. _
2095471 SEM CONDUCTOR DEVICE This invention relates to a sehiconductor
devi ce,. and nore partlcularly to a power transistor which is cog%ei
hi gh- out put seni conductor integrated circuit (hereinbelow call ‘3:1’

1C") <5 : I'n a power transistor in the power |IC of an audio output
circuit or the like, a plurality of emtter regions are arranged within a
srngfe base region in order to derive a Bigh output current. In such a

po transi stor, ballast resistances are inserted between the respective
10 itter regions and the correspondin enltter i nput term nals so that
emitter currents may f|OMlunIfOﬁ#a}q9¥d§ éggectlve emitter regions.
In order to nake the area occupi ed by the mhole power transistor small, it
has been considered to for.m t.he bal.l ast nes i stance of a 15 diffus

resi stance region one end St WHFLR F&AE ﬁﬁo%? ﬁlFﬁmPﬁgngpfépﬁaﬁegﬁFFfer
region and the otangt more glartticeilard ycdionac pesetro taansiistioer whipht is

el ectrode. The p i s r waf .t v I s had

t he dlsadvantageQ%ﬁgt éﬁgfe§}%5gﬁ b ?ﬁ&?@g sgggfl%h%g%bthﬁﬁﬁﬁEgFgﬁof t he
bal | ast resi st ancdgaudy mﬁﬁiqmyhﬁ#QM:nsaﬂ1@ﬂe€PP®@€ Iﬁééultlng in the

br eakdown of the tran- %hﬁ%ProwHEOQr%EEQE%BQ EBEtB%eébﬁﬁwnictGﬁ bAVEaaDs
has found it ascribable to the act .that _the ballast resistance region,

proxi mate to the QYHRRE é?‘é&%@ralté‘@ efifget @ RIMFalitysod; smifEerarpghons
That is, it has mdﬁ\&?@é&i nt:}ta:hncur rsentgllesblals@blregh@ncanceﬁrae&t €oon a

arasitic transis{Qr. h |1 t anc n
Phat | ocal | corr eRStisi g oiah snipue ciEsRE. TR shEh AL BPRG, FaRRi R0y,
result that tkmatha%tasn(nesmaﬁﬂn;eﬁowme 3@serted betweens thieerespegtive
desirabl e to%('P ”Cre%ﬁsc%éﬁ“i-e@:.%ﬂéd%% e e%%'i:?e%fpo?:d&%\ﬁe omlit Y ?.tnﬁ'i:t""h' ch

uses a part .
termlnals so that emitter currents may flow uniformly

through the respéctive.emitter regions. In order to
make the area occupied by the whole power transistor small,
_ it has been considered to form the ballast resistance of a
15 diffused resistance region one end of which is continuous
- with the original emitter region and the other end of
vhich is connected to an emitter input electrode. '

The power transistor of the above structure, however,

_ has had the dlsadvantage that current concentrates locally

20 in the part of the ballast resistance proxlmate to the
input electrode, resulting in the breakdown of the tran-
sistor. Upon studying the breakdqﬁz, the inventor has
found it ascribable to the fact that the ballast resistance
region proximate to the~inpﬁt electrode also effects a -

25 transisfor operation. That is, it has been revealed that
current is liable to concentrate on a parasitic transistor
whose emitter is the ballast resistance region and that
local current concentration occurs in a part of the region,
with the result that the transistor breaks down.

30 It is'therefore3desirable to increase the breakdown
strength of a power transistor which uses a part of an
emitter region as an emitter ballast resistance.

According to the present invention there is
provided a semiconductor device having a first semi-



emtter region as an emtter ballast resistance. According to the present
|nvent|on there is provided a 'sem conductor device haying,a first sem -

2\ conductor region of a first conductivity type in one pr|n0|pal surface ¢
(. . sem conduct or body, a second semni- conductor region of a second
goefjductivity type within and surrounded by the first sem conductor regiony
armd-a-third 5 sem conductor region_of, the first conductivity type MAthln‘Jh
and surrounded by the second sem con uct or region, the first, second, mﬂ;
third semni conduct or regions forming a collector region, a base region, an

San emtter 3aaaRtbesSRegibnebY: aw/eeﬂ.-gtncbﬁéu&mwt§eeygeniiﬂ%aé region 10
i ncl udes an emtter _op er%tlon portion, an el ectrode cont act ortlon and an

emtter bal PXiPcipailssyy éCSOPflanPH&SPBG“EE?ﬁegﬂ ¥heaeﬁ???%¢ %ﬁ%%atlon
portion andconduelteet redéonondfaat spebhaoaanahetpaity0£ypéewitm£ﬁ and

sem conduct qQr | | oca e tter baI '
resi stance I% 5§%98§d 8& %ﬁgh g&?oséhggghéﬁgg?ﬁ ?%%§$a|a%?d? %*r?he part
‘of the sécosemiconductort segiogi ofi ther findtngonfiectivityrtypé|wsthin

resi stance pau' sARrotRdeddby ltﬁEeE@Eo\%‘ldggmiéohﬁﬁétﬁla?e%b@n' agggal wdth

of the part qQf the second sém conductor regi.on surroundi the el ectrode
portion. 20first, secppdycpag $h 1FﬁeP§mF§°ﬁdFSE?Fhrgﬁh?%%nﬁ%€@6$9r%glon of

the first ceodueciteirt yebipa, EObasagraqlemtaﬁa aROeRt L&kt hégidhe second’
sem conduct or sem conduct or

regi on, therFEEF%ﬁ1¥8§3coHBﬁEF&P Sgg gﬁlfﬁcfﬁﬂfﬁﬁnggfgﬁ hst€¥b ™ oper ati on

portlon 0an iskcdadesdan2 &misheec bpemapdoni partdon, aabatlestrodei somrmet
portion I ocqled;RaLWaeR hReehi2Relshal19Re" BLEP0eRALL! BOre0gh t Docstest rode
between the emitter operation portion and the electrode
contact portion, the pért3of the first semiconductor- region

located in the vicinity of the emitter ballast resistance

15 portion is such as to determine the lateral width of the
part of the second semiconductor'regibn surrounding the
emitter ballast resistance portion, and said lateral width
is less than the lateral width of the part of the second
semiconductor region surrounding the electrode portion.

20 Preferably, there is a fourth semiconductor region
of the first conductivity type, forming an emitter region,
within the second semiconductor region so as to be spaced
from the third semiconductor regidn, the fourth semiconductor
region including'a transistor opefation portion,'an electrode

25 connection portion, and a ballast resistance_portion located
between the transistor operation portion and the electrode

 connection portion. '
There may be a plurality of discrete base regions in

the collector region (first semiconductor region) and each

30 base region may have a plurality of emitter regions. Each
emitter region then has a ballast résistanCe portion with
each base region having a reduced lateral width where it
surrounds the corresponding ballast resistance portion. |
Preferably all the emitter regions have a common electrode.

35 Preferred embodiments of the invention will now be
described by way of example, with reference to the
accompanying drawings, in which:



connecti on portion. There may be-a pIurallty of discrete base regions in

wi dth where it surrounds the correspondlng bal | ast resistance portio

A,

the coll'ector region (first sem conductor region) and each 30 base reglon'ii

nmay have a plurality of emitter regions. Each emitter region then hasa 1];
bal | ast resistance portion with each base regi on having a reduced Ia,-.

Priferably all the emtter regi ons have a common el ectrode. 35

Preferred enbodi ments of the -inventianyyi LI now be described by way of
exénple with reference to the acconpanying draw ngs, in which: - 2a -
Figure 1 is a plan view of a power transistor portion in a power IC
enbodying this i nvent iFdigure 1- i% a p&bauwea bf anpewkar gednpliatoyi ew of
essential parts_ i ure 1, Fiqur LSadiSec honal vi ew.taken along |ine
o1 T F gRe oAy pered T8 enb3abiRgr EhER Ve REIRRLT onal i ew
taken along line IV-1V in Figure 2, Figure 5 is an equivalent circuit
diagramin the case where two power transistors are forned with a single
base region, and 10 Figure 6 is an enlarged plan view simlar to

Figure 2, showing a power transistor portion in another enbodi ment. Figure

1 is a plan view showi ng the structure of a



power transistor of this invention forned in a power |IC. The power
aqsistor is fornmed in a part of a silicon sem- 15 _ conductor wafer 20
consi sts of a P-type semi conductor substrate, and an’ N -type

axi al layer 2 formed thereon by epitaxial growth. 1In particular, the
power transistor is surrounded by a P,+-type isolation region 3 and is ..
el-ec- trically isolated fromcircuit ®lements (not shown) fornmed 20 I N~

- the rest of the wafer 20. As shown in Figure 3, an annular N -type diffusé
region 5 which is oslgh.to.r =1 ype burie : whier
serves to | ead out dggg% ?egtg? %?e%?g%éi@?s%%%é nﬁ%e%%ﬁ%s%%ﬁ@ﬁftp%}gs _
epitaxial |aydR Bigmrehlis 25 surrounded with the isolation region 3.
Wthin the N+-type pphbagi 2l i 3y edect fokth B UG &N NEREeRYal by N tiy Per diffused
regi on 5, P—tyge pbase regions_6- are formed by the well-known diffusion
techni que. Asi®|TigeFatbPRY B4EIFR 41 four such base regions 6 are formed
in the siggle islanfigepeod Ps B80seltbpmLENtidi takéit HDSHg I Efne MS7-ane
surrounded by. { he, N - type region 5. Wthin each base region 6, two N
-type em ttertPegtoMES 7°4re forned by the well-known diffusion technique.
As will be better uhitguseoDdis ram squivalent cabhcwit tdbagramiim the s
conposed of 3ga£81 héfe PGS | fwd? Erandf€hid Sal @' FoEhdd wifle dMihgle
transi stor operation, a resistance portion 7 I ch acts as a ball ast
resistance, bPase.-re@iomn aP@ctrode | ead-out portion 7c. A section taken

along linpg | V-1V inpfggkeé €6 2is Sashewlardedi gld® Hiew'Ss fETaf N Figlire 3, a

met al electroge 8 of ., alum num or, t he lite i's held i.n ohnic coptact with the
el ectrode | eaflt oTROPHHRY | BrPOYEE THRIRAFEQE ROF =t A D fn a
silicon oxide Figure 1 is a plan view showing the structure of a

power transistor of this invention formed in a power IC.
The power transistor is formed in a part of a silicon semi-

15 conductor wafer 20 which consists of a P-type semiconductbr
substrate, and an N -type epitaxial layer 2 formed thereon
by epitaxial growth. In particular, the power transiétor -
is surrounded by a P+-type isolation region 3 and is elec-
trically isolated from circuit elements (not shown) formed

- 20 in the rest of the wafer 20.

' As shown in Figure 3, an annular N+—type diffused
region 5 which is deep enough to reach an N+-type buried
layer 4 and which serves to lead out a collector electrode
is formed Qithin the N -type epitaxial layer 2 which is |

25 surrounded with the isolation region 3. Within the N+-type
epitaxial layer 2 and surrounded by the N+-type diffused
region 5, P-type base regions 6 are formed by the well-known
diffusion technique. As illustrated in Figure 1, four such
base regions 6 are formed in the single island region 2.

30 Adajacent pairs of base regions are surrounded by the N+-
type region 5. Within each base region 6, two N+-type
emitter regions 7 are formed by the well-known diffusion
technique. As will be better understood from Figure 2, |
each emitter region 7 is composed of an emitter portion 7a

35 which is formed for the main transistor operation, a
resistance portion 7b which acts as a ballast resistance,

-~



film10. As indicated by a two-dot chain line in Figure 1, the el ectrogé 8y
I s corinected in conmon to the emtter regions through the correspondi c/g;"
gontact ‘hol-es 18 and forms an emitter input terninal. An enitter electydd '
9 made of a 10 netal such as aIun1nunL|§ held in ohmic contact with the~—~
emtter portion 7a of the transistor oOpération portion through a contact .
hole 17. A base el ectrode 14 made of a nmetal such as alum numis heId I n
“ohm ¢ contact h £t b et

et er 15 1 eqrnsh A @1rcle YIRAE, FRSedon, 75 K Eece 1o RakeR a1 am
not extend al orlg}é’ﬁjévt'ﬂé’ r1@5|F§-UalﬂrGe 2pdst sbewn7in Kiguxe dat edsbpeant f\b%lot

chain |ine in Bigid 5, Whetdlc leptioade slhr 31dnIPRRSSEnas 14ReCoBNCCt
t he base cont a)c;]e& ?},n?n |n common and forms Dase |n ut term nal As

20 indicated b %%&P%ha'ﬂm FH@ ieﬂer-'tgefié ieaé'eb‘ﬁnreﬁrtmn
cgl | ECL or e|§Ct7rd)d:¢1rb51:<leﬁ a %n&lat::%:f heTet 8 @Qbkz&l dear J.he&dsﬁllg.cbﬁgbﬁﬁ]&e5

t hrough cont act ure 5 i n equi val ent cirquit diagramo

tran a1 Stor o viiTh 106 Ao AmitRted RS A, SHe-HRte Shadrod teeoi s 395 above
power_ tranS|st¢me EdP@MﬂodenalaatesnnhetedlgmnabmmoneQUlmhe emdnsest or

whi ch'i s forﬁeéé@ﬁohﬁﬁtﬁﬁbhb%rtB%rEbQEeE?oPE&E Ebni@@%cihﬁ§stﬁgeap orms

unfavorabl e parasitic transi'stor whic the electro
portion 7c hel &% MiiReE damutctermimaine Aé’meﬂ'til-etrteél edEectdeod® 9 madadpfl cn

letter R 3014 ndiea-.&ue%utdme al%alallmhnms gt aeqa whi ohmie tonaedtbyithethe
resi stance portiaq rta I s that, as illustrated in Flgure
body

and 2, the basé& eghpg ﬁe& o hep sransistor,PPEFAtion PORkLL
so as to be reh&Mcughyanammﬂwc&lhngetﬂe 33 buoiskt elektirbdet 1demadeantfea

portion 7b. Thatday. ghfafy Welt) WheLtl 10f b §35eniqd QacRALk SuEROURd N

the emtter bal re5|stance portiron 7 er t 2 of
t he part of the base region 6 between the pair of emltter

15 regions 7a, through a contact hole 16. The contact hole 16

~ does not extend alongside the resistance portions 7b. As
indicated by a two-dot chain line in Figure 1, the base
electrode 14 is aisposed so as to connect the base contact
regions in common and thus forms a base input terminal. As

20 indicated by a further two-dot chain line in Figure 1, a
common collector electrede-ls.is led out from the collector
lead-out regions 5 through contact holes 13.

Figure 5 is an equivalent circuit diagram of tran-

sistors which are formed with a single base regien 6 of the

25 above power transistor. Tr1 indicates the originally
required transistor which is formed by the emitter portion
7a. Tr2 indicates the unfavorable parasitic transistor which
is formed by the electrode lead-out portion 7c¢ held in ohmic
contact with the emitter electrode 8. In addition, letter R

30 indicates the ballast resistance which is formed by the
resistance portion 7b. '

- Important here is that, as illustrated in Figures 1
and 2, the base region 6 is formed on the surface of the
semiconductor body so as to be relatively narrow along the

35 emitter ballast resistance portion 7b. That is, the width
Way of the base region part surrounding the emitter ballast
resistance portion 7b is smaller than the width Wy, of the



-5- base region part surrounding the enmtter electrode |ead- out portion
c. .The base resistance indicated by Rb can be regarded as |nclud|ng I n
‘al'lel the resistance conponent of the 5 base region dlrectly bel ow t he
tter region (7b,7c) and the resistance conponent existing in the side
rf4Ces of the enitter region (7b,7c). Now that the base region extending-.
along.the emtter region (7b,7c) is na?row, only the base resistance ~
directly below the region 7b may be 10 considered. Since the |npur|ty

concentration, of the base r |on unde ing this enltteL nlssi
base resi st anf@s ?mr%%h°5e9$5.e?%&ﬁgpﬁé¥ﬁh |?@*Eﬁﬁ§t%.%%t "he base

resi stance ofotbeppatisnt?e.transistor. As a result, the base-emtter

voltage VBE of {No pagshils Joel4QURLS! MafAl P Ly S SbStL S Wadd®

vol tage drop across ase resrsiance e operation
power transi s&dringbuding operparahlehrthecresistance mmﬁ))oﬂ)mmgl ng

only the mgi npiLanségion Jﬂ@é{iylﬁafb&hﬁae Oé}nlééé’fer HMHPU;tc)alalnfaM ng
the para5|t|ctran5|stor to turn into 20 tate. 'S current

can be effecth%l9eib%F%H°%ﬁ?QWE?&FWﬁu?F%?%h%?S%thEﬁCEQQﬁnﬁﬁﬁfQQﬁ§ of
operation of the @eiEtetreFis of7HY7SUDS NG i Ehdty tHeVieadé nGedilvm parasitic

t tor f ti Mo f r af | be effected

Si nce. ourr ent SEERPEHEY o 200 CHIE BB b ERBrR S Ob  biP nibhe B FP bal Tt

resi stance R the baderresnsmmn@ee@iranmtmwbel¢mﬂ5hst:mgxmmrﬁbImaynhkt(;
substant! 3l Yopheyalteh e PEAASILAL i.g@i@ié%%%ﬁémwe{@ﬁ' G | bed

above, the ast resistance R - nee esigned inre atlon to the
parasitic traﬁ@gé?ﬁruB@er%Z#%@ EhisAmitter eegipuis low, the base

resistance Rb can be made very great. This resistance acts
as the base resistance of the parasitic transistor. As a

- result, the base-emitter voltagé Vpp ©of the parasitic

15 transistor can be reduced because of the voltage drop across

. the base resistance Rb during the operation of the power

transistor. Normal operation can'therefore_be achieved by
bringing only the main transistor Trl into the "on" state
and without allowing the parasitic transistor to turn into

20 the "on" state. That is, current can be effectively poured
onto the main.t;ansistor side during the operation of the
power transistor by substantially preventing the parasitic
transistor from operating. Moreover, a uniform operation
can be effected since current concentration can be prevented

25 - by means of the ballast resistance R.

In order to operate the power transistor normally
and to substantially prevent the parasitic transistor from
operating_as.described above, the ballast resistance R -
needs to be designed in relation to the parasitic transistor

30 so as to satisfy the formula | '

R < B2 (p

¢ current again).
hrEg -

FE

Usually, R is about 10 to 2Q. Assuming_hFE to be épprqx-
-imately'ZOO, therefore, it may be established that Rb>

200 - 400Q. Since, however, that base regiqn directly



R< Rb (h current again). hFE FE Usually, Ris about | to
2err]. Assum ng hFE to be approx- imately 200, therefore, it may be
Pstablished that Rb> 200 - 400[err]. Since, however, that base regio .
directly -6- under the region 7c which determ nes the base resistaQ¢&R
has a high resistance (10 k[err]) to the sanme extent as a pinch resistarce,
t-he. base resistance Rb can be increased sb as to satisfy the above formula

by appropriately laying 5 out the peripheral shape of the base region. By
way/of exanpl e, ' of. t base r.egiqn 6 .extendi nqg al ong t.he regi ons
7b and 7c may b%ﬁé;%ﬁ\r%% t}'a%éeﬁ%/rp?pcmw%c@ %e&?{"&nﬁ%&q’&g’@s@e 5 56385k be
made smal | er toRl hagha thigh stesidtanes nigl G kYN ticheHen samee gixkenftoasi ng
wi ndows 10 erat%ﬁ:éﬁrf@éi%x@e}% BdderdiUiRe HI® diIS Bl ongens
to be made 1 - 2 pmor greater 1n order to prevent punch-through befween
the N -type reg?drry ¥hFaHslY -theyahqug feomulss bk appransiatelymlenéng
foregoi ng descrowt i ghe e piedfatdHapOlof thd MUY ixdyion.t Bt Wajedfateral
w dt h of the basge r ior%_i_f V\he.rqetﬁiht ft{_é{og{lds t he bal | ast res',stanﬁe Eortion
of the enitter FEYRATH S IEHHAPS 19 RAF%TSHE™ tenGing, AL0RHds t he
el ect rode cont ache pregians 7Bharef ofe mayurbee rMppracietatredtyl Gum.n Thieewidth

parasitic t ran-othﬁé' %ﬁenf%é#iﬁﬁa Ry ?é’aq'{“beed ek ed(ra%;lilt%r?ej ‘%:}‘aloglsighand current

can be uniformy"poure he main transisto | T esi st ance,
so that the breRieRiFLien rsh@sing same wfivdihe hass negionafdraiaghaiodewsnd

the action gf t#ér hald adrriafSicn YA eri & eddietly. deialsealdden
' needs to be made 1 - 2 um or greater in order to prevent
punch-through between the N+-type région 7 and the N -type
region 2.

As is apparent from the foregoing description, one

15 feature of the invention is that the lateral width of the-
base regions where it surrounds the ballast resistance
portion of the emitter region is less than its lateral
width where it surrounds the electrode contact portion.
Therefore, current concentration in the parasitic tran-

20 sistor can be prevented as described before, and current
can be uniformly poured into the main transistor by the
ballast resistance, so that the breakdown strength of the
power transistor can be enhanced and the action of the
ballast resistance can be effectively demonstrated.

~5 - Figure 6 shows another embodiment of this invention,
and illustrates the plan configurationof a power transistor.

In this example, an emitter regién 7 which consists
,qf two emitter operation portions Ja,7a’ and emitter ballast
resistance portions 7b,7b' having substantially equalwidths

30 and an electrode lead-out portion 7c is formed within a
single base region.G. An aluminum electrode as an emitter
input terminal is led out from the electrode lead-out
portion 7c.',The base region 6 surrounds the emitter ballast

fresistance'portions 7b,7b' and the emitter electrode lead-

35 out portion 7¢, and is given an effectively smaller width
in the vicinity of the portions 7b,7b', as follows. No base



Figure 6 shows another enbodiment of this invention, and illustrates the
pl g7 _xonfigurati-onof a power transistor. In this exanple, an emtter region
7 ‘fkh consists of two emitter operation portions 7a,7a d&nd enmtter

balNagt resistance portions 7b,7b' having substantially equal w dths 30

and an el ectrode | ead-out portion 7c is formed within a single base region_
6. An al uminum el ectrode as an emittel input terminal is |led out fromthe

el ectrode | ead-out portion 7c. The base region 6 surrounds the emtter
bal | ast resistance portjons ,7b, 7b' and the emtter el ectrode | ead- 35 out

portion 7c, ardCIxORyiEFLH RETIRED NS R 1ofr tRSkSFANFe RORKIEANS (AP of
the portions 7ndiblh' and Wdtaween ND Haake contabt RN 6 4rd THeet ween t he

Pd the of ect oty Ok Mol O B Uhe X HSme et aipar 2 s
directly exposkaren 2 He iirsatiie expdseck tion the sdtaitza?.sur'ﬁaicees'jrnggg Lines
EQ?E ’ sﬁfr gﬂn&!}ﬁqéﬁqﬁn}hgfﬁ% %ﬁr&e&;%&}[&ﬁzzg%\%ﬁ |rt](§1neg f%%%ﬁg b' is nmade
smal | er than ($PQHRINTY &he Widthdast the bassamegien eantiswgronding
em tter electrge dnfitttedtibalUddtOredistiice portidnd) AIGHE 7¥PNIL HakeOn,
fran. sistor cHRTestiEn TR widhh, Woo0 o 3ng Pasaudsione Bagly of
current theretsyrrowhding rien emritsrsedectawdes lw-_aﬁﬂ:d p@ﬁl?d )V”\V?i'l o this
Trvent ot fias been ‘et & Yarktrucedof Za SH o BRSNer o 11 ed
on the basis &mhodiment,. the base resistance Rb of the parasitic tran-

sistor can be made large, so as to sharply reduce the

supply of current thereto, and the main transistor can be

operated normally. Moreover, a common emitter input

'15 terminal can be provided. ' '

While this invention has been exemplified above, the
examples can be further modified oni the basis of the tech-
nical idea of this invention. For instance, the plan con-
figuration of the base region extending along the ballast

20 resistance portion may be altered variously, and the pos-
itions of the basé contacts are not restricted to those in
the foregoing examples. It is also possible, unlike the
foregoing examples, for only one emitter region to be
formed in a single base region, the base region having only

25 a small width where it surrounds the emitter'region on the

' front surface side. This invention is also applicable to a
PNP-type transistor in which the conductivity types of the
respective semiconductor regions above described are
inverted. | _

30 As set forth above, the base region is made narrow
along the emitter ballast resistance portion. Therefore,
the base resistance of the parasitic transistor can be made
great to reduce current flowing thereto, and current can be
effectively poured to the main transistor portion. Moreover,

35 current conéehtration can be prevented by the function of

the emitter ballast resistance portion. It is accordingly



nical idea of this invention. For instance, the plan con- figuration of the
baSe regi on extendi ng al ong the ballast 20 resi stance portion nay be T
altered variously, 'and the pos- itions of the base contacts are not
restricted to those in the foregoing exanples. It is also possible, unlikers
the foregoing exanples, for only one enitter region to be forned in a S
si‘igt e base region, the base region havigig-only 25 a small width where it
surrounds the enmtter region on the -front surface side. This invention is

al applicable to a PNP-type transistor in which the conductivity types of
the respective skefbpliRictorinereass e ieremedowibesk ragtiver task 30

As set forth aboygandie.bas ' L $; row al ong the emtter
bal | ast resistance %o{%" on.&%:%ef. r%‘?lﬁg;b%egﬂelﬁo ‘ﬁ‘ita‘%c Dfrihethftasiti c
transi stor can bkS HERIY} R8Pediakliticas curperer fimansigtdrer et 0o, and current

can be effectively poured to the main transistor portion. Mreover, 35
current concentration can be prevented by the function of the emtter

bal l.ast resistance portion. It is accordingly -8- possible to increase
t he breakdown strength of the transistor and to provide a sem conduct or
device which is useful especially as a power transistor. CLAI MS: 1.

A sem conduct or device having a first sem conductor region of a first
conductivity type in.one principal surface of a sem conductor body, a
second sem conduct or o ' :



regi on of a second conductivity type within and surrounded 5 by the first
sepdgonductor region, and a third sem - conductor region of the first

c ti'vity type within and surrounded by the s nd sem conductor region,
th rst, second, and third sem conductor regi OMW ' '
region, a base region, and an emtter region 10 . 7@ ctively;, wherein the

e
third seniconductor region includes~af &mitter ope ,gmm”m]ﬂmn et
n o
tact

el ectrode contact portion, and an emtter ball ast
| ocat ed bet.vaERI' Q? emtter operation portion and the el ect Mode ¢

portion, the—pan*&-bf the first sem conductor region.15 - located in the
vicinity of the emtter ballast resistance portion is such as to determ ne
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2. A semiconductor device according to claim 1, having
electrodes on surfaces of the emitter operation portion
and the electrode contact portion respectively.
25 3. A semiconductor device according to claim 1 of
claim 2, wherein there is a fourth semiconductor region
of the first conductivity type forming an emitter region

within the second semiconductor region so as to be spaced
from the third semiconductor region; the fourth semi-

30 conductor region including an emitter operation portioﬁ,
an electrode connection portion, and a ballast resistance
portion located between the emitker operation portion |
and the electrode connection portion.

4. A semiconductor device according to claim 3, having

35 an electrode on a surface of the second semiconductor
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ballast resistance portion with each base region having a
reduced lateral width where it surrounds the corresponding
10 ballast resistance portion. -
6. A semlconductor device accordlng to any one of the
pfeéedlng claims, wherein the second semiconductor region
includes a first base contact portion édjacent the emitter
'operétion portion of the third semiconductor region and a
15 second. base portion adjacent the ballast resistance
portion of the third semiconductor region.
7. A semiconductor device substantially as herein
described with reference to and as illustrated in the
accompanying drawings.




