t process for producing a sem conductor device. PNP transistors are
essleritial in current technology and play an inportant rele in gipﬁhar o5
circuits. However, 5 PNP transistors ?Xhlblt per formance char JtéFTSTY
such as current anplification factor e and gai n-bandwi dth product fT

whi ch are considerably inferior to those of NPN transistors. For |nstance

t he gai n-bandwi dth product fT of an NPN transistor may be about 100 MHz. 10

Wih a PNP (1 anspabipsd | $rodterag’ 8- BaMdidhdior Uskyices, al best,
several MHz. Th | but ed to

the following: (1) A PNP transistor is usually constructed in a Iateral 15
configuration in which p-type layers are arranged in the lateral direction,

and using an epit gpedlprizdeie 1myeitidh éeaalt@%ectdrhepﬁec 58t ea&—at ed
Circuit Engineering (I)" published by Corona Publishing Co., 1979, pp.

165- 168. Vthrbaualagr@p@@m@cdﬁaﬁcﬁﬁrtagvheggs I nj ected through 20 t he
emtter are stored in the epitaxial |ayer, and only a small proportion of
the holes arrive pNPt heat¥ilsdrs  afd) esbenkdsd vinltdudPenv¥htebhndldyy
i mportant paraneter in determ ning transistor performance, varies in
dependence upad phaypaeciisipor tdinrostesing bifpdlar it Guhek . aHdweYert he
phot oresi st and i n dependence upon the diffusion

5 PNP transistors exhibit performance characteristics such

§§§§SS FOR PRODUCI NG A SEM CONDUCTOR DEVI CE The present invention rel ates

as current amplification factor hfe and gain-bandwidth
product fT which are considerably inferior to those of é@
NPN transistors. For instance, the gain-bandwidth
product fT of'an NPN transistor may be about 100 MHz. -

10 wWith a PNP transistor, however, the gain-bandwidth product

fT is, at best, several MHz.

The. poor performance of a PNP transistor can Le

attributed to the folldwing:

(15 A PNP transistor is usﬁally-cons;ructed in a lateral
15 configuration in which p-type layers are arranged in the

o~ lateral direction, 5nd using an épitaxial n-type layer,

as disclosed in e.g. "Integrated Circuit Engineering (1)"

published by Corona Publishing Co., 1979, pp. 165-168.

With ﬁhis-structure. most of the holeﬁ injected through
20 the emitter are stored in the epitaxial layer, and only

a small proportion of the holes arrive at the collector.

(2) The base width Wy which is an important parameter

in determining transistor performance, varies in dependence

upon the precision of processing of the photomask and

25 the photoresist and in dependence upon the diffusion



2 conditions of the emitter and collector. It is therefore difficult to

Lo

control the base width WB, and in particular it is difficult to reduce '
greatly the base width. (3) The distributi of inmpurity concentration
varlegrgn 5 the epitaxial layer that acts t he base of the transistor.
View o

Cor AR (RS O eRBLRRr e S SRR 2L, fReFiore

transi stor W%t i'n an e 0 enhance t

per formance of, SUCH, A L{ANSLEEARY Hle naselFLdEW S O Endaye phsesbanad

that the nu arirng steps 1 ncreases siderably If 1t is

attenpted to for/y g AL RNELS kRuuddd g1y Cale FDESL @Datatlor in the

sane senicondhctor substrat e, a subsequent increase in manufacturing

costs. 15  (3yTherps ege8t ri BUeRbLINOD ft RATAff €y PESESeEr 8t DoACEaS ik in
produci ng a bipol ar sem conductor devi ce, conprising: selectively

I ntroduci 5y igRUIrépi esx0hlalhivest teaudtis/idy tiy@ebaseoofl shei conduct or

substrate, to formfirst and second sem conductor regions separated from
each 20 othertrdméi®tlising inpurities of the first conductivity type into
the first sem conductor region, to give the first sem conductor region a
high inpurity conckntvaewonf &he sibne-wmoutoyedndedeatsng thapdniveinds g
the first 25 conductivity type selectively into a part of the second

seni conduct orhaegi seught RoPNPa trtansl stor cohtliceovertgrah structure in

an effort to enhance the performance of such a transistor.
\; 10 The inventors have also found that the number of
manufacturing steps increases considerably if it is
attempted to form an NPN transistor and a vertical PNP
transistor in the same semiconductor substrate, with a
subsequent increase in manufacturing costs.
15 The present invention therefore prorides a process for
producing a bipolar semicnnductOr_device. comprising:
selectively intrqducing impurities of a first
conductivity type into a aemiconductor substrate, to form
first and second aemiconductor regions separated from each
20 other;
introducing_impurities of the first conductivity type
into the first semiconducror region, to givelthe first
semiconductor region a high impurity concentration, and
simultaneously introducing impurities_pf the first
25 conductivity type selectivel§ into a part of the second
semiconductor region, to form a third semiconductor region
having a high inpurity concentration;

selectively depositing a semiconductor layer on a



N1g a high inpurity concentration; selectively depositing a
onductor layer on a 3 surface of the substrate, thereby to cover

_ iTst, second and third sem conductor regions; introducing inpurities
of the first conductivity type into the3part of the sem conductor IayQ;(
covering the third 5 sem conductor region, thereby to forma fourth sem -
conduct or shefiece oft & mpliseretee thergby 6o cloyegerihmmiucstor | ayer to
the third sem conductor region; and formng a rectifying junction in the
senmi condu8eEPnlaped Fhdimd isrpieenducsng sesioasduct or region. 10 The
rectifying junction may then formthe base_and collector of the vertical
transistor, thé&nSTOSME I iinREFHEERSr Of e §h8n FilFS te HOARC Hh T §hetYP®r d and
fourth regions provide contgct to the emtter. One way of, form ng the
rectifyingn?8n5 Foﬁ%%?tﬂgT€E9 sem;%@?é&FF?él9%ﬂﬁﬁwﬁﬂﬂﬁqﬁf5rﬁﬁﬁi??é%dof
the segond _conductivity type into the sem canductor, |ayer, to forma fifth
sem condugfg%c%iéiug\éov%irc =t énggeFPBPh ttﬁe%&frmf z?céwd‘f"yttqheses"b‘rﬁ conduct or
| ayer to d ' oq%y& gkQn; i g r.qduci ng
inpuritieéggﬁﬁgﬁggffrgﬁégn1tu%é@%%g Fgg% ?ﬁgoégﬂﬁﬁ‘e(éptéh?fifth

sem condugt gk cbRAuRTor A 4y fo SEXENeAeFCRRAYCbNaRY P L ddud e fadth
sem conduct or o |
forming a rectifying junction in the semiconductor
layer overlying the secénd semiconductor region.

10 The rectifying juhction may then form the base and . QJ

collector of the vertical transistor, the second semi-
. conductor region the emitter and the third and fourth
regions provide cont#ct to the emitter.
One wéy of forming the rectifying junction is by:
15 ' selectively introducing impurities of the second
- conductivity type into the semiconductor layer, to form a
fifth semiconductor region which extends from the surface
of the semiconductor layer to the second semiconductor
region; and ' ;J

20 introducing impurities of the first conductivity type
'into a part of the fifth semiconductor region, to form a
sixth semiconductor region in the fifth semiconductor
region. The fifth semiconductor iayer then forms the base
and the fifth semiconductor the collector.

25 Alternatively the rectifying junction may be formed by
an electrode in contact with the semiconductor layer over
the second semiconductor region, the electrode being
freated to form a Schottky contact, which forms the

rectifying junction.



region. The fifth sem conductor |ayer then fornms the base and the fifth
seniconductor the collector. 25 Alternatively the rectifying junction
may be-formed by an el ectrode in contact with the sem conductor |aye er
t he sgcond sem conductor region, the é ectrode being treated to fornfad
Schottky contact, which forns the rectifying junction. - 4 - The esent
I nvention may make possible the formation of an NPN transistor and a
vertical PNP transistor of high performance in the same sem conductor
substrate wit houtTIE%ugFﬁ‘g'eﬁﬁngf‘é(Sf‘GﬂQnt FYe ke RAFIELesthe forpatéipa way
of achi eving éhe present inyention gn n-type silicon |a eriis fornmed on the

surface of #%id% VhN sERRESAGEPE! @ & ,iQQﬁagﬁg 1331 $ECH Plyer being
cLect 11 02l ot i SLEf HUSKEL! 91 RH 2 sl it LS L L g by 1o form
SLCRRT™Y DS iie Sob il RSk LB Smblfecoll ocer, Lo or
o Lhe, DrESert | DEE AR el ScbOLRA LA AR RS LR 30
stopper. (1 P?’o{#%% SETLEORANELAL R0 g (i dHE AN £ OY°OE 8"E1h ¥3bn
semicondutor substrate, the n-type silicon layer being
electrically isolated ﬁherefrom by an isoplénar oxide film,
thereby to form vertical PNP transistors in the n-type
10 silicon layer. The following steps may be utilized.
(1) In order to form a part of the.collector region of
PNP transistof; a p-type buried layer (the second
semiconductor region of the present invention) is
formed in the bottom of the n-type silicon layer by .
15 introducing p-type impurities, which may also form a
channel stopper (the first semiconductdr regidn of.the
present invention) just'qﬁder the isoplanar oxide film.
s (2) P-type impurities ére.introduced into parts of
the channel stopper region and the p-type buried
20° layer, to increase the impﬁrity concentration in the
chénnel stopper regién,“and to form a high'condéntration
~p'=type region (the third semiconductor region of the
present invention) in a part of the p-type buried
layer. .
25 (3) A base width control layer (often called n-wgll)
of the PNP transistor is creatéd by forming a collector

electrode take-out.léYerﬁbf the NPN transistor.



(2) P-type inpurities are introduced into parts of the channel stopper
and the p-type buried 20 layer, to increase the inpurity

--tratlon in the channel stopper region, and to forma high —
concentratlon [err] type region (thesthird seniconductor regign of the
present invention) in a part of the p-type buried layer. 25 (3) A base
wi dth control layer (often called n-well) of the PNP transistor is created
by formng a collector electrode take-out |ayer of the NPN transistor.
-5- (4) . An(£ni tAsr emdgiter ardgidrcandcd ctorlectopdelekeodet | ayer of the
PNP transistor are created by formng a base region of the NPN transistor.
(5) A bastakéeottodayeakefoithe R fansis®OP Sretrameatied is created by
formng an emtter region of the NPN transistor. As described above, the
present irvenfoomingy aabase tdegicmr toLatheNWPHr tinganstistore be for nmed
w t hout increasing the nunber of steps for -manufacturing 10 high
per f or manceS NPNAt bassi slectrade dmke-outel PRPrt ofinthet 8NPbase wi dth may be
determ ned accurately, nmaking it possible to increase the gain-bandw dth
products f Ttxamisigtorudse ereahsd foye fiowmingcanr epéktpr region

of the NPN transistor.
As described above, the present invention may
allow the vertical PNP transistor to be formed

without increasing the number of steps for manufaéturing
10 high performance NPN transistofﬁ;

Moreover, the PNP transistor base width may bé
determined accurately, making it possible'to increase
the gain—bahdwid%h product f, and the current
amplifiqation'factor'hfe.

15 Embodiments of the prgsent invention will now
be described in detail, by way of example, with ;J
reference to the accompanying drawings; in which:

Figs. 1 to 9 illustrate the steps for producing
a semiéoﬁéuctor device produced_by a first embodiment

20 of the present invention; wherein

Fig. 1 is a sectional view showing the formation

of n+-type buried'layers;

Fig. 2 is a sectional view showing the formation



15 Enbodi ments of the present invention will now be described in _
detail|, by way of exanple, with reference to the acconpanying dramﬁngs,iga '

thEh;ﬁFigs. 1to9illustrate the steps for producing a sem conduct or
devi c¢ produced by a .first embodi ment =26 5f the present invention; whe
Fig. 1™s a sectional view showing the formation of n -type buried |aye
Fig. 2 is a sectional view showing the formation - 6 - of a channel

stopper and a collector region (p-type buried layer) of the PNP transistor;

Fig. 3 is a sectional view showi ng_the_fornoati of .- L DE nnel
stopper of aofi &ncg'tﬂm S PRReE agﬁdaacﬁﬁtef%%rbtfre%e"g’q a&yfg?t@éa hi gh
concentration by inplanting inpurity ions into the channel stopper region
and into a pauriefd tleyen) | eft ther B§yPotrahsRSRonsansi stor; Fig. 4is a
sectional. view showing the formation 10 of an n-type well region in a part
of the NPN transigior-9ring £66198n310viR? ity Lt f¥mation
transistor-form ng region, after an n -type silicon ayer has been
epitaxially grown qgn a single cristalline p -type silicon substrate; 15
Fig. 5is a ofctd aattypevchannehgstpppPedr 9dt @ohigh concentration

5 and a p+-type buried layer of a high concentration by
implanting impurity ions into the channel stopéer
o region and into a part of.the collector region of.?NP
transistor;
Fig. 4 is a sectional view showing the'formation
10 of an'q-tybe well region in a part of the NPN
transistor-forming region and in a part of the’ PNP
transistor-forming region,.after-an n -type silicon
layer has been epitaxially grown on a single crystalline
v p -type silicon substraté:. | |
15 ' Fig. 5 is a sectional view showing ﬁhe.formation
of groéves_in the isolation regions;
Fig. 6 is a sectional view showing the oxidﬁtion
of the substrate with an auntioxidation film as a mask;
Fig. 7 is a'sectional view showing the formation
20 ofla base region in the NPN transistor-forming region,

and an emitter region and a collector take-out layer



ation of the substrate with an antioxidation filmas a nmask; Fig. 7 is
ctional view showing the formation 20 of a base region in t he NPN
transi stor-formng region, and an “eri {ter region and a col l ector takeio
| ayer in the PNP transistor-formng region, the collector take-out _yer
-being in contact with the p-type buried layer; Fig. 8 is a sectional view
showing the formation 5 of an emitter region and a collector take-out
| ayer in e d ke out layer in
t he PNP ttrlglnsﬁ}g\loé ?‘2?%3‘%95_?%8%%89{91%@ 8,%;9135}, sgrtl? 0?1%* T ERF showi ng the
formation of electrodes in ghe NPN transistor and in the PNP 10
transi st otakEputiola¥en beipd dhoambngacthe wiitht tihritpoypé i npurity
concentrations along the line A-A" in Fig. 9; Figs. 11 and 12 are plan
views for pedRa iTdydp; the pattern of an existing lateral PNP transistor
with the pattern of” a verti cal PNP transi stor of the present invention,

wherein Figs. 1LA and 12A are section views along the line A-A" in Figs. 11
and 12, respeC“;&ﬁ)p is a sectional view showing the formation '

é% grooves in the isolation regions; Fig. 6 is a sectional view show ng the

5 of an emitter region and a collector take-out layer
in tﬁe NPN transistor-forming region, and a base
take-out layer in the PNP transistor-forming region; . -
Fig. 9 is a se¢tional view showing the formation
of electrodes in the'NPN transistor.and in the PNP
10 transistor;
Fig. 10 is a éraph showing the distribution
of impurity concentrations along the lihé A-A' in
Fig. 9;
Figs. 11 and 12 are plan views for comparing
15 the pattern of an existing lateral PNP transistor
with the pattern of a vertical PNP transistor of the
present invention, wherein Figs. 11A and 12A are
section views along the line A-A' in Figs. 11 and
12, respectively;

20 Fig. 13 is a vertical sectional view of a

semiconductor device produced by a second embodiment



20 Fig. 13 is a vertical sectional view of a sem conductor device

produced by a second enbodi nent - 8 - of the present invention; Figs. 14
to:19 are sectional views illustrating steps in a process for producing a
sem cgnduct or devi ce .according to a thBrd enbodi ment .of the present

i nvent¥on; 5 Fig. 20 is a diagramof a current m-rror circuit

PNP transistors; and Fig. 21.is a diagramof hfe-collector current es
of a lateral PNP transistor and a vertical PNP transistor. Enbodinment 1 10
Figs. 1 to 9 iJlystrate a first epbodi ment of the present invention in

whi ch a sem RTLIERT r HPESRELPB6| ated by an isoplanar region to form

a vertical PNP transistor and an NPN transistor, and are sectional views of
steps in a proces¥F¥igs. plédduci b aes sectdicna]l deewsesllitstitesingt eps wil |
be described belowin detail. (1) As shown in Fig. 1, a p -type silicon

xarpl o, 5 t PO & AFSeAFE shBChPRbhe U Hhddedialigll Meylds o

mnutes in a wet atnosphere, so that a 20 thernmally oxidized fil mwhich is
5000 angstrormeadiding sté oantbivd enboddmeade off the pridsent savention: The

5 Fig; Zd-is a diagram of a current mirror circuit
using PNP transisﬁors; and
N Fig. 21 is a diagfam of pfe-coilector current curves'
of a lateral PNP transistdr énd a vertical PNP transi#tor.

Embodiment 1

10 Figs. 1 to 9 illuéttété.a.first gmbodiment 6f thé
preséht invention in which a semiéonduétdr subétrate is
isolated bf an isoplanar region fo form.a vertiéal PNP
transistor aﬁd an NPN transisfor, and.afe sectional §iews
of steps in a proéess for'producing semidénductor devices.

15 These steps will be described below in detail.

(1) As shown in.Fig. 1, a.p;-tyﬁe silicdn substrate 1 is

prepared having a resistivity which.is aé high as, for

example, 8 to 13 ohms-ém. This substrate is heat-treated

at 1000°C for 12b minutes in a wet afmosphere, so that a
20 thermaliy oxidiiéd.film whiéh is 5000 angstrdms thick

is formed on one surface of the silicon substrate. The



oxide filmis then partially renoved by e.g. a standard

t hographi c method. Using the oxide film (S Q) 2 as a mask, a donor
_ x y such a antinony is deposited and is diffused at 5 about [err] for
200 mnutes to formn -type buried layers 3a, 3b which have a dlfoSI%{
depth of 2 to 3 pmand a resistance of about 45 ohns. (2) As shown in g.
2, a photoresist mask 4 is formed, and boron, which is an acceptor
impurity, 10 is introduced via the photoresist film4 into the substrate by
ion inplantation. The energy for ion inplantation is 80 KeV and the dosage
is 2 x 1014 atons/[err]. Then heat-treatnment is effected at about [err]
for 60 mlﬂnkﬁﬁtinlmrMSatpenyparﬁiamﬁjlnamnvéayﬁy é.ghaa serves as a
channel stopper, and a p-type buried layer 6 is forned in a part of the

su.f e Sinddfydval SR SO SGedila S AR AfQT 9 3, boen o

sem conduct or_substrate, in order to formp -type buried | ayers 8 and 5 of
a hi gh cofedifie ofilm (SlO ) 2 as a mask, a donor impurity

such a antimony is deposited and is diffused at

5 about 1200°C fof 200 minutes to form n'-type buried
;ayers.Ba, 3b which have a diffusion depth of 2 to
3 pm and a resistance of about 45 ohms.
(2) Aas shbwn in fig..z; a photoresist mask 4 is
formed, and boron, which is an acceptor impurify,

10 is introduced via éhe photoresist film 4 into the
substrate.by ion implantation. Thé énérgy for ion
implantatiop is 80 KeV and the doﬁége is 2 x 1014
atoms/cmzf Then heat-treatment is effected at
about 1200°C for 60 minutes-to_fgrm é p-type

15 diffusion layer 5 that serves as.a channel étoppex,
and a p-type buried layér 6 is formed in a part
of the éurface of the N+-type buried layer 3a.
(3) As shown in Fig. 3, boron ions are iﬁplanted

via a photoresist mask 7 that is formed on



tion in a portion of the p-type buried layer 6 and in the p-type layer 5 in
t he ghannel stopper 5 portion. The energy of ion inplantation is 50KeMg "
and ‘thé-dosage is 5 x. 1013 atons/cn2. lon inplan- tation is effected ty
| f iong are introduced |arge amounts =atl®bme tine, the silicon crystal
seriously damaged, giving rise to crystalline 10 flaws. Thus, there
formed diffusion |ayer 5 having a p-type inpurity concentration which is
hi gh enough to serve as channel stoppers, and a p_ -type collector |ayer 8
havi ng a suffiE@%n???lgﬁﬁaPc&&q1§§§%%§i§?esl?egfg?ﬁn e ngW]- Thereaft er
15 the oxide $i]lm2 and.the_photoresist sk.Z are . renmoved fromthe
surface. (4) APsTF¥ESngP£§&B &&&ﬁfajﬁn?ﬁﬁgngBgui high FB&FEB%Eéﬁtration
is epitaxially_grown on the ol e syrface at 970C for.15 minutes to forman
20 n-type si??%%nl?aﬁepog -|ncr?§s;&ﬁ_e tR W%rl?‘]‘rfﬁ‘ﬁc%a%ﬁﬁ ich has a

%ﬁii o by DTN B evbeo NS kIl che Sfignfle1l 4BERBHL: O éatyfﬁél
. . _ _ T : . .
18agftreagp??b%gégfg#égﬁbﬁéyéiﬁﬁdﬂfﬁg:}EROr +%#§+€?ﬂﬁa§g;§§;§E9§| s

phosphor us ioqgn&rghgnabggbgdﬂgﬂgaQJEhIB atoms/cmz. Ion implan-

tation is effecféa twice. If ions are introduced

large amounts at one time, the silicon crystal is1
seriously damaged, giving rise to crystalline
10 flaws. Thus, there are formed diffusion layer 5'
having a p4type impurity.cohcentration which is
high enough to serve as channel stoppers, and a
p+-type'collecto:-layer 8 having a sufficiently
small cqllector series resistance Log* Thereafter,
15 the oxide film 2 and the'photoﬁesist_mask.7 are
removed from the surface.
(4) A silicon layer d&ped with phosphorus at a
- low concentration is epitaxially grown on the
whole surface at 970°C for . 1l5 minutes to form an-
20° n -type silicon layer 9 which is 1 to 2 um thick
and which has a resistivity of 1.6 ohms.cm. As
shown in Fig. 4, the n+-type buried layer and
p+-type buried layer are upwardly diffused to some
extent due to the heat treatment of epitaxial

25, growth. Then, using a surface oxide film 10 of



n -type silicon layer 9 under the conditions of an inplantation energy of
1 V and a dosage of 5 1 x 10 atons/cm and are diffused at [err]
O mnutes to formn-type well regions Ila, IIb that reach the buried

I fs. (5) As shown in Fig. 5 ar dlide film(Sio) 12 and a nitridefijl m
(Si3N4) 13 newly fornmed on the 10 surface are partially etched, and\Eéing
these filnms as masks, the silicon layer 9 is anisotro- pically etched to

form grooves. 14 at positions over the channel stopper
pl ane (100)R X-¥Re ceibical Fayersoy |th RRfYeresysSt

gi1

Is to be subjected to anhso- tropic etchjn%E and_use is

et chi ng soldutaFk c PRPEPPAGUST C vab [

type layers 5 . The
RhéSsubstrate that
de of an al kaline

ARG o+ PESr FBRRitric acid, to

obtain the ooves 14._havi ng steep side surfaces and.a depth of 20 about
T B der” Bifn Bt

0.9 [err]. T 6)*XRS FLAECR CAYEF £ 147 At

n mask, silicon

st Ler AP Vol LBERFARP Brt i TREGT ARSTE 40858 R 12 1 n e
r ooves, as SHEWp14 FlgnsGen? srf-ard'alFAO0E 28 £960%8 Bbg © ectrically

i sol at

200 minutes to form n-type well regions lla, 1lb

that reach the buried layers.

(5) As shown in Fig. 5, an oxide film (sio,) 12

and a nitride film (Si3N4) 13 newly formed on the

10 surfacé are partially etched, and using these

films as masks, the silicon layer 9 is anisotro-

pically etched to form grooves 14 at positions

over the channel stopper p-type layers 5'

The

plane (100) is selected as a crYétalline surface

15 of the substrate that is to be subjected to éniso-

tropic etching, and use is made of an alkaline

etching solution consisting of hydrazine and

hydrofluoric/nitric acid, to obtain the grooves el

14 having steep side surfaces and a depth

20 about 0.9 um.

of

(6) Using the nitride film 13 as an antioxidation

mask, silicon is selectively oxidized in a steam .

atmosphere under the conditions of 5 atms

.7

1000°C, for 145 minutes, to form isolation oxide -

25 films 15 in the grooves as shown in Fig. 6.



from each other by the isolation oxide film15-and the p-type |layer 5. The
region 9a forns a PNP transistor, and the region 9b forms an NPN 5

trarsistor. (7) The nitride filmis removed. Then, -using a photoresist€§§§E>

16 forrgd on the surface, portions of” thfe oxide film 12 are opened as
in Fig. 7, and boron ions are inplanted under the conditions 10 of an
I npl antati on energy of 50 KeV and a dosage 14 2 o0of 2.2 x

t / Th t he heat -t t t i ff d | Lt
i mospher e at T r1S9+8hSaRR.E 00 o AR 1% HATILE | HeoFREPRduced

impurities, th 10 . ] d : | 8 i
port1 on of tnetsabraedncPEikd By MR oReriofiga SRS yur 10 in' "
e tter of e BRERPcRSFYPS; LofRE"R - PSSP Yok U0 V2 50

base, the - L ¥Afe PLELRULERUE! Sanh MSTUAA? B9 66010 i Lhe b- L Ype

| ayer 18 serves as a collectdr take-out I'ng a phot oresi st

mask 20 whé ch s nenty fornmed, other portions of the oxide film12 are 25
opened as shown in Frg. 8, and arsenic ions are

(7) The nitride film is removed. Then,-using a
photoresist mask 16 formed on the surface, pqrtioné
of the oxide film 12 are opened as shown in Fig. 7,
and boron. ions are implanted under the conditions
10 of an implantation energy of 50 KeV and a dosage
of 2.2 x 10%4 atoms/cm?. Then, the heat-treatment
is effected in an nitrogen atmosphere at 1000°C
for about 90 minutes to diffuse the introduced
impurities, thereby Fo fofm a p~type layer 17 and
15 a p-type layer 18 in a portion of the surface of
the region 9a and to form a p-type layer 19 in a
portion of the surface of the region 9b. The
L p-type layer 17 serves as an emitter of the PNP
transistor, the n-type well region lla serves as
20- a base, the p;type buried.layers-s, 8 serve as
collectors, and the p-type layer 18 serves as a
collector take-out portion.
{8) Using a photoresist mask 20 which is newly
formed, other portions of the oxide film 12 are

- 25 opened as shown in Fig. 8, and arsenic ions are



- 13 - inplanted under the conditions of an inplantation energy of 80 KeV
a01d | dosage of 5 x [err] atons/ cn2, and are then diffused by )
géay-vreatnent effected at [err] for 60 mnutes, in order,to 5 forman n
typ€ layer 21 that serves .as a bask3take-out portion in.a portion of

t he
surface of the region 9a and to forman n -type layer 22 and an n -tyBEj
| ayer 23 in portions of the surface of the region 9b. The n -type | ayer. 22

th f 1 f th - |, '
§2ke- ﬁufzgaﬁéﬁeﬁ&ad Sinder he YRSndThpohENet an IR T0L %S %
ase, and the n -t f -
as an em t FEEEIS oF g W, Adarh HBESRY KOS 20 udggle | avel 19 oerves
an insul atiin | / h A '
Phosphor us CBorc A 2T ChrA a5 FubRArBRIC LS piea kA ddit) "o 0P o)
fol | oved byeeec GONTAC GHSCCEER! BE- miki®Rs 24n cddE rwgnis deposi ted

t hereon by vaporization or sputtering, and patterning of alumnumis

effectgd b c + ] a Beanhicaials iak &f f d at 4700C for
about %0 m¥ﬁ%@e?’?g‘f%§mi% %Fn numtueil ectrode 25 thatwcéofres into ohm c

contact w 028 ouededieO{och NEn" 89pBRE 180 PEOWhd BuFfhed oftherein

the region 9a and to form an n'-type layer 22 and

an n+—type layer 23 in portions of the surface‘of
the region 9b. The n+-tyPe layer 22 on the surface . i)
10 of the n-type well region 11b serves as a collector
take-out portion of the npn transistor, the p-type
layer 19 serves as a'bése, and the n*-type layer.
"' 23 on the surface of the p-type la§er-;9 serves as
an emitter. o |
15 (9) The surface of the oxide film 12 is covered
with an insulating film 24 suéh as PSG (phosphorus
silicate glass) having a phosphorus concentration
of 1 to 2 mol and a thickness of 3000 angstroms), i
followed by | contact photoetching. Then,
20 aluminum is deposited thereon by vaporization or
sputtering, and patterning of aluminum is effected
by etching. Thereafter, heat-treatment is effected
at 470°C for about 10 minutes.to form an aluminum

electrode 25 that comes into ohmic contact with

25 each of the regions as shown in Fig..9, wherein



- 14- synbols [err] and [err] denote the base, emtter and collector of the
PNP..t+r.ansi stor, and synbols C2, B2 and [err] denote the collector, base and
emtter. of the NPN transistor. 5 Fig. 10 shows profiles of inpuri<y
concengﬁa- tion i.n the cross sectiom dldonmg the line AAA of Fig. 9, i.
al ong the-vertical section of the vertical PNP transistor. Fig. 11 is \a¥
pl an view of a pattern of the 10 | ateral PNP transistor, and Fig. IIA7Ts

Sﬁfféﬁ L:Sf lt AV BRPER By e Bl s Biodh P Faden Put BeBatafi Vo
. , . 2 . :
Sa???chl:rlbqﬁ%f¥€gt§%cgkgﬁh%ig%gséﬁ?ﬂ%&éﬁé@gsg?ggﬁghﬁgigrég'transistor

the carriers @re_jRj gct r.o r ti o] h ' j unctions of
"the p-type di?&u%#gnﬁﬂaggPéaeI% gﬁ%%£g¥%§¥tt§¥&%%r ?%agmgkgggistor, on the
ot her hand, the E?érﬁﬁﬁstggns#§ﬂﬁgﬁff60tiV6|y i njected over w de areas of

pl ane junctions of the p-type diffusion layers, and the collector current
can be sudficientl yéchgga-gagwg@ﬁfm\ss 5@2%%@%%%&@0 Sbn¢karge and

di scharge can be reduced to realize a gain-b product 25 f which
is as high astpbRuinl@feMdzosE section along the line A-A' of

Fig. 9, i.e., along the vertical section of the
vertical PNP transistor. )
v . Fig. 11 is a plan §iew of a pattern of the
10 lateral PNP transistor, and Fig. 1lA is a section
view along the line A-A' of Fig. 1l. Fig. 12 is
a plan view of a pattern of the ﬁertical PNP
transistor, and Fig. 12A is a section vi;w along
the line A-A' of Fig. 12. As seen in these drawings,
15 particularly in the section views, in the case of
the lateral transistor, the carriers are injected
through narrow portions of the sidé junctions of
QJ the p-type diffusion layers. In the case of the
vertical transistor, on the other hand, the carriers
20 are effectively injected over wide areas of plane
junctions. of the p-type difiusion layers, and the
collector current can be sufficiently inc:easgd.
This means that the time for chdrge and discharge
~can bé reduced to realize a gain-bandwidth product

25 £, which is as high as about 110 MHz.



- el ow are described the effects obtained fromparticularly inportant

| i n the aforenentioned production process. In the afornentioned
‘process, steps (3) and 5 (4) are quite inportant. That,is, in the step
(3), the p -type buried | ayer 8 of g hi gh concentration i-s formed in &
portion of the p-type buried | ayer 3 The isolation diffusion | ayers 57 of
a high concentration are also fornmed. As shown in Fig. 4, 10 t hese buried

I f high trati dl j ff '

f of mat i on T B Al SPafernels the bt SERALRRE BYPRed i gh con-
centration . aﬁer g S ' f, & 5 f th
ver%ic?l pﬁﬁ‘ aﬁ Vefm%ﬁagﬁjts%%g’sﬁﬁ\f\‘a&g‘%ﬁff%lg%%gg%ﬁé?gf o?efa t he

c

ont ac re%h%aﬁg%éé%g%r%%e%g.co ector el ectrode can be fornmed by

effecting eat only to a slight degree. .Further, presence

of the buried 2 | gh : AL l@n fﬁgg' r C he col - lector
series resist ang":er1 [%?]agg%ﬁgk\gig%‘hacg Sf'rzr}ﬁ&sl st orpj;ipl—gzri%, if the p-type
buriedgl ayer hag @ i e CORGERERAL.ON THAEMIELN ddlecrls tyPEpWeb) ,region 1la
the p+—type buried layer 8 of a high concentration

is formed in a portion of the p-type buried layer

6. The isolation diffusion layers 5' of a high

concentretion are also formed. As shown in Fig. 4, . o’

10 these buried layers of high concentration are
upwardly diffused accompanying the formation of
the epitaxial layer.
As described& above, the buried high con-
centration layer 8 serves as & portion of the *
15 collector of the vertical pnp transistor. Owing
to the upward diffusion; therefore, the contact

region 18 (Fig. 7) of collector electrode can be

formed by effecting the diffusion by heat only to ' (-

a slight degree. Further, presence of the buried
20 high_cencentration layer 8 helps reduce the col-
lector series resistance Teg of the vertical PNP -
transistor.
Here, if the p-type buried layer has a high
_concentration to which the n-type well region lla

25 is connected, the p-type impurities diffuse from

>



25 IS connected, the p-type inpurities diffuse from the p-type buried

| ayer—-into the n-type well region 1lla, and the effective base width [err]
of the vertical PNP transistor changes. In order to prevent such a chang&,
therefare, the buried-high 5 concentrati®nlayer 8 is formed in a port
of the p-type buried |ayer 6. The isolation diffusion |ayer 5 has an
i mpurity concentration which is so high as to maintain a sufficiently |arge
reverse withstand 10 vol tage and to prevent the occurrence of parasitic

channel s. Furt f8emPrEYRes hihiednbayabobator kRej BotyProwedili f usi on | ayer 5'

is formed acconpanying the formation_of the epitaxiall rown | ayer. \Wen a
groove for forﬁieﬁd-%g'liasola&ﬂ O?F‘?eﬁf-gﬂcFé"SS asﬁowﬁr@%‘n&m\%- in the

i taxial | her ef or e, d h, -h d |1, :
e o7 e S A B e AR R o
u u RY . i,nsertin e
?;grrgdmeilerEBFSN%WEﬂ%?R&H?ﬁ???@S?hptgFF§%85ﬁCeﬁPFaEFEH%&;ﬁﬁi&ise?y f?n-
: VeriLc ansi stQr. e correc
det er i neds Thg?’?ﬁc\s@n%%ﬁbfp ]1511,;]&{ X %%s‘gl’v‘\ﬁggh%\zagi ?%é'%élact%la&é;ffect ed

the p-type buried layer 6.

The isolation diffusion layer S5' has an
impurity concentration which is éo-high as to
maintain a sufficiently large reverse withstand

10 voltage and to prevent the occurrence of parasitic
channels. Furthermore, as mentioned above, the
isolation diffusion layer 5' is formed aécompanying
the formatiop of the epitaxially grown layer.

When a groove for forming the isolation region is

15 té be engraved in the epitaxial layer, therefore,
the depth of the groove needs be small, enabling
the time required for this step to be'reduced
(see Figs. 5 and 6).

Attentiqﬁ should. further be given tg_the fact

20 that by inserting-the,n-type well region lla,in
which the impurity concentration is precisely con-
trollea; the base width WB of the wvertical PNP
transistor can be'correctly determined. That is,
in Fig. 11, therbaséswidth WB is greatly affected

25 by the mask-alignment precision and by the precision



2 by the mask-alignnment precision and by the precision -17- of
’fﬁﬁtoresist processi ng, causing the transistor performance to vary greatly.
Zefjerring to Fig. 12, on the other hand, the base width,which is a dis- .
ance between the p-type buried |laygr 6 and the 5 p-type emtter Iazsp
17,can be precisely deter- mned by the n-type well region Ila. For

I nstance, even when the p-type buried |ayer 6 is-unneces- sarily diffused,
the n-type well region |la offsets the unnecessary portions, |eaving
necessary ®fisphotoregigith PEPAsFSing 5 GRBSLAE Ehee tRadsSHSk®an be
mai nt ai ned snmall and constant, the current li--"ficatj,on factor h can
be i ncreasper§REMARCH: FhIRTE FTERREANL . Bﬁ?gﬁéﬂf‘gt ko BdSe viath WB is
determined by determning the i rity concentgration in the 15 n-type
wel | regi opn| the ptier Aande Wn%t 258 Bt ﬁﬁywi’il?b d&n HEXDBT ned. That is,
since the base width WB i s reduced, the cyt-off freque err] can be

i ncr eased. tapget RELWeSTe >§3&%§¥EﬁlbpﬁéﬁanlFV&:bﬁegﬁﬁﬁgﬁg%ntact bet ween
the p-{ype collector, take-, 20 o | ayer 18 and the prtye emtter l-ayer 17.
Thi s kesPrFYBGs§FBﬁ§qq)%?%?ﬁafiE??¥c§F pﬁﬁcgfgﬁgigﬁ)eﬁﬁﬂntaining good
reprOduceagihééybyp%529%Eé¥52qﬁéll region lla. For instance,

even when the p-type buried layer 6 is unneces-
sérily diffused, the n-type well region lla offsets
the unnecessary portions, leaving necessary base , - \
10 width WB only. Since the base width WB can be
maintained small and constant, the cur;ent ampli-
ficat;o? factor hfe can be increased and maintained
consfént. Further, the base width WB is determined
- by determining the impurity concentrgﬁion in the
'15 | n-type well regioﬁ lla; i.e., a base width WB of
any size can be formed. That is, since the base -
width WB is reduced, the cut-off frequency fT can
be increased. Further, the n-type well region lla !
prevents contact between the p-type collector. take-
20 out layer 18 and the p-tye emitter layer 17. This
makes it possible to form a vertical PNP transistor
maintaining good reproduceability, uniform charac-
teriétics and high performance. Further, the
n-type well region has a gradient of concentration

25 and exhibits a drift function.



teristics and high performance. Further, the n-type well region has a
gradkent of concentration 25 and exhibits a drift function. - 18-
Further, if the size of the lateral PNP.transistor shown in Fig. 11
conpargd,wi th the size of the vertical P8P transi stor shown in Fig.

cal cul ation by the inventors indicates that 5 the size of the verti

PNP transistor is as small as about 0.42 times the size of the lateral PNP

O A Y Ay e MR LR 1
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| nvention exhi pyt ScXSE:Y;J.@tQ.%rP%é{] f@ﬁ@”fﬁveé&féaﬁﬂ{iif%é's Q‘?xa‘i:es‘f(r)ir bed

bel ow with reférénce to a const current circul current mr

circuit) whichehs g0ze SOWhd Vditic# PNP transistor is as
| small as about 0.42 timéé the size of the lateral
PNP transistor.
From the practical point of.view, furthermore,
the.vertical transistor of the present invention
10 exhibits a large current amplification factor h.,
. and gives advantage.- |
Fig. 21 shows relations between the collector

current and h o Of the vertical“PNP transistor of

£
the present invention and the lateral PNP transistor.
15 It will be comprehended from Fig. 21 that the
vertical PNP transistor of. the present invention .
exhibits very high performance. An example will
— ' be described below with reference to a cénstant-
current circuit (current mirrof.circuit)'which is
20 shown in Fig. 20.
| - Emitter terminals El'
transistors Ql’ Q2 are connected to a power source

Ez of the two PNP

voltage VCC' 2

together and are further connected via wiring X

Base terminals Bl’ B, are connected_

25 to the collector terminal of the transistor Q.-



'ter tern1qals [err] of the two PNP transistors [err] are connected to a
dr source vol t age [err] Base termnals [err] are connected together and
¢ further connected via wiring X 25 to the collector term nal of the

transistor [err] -19- If these-tlf@nsi stors have a current anplificat on
factor hfe ,then [err] Therefore, [err] A current mrror.ratio Cis gi

by, [err] The current mrror ratio C should ideally be 1. As will be

obvi ous from equati qn qﬁ# the current mrror ti o varies depending
upon the c%?r%h?sﬁnﬁF?P?ééﬁ fQ&X%ra[%?FfenFoFmEGﬁ%éﬁﬁ&iﬂ9 10 the case

descri bed pelow is when the current_anplif catlo factor hfe is as small as
10. In't %FE%Eeﬁfbhe §ﬁ¥¥éhmgrnrr{quafltsc FE cle T. %3 ﬁb%hﬁgT when the

current a flgatlon factor, hfe ls S great ag 100 _as with the vertical _
PNP tran- PERor Tah theéqpiest Qyén?PSn otike “cdmgent® Maeor ratio C

becomes C = 1. Qé gh %Q8§$“§ﬁ3§§$gﬁ§%£§ édfglggﬁgﬂeb We may concl ude from

this that if th or s~ of € pr g¢ent invention are used
5 ) Iin _ IB X hf ZIB :
c - T - x h > & ¢ @ O 8 (l)
ocut B fe '

The current mirror ratio C should ideally be
l. As will be'obvious from equation (1), the
current'mirfor fétio varies depending upon the _ - QJ
current amplification factor hfe‘ For convenience,
10 the case described below is when the cﬁrrent
amplification factor h. is as small as 10. 1In
this case, the current mirror ratio Cis C = 1.2,
However, when the current ampliflcatlon factor hfe
is as great as 100 as with the vertical PNP tran-
15 sistor of the present invention, the current mirror
ratio C 5ecomes C = 1.02 which is close to the
ideal value. R : | ' _ \J
We may conclude from this that if the vertical
PNP transistors of the present invention are used
20 for a constant-current circuit, it is possible to
obtain én excellent current mirror ratio.
Effects

According to the above-mentioned embodiment

1 of the present invention, the following effects



20 for a constant-current circuit, it is possible to obtain an excellent -
current mrror ratio. Effects According to the above-nentioned enbodi Sy
of the present invention, the followi ng effects -20- may be obtain Egl :
(1) Djffusing p-type-inpurities, to fo@ & channel stopper that const ?e
an isolation layer in the isoplanar technique, nakes it possible to f

the 5 p-type buried layer 6 that serves as a collector of the vertical PNP
transi stor without the need of adding an extra diffusion step. (2) The
col | ector el B3yr beeobfiadn®@. | ayer 116 of the NPN transistor and the n-type
well region Ila 10 that serves as a base of the PNP transistor .nay be
formed in théldanPiffasingnRlyRPRYLEIPSyeFO £9TMNEt © as an
emtter of the PNP transistor and the p-type Iaxer 8 that. serves as a

col | ect or ta§§°899rp&ﬂﬁFMFQﬁﬁF%EPV%ﬁdgﬂ ¥§9}ﬂg S8med¥eEp 18s t he

di ffusion of p-type inpurities which forma base of the _NPN transistor.

Mor eover, t héSSRﬁénélre&er‘BHb‘T%ﬁe- e a§7'8r98§sf'ngP§E £CXM i Sr may be
formed in.t hgyig,g; i%;e.ﬁgeaqs JaVer % "Bhaf"sQkvbRa8 ! k81 1%Ucr ) JFN

the vertical PNP transistor without the need of adding

an extfa diffusion steé;
(2) The collector electrode take-out layer 116 of
the NPN transistor'aﬁd the'n-type well region lla
10 that serves as a base of the PNP trénsistor'may
be formed in the ééme sﬁep; Also, the p-type layer-
17 that serves\és an emitter of the PNP transistor
and the p—typé layef.18 that”serves és a collector
take-ou£ porﬁion may be forméd in.the same step as
15 the diffusion of p-type impuritiés which form a
base of the NPN tfanSistof. 'Moreover, the base
electréde take-out layer.of thé.PN? transistor may
be formed in the same étep as the formation of the
emitter of the NPN transistor. By utilizing the
20 steps in common as'ménfioﬁed above, the'process may
be prevented from becoming complex.
(3) Since the PNP transistor may be of the vertical
type, the collector current can be increased |

compared wifh that of the lateral ENP.transistor of



gteps in common as nentioned above, the process nmay be prevented from
o ng conplex. (3) Since the PNP transistor may be of the vertical type,

- col lector current can be increased conpared with that, of the |ateral .

PNP transi stor of -21 - the sam@lki<ze. (4) To obtain a sufficiently
| arge drive current, the lateral PNP transistors should preferably be ™
connected in parallel. The vertical PNP transistor, 5 however, may be used
alone to obtain a sufficiently large drive current, since it has a good
current anplification factor hfe as shown in Fig. 21. (5) The vertical PNP
transi st orth®|$a®e ,8188m be smaller than the lateral PNP transistor. For 10

instance,véigz area can,be halved. . This fact is_evident from conparison of

the plan of° FPgtair angRtdd cienhkerirxge tdeivat erarepkl transi stor
with the qlan ViEM/O{ Fig. 12 showing a pattern of the_vertical PNP
transi st orcn@slatersyl BYF: Gransdstors,.§ duprefeyablythe i npurity

conceptra&&gn &e.controgae cofr, ectly in the base of the PNP
transi st orSOTRIED e ntP pPRE B Lhidri e d NS T 6 Tkt PNR, bEaNEESEOZol | ector, the
coll ecé or l’i[o%\!'(ee\;eofjf ﬁg{ri Egnuégd aarl%:{[éh%éa o_bteg)ien a sufficiently
large drive current, since it'has a good current
amplification factor hfe'as shown in Fig. 21.
(5) The vertical PNP transistor ¢e11 size can be _ Q)
smaller than the lateral PNP transistor. For
10 instance, the area éan be halved. This fact is
evident from comparison of. the plén view of.Fié.
11 showing a pattern of the'latefal PNP trapsistor
with the plén view of_Fig. 12 showing a pattern of
the vertical PﬁP tranSistor. |
15 (6) By forming the'n-type well layer, the impurity
concentration may be éontrolled correctly in the -
base of the PNP transistor. Also, the p-type
buried layer 6 that serves as a collector, the.
collector take-oﬁt poriton 18, and the p+—type
20 buried layef 8 connecting thereto, may be prevented
from contacting the p-type layér that serves as the
emitter. |
(7) Owing to the effect_méntioned in (6) above,

the base width WB of the vertical PNP transistor may

25 Dbe controlled precisely, to form a high performance



20 buried | ayer 8 connecting thereto, may be prevented from contactin
the p-type layer that serves as the emtter. (7) Omng to the effect

mentioned in (6) above, fhe base mﬁdtg WB of the vertical PNP transi st
may 25 be controlled precisely, to'f Pm a hi gh performance - 22-

transiStor that is relatively easy to produce. (8) The circuit can be
easily constructed with vertical PNP transistors. A current mrror circuit,
whi ch uses PNP transistors in a conmplenental manner, 5 depends greatly upon

t he current aﬂPéhEiE@BrOQHE%3‘¥ ﬂé¥%ﬂiJ@f %gg; ¥3h§§8§ gnt mrror ratio

decreases when the current a |f|ca I on However, a

vertical PNP féf‘nSTﬁEOEJ.EE%ﬂ. Q_._%rp)béaé@%{l?f &?&g{{j Plag present

i nvention 10 nay have a current I on err] which nmakes

it possible tgepbiahl %n&:uftffaws%éa&é arge CEEERt :m{—g& Babkgiel9) The

operation region of such a vertical “PNP transistor resrdes in

substrate, anﬁhiéhnﬁses5pﬁ§f%@#ﬁ%ﬂ%&dfﬁEiﬁaﬁecoﬂ§femgh€5ffﬁéﬁne e noise

factor NF can be inproved. Enbodinment 2 Fig ustrates a secdnd
embodi nent50fdépends greatly upon the current amplification

factor hf Therefore, the current mirror ratio )
decreases when the current amplification factor

hfe is small. However, a vert1ca1 PNP transistor

~ produced by a method according to the present invention
10 may have a high current amplification factor hf ’
which makes it possible to obtain a suff1c1ent1y
large current mirror ratio.
(9) The operation region”of such ‘a vertical PNP
transistor resides in the substrate, and is not
15 affected by interface ions. Therefore, the noise
factor NF can be improved. |
: Embodiment 2
s

Fig. 13'iliustrates.a second embodiment of the
present invention in vhicn a semiconductor substrate
20 is isolated by grooves to form a vertical PNP
transistor, a vertical NPN transistor;'and an
IIL (1n3ectlon 1ntegrated logic c1rcuit). Fig. 13
is a sectional view of a finished semiconductor
device. Isolation of the element by grooves is called

25 HIT (high density 1solatlon technology), a technique



s to forma vertical PNP transistor, a vertical NPN transistor, and

(injection integrated logic circuit). Fig. 13 is a sectional view of *
a finished sem conductor device. tsd}ation of the el enent by grooves kf/
called 25 H'T (high density isolation technol ogy), a technique -23-"1that
was devel oped by the applicant of the present invention. The process
conditions, are nearly t same, as_ihose qf the aforenenti oned enbodi ment
and are 5 tﬁﬁ&tW&iﬂé%%éi?ﬁﬁéi@ylﬁgﬁi6PP§%F3F§f§an RIETET 1 denotes a
comon p -tége I.licon substrate, reference nunerals 3a, 3b and 3c denote n
-type buri 28VF éf§? 6 denates a p-type buried |layer, and 8 denotes a 10

p -type buried @ée{ﬁriﬁc-@?.éecﬁﬂék@go &y are qfﬁ%a:fylg,;r@&%@e step of

formng a p-typé'is 1 on_ (channel "stopper) erence nuneral 14

denot es o 9QVER A I tnd SPkBELARNEIBheR R AR dda g S2T® MRMNET s

the formation Of grooves Int I sopl aner process. I s enbodi nent 2,

the grgoveng.i gds¥rmsbaVigiely, to stretch to a portion where a-

In Fig; 13, reference numeral 1 denotes a

éﬁé;igt I nvention in which a sem conductor substrate 20 is isolated by

common p ~type silicon substrate, reference
numerals 3a, 3b and 3c denote n+-type buried layers, |
6 denotes é p-type buried layer, and 8 denotes a . @
10 - p+—type buried 1aYer. These buried'layers are
formed in the step of forming a p-type isolation
(channel stopper) iayer 5.
Reference numeral 14 ‘denotes grooves fof
15 isolation that can be férmed in the same manner
as the formation of grooves in the isoplaner
process. In this embodiment 2, the groove 5 is
formed widely to stretch to a portibn where a
collector take-out pqrtion (n+—type lgyer 22) of oo/
20 the NPN transistdr is formed, so thét n+-type
impurities_need not be deeply diffusgd to form the
" collector take-out portion. A p-type emitter
layer 17 and a p-type colléctor téke—out layer 18
constituting the vertical PNP traﬁsistor are formed
25 simultaneously with the formation of a p-type

~diffusion layer 19 that serves as\a base of the



fqrned, so that n -type inpurities need not be deeply diffused to foy P
coll ector take-out portion. A p-type enitter |ayer 17 and a p-type
col l ector take-out |ayer 18 constitatdg—the vertical PNP transistor are
formed 25 simul taneously with the formation of a p-type diffusion |ayer
19 that serves as a base of the -24- vertical npn transistor. An n

-type layer 21 _that ser t akg-outt_| i the o transi stor

|2§ I(r)]r rreg si miPESAS In;ﬁgviﬁa‘?%ie)gigfﬁat iignﬂof Egﬁ;ten(}{& yrfe | ffusion | ayer
at ser 144 - Nt ANy a coll ector

t ake- out port?g\r{f%%fé%lsﬁ% %%%ﬁap%%t%gﬁ ygygﬁ'@pe%ﬁsﬁ%c?gfb | ayer 26 and a

P-type base | @Aty 1P £4MREECsIRALERARYUSIY Wity fiidTed

sinmul taneously wth the 1 ormation of a p-type diffusion |ayer 19 that

serves as a baygnfeitdie HPNATANsEghar didsidion 1eeide@preRd of the

I nverse NPN transistor is formed sifultaneously with the formation of the

n+-type disffugieQRd AV £3 dRPteepr vesthe NPR' thansi¥¥dd eindfathe NPN
transi stor. The sem conductor devi ce of enbodi nent 2

collector take-out portion 22.

col |l ector take-out portion (n -type layer 22) of 20 the NPN transi i S

In the IIL portion, a p-type injector layer
26 and a p-typé.base.layer 27 of the inverse npn
transistor are formed simultaneously with the
10 formation of a p-type diffusion layer 19 that
serves as a base of the NPN transistor. A multi-
collector 28 of the inverse NPN transistor is
formed simultaneously with the formation of.thé
n+-type diffusion layer 23 that serves.as the’
15 emitter of the NPN transistor.
The semiconductor device of embodiment 2.
exhibits the same effects as those mentioned
_ for embodiment 1. With an. isolation structure
using grooves, furthermore, the present invention
20 can also be effectively applied even where an IIL
is " present.

Embodiment 3

Figs. 14 ‘to 19 are section views illustrating
major steps in a process for producing semiconductor

25 devices according to an embodiment of the present



;x iBits the same effects as those nentioned for embodinent 1. Wth an
| &t i on structure using grooves, furthernore, the present invention 20

arr”al so be effectively applied even where an IIL is . present. —
Enbodi ment 3 Figs. 14 to 19 are se®3 on views illustrating major stepg jn a
process for producing sem conductor 25 devi ces according to an enbodi'nent
of the present -25- invention wherein a vertical PNP transistor that is

tl ti d b Schot tky barri . '
e 1 br mod LTSS et R RaneL Br VeRbaran ENES LrisLfEy gt | LITTCY e

Ter T e LT, SAOAPTEL S ey RIS £ S G,
13 ohns- cm%&%eceé%#fet%ﬁ%ﬁﬂoﬁﬂg%% %&% Yé.x?%f%rtﬂﬁd Z%h\ég%léeoi i ?rr;[ gzéoand
s shown' 1 Ao OHLRSe TP e g REOREES 0 Pydr o Tl uor icinitric acid  of
these groov@y S0rid> 1401228 t20% WO tkd 50! @Erd N7 bRFBe0l the PNP
buried layers 30a, 30b, p-type burigd layers 60,
80, p+-type isolation layer 50' and epitaxial

n -type silicon layer 90 are formed on a p -type.

=

silicon substrate 10 having a resistivity of 8 to - b

10 13 ohms-cm (see (1) to (4) of embodiment 1).
(2) With an oxide £ilm 120 and a nitride £film 130 -
as masks, grooves 50 are formed to a depth of 0.9
um as shown in Fig.-ls using hydrazine and hydro-
fluoric/nitric acid. . 0f these grooves 50,

15 groove 50a works to isolate the base of the PNP

transistor, groove 50b works to isolate the

collector of the NPN transistor, and groove 50c

works to isolate the element. - e/

(3) Using the nitride £ilm 130 as a mask, -

20 oxidation is effected selectively in a steam
atmosphere under the conditions of a pressure qf
5 atms., at a temperature of 1000°C, for 145
minutes, in order to form an isolation oxide film
150 in the grooves as shown in Fig. 16, thereby

25 to isolate a region 90a for forming the PNP



transis
transis

nitride film 130 as a nmask, 20

st eam

tor,
tor,

and groove 50c works to isolate the elenent. (3) Using
oxidation is effected selectively i
it pospher e .under the conditions xf A pressure of 5 atms., at a
tenperature of [err], for 145 m nutes,

groove 50b works to isolate the collector of the NPN

In order to forman isol ation

film150 in the grooves as shown in Fig. 16, thereby 25 to isolate a

region 90a for formn
the NPN transi<f¥Rsis

oxide film 120 are ogﬁned to introduce phos- 5 phorus ions by the

i mpl ant ati on et #OL

KeV, 20

at [err] for

base t ake-

col |l ector takegb%toﬁch@é?‘%%%‘o&?ht'ﬁgel\llﬁ‘?%%%g‘?séts%g{rsﬂ‘é%% PQ?EFS are

connect

edg

10

ot

out | the. PNP tr d an

-type

g t he PNP transi stor and a region 90b for formng
orTRBANAL FRddon (3B RPT SLOBMRB NS NEN ons of the

B&r the conditions of :an inplantation energy of 80

1 m Rie oo R Ry Y s SRERRERA, poPSAE ok, |

f f usi on
-type

regi on 908 vi aPe%*’Q“fﬁ?(ﬁ?fgggt@%?!i&E:y%g@g g grflégig%& ahd@E ERL! ector

10

15

20

25

conditions of an implantation energy of 80 KeV,

and a dosage of 1 x 1020

atoms/cmz, followed by
diffusion at 1000°C for 120 minutes, thereby
to form, as shown in Fig. 17, a p'-type base take-

out layer 210 of the PNP transistor and-an.n+-type _

collector take-out laYer 220 of the NPN transistor.

These layers are connected to the n -type base

region 90a and to the n .-type collector region 90b

"via the n+-type buried layers 30a, 30b.

(5) Portions of the oxide film 120 are opened,
and boron ions are implanted under the conditions
of an implantation energy of 50 KeV and a dosage

14 atoms/cmz, and are diffused by the

of 2.2 x 10
heat~-treatment in an nitrogen atmosphere at a tem-
peraturé of 1000°C for 90 minutes, thereby to_form,'
as shown in Fig. 18, a p-type emitter layer 170 of
the transistor so as to be connécted to the
p+-type buried layer 80 and, at the same time, to

form a p-type base layer 190 of the NPN transistor.

(6) As shown in Fig. 19, arsenic ions are implanted



A\(5) Portions of the oxide film 120 are opened, and boron ions are
‘gnted under the conditions of an inplantation energy of 50 KeV and a
dage of 2.2 x [err] atons/[err], and are diffused by the heat-treatnent
in an nitrogen atnosphere at a t§n§ 20 perature of [err] foyr 90 m nuytes,
thereby to form as shown in Fig. é, a p-type emitter layer 170 of the*
transi stor so as to be connected to the p -type buried |layer 80 and, at the

same time, to forma p-type base |ayer 190 of the NPN transistor. 25 (6)
As shown i¥$P @ BOrtapPBeRE: thenSurfase P&t P-tyPe-bPRAL0 a portion of

condi - 11 osrer S90TRE) HeakFSn BRIt svey e GoBdtage of 5 x 10°
oL OS] 5kt SEIaBY (51 HASION o) o0 o Lyl s 400 11 oo,
surf age 1 SHATRBEP tnaon - AEEY/BE L SV NAGY | ayer 210 of the PP
)51 oaSEH Lo MEeReckife IR dqbced ehdap, 220 o e NN
al um num by, SPULE EELNGort AP H Uy Emitter layer 230.
Simultaneously with the diffusion of emitter, the
n+-type impurities may be diffused to lower the
surface resistance of the n+-type base take-out . \J
10 layer 210 of the PNP transistor and of the n+-type
collector take-out layer 220 of the NPN transistor.
Fina‘l}y ’ contact photoetching is effected
to deposit aluﬁiqum by sputtering. The pgttérning
is then effected by etching to form aluminum
15 eleétrodes 250. Then, directly on the surface of
the n -type silicon layer 90a of the PNP transistor,
aluminum is heat-treated at 470°C for about 10
minutes, thereby to establish ohmic contact between MJ
aluminum and silicon, and Schottky barrier contact.
20 The electrode contacting the n*-type layer 210
serves' as a base electrode Bl' and th§ electrode
contacting to the p~type emitter layer 170 serves

as an emitter electrode, whereby the PNP transistor

is completed with an SBD as a collector portion.

25 Effects



Is then effected by etching to formalum num 15 el ectrodes 250. Then,

dlrectly on the surface of the n -type silicon |ayer 90a of the PNP g |
transistor, aluminumis heat-treated at [err] for about 10 m nutes, th'mﬁgy

to esta_Llsh ohnmic contact between at &8 mum and silicon, and Schottky

barrier contact. 20 The el ectrode contacting the n -type |ayer 210 serves

as a base electrode Bl, and the el ectrode contacting to the p-type emtter
the PNP tran3|stor S

peadit ng %et; Hi3, ”l ! t%ﬁtlﬁ%ﬁ%&ﬁwt}o RELSRbua, SampcddiSL° ()

B I d

bicﬁgfﬁ é’gdt nin: g neidaf $iFecESRRCRRE Bro RaniiRs S R St it LSPrfa“
Co ot Poncedeidlad il B fee S RE KBEANCH ViRl LADRERES PP
been repl aced by Sggot]{ é’%ﬁ;f&E Fﬁéaéaﬁ* %:%%ebtekﬁr&t%fr IUJBTC!%‘%&/ carriers

can be substanﬁt y neg rom arrier the 10

base regign, d %%gggtﬁgeggtdggg Qggqq%55@a§e (3) The area of

t he el enent carBEbe re
(2) Since the collector semiconductor reglon has

been replaced by a Schottky barrier metal, injec-

tion of minority carriers can be substantially

~ neglected from the Schottky barrier metal to the

10 base region, and the switching speed does not
decrease.

(3) The area of the element can be reduced com-
pared with that of an ordinary lateral PNP
transistbf.

15 (4) oOwing to the effects mentioned in (1) to (3}
above, great effects can be obtained if the PNP
traﬁsistors and NPN transistors are used for the

U

complementary circuits and particularly for the
high-frequency circuits.

20 , Although the invention accomplished by the
inventors was concretely described above by way
of embodiments, it should be noted thét the present
invention is not limited to the aforementioned
embodiments only, but can be modified in a variety

25 of other ways,



pey with that of an ordinary lateral PNP transistor. 15 (4 OmMng to
e effects nentioned in (1) to (3) above, great effects can be obtained |f
.the PNP transistors and NPN transistors are used for the conplenmentary
citcuits and particularly for the high-frequency circuits. 20, W

Al t hough the invention acconplished®2¥y-the inventors was concretely =
descri bed above by way of .enbodi nents, it should be noted that the present
invention is not limted to the aforenenti oned enbodi nents only, but
can be nodified in a variety 25 of other ways,  -29- The present.

i nvention can be adapted to-general linear integrated circuits and digital
integrated circlins. preseetcgm'ﬁstlfn K3 && 'sasdg?%'? %r‘bﬂum ng a bipol ar

seni conductor devj ce, conpri | ectiv i ntroduci impurities of a
first general llneagpln eggate% Qrcéieg é lgl@gl mp _

integrated circuits.
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5 conductivity type into a sem conduct or substrate, to formfirst—and
secopd sem conductor regions separated fron1eacr"H"Wm] ' I ng
inpurities of the first conductivity type wt o] ' ,menn mduct or
region _to give the first 10 semi conduct or regi ofi a® hilgh % nmpurrty
concentrationg gfygs si mul taneously introducing inpurities of the first
conductivity Type selectively into a part of the second sem conductor
region, to foyma ghhrgdc8851 e8pdPebALCHAG AN HIDE Ik % éth JbohaRLELEY
concentration; 15 sel ectively depositing a sem conductor |ayer on a
surface of thgeeids!rebepribenghy to cover the first, second and third
sem conductor regions; introducing inpurities of the first conductivity
type into the partseletbeveryi dandodueingiarpwmitetesigof he fhrsd 20

sem conductor region, thereby to forma fourth sem - conductor region

ext endi ng-5r omotdec siivitgetppet hotoem cemdiexingtud tyersubsthatehi ta form
sem conductor region; and formng a rectifying junction in the

seni conduct orfingtrandesespond shaicoodud taminesinrs ocsepepasad from each
process according to claim1 wherein the rectifying junction is forned by:
sel ectively iotheducing inpurities of the second 31 conductivity type

into the sem conductor |ayer, to forma L.
introducing impurities of the first conductivity type

)

into the first semiconductor region, to give the first

v 10 semiconductor region a high impu:ity concentration, and
simultaneously incrpducing impupities of the first
conductivity type selectively into a part of the second
semiconductor region, to form a third semiconductor region
having a high impurity concentration; .

15 selectively depositing a semiconductor layer on a
surfgce of the_sub#trate. thereby to goveﬁ the first,
second and third semiconductor regions;

introducing impurities of the first conductivity type
i into the part of the semiconductor layer covering the third

20 semiconductor region, thereby to form a fourth sémi-
conductor region extending from the surface of the
semiconductor layer to the third semiconductor region; and

forming a rectifying junction in the semiconductor
layer overlying the second semiconductor region.

25 2, A process according to claim 1 wherein the rectifying
junction is formed by:

selectively introducing impurities of the second



—_—
fifgh sem conductor regi on which extends from

_ urface of the
sefm conductor |ayer to the second semi conduct(# 3’! "'”lﬂﬂﬂm
pfcmoduci ng impurities of the first conducti vi ’ ”art of the ’

semi conductor region, to forma s3kth sem conductor *re§ion in they
sem conduct or region. 3. A process according to claim2, wherein
fourt lecrinQeiviky htgegi énkgusher se8dicondugteor okawRr si kRl £aRBods| y. 4.

A process according to any one of the preceding claipms, wherein, prior to
the for natfiidthfsepicPpidetaRdre8dond v EX SRR 470R Bhet RETEAEENd
conductivity type are inéroduce into the substrate to formfirst and
second 15 Yfurtis $ePLFeRALGEQT ey P EmtQadi o iRGORY RETHEOREEEHA T
seniconductor,regiondis formed in the second buried |ayer. -32- 5. A
process acdctrithy #B%claim 4, wherein inpurities of the second conductivity

i d | ivelLy i ' i ' A f
Sobenth sem | CHEEedSEeRE YEpUratilel B SHE SOMAE AladBYELya k) WRET
sem conducﬁ:tn&ro
ep

claima as |%ég£f{:o°§-h@h;i E‘%fﬁ‘t&zrgﬁe‘i‘ic‘oﬁ@%m@ re -&ﬁ?cﬁgsﬁg%pr&di ng to

_ endent “on clarm herein ITth ahd sevent _
sem condugiQfe{ f&éxﬁ’f.‘éoﬂ&ﬁc%gin‘i‘@gﬁbﬁu|ihart‘i‘1‘7éusf‘:‘)’ftt7-semf\:@ﬁ&ﬁ‘é%%raccor di ng

toclaim5b5 or claim6, wherein
’ region.

3. A process according to claim 2, wherein the fourth and
10 sixth semiconductor regions are formed simﬁltaneously. : \J
4, A process according to any one of .the préceding
claims, wherein, prior to the formation of the first and
second layers, impﬁrities of the second conductivity type
are introduced into the substrate to-form first and second
15 buried layers isolated from each other, and the second

semiconductor region is formed in the second buried layer.



16 inmpurities of the second conductivity type a ' ' part of

the seventh sem conductor region, to forman eig ' regio
havi;iig a high inpurity concentration. 8. A proce @ Wﬁg]ﬂi& BWny oneAg
t he priecedi ng cl ai ns, 15 wherein i-mA&ities of t vity t

are seMectively introduced into a part of the sem conductor |ayer, theréby" -
to forma ninth sem conductor region. 9. A process according to claim8 as
dependent on claim 3, wherein_the _.ninth sergconductqgr region is_forned 20

S (hﬁr?gﬁi g

si nul taneous!3r wi th RFRCFBEr BRCRAG LN Atbnduct BARTFI6MCR

Phe second cotruRe v EgoRgpeolrubthinl, S e dnsrdedeed BEEERR1Y

A pr ocess. accdiS i b erarnr el et Qe S fak M MR HLRT-

or acess accorRRYN e ErpeaLeR M EkE BBl S FFin S| REERLEI BE kPR Tes of

t he secondgcqnguct i V. p | | V] Ve f*%@ 0040 the
sem conducl‘t5 o%#%%%‘?%’lt{%e?gg%%t }%f gc'rcﬁn% aﬁi%ﬁ%\%‘ﬁlt sg%%gnduct or |ayer.
13. A process according to claim 12 as dependent on '

6. A process according”to claim 4 as dependent on claim
2, wherein the fifth and seventh semiconductor regions are

\f formed simultaneously.

7. A process according to claim 5 or claim 6, wherein

10 impurities.of the second conductivity type are introduced
into 5 part of the seventh éemiconductor region, to form.
an eighth sémiconductor regioh having a high impurity

concentration.

8, ° A process according to any one of the preceding claims,
~— 15 wherein impurities of the first conductivity type are
selectively introduced into a part of the semiconductor

layer, thereby to form a ninth semiconductor region.

9. A process according to claim 8 as dependent on claim
3, whereih'the'nihth semiconduétor region is formed
20 simultaneously with the fourth and sixth semiconductor

regions.

10, A process according to claim 8 or claim 9, wherein



cl'aiq 11, wherein the eighth, tenth, and eleventh sem - conductor |ayers

%€ -flormed sinultaneously. 14. A process according to any one of the
40¢di.ng 15 claims wherein at |east one grtﬂu wlu:il "ﬁﬂ”m t he )
ehi/conduct or | ayer, the at |east= och® groovéll i ol ighe first

sef conductor region. 15. A process according to any one of clains\t/to

14, wherein an electrically isolating filmis fornmed in the 20
seni conduc&fPuriiees of #gﬁnﬁeﬁﬁ&QﬂQR?QQﬁﬁiﬁityrQYPseateoﬁducbducb@yer
16. A pr.ocess accordipg to claim15 wherein the film - 34 - is
silicon oxi@&o fy Part 0f thesBintdy SARFRiecter Teghenei shamebyeda ode
Is formed i.n contact with the sem conductor | ayer over the second
seniconducF&quﬁﬁ?ﬁﬁgﬁuﬁﬁTéchggﬁ§?q(f?%ﬁ?ﬁa.5 Schottky contact form ng
the rectifying junction. 18. A process according to claim 17 wherein: prior
to the formation of the first and second |l ayers, inpurities of the second
conductivity.type . are introduced_i-nto the substrate to_formfirst and

2 Sl b

second 10 Buri ed I%\feﬁ%c? 3| ATSATALRG & Herl V3% dererdeptgon

sem co ctQr.region.s fo in.t econd bur.ied | ayer. an electrical
;Ssol at e%guf %ﬁ%ﬁmsg’:"orwr%%r?#{Tﬁge!sSr’ng?%r“sjﬂ%&?’gﬁrﬁe‘f‘h%mfa@l‘ﬁ@ft endi Ing toy
the first layers are formed simultaneously.

12. A process-according to any one of the preceding QJ
claims, wherein impurities of the second conductivity
type are selectively introduced into the semiconductor

10 layer, thereby to form an eleventh semiconductor layer.

13, A process according to claim 12 as dependent on
claim 11, wherein the eighth, tenth, and eleventh semi-

conductor layers are formed simultaneously..

14, A process according to any one of the preceding
15 claims wherein at least one groove is formed in the
semiconductor layer, the at least one groove extending

to the first semiconductor region.

15. A process according to any one of claims 1 to 14,
wherein an electrically isolating film is formed in the
20 semiconductor layer, the film extending to the first

semiconductor layer.

16, A process according to claim 15 wherein the film



sem conductor layer to formfirst and second island 15 regions, the fourth -
seni conduct or region being in the second isIand—LegLQﬂ;;_ggLQ%LL¥gly '
i ntr6ducing inpurities of the second conductivity type into the first
island region to.forma fifth senm condiftor regﬂﬁ‘" “ﬂlﬁﬂﬂﬂmr from t :
i [ :

surfac®20 of the first island region to the f i
sel ectively introducing inpurities of the second condbctfviiy*type into the
second i sl and redi.on, f si xt h sem conduct or regi on whi ch extends
fromthe surfdf%q%fp%%ébsg%gé *island region to the second buried layer; 25
selectively introducing inpurities of the first -35 conductivity type
into the first island region to forma seventh sem conductor region;

- selectively irglt-r.oduciﬁg?wegggtaé&oefditdge 158 TRl R ON AR E EX i hY ahY BY édtirdde
part of the seventh seniconductor 5 regi'on to forman eighth sem conductor

regi on; and fordn fkhrmé&Clh 0888 thetC Wi ttHdesdmiddbnd@cebaht Byeenicv@idugieor
regions of the first conductivity type into the second island region to

form a sevent hy e @ 0seHEE8hANLELEN rélyidh £Xdeddbs t Eréfite@htbdform a
sem conductor region; 10 selectively introducing inpurities of the

first conductigdhottnpecbitacthgoriminy e apeetifpingeguagtionf.orm an
ei ght h sem conductor region; and ' ' '
18, A process_accordihg to claim 17 wherein:
O | prior to the formation of the first and second
| layers, impurities of the'second conductivity type are
introduced into the substrate to form first and second
10 buried layers isolated from each other, and the second
semiconductor }egion is formed in the second buried layer;
an electrically isolated film is formed in the
semiconductor layer, the film extending to the first
semiconductor layer to form first and second island
15 regions, the fourth semiconductor region being in the
LJ second island region;
selectively introducing impurities of the second
conductivity type into the first island region to form a
fifth semiconductor region which extends from the surface
20 of the first island region to the first buried layer;
selectively introducing impurities of the second
conductivity type into the second island region to form a
sixth semiconductp:_region which extends from the surface
of tﬁe second island region to the second buried layer;

25 selectively introducing impurities of the first



form ng an el ectrode to contact each of the second island regions, the
wwth, the fifth, the sixth and the 15 ei ghth sem conductor—regi ons. 109.

prOcess according to claim18, wherein :”"’"Em are heat
tréarped. 20. A process accordiyzg -t o cl u 'ﬁﬂﬂ[ , Wherein 523
fAOUA and sixth seni conductor regions are 20 Fortned ss aneously.
A pProcess according to any one of clains 18 to 20 wherein the fourth and
seventh sem conductor regions are fornmed sinultaneously. - 36 - 22.
A process 8eB8VGtIYIty dEPONEnEe thei first dsland wediom taeformsa and
second sem conductor regions are forped sinultaneously. 23. A process

accor di ng F8VERFN REMHCUNANGROT 7Xegion; 5  wherein inpurities of the
first conductivity type are infroduced,intg the first senm conductor region
si mul t an- eously\ﬁq qqﬁ??%ﬁr%ﬁﬁﬁ? BRige FWQHFPHH%?|9ﬁ(Fﬂ¢m§%%?Pdof t he

second semni co t.or, I on hereby to the first sen]conductor regi on’
a hi gh inpﬁPngc Qénﬁnﬁﬁ PZE& of' ¥ epF&W@§§ (ﬁﬁﬂ%ﬁ?&@?ﬁ Ry one

of the precedi.n wher ej e_su str silicon. A
ot ocoss acEBPARg K iﬁﬁfﬂ E19uth sPBLEarAuceel: Rediane e the
substrate is of %@%Jlﬂ&neféggggéég'Eg-contact the fifth to eighth
| semiconductor regions of the first conductivity type into
the second island region to form a seventh semiconductor
region which extends to the third semiconductor region;

10 selectively introducing impurities of the first
conductivity type into the sixth semiconductor region to
form an eighth Semiconductorlregion; and

forming an eléctrode to contact each of the secoﬂd
island regions, the fourth, the fifth, the sixth and the

15 eighth semiconductor regions.

19, A process according to claim 18, wherein all the

electrodes are heat treated. ' . -/

20, A process according to claim 18 or claim 20,
wherein the fifth and sixth semiconductor regions are

20 formed simultaneously.

21. A process according to any one of claims 18 to 20
wherein the fourth and seventh semiconductor regions are

formed simultaneously.



type' 15 26. A process for produ0|ng a seﬁrﬁOﬁducror—devrce—-

substahtlally as any one herein described w't r
Fi'g.’ 12 or Fig. 13 or Fi gs. 14 to 19 of the a m %mimlmiuﬁ'ﬁgs @

22, A process according to any one of claims 17 to 21,
wherein the first and second semiconductor regions are

formed simultaneocusly.

23. A process according to any one of claims 17 to 22,
5 wherein impurities of the first conductivity type are
introduced into the first semiconductor region simultan-

eously with the introduction of impurities into the part

~ of the second semiconductor region, thereby to give the

first semiconductor region a high impurity concentration.
10 24. A process according to any one of the preceding

claims, wherein the substrate is of silicon.
25\ A process according to any one of the preceding
claims, wherein the substrate is of the first conductivity
type.

S

15 26. A process for producing a semiconductor device

substantially as any one herein described with reference
to Figs. 1 to 9 or Fig. 12 or Fig. 13 or Figs. 14 to 19

of the accompanying drawings.




