+1- Sem conduct or Device~Thisiinv i on’ |
‘ . ention relates to a sem -
22gfggagu€?rtlpularly to a power transistor adapted to a ﬁ?gﬂuggaérdEVICe’
“power 5 I‘éﬁ lnfegrated circuit device:(hereinafter referred to as s
out put Circui%' n the power transistor in a power IC for use in ansgh it>7jr
region into,a Fr the'like, it is a CUSL?HHVY practice to divide an énit?
o der toiobltoa%alal Liygﬁf r?gl ons and afrange themin one 10 basesT& ioner
) out pu .
2ﬁ!{?2£ {ﬁ3|ft?nce is inserteg éﬁﬁ$&é§§$%§#£92$$$%§ ngfgnt;ﬁgslﬁggggiﬂ
u erm : : ngl e
Ehf pIuraIPty Of.diC?geggighS#W%BS?SELSFE%§E%LEQQE'%ﬁ?%§01§Uﬁhﬂﬂy'thrgugh
al l ast resi st it : . met hod of forming this -
region with ongg%%&cgﬂ phd- flere pakieg cu akiliyndiplee ptawefmmamsfiefsﬁ%r? ance
connect ed to the em ”r'_UOUS wi'th the emtter regions and the_ other end
area of the pondd ield WP HigH Poverdeemrarmuat eI RESD occupat i
experi ments car rd %r\gpilggr@aami&mmm et 1P Red 1P | 38 e .resuzltspc’f "
. . 'eirc i i -t HeP i "no
present invention, it was found that the input ;FZZtrodgﬁZEEéozf%ihéhe

resi stance- regi d the resi j ;
The transistgr ?%ﬁfﬁij sistance 25 region function as transistors.

In the power transistor in a power IC for
use in an audio output circuit or the like, it is
W, _ a customary practige to divide an emitter region
" into a plurality of regions.and arrange them in one
10 base region in order to obtain a high output current.
In such a power transistor, a ballast resistance
is inserted between each emitter region and the single
emitter input_terminal sO th&t the emitter current
flows uniformly through thé 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
the emitter regions and the other end connected to
the emitter input electrode, so as to reduce the
20 occupation area of ﬁhe power transistor_as a whole,
but according to the results of.experiments carried
out for such a construction by the inventor of the
presént invention, it was found that the input electrode
side of the resistance region and the resistance:

25 region function as transistors. 'The transistor formed



14 by the emtter regions of the originally intended transistor and the

t hat c
bal | ast

| ocally concentrates in the parasitic transistor due to 5 the

gl stance region, thus breaking down the transistor. Accordingly,

there iS~a need to i nprove the break- down strength and to increase the
area of safe operation of a power t+adhststor which uses a part of its

emtter 10

regions as a ballast resistance. According to the present

i nvention there is provided a sem conductor device including a bipolar

transi stor
conpri si ng:

type to serv I or, _
t¥gnsistors;%§%2323%3&5§n1c5ﬁﬁh

serve as a_

second seni - conductor re

a?g;%hparasitic transi stor, said sem conductor device

par‘asitL'transi stor due to the resistance region cone to be co-present so

© emitter regions qfhdbe @rigigiadiwiintendet conductivity

re%%pn Qf .the bipolar and parasitic

! - it i . th
PEEB1LRANER LRGN colel BOLY ANDARILY 5 thall Hwent |

I on bel ng

' GUr ' ' e : ' f the first
sem conduct on0eagl 9nconBEntrhlkktd 152 FhEORdYCtqr sregion of th
conductivity type ?o serve as an en1ptergreg|on or-TARE1850THidYE &° and
parasiti G tr&hel badlastt basiBeadc8e¥egion, thus breaking down the

10

15

20

25

transistor.
| Accérdingly, there is a need to improve the break-
down strength and to increase the area of safe operation
of a power transistor which useé a part of its emitter
regions as a ballast resistance.

| According to the present invention there is

provided a semiconductor device including a bipolar

" transistor and a parasitic transistor, said semiconductor

device cdmpfisinéz

a first semiconductor region of a first
cOndubtivity type to serve as a collector region of the
bipolar and parasitic transistors;

é'second sémiconductor region of a second
cdnductivity-ﬁype to serve as a base region for the
bipolar and'pérasitic-trahsistors, the second semi-
conductor.régioﬁ'being'fofmed adjacent to the first
semiconductor'region;”and .

a third 39mic0nductor region of the first
conductivity tygé to serve as an emitter region for the
bipolar and parasitic transistors, the third semi-

conductor region being formedfadjacent to the second

semiconductor region,

FA St rgnsi staro fmec diedddie vity type to



eonductor regi on being fdrrred adj acent to the second sem conductor region,
wherein the third sen conductor ‘regi.on conprises an operating portion. for
formng the emtter of the bipolar transistor, and a ballast resis

tange)
portion and a‘term nal portion which_ fggm.the enmtter of the paras@
transi stor, and,furthér wherein the inpurity concentration of the

region of the parasitic.transistor is higher than that of the bipolar
tsansi stor base region in the base r

region ' . Sedionr eomprdses
transi stor adjacent yperednt ghe I‘é’ﬂ'ﬁ%f??ﬂﬁgéb%tgﬁt hi rggl seni conduct or
| ayer 10 to reduce the current gaipn of

sai ledSd g tersoft ahe and
wherein the highsperapingt pmmtﬁﬁfiﬁﬂrﬁgé’ymtéﬁﬁ

*region of the parasitic
transistor is In the second sen condycto

RAQY grencei portion &nf nal
portion 15 q‘,ig,aygerrttmmotioé" of &H&éﬁé}; the operation portion, of
the emtter, and wherein the higher

N ri géroofbade payastBic
t he parasiti cgt ¢@pmiisadr mi%twhi‘f’gg#lﬁ G el '

' N : ontact the first semi Conductgr
\r/\ggl 81[] | e>2<oi$ap| Qraﬂsﬁér;;nzfg!&énggéﬁg{iﬁtgh%&#&;ﬁg%ﬁg&ﬁggﬁﬁtﬁﬂ? By
of the base region of the parasitic trar_:sistor is higher
than that o.f the bipolar transistor base regiOfx in f:he
pase region portién of said parasitic transistor adjacent

to the terminal éortion of said third semiconductor layer
o | . |

10 to reduce the current gain of said pgrasitic transistor,
and _
wﬁerein the highgr jmpurity concentration base
. region of the parasitic transis;qr is iy the second |
semiconductor region and underlies the terminal port;on.
15 of the emitﬁer S;t does not underlie the operation portion
of the emitter,}and wherein the higher impurity
conceniration-b;se region_of the parasitic transistor
A does not directly contact the first semiconductor
region.
20 . An embodiment of the invention will now be
d%scribed, by way of exmaple, with refergnce to the

accompanying drawings, in which:



-3-.Figure 1 is a plan view show ng the power transistor portion of a power
ded for the purpose of explanation, Figure 2 is a partial 'sectional

I C incl

vi ew off e line 511 -1l of Figure 1; -Figure 3 is an equivalent circuit

di agr a the power transistor; Figure 4 is a schematic sectional view d
usef ul explaining the structure of Figure.2; 10 - " Figure 5is a
sectional view of a power transistor %o?tion in an enbodi ment of the .

present ‘invention; and Figures 6A and 6B are sectional views showing the
principal steps in fabricating the power transistor of 15 Figure 5.. Figures

1 and 2 depict the sgidetdlre of I%m ﬁé@n&&& %Oﬂ_‘;\lés%geowg\rmﬁransi stor

Is forned as a part of a power gures

transi stor itrdmsi®tbr rporfiod of 2 %éfx¥b5¥ﬂe fer 20 100
consisting of a P-type substrate 1 a% an. N -type epcﬁ am%? s?for med

on the substeftexplangtiiond al techniques. The portion (island reglon) in
which the power transistor is to be forned is enconpassed by an isolation

region 4 and is elBQuiled |is ias@aattda i rasotiormih e i roqplttheellq_l};%nt s not

ﬂmw1ﬂmge¥etobefowmd
of Figure 1;

Figure 3 is an eqguivalent c1rcu1t dlagram of the
power tran51stor-

 Figure 4 is a schematic sectional view uéeful for
explaining the structufe of Figure. 2; |

10 Figure 5 is a sectional view of a power transistor
portion in an embodiment of the present invention;
and o

Figures 6A andIGB'ére sectional views showing the

principal steps in fabficating the'power'tranSistor of
15 Figufe's.

Figures i_énd 2 depict the structure of a power
transistor. This power transistor is formed as a part
of_gnpqwgr IC. In Figures 1 and 2, the power transistor s
is formed in a part of a silicon semiconductor wafer

20 100 consisting of a P-type substrate 1 and an N——type
epitaxial layer 3 formea on the substrate by epitaxial
technzques. The portion (island region) in which the
power transistof is to be formed is encompassed by an -
isolation region 4 and is electrically isolated from

25 other circuit elements not shown that are to be formed

on other portions of the semiconductor wafer 100.



én ot her portions of the sem conductor wafer 100. The power transistor

wi | l--be described in further detail .in the follow ng paragraphs. In thg=<\
epitaxial |ayer 3 enconpassed by a B iselation region 4, an annul ar N@)

diffusion layer 5 is formed, with 5 a deeply extending collector el ect\oee
that reaches a buried layer 2. [err]_Pgbase region 6 areforned inside the
dirffusion | ayer 5 by known diffusion techniques. As shown in the plan view

.OMFigure 1, four base regions 6 are formed in .one i Iatqﬁi | Qo hignd .
adj acent pai ppeOpoese tiansidgfiamn¥idlabe éﬁ?&ﬁfp‘g’f?ecﬁ'oy ée aio(;q\/éenent i oned
annular N region 5. A pair of upper and lower Nerr] emtter regions 7 is
formed in eagh kthee Soddiowing %‘-’Wp&?‘seen clearly from Fi g_éjre 1. Each
emtter region 7 consists of an, 15 enitt | sea Ty ek aigwxdwiion t he
mai n tran- sistlor wheereRitaxd Yk ;ceg%% I on 7bﬂ¥servi ng as the .

bal | ast resistance and an electro t | POdy 5 s Vidimed) ohitn
al um num el ectegddm S‘Géﬂ/iﬁb‘“ﬁé‘:dﬁeeﬁgté er ﬁ]hput }ter m nal comes into

contact. The el ectrode extensj ' i Nt Esdd attiat t hmachesta ode 8
through a Bork faemll XD lﬂaggc‘ﬁ)lcéolﬁé oxi de film 10. As schematically

repr esent ed t-he chajnp |h4Ke i redionr € are formed| LoEid@cthe | S
connected | nb%b?ﬁﬁ)‘%d%¥%£g%h emtter region via the con; tact hglseghégn
thereby form ngefhe: 61 jLgeri 9By Kown ndiffusion techniques.
in the plan view 6f Figure 1, four base regions 6 are
. . ) . b
(NP formed in one island region 3 and adjacent pairs of base

+
10 regions 6 are encompassed by the abovementioned annular N

region 5. A phir 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 majin tran-

sistor operation, a resistance portion 7b serv:.ng as the

ballast resistance and an electrode extensipn portiqn 7c
with wﬁich 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
lﬁy the dot and chain line in Figure 1, this electrode 8 is
connected in c::mmon with each 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_



25 An alum numemtter electrode 9 is in contact with the -5- emtter ¥
portio_ 7a of the transistor operation-portion via a contact hole 17. A

?emtter el ectrode 9 is provided Bor each em tter portion,
8 ntly of the others. An alum niunbase el ectrode, 14 contacts 5 the

base r&gion 6 between a pair of emtter regions 6 via a contact hole 16. As
schemati cal | pmitmees@wmdry Zd o fiothentransi stdr f‘!ﬁpéf‘afi&lir Portidhe base @

| ectrod 14 t th b S in
comon. ther Y48 H, SREERC e 700 Wpalite St fler s%m%e&i‘ 5
contacts on QOXPeW&ViQOQCtM@@ eiitter @oxstian,edndﬂbﬂﬂdeﬁtlfwt

di f r r f t

aboverent | a%ﬁ :‘gﬁe?“?‘i‘é“?. ”;.‘?' g pedy dtihde N4 'dintacts o,
fornmed b EnPRSsE I ﬁ&gﬂfb betyeen & pain iof emittemiregionsis |
Tr{err] repreisnaSconﬁamteudlﬁb'ﬁ.paw'ddlﬁddﬁ%’il&tyorrégk‘%r e‘i Cﬁj@d by

the electro S rtiong,7C tact with tthe odes 8
&s shown mdghg #@QZ% 91% eo 5| 3e bage elretrodercd by
the resistanté pardispomd 30 as to conned‘h‘ theethafSeC ddmd@ Kegdpls | S

that the reg ncgﬁm e@@;ﬁ [ Hm st _r |stance
porti ond17 iﬂ eI e r6de ext efisi on p(q)irs?l on c 1 s%m} ’S‘E‘]t'o protrude
downwar @ gp-tggt Pveopdasts on collector electrode 15.

Figure 3 is an equivalent circuit diagrain
of a transistor formed for one emitter region 7 of the
~ abovementioned power transistor. Symbol Tr, represents W
a transistor formed by the emitter portion 7a and is
15 originally intended while h-?_ represents an undesirable
parasitic transistor which is formed by the electrode
extension portion 7c in contact with the emitter
electrodes 8 as shown in Figure 2. Symbol 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 parasitic transistor '1‘:-2 is increased in
25 comparison with the width of the other portions.
' Referring to Fig. 4, if the original base width d, is ~
about 1m, for instance the width dz by which

¥




width of the parasitic transistor Tr2 is increased in 25 conparison with
the width of the other portions. Referring to Fig. 4, if the original base

width d is about 1[err], for instance the width d2 by which - 6/5-f\he
base portion 6a protrudes downwardl y: may be about 1[err] and this(d h .of
protrustion may:- be such as to provide a withstand voltage. As des ed

apgve, the current gain hFE of the parasi® B Tic transistor Tr2 can be
reduced by increasing its base wi dth. Accordingly;_current. coggentration on
that portiontiferbeget pertions6st protpudesi 6awnyardly pay, be,aheut, cyent ed

and it beconmes possible to flow current .through ths origb?al %o
transistor Thimrafd théscdepth of PEOLRUSLAPLY PAY PPaAUFR BF $°Tr[err] has

an ordinary base width, its charaoi%%istics are not deteriorated. The
em tter bal Ipmevide;a:whthshrBYNPLTBEPrent concentration in the specific

emtter region orﬁéegkgggéégd& oVva® GHe' SlirrehtUdalin’ K Y &S ithed paddsia

the emtters of t emtter regions. Accordingl ¥ the 15 break-down

strength of {he LeaRghskor % ,3cH0be Yedited BYAncrledbiny Ulksdasee

- markedl'y inproved t he cha?acter- istics of the original transistor can
be mai nt ai ”Wiéﬁh'.ZbAEéB&@E¥b}lqu%ereh|Ecemlmm ioh idne thvatapeationse
a.

w dth portion hi s expanded base width portion 6a may be

formed during the transistor operation can effectively be prevented

and it becomes possible to flow current through the original

A transistor Trl.' Moreover, since the original transistor

}0 Trl has-ah. ordinary base width, its characteristics are
not deteriorated. The emitter ballast resistance prevents
current concentration in the specific emitteg region or
regions 7a and the current is uniformly distributed to the
emitters of the divided emitter regions. Accordingly, the

15 break-down strength.of the transistor as a whole or as a

| power transistor can be markedly improved and the character-
jstics of the original transistor can be maintained satis-
factorily due to the existence df the expanded base width
portion 6a. -

20 This expanded base width portion 6a may be formed
longitudinally as a whole with respect to one base region
s'in rigﬁre 1. Alternatively, separate expanded base~vidth
portions may 5; disposed so as fo;correspogd to each emitter
'region of a pair of transistors formed inside one base

25 pegion 6. The expanded base width portion 6a may be
formed by forming a p* region



udinally as a whole with respect to one base region 6 in Figure 1.

| ongi

Al tgrnatively, separate expanded base width portions nay be di sposed so as
tolc espond to each emitter region of a-pair of transistors forned inside
one\bage 25 region 6. The expanded base wdth portion 6a nmay be forned by

formng a p region -7- in advance ?t a position correspondi-ng to the
expanded base wi dth portion 6a by a diffusion technique or an ion- - 'Qé
i npl antation technique and then perform ng the base diffusion. This p

region can be forned sinultaneously 5 with the formation-of a p region in a

| ateral PNP. jty aasiadical a@' a2 pp8ieicd edgrekss | -
The arrangenént ofaFigsé 1at864 déonot ?§I%§MP?§P§ Fﬁekggtggﬁgadgﬁains, but
Figures 5 6pagedwddthl pestiahe sanbgrhodifeatibh feehhdgiecow bR §BE-

present 10 invention, in which the sane reference nunerals are used to

i dentify theimplantariont teehnigsei anfi ghenlpeeféraitigexpkapakeon of such

constituents will not be repeated. In this enbodinent, the base width is
uni form for Baffusiensi sChis Pr fegipnardnTbpefokmeds simaManeohisgyre 5.
However, 15 P region 6b of a relatively higher concentration than the

ot her base r #¥ditbn§hes frgpasdonnof paPt 5PILRE Basa lageoalePMBsociated with

the parasitic transistor Tr[err%. gg i.mprove the coll ector-to-base
Wi t hst and vol*F2g81siteT| OTppefEPPEJILRdE elsewhere in the I.C. -

The arrangement of Figs. 1 to 4 do not fall
within the attached claims, but Figures 5, 6A and 6B
illustrate an embodiment in accordance with the p:ésent o

10 invention, in which the same reference numerals are used
to identify the same cqnstitﬁents.as.in Figs. 1 to 4 and

explanation of such constituents will not be repeated.

In this embodiment, the base width is uniform for both
transistors Trl_;na Tr,., as shown in Figure 5; However, a
15 pt region €b of a relatively higher concentration than fhe
other base regions is formed jn a part of the base region 6
assoclated with the parasitic transistor Trz. Tb imprbve the
collector-to-base withstand voltage, it is preferred that . 4
this P* region 6b be disposed to an intermediate depth 4p ~
20,'the base region 6 so that it does not come into contact
with the cplleétor region 3, though it does contact
the emitter region 7. | | |
The PY region 6b can be formed in the following manner.
First, as shown in Figure 6A, the base region 6 is formed
25 by the diffusiqn-technique and a part of the $i0, film 10

is removed by etching. A R,gype impurity such as boron ion



this P region 6b be disposed to an internediate depth-in 20 the base
region 6.so that it does not come into contact with the collector reglpﬁ
tthough it does contact the emtter regi on . The P[err] region 6b can
formed in the follow ng manner. First, &S SHOwn in Figure 6A, the base
region 6 is fornmed 25~ by the dlffu5|on technique and a part of the [err]
fim 10 is remiged soytherclinp)anted inte a nregicny corresponding ton -8 -

12 th

ransi stor ¢ hr S, PaTARANE (XRAE FEOK SR Qg dpir ﬂé‘%‘?*%b%ms 5 x
10[err] cm dﬁd‘ﬁ.mdamilnaa oge %\ft@?"ﬂ%rfm*\g“% Wi ncRA f of Qﬁburl ty 5
i ntroduction ig B xaifp13. 2 NbA#1 Mrea0 20Riig Y el ofor tfrbeptpd | 0

order to_formt nary em tter [egi sho
Si mul t an8ous| y intreduetian dnithe (# (?m &Enqule fﬁﬂé{#
impurity in thgs effegtedntiai lafaezegwrwxanlﬂwumaw emiter the

W hi n ¢ he basERagR T 9% ST FERE & L SO {thAcaiy it 077, Y
7b and cont act ther ﬁi(ﬂf\mimi anetteistemﬁ'.tsglmm &he® typer periphery.
tTmasoﬂS”]!n t%g_sg;‘?g ﬁg and ﬁoas seat resfgta eﬂcg.,.u toﬂgéo%id;ﬁ] ,Offor
i nst ancel10 below e emitter region 7. Thus, e 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 20013/, for instance,
but the resistance is smaller then 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
25 affect the other base regions, the cherecterist:lcs 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

et

1



resistance is smaller than that of the other base regions. In the

nti oned manner, if the high 20 @ concentration region 6b is

di spps, i nside the base region of the parasitic transistor, hFE of the «
{ti€ transistor can be reduced so that the current concentration can

be prevented and the breakdown strength can be inproved.” Since 'the P type

regi on 6b does not 25 . -affect the other base regions, the characteristics\.d

of the original transistor are not deteriorated. Further, since this P type

region 6b is formed after passing through the abovenentioned ion

| npl ant at i on EFIERRAS .t tthd Emititer edideeiban ithie dher Bagheregarmant ration

30 peak on the side --9- closer to the emtter side than the other

base regi ons. s tthee nesmiltt off thiiss, tthee regygioon 6&b comtiribmtiess tioo reduce

hFE of the parasitic transistor. The position shape and size of each of the

5 expanded b&Fsfudelthpp@f ithe Grr@sitiic tirgnsieteant rati on regi on nay be

changed in various ways, as may the nethods of formng them The current

gain can al so be cdite RAHFIAR ishapea&ndy siize iofp@aiahy ofokdént rati on of the

expanded pgftleg{rba%%edG%aseFté,rit rrg%rr ,io%n%tah%rr rt% I_ %qg%r r egions or. means

concentration fegion may be changed in various
ways, as may the methods of forming them.
The currehfugaih can:a159'$§ contrclléd By increasing U
‘the impurity concentration of the expanded portion o/
10 6a. Furthermore, aﬁdther region or regions or means
forlreducing'the curreht.gain may b¢ fbrmed on the
~ base of the parasitic tranéistor. Additionally, .
the present inveﬂtidn.can'be”apblied to form a PNP
transistor by changing the.éémicénductivity';ype
15 of each of the abovementioned semiconductor régions.
As described in the foregoing, since'cu:rent
gain is reduced by greater base width'of highex
impurity concentration of the base region, of the U
pafésitié_t:ahsistbr it be¢9ﬁes_pd$sihie to prevent
20 current coﬁcentratién in th parasitic transisfor
and to improve the ﬁreakdown strength of the tfansistor

as a whole so the transistor can operate in a satisfactory



for reducing the current gain may be formed on the base of the parasitic
transistor. Additionally, the present invention can be applied to forma
PNP transistor by changing the sem conductivity type 15 of each of the
abovenent i oned seni conductor regions. AS described in the foregoing, kified
‘current gain is reduced by greater basgow-dth or higher inpurity
Ggpcentratibn of the base region, of the parasitic transistor it becones
possi ble to prevent 20 current concentration in the parasitic transistor
and to inprove the breakdown strength of the transistor as a whole so the
transi stor camammerawdthoud detesfioratipg thelohanasberistituef
deteriorating the characteristics of the originally intended transistor.
Thus, it is psdsi wrdodisadlyviiasendedntEanagis er-m%he&mtwae%%%%m y
useful especially as .a power Lrana%stor. 5 ., _Tnis agglicatton IS :
di vi ded out oftCUPKOVE&ee/ SRBICPRIPFERINGLVAEe3WBAGH (HBLERERERSthder No.
-2089564) . It thereﬁore desc&ﬁbes natteaealggaggigL8§ed in that application,
to which attemSeSHY §SEESHLLY as ¢ power .

5 This application is divided out of U.K. Patent
Application NO. 81.34947 (published under No. 2089564).
It therefore describes matter also disclosed in that

S ‘application, to which attention is drawn.

s~

\a/



CLAIN§: 1. A sem conduct or device including a bipolar transistor and a

¢ transistor, said seniconductor device conprising: a first

' hictor region of a first 5 conducti'vit I mnmmmnﬁl'ts a collector =
regio#”of the bipolar and parasitic transi'st Onl W conduct or
regiden-0f a second conductivity type-tDlserve &s & basé régi 6n for the

bi pol ar and parasitic transistors, the second sem - 10..conductor region g}
bei ng forned adjacent to the first sem conductor region; and a third

sem conduct or region of the first conductivity type to:serve as an emtter
region for theCbADMBar and parasitic transistors, the:third sem- 15

- conductor region being fornmed adjacent to the second sem conductor region,
wherein the third sem conductor region conprises an operating portion for
formng the emtter of the,biggﬁar transi stor bal,l ast, resi stance

portion and 201afterﬂﬁn§§zb89 Ghi ﬁv*ﬁﬁn+?ﬂ€£€¥$9t%rb%ﬁo%$% parasitic
t o . ! . ! _
egion of the 5arHETBERT, RARcPopBrarLUEY hEdnE RIS [ALE i ool AR

transi stor basg L go | %Eg ase region portion of said parasitic

: . omprising¥>~ ' ° . : : .
transi stor adjagen? Zg #g e fTermnal portion of said third sem conduct or
| ayer a first semiconductor region of a first

s conductivity type to serve as a collector region of the
bipolar and parasitic transistors;
a second semiéonductor region of a second | Q_J
conductivity type to serve as a base region fo: the
bipolar and parasitic transistors, the second semi-
10 conductor region being formed adjacent to the first
semiconductor region; and |
a third semiconductor region of the first
conductivity type to serve as an emitter region for the
bipolar and.parasitic transistors, the third semi-
15 conductor region being formed adjacent to the second
semiconductor région, ' RS
wherein the third semiconductor region comprises
an operating portion for forming the emitter of the
bipolar transistor, and a ballast resistance portion and
20 a terminal portion which form the emitter of 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 said.parasitic transistor adjacent

25 to the terminal portion of said third semiconductor layer



_-12 .to reduce the current gain Ve transi stor, and wherein
t he hlgher i npurity concentratloﬁ ﬂlﬁu Il"ﬂﬁl "ﬂthe paraS|t|c transi stor
is in"the second 5 sentconductor*regloh and sunderlies the term nal tion

of the enitter but does not underlie thé operation portion of the g;zér
amd wherein the higher inpurity conceni®ati on base region of the

tkansi stor does not directly contact the first sem conductor 10 re 2.
A sem conduct or device accordlng to claim1l1, wherein the third
-Zié”oﬁﬁ”iz‘rﬁ?;n&u L%?d#sa“%% | uLr AT et 9 iR G aregeT .
wherein the higher impurity concentration base
region of.the parasitic transistor is in the second
5_ semiconductor region and underlies the terminal portion
of the emitter but does not underlie the operation portion
of the emitte:,.and wherein the higher impurity
. concentration base region of the parasitic transistor
i,; | does not directly contact the first semiconductor
10 . region. |
2. A semiconductor device according to claim 1, wherein

the third semiconductor region is within the second semi-
conductor region, and the second semiconductor region is

within the first semiconductor region.




