpani ed by the devel opnent thereof.
Further, the sefutimrddot semitenilcdon deyiceienrevertedofrohodewenmmg of bredalotown
vol tage, which is caused due to noisture perneation fromthe edge of the
seal i ng r esilage, nehieh iinkausodvalud to meoidfuee pertheatiomditonh dlededgehe e rrcelonm tasiror
chip. In Enbodinment 2, the length of the slit 14d is set to | mmrelative
to the w duficndl towerdithedigipedgdtiatholds the pemicThdusydr cievel opnent of peel i ng
off can be suppressed sufficiently wth the slit 14d having a | ength of
such an extent, In habpdimenh2i the desteth phiheedit dhddesad to Formraelebre & theryeidd) ok
14d between the island bonding area 12 and the end of the sealing resin
mat er il ithe Esi98d 2mbatmn. exibenets dewdoremea phgesliggofbsredersuppicsird sBREEIOH he
sealing resin ma[_eri al to the island bondi nglE area 12 and i.ncreases

adhesi vend¥§& B stihbddiaviegy |engthrodsneh Anpdentathedlenathis ot dmiteddhecies to
el Tabi ity | n BNGRERROTaBn LT IORCDECE R SOMGETHOH i 13 and the Saf of (e
sealing resin material in Embodiment 2 extends the creepage distance from the end of the
sealing resin material to the island bonding area 12 and increases adhesiveness of the
15  sealing resin material to the lead frame 1B to suppress development of peeling off, thereby
preventing lowering of reliability in electric connection of the connection parts.
{Embodiment3)
Embodiment 3 of the present invention will be described below with reference to
FIG 3.
20 FIG. 3 shows one example in plan of a lead frame used for holding a high
breakdown voltage element according to Embodiment 3 of the present invention. In FIG.
3, the same reference numerals are assigned to the same constifutional members as in FIG.
1 for omitting description thereof. In Embodiment 3, as well, only the difference from
Embodiment I is described.
25 As shown in FIG.3, in a lead frame 1C according to Embodiment 3, the joint part
13 for connecting the island bonding area 2 and the corresponding radiator plate 4 is

arranged on the die pad 2 side. Further, a slit 4e is formed around the island bonding area
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(Enbodi ment 3) Enbodi nent 3 of the present invention wll be described bel ow
wth reference to FIG3. 20 FIG 3 shows one exanple in plan of a | ead
frame used for holding a high breakdown voltage el enent according to

Enbodi nent 3 of the present invention. In FIG 3, the same reference
nuneral s are assigned to the sane constitutional nenbers as in FIG 1 for
omtting description thereof. In Enbodinent 3, as well, only the difference

nccor di ng Lo Enod rSRORGAE (ithor SEh, 38 LAsEh Bt Al R SRR PR
bondi ng ar\@_@ﬂgm@@éir&aﬁn%qgﬁfﬁapg@@geg gl% AlrRled BERT n?lhéecﬁie &%g[]zgé}g%ﬂe o ine

die pad 2 side. Further, s fornmed aroun onding area

17 12 of tRdRRI &S PR INBO LA, AHAbn BY gie%%qﬁfche@%gtleg gkr?rgfr{a%:?\ggﬁ%}zisé i‘rgcti'lo%f

extending in the wdthw se direction era I's tornmed

bet ween t he 1kl QdRaG Fatddflid Mg sjiSsland bonding area 12, rather than
formation of the notches extending in the widthw se direction of the

radi at gr pl at espdvisiod Sans |dikt phtker3 By Bhecah %3%@&‘6@51@& %1-39%’1‘%%&1%11@ afe

connecting the island bonding area 12 near the pa _ I's way
extends t hadr @eRRILadbatRRGBe trepaR AahhcOfrotNEp£ObF 83 ROBALNG IR AL
pl ate 4 which corresponds to the edge of the sea?lng resin material to the

i sl and bontitag waicR@oikespoes &f then@by of BREkdanide fdin GausRd (PYhdRERaNoRang
stress in cut-bending of the radiator plates 4 between the lead frane 1C

and the seadai hy rﬁsddﬂdiﬁglty@rpbaing b dube BG0Refanikdl bR sSRabNEnERS! 6F the
material toward the inside hardly reaches the island bonding area 12

Wi | e, becalister piatgidshedredf the fead)foin 1Qant HseaRf rebiemstefalp@ein2hé b@fel &S
the creepage distance fromthe die pad 2 to the 1sland bonding area 12,
peel i Ag otle walisesinymatehigriowbrdshe esiictiakdip eschietht edchd b gldeantl t he
sealing resin material fromthe die pad 2 toward the outside may devel op
to the island b¥hdinbe@nsapdRisidron tae kbinnhgatt hils ngarohk etie phd 2 nhbndedibgent
3, the slit 14f having the sane structure as the slit 14d in Enbodi ment 2
is creepage distance from the die pad 2 to the island bonding area 12, peeling off caused by
thermal stress between the lead frame 1C and the sealing resin material from the die pad 2
toward the outside may develop to the island bonding area 12. For tackling this problem,

15 in Embodiment 3, the slit 14f having the same structure as the slit 14d in Embodiment 2 is
formed between the island bonding area 12 and the die pad 2 for extending the creepage
distance from the die pad 2 to the island bonding area 12, thereby suppressing the
development of the peeling off caused by thermal stress.

(Embodiment 4)

20 Embodiment 4 of the present invention will be described below with reference to
FIG. 4 to FIG. 6.

FIG. 4 and FIG. § show examples in plan of semiconductor devices according to

Embodiment 4 of the present invention each of which allows a lead frame to hold a high
breakdown voltage element. FIG. 6A is a sectional view taken along the line Via-Via in

25  FIG.4, and FIG. 6B is a sectional view taken along the line VIb-VIb in FIG. 5.

Embodiment 4 refers to examples of semiconductor devices using the lead frame 1A

according to Embodiment 1. Therefore, in FIG. 4 to FIG. 6, the same reference numerals
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formed between the island bonding area 12 and the die pad 2 for extending
the creepage distance fromthe die pad 2 to the island bonding area 12,

t her eby suppressing the devel opnent of the peeling off caused by thernal
stress. (Enbodi nent 4) 20 Enbodi nent 4 of the present invention will be
described below with reference to FIG 4 to FIG 6. FIG 4 and FIG 5 show
exanpl es in plan of sem conductor devices according to Enbodinent 4 of the
present i rarenssigmedeac theofamsht@Btialktioomsmambeadas ARGt D fBobehidinbi @Bcription
breakdown voltage elenment. FIG 6A is a sectional view taken along the line
VI a-Via i nh@bofl G 4, and FIG 6B is a sectional view taken along the line
VIb-VIb in FIG 5. Enbodinent 4 refers to exanples of sem conductor

devi ces using the dhead ifrldie 41 An the cantiondudtor Eaiodhtending .to Theredapke, of n
FIG 4 to FIG 6, the sane reference nunerals 18 are assigned to the sane
const i t ut inkddimentys rasseascandudEbiGhif 17 ancloding tikigh tleskddviat vamge thenono fxithAs
showmn in FIG 4, in the sem conductor device according to the exanple of
Enbodi frenteleirode pads Bonwicgionnd hlieptrdd® padcl Uigidigbandeiigh the dakeidvinofibl: tegle
elenment with 5 electrode pads 18 and a ground el ectrode pad 19 is die
bonded on frame #aebspadonrdustive dhdsead fit Bneotddittey thougbnitie conduetizd hdbésie: isl t
is noted that though the conductive adhesive is wused for die boding the
seni condudsest farhdig topingnthehssnpeasiaptor shipollY ierbs preserd| debidigentrat sdealngor
the |ike may be used rather than the conductive adhesive. Further, the

seni condudi®eria hpthe7like mast be juspd gathed thate thi ghndiciuk ddhesiveol thagesl Sieent
only if the 10 sem conductor chip 17 requires the sem conductor device to
have hi ghSHEXCNHWdPREBA7 ret drbkdrtadhe highsbregkdoyn veltasgradementetndy if thee
pad 19 _of the sem condu ,zor chi 17. di e bonded on the die pad 2 are wire
bonded? and“BERA 't‘ﬁ‘é"c?hél?g FIPE e tﬁ? sergiceBehtorleyiceds hayphigh begaadiaper | eads 5

and (e ol and Hondng @1 e8, 18, L SePSELLYSL Yy by MRS, 0L Lhe metal A
17 die bonded on the die pad 2 are wire bonded and connected electrically to bonding areas
20 of the inner leads 5 and the island bonding area 12, respectively, by means of the meta)
thin lines 21. In the present embodiment, the ground electrode pad 19 of the
15 semiconductor chip 17 is wire bonded to the island bonding area 12, but the ground
electrode pad 19 may be wire bonded to the on-GND-lead bonding area 16 by means of the
metal thin lines 21, as shown in the modified example in FIG. 5.
The sealing region 7 of the lead frame 1A which is connected electrically to the
semiconductor chip 17 is sealed by a sealing part 22 made of a sealing resin material, such
20 as epoxy resin or the like by transfer molding. In a resin sealing step, the sealing resin
material is filled in the trenches 9 and the slit 14a. In this step, parts of the radiator plates
4, the tie bars 3, and the outer leads 8 connected to the inner leads 5, which are exposed
from the sealing part 22, are subjected to resin burr removal. Further, the tie bars 3 are
tie-bar cut.  An outer lead 8 not connected to an inner lead 5 adjacent to the GND lead 6
25 iscut out, thereby presenting the state in which the pin is lacked. The parts of the radiator
plates 4 and the outer leads 8 are lead-cut and bent to be in gull wing forms.

The thus structured semiconductor device according to Embodiment 4 includes the
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15 sem conductor chip 17 is wire bonded to the island bonding area 12, but
the ground electrode pad 19 nay be wire bonded to the on-G\D-| ead bondi ng
area 16 by nmeans of the netal thin lines 21, as shown in the nodified
exanple in FIG 5. The sealing region 7 of the |ead frame 1A which is
connected electrically to the sem conductor chip 17 is sealed by a sealing
part 22 made of a sealing resin material, such 20 as epoxy resin or the

l'i ke by triahsd diontdivigdhreg. 17 BledirfcaBy rcosedidéd@o She Rrodndecisepddengad @91 6 the
material is filled in the trenches 9 and the slit 14a. In this step, parts
of the radieatiamdptiat elsip 14, byt hearsiof theamstaBthilante 2hé Muisedlinegras2280cornest ed
to the inner leads 5 which are exposed fromthe sealing part 22, are

subj ect ed frame d4i n Wherin enopaiphefalistideerof thh ésldddebdiriiigy eare exce-Marsidat .
An outer lead 8 not connected to an inner lead 5 adjacent to the G\ND | ead 6
25 i s cut oonectechiortbbjoipresielR is nepardied Avat the leadvhinehl A be tipd slitilgal acked. The
parts of the radiator plates 4 and the outer |eads 8 are | ead-cut and bent
to be i5n gull wlagphosarsis nEde belousbevearcthu sedicoadicanttvatasingald kad frame
according to Enbodinent 4 includes the 19 island bonding area 12

el ect ri calldfaseringlt bisdkdwovit haltage elendnebeotdioger Patodithenf 4 bivba sseitbodndact or
chip 17 by neans of the netal thin line 21 in the sealing part 22 on the

| ead frarfieVicausmBarcenmentional lpet frphe ferla gl bscabflowhgolitageatmndnondi ng area 12
except the side_connected to the joint part 13 is separated fromthe | ead
frame 1A by thelatlgtl indigates ratipgpaocewrence ofrddictsshawebbegeifrathghe edge of
sem conduct or device using the lead frane 1A for a high breakdown voltage
el ement adboidpg PaG 2Rrpvaidibainsitleanerhss SenPibhdwordion edingeres(theyistand
conventional |ead frame for a hjgh breakdown voltage el enent. Table |

i ndi cal es PPEYIPEIGF 1o themesisat B eniiong ér d Hibh dempereiura uwiditg bism tevie uadyge of
t he seali nlg $art.22 t.0 d the insi d? reat(:)hes t he G\D_ connection bondi ng
area (t he Fstdions ®igondi wgpsradye aluen 87 fe repiehimidivemd H0H0-hoprmaprce
(tenperature hum dity bias) tests under the conditions, of C tenperature
Vet v, a5 voliseh SRAGEAar RIS o4 RaCHD0E Mgl SOt Eb Doy Bt ol oRpHIG Batih

and ratio ccurrence of defects that peeling off f t he di e paq. that
hol ds the%%agﬁP@aﬁfbeu%ePBP%CﬁWP phene ol Geaeteatre Bencsbos dRndee on
bondi ng area in thermal shock tests of 100 cycle repetition of temperature cycling between ~65 °C

15 and 150 °C.

Table 1
Tests | THB test Thermal shock test
85 °C, 85 % RH, | 100 cycles between
1000 hours -65 °C and 150 °C,
Peeling off reaching island bonding area in high | 0/20 0/20

breakdown voltage semiconductor device of
present invention shown in FIG. 4

Peeling off reaching GND connection bonding | 7/18 NG 12/20 NG
area in conventional high breakdown voltage
semiconductor device shown in FIG. 8§

As can be understood from Table 1, no defect occurs in the semiconductor

according to Embodiment 4 shown in FIG. 4 in both the tests. In contrast, in the

20 semiconductor device using the conventional lead frame shown in FIG. 8, the defects occur
in seven THB tests out of 18, and the defects occur in 12 thermal shock tests out of 20.

Table 2 indicates ratios of occurrence of defects that breakdown voltage lowers
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area in thermal shock tests of 100 cycle repetition of tenperature cycling
between -65 C 15 and 150 C. Table 1 Tests THB test Thermal shock test 85
C, 85 % RH 100 cycles between 1000 hours -65 C and 150 C, Peeling off
reaching island bonding area in high 0/20 0/20 breakdown voltage

sem conductor device of present invention shown in FIG 4 Peeling off
reachi ng GND connection bonding 7/18 NG 12/20 NG area in conventional high
br eakdown v toalpevesiagiof dndiiditioresidemice acipaniddroyFpdaling oA deaiopaent i @TEs ood
from Table 1, no defect occurs in the sem conductor according to

Enbodi nent tedtsstralen the deh@tiods iof 808 tchpeta@atsvalhd) 8086 r@bitive i Muntiigy, 26d
sem conduct or device using the conventional |lead frane shown in FIG 8, the
def ect s oc&i0-hawr sewren valdRetapplisationt of 18, and the defects occur in 12
thermal shock tests out of 20. Table 2 indicates ratios of occurrence of
def ects thagblpPeakdown voltage lowers 20 due to lowering of humidity

ndar

h

r esi st ancg acconpanied by peeling—of-f—devetopt

pt—if--FHB—tests—under—tH
o 'T T, e
conditions of 85 C tenperature value, 85 %rela Ve Qi Y, . .a
icat ?,_tv%&ﬂ,%%ﬁmp

1000- hour Wb! e 2. Test |1t )
1000 hour s”R Jnagroloiges) Bvieh dgeastonngwlgeeaktidwn vol tage 0/ 15

sem conducteBHCYEYFor dgriceragFargingotor the pesesbmveniiventi on shown in FIG 4
shown in FIG. 4
Breakdown voltage lowering of conventional high voltage | 3/15 NG

semiconductor device shown in FIG. 8

5
As can be understood from Table 2, the breakdown voltage does not lower in the
semiconductor device according to Embodiment 4 shown in FIG. 4.  On the other hand,
the breakdown voltage lowers in three tests out of 15 in the semiconductor device using the
conventional lead frame shown in FIG. 8.

10 Further, Table 3 indicates the results of tests equivalent to those in Table 1
performed on a semiconductor device in which the ground electrode pad and the
on-GND-lead bonding area 6 are wire bonded.

Table 3
Tests | THB test Thermal shock test
85 °C, 85 % RH, | 100 cycles between
1000 hours -65 °C and 150 °C,
Peeling off reaching on-GND-lead bonding area | 0/8 0/9
in high breakdown voltage semiconductor
device of present invention shown in FIG. §
Peeling off reaching on-GND-lead bonding area | 6/8 NG 3/9 NG
in conventional high breakdown voltage
semiconductor device shown in FIG. 9
15 As can be understood from Table 3, in both the tests, no defect occurs in the

semiconductor device according to the modified example of Embodiment 4 shown in FIG.
5. On the other hand, defects occur in six THB tests out of eight and defects occur in

three thermal shock tests out of nine in the semiconductor device using the conventional
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Br eakdown vol tage | owering of conventional high voltage 3/15 NG
sem conductor device shown in FIG 8 5 As can be understood from Tabl e 2,
t he breakdown vol tage does not lower in the sem conductor device according
to Enbodi nent 4 shown in FIG 4. On the other hand, the breakdown voltage
lowers in three tests out of 15 in the sem conductor device using the
conventional lead frane shown in FIG 8. 10 Further, Table 3 indicates the
resul ts of lehédtmeastowvnal Eiti. 0 those in Table 1 perforned on a
sem conductor device in which the ground el ectrode pad and the on-G\D- | ead
bondi ng area 6 a@wsdestrnitedmbnoedn thkadshéc@idliest devitB dcesidinpherBmbodineskd bebt
85 C, 85 % RH 100 cycles between 1000 hours -65 C and 150 C, Peeling off
reachi ng ofthe GNDdified dexaopdl rigeresfeah®/ifa®d Dondinki giea b2 ak dehioh vibtdeagides are
sem conductor device of present invention shown in FIG 5 Peeling off
reachi ng oWENBd¢detth shidl4agis apeacEMBhNE SalindGsin maeaal edconthglhj glen if
breakdown vol t age sem conductor device shown in FIG 9 15 As can be
under stSoodprdelingrrffdbcaused wibichhwowldtdegelbe étos) theedgebédte soaltng sart 22 tdveard the
sem conduct or devi ce accordi ng to the nodified exanpl e of Enbodi nent 4
shown i n Fpgde op fraon thhdicopse? theadl thdedwsitds pretiog off develophitBt tteshs idatd of
ei ght and defects occur in three thermal shock tests out of nine in the
sen condudidingevsack? ¢asi ieguppissedny HienswnatlingXif pbtg Wirchrmddhomths boriig 9.
As descri bed above, in the sem conductor devices according to Enbodi nent 4
and area and breakage of the wire bond can be prevented, preventing lowering of reliability in
electric connection of the connection parts.

10 In the semiconductor device according the modified example, in which the ground
electrode pad 19 of the semiconductor chip 17 and the on-GND-lead bonding area 16 are
wire bonded, provision of the bent portions 15 in the GND lead 6 extends the creepage
distance from the die pad 2 to the on-GND-lead bonding area 16 and further to the
corresponding outer lead 8. In addition, formation of at least one trench 9 in the GND

15 lead 6 further extends the creepage distance from the die pad 2 to the corresponding tie bar
3, increasing adhesiveness of the sealing resin material to the GND lead 6. As a resuli,
peeling off caused by thermal stress from the die pad 2 toward the outside is prevented
from developing toward the on-GND-lead bonding area 16.

Hence, peeling off at the interface between the wire bond and the bonding area and

20 breakage of the wire bond can be prevented, preventing lowering of reliability in electric
connection of the connection parts.

As described above, with the use of the lead frame and the semiconductor device
using it according to the present invention, even if peeling off is caused between the lead
frame and the sealing resin material, development of the pecling off is suppressed to

25 prevent lowering of reliability in electric connection of the connection parts. Therefore,
the present invention is useful for a lead frame for holding a semiconductor chip which

requires the lead frame to have high heat radiation, such as a high breakdown voltage
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the nodified exanple thereof, the island bonding area 12 of which three
sides are surrounded by the slit 14a is covered with the sealing resin
material. Accordingly, even if 5 peeling off is caused which woul d devel op
fromthe edge of the sealing part 22 toward the inside or fromthe die pad
2 toward the outside, peeling off developnent to the island bonding area
12 can be suppressed. Hence, peeling off of the wire bond fromthe bondi ng
area and hieakdge tlof likdmdw semidioddctondehe: wigyrent ed, preventing | owering of
reliability in electric connection of the connection parts. 10 In the

sem conduct or device according the nodified exanple, in which the ground

el ectrode pad 19 of the sem conductor chip 17 and the on-G\D-| ead bondi ng
area 16 are wre bonded, provision of the bent portions 15 in the G\D | ead
6 extends the creepage distance fromthe die pad 2 to the on-G\D-| ead
bondi ng area 16 and further to the corresponding outer lead S. In
addition, formation of at |east one trench 9 in the G\ND 15 |lead 6 further
extends the creepage distance fromthe die pad 2 to the corresponding tie
bar 3, increasing adhesiveness of the sealing resin material to the G\D

|l ead 6. As a result, peeling off caused by thermal stress fromthe die pad
2 toward the outside is prevented from developing toward the on-G\D-| ead
bondi ng area 16. Hence, peeling off at the interface between the wire bond
and the bonding area and 20 breakage of the wire bond can be prevented,
preventing lowering of reliability in electric connection of the
connection parts. As described above, with the use of the lead franme and

t he sem conductor device wusing it according to the present invention, even
if peeling off is caused between the lead frame and the sealing resin
materi al, devel opment of the peeling off is suppressed to 25 prevent

| owering of reliability in electric connection of the connection parts.
Therefore, the present invention is useful for a lead franme for holding a
sem conductor chip which requires the lead frane to have hi gh heat

radi ati on, such as a high breakdown voltage 22 elenent or the like and a
sem conduct or device using it.
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23 WHAT IS CLAIMED IS: 1. Alead frane conprising: a die pad for holding a
sem conductor chip; a radiator plate extending outward from one side face
of the die pad and another 5 side face thereof opposite the one side; a
plurality of inner |eads arranged opposite respective sides of the die pad
other than the sides fromwhich the radiator plate extends so as to
interpose the die pad; and a plurality of outer |eads formed outside the
plurality WHARASICLAINMEERRS connected to the inner |eads, 10 wherein at

| east one of the plurality of inner |eads serves as a ground | ead

connected to thd. dileadiaeme geripiising:he radi ator plate, an island bonding area
of which potential is equal to that of the die pad is fornmed, a first slit
i s fornmed around dithpaskfos heldingsf sentieoridyttandhippndi ng area, and the ot her
side is connected to the radiator plate through_aj;oint part. 15 2. The

| ead frame of CRARdtE! Pl peiendingeutvarddftbrbondisilg faceaf ihe diopagdndtanather
central paméﬁ'n a wdthw se direction of the radiator plate which is a

di recti’on $ %@%Hﬁﬁﬁfapﬁﬁﬁeﬁﬁﬁﬂﬁﬂﬂ¢on that the radiator plate extends. 20
3. The lead frame of Claim1l, wherein a trench extending in a direction

per pendi cul ar t & Phualiyed naer teads awanged mpepsite wappstiss sisles of $he dienpad! pihen
surface portion of each of the inner |eads including the ground |ead, and
25 the gr&{)?fht Silgs ?1}981 Uglélg thy radgierplatgexsadi sqrsite iBposehe digpath and- pl ane

direction of t Q Ieahgerll?tg rc])&i olutee??éads formed outside the plurality of inner leads and connected
to the inner leads,
10 wherein at least one of the plurality of inner leads serves as a ground lead
connected to the die pad, and
in the radiator plate, an island bonding area of which potential is equal to that of
the die pad is formed, a first slit is formed around three sides of the island bonding area,
and the other side is connected to the radiator plate through a joint part.
15
2. The lead frame of Claim 1,
wherein the island bonding area is formed at a central part in a widthwise direction
of the radiator plate which is a direction perpendicular to a direction that the radiator plate
extends.
20
3. The lead frame of Claim 1,
wherein a trench extending in a direction perpendicular to a direction that the inner
leads extend is formed in a surface portion of each of the inner leads including the ground
lead, and
25 the ground lead includes at least two bent portions bent in an in-plane direction of

the ground lead.
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24 4. The lead frane of Claim1l, wherein the island bonding area is in a

quadr angul ar shape, a circular shape, an elliptical shape, a U shape, or a
V-shape in plan. 5 5. The lead frame of Claim1l, wherein the joint part has
a wdth smaller than the island bonding area. 6. The lead frame of Claiml
wherein the first slit includes notches extending toward the inner |eads on
the 10 respective sides of a part of the joint part which is connected to

the radiator platEhe [éad rh@ebéathifyame of Caim 1, wherein the joint part is
formed on an opposite side of the island boding area from the die pad. 15

8. The lead frambeein Beaikind bonhigpeirda & inf £08rexh@Rhage, iacitculd $8hd, o
perpendicular to a direction that the joint part extends is forned in a
surface paoiiiptonal sifape,eUishapet op@aMi-shag®iPpladhe | ead frame of Caim 1, wherein
a second slit is formed in a region of the radiator plate on an opposite
side of the island bonding area fromthe die pad, the region being sealed
by a sealing resin material. 25 10. The lead frane of Claiml, wherein the
joint part is fbrhedeshfrandoECpan Isi de of the island bonding area. 25 11.
The lead frame of Claim10, wherein a third slit is fornmed between the die
pad and t he firwhersinthe gfintfaet raadi witdtlr smgleatliean the kPand Boadingaded r ame of
Claim1,

6. The lead frame of Claim 1

wherein the first slit includes notches extending toward the inner leads on the

10 respective sides of a part of the joint part which is connected to the radiator plate.

7. The lead frame of Claim 1,
wherein the joint part is formed on an opposite side of the island boding area from
the die pad.
is5
8. The lead frame of Claim I,
wherein a trench extending in a direction perpendicular to a direction that the joint

part extends is formed in a surface portion of the joint part.

20 9. The lead frame of Claim 1,
wherein a second slit is formed in a region of the radiator plate on an opposite side
of the island bonding area from the die pad, the region being sealed by a sealing resin

material.

25 10. The lead frame of Claim 1,

wherein the joint part is formed on a die pad side of the island bonding area.

25



wherein a fourth slit is formed in a region of the radiator plate on an
opposite side of the die pad fromthe island bonding area. 13. The | ead
frame of Claiml, 10 wherein a part of the ground | ead which is connected
to the die pad has a wwdth smaller than the other inner |eads. 14. The

| ead frame of Claim1l, wherein at |east one out of the plurality of outer

| eads which is adjacent to an outer 15 |ead connected to the ground | ead

i s not connect ed!.tThednyd Hfimée beClamne0, | eads. 15. A semi conduct or device
using the lead frane of Claim1, conprising: a sem conductor chip held on
the di e pad andwhenimg tleteditriodenpddstasm the giopmbandedhe dirsode ofaltk radn@o20 a
sealing part nade of a sealing resin material for sealing the die pad

i ncl udi ng nléte. seni conductor chip, each of the inner |eads, and a part of
the radi ator plate which includes the island bonding area, wherein in the
sem conductor chip, the electrode pads are connected to the inner |eads
electrically by neans of a netal thin line, and the ground el ectrode pad is
connected 25 t b2-tThe l¢=l faamde bOGIMd, area or a bondi ng area of the ground

| ead electrically by means of a netal thin line, the island bonding area
is covered at peh¢phes Eurdisties fohvedof a restaepf tha raliger pR6 coameppesite solet he
joint part, with the sealing resin material, and the other part of the

radi at or pfétcediaped Bashhefslandedondingrar¢aeads are bent in gull wind forms. 5
16. The sem conductor device of Caim 15, wherein the sem conductor chip is
a high breakdown voltage elenent. 17. A lead franme conprising: a die pad

for holding a sem conductor chip;
13. The lead frame of Claim 1,

10 whetein a part of the ground lead which is connected to the die pad has a width

smaller than the other inner leads.

14. The lead frame of Claim 1,
wherein at least one out of the plurality of outer leads which is adjacent to an outer

15 lead connected to the ground lead is not connected to any of the inner leads.

I5. A semiconductor device using the lead frame of Claim [, comprising:
a semiconductor chip held on the die pad and having electrode pads and a ground
electrode pad; and
20 a sealing part made of a sealing resin material for sealing the die pad including the
semiconductor chip, each of the inner leads, and a part of the radiator plate which includes
the island bonding area,
wherein in the semiconductor chip, the electrode pads are connected to the inner
leads electrically by means of a metal thin line, and the ground electrode pad is connected
25  to the island bonding area or a bonding area of the ground lead electrically by means of a

metal thin line,

the island bonding area is covered at peripheral sides thereof, except a side
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10 a radiator plate extending outward fromone side face of the die pad and
another side face thereof opposite the one side; a plurality of inner

| eads arranged opposite respective sides of the die pad other than the
sides fromwhich the radiator plate extends so as to interpose the die pad;
and a plurality of outer |eads forned outside the plurality of inner |eads
and connected 15 to the inner |eads, wherein at | east one of the plurality

of inner |emdscts@rods jdst @rghotinte badds raanmaciied ah@ the die pad, a trench
extending in a direction perpendicular to a direction that the inner |eads

extend is formedhd sthar murdfaberddtuidd sinte@hd @acthoOthe toheer il¢ude brd e sh wlCivirgi ng
the ground | ead, 20 and the ground |ead includes at |east two bent
portions bfentis.in an in-plane direction of the ground |ead. 18. The |ead
frame of Claim17, 25 wherein a part of the ground | ead which is connected
to the die pad has a wwdth smaller than the other inner |eads. 27 19, The
|l ead frame of Caim1l7, wherein at | east one out of the plurality of outer
| eads Which is &6 Eeenmitondactondddce ofl @aith ¢dnnected to the ground lead is
not connected to any of the inner |leads. 5 20. A sem conductor device using
the | ead frane whe@imihmsaftjcoodmpen Giimig:a agls breakdndueslorgechinperel d on t he
di e pad and having el ectrode pads and a ground electrode pad; and a
sealing part made of a sealing resin material for sealing the die pad
including the sem conductor chip, each of the inner |eads, and a part of
the radiator pl &f-ét gail dlamarompmisesg: 10 the i sl and bonding area, wherein in

t he sem conductor_ chip, the electrode pads are connected to the inner
a die pad for holding a semiconductor chip;

10 a radiator plate extending outward from one side face of the die pad and another
side face thereof opposite the one side;
a plurality of inner leads arranged opposite respective sides of the die pad other
than the sides from which the radiator plate extends so as to interpose the die pad; and
& plurality of outer leads formed outside the plurality of inner leads and connected
15 to the inner leads,
wherein at least one of the plurality of inner leads serves as a ground lead
connected to the die pad,
a trench extending in a direction perpendicular to a direction that the inner leads
extend is formed in a surface portion of each of the inner leads including the ground lead,
20 and
the ground lead includes at least two bent portions bent in an in-plane direction of

the ground lead.
18. The lead frame of Claim 17,

25 wherein a part of the ground lead which is connected to the die pad has a width

smaller than the other inner leads.
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| eads el ectrically by means of a netal thin line, and the ground el ectrode
pad is connected to the island bonding area or a bonding area of the
ground lead electrically by nmeans of a netal thin line, 15 the island
bondi ng area is covered at peripheral sides thereof, except a side
connected to the joint part, with the sealing resin material, and the other
part of the radiator plate and each of the outer |eads are bent in gul
wind fornms. 20 121Therlhed feme obfthiot G, devi ce of O ai m 20, wherein the
sem conductor chip is a high breakdown voltage el enent. 28

wherein at least one out of the plurality of outer leads which is adjacent to an outer

lead connected to the ground lead is not connected to any of the inner leads.

5 20. A semiconductor device using the lead frame of Claim 17, comprising:
a semiconductor chip held on the die pad and having electrode pads and a ground
electrode pad; and
a sealing part made of a sealing resin material for sealing the die pad including the
semiconductor chip, each of the inner leads, and a part of the radiator plate which includes
10 the island bonding area,
wherein in the semiconductor chip, the electrode pads are connected to the inner
leads electrically by means of a metal thin line, and the ground electrode pad is connected
to the island bonding area or a bonding area of the ground lead electrically by means of a
metal thin line,
15 the island bonding area is covered at peripheral sides thereof, except a side
connected to the joint part, with the sealing resin material, and
the other part of the radiator plate and each of the outer leads are bent in gull wind

forms.

20 21. The semiconductor device of Claim 20,

wherein the semiconductor chip is a high breakdown voltage element.
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