Sem conductor Device This invention relates to a sem conductor device, and
nore particularly to a power transistor adapted to a high power fLCYKCYSE%
sem conductor integrated circuit device (hereinafter referred to as a
"power 5 IC'): In the power transistor in a power IC for use in an audio
output circuit or the like, it is a custenqary practice to divide an er
region into a plurality of regions and arrange themin one 10 base r '
in order to obtain a high outputSemicemductar sShewice power transi stor
bal | ast resistance is inserted between each emtter region and the single
emtter input term nal s@hiisatinveetépnt relatesrbatafsemscandfictatry t hrough
the plurality of divided 15 emtter regions. As a nethod of forming this
bal | ast resi st anéeviFe.i sndomeseyBBrE&icHlpriltctpl @ Powesr kranpésta¥ance
region with one end continuous Wth the emtter .regions and the_other end
connected to the2@APEEEr tPnBuhighe POWEe SeRECQRAPGEPEGHRECERRTSS occupati on
area of the power_ .transistor, as a whol e, but _accordi.ng to the,results of
experi nent s carrFéacadi §8Vlgﬁcﬁ grféﬂEFFﬁgtFSﬁe5§e?hg°iﬁ§eﬁto?°%?rthe

pr esent invengioqcnit was found that the input el ectrode side of the

resi stance regi on a&d the resistance 25 region function as transistors. The

transistor formed In the power transistor in a power IC for

use in an audio output circuit or the like, it is
k/: a customary practice to divide an emitter regioﬁ
into a plurality gf regions and arrange them in one
10 base region in order to obtain a high output cufrent.
| In such a power transistor, a ballast resistance
- is inserted_between each emitter region and the single
emitter input terminal so that the emitter current
floWs uniformly through the plurality of divided
15 emitter regions. As a method of forming this ballast
‘resistance, it is conceivable in principle to form
a resistance region with one end continuous with
s the emitter regions and the other end connected to
the emitter input electrode, so as to reduce the
20 occupatioh area of the power transistér as a whole,
but according to the results of experiﬁents carried
out for such a cbnstrucfion by -the inventor of the
present invention, it was found that the input electrode
side of the fesistanée region and the resistance

25 region function as transistors. The transistor formed



by the emtter regions of the originally intended transistor and the
parasitic transistor due to the resistance region cone to be co-present so
tha(i%?grent | ocally concentrates in the parasitic transistor 5 due to the-

bal yresi stance region, thus breaking down the transistor. Accordingly,

theke s a need to i nprove the bredak-down strength and to increase.the area

of saf e opey ahicon, ol @ PYURY: dIANY Y WIS ARl Of 1Ls eni tLor

regi ons as‘a resistance. cording aspect of the present

nventl on.e /RS ot I IR gh T NG ARy Gd G dleng @ DI pol ar

transi stor an parasitic transistor, the sem conductor device conprising:
15 resA sitlantle SAGIA Cénidtd M Vo-Yrexent! To eHARUGIrtehy type
serving as a collector region of the bipolar and parasitic transistors; a
second semozaldycicondatgirated im WrROhra@idict itHangitsgee serving as a base
region for the 20 bipolar and parasitic transistors, the second

sem cohducdusr tredihen Hadi Ias tadjestiaattaniae treg ifam,s tt hasmbecerdiicigor regi on; and
a third sem conductor region of the first conductivity type serving as an
emtter rdgwm ther 2ngistsinpol ar and parasitic transistors, the third '

sem conductor region bejing adjacent to the second sem conductor region,
Accordingly, there is a need to improve the :

breakfdown strength and to increase the area of safe
operation of a power transistor which uses a part
10 of its emitter regions as a ballast resistance.

According to a first aspect of the present
invention, there is provided a semiconductor device
including'a bipolar transisﬁor and a parasitic transistor,
the semiconductér device combrising:

15 a first semiconductor region of a first conductivity
type serving as a céllector region of the bipolar
and parasitic transistors;
| a second semiconductor region of a second
conductivity +type serving as a base region for the g_)
20 bipolar and pa:asitic transistors, the second semiconductor
region being adjacent to the first semiconductor
region; and- | |

a third semiconductor region of the first

conductivity type serving as an emitter region for
25 the bipolar and parasitic transistors, the third
semiconductor region being adjacenﬁ to the second

semiconductor region,



-2a- wherein the third sem conductor region conprises an operating poLt.on
for formng the emtter of the bipolar transistor, and a ballast re
pertion and a term nal portion which formthe emtter of 5 the par
transi stor, and further wherein the effective base width of the par
transistor«is greater than the base wi-Rar of the bipolar transistor base
region in the base region portion of the parasitic transistor adjacent to
the terminal portion of tH&eRiMithe &M D RARLIANIUGHIT (KEHiOMy COMPRASes
current gain of the parasitjc transjstor, and wherein the senmc ndﬂctor
device further conffiRRTEEING PAFHAEE P AITH I i WEHT §gm't- e
conduct or region ext enﬂqiﬁr;% adA acent _to t rtion of .the

e qpef ti,ng 15 po
emtter region of He AT RENRT 519 Bt agk RS Qﬁﬂ RO&F o t he
bal | ast I st [ ' I . {,Qn, A | ectrod
cont acti ng the. o ottt ot g B AT ol Gl o T T Ode

portion, and ashasgné! fetd 08 20 LY AdNY 4P AR SONIRGle RPHeON SO

that the emttér electrode and the base electrode are spaced apart from one
anot her. Accor di ngef fedt S50E BukASPRTEh G e PAEH i vadndistdiere is
provi ded a sem conductor device 25 including a bipolar transistor and a
parasitic transi stbs,gtdetaentamdtiod Baskewinktlc aopritse gipaldn txtansistor
sem conductor region of a first conductivity

base region in the base region portion of the parasitic

: transistor adjaceht to the terminal portion of the
k/ 10 third semiconductor layer to reduce the current gain
of the parasitic transistor, and
wherein the semiconductor device further
comprises a base contact portion in the second semi-
conductor region extending adjacent to the operating
15 portion of the'emitter_region of the bipolar transistor
. but not extending adjacent to the ballast resistance
portion and the terminal portion, an emitter electrode
contacting the emitter terminal portion but not the
N/ | emitter operating portion, and a base electrode
20 contacting the base contact portion so that the emitter
electrode and the base electrode are spaced apart
from one another.
According to a second aspect of the presenf
invention there is provided a semiconductor device
25 including a bipolar traﬁsiétor and a parasitic transisFor,
the semiconductor device comprising:
a first semiconductor region of a first conductivity
type serving as a collector region of the bipolar

and parasitic transistors;



type serving as a collector region of the bipolar and parasitic

transi stors; 2b. a second sem conductor region of a second conductivity
ng as a base region for the bipolar and parasitic transistors,

d sem - conductor region being adjacent to the first sem- 5

. region; and a thi 2d.sem conductor region of the first )
conductivcity type to serve as an em.tter region for the bipolar and "
parasitic transi 2 c¥econdi senigeniutne dirfimrof &y sardd ng adj acent to

t he second 10 sem conductor regjon, wherein the third sem conductor region
conpr i seCAREYPRIB ENGEYRA tIFVIRG FDriRRF] e BiRR QT HP] he bi pol ar
transistq&ngf a ballast resistance portion and. a tqhginal.gprtion whi ch
form t he BRI P BATAGHL QAR TETET InT A58 1M er wherein the

i gher  { HETTEY L S, B FE AT b TSR L3S Tegi o

porti an Qiod R asd i&n.lr%gf;i stor adjacent to the termnal 20 portion

of the third sem conduct or er to reduce the current gain of the

parasitic transi s{ ofhiPdcaRFSAdudter Sesg CONIEt Be deddSe furt her
conprises a base contact portion in the second sem conduct or

conductivcity type to serve as an emitter region

for the bipolar and parasitic transistors, said third
semiconductor fegion being adjacent to the second.
10 semiconductor region,
wherein the third semiconductor region compriées
an operating portion for forming the emitter of
the bipolar transistor and a ballast resistance portion
and a terminal portion which form the emitter of
15 the parasitic transistor, and further wherein the
impurity concentration of the base region of the
parasitic transistor is higher than that of the bipolar
transistor base region in the base region portion
of the paraSitic transistor adjacent to the terminal h.)
20 portion of the third semiconductor layer to reduce
the current gain of the parasitic transistor, and
wherein the semiconductor device further
comprises a base'cdntaét portion in the second semiconductor
.region extending adjacent to the operating portion
25 of the emitter region of the bipolar transistor but
not extending adjacent to the ballast resistance
portion.and the terminal portion, an emitter electrode
contacting - the eﬁitter terminal portion but

not the emitter operating portion and a base electrode



regi on extendi ng adjacent to the operating portion 25 of the emtter
regi on of the bipolar transistor but not extending adjacent to the ball ast
resi stance portion and the termnal portion, an emtter el ectrode :
contacti ng ‘ the emtter termnal portion but not the emtter <j2§;>
operating portion and a base electrode 2¢ « 2c - contacting the base
corf_act portion so that the emtter electrode and the base el ectrode are

spaced apart from one another. The acconpanying drawings illustrate sone
preferred enbodi nents of the present invention, wherein:- - 3 - Figure 1
is a plan vi ewceibacting hehedwse teentact optuirdn e dhat hecemi€tel gure 2
is a partial sectional viewon the line Il -1l of Figure 1; 5

Figure 3 is arctestredemnd|theibase Riegtinnde Rerp@paced aparst §romri gure 4
~is a schematic sectional view useful for explaining the structure of Figure
2; Figure 5 i sCRes@RPER®EY view of the power transistor 10 portion in

anot her enbodi nent of tPﬁ pr esent inyentéon;. .
: e accompanying drawings illustrate some

5 preferred embodiments of the present invention, wherein:-



an fgures 6A and 6B are sectional views show ng the principal steps in
ating the power transistor. Figures 1 and 2 depict the structure of )
st 15 enbodi ment of power transistor. This enbodinment illustrates
transistor formed as a part of a power IC. In Figures I and 2, the
power” transistor is formed in a part3of a silicon sem conductor wafer- 100-
consi sting of P-tvp ubst r.at e and.an -type Itaxial layer 3 20 &
fornmed on the @(ﬁiﬁ%afeissof é%ﬂnaxvi]iaﬁw ts@%ﬁ'ﬂ'lu@te%‘.e pﬁ?ﬁ'g}'port ion (island

regi on) tnankistorhpoptien ofamspewer IG;to be forned is enconpassed by an
i sol ation regi 4 ang | | i cal [S te ol er circuit el ementsg
not shown that Egg‘érgogb%gf%rfr%}j{%arcfoé%ce#logloaﬁt ﬁ&né;vf g’?} %‘% t he sem conduct or
waf er 10bine IIl/~ TheopHolkgure ahsistor will be described in further detai
in he follow phag agr 8phen dduivitl 6t lvr it WRgrane BF0OTRAssed by a P
isolation region-4 _an annular™ N+ diffusion [ayer Is formed, with 5 i
a deeplyp%Y?gngT%@s£§£#%ctor el ectrode that reaches a buried layer 2.[err]
P base regi onsFigareffriedaischematic sidfiomain vimpweugefil known diffusion:
t echni qu ' ‘he L femsFl J, four base regions 6 are.
f or med ig&c.)néi?g?%%%ns@% a%%a%)ei;\jté‘%;g ?zs’ of base 10 regi ons 6
are enconpassefigyren? gﬁd@eﬁ%ﬁﬁiQﬂﬂiiYﬁﬁﬂnQﬁ the power transistor

10 portion in another embodiment of the present invention;
and ' '

Figures 6A and 6B are sectional views showing the
principal steps in fabricating the power transistor.
Figures 1 and 2 depict the structure of the first
15 embodiment of power transistor. This embodiment illustrates
a power transistor formed as a part of a power IC.
In Figures 1 and 2, the power transistor is formed in
a part of a silicon semiconductor wafer 100 consisting
of a P-type substrate 1 and an N -type epitaxial layer 3
20 formed on the substrate by epitaxial techniques. The
portion (island region) in which the power transistor
is to be formed is encompassed by an isolation region 4 and
is electrically isolated from other circuit elements
not shown that are to be formed on other portions of )
25 the semiconductor wafer 100. : . ),



regi.on 5. A pair of upper and lower N+ emtter regions 7 is fornmed in each
base region 6, as can be seen clearly fromFigure 1. Each emtter region 7 —
consists of an is emtter portion 7a formed to performthe nain y, %
tran- sistor operation, a resistance portion 7b serving as the ball ast
resi:stance -and an el ectrode extension portion 7c with which an al um num
~eleatrode 8 serving as an emtter input termnal cones into contact. The

el e¢trode-extensi on 20 portion 7c contacts the el ectrode 8 through a
contact hole 18 in a silicon oxide film 10. As schenmatically represented by
the:dot and chaf%®e |RNe ¥ E3anfirsEor Widils be descgdbed ia SBﬁgBEFe@eFﬁléonnDn

W t heach emtter rqﬁgqp via the con- tact holes 18, thereby form ng the
emitter input t&}nfHafobkewing PAFagraBRTm enitter electrode 9 is in

contact with the - | t1ar r s 7 f s .St or _operation. .
portion via a cont acf" htg{ge eﬁta%&saé'p;%&’te% %me%‘tggfr&)gggg?réﬁeagpi slf)?g%ﬁ%‘a '
for each emtt I on, 'Qgﬁﬁﬂ : ot . eABga 10k U e
el ectrode 14 cgfn?ggfzgti g’ arﬂ( he aér%ew:gi}ﬁé(r%ffgtsgg’{lméggég Ba?? g?mg%af?eé?éﬁ

regions § via aa (QUEpIG didlehdlifg Abl3elebit eQaldtroligPERaCNEEHcRYst e dot
and chain line in Figure 1, the base electrode 14 is disposed so as to

connect the baseiried dayered.ons iPnhbasenmegiohe bediye Eormedginhidéatkei nput
termnal. 10 The collector 5 contacts on collector electrode 15. -
diffusion layer 5 by known diffusion techniques. As shown
- " in the plan view of Figure 1, four base regions 6 are
formed in one island region 3 and adjacent pairs of base

10 regions 6 are encompassed by the abovementioned annulér Nf

region 5. A pair of upper and lower N' emitter regions
_ 7 is formed in each base region 6, as can be seen

clearly from Figure 1.
~ Each emitter region 7 consists of an
15 emitter portion 7a formed to perform the .main tran-
sistor operation, a resistance portion 7b serving as the
ballast resistance and an electrode extension portion 7c¢
gﬁj with which an aluminum electrode 8 serving as an emitter
input terminal comes into contact. The electrode extension
20 portion 7c contacts the electrode 8 through a contact hole
18 in a silicon oxide film 10. As schematically represented
by the dot and chain line in Figure 1, this electrode 8 is
' connected in common witheach emitter region "via the con-

tact holes 18, thereby forming the emitter input terminal.

25 An aluminum emitter electrode 9 is in contact with the



e 3 is an equivalent circuit diagramof a transistor forned for one
region 7 of the abovementioned power transistor. Symbol Trl

gnts a transistor fornmed by the emtter portion 7a and is 15
orNgimally intended while [err] repPesents an undesirable parasitic :
transi stor which is formed by the eIectrode ext ensi on portlon 7c in contact

wth the egmtter e ctr des I S I, represents ‘e
bal | aste‘F'Ea: ‘HP 8‘? 1%55 °8’ r’%‘éﬁ’% or %&°§ of
speC|f|vianmoc¢n¢nm¢rhnlﬁ|tﬂituﬁ s&panaﬂp(nmﬂtxan:aﬂaetmads regi on 6 bel ow

the balgags ﬁﬁ&f&é&'% déérprb {*I'@é}d tcrxpdqn@etpemwu rtion 7c is

formed So as to protru ownwar d he effectlve basé wi dth of the

par asi t9€ Fh%ﬂ%?%?ﬁﬁ'1T$P|§;qqﬁﬂkﬂﬂx3?§Q1€§?Q§§ﬂﬁﬁw 4 GORTRE Ehe wi dth of
t hesot hetie Do seé id?efferuseﬂ@eém digairt of fenitter r@iglonsbése width [err]

62 protY 1"”‘%%‘3’#@@?3?‘?1‘ v Abdbprk el Hebtanentde B0 Cati on my

be suchthe d@ftmmducmmviinastiancﬁ‘i@neagb the daser iedegtrodee, the current

gain hFg,of gt Wé@&'so s to 'dd sarfé Yade'dontart pegisddced by
|ncrea5|ng T15 Dase ACCo rre t concen ration on that
portion ’Elu‘F?W‘?heW?%?@f s@‘?ﬁm r"%ﬁq e prevented and it

becooesTesco Il ector oaumccmton f&ollgictdze eiredj:ma!e 15.
Figure 3 is an equivalent circuit diagram

of a transistor formed for one emitter region 7 of the
abovementioned power transistor. Symbol Tr1 represents
a transistor formed by the emitter portion 7a and is

15 originally intended while Tr2 represents an undesirable
parasitic transistor which is formed by the electrode
extension portion 7c¢ in contact with the emitter
electrodes 8 as shown in'Figufe 2. Symboi R represents
a ballast resistance formed by the resistance portion 7b.

20 Of specific importance here is that the region
6a of the base region 6 below the ballast resistance
portion 7b and electrode extension portion 7c¢ is formed
so as to protrude downwardly, and the effective base
width of the parasitie'transistor Tr2 is increased in

25 comparison with the width of the other portions.
Referring to Fig. 4, if the original base width d, is
about 1um, for instance the width d2 by which

u



-

transistor [err]. Moreover, since the original transistor 10 [err] has
an:ordi nary base w dth, its characteristics are not deteriorated. The
emtter ballast resistance prevents current concentration in the specj '
em;tter region:=or regions 7a and the current is uniformy distribute

the emtters of the.divided enmitter regions. Accordingly, the 15

break down strength of the transistor as g whole or as a power transistor
can be markedly inproved and the character- istics of the original

O e e L3388 B, BirokRGHSE! biyfird Py iy ) SIREE of e

expanded base 'S~ eX ase W dth

portion 6a may éﬁeafn%r the _Qithugl nﬁ}.5¥r§§t§°ﬂhﬂgf bt S dieSPSCto t O One base

Tegion 6 in Fi tlve separate expanded base wi dth portions
may be dlSpOSQQ@&QdQSatQiﬁhgkﬁﬁaOﬂéltﬁgeaCh emtter region of a pair of
transi stors forned inside one base 25 region 6. The expanded base wi dth

portion 6a may be fAsr deddribedr aboyea pher eyryant ga¥n hpgadfabbe parasi-

position correspondlng to the expanded base wi_dth portion 6a bg a diffusion

techni qe or &S qﬁﬁ&i&ﬁFéFFanﬁéchﬁlﬁﬂéuﬁﬁﬂ Pﬂehnﬁﬁﬁﬁﬁ%ﬂﬁnb f easRise

di f fusion. Th|54&y Il on cgan _be fornmed sinultaneo
gi

g X W th, the
formation of &Y GOrdnEdVar SUTERPL FORSPREBATHP °9eﬁ%?th%HEl°n
el sewhere in tHG g ena Y %%12to§A0%29a§§o'llgﬁtrgkgcgg9éffrb Do IREdq

and it becomes possible to flow current through the original
~ transistor Trl. Moreover, since the original transistor
10 1 has an ordinary base width, its characterlstlcs are
not deteriorated. The emitter ballast resistance prevents
current concentfation in the specific emitte; region or
regions 7a and the current is uniformly distributed to the
emitters of the .divided emitter regions. Accordihgly, the
15 breék—down strenéth of the transistor as a whole or as a
power transistor can be markedly improved and the character-
istics §f the original transistor can be maintained satis-
factorily due to the existence of the expanded base width
porfion 6a. .
20 ' This expanded base width portion 6a may be formed
longitudinally as a whole with respect to one base region
6 in Figure 1. Alternatively, separate expanded base width
portions may b; disposed'so as to correspond to each emitter
_ region of a pair of transistors formed inside:one base
25 region 6. The expanded base width portion 6a may be

formed by forming a p* region



o
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in/;» ordance with the present invention, in which the sane reference
nus are used to identify the sanme consti- o tuents as in the
abo enbodi nent and expl anation of such constituents will not be repeatefl.”

In this enbodi ment, the base width is uniformfor both transistors [err]
and [err], .as shown in Figure 5;.fgyever, a Pregion 6b of a relatively !
hi gher concentration than the 5 ot her base regions is forned in a

f b ' ' d w th i ti ' T T
or ok ATEBGR) 8L B BPOLEAE GPTRECRIRALRR By cahe rxasndef 07\ Su t nat this
| mpr o & 8 PPOYEASR GPTREPRRAc SN A nat ¢
hat RS #1aih, BeRRISA ohory H APFELPTSRCLEHTIy ki 0775 Thongh i1

does t - hixt ' T. +né R ornmed in the
for) ouphlasbiehtatibh! techRlnfd dna "URCR pEFARGE G Riad DUTPE 10 L0

by t haidifiiisnon TheBnpdupegionacans be ofoihed [ €1}l tanebudly s removed by !

etching. A P type inpurity such as boron ion - 8 - 12 i's then inplanted
i nto withgithe Cormetpondofigatp regipariniailaterakiBNBPr through the
aperture 11°thus defined, in a dose of about 5 x 10 cm , for

exanpltranmdgtoraprep renarngiadei alisewhereiiputheI&.  introduction in
ordi nary. cRLSRERS: Sgi 6 FRCaEBchbiRE Frehe (EpEtREr Sty usly with |
in accordance with the present invention, in which the same E
reference numerals are used eo_identify the same coneti- | <‘J
tuents as in the aSove embodiment and explanation of such
constituents will not be repeated. |
In this embodiment, the base width'is uniform for both
transistors Trl and Tr,, as shown in Figure 5: However; a_
pt region 6b of a relatively higher concentration than the
other base.regions is formed in a part of the base region 6
associated with the parasitic transistor Trz. To improve the
collector-to-base withstand voltage, it is preferred that
this p* region 6b be disﬁosed to0. an intermediate depth 4in
the base region 6 so that it deee not come into contact
with the collector region 3, ehough it does contact
the emitter region 7.
The P¥ region 6b can be formed in the following manner.
First, as shown in Figure 6A, the base region 6 is formed
by the diffusion technique and a par£ of the SiO, film 10

is removed by etching. A P type impurity such as boron ion



the diffusion of this emtter region, the P type inpurity in the ioT;EEZ}
I npl antation region 13 is pushed 10 below the emtter region 7. ,
the P type region 6b which is expanded locally within the base region 6 is
formed i nredi ately bel ow t he resistance pobtion 7b and contact portion 7c
of the emtter region and around their pérPpRery. .This P+ type region 6b
has~a hi gher 15 concentration than that of the original base region 6
and has a seat resiis dhen dinplanted| datp, af vegiont earreshomdimg tesi st ance

5 sl o1 than A ol 11 Oeind18s8e” SBan Lie! A5 PEONETPLingEd

manner, if the - concentration regio 1861 e the
base region of tdefiRedasiity @ APfesPSt BPOUREE ¥f 10he paflsi ti cf9F ansi st or

can be reduced sixdmidle.l Nestt, afttesOToLRiAR! AOWiAAOWDECR! SpGF£Ey and t he
breakdown strength c I mproyed. <Sinc e R+ type regjpn oes not 25
affect the ot he%’rthé'&%nurc%ao&nng,n %ﬁ? §i92a??‘é?‘i 357’ choimwig‘{g’(igfﬂ Sion
transi stor are rist efflemrtiedr dnedrdenr theformi the ohdin&rytemitteni on 6b is
formed after pass ough ahav q&g}'o d i j ' cess,
its inpurity co%?%ﬁ??gPpo%&hgngnh?ghgr cohcgﬁfra??%%ﬂg%ﬁgéa%gggwgﬁﬁthe

si de -9 - cl e diffusdopof; his gmitker rRgieRncFheBetYReions. As the

result of this, inptaviad dh @heCqoh’ iRbplefAtation region 13 is pushed
10 below the emitter region 7. Thus, the pt type region
6b which is expanded locally within the base region 6
is formed immediately below the resistance portion 7b
and contact portion 7c of the emitter region and around
their periphery. This P’ type region 6b has a higher
15 concentration than that of the original base region 6
and has a seat resistance of up to 200§/, for instance,
but the resistance is smaller than that of the other
base regions. |
In the abovementioned manner, if the high
20 concentration region 6b is disposed inside the base
region of the parasitic transistor, hFE of the parasitic
transistor can be reduced so that the current
concentration can be prevented and the breakdown strength
can be improved. Since the p* type region 6b does not
\_J 25 affect the other base regions, the characteristics of
' the original transistor are not deteriorated. Further,
since this P type region 6b is formed after 'passing
through the abovementioned ion implantation process,
its impurity concentration has a higher concentration
30 peak on the side




to reduce hFE of the parasitic transistor. Though the present invention has
t hus Me8n 5 described with reference to the preferred enbodi nents
therthe enbodi nents can be further nodified on the basis of the )
techm—cdl concept of the present invention. For exanple, the position,

shape and size of each of the expatfited base width portion 6a 10 or the -.
hi gh concentration region may be changed in various manners, as nmay the ‘w#
met hods ofcYases e tthemenfitdezusigda tdwdm tden afihar bhasomedgdionsd by
increasinqﬁ:he i mpurity concentration of the expanded portion 6a.

Furt her nords tipotarsulte @forfhds r ddio e Do ConFridutesyjuci ng the current

gain may be forped qQn the Bgfe of the parasitic transistor. Additionally,
the preserft®i § g’rrma?rf' SFANAR BF ARSI HES 4 ransi st or by changi ng

t he sem conducti vi t of ch qf .the abovenenti.qned.sem conduct or
regions. 20 Tt-*y“-g)f‘soe‘d‘@s FiDe Q:I At eenqlflo"rneg%stngt?mssl r?ggrgcurrent gainis

reduced by, UEALALS RAN Weld) dHed I Und TUE o ORI iR Of the base

regi oh, of the parasitic transistor 1t mes possible to prevent current
concent r atd iy dd¥ | theP Hrddinferid ANGS IY AR H¥E pdfFie@ve the breakdown
strength of the transistor as a whole so the transistor can operate in a

Sﬂt | sfact ¥y the -baldis dRRIRY tédHMWa ddsdepitoMHdhradsdmct eri stics of
t he

invention. For example, the position;'Shape and
size of each of the éxpandgd base.width poftion 6a _ \_;
10 or the high concentration region may be changed in
various manners, as may the methods of forming them.
The current gain can also be controlled by increasing
the impurity concentration of the expanded portion
6a. Furthermore, another region_or regions or means
15 for reducing the current gain may be formed on the
‘base of the parasitic transistor. Additionally,
the present invention cén_be_applied to form a PNP
trahsistor by changing the semiconductivity type
of each of the abovementioned semiconductor regions. d
20 As described in the foregoing, éince current
gain'is reduced by greater base-ﬁidth or higher
impurity concentration of the base region, of the
parasitic transistor it becomes possible to prevent
current concentration in the parasitic transistor
25 and to improve the breakdown strength of the transistor

as a whole so the transistor can operate in a satisfactory



originally intended transistor. Thus, it is possible to provide a
sem conduct or device which is extrenely useful especially as a power - _
ttansistor. 5 U. K. Patent Application No. 84.28941 has been/_, =
di vided out of:the present application and describes matter also dis Qﬁ%é;
in the present application. Attention rsldrawn to that application.
* & L MS * CLAM: I. A sem conduct or device including a
bi polar transistor and a parasitic transistor, the sem conductor device
conprising: a first sem conductor region of a first conductivity 5 type
serving as a coRPBBESr WishPuk BeteRéopapdndrthfdehparacteristienesie: a
second sem conductor, r?gion of g ﬁecond conductivjt tg e. serving as a base
region for the BFPEREALINGL1pERASEH ETRREASFY or sThYRe LhcbhdPIFRIhduct or
- 10 region being_adjacent. tqo the.first eniéonducto . region; and althird
sem conductor r &5 BROSAAERE PERAFORIRAREE: IPYCE BRI CE S g IR Ui ¢ (e
region for the i r I LiC it .S . third 15
sem conduct or rgégghibggﬁgcggﬁgge%% ?obgﬂékség%%%1%€§¥bonductor regi on,
wherein thesthird seni cenguchaieh@Ihpp1¢eHRLIbACR0. 84.28941 has been

divided out of the present application and describes

" matter also disclosed in the present application.

Attention is drawn to that application.



an operating portion for formng the emtter of the bipolar transistor, and
a balA/gst resistance portion 20 a ' n which formthe

erOef the parasitic transistor rein the effective base*”
[/ the parasitic transistor |Hlmgmm'|nﬂﬂr“me base w dth of the

bi pol'ar transistor base regilonin the se reglen portion of the parasitic
25 transistor adjacent to the terminal portion of th€ third sem conduct onet
Iayerc961M§duce the current gain of the parasitic transistor, and 12.
wherein the sem conductor device further conprises a base contact portion
In the second sem - conductor region extendi ng adjacent to the operating
portion ofy the emjgt el IL.pol.ar 1S) St Qs t not extending
adj acent tlo' t he beﬁ I g%%dl%gisn%%(é%ﬁtc%oﬁ%g&g{%§ t%e%rr%ip%al:%port ion, an

em tter elgGinde SOMRLT Harldis 818 i diflr 13l ROT el RluReb t he
emtter operating portion, and a base el ectrode contacting the base contact
portion s@dvidde tdtnprlidiiRy: 10 el ectrode and the base el ectrode are spaced
apart from one another. 2. A sem conduct or device according to claim1
wherein the effectad faidmss semididnduictidre regyiasi (dfc a fdrstStcohdustivity
approximately twi ce the base width 15 of the bipolar transistor base

regi om. type serving as a collector region of the bipolar

and parasitic transistors;

a second semiconductor region of a second
conductivity type serving as a base region for the
bipolar and parasitic transisto;s, the second semiconductor

10_ region being adjacent to the firét semiconductor
region; and

a third semiconductor region of the first
conductivity type serving as an emitter region for
the bipolar and parasitic transistors, the third .

15 semiconductor region being adjacent to the second
semiconductor region,

wherein the third semiconductor region comprises \_)
an operating portion for forming the emittef of the
bipolar transistor, and a ballast resistance portion

20 and a terminal portion which form the emitter of
the parasitic transistor, and further wherein the
effective base width of the parasitic transistor
is greater than the base width of the bipolar transistor
base region in the base region portion of the parasitic
25 transistor adjacent to the terminal portion of the
third semiconductor.layer to reduce the current gain

of the parasitic transistor, and



L

3. A sem conductor device according toclaim1 wherein the said
bi,pol ar transistor is a first bipolar transistor, the said parasitic

transistor is a first parasitic transistor, , Hmmmamumﬂﬂ no havi ng &
second bi pol ar ‘transistor and a second paras {ENRS BRI wherei n tihe
first sem conductor region serves agp,a comon cof I ect or region of the St

andsecond bipolar and the first and second parasitic transistors, 25

t he second sem conduct or §Egr&in SEhd ESeMBcEnEOFEBN desice ePuPthdOr the
first and second bipolar and the first and second parasitic transistors,

a fourth sem condoohprisegi anbasetbentactstpoouiomtinitlye t ypeosdrs@si-as an
emtter region for the second bipolar and the second parasitic transistors
the fourth seni coronduotor epediohecextendingcad jacenhetecthe dopemd tingluct or
region; wherein the fourth sem conductor region conprises an operatjng
portion for formi PRrEHencpftthe eMmither seedhen ohothe RIRMLIStBFanBRERr
bal | ast resistance €ortion and terpm nal portion mhicﬂaforn1the emtter 10

of the second Spar ¥4 t‘i‘%tt?’éﬁ?i‘gf’b?,é ‘ﬂc?'_b t FRr thif bt ?’Fler%?’f%%?'?% base
the second bi pol APoTFARk: 80dr R SEEFBURER PrftiEh bk PRLHERr ERTeHA Che
second parasitic ééﬁ@éééiﬂﬁ the emitter terminal portion but not the
emitter operating portion, and a base electrode
L~/ contacting the base contact portion so that the emitter
10 electrode and the base electrode are spaced apart
from one another. |
2. A semiconductor device according to claim
1 wherein the_effective base width of the parasitic
%ransistor is approximately twice the basé width
15 of the bipolar transistor base region. |
3. A semiconductor device according to claim
1 wherein the said bipolar transistor is a first
bipolar_transistor, the.said parasitic transistor
is a first parasitic transistor, the device also
20 'having a second bipolar transistor and a second
parasitic transistor,
wherein the first semiconductor region serves
as a comﬁon collector region of the.first and second
bipolarland the first and second pafasitic transistors,
25 .the second semiconductor regién serves as
a common base region for ﬁhe first and second bipolar

-and the first and second parasitic transistors,




15 adj acent to the termnal portion of th g ‘mg‘ \mnductor | ayer to

reduce~jhe current gain of ‘the second par xmm , and wherein the ,
basef act portion is between tgi third o&rtH sen1conductor regi ons
and gxtends 20 adjacent to said opetating portions of said emitters of the

first~dand second ﬁ%ggﬁgé¥% §€ﬁiééﬁﬁ cPHE ggﬁl@g|%&e@: (*t bal | ast Qé

resi stance portlo n1na porti ons of the ahd fourth

regions, H%ﬁ"ﬁmandﬁoﬁ %og@ngggtggtgnt BR; Q%&tqrgtﬁ“nﬂﬁl portions 25 of

bot h the egl ons ‘but not t e emtter operating portions of

the thirdegpd fausdd ﬁgrawa\f,aﬁ@dtﬁéeseaéﬁaebsefarsqtiqccwﬁféﬁe&% base

contact regions. sem conduct or device according to claim

| or clai phe FHEFER NséhtcsndicbPOLagibhabeingoadjacerdt g bi pol ar

transistor, the said parasitic transistor is a first parasitic transistor,
t he dev|CQHi agéubﬁuwsémucoﬁaw@ﬂdrbregian-tran5|stor and a second

parasitic transistor; wherein the first sem conductor region serves as a
common col | ect or rwmpreumfthéeféursh senii cendnd tirp dleyyi omcdnprikiesst and
second parasitic transistors; 10 a fourth sem conductor region of
the first asorapexating pyp‘ei@lerﬂes fermingnthecemiddiean dforthehe second-
bi pol ar and the_second parasitic transistors,
second bipolar transistor, and a ballast resistance
portion and a terminal portion which form the emitter
10 of the seéond parasitic transistor, and further wherein \-j
the effective base width of the second parasitic
transistor i; greater than the base width of the
second bipolar transistor base'region in the base
region portibn of the second parasitic.transistor
15 ‘adjacent to the terminal portion of the fourth Qemi—
conductor layer to reduce the current gain of the
second parasitic transistor; and
wherein the base contact poréion is between
the third and fourth semiconductor regions and extends o’
20 adjacent to said operating portions of said emitters
of the first and secdnd bipoléf transistois but not
adjacent to the ballast resistance portions and the
terminal portions of the third and fourth regions, the
emitter electrode contacts the emitter terminal portions
25 of both the third and fourth regions but not the emitter

operating portions of the third and fourth regions, and

the base electrode contacts the base contact regions.



w -

and'a fifth -sem conductor region o%*TTE??%EEﬁﬂI?QJ;f*Efivity type serves as
a base region for the 15 second bip W‘m“‘\ “l\ arasitic transistors,.
sald fifth sem conductor region beiq “j | : '

first sem condu
region; and wherein the fourth senmi conduct &r region ‘conprises an op g
portien for formng the emtter of the 20, second bipol ar transistor, "a
bal | 88t resistance portion and a ternfhaﬂ‘pbrtion which formthe emtter of
the second parasitic transistor, and further wherein the effective base
wi dth of the second parasitic transistor is greater than the base w dth of
the 25 second bipolar transistor base region in the base -15- region
portion of the sedend par dsistemi corductor éevicecnccordimg (s nél@importion
of the fourth sem - conductor region to reduce the current gain of the
second parasitic dremsicdadm 23nwlierein the sadidebdipolar twansietsr cont act
“portion is a first base contact portion, and there is a second base contact
in the fifth sen &é8n8ufdastr djipolaxttransdstoracthe maid parmsiticg
portion of the enmtter of the second bipolar transistor but not extending
10 adj acent to tkEapglister dssiatfirstpparasiticd transistonal tipordévicef
the fourth sem conductor region, the emitter electrode contacts the emtter
t erm nal S also having a second bipolar transistor and a second

parasitic transistor;

wherein the first semiconductor region serves

as a common collector region of the first and second

bipolar and the first and second parasitic transistors;
10 a fourth semiconductor region of the first

conductivity type serves as an emitter region for

the second bipolar and the sécond par;sitib i}ansistors,.

and a fifth semiconductor region of the second
conductivity type serves as a base region for the
15 second bipolar and second parasitic transistors, said
fifth semiconductor region being adjacent to the first .

semiconductor region; and

wherein the foﬁrth.semiconductor region comprises
an operating portion for forming the emitter of the
20 second bipolar tranéistor, and a ballast resistance
portibn and a terminai portion which form the emitter
of ‘the second parasitic ‘transistor, and further wherein
the effective base width of the secoﬂd parasitic |
transistor ‘'is greater than the base width of th;

25 second bipolar transistor base region in the base



portions of both the third and fourth sEﬁﬂconductor regi ons but not the

eni t peioperating portions of 15 the t Umcllﬂﬂﬂﬂw:ultem conduct or
- regifons\\and t he base el ectrode cont act i RN econd base cont act

5. A semi conduct or ,devi ce including a bipolar tfansistor and
a paresftic transistor, the sem CoMduct or 20 devi ce conprising; a first-.
serm congledivn rpereton of thetsecondicparasjtigperamsdstpns a col | ect orw
regi on of the bipolar and parasitic transistors; a second sem conduct or

regi on @fdjacentnto2the rekminal tporyiensefvthe fourtuskemeyi on for the
bi pol ar and parasitic transistors, said second sem - conductor region being
adj acentedridudtoti regionnto reddcget ther cyrsentagain ofgthe third

sem conductor region of the first conductivcity type to serve as an emtter
regi on fsecomd papaisitimdransistor;tansistors, said third sem conductor
regi on being adjacent to the second sem conductor 5  regjon, wherein the

t hi§ d seni conducwbenedg dthe ospid shaseceptagti PPTIAB ok8for formng the
emtter of the bipolar transistor and a ballast resistance portion and a
t er mi nala phixstnbaisiecicontact portienerand there is a second

base contact in the'fifth semiconductor region extending
adjacent to the operating portion of the emitter |
of the second bipolar transistor but not;extending

10 adjacent to the ballast resistance portion and the
terminal portion of the fourth semiconductor region,
the emitter electro?e contacts the emipter terminal
portions of both the third and féurth semiconductor
regions but not the emitter operating portions of

15 the third and fourth semiconductor regions, and the
base electrode contacts the first and second base
contact portions.
S. A semiconductor device including a bipolar
transistor and a parasitic -transistor, the semiconductor

20 device comprising; |

a first semiconductor region of a first
conductivity type serving as a collector region of
the bipolar and'parésitic.transistors;
a second semiconductor region of a second

25 conductivity type serving as a base.region for thg
bipolar and parasitic transistors, said second semi-
conductor region being adjacent-to the first semi-

conductor region; and



10 the parasitic transistor, and further. mhefeLnNthﬁLgpgilils‘h

concentration of the base region of-the parasitjic transistori I g

that of the bipolar transistor base region in m,&mﬂ,”f : orti
L] e

the parasitic transistor adjacent to the term ird
sem conductor |ayer to reduce the currentléai n of t heé pdrasit+c transistor,
~andiwherein the sem conductor, device further conprises a base contact
portion in the se@om@iﬁﬁﬁﬂﬁmiﬁﬂﬂdﬂcﬁQﬁﬁnﬁg16%1GEE¢@§ ddirstesondycthecity
operating portion 20 of the emtter regi,on of the bipolar transistor but
not extendi ng adj d0@% % SEHYDHAT & Ftary FeI Ly tfiogn thed biRe18&r ni nal

portion, an emtter el ectrade cqntact. ., the emtter term na
portion but not tH& rﬁatrtaesrl%dﬁer W%‘ﬁ'oﬁ%tﬁuﬁiéeﬁlﬁf?f‘g&&E%S
contacting the ba t act. rtd that .t he em tter el ectraode_and the
base el ectrode ar e%%gé%c%e%%é'ﬁ'%? tadfj%o%ﬁ%%né:%a&&%gsre.cond emleonEu% s+ 17.

6. A senigonq%gfg pevice according to claim5 wherein said higher
I mpurity concentratlonnbase region of the parasitic transistor is in the

second seni conduct or regi Qherdith WHEHHIGH S dIURVr 2eglieht tempelisthe
emtter but does not underlie the operating portion of the emtter, and
wherein the ~an operating portion for forming the emitter of '
the bipolar transistor.and a ballast resistance portion
and a terminal portion which form the emitter of
10 the parasitic transistor, and further wherein the
impurity concentration of the base region of the
parasitic transistor is higher than that of the bipolar
transistor base region in the base region portion
of the parasitic transistor adjacent to the terminal
15 portion of the third semiconductor layer to reduce
the current gain of the parasitic transistor, and
wherein the semiconductor device further
comprises a base contact portion in the second semiconductor
N4 regidn extending adjacent to the operating portion
20 of the émitter region of the bipolar transistor but
not extend;nq adjacent to the ballast resistance
portion and the terminal portibn, an emitter electrode
contacting ‘the emitter términal portion but
not the gmitter operating portion and a basé electrode

25 contacting the base contact portion so that the emitter

electrode and the base electrode are spaced apart

from one another.



hi gher. i mpurity concentration base regjon of the parasitic tran5|stor does
notfdiYect|y contact the first sem conﬂim I,LH “ﬁlu”mh
erein the sai d

sem duct or device according to clai
bi polar transistor is a first biyp]ar tranS|stor fhe" said parasitic
transistor being a first parasitic transistor, the devi ce al so having a .

secondsblpolargrginiebaducndraduvmu!iiﬁhquaiﬁgtto tlads stor, wherein nng
first sem conductor region serves as a conmon coll ector region of the first

and se§ogtieltieit csaidchigheri dmpuritys concentrationcbasensi stors the
second sem conductor region serves as a common 20 base region for the first
and segegdod ©f xhenparasiticstransistomdpainsthecsecond stors, a fourth
sem conductor region of the first conductivity type serves as an emtter
r egi onskemi comduetondregpohar aadd underddes) dspid sberminalansi stors, the
fourth 25 sem conductor region being adjacent to the second sem conductor
r ed onportidreraf nthecendtter duti doesunatr undeohieotperi ses an operating
portion for formng the emtter of the second bipolar transistor, and a _
bal | asopesaitsing popbionopfakhes emittiers and twherehnctheorm the enitter 5
of the.second parasitic transistor, and further wherein the inpurity
concenhighiesh impunityacenceptaatiion base region of the
parasitic transistor does not directly contact the
first semiconductor region.
10 7. A semiconductor device according to claim
S or claim 6, wherein the said bipolar transistor
is a first bipolar transistor, the said parasitic
transistor being a first parasitic transistor, the éebice
also having a second bipolar transistor and a second
15 parasitic transistor,
 wherein the first semiconductor region serves
as a common collector region of the first and second
bipolar and the first and second parasitic transistors
the second semiconductor region serves as a common A
20 base region for the first and second bipolar and
the first and second parasitic transistors, a fourth
.semiconductor region of the first conductivity type
serves as an emitter region for the second bipolar |
and the second parasitic transistors, the fourth
25 semiconductor region being adjacent to the second

semiconductor region;



<

the second parasitic transistor is greater th econd bi pol
transistor base region in the basé region por'iﬂ"i mlmj ;H paraS|t } :
transistor 10 adj acent. to the term nal portlon @

conduct or Iayer to reduce the current ga 8. 0of the second parasitic’

transi stor; and mhereln Hhe has coqéq%é oL L1 on |§ ?tgeen the third.and
f ountsh sem conduct or SIS s ts ﬁﬂfgﬁg BeEs tﬁggéﬁgrﬁfﬁﬁﬁlses

ot ext endi ng. adfal ?ﬁ?ﬁi&qlﬂ%ﬁ%‘iifﬁﬁgﬁf‘éﬁ@g Bhpr B ERGBER SN i e
portons of e ybiligh A1 WL G | 88 oF BAE {4 ShCEuEdE Al ot

the enmtter erm nal rtions o © ¢ he our regions but .

not the em tterg QR ¥ Hhd Y Tﬁé}‘iﬁrﬂ;l tﬂt?&rébbﬁdwﬁﬂéhf euﬁnhthe%ﬂﬁ% 3§nd the
base el ectrode Contacts the base conta regl ons . sem conduct or

devi ce accor @i ngft @he Fdboha pa¥asi i branbeseos, thaasauétheﬁokmerem _
transistor is a first bipolar transistor, the said parasitic transistor is

a first parasitithet iaipririity corventerition 60 thei Bgse regiod bifpol ar
transi stor and a second parasitic transistor; wherein the first -
seni conduct or r ehieosewnd paasi ttiomransi $toroisr ggeaterf thaa thast and
second bipolar and the first and second parasitic transistors,

of the second bipolar transistor base region in the

base region portion of the second parasitic transistor
N 10 adjacent to the terminal portion of the fourth semi-
conductor layer to feduce the current gain of the
second parasitic transistor; and |
wherein the base contact portion ié between
the third and fourth semiconductor regions and extends
15 adjacent to the operating portions of the emitters
~of the first and second bipolar transistors but not
extending adja?ent to the ballast resistance portions
énd the terminal portions of the third and fourth
/ regions, the emikter electrode contacts the emitter
20 terminal portions of both the third and fourth reéions
but not the emitter operating portions of the thira.
énd fourth.regions, and the base electrode contacts
the base contact regions. -
8. A semiconductor device according to claim
25 5 or claim 6, wherein the said bipolar transistor
is a first bipolar transistor. the said parasitic
transistor is a first parasitic transistor, the device
also having a second bipolar transistor and a second

parasitic transistor:



a fourth sem conductor region of the first onduct|V|tﬂﬂiype _serves as

an ep er region for the second blpolar lHﬂ Hﬂ asitic

tra grs, and a fifth sem conduct or reg conductivity
type es as a base region for tH&e second blpolar and second parasitic
transistors, 10 the fifth se onduct or, r dj acent to the first-
seni conduct or ré hﬁﬁ*%é’ﬁ mfﬁ% fﬁﬁﬂﬁ%\aﬂ gﬂi%gﬁ%ﬁ?%nprl ses o
operating portion for rmng the n1tt Eﬁigiecon blp0| transi stor,
and a b#® #COBBOY; gﬁr’c'?ﬂ °&n8 h formthe
emtter of the secqQnd_par |t|c t an5|st t her mhereln t he

i npurit P @RQ*EﬁtPﬁa gﬁ TRt AR §§P *ﬂigéﬁo angistors,

transistor is higher than that of the second blpolar transi stor base region
in the 20 base region portion of the second parasitic transistor adj acent
to the termnal pPoriawithoseamcansinates qiagionoeduther figgiton to reduce a
current gain of the second parasitic transistor; and wherein the base

cont a8t SOMAUCHEViLY, YRS "r?o?sésc@rﬂ SMLLEeT ¥&F108ndOThere is a second
base COMEEledfOd Tadl I ' SO L 00 e o
tranS|stor bu%f?%h sem1conductor region of the secqnd
conductivity type serves as a base region for the
second bipolar and secqu parasitic transistors, | \.)

10 the fifth semiconductor region being adjacent to

the first semiconductor region;

wherein the fourth semiconductor region comprises
. an operating po:tibn for forming the emitter of the
second bipolar transistor, and a ballast_res;stance'

15. portion and a terminal'portion which form the emitter
of the second parasitic transistor, and further wherein
the impurity concentration of the base region of |
the second parasitic transistor is higher than that
of the second bipolar transistor base region in the

20 base region portion of the second parasitic transistor
adjacent to the terminal portion of the fourth semi-
conductor tegionnto reduce a currenp_gain of the
second parasitic transistor; and

wherein the base contact portion is a first
25 base contact portion, and there is a iecond base

contact portion in the fifth semiconductor region



w

extendi ng adj acent to the ballast resistance erninal '_
posytion of the fourth sem conductor 5 region, u @" trode A
contactlng the emtter term nal portlons of bot« fourth se -

condyct or regiohs but not the emtter op atlng portions of the third an
fourth m n rr n h | r he fir
ou t senm conduct o e a t e li‘as%pe %ct odq%%nﬁactf the first

and 'sgcond 10 h8¥&eRgAp CP 95

fce

according to claim4 or

h
within the fiftAm g@ﬁssoﬁéu% segan?{f'bféﬁ ek i ek ce
di I 7,
CCwi thin the s EBRRSRE, BoRaReRs, tPQ%?’%ﬁ'&f ] YL aENE R, "
P doct o anx an@hgf treg raqc%g; SECOI’I .sem COHC}&‘C%}‘OI’ ‘téBl{&uc‘t <

.sem conduct or

second seni condygbekn', thQ”ehﬁt‘Uetzh'é’lééﬁJdé %oniedﬁﬁ%yj%é’rexﬁfﬁté’f‘ 12,

A semi conduct or dévicé substanti al | y as herein described wth reference to

and as illustrateg¢mifalli portiong 4£0'bdtil the ¥hirdandAqitWEsahithe
acconpanyi ng 25 draw ngs.

/

10

15

20

regiron is mn regl on, 20 the

conductor regions but not the emitter operating portions
6f the third and fourth semiconductor regions, and
the base electrode contacting the first and second
base contact portions.

9. A semiconductor device according to claim

4 or claim 8, wherein the fourth semiconductor region
is within the fifth $emiconductor region.

10. A semiconductor device according to claim

3 or claim 7, wherein the fourth semiconductor region
is within the second semiconductor region.

11. A semiconductor device accoréding to any one of
the preceding claims, ﬁherein the tﬁird semiconductor
region is within the second semiconducfor region, and
the second semiconductor region is within the first
semiconductor region.

12. A semiconductor device substantially as herein
described with reference to and as illustrated in Figs.

1 to 4 or Fig. 5 or Figs. 6A and 6B of the accompanying

- drawings.




