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+1- “ASEM GONDUCTOR-DEVI CE, AND A‘PROCESS FOR PRODUCI NG SUCH A DEVI CE The /7;
presgnt I nvention relates to a sem conductor device, and to a process for @
producing such a sem conductor device, and is particularly directed to a

séni €onduct or devi ce having a heat-radiating nenber, such as a }7‘54

t r anst st or or.a power IC (integrated ciraeit). In power transigfgﬁg

cugrently used in practical applications, a heat-radiating member such as
heat sink or flange is forned in a portion of the tranS|stor case (package)
in order to increase tAcSEMICONRUCTORy DEMICGE\AND J :

sem conductor pellet. The sem gg%gs %th mred d| rect ly to the
heat - radi ati ng nenber such as h en the power

transi stor is operated the heat generated by the seni conduct or pellet is

radiated into the open aie!fiaydhe! BfvaRRc Yelldulh Ko PN cdRasUElr 2

power transistor, furthernor heat -radi ati ng characteristics may be

i nproved by adhﬁ\iﬂﬂa}'@n&eﬂbcanéﬂébéésp@dretpﬁd&ﬁﬁfé dict £ Wémléondadtor
t he heat-radiating nenber. The heat-radi ating nenber  then 20 al so serves

as an’ el ect rodegedfice), Qan@r 18! pheedcalarly @ireitid to I senidéndudber
transistor of this type, it is accepted practice to interpose an insul ating
pl at e 15-such afevideé dtavingcabhesteradibitdnge nenler hasyrhvas 25 powesi St or
1 and a netallic heat -radi ati ng plate (nounting substrate) 11 as shown in
Fig. 1. An iShnugasigtonsbera power IC (integrated circuit).

In power transistors currently used in practical
applicatioqs, a heat-radiating member such as heat sink
or flange is formed in a portion of the transistor case
(package) in order to increase the héat radiation

10 characteristics of a semiconductor pellét.' The semiconductor
pellet is adhered.directly to the heat-radiating member
such as heat sink or flange, so when'thecpowcr transistor
is operated the heat generated by the semiconductor pellet
is radiated into the open air through the'héat—radiating
15 member. - |

In such a power transistor, furthermore, ihe
heat-radiating characteristics may be improved by adhering
tﬁe scmiconductor pellet ih.electrical contact with the
heat-radiating member. The heat-fadiating member then_

_ 20 also serves as an electrode or an external lead of the
tran51stor. )

In mounting the transistor of thls type, it
1; accepted practice to interpose an insulating plate
15“such as a mica plate between a flange 2 of the power

25 transistor 1 and a metallic heat-radiating plate (mounting

substrate) 11 as shown in Fig. 1. An insulating washer



6 is fitted to the mounting hole 2a of the flange 2, and the flange 2
f.he heat-radiating plate 11 are fastened together by a bolt 17 so the
.131stor 1 is electrically insulated fromthe heat-radiating plate 5 11

it I's nounted on. Wth the above-nenti oned net hod, however, the |arge
nunber of -parts such as insukgting plates 15, insulating washers, 16 and the
| i ke, make the nounting operation very conplicated. Furthernore, when mga
i s 1Qeuded fitddeco nshié amougtihgt hole, 2ahefdittedlangdrzak- down vol t age
I s about 1200 volts at the greatest. Use of an insulating plate 15 having
i ncr andedhehifilamps 2 candcthesheakerddilatding plataiddvare ol t age, on the

ot her hand, decreases the heat-radiating performance 15 due to the thick

i nsufasitened diogettherbbyoaecbolthd?i soulthe tramisitstomde 18 nica has such

- poor nechanical strength that it is often broken when the transistor 1 is
nounedectaicaldepsinsel aved| Sromgtpheopeati~radimbing pkate with the
above,nmenti oned mounting. nmethoed, 20 the insulating plate or the insulating
'wa§héﬂ ﬁﬁylﬁb“Kﬂﬁﬁéﬁawhﬂ+e t he devi ce |s belng used or deteriorate with
time, to lose_it su i n rty. rder ecl ude the

above- nent i ond#t éhcih ré? Eﬁ‘ﬁ?&ﬁg QnF ﬁlqgﬂ iﬁF?thﬁ.SGS 658
teaches a 25 resin- eal seni onductor vi ce i.n whi an insul ating. pl ate
is iEFgﬁﬁb§QTQﬁﬁ S sBHF oﬁﬁu&?&Plﬁaﬁqg BlaFesel deat - radiating

marrb?.nsulat:.ng washers 16 and the like, make the mountlng

#

_operathn very compllcated. Furthermore, when mica is
10 used for the insplatihg’plate'ls, the-dlelectric break-
down voltage is about 1200 volts at the greatest. Use
of an 1nsu1at1ng plate 15 hav1ng 1ncreased ‘thickness
to increase the dielectric breakdwon voltage, on the
‘other hand, decreases the heat-radiating performance
15 due to the thick insﬁleting'plate 15. Moreover, the '
insulating plate made of mica has such poor mechanical
strength'that it is often broken when the transistor
1 is mounted, and loses its insulating properties.
Furthermore, with the above-mentloned mountlng method,
20 the 1nsulat1ng plate or the 1nsu1at1ng washer may be
broken while the device is being used, or deteriorate
with time, to lose its insulating prcéerty. |
| In order to preclude the above—mentloned problems,
Brlt;sh Patent Spec1f1catlon No. 1,365,658 teaches a
25 resin-sealed semiconductor device in which an insulating
plate is interposed between the semiconductor pellet
and the heat-radlatxng member.

" According to the resin-sealed semicqnductbr



Aécdraing t.o the resin-seal ed seni conduct or device disclosed in this .if
patept specification, however, .the insulating plate has a size which is '

syfficiently greater than the sem conductor pellet to support all of the
external electrode | eads. Therefore, the heat 5 generated by the B

semni conduct or ,pel I'et is not sufficientjy radi ated. According to one aspect
of ihe invention, there is provided a sem conductor device conprising: a
sem conduct or geklice Biscidsed i ithis npatehtcepébiflicatisngohdwanier,
surface opposite to said first main surface; a first external |ead having a
paddl e |i ke seghentinsulating tgiate risds nai sizer whiehofist baffidiciently
attached by a soldering material; 15 a second external |ead which
is electricall greatesctthan chen semiconduectornpdlliett ho suppoadtmaild surface
of the pellet by a conductive wire; a heat-radiating nenber nade of netal;
an.insul ati ng eéntthe iemternede@lactxede t heads.paBlievefore,sshecheatnd t he
heat -radi ati pg menber to isolate themelectrically fromeach other; and a
seal i ng nenbgrgﬁﬁﬁﬁBGegnhﬂhéhﬁ%ﬁemkﬁﬂnﬂﬂﬁEOHEEQéietoFSSBPF0§H§ﬁﬁ§¥ﬁﬁ$1Y
seal ing the sem cqonductor pellet, the paddle-Ilike segnentﬁ“LQEJ nsul ati ng
menber 25 and FAGi@&®Guctive wire; and wherein

According to oné aspect of the invention, there
is providéd‘a semiconductor device cémprising:
a semiconductor pellet having a first main surface

10 and a second main suiface opposite to said first main
surface; |

a first externai lead having é paddle like segment
on which the first main surface of the pellet is attached
by a soldering material; .

15 a second external lead which is electrically
connected to an electrode formed on the second main'surface
of the pellet by a conductive wire;

a heat-radiating member made of metal;
i,an insulating member interposed between tﬁe
2°-padd_1e-1ike segment and the heat-radiating member to
isolate them electrically from each other; and
- a sealing member formed on the heat-radiating
member for surrounding and sealing the semiconductor
pellet, the paddle-like ségment, the insuléting member
25 ana the conductive wire; |
and wherein: |
the second exﬁernal lead is séaced from the

'insulating member and fixed by the sealing member.



\.\.

seal i ng nenber. -4- According to a second aspect of the invention,

e is provided a process for producing a senmiconductor device
conprising: a step for preparing an external |ead having 5 a paddl e-1i ke
segnent, a plurality of extq&pal | eads wi t hout paddle-Ilike segment, and a .

. ?Eégsecond.external | ead is spaced fromthe insulating nenber and fixed by
t3

| ead frame having connecting portions connecting the |eads; a step for — i

¢

0" T AR S B SR e o
o TEhLEY €h BRECHIRES KA Pee o BAcHE' BB cBilanmp conductor

s a&égg@gdcgﬁbgigq jggonductor pellet onto one main surface of a
heat-radi at1 ng"-nenber” via an insulator; a step for sealing said

sem conduct or gelgh@p Wd prdpitind Tak UektérABINtealinRavidgd external |eads

are supported naintaining electric insulation and the 20 other main surface
- of5 s@i fadaie~1akied sledthe P pruraPDER UG£ 28fttarahtp 1adsseparating said

external |eads fromthe coupling portions. Enbodinments of the invention
w | lwithott paddliesddke segment, and a lead frame™having
connecting portions connecting the leads;
_ a step for adhering a sgmicdnduétor pellet
onto said paddle-like segment; |
10 ~ a step for e1é¢trica11y connecting said pln:aiity
of external leads to a plurality of electrodes formed |
on the main surface of said semiconductor pellet;
and after _ . |
a step for adhering the paddle-like segment
15 to_which'is attachéd said semiconductor pellet 6nto one
main surface of a heat-radiating member via an insulator;
a step for sealing said semiconductor pellet
with a fesin in such a manner that said external leads
are supborted'maintaining'electric insuiation and éhe
20 other main surface of said heat-radiating member is exposed;
ana' _ _ .
a step for separating said'external leads from
the coupling portions. |
Embodiments of the invention will now be déScribed,
25 by way of example, with reference to the'aCcdmpanying
dt#wings. in which:
Figure 1 is a section'view showing'a portion

of a conventional electronic circuit device in which



25 by ‘way’ of exanple, with reference to the accompanyi ng draw ngs, in Cmieed
WhICh Flgure 1 is a section view showing a portion of a conventional '£§§D’
el ectronic circuit device in which = a power transistor is mounted on a
metallic substrate and has already been discussed; Figure 2 is a

per spective vi ew'of the power tran5|2%or according to an enbodi ment of the
pkesent 5 invention; Figure 3 is as >tion view showi ng.  the power

Vi ova of powct PPARE; ErdPetill, 30T ol ¥ HeBal1if, uBErAES, coen
10 invention; ,FROHLE ;?rbgdﬁspgrgp%gg ng‘fo w of a lead frame which i.s used

for obtaining a power {rans accor yet anot-her enbodi nent of the

present invention; Flgu?mgu}é ans1%63{u3|ng t#&hv&f | dEushLabblge1lS the

steps for obtalnlng a power transis | ead frame shown 1 n Figure

10; -Figures lgrandidéop’ ScEBrARRG! 6" afl VithcdiRede éfetﬁépﬁféQEﬁESOf power

transistors to which the present “invention i1s applied; |gure
15 is a di a3r gAveht@bngqui valent circuit of the power tranS|stor of the.
present invention; Figures 16 and 17 are section views shgﬂ%pg conposite

power transistors in acrigdeecs Wst a Bebdict view showing ¥ne power
transistor of Figure 2 on an enlarged scale; )

Figures 4 to 9 are sectioe'views of power
transistors according to further embodiments of the:present

10 inveetion;

Figure 10 is a perspectlve view of.a lead frame
which is used for obtalnzng a power transistor according °
to yet anpther embodiment of the present'lnventlon;

Figures 11 and 12 are section view illustrating

13 the steps for obtaining a power transistor usihg the
lead frame shown in'Figure 10;

Figures 13 and 14 are perspective views showing
the appearancesof power transistors to which the present
-1nvention is applxed,

20 - Pigure 15 is a diagram of an equivalent circuit
of the pqwef transistor of the present invention;:;

Pigures 16 and 17 are sectioﬁ views showing
composite gower.transistors in accordance with modified
embodiments of the present invention;

25 -Figure 18 is a diagram of an equivalent circuit
of the composite power transistor of Figure 16; |

Figure 19 is a diagram of an equ;valent circuit

of the composite power transistor of Figure 17;



enbodi nrents of the present invention; 25 Figure 18 is a diagram
s‘,an equi valent circuit of the conposite power transistor of Figure 16;
Figure 19 is a diagram of an equivalent circuit of the conposite power
ransi stor of Figure 17; Figure 20(A) is a section view show ng on an
enl arged scal e a power transi-sg-or according to still -- andther, enbodi nent
of -the present invention; Figure 20(B) is a plan view of an insulating 5 .
pl ate which i srigagef @0 (e ipouersdéction stbéwsshowing bngane 20(A); Figure
21 is a section viewshowi ng on.an enlarged scal e a power transistor -
accanlaxged acalet hepowelrodtiransistior hecegoreding tovserilddn; -= 10

Figures 22 to 25 are section views show ng power transistors according to
nodi gnethenbesbodiments ofhdhe qaegentvinventioit gures 26 to 28 are side

vi ews showi ng t he appearances of electronic circuit devices enploying-the
15 power transFigureoROiBd deeseplamsiewoof an insulating -- Figure
29 is a diagramof an equivalent circuit of the electronic circuit

- déviRlatfRich Epgusedr forrithe powsn ) transiseeri shownednschematical |y

illustratin ? ?omer-transistor of the present Luxsgifon; 20 :
HgyﬁkSQKEE§° A3 di agram of anm equival ent circuit the power transistor
of Figure 3.0 Lok H 999 P4 Had i WEL bl ST LSTeGea -

¥

scale a power transistgf a¢cordiﬁg to a further embodiment
of the pregent invention; =
10 | '~ Pigures 22 to 25 are section views showing
power transistors'achrdihg_to ﬁodified embodiments of —
the present invention}
Figﬁ:es 26 to 28 are side ;riews showing the
appearances of electronic circuit devices employing-the |
15 power transistor of the present_inveﬁtion} _ | | -
Figure 29_is a diagram of an equivalent circuit
of the electronic circuit devige‘shown in FPigure 28; - -
Figufe 30(aA) is a section view schematically | -
.iliﬁstrating aIPOWer transistor of the present invéntion:
20 : - Figure 30(B) is a diagram of an equivalent T
circuit of the power transistor of Figure 30(3); : _ -
B :lFigure 31(A) is a section view scheﬁaticallY‘
illustrating another power transistor_éf the present
invention:" _
25 ~ Figure 31(B) is a diagram of an equivalent -
circuit of the power transistor Shoﬁn in Fiéure 3i(A): : ‘_
and | | |

Figu:es'§2(A). 32(B) and 32(C) are circuit _ -



“illustrating another power transistor of the present invention; .- 25 A
Figure 31(B) is a diagramof an equivalent circuit of the power transist gt
shown in Figure 31(A); and Figures 32(A), 32(B) and 32(C) are circuit. >
-7- diagrans of electronic circuit devices enploying the power transistors.
of t'’he present ihvention..SeniconductoL7devices and electronic circuit

dexi ces enpl oyi ng the sem conductor devices of the present 5 invention wll

be described ehgiaist BE 8 @ERROR1L0 IS RO STeahS16PiAGNEHRC! i ON

with the drawm ngS. In the draw ngs the correspondi ng parts” arée denoted by

the Sanﬁ.refeﬁéﬁéé tPHABigkSrs Wicthed prdident) et iole has al ready been
described in connection 10 with another Figure, the reference nuneral is

shown in the Figure, butefi¢eohdRtciter devitesaind islevtidonilc Eitenito
illustrating the enbodinents, transistors (hereinafter referred to as

i nsul at ed tradevitessemp2opdngnithdi genicordudtomrdseites nofnthenpresent
classified as 15 foll ows dependi ng upon differences in their construction::
(A) Transi stoisvehition wildr bal desicribed deliowovitn xeferescetbo varibas
internally insulated type, an insulating |ayer is fornpd%he&ﬂfen t he
sem conduct oremeodiments incconjunctiom mith tthe)drawings.
Transi;tors of this typ%ncggebgrgaghgiréﬂéﬂzﬂgééggonding'parts are
denoted by the same reference :numerals. Where a part
in one Figure has already been describéd in connection
10 with another Figure, the reference numeral is shown in
the Figufe, but description of the part is omitted.
Prior to illustrating the émbodiments, transistors
(hereinafter referred to as insulated transistors) being
embodiments of the present invention are.classified as
15 follow§ depending upon differences in their constfuction:
(A) Transistors of the internally insulated type:
| In a transistor of the internally insulated
type, an insulating layer is formed between thé seqicoﬁductor
pellet and the case (stem.or flange). |
20 Transistors of this type can be further classified
as follow;:
(Al) Transistor in which an insulating plate (member)
' is interposed between the semiconductor pellet_and the
case. |
+25 (AZ)’T:ansistor in which an insulating layer is formed
on the :ease. |
" Embodiments of the invention will be described

below. Before each of the embodiment there is a heading

such as "Embodiment Al-1" to clarify the relation to



[y

.ol lows: (Al) Transistor in which an insulating plate (nmenber) is
sAposed between the sem conductor pellet and the case. 25 (A2)
$tstor in which an insulating layer is fornmed on the-ease. Enbodi nents =«
“"he invention will be described bel ow. Before each of the enbodi nent

there is a heading such as "Enkgdiment Al-1" to clarify the relation to o
t he above-nentioned classifications. For instance, the heading "Enbodi mene~4
Al -1 "¢the abevermentiored nslassifibccatiopsil . Perbddiskamces -the 5

Figures 2 and 3 show an insulated transistor 1C of the construction in

whi chheadinguEnbgdiments Altk? pbsconecwhich pestpdnscttamthes case 18 to
~insulate themfromeach other. In these Figures, the pellet 6 is adhered by
10 t hgreupdddi.ng materi.al - 27 onto a paddl e-1ike segment (tub) 5 that is
formed together with a lead 19 as a unitary structure. Al though not shown,

a | ayBmbodimentedlod % he surface of the tub 5 to provide good-adhesion to
thecsol dering material. An insulating plate 28 with 15 g size nearly equal

to Phat of the'FBHQEQQ;3rﬂ%#p%s%ﬁqﬁeﬁﬂeéﬂsPﬁétﬁﬂbg?i%ﬁf%??ﬁ%ﬂ sink 3, and
5 200 o] D ool et 8 32 e Thaugimaaldue dio @ ool lector
interposed between the pellet and a case 18 to insulate ) B
them from each other. .
In theée,yigures, the pellet 6 is adhered by
lo_the soldering material 27 onto a paddle-like segment
(tub) 5 that is formed together with a lead 19 as a unitary
structﬁre._ Although not shown, a layer is plated on
the.surface,of the tub 5 to provide good adhesion to.
the sqldering_material. An‘insuléting plate 28 with
15 a5 size nearly equal to that'of the tub 5 is interposed
between the tub 5 and a heat sink 3, and is adhered by
soldering materials 29,30. The pellét 6 thus has a collector
electrode on the bottom surface thereof, and lead 19

formed ﬁnitarily with thé tub 5 serves as a collector
20 lead.” Also the'base and emitter electrodes B,, E formed
on the upper surface of the pellet 6 are electrically
connected.to other leads 20,21 through wires 22. Resin
10 is molded around the pellet 6, insulating plate 28, .
lead posts and wires in such a manner that the lower
25 surfaces of a flange 2 and the_heat.sink 3 are exposed. '

| Here, to be suited for use as thé insulating

plate 28, the materia1 shou1d ;atisfy the requirements
that (a) it is capable of being adhered onto the metals

of tub 5 and heat sink 3; (b) it has a dielectric breakdown



' forned unjtarily with the tub 5 serves as a collector 20 lead. Al so t}
base and emtter electrodes [err] forned on the upper surface of the pe
.6 are electrically connected to other |eads 20,21 through wires 22. Re
10’13 nol ded around the pellet 6, insulating plate 28, lead posts and wires
in“such a manner’ that the | ower 25 sutgaces of a flange 2 and the heat sink
®are exposed. Here, to be suited for use as the insulating plate 28, the

materi al shoyo] tadfd Yredttr Man '£ &eééﬁhﬁéh hécbgsa&gawaqua‘ bei ng

adhered onto the retals of tub-5 an eat sink 3; (b) it has a dielectric
breakdown  and t(age i i ra 4Rl B ﬂﬁeﬁﬁ&rrﬁbsﬁdtaﬁeessamwws and (c)
it has a small thermal resistance. Exanples of the materials which satisfy
these requi r gfedhe inmterils vt ch esdeisfyaghesel requiitetientsntexi de,
‘polyimde 5 resin, mca, epoxy resin, BN (boron nitride) or a |am nated
resin plate aoreasonable exténtrmay-imcludei hgrytiiom axideyi polyimiden
and a fluorine-containing resin. Anong them beryllium oxide, alum na
ceranm ¢ an8 Besjin.e midai iepdxy gresiin BNt boron nitride)wean aarlaminated
ceramic is to be used as the insul ating glate 28, nickelshould be plated
onto the uppéﬁ&wnj9l§M§ eongiatingfof ha hgqraaEnQOpmaﬂ@xquﬁsa&&n

sol dering materials 29,30 w )l eagily_ adhere theretq. ,Furthernore, forthe
reason nenti eh@Plydmide wesin Andia rflwopinescontaining: r@?é-n&s H“FR“

i nsul ati ng pI

-

em.g%eryllium oxide, alumina ceram;c and BN gzve
relatively good gffects. |
10 When an alumina ceramic is to be used as thé
insﬁlating plate 28, nickel should be plated onto the
ﬁpper and iower surfaces of the insulating:plate'zs so
that solderihg.matgria1$-29.30 will easily adhere tﬁéreto}
Furtﬁérmore, for the reason mengioned below,
15 boron nitride BN is suited for use a§ the insulating
plate 28. |
Thué, a film of boron glass (8203) is formed
when the shrfaces of the BN plate are oxidized. The
filé of boron glass melts at a re;atively low tempékature,
20 and serves as an adhesive foi the tub 5 and the héat
sink 3. Therefore, insulation can be reliably attained
beﬁween the tub 5 and heat sink 3 without a need for
any soldering material. _' ' _ o |
According to*thisembodimeﬁt of the pfesenﬁ_
25 invenﬂign, the dielectric breakdwon véltagg shodld be
-greater than 2 kilovolts, and the thermal résisﬁénee'
er should be 1.8 C/W, as in the requirements (a), (b)

and (c) mentioned above.
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" filmof boron glass [err] is forned when the surfaces of the BN

tenpkrafure, 20 and serves as an adhesive for the tub 5 and the heat sink

3. Th

fefore, insulation can be reliably attai ned between the tub 5 and
heat sink 3 without a need for any soldering material. According to.this -

enbodi nent of the present 25 invention, the dielectric breakdwon vol tage

. shoul d be greater than-2 kilovolts, and the ther nal resi stance [err] should

be 1.8 W as in the reqwrerrents ((5}3)) (b) and (c) menti oned above. -

10 - In assenbling the insulated tr
sol dering materials 27, 29 and 30 have the same rreltl ng poi

adhesi on opegg- akh@ﬁb

5i'st or 1C, - is recomrended t hat

nt, so that the

 reranEiatos :.c‘;pzt&@npl es of the 5

w9

N

sol dering nmaterial include a Pb/Sn solder, a Ag paste, and the like. On the =
fatigue of the

ot her hawmtomsended thatssoldering materj.aﬂm 27 29caniic30ul

I nsul ated transistor when it is subjected to_a power cycling test,

it is

desi r ab/have 2het game pelting PRIt n 39 hat Ahe, 9dhesien9PRTE are firmy 10

mat eri al s 29,

30" shou s B b Beckokied 18 RO Rt F0E, mRRRBRELCOK

adngr | ng Slgtet,gg# gat@naﬂdmals%mw& ba 4 gaed, before the~

pel

and the like On the other Innd when consideration

is given to the themal fatigue of the insulated transistor

27 for

when it is subjected te a power oyeling test, it is desirable

that the tub 5, insulating plate 28 and heat sink 3 are .f.i.rmly '

10 . adhered together. For this purpose, thererore, the soldering
.. materials 29, 30 sh.ould ‘have a higher melting point than
the solder:l.ng material 27 for adhering the pellet 6, and

the soldering should be eﬁ’ected before the pellet is
attached, '

15 When a conventional transistor is mounted on the heat-

radiating plate wia an insulating material such as mica,
the dielectr_ic _breakdo_wn voltage is 1.2 kilovolts. - The
device: accordins to the embodiment of the.present inven-
tion, however, exhibits a dielectric breakdown voltage

'20 of 2 to 3 kilovolts,
| Embodiment Al-2:

Fig. 4 illustrates an insulated transistor ].Hl in

which the resin 10 a:hi‘bits a great adhesive force
relative o ﬂ:xe case 18 (heat sink 3). - For example,

25 when the heat sink 3 has a diameter which is small coupared



*15 - “\When a conventional transistor is nounted on the heat- radi a\t&@ '
plate ia an insulating material such as mca,. the dielectric breakdowy—
voltage is 1.2 kilovolts. The device according to the enmbodinent of the .™ -
present ,inven- tion, however, exhibits a dielectric breakdown voltage 20
of. 2 to 3 kilovofts. Enbodiment A 1-2: Fig. 4 illus trates an insul ated
twdnsi stor [err] in which the resin 10 exhibits a great adhesive force
relative to the case 18 (heat sink 3). For exanple, 25 when the heat sink

3 has a dianeter which is small conpared wi th the size of the insulating
plate 28A as shown in Fig. 3, the area #fiyxentact between the resin 10 and
t he upper surface of the heat sink 3 is snmall, and the adhesive force of

the resin i s ndtctie Sheecdfr thethesuldting plate 28At&si showdd dret ween t he
insul ating plate 28A and the heat sink 3 loses its adhesive strength due to
thermal fati¢¥dg8.adqd thecarsa: af eontact hetween ihe 'Psséholqm.&%ferri ng

to the transistor [err], sho ILn Fig.,4 n e oth hand, ..t he heat, sink
3A has an- upHPers 8ee\fi cﬁggiggfb *’-‘ﬁﬁrfgg-’ré ' Vee'?g Wiﬂf@{ﬁs&t‘ﬁeng_ .
pl ate 28A, so I Sea@4hd f &Q{%&? XE’ ,adpgsi %e?ﬁ/? en the
resin 10 and t#ég%ttfp%gre%gﬁr ?ggého?'gteﬂga. eat’ sin : he%?oﬁd e -

resin-bong i s piiteedadr 30abétiveenthe f Bisglietioly Plateoldsrany tRéerial 36 is-. |

reduced. The di nensional ratio 15 in the vertical and lateral directions
of the heat sibeat3sink atﬂ.osesoitheadhud.m istyrepigthcdneAte htisernale great er

fatigue; and life in the power cycling test is shortened,
Re:terriné to the 'Erans_.istor 1H, shown in Fig. 4, on the
_ other hand, the heat sink 3A has an-upper -surface which is
10  large relative to the insulating plate 28A, so that there is
a large area of contact (adhesion) between the resin 10 = .
and the upper surface of the heat sink 3A. Therefore,
the resin bond is stronger, and thermal fatigue of the
soldering material 30 is reduced, The dimensional ratio
15  im the vertical and lateral directions of the heat sink
3A relative to the insulating plate 28A should be greater
then 1.2. )
Embodiment 41-3: | . o
.. The insulated transistor 1H, shown in Fig: S has |
- 20 rugged grooves 37 in the upper surface of the heat sink 3B
in oxder tc further increase the adhesive force of the '
resin as-compared with the insulated transistor 1H, of
Embodiment Al-2,
Embodiment A1l-4: -
25 The insulated tréhsigtpr' shown in Fig. 6 is designed



H .*..

:than 1

orgeryto further

rugged grooves 37 in the upper surface of the heat sink 3B in

the=Tnsul ated transistor [err] of Enbodi ment Al- 2. Enbodi nent, Al-4: 25
The insul ated transistor shown in Fig. 6 is designed -12- so t-hat
thermal fatigue of the soldering materials 29, 30 on the upper and | ower

. surfaces of the insulating plate 28A is reduced. Wen the sol dering
" materials 29, 30 are not fornedl®= uniformy with a suitable thickness
(for exanple, 20 to 80 pa), the soldering materials undergo t hermal expan-

- sion at different rates, so that .thermal .fatigue is |ncre sgg
" is shorgeerttat themﬁh‘aﬁsueaoﬁdthﬁaﬂ%m Materdpl Q
hand, 10 t ongue and .groove

ortions 3 of L fo i ght are forned
on rthec ¥ppesy ﬂPﬁelPUFS gcefico mﬂgﬁdb%gge t ongue and

on the
groove
sol deri

- portions 38ymdh

and the life

nt

he ot her

so the

27 Enmbodi mént A 1-3: The insul ated transistor [err] shown in Fig: 5

i ncrease the adhesive force of the resin as conpared with

o0y

-

rtions . are filled with the solderlng materials 29, 30 , '
% H-&é‘FF &hus assune uni formthi ckness. The tongue and groove 15

sections, or S|nply in theé shape of pro- Jections

5

uniformly with = a suitable thickness (ror example, 20
+o 80 pm), thg_soldering_maxerigls undergo thermal expan-

sion at different rates, so that thermal fatigue is

10

15

increased and the life is shortened,  In the
insulated transistor 1I, of Fig. 6, -on-the-other hand,
tongue and groove pe_rtions 38, 39 61 a uniform height are
formed on the surfaces of the tub 5A and the heat sink 3,

R —

'and these tungue and groove portions are filled with the:

soldering materials 29, 30 , so .the soldering materials
thus assume uniform thickness. The tongue and groove
portions 38, 39 may be formed in the shape of a lattice,

~in the shépé'6£.sections, or simply in the shape of pro-

. 20

Jections,
Embodiment Al-5: ' |
For the samn reasons as Embodiment Al-h. the

: insulated transistar 1I2 shown.in Fig. 7 has tongue and

groove porticns_. 40 formed on the upper and lower-

.surfaces of the insulating plate ZEB,

The above-mentioned processing can be readily and

‘easily.effected when the insulating plate is made of a -

material such as alumina,

tebtall 0 ar refotmed he shape of :
1}1%-!3% hAtePgaliazg, 3 gl p

=

2
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Enﬁodlnént Al-5: For the same reasons as Enbodlnent AL-4, the 20
“insulated transistor [err]shown Fig. 7 has tongue and groove portlons

- - D O i R e R T B

fdrnmed on the upper and |lower. surfaces of the insulating plate 28B. -3 '

"alpove- nenti oned processing can be readily and easily effected when the

i nsul ating plate is nmade of a 25 mat eri al such as alum na. - 13 -

Enbodi ment Al-6: Fig. 8 shows an insulated transistor in which the

I'nsul ating plate exhibits increased insulation reliability. In the case of
the transistor 1C shown in Fig the tub 5 5 and the heat sink 3 can be

short-circuited through the sol dering ers 29, 30 at the edge of the

I nsul ating plate 28A wher eby the i nSul*t Tng plate 28A loses its insulating

function and gméhdinant A1S6:as a whole loses its reliability. Wth the

nsul at ed translator [err] shown 10 in Fig. 8 ,7 on the other hand, a
se portion 19a ®igs I%adm;fmnﬁsmumwmm&ntm&aﬂza uni tary

stxucture is folded upwards, so that the sol deri ng material 29 w |l not

nelt down bey’éﬁﬁ!‘lﬂ*é-ﬂ‘a?@aﬁs ﬂ‘bﬁbi‘b& ingreased jasulptipnyreliability.

I o NSl BT 8,
Enbodi mﬂﬁt AJax?d W ﬁreh'tnﬂiﬁﬂ 8 bARNGé SARErt-Siieui TRl thbobgl thib
solderins members 29, 30 at the odgcot the insulating
_ plate 28A, whereby the insulating plate 28A loses its
:msulat.i.ng function and the transistor as a whole loses
its reliability. With the insulated -transistor 1J’2 shown
10. in Fig, 8 , on the other hand, a base portion 19a of a
lead 19 formed together with the tub 5 as-a unitary structure
is folded upwards, so that the soldering material 29 will
not melt down beyond the base portion 19a; and the
possibility of shorb-circuit:l.ng is thus prevented, An
15 insulating plate 28A of a slightly increased size will
also etfectively .prevent shorb-circuiting
Embodiment A1-7‘
Referring to a transistor 17, .shown.in Fig. -9 "
. a plurality of grooves 41 are formed in the upper peri-
20 pheral portion of the insulating plate 28C, The grooves
41 prevent the soldering material 29 from flowing down to
. . the lower side of the insulating plate through the peri=-
phery of the insulating plate 28C. It is therefore
_ possible to prevent the soldering materials applied to
25  the upper and lower surfaces of the insulating plate 28C



rality of_groovés 41 are fornmed in the upper peri- 20 pheral portion

n f1 owi ng down to the | ower side of the insulating plate through the
phery of the insulating plate 28C. It is therefore possible to

prevent the soldering materials applied to 25 the upper and®l ower -
surfaces of the insulating plate 28C fromshort-circuiting. It is also i
possi ble to form protruded ridges instead of grooves. Formation of grooves

or ridges nakes it possible to prevent the occurrence of poor insulation as

5 menti oned above, hel ps increasg£lahg insulating distance in the

i nsulating plate 28C, and further hel ps increase the dielectric breakdown

vol t agerrda B EE1ruitdng,0s. 10 to 12 briefly illustrate a process for
10 . producing a transistor by using a |lead frane which has a tub and

external |edt fpmaimd possibliet Zoyformrprotrudedaridges iinsteadt i ng t he | ead
frame with the pellet on the tub, in the case,k when unting is foll owed by

sol der | %) groaNR%l nFormation, of grogves OF ~Fidges &8 4Bt it is 15

gi';;\];ll 3 t%% ﬁ'}%océ%d"%f:&g?%%a#ge f j|"]g§:erﬁ’3[~¢.oneasO;hz)\r;vﬁ |Otnhle:|r g.
- 10g a | S OIS Halipsd 1hcrblisectheatisiPating diwkahke ARd @ a pair

of “fixing [eads 42, 47, formed as a unitary structure. Prior 20 .to

sol der i tige t resylu tixig plates 260, Sndf fuirtherbelpsincrease the
diélectric breakdown voltage.
Embodiment Al-8:
Figs. 10 to 12 _brj;e.ﬂ.y i1ustrate ‘a process for -
10  producing a transistor by using a lead frame which has a
tub and external leads formed as a unitary structure.
Namely, in mounting the lead frame with the pellet on
the tub, in the case when mounting is followed by soldering
or molding with a resin, a probleﬁ arises in that it is
15 = difficult to position the lead frame relative to the
- case. On the other hand, according to the embodiment of
the present invention as shown in Fig. 10 , a lead frame 4A
has a tub 5, ‘three.leads.19, .20.and .21, -and.a pair of
fixing leads 42, 42, formed as a unitary structure Prior
T 20 T to soldering the pellet on the tub 5 of the lead frame 44,
the fixing leads 42, 42 are fastened by caulking to
projections 2b(2b) formed on the case 18 .(ﬂange 2) as
shown in Efg. 11, and the lead frame 4A and the case 18 are
set “together maintaining a ﬁrede'bemined relative posi-
25 tion., After the ,soldering or resin molding has been



“the fixing | eads 42, 42 are fastened by caul king to projections 2b(2b)
formed oh the case 18 (flange 2) as shown in Fig. 11, and the lead fra
and the case 18 are set together maintaining a predeterm ned relative

*25%- tion. After the soldering or resin nolding has been -15- flnlshed
the | edd coupling portions 43 and fixing | eads 42 are cut away as shown in
iﬂg 12, so good insulation is. t d between the | eads and the case. In
pfoducing the transistor |K no special jig or clunmsy positioning 5

operation that nust rely upon the positig ing holes of the lead frame is
required; the manufacturing steps can 'be1£reat- |y reduced, and the
- positioning precision is increased. For instance, when the lead frame

wi t hout the ffinishedgathd’lead usauplirig particons ltléqandeﬁ.xtng rieeadfsact ur e
1000 10 . tranS|stors Using the | ead frarre 4A, however only 6.4 hours is

required to EHt-awRy asnehowAnLin B¥8« 1ansise: gped M’@Q’m ng
R e iy F AP B ol 4 i >
S et g A iy Bl 0,
with a rgsi noperdtdopathatcmast ey lupot pilie Ws&&ﬂ.ﬁnﬂng Boleh ot the Frg. - -
14;. and to transistors 20 of any other -types. The sane is of course true
for the |nsuI]@@éd rﬂanéﬁsw ‘!ﬂ%ﬁo sStaps oan behgreat-
ly rednced and the positioning precision is increased,
For 1nstance, when the lead frame without the ﬁ.xing
lead 42 is used, 15 hours is reguired +to-manufacture 100C -
10 transistors. Using the lead frame 4A, however, only 6.4
hours is required to manufacture the same number-oz
transistors.. o
' The foregoing description has dealt with insulated
_ : transistorshav:ing relatively large output performance
- 15 of the resin. molded type. The intermal constructions of
| the above-mentioned embodiments can also be applied to a
" transistor 1L with a can-type package shown in Fig. 13; |
to a .ﬁ-ensistor 1M with a resin-molded package and.small
output performance as shown in Fig. 14; and to transistors
20  of any other ‘types. The same is of course true for the
- insulated transistors of other constructions that will be -
_mentioned below, | _ .
As will be obvious from the above description, the
-eleetredes of the insulated transistors are completely
.25 insulated from the caee. Therefore, referring, for example,



nmentioned below. As w Il be obvious fromthe above description, the
el’)des of the insulated transistors are conpletely 25 I nsul ated from

. the¥gake. Therefore, referring for exanple, - 16 - to the bipolar
tra stor 1IN of Fig. 15, it is possible to realize a four-term nal _
transi stor which has a flange (case) ternminal F in addition té the |ead -~

_terminals for the collector C, base B and enmitter E. By using the above 5 —i
~transistor, therefore, increased freedomis- provided for designing a

circuit on the nounting substrate (g. % the flange term nal F can be used
for connection to a different Iectro ess and the heat-radiating plate can

be commonly utilized (a variety of transistors can be mounted 10 on a

si ngl e hest thedbipodarptramnsistomdN ehiF1g.115., Acbcmsdj:'ogsﬂnle he insul ated
transi stor of the present invention as shown in Fig. the termnals C -
B, E andtP mealize a.fosr+ierminal ckeansigfon mhich ass apflanghcd 15 by a

ol ot s bmeafd barghonfef 142 nddfean g e Tpad WREmiBa IR e 0. "0l 1 &) o
e S SOSE ekCEr BG4l koo sy untapeBicaidg @ com o
19. s\anekyanststor nthépefdre o Ancrédsed rfreedom 1sl Prooided gfori6, ~t he bases
.of the pellets 6A, 6B are electri- cally connected to each ot her through a
Wire, and.es&gn.ing a circuit on the ‘Z:l.ng substrate e.g., the
flange terminal F can be used .f.’or-connection to a ,
different electrode), and the heat-radiating plate can be
commonly utilized (a variety of -transistors-can be mmted
10 on a single heat-radiating plate). B
Embodiment Al-9: .
According to the insulated transistor of the present
invention as shown in Fig. 15, the terminals C, B, E and F
are insulated from the case. Therefore, as represented
15 by a composite transistor 10i of Fig. 16 , it is alléwed
to mount a pair of pellets 6A and 6B (a PNP transistor
pellet and an NPN transistor pellet) on the same tub 5,
and to-connect the wires suitably. Consequently, .a.comple-
mentary compos.i.te transistor :I.O3 can be constructed as shown
- 20 in Fig. 18, - -Namely, referring to the composite transistar_
10, of Fig. 16, the bases of the pellets 6A, 6B are electri-
cally connected to each other through a wire, and the
collectors.are connected to each other through the tub 5.
Embodiment Al-10: '

25 - Referring to a composite transistor shown inm Fig. 17,



fome T R YERr S

oI | ect 0rs re connected to each other through the tub 5. Enbodi nent Al -
25 Referring to a conposite transistor shown in Fig. 17, - 17 ‘
,pair of pellets 6A 6B (PNP transistor pellet, NPN tran- sistor pellet) 'a're
rrp’tmt ed on the different tubs 5B and 5C, and their bases and emitters are
electrically cohnected to each ot her through wi res. Consequently, a
gonmposite 5 transistor 104 can be constructed as shown-in Fig. 19 The’
above-nmenti oned enbodi ment Al-9 and Al -10 hel p reduce the space required.

for mounting the-transistors, reduce the nunber of steps for nounting the
transi stors, and reduce the manuf actur mng7cest. 10 Enbodi ment Al -11: =
Referring to an insulated transistor ID shown in Figs. 20(A) and 20.(B), a

netal |ayer 3 pdiirelof peldatsnéa,t 68t (PNP utramsiisbore pellet)cNBlptransur f ace
of the insulating pI ate 28A. The pellet 6 is nounted dlrectl on the netal

15 layer 31sistamPpeldietdr are mounted on thexdiLfeneat: fub 2RB)SC 4t he

I nsulating pI at t he taI r d ruded

portion P; él’fqﬁqﬁ? E%E’ rﬁ%lér%ﬁ?@‘r‘ YOFﬁﬁgﬁt ruded
ortion P. T tﬂ-oh?h Q.fgg @éﬁb‘&i%ﬂ E‘-Qq@ Pl ate 20

8n t he i nsul gﬁng%ate The metal 1ayefr 31 may, wg\fer a oa%e f ormed by

vapori zi§ig ortrmesistpie 105! an becebnstrirtedi e uhoin 13 Fég.aonpdifiéd - <
~exanpl e of the above enbodi nent Al -1l,
~ The above-menticned embodiments A1-9 and Al-10 help
reduce the space required for mounting the transistors,
reduce the number of steps for mounting the transistors,
and reduce the mmfactxring-*cost. |
10 Embodizent Al-1l:
Re:t:erring to an insulated transistor 1D shown in:
Figs. 20(A) and 20(B), a metal layer 31 which ccrresponc'ls'
to the tub is formed on the upper surface of the insulating
plate 284, The pellet 6 is mounted directly on the metal
15 layer 31 'by ‘the soldering material 27. Referring to
' Pig. 20(B), the insulating plate 28A and the metal layer
31 have a sidewardly protruded porticn P the lead 19 is
. jwelded to. the metal layer 3la.of the protruded portion.P.
The metal layer 31 is ..‘.‘ormed- by adhering a thin metal plate
.20  on the insulating plate. The metal layer. 31 may, however,
alsc be rcrmed'by vaporizing or coating a metal material,
Embodiment Al-~12: |
As a modified example of the above embodiment Al-ll,
there can be contrived an insulated transistor ].E as shown
25 in Fig, 21,



formation of the netal |ayer 31. Because of the netal |ayer 32, the
adhesion by the 5 soldering material 30 between the.insulating plate 28A =~
heat sink 3 can be nproved, and the insutng plate 28A and the "

and t he

sol dering material 30 can be sel ected over wi der ranges. For- instance,

sol der can be used in place of the silver paste to reduce the nmanufacturing
the 10 transistors. Aceeory ’g to the aforerrentloned enbodi nent s
no adhesion is required between the tub and the insulating

cost of

Al-2 and Al-3,

plates

. assenbl i

_ possi bl efermed#

posssi bl
transi st

Ther eiry Gnsiitated 49%n3d StAYC1ECRAs S BétdX dayere 32unber of

hg steps can be 15 ~reduced to reduce both the manufacturi ng cost
and the applied toe il Jower Eurddicecof thelfnsukiting iate GBAgt i nventi on,
since the individual term naI s are insulated fromthe case is 20

the tfageatsoargt tﬂ#nmﬂa-l Xﬁﬁ it is

i}tOFB“O””eCt.qa#%bgee%&e% 320, e AR e (8 o Oncea

25 g Cirghidering material 30 between the insulating plate 284 and

the heat sink 3 can be .tmproved and the insulating plate

. 26A and the soldering material 30 can be selected over’

10

wider ranges, For-instance, solder can be used in place

of the silver paste to reducethe memrfacturing cost of-the

'tz'énsistors. : , :
According to the aforementiocned embodiments Al=2 apd -

- Al=3, no adhesion is required between the tub and +the
. insulating plate. Therefore, the soldering layer can

15

be .eiiminated, the number of assembling steps can be
reduced to reduce both the manufacturing cost and the thermal

resistance. : o

' Embodinent Al=13:

. Using ~.the present ;anenﬁon, .since the

i.ndividual terminals are insulated from the case, it is

20

possible '!:o applysny desired.bias voltage to any termi-
nal. and 11: is posssible to connect any terminal to the
casé. .

- For- exa.mpie_, -a cap-type transistor lP-l shown in
Fig. 22 can be easily applied to an emitter-grounded
circnif.

s3n be contrived an i'nsulated transistor 1E as shown 25 in Fig. 21.
a5yl ated transistor |E has a netal tayer 32 appllied to the | ower
of the insulating plate 28A, formed sinultaneously with the

RN

et



‘Narely, referring to Fig. 22, the collector and base of the pellet 6 are-/
‘el ectrical'ly connected through wires to a pair of |lead posts 13 and 14A" {
‘that are supported by, yet insulated fromthe case (netallic flange 5 . 2

| 8. e emtter, on the other hand, is electrically connected to the flange
2A Yhrough a.wiré 22A. Reference numeral 44 denotes a metal cap which is
ekﬂcfrlcally connected to the flange 2A. The thus constructed tran- sistor
can be easily appllied to an emitter grounded circuit, 10 which is
frequently enployed for the transistor cireui9se Therefore, the resistance
of the emtter wiring can be * reduced, and the emtter line is |less
affected by distur- bances.. Furthernore, the collector is shielded by the -

cap 44 and the flangamaly,| feferiiig cico Figizsi,btBet cotléctormandls the
difficulties encountered when tranS| stors having high dielectric breakdown

vol t age and-hi dasepofathenpellet & aremrladizically connected throngh el | as
to elimnate the radiatio f u sired ele o] netic ves. The sane '
al sd hol ds tru¥iRes,ta FrHﬁgfs?gqtﬁﬂ‘{ tﬂﬂs"'ﬁ‘a&‘ Qﬂa %o V\B% pe i s to-be
formed. Enbodi 1 ]
shown in Fig. %s l? égrdy%?f’ﬁmfar ansi storrtﬁ&héﬁ'g?hgE elec %de D
whi ch had geen 2q9nngct ethaOehniittéd 26iE thie 'Wﬁﬁﬁhediioelﬁiw e~

post ISB and the source electrode’ S i.s connected to'the T
' comnected to the flange 2A through a wire 22A., Reference
~ numeral 44 denotes a metal cap which is electrically
connected to"the'::'].angé 2A., The thus constructed tran-
sistor can be edsily appned to0-.an -emitber-grounded -éir-cuit,
10 which is frequently employed for the transistor circuits.
Therefore, the resistance of the emitter wiring can be
reduced, and the emitter line is less affected by distur-.
bances. Furthermore, the collector is shielded by the Eap
44 and the flange 2A, It is therefore possible to eliminate
15 the diﬁiculties encor.m'l:ered when ‘I:ransis‘bors ha.v:l.ng high
' dielectric breakdown voltage and high operation-speed
cparacteristics are required , as well as to eliminate
the radiation-of undesired electromagnetic wvaves. The
same also holds true when a transistor of the base-
. 20  grounded type'is to-be farmed..
' Embodiment Al=lf4: | o -
The _cap-type transistor. ].I"2 shown in Fig. 23 is a field
effect transistor. When the drain electrode D which had
been connected to _the.tlang_e_ 24 is qbnnecfed 'bo the lead -
25 post 138, and 'l:i:e sonn_:'e electrode S is. c;miected to the




f
is-
pel | et -

ornmed directly on the surface of the case 18 or

flange 2A, the source ctance. can be decreased, and hi gh-frequency
se characteristics can be inproved. Enbodi ment A 2-1: Fig. 24

oo mme s e mm s m & s s Ba A MLt demgEr ST B mes S e

ates an insulated transistor 1IFin 5 which the insulating |ayer

I n-ot her words,
mounting surface of the case (heat sink 3). Nanely, réferting to

n the

LT

Fig. 24, an insulating material such as a ceramic material is nelt-applied s

to upper surface 10

Furt her,

t he sol
directl

i nsul atpy

transi st

i nsul a-

case 18, pelFig. 34 |iddnstrates anoingiiated

u3| ng

ora

of the heat sink 3 to formthe insulating |ayer 33.

a netal layer 34 is fornmed on the upper surface of the insulating-
| ayer 33 The tub 5 and pell et & Rbemadhered onto.. the netal |ayer 34 by

dering materials 35, 36. Furthernore, the peIIet 6 may be adhered

t he insﬁ%ﬁgzﬁhtﬁ? rﬁ%dr% i sub ec? ﬁ ga Ing or a’ Qﬁﬁl aE: Pgel e 3,

t t
bilgn2e Gﬁg{)m Fitiad mwmcﬁmdtﬂea cén e tmfoved.ng to a

g. 25, a portion |0a of the nDIdlng resin
mterp@ﬁﬂod)ﬂhewbmz*h tub 5 ‘and the heat sink 3 so as'to serve as an

S

ting Iayer The insulating layer 10a is i A tably forned if the-:
treasteBmIE

mounting surface of the case (heat sink 3), Naime_ly,‘ '

.._re.ferring to Fig. 24 , an insulating material such as a

10

15

ceramic material is melt-applied “to 'the upper surface

of 'ﬁze heat sink 3 to form the :!.nsu.lat.tnglayer 33.
Further, a metal layer 34 is formed on the upper surface
of the insulating layer 33. The tub 5 and pellet 6 are
adhered onto.the metal layer 34.by the soldering maferi_.als
35, 36. Furthermore, ‘the pellet 6 may be adhered directly
onto the metal 1ayer 34, In rormi.ng the insulating layer
33, the insulating material may be subaected to baking

or a sheet-l:lke insulating mate::l.a.l may be stucken,

Embodimen:l:_Az-z.. )
According “to a transistor 1G shown in Fig.2s , a
portion’ lca.nf;ﬁh&:mom.ng .nes:t.n.:l.o is interposed between
thetzbﬁandtheheatsinkBsoastoserveasaninsula—
ting layer, The insulating layer 10a is inevitably formed
if the-case 1B, pellet 6, lead (tub 5) 19, and the like

~ are molded with a resin using a moling machine. In this

‘case, it is also possible to temporarily mount the pellet |

et

_ dd® with a resin
b BRI Wi Te 62580 ahrbefy S TP 10

surface of the case-18 or, in-other ‘words, on the pellet- -

~



. -21+by potting a resin layer on a site which corresponds to the insulating
+layer 10a, to facilitate positioning. According to these enbodi ments A2- 12
and A2-2, the insulating |layer and the soldering |ayer be greatly 5 =
?egaeed, to reduce the nunber of assenbling steps and to reduce the ;
mahuf acturing cost. The transistors thus assenbl ed, however, are slightly ‘
ipfserior to those of the aforenentioned enbddi ments with regard to the
el ec- tric breakdown vol tage, thermal resistance and strength. 10,
Externally insulated transistors (in contrast with the aforenentioned

internally insulated transistors) will be digqusged bel ow. The transistors
of the externally insulated type have an insulating |ayer in a portion of

E%ﬁ??ﬁfﬁhﬁ@?aﬁ%&*ﬁ“”mk&gﬂéa{lfiﬁﬁkgﬁ “%??%%‘?ﬁwﬁ% By ' °

- transistors, %ﬁﬂbp t nsistors in
that the electrodes o% pet egfeééﬁsu atgﬁ ron1t eat- radi-ating
plate. 20 - Kegokdange toi thusie damﬁesww rnrnzi ¢het he

present i nventi on i ncorporating insulated transistors as-necessary
constituent ofinsmdatingulayem andnthebuméamehnywsmm;geamre 26 .

-shows an electronic circuit device in which an insul ated transi stor of-Lhe

resi n-nol3ed TEIBC ed, o Feduge, fhe| pugher,ef assepbhing steaps and\Eeh t he b
el ectronic reduce the manufacturing cost. The transistors thus

assembled, however, are slightly inferior to those of
the aforementioned embodiments with regard to the dielec-
tric breakdown voltage, therqal resistance and stréngth.

10 Externally insulated transistors (in contrast with
the aforementioned internally'ihsulated transistors) will
be discussed below, The transistors of the externally
insulated type;hawa.an insulating layer in a portion of
the case between the mounting surface of the heat-

15  radiating plate-(mounting substrate) and the heat sinik.

X The externally insulated transistors, however, are the
same as the internally insulated transistors in that the
electrodes .of .the pellets are insulated from the heat-
radiating plate. - . .

20 -  Electronic circuit devices being embodzments of the
present inventicn incorporating insulated transistors
as necessary constituent of the circuits will now be
described: |
Assembly 1l:

25 Pigure 26 shows an electronic circuit device in which
an insul&}ed transistor of the_resin-;olded type is mounted

_'directly on the mounting substrate. With the electronic



~22- device | OOA of the present invention, even when the insulated

trghskstor 1X is directly nounted on the nounting substrate Il, such as the
ch s, which also serves as a heat-radiating plate, the lead termnals L
are i nsul ated fromthe heat-radiating plate 11. Therefore, the flange 2

«\.

. -~ can be directly nounted on the gR®@ended heat-radi ating plate‘using bolts ;

17a and nuts 1 7b without a need for any insulatin terigl or insulating w
washer devicead 09A of £he presens invenhiony r%“ﬁg. (when £B8 10 the number -
of steps for nounting the transistaqr, is reduced.$éar the dielectric

sl eiaCos R dol el G ol ity el o e
A I A A
al uni n8spRahe liﬂéi# 5%95?*% enaﬁ@ﬁa%?‘#ik?ﬁéiﬁﬁiﬁ gxggfinentally )
Fedibt ABmabed Fret e, BRAErE AR IRATE RERLE 12, OTpesBE0Re S of Te ¢
COmT LT | GAS peSATERRb pified TR OHE-3BcBRBRH O1 © cicui
Eiéégli ég%%q%%ﬁ?? ;P’.f?%'e{'%?#*?u ok (1 Ta 88 heke 37K ﬁi@rﬁhggﬁ ‘Eétz ]
are el gcP???aﬁé?g%‘?*e%?%gi?gg@&ﬁ%%%%% Jf‘eiﬁgﬁlhilhb W&.sth%r o1 and 0
| such as of mica. Since no insulating member is used, -

10 the number of steps for mounting the transistor is reduced.
Further; the dielectric breakdown voltage is not decreased
by defective insulating material or the like. Moreover,
the insuléting'ﬁatérial establishes small capacitance;

And the'ciréuit devices develdgf little;loss even uﬂaer

15 high—frequencyiconditidns; in particular, with an inter-
nally insulated_tr;nsistor using alumina plate as the
insulating mateiiai, it has been experiﬁentally confirmed
that the capacitance Can'he':?duced to 30 pF, which is

J;liﬁsgriﬁing feduciiﬁn when compared with the capacitance_

20 - (about 200 pF) of the conventional mica plate.

Assembly .2:" |

Fig. 27 shows an electronic circuit device 1008
coﬂéistinq of’a plurality of circuit elements, in which
a c%;éuit qﬁit-lOl has a heat-radiating plate (portion) -

25 =51 maiagéined at a predetermined potential. The circuit

P
T

unit 1ﬁi;fbn the other hand,_does nqt have.the heat-

- radiating-plate (portioh). These-éiréﬁit"uﬁits'lﬁl
and 102 are electrically connected together via an

- insulated transistor 1X. Namely, the transistor 1X jis

mounted on one unit 101, and the lead terminal L is



‘insul ated . transistor 1X. Namely, the transistor 1X is mounted on one unit
101, and the lead termnal L is: -23- connected to the other circuit unit
102. Since the flange and the lead ternminal of the transistor 1X have been:
i ngul ated from each other, the potential of the circuit unit 101 does not
affect the lead termnal L, and the 523+cuit units can work independently-
ofseach other. According to this enbodinent, the heat-radiating space is
not restrictedonoectied tia the tokther reixcuini andtt 1620 bSincee the filsinge

I n accordance with the enbodi - nment of the present invention, therefore,
even a conpl i andotbet dead tanminad @f (vhertransistennpKchayecbeenn gr ound
is not formed) can be sinplified, naking it possible to reduce the size of
the device, iAbpudased,Erom sagh othery cthepetentialiafl the ciccydd gn
requi renents and maintenance. 15 Assenblé8 : Figure 28 shows an el ectronic

circuit devi cBnttotOlndpes: ot afifeck thelead termidplslor andxthend [err]
_ d.toO, h ot her, f ast d by t f. 2X1, 2X2 to f
Loy oot B RAFERLE) HEd b Far HP T TSP RATeRELY, SEopArR-OFPaRS: st or o
[ | ated frqm.the fl «ih t ' | I Gt ~devi . .
consti tut es a conpl emeARSRFEATENY Chie oRpoRimeRy, Ehe  Het P adianing
devi ce can be g&bl!éﬁd'H@’f%é%ﬁféﬁéd(%0F39f§ewzghiﬂhkﬁg Eir&ﬁﬁ%ﬁ%&%@-rv a-. ~

| oad el ement 5 i rives _
‘but can be more extensive. In accordance with the embodi-

- ment of the presént invention, therefore, even a compii-
10 cated circﬁit setup (where, for example, a common ground
is not formed) can be simplified, making it possible
to reduce the size of the device, increase the density
and, evéntually, to simplify the design requirements
. . and maintenance. |
15 aAssembly 3:
| | Figure 28 shows an electronic circuit deviée
100C in which a pair of insulated transisstors 1X; and
ixz are opposed to each other, are fastened by the f1anges
2x1,,2xé to form a unitary structure.‘_Since the léad_
20 terminals L,,L, of the transistors IX,,IX, are insulated
from the flanges;-,:"- the é_la:tionic circuit device constitutes
a complementary circuit as shown in Figures 18 and 19.
. The device can be utilized f6r_a circuit of Figure 29,
which_is connected to a load elehent 52.which drives
"~ 25 a motor or has inductance_components. This helps tol
reduce the mounting space. Further, since the two flanges
are fastened togethef, the thermal capacity can be doubled

to enhance the heatfradiating.performance.



-a Notor or has inductance conponents. This helps to reduce the nounting
Yol Further, since the two flanges are fastened together, the thernal
d¢ity can be doubled to enhance the heat-radiating perfornance. - 24-

&n el ectronic device | OOD in which the inter- nally insul ated transistor
1X is nmounted on the grounded heat-radiating plate 11 as shown in Figure »~
30(A), a capacitance Cx is pro‘d&é'éd across the insulati ng plate 5 28A ot

L R e s
?ﬁ(eA%]naait rYZdI“ﬁ’I%?ﬁ#a‘H‘?@ ﬁﬁﬁ’%ﬁrfES Fr 8?15\% ??’E‘q{r\;\&eﬁ?@f@ﬁaggﬁ ﬁZand
tC(r)ura]sit e ﬁﬁ éjspa%ﬁﬁ% %1} Eg g Sf'heg'?}l ri‘cg‘{ Wéure 31(B). Use of
whi ch Q?ﬂfé&m%ﬁg’éé %spkggggglri:i?‘ggétﬁ?ts tihnlée q’?%sﬁ I af?’(;ﬁ?étp?;vg(]t |1§g :
- TSl of A EEr i) saidpieaR) beReedariaad e ébﬁxgégé?hﬂll circuit for

el ect fonic ci rcw{‘fruse In a tormbl ' es shown in Eigur only a coil
Lx anqf dfesi S WhitnesdchBadidadceats ﬂ@ @dﬂrﬁmﬂWeéﬁ i's required.

Therefore, the construction can be sinplified, and the manufacturing cost
can bgHE BEErLcHSE 4R nah&Ogrbanar eagnishowee rtsy am asquivmsenat ed

circuit in Figure 30(B).
Furthermore, as shown in Figure 31(A), if an
10 insuiating member 15 is provided,between the flange 2
and the heat-radiatihg'plate 11, and electronic éircuit
device 100E can be constructed, which is equivalent to
the circuit of Figure 31(B). Useofithe insu_lated
transistor 100E eliminates the need of a capacitor Cx
15 which is usually used as a separate unit in the oscillation~
prevehting'cirCuits.of‘Figures 32{A33and 32(B). Referring
to a prbtection'cireuit for electronic eircuits used
in eutomobiles shown in Figure 32(C), only a coil Lx
and a resistor R need be added, and no extra capacitor' |
20 js required. Therefore,_the construction can be simplified,
and the manufacturing cost can be reduced. |
~According to'the present inVention'as illﬁstrated
by way of a varlety of embodlments in the foregoing,
~ the tran51stor can be ea311y assembled requlrlng a reduced _
25 pumber of parts. Fu:thermore, ‘the transistor can be
used in a variety df”modes to increase the degree of
utilization. -The'trensis#er'fnrthei exhibits increased

dielectric breakdown let'age and iinproved '.heat-.radiat:i'.ng



by may of a varlety of. enbodlnents in the foregoing, the transistor can be~ .
eaS|Iy assenbl ed requiring a reduced 25 nunber of parts. Furthernore, thg \
dransistor can be used in a variety of nodes to increase the degree of {° C
utylization. The transistor further exhibits increased dielectric breakdown
vol'tage and i nproved heat-radiating =285- performance. According to the
ekectronic device of the present invention, insulated transistors can be
utilized to aperformaneet enAccordingyitee thee mliéctgrdmi ¢ hdepiesesf theention
5 exhibits a high degree of reliability and insulation. Therefore, the -
devi ce of theppesenhtinventhionn unsnmanaﬂ1transxstaraﬂennrhm|ntbhizedfor
autonobil es. The device of thepresent knvention.is of course suited for

use under vart@ua greateroe¥tentas. 10 15 20 25 -26- CLAIMS: 1. A

sem conduct or device conpr|S|ng a senmiconductor pellet having a first main
device according to the present 1nventlon

5 exhibits a high degree of rellabzlzty and insulation.
Therefore, the device of the present znvenﬁiangig suited
for use in electronic parts for automobiles. The devicg~‘
of thepresent invention is of éourse sﬁited fér use under

various other conditions.
10
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sdrface and a second main surface opposite to said first main surface; 5 '

a~fgrxt external |ead having a paddle [|ike segnment on which the first main
su-taf- of the pellet is attached by a soIdgLLng.na%effaTT’Efgécond >

ext\ef\pal | ead which is electrically connected t “M“Lor med on the
secormd main surface 10 of the pellet by a con “ dkpeat Lradi ati ng—~
menber made of netal: an insul™Yhg nenber int #t wden t he ‘ b

paddl e-| | segment and the heat-radiating nenber to isolate them
_eIectr?%éfﬁ? )

*fromeach other; and 15 - a seal ing menber forned on
- the heat-radiatingg . r~ﬁHﬂg!qg?@$g- I,ng the sem conduct or
peIIetf'the padd eggﬁggﬁéggﬁéﬁég € 1nsu |ﬁg§ﬁéﬁber and the conductive
wire; and whereip; : §g¥¥g? a i ced fromthe
. insulating marrberg_ an |°>?gdl_qb%/&te e sea i%ﬁﬁeﬁb%_r.kgg.gt ﬁla\i&é A _
sen copyghge ARM o° s¥cfidl niid Gl fadl lopdbgieeNtbhsaididiigaTenber | S
made o 3. ucto e

: a resin. S A'sem con r vice according to Claim1l 25 or:
C ai mgaiwhgaeiFacklie i nsulating menber is substantially planar. 4. A
sem conductor device according to Claim3, whereiAlbhe .area of the

heat8radi ati ng mangdrats edttwrmdl lead having a paddlewlike _
segment on which the first main surface of the pellet
is attached by a sdidering'matérial;
a second external lead which is electrically
connected to an_elgétrode formed on the second main surface
10 of the pellet by a conductive wire;
a heat-radiating member made of metal:-
an insulatihg member interpqsed between the
paddle~like ségment and the heat-radiating member to
isolate them electrically from each other; and
15 . ‘a-sealing member formed on the heat-radiating
member for surrounding and sealing the.semiconductcr
pellet,.the paddle—like segnment, the'insulating member
‘ and the'conductive wire;
) and wherein; |
20 - . -the second external lead is spaced from the
insulating member and fixed by the seéling meﬁber.
2. S § semigynduﬁtor device according to Claim 1,
whereinfthe_ggaiing member is made.of a resin.
3. ! .A semiconductor device according to Claim 1
25 or Claim 2, wherein the insuiéting member is substantially
.planar. |

4. A semiconductor device according to Claim 3,

wherein the area of the heat-radiating member is greater



-“thah the'area of one surface of the insul ati ng menber. 5. A ’

* seni condlctor device according to Claim2, wherein grooves are formed in 3

partion of the heat- radi atmg_nenber that comes int M m I" w x
“segafting 5 menber. 6. A sem conduct or device Mﬂ ll III Il one - of
t he preceding O* a| ms, wherein the padgjée | i ke segnent® hds & t8ngtie and

poved portion. 7. A seni condfiTor device accordlng to any one 10

pLathEf EL?Cﬁ%é%n%ﬁ%r%nﬁmf St S RS, B e TRRET Ak F‘%@%%E'riéces
8.

tpr:(r:ggl ng d E?I ns, V\/nerel n% ggﬁégéﬁgﬁgfégsa%gaﬁgg% Sﬁ?g.‘é}fr |2t ©

portion in t%g\ﬂe‘id"gtﬁbd\;edé %@gﬁ%@eﬁ'%ﬁeas 88eibn 3£ th e heat-

semi conduct or devi ce Taccording t epen ent on Caim2, wherein

grooves are wQaTREtiny ndiibér ObhpE é&ﬁeb ngHtat bBﬁtHE'Eb%tW%theC%@&&z'dE 0

contact 20 with the sealing nenber nade of a resin.
sem conducBomeiidérce according to any one of the precedlng Clalns, wherein
a plurality of sem - conductor pellets are nounted on t addl e-1i ke
segnent. 11. 6. A savisemitoiductoy i deviceoadecogdingaty dmeof the
preceding O aims, wherein provision is made for a third external lead — .. _
havi ng a paddife thiek prempding Glalims /i wherdeinothpephdil exld keo @egaendn t he
‘paddl e-1i ke segnments of the respective external |eads.
has a tongue and grooved portion.
7. A semiconductor device acé:ording to any one
10 of the preceding Claims, wherein the insulating member .
is substantially planar but has tongue and grooved portions
in the upper and lower surfaces thereof.
8. A semiconductor device according to any one
of the preceding Claims, wherein the first external lead
15 has a detouring portion in the vicinity of the peddle-
like segment.
9. A semiconductor device according to Claim 3
as dependent on Claim 2, wherein grooves are formed in
a portibn of the insulatihg member that cbmes into contact
20 with the sealing member made of a resin.
10. .A semiconductor device according to any one
of the preceding Claims, wherein a plurality of semi-
: .conductor pellets are mounted on the paddle-llke segment.
11. A semlconductor devzce accordlng to any one
25 of the p:ecedlng Claims, wherein provision is made for
a third ‘external lead having a paddle-like segment. and
semlconductor pellets are mounted on the paddle-like

segments of the respective external leads.



)

. -28- 12. A sem conduct or device according to Cla|n13 wherein the

) ating nenber is. conposed of -an alun1na ceran1c A
S nduct or device according to Caim 5 ei n the |nsulat|ng menb

i S\'tOmposed of boron nitride, and the paddl e- I|ke w I ﬂ“‘
, heaf-radiating menber are adhered t 8the i nsul atin i | mof
boron gl ass. 14. A sem conduct©f®devi ce substantlaﬁly as hérein 10 \J
described with reference to and as illustrated.in any one of Figs. 2 to 9,

or Figs 430, 11 gng Mco%u%@%gfaeemglag&o;&?{tpr0 148025, 30 and 31 of

t he acconpany- ing §raw n rocess cing‘a

sem con e e; | Ey p, rnal - | ead
havi ng g‘”ﬁ%ﬁ%’rﬂ Fhéelégu(rin%%}tihgs ﬁ%pc%%?ﬁée?ngf # %guﬁn{%‘ﬁout paddl e
| i ke segg@gpimiand a Iead frame haV|ng connecting portions connecting the

1 eads; 20 a step for. adhering a sem conductor pellet onto said
paddle l1ke Seg"RnéemicéhaﬁcE@&'Geﬁﬁde(E&édr&ﬁﬂ@eﬁéloﬂaﬁﬂlQ plurality of
external leads to a plurality of electrodes forned on the main surface of
sai d Semikepeint thepthkalating member. i composed of epofon afbeideg the
paddle | i ke segnment to.which is attached said sem conduct or pell et onto one
mai N suramdetbé paﬂé&e-ﬂakeawegmenﬁﬂand\mhaeheatﬁnaéimting member

-are adhered to the 1nsu1at1ng member with a film of
boron glass.
14. A semiconductor device substantially as herein

10 described with reference to and as illustrated in any

" one of Figs. 2 to 9, or Figs. 10, 11 and 12, or any

one of Figs. 16, 17, 20 tc 25, 30 and 31 of the:accompany-
ing draw1ngs. N . o -
15. A process for produc1ng a semlconductor dev1ce

iS. comprising:

a step for preparing an external lead having
a paddle-like segment, a plurality of'external leads
without paddleelike segment, and a lead frame having
connecting portions connecting the leads; |

20 : a step for adhering a semicondﬁctor'peilet onto
said paddle—like segment:

a step for electrlcally connectlng sald-plurallty
of external leads to a plurality of electrodes formed
on the main surface of sald semlconductor pellet;

25 . and after _ _'

a step for adhering the ?eddle-iike segment

to whlch is attached said semlconductor pellet onto cne

main surface of a heat—radlatlng member via an 1nsu1ator,



.-29— a step for sealing said sem conductor pellet with a resin-in such

manner that said external |eads are supported nahﬁ%arﬁfﬁg—e+ee%++t——

.insulation and the other nmain surface of said heat
“exposed; and a step for separating said external mlmh&mwmwm
portions. 1§. * A process according to a|n115 roducengs
j§§ﬁ1conductor devi ce, substantlally as arfy descri bed hereln

: a step for sealing said semiconductor pellet
wiiﬁ a resin in such a manner that said external leads
'aré'supported maintaining elecﬁric insulation and the
ofhe; main,éurface of said heat—radiatihg meﬁber is

5 exposed; |
and
 a step for sepafating said external.leads from
the couéling portions. |
16. A-p:bcésq according to Claim 15 for producing
10 a semicondﬁqtor device,.subs;antially as any described

herein.




