i Bention relates to a nethod of fabricating seniconductor integrated

circuit devices, and nore 5 "~ particularly to techniques for self-aligning

an isolating region in a sem conductor integrated circuit device with

sem conductor regions.forned on islands (active regions) surroun ;Hzgﬁg ®
i solating region. Among isolation netheds for formng a plurality ©
dielectrically isolated islands, on which circuit elenents are to be

formed, on a silicon sen1conductor body in a bipolar type of integrated

ci rcuit device, the -oxide |solat|on nethod |s wi del used | n_the oxide

i sol ation nethod"" 2 2V ‘ : i f a silicon

nitride filmis formed so as to ggégé;kzﬁéggégétof a sen1conductor body
whi ch are to becone isl ands, ‘and or body is then exposed to

an oxi di zi ng at WDSD#?{% {&& a{%ﬁ‘ L £e 0¥t 8% fﬁé%é'@fdf%fﬁgaé%%% has a

whi ch constitutes t I SO I ng regron. The oxl I Sol at'1on

bi g problemi nséﬁ@éoﬁd@@ééroinéwzété&kcife&ﬁy@@v%gf dhé "heEE] ects over
the surface of each island |1 ke a bird beak. Accordingly, when inpurities
are diffusgd ipde bdulatbnde@ St dyhnbques afor sebf-abighingkanxiselatingt hat
has a bird beak, in order to forma-PN junction such as a collector- base
junction, the pegionmfinhe s¥wiconductonhintegsated circuit device with
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semiconductor regions formed on islands (active regions)
surrounded by tﬁe isolating region. ‘

Among isolgtion methods for forming a plurality of

10 dielectrically isolated-islénds, on which circuit
elements are to be formed, on a silicon semiconduéto:
body in a bxpolar type of integrated circuit device,
the oxide isolation method is widely used. In the oxlde
isolation method, an oxidation impermeable mask

15 consisting of a siliéon nitride film is formed so as to
cover the parts of A semiconductbr body which are to
become islands, and the semiconductor body is then
exposed to an oxidizing atmosphere to form a thick
oxide £ilm (field oxide £ilm), which constitutes the

20 isolating region.

The oxide isolation method has a big problem in
that a part of the thick isolation oxide film projects
over the surface of each island like a bird beak.
Accordingly, when impurities are diffused into an island

25 by using as a mask the thick oxide film that has a bird
beak, in order to form a PN junction'such as a collector-

base junction, the part of the PN junction which is



-2- located at the boundary between the thick oxide filmand the island /%
covered with a thinner oxide filmin the shape of the bird beak, .
BonsefQuent |y, when the resultant product is subjected to an oxide film
renmoving step, -for ‘exanple a washing step, after this first PN. junction
has been fornmed, a part of the. thin oxide filmin the shape of the bird

ak is.renoved, so that the PN junction fornmed by using the bird beak part
‘as”a mask is uncovered fromthe oxide fibmor 10 nearly does so. As a
‘result, when a second type of inpurity is then introduced into, or when an
el ectrode is then formed on, the resultant product by utilizing the thick
oxide: filmas part of a mask, the initially- formed PN junction is
short-circuited. 1bbated at theaboundary i beaweerecthe quhel diorofidenifridma
bi pol ar transistor by using the oxide isolation nmethod, the base diffusion
“is carri.ed out bpndt thezisdand bsicevered with 4 ithinngmexids fdlpedn as a
-mask. However, an emtter diffusion carried out by utilfzing the oxide 20
i sol.ation mask | $PRoBhERE| 8 SheRind beaksy 1 Congpauenely; tWhen |tk e to cause

* "sh - Ci ] h itter. and |lector., . T t fr
o poor ort el hyegh bie oL ar U o oL e e
of an emtte regpfBylhhNsfBp0XE8E LxMhGid O Jdding step, after this

first PN junction has been formed, a part of the thin

-  oxide film in.the shape of the bird beak is removed,
so that the PN junction fqrmed by using the bird beak
part as a mask is uncovered from the oxide film or

10 nearly does so. As a result, when a second type of
impurity is'then introduced into, or when an electrode
is then ﬁorméd on, the resultant product.by~utiiizing
the.thick dxide:ﬁilmhis p;ré of a mask, the'initially-
formed PN junction is Short;circuihed; ‘

15 In-a conventional téchnique for forming a bipolar
transistor by using.the oxide isolation method, the
base diffusion is carried'out by utilizing an oxide
isolation film haing a bird beak as a mask. However,
an emitter diffuéion carrieé'oﬁt by utilizing the oxide

20 isoiation mask is not empibyed:as the next sﬁep since
it is liable to cause a poor short-circuit between the
~emitter and collector. The step o: fOrmihg a so-called
walléd emitter structure by cafrying out the diffusion
of'an emitter region wiéh_an Qxide isolation film
25 utilized as part of a mask is not employed. In facf,
an emitter_regioh is fo:med in ghe céntral part of the

island, which is separated from the isolation oxide



Vj!. t|||zed as part of a mask is not enployed I fact, an emtter

Is formed in the central part of the island, which is separated from
solatlon oxide . - 3 - filmby a predetern1ned distance. In order to =
forman enitter region in a position separated froma bird 'beak, it is
necessary to determ ne the distance between the dielectric |solat|ng regi on
and the emtter-formng 5 region taking into consideration any errors ;*
occurring in the alignment of the nask for the emtter-formng region with
that for the dielectric isolating regtdn. Msk-alignment errors cannot. be
~ignored in the current nask-alignment techniques. Accordingly, it is’ 10
necessary that the area of the sem conductor body which is used to form
transi stors thereon is increased. The _above problens will be described with
reference to tﬁri-f,l’“dPXWlan§§e§8t5§mﬂ-ﬁeﬁaﬂéstiﬂéﬁ?easf-%r°¥’6e¥m’€i%r§ﬂ@mﬁnAs shown -
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"5 region taking into consideration any errors occurring

in the alignment of the-mask for the emitter-forming
region Wlth that for the dzelectric zsolatinq region,
Mask-alzgnment errors cannot be 1gnored in the current
mask-al;gnment technzques. Accordlngly, it is
" 10 -necessary that the area of the.semieondhetor boéy which
is used te form transistors'thereen is increased The
above problems will be described with reference to the
'_draw1ngs so as to make them easier to understand
. As shown in Fxgs. 1A and 1B, a transistor _
15 comprises an emitter region 7, base region 5, collector
'3, buried layer 2 and collector contact portion 6. A
thick oxide film (field.oxide f£ilm) 4, which is formed
by thermally oxidizing a'semiconductor body 1, is used
as a dielectric'isolating region in each semiconductor
20 region. It is necessery in this case that_nb so-called
walled emitter structures, in which the field oxide
film 4 and an emitter regien 7 oVerlap eech ether; are
formed. The reesons.why the formation of a walled
emitter structure should be prevented are as follows.
25 If a walled emitter structure is formed; short-
circuiting could occur between the emitter and the
collector'as mentioned above,tand a_sufficiently high
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film4 and an enitter region 7 overlap each other, are forned. The reaso '
why the formation of a walled emitter structure should be prevented are d&*
4ol Fows.. 25 If a wal_led emtter structure is forned, short- -circuiting
could’ occur between the emitter and the collector as nentioned above, and a
sufficiently high breakdown vol t age between adj acent transistor elenents
.cannot be obtained. In order to prevent a walled emtter structure from

ing formed, it is necessary to | eave_g.mask- 5 -alignment margin to
~allow for any errors occurring in the alignment of the mask defining the
field oxide film4 with.the nmask defining the emtter region 7. For \
exanple, if the distance [err] by which the field oxide film4 and emtter
regi on 7 shown iberdakiow vidl taje betweens adjaaead, teanhistort heory to be 3
um the distance [err] is made 4.5 pmin practice, to include a margin
correspondi ng t celementrcarnokl ke wintadaed.i ng i n the alignnent of the
masks, to secure the required distance of 3 pmirrespective of the 15
degree of mask-al i gnMEhtORIH L0 \BF&YeRt As Wadlpg ARl iteraStguatyre | eft in the
above .manner, any_sh rt-c% whi ch cowld occur due to a walled

_ rcui.ting,
emitter structurdq g EORER, i h9 DEERRRAEY L9 00R¥? MA5K~t he ot her hand,

leaving @ s  a1ignment margin to allow for any errors occurring in

the alignment of the mask defining the field oxide
film 4 wi;h the mask defining the emitter region 7.
For example, if the distance dl; by which the field
oxide film 4 and emitter region f'shown_in Pig. 1A

10 should be seéarated,_ought in theory to be 3 um, the
distance d1 is made 4.5 um in practice, to include
a margin corresponding to an error of +1.5 pm
occurring in the alignment 6f the masks, to secure’
the required distance of 3 um irrespective of the’

15 degree of mask-alignment error.

| When a mask-alignment margin is left in the
above manner, any short-circuiting, which could occur
due to a walled emitter structure~forming),can be
‘prevented. However, on the'other hand, leaving a

20 margin in such a-manner raises the following problems.
Providing a mask-alignment margin between the field
oxide film 4 and the emitter :egiop 7 céuses an
increase in the area of the base region and an
increase in the area of the base-coliector junction

25  as may be clearly understood from the drawings. Thus,
leaving a mask-alignment margin prevents an increase

in the degree of integration of the semiconductor



-

. . .. ce e e . . . F e - . i . o - €.
‘20 margin in such a manner raises the followi ng problens. Providing.a
raﬁx{alrgnnent mar gi n between the field oxide film4 and the emtter region

Bguses an increase in the area of the base region and an increase in the =
- of the base-collector junction 25 as may be clearly understood from
the draw ngs. Thus, |eaving a mask-alignnment margin prevents an increase in
the degree of integration of the sem conductor I ntegrated circuit L
device, and causes an increase in theggcollector-base junction capacitance, -

whi ch inhibits the high-speed operation of a sem conductor integrated
- device. The above have given rise to sone 5 probl ens as.the techni ques
for increasing the degree of integration and the speed of operation of I1Cs °
has advanced ijhtefreited @ reuild dedirest ahddcaubesmehhoficpreasedimg to the
present invention Includes the steps of formng a 10 first mask, which
| eaves uncoverttte arolilemtain-bgsecdunctiod saparitandegtwhichgi on
constituting a circuit element in an island, and formng a second nask in
- such a nanner infeitbitige thenhighthspesd opgratignf Pficd BYMIARNEREEPL mask i s
~covered by the second nmask, .the 15 dielectric Lsolating region being

formed by utilintefRFated devdceand Thec 3RAVRaBRY St G3¥LAFL8GhES P M Rctric
'SOlat'ng5reg'5¥5ﬁf§$§“§§5¥%g_égéﬁy¥aﬁégt ogly%éfgd%ng'the degree
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of integration'and the speed of operation of ICs has
advanced in recent years. .
.Broadly stated,.the'method according to the
present inveﬁtion includes the steps of férming a
10 first'mask, which leaves uncovered an'isolating region
‘and A_semiconductor region constituting a circuit
element in an island, and forming a secopd.mask in )
such a manqér that:the semiconductor region_defined by
the first mask is covered by the second mask, the
15 gielectric isolating region being formed by utilizing
the first and second masks together. Thé dielectric
isolating region is thus self-aligned with the island,
in which the semiconductor region is to be formed.
More particdlarly, the'invention provides a method
20 of fabricating semiconductor integrated circuit dévices,
comprising the steps of: | |
'peparihé a semiconductor body héviﬁg a main
surface; |
forming a first mask and a second mask of
25 oxidation impermeable materials over said main surface;
said first mask covering selected areas of said main

surface, but leaving uncovered a first area of said
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in which the sem conductor region is to be formed. More particularly, the" N«
I nvention provides a nethod 20 of fabricating sem conductor integrategff =
€i r gkt devices, conprising the steps of: preparing a sem conductor body—*
.having a main surface; formng a first mask and a second mask of 25
_oxidation inperneable materials over said main surface; said first nask
;%Qmering sel ected areas of said main surface, but |eaving uncovered a first
d-ea of said mai n surface in which amé+sol ating region is to be forned,
and at | east one second area of said main surface which is surrounded by
and spaced apart from.said first area; said second mask covering said
second 5 area but leaving said first area_uncovered; oxjdizing said

seni conduct or . bodpimaBurfacs dnf whichaan 180LABIRAGSKAIION FHF Nt UPDxi de film

“extending into sajd sem conductqQr body in said.first atea not covered b

sai d masgs; 10 ?“’“e.dr'er?ﬁ‘\%i ﬁ‘& g&?ﬁgséﬂﬁnﬁeﬁﬁgﬂ et 2 i%ah‘gi“?F’s‘hrface; yand
i ntroduci ng i npurj fjLs.in ai, a, 1Sl | [ to form
a _se_m' condgctglro rse“dglfgrie Xthgg é’_g %ﬁggrggf%% iﬁ _-é?gt%%ﬁg%é/erﬁél%%w' be 15
.galned fr0”1tr“3féﬁﬂd”@ﬂ%%tdﬁiﬁﬁkphhﬁa Qgcﬁﬁﬂfﬁﬁéﬁdcovering said second

5 area but leaving said first area uncovered;

oxidizing said sémiconductor body having said
first and second masks to form an oxide film extending
into said semicqnductor body in said first area not
covered by said masks; _
10. removing said second mask from said main surface;
and '
introducing impurities into said second aret
using said first mask, to form a semiconductor region.’
‘A better understanding of the invention will be
15 gained from the following description of preferred
emboqiments,'taken iﬁ conjunction with the accompanying
dtawings, wherein:
Figures 1A and 1B are a plan view and a.sectional
| view, respectively, illustfating-thé construction of
20 a transi#tor in a bipolar_Ic, which is formed by a
conventional oxide isolation method;
| Figures 2A-2I are sectional views illustrating |
the steps of fabricating a bipplaf IC according_to the
present invgntion; .
25 - Pigures 3A and 3B are plan views illustrating the
IC-fabricating steps shown in Pigs. 2A-2I;

Figure 4 is a graph showing the relationship .



yi nrents, taken in conjunction with the acconpanyi ng draw ngs, wherein:

es 1A and 1B are a plan view and a sectional view, respectively

i Nstrating the construction of 20 a transistor in a . bipolar IC, whichis =
"formed by a convemtional oxide isolation nethod; Figures 2A-21 are

sectional views illustrating the steps of fabricating a bipolar IC |
_according to.the present invention; 25 Figures 3A and 3B are plan .

views illustrating the IC—fabricating7§teps shown in Figs. 2A-2l; Figure 4
~is a graph showing the relationship ~ between the depth of a -

base-col | ector junction of a transistor and the capacitance and high-pass
cut-of f frequency of the base-collector junction; Figure 5 is a graph

showi ng the dipgltivelen! k@@ @bph! BE aoBasetcoliestor jumckidn et i the
transistor; and Figure 6 is a sectional viewillustrating another
enbodi ment of tiraasisesentandnthet capacibanpecandrkighepass oltovwEf n Fi gs.
2A-21 wll 10 now be described. First, as shown in Fig. 2A, a N type
inpurity, for foeqvensy oft thenpasg-colderteri JBngtipRtused into a main
surfacg of aP ty%%g%gé'%OQSsgb%LQ%%?S%%wggg the distribution of
5 the concentration of impuritiés in the transistor;
~and | |
Pigqure 6 is a sectional view illustrating
another embodiment of. the present-invention.
The preferred method shown in Figs. 2A-2I will
10 now be described. ' |
 Pirst, as shown in Pig. 2A, a N type impurity,
:or example, antimony Sb is selectively diffused intoa
'main surface of a Pi type silicon substrate 11 to |
| form a N type buried layer 12,_énd a N~ type'silicdn
15 layer 13 is then formed on the buried layer 12 by
-épitaxial growth, After such a semiconductor body
has been prepared, the surface of the N~ layerll3
thereof is thermally oxidized to form a thin (200-500
R) silicon oxide film (510, £ilm) 14, and an oxidation
20  impermeabie silicon nitride film (si;N, film) 15 f an
anti-oxidation £ilm) is formed thereon tb a thickness
of about 1000-15008 by the chemical'vapor'deposition
method (CVD method). _
Next, as shown in Fig., 2B, the sigN, £film 15 is
25 patterned by sdbjecting it to'a conventional photo-.
etching method to form a first oxidation impermeable

mask having masking areas 151, 152, These masking



‘fOrn1a'[e[r] type buried | ayer
then forned on the buried | ayer
;senpepnduct or body has been prepared,

t her eof

Next, as shown in Fig. 2B,
it to a conventional

12, and a N -type silicon 15 |ayer 13 i'
12 by. epitaxial growh. After such a

the surface of the N layer 13-

is thermally oxidized to forma thin (200-500 [err] silicon oxide
film([err] film 14, and an oxidation 20 _inperneable silicon nitride film
(Si3N4 film 15 ( an anti-oxidation filnm is formed thereon to a thickness
“wi about 1000- 15002 by the cheni cal

vapor, deposi tion nethod (CVD net hod).

the Si3N4 fil 15 is 25 patterned by subjecting
photo- etching nethod to forma first oxidation

i mper meabl e mask havi ng maski ng areas 151, 152. These naski ng - 8 -

rS0GPEsh 251 $3104¥% | Shdpdh a%ﬁshm TRslgiigy 3hca R4 covers

areas 151, 152 arg
a section which |s fo becohe a base region,

section
cont act
contact
section
section
filns.

whi ch i s separate from

16 whi ch. yaskiR§ CL&P&Ea A6 Eradveds raeg;eamoa;n@bhachase 8o be&bmét r ode

section 17.
secti on.
16 which will

The maski ng area 152 covers-a coll ector el ectrode.

Fhisasectegion atandiwlidihe  separatemfromespotédnalé t he

becone the emtter region, the base el ectrode contact

17, and seki¢hreilB badome iBwm emiitdienidegiloa condr &dbBgef i el d oxi de

In

10

15

20

25

electrode_contaet'séction 17. The masking area 152

cdvers a collector electrode contact section. The

sections at which the §i0, film is exposed are the

section 16 which.will become the emitter region, the

base electrode contact section 17, and sections 18,

l8a which will be covered by field oxide films. 1In

this structure, the distance d2 bgtween the section

16 which will be the emitter and the section l8a

which will be covered by a field oxide film is set to

3 pm, for exampie;‘

The distanée_d2 doeé.not include

any mask-alignment margin, and the emitter region

and the field oxide film are formed while they are

kept separated by substantiéliy 3 pm,

As shown in Fig. 2C, a Sio2 film 19 is then

formed to a thickness of about 200-5008 by the CVD

method on the whole surface of the resultant semi-

conductor body, and a Si3N4 oxidation impermeable

film, is thereafter formed Ehereon by the CVD method.

 The Si3 4 is subjected to selective etching to

partially remove the same, forming a second oxidation

‘impermeable mask 20 covering the section 16, which

will become the emitter region, and the base electrode

contact section 17..

The second dxidation impermeable



structure, the distance d2 between the section -16 which will be the

ter and the section 18a which will be covered by a field oxide filmis
se¥ to 3 um for exanple. The distance d2 does not include 15 any S
mask-al i gnment margin, and the emitter region and the field oxide filmare
formed while they are kept separated by substantially 3 um As shown in

Fig. 2C, a[err] film19 is then.formed to a thickness of about 200-500 by -
the CVD 20 net hod on the whol e surface of the resultant sem - conduct or A
body, and a [err] oxidation inperneabrg'filnl is thereafter formed thereon

by the CVD nethod. The Si3N4 is, subjected.to_sel egtive hj to partially
remove the sané‘,‘a?'brih g a?*?@%’n(fsoﬂ%@gf‘i g 539. ﬁhperﬁé%gl éﬂ?rask 20
covering the sect,on [ ol eni r 2L80LAR, d the base
el ectrode cont a"&tes’g’t%fsor?vgl]f% gﬁ%ésstg%%%g%g%ﬁgt %%klg_rrggrgrrgg ltéﬂ@ -9 -
mask 20 is shapghas SOWid.N filh 13Bneddenohdetbeheal,s dhrihg first and
second masks are not the sarfe, the SiQ2 film19 need not be formed. During
the patterning gfe (gt tirtiYhd idfntde gihel fifidm 20, ekedfires inperneable
filmmay be formed in such a nmanner th % he section 16 that will become
the emtter§ anskidetimsdmdemeande dhimaoaysbet formeéd in such a

manner that the section 16 that will become the
emitter, and the base electrode contact section 17

are sufficiently covered therewith, and it is not
strictly necessary that the first and secoﬁd oxidation

10 impermeable masks be aligned to a high accuracy.

P-type impurities for forming a.channel stopper
are then ion-implanted into the section 18, on which
a field oxide film is to be formed, in order to
isolaﬁe.the islands (the active regiohs)

15 dielectrically. The resulting product is then
oxidized ét a high pressure (for example, 3-5
atmospheres), or at normal pressure but high
temperature and humidity (1000°C, humid atmosphere),

"utilizing as masks the fir;t oxidation impermeable

20 films 151,152 and the second oxidation impermeable
£ilm 20 as shown in Fig. 2D, to form a field oxide
£ilm 21 having a thickness of about 1-2 pm and
reaching the nt type buried'layer_lz on the sections
18,18a. The field oxide film 21 is.not formed over

25 the section 16 which will be the emitter regibn and
the base electrode contact section 15 because these
sections are covered with the second oxidation

impermeable film 20. 1In other words, the field oxide



are sufficiently covered therewith, and it is not strictly necessary thakggéga\
the first and second oxidation 10 inperneable nmasks be aligned to a hi gh—
@accuracy. P-type inpurities for form ng a channel stopper are then ' -
_ion-ihplanted,into the section 18, on which a field oxide film is to be
~forned, in order to isolate the islands (the active regions) 15
-dielectrically. The resulting product is then oxidized at a high pressure

. gkor exanple, 3-5 atnospheres), or at ngaggl pressure but high tenperature
.and humdity ([err], hum d -at nosphere), I'lizing as masks the first
~oxidation inperneable 20 filnms 151,152 and the second oxi dation i nperneabl e

- fil'm20 as shown in Fig. 2D, to forma field oxide film21 having a

~ thickness of abougjim22pm @ngormas Uiy tite dhd \Weyilons détwaxar thé on the

: sections 18,18a. The field oxide film21 is not formed. over 25 the section’
16 which will be haskingtiecas eS8yl df rheh st exidatdonont act section
. 17 because these sections are covered wth the second oxi dation inperneabl e
~film20. In otherimpexmeable filnd HNamply, thelEirsti oxigationforned only
in the regions between the masking areas 151, 152 of the first_oxidation
i nper meabl e fil m imper@e3ble hEilm defines dhe. fiell oxide film 21
5 constituting the dielectric isolating region, while
the second oxidation impermeable £ilm prevents the
surface qf'the N'.tfpe silicon layer 13 in the -
section 16 which will be the emitter region and the
base electrode_contact section 17 from being oxidized.
10 The nitride £ilm 20 constituting the second
oxidation impermeable_gilm is then etched with hot
phosphoric acid to remove it. . The nitride films 151,
152 constituting the first oxidétion'impermeable £ilm
are not etched due to the eiistenee of the Si0, film
15 19. The whole of the Si0O, film 19 is thereafter
etched with an etching liquid of fluoric acid, and
then the Sio2 film 14 is etched by utilizing the
exposed Si,N, £ilm as a mask. As a result, the N~
type si;icon'layer 13 in tﬁe-section 16 which will
20 become the emitter region'and.thé base electrode
contact section 17 is exposed. 'The surfaces 6f this
_[N’ltype silicon layer are thereafter oxidized again
to form a thin §i0, film 22 as shown in Fié. 2E.
| _ The base side is then covered with a mask 23 of
v phqtoresist as shown in'Fig. 2F, and the Si3N4 £ilm
152 on the collector side is femoved by a.dry etching

method. N-type impurities, for example phosphorus



-yper meabl e filmdefines the. fied oxide film21 5 . constituting the
Jcelectric isolating region, while the second oxidation inperneable film
prevents the surface of the N type silicon layer 13 in the - section 16
“whisgh"wi I | -be the-emitter region and the base el ectrode contact.section 17
" fr.om bei ng oxidi zed. 10 The nitride film20 constituting the second
oxidation inperneable filmis then etched with hot phosphoric acid to’ =
renmove it. The nitride filnms 151, 152 constituting the first oxidation
i mpermeabl e filmare not etched due TlThe existence of the SiO film 15
19. The whole of the [err] film19 is thereafter etched with an etching
liquid of fluoric acid, and then the[err] film1l4 is etched by utilizing

? F.e-t ﬁépgiﬁfﬁe‘f@ sctp s foBarieed) B e%‘%éfs%?f?%‘#?éﬁ?%#éﬁﬁnt aver 18
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shown in Figyp@B agdi® @S0l £ecoBLEGES COVES BFod t Nedd 6BE ks &dtLén 25

phot oresi st as shown in Fig. 2F, .and the Si3N4 film 152 on the collector

side is renoved Tie piiivorésis of 123 . i3\ thyee ramowéd | emnd f thieexanpl e
phosphor us lons, are then inplanted, and the resultant product
5 collector side is covered with a mask, for example a

photoresist £ilm 25, as shown in Fig. ZG.'-Pétype' _ -

impu}ities, for example boron ions, are implanted in
the base side through the S10, film 22 ‘and SizN, film
151 with an implantation energy of 30-50 KeV and an
10 impurity concentration of 1 x 104 o' 4 x 10%* atoms/
cm®, Since boron ions easily permeate through
the SizN, £film, an implantation energy of as low as
30-50 KeV is sufficient, The resultant product is
annealed at 950-1000°C for 40-60, minutes to form a P
15 type bése region 26. The depth d, of the parts of the
P*.base.region 26 which are covered by the éiSNa £ilm
151 is ‘as little as 0.2-0.4 pm, and the depth d5 of
the parts of the P' base region 26 which are not
covered by the SizN, £ilm is Qs much as 0.4-0.6 pna.
20 The photoresist film 25 is then removed, and N-type
impurities, for exémple'arsenic ions, are implanted
with the base elecfréde contact section covered with
a mask, for example a photofesist film 27.as shown
in Fig. 2H, with an implaﬁtation energy of 50 KeV and

" 25an impurity concentration of § x lols afoms/cma. Since



col l ector el ectrode | eadout section. The photoresist film23 is then
Zenpved, and the 5 collector side, is covered with a mask, for exanple
photoresist film25, as shown in Fig. 2G P-type inpurities, for.exanple
boron ions, "are inplanted in the base side through the [err] film22 and
SF3N4 film 151 with an inplantation energy of 30-50 KeV and an 10 inpurity
“Gancentration of 1 x [err] to 4 x [errtlé&tons/ [err]. Since boron ions -
easily perneate through the Si3N4 film an inplantation energy of as |ow as
30-50 KeV is sufficient. The resultant product is anneal ed at 950-1000 C.

for 40-60 ) t Qr r p ' 260 a T epth [err]

o 1000 | ThiNLRS! RohR By b phrhBabiPRAUAES LAEhaRn e The GoPLh [
(film 151 is @31kt kheya8o0ndtOrdalh) taBIshiBEtERREN1A3tRE 4REaparts of the

[err] base regiof 26 which are not covered by the Si3Nd filmis as. nuch as

“0.4-0.6 um @& the sbaipbndacesrswafernwiAbchsarbegovarededy and N-type
impurities, for exanple arsenic ions, are inplanted with the base el ectrode
cont act sectSdgNgofélmd eiven whensthef bmpdaatation ehergyegsed film 27 as
shown in Fig. ZH  with an inplantation energy of 50 KeV-and 25 an inpurity
concent r at pohSoPOsKeVE er Thigt ensvres, fhatsthgcemitiep region 28 is

defined by the Si N, film 151 constituting the_firsf

mask. The resultant product is annealed at 950-1000°C

to form a N* type emitter region 28. The depth of the

N* type emitter region 28 is around 0.2-0;4 uﬁ.:.At |
10 the same time that the émitfef region is.forﬁ.ed.,.N+

is subjected to an annealing treatment to forma N+ type layer 24 for ag;éi)_

" type impuritie_é are introduced into i:h_e_ collector
electrode lead-out section Zk.' -
The photorésist film 27 is then rémOVéd; and the
exposed Si0, films 14, 22 are removed by lightly -
15washing the whole surface ther;of; Aluminum is then
deposited on the resultént product by evaporation,
the aluminum layer thus formed being pattérned with
photoresist to form a base electrode 31, an emitter
electrode 30 and a collector electrode 29, -

20 - In 'the'preseﬁt'embbdimenﬁf ' described'abové,
the formation of a walled'emitter'structure; which
causes short-circuiting between collector and emitter,
.can be-conpletely prevented, and thé degree of ihtégra—
tion of the ICs can be increased, This is due to the

25fact that both the field oxide film 21 and emitter



arsenlc i ons do not perneate ea5|ly t hrough the [err], film they do not
Ach the substrate in the areas of the senm conductor wafer which are
Bered by Si Nfilm even when the inplantation energy used 3 4 5 is 50

/ This ensures-that the emtter region 28 is defined by the Si Nfilm
151 constituting the first 3 4 mask. The resultant product is’ anneal ed at
950-1000 C to forma [err] type enitter region 28. The depth of the [err] .=
type emtter region 28 is around 0.2-0.4 um At 10the sane time that the
emtter region is formed, N type i npmdidies are introduced into the

coll ector electrode | ead-out section 24. The photoresist film27 is then-
renoved, and the exposed [err] films 14, 22 are-renoved by lightly 15
washi ng the whol e surf um humis then deposited on the

resultant produl®9pPhe épBF&t Fﬁg,""Fﬂﬂ’ﬁl the nﬂﬁ?%%’é? 33c slﬁ%r‘?ﬁsd’ bei ng
h t ‘ eLegtrode ter
pat{ erned With B98b3eRaRk " 2.hor PhE SESH, HEA e ifrudthd ot
enbodi nent fustdsisaaéednamﬁemws %Oﬁfﬁﬂ' Ogtg).ﬁ &[m \f'eg-\ 53! %ler can

structure, which causes short-circurti-ng between

be- conpl etel y pmevhsdsdofasHibhrRiN@UIRWRich Nt Preld Yk iHe (f1am Cs can be
increased. This is due to the 25fact that both the field oxide film 21 and

emtter 5 21 and emitter region 28 are defined by two separate

masks, the method acCording”to tﬂe present invention
automatiéally évoids any mask-alignment errors. The
- distance between the fxeld oxide film 21 and the
emitter region 28 is substantially equal to the
10 distance d, defined by the pattern of the SisN, film.
Accordingly,.a walled emitter struéture is not formed,
* so that short-circuiting between an emitter and a
collecﬁor.can be completelyiprevenxed.
_ With the presené method, it is unneceséary to
15 allow a mask-alignment margin. Therefore, in a semi-
| conductor integrated circuit device made by such a
method, and having an emitter region the area of
which is equal to that in a conventional semiconductor
integrated circuit device. the area of the base can
20 be reduced by_an amount cor:esponding.to the area of
the mask-aligning margin neéded in the conventional
device. The area of a singlg transistor element can
" be reduced by at least thirty percent;_so that the
area of the IC as a whole can be reduced to afgreat

25 exXtent,



"--13 -"region 28 are defined by the patterns 151,152 of a single mask, i.ex.
the [err] filmconstituting the first oxidation inperneable film UnIi

{conveptlonal met hods_of this kind in which the field oxide filmb5 -
~and enitter region 28 are defined by two separate masks, the method -
according to the present invention automatically avoids any mask-al i gnnment
errors. The distance between the field oxide film21 and the emtter region
28 is substantially-equal to the 10 digst ance [err]defined by the pattern
~of the Si3Nd film Accordingly, a walted emtter structure is not forned,
so that short-circuiting between an emtter and a collector can be
~conpletely prevented. Wth the present nethod, it is unnecessary to 15
al l ow a nmask- al i gnnent Therpresentl metliad aalso persmditis anoridgcsreasei anegr at ed
circuit device made by such a nethod, and having an emitter region the area
of which is equal the speediof operakinn (HalandG.cofhis ds RFCEaPedelo
circuit device, the area of the base can 20 be ed%ﬁed by an anount
. correspondi ng to Ehe area of the bass. Hhifh Jf Geh &80 &y IFRAENhe
conventional devige, The, ar of a si tr | stor. .ele n_be reduced
by at | east thi rt?xbﬁ?geﬁg,ﬁgﬁt{mﬁét%vgﬁ eca&&%ttser?g q%harsﬁ%ttv\/‘égl & can be
reduced to g gredtofyenti&¥Affc. This causes a decrease in the
junction capacitance between the P+'type base region” 26
andN” type epitaxial layer 13, i.e. the base-collector
caéacitance, _
The_present method is very advantageous for
10 increasing the speed of operation of an IC when the
N~ type epitaxialllayer 13 forming a base-collector
capacitance has a concentration gradient due to
upward diffusion from the Nt type buried layer 12.
In general, the lower the collector concentration
15 = at a base-collector.junction surface is, the more the
base~collector capacitance CTC can be reduced.

However, the cut-off freduency fr (the frequency when

the common emitter current.gain 8 becomes 1) of the

transistor is also reduced with a decrease in the

.20 ‘base-collector capacitance. Accordingly, when the
.epitaxial layer forming a base-collector junction
”has‘impurities the concentratibn.of which increases
~in proportion to the'depth of the epitaxial layer,

- the relationship between the depth of the epitaxial
25

layer and the base collector capacitance C and the

TC



- 14 - The present nethod al so permts an increase i-n tthe speed of

operation of an IC. This is ascribed to the area of the base, which is

.re;Q?-d to a great extent as nentioned above conpared with that of a 5 .

ptional 1C ~This causes a decrease in the junction capacitance :

gen the [err] type base region 26' and N type epitaxial |ayer 13, i.e:

t he base-col |l ector capacitance. The present nethod is very advantageous for™

10 i ncreasing the speed of operatigg of an IC when the N type epitaxial

| ayer 13 form ng a base-collector capacitance has a concentration gradient

due to upward diffusion fromthe [err] type buried |layer 12. In general,

the | ower the collector concentration 15 at a base-collector junction

surface is, the nore-t- - Gpld ector 'q?ﬁﬁ; ca. 19" lhaC Ak reduced.

However, the cu?"—q%fff# %%ﬁ%gfeéﬂ]&é()t%sg recﬁéﬁc?u\%ﬁer?htdhgggg‘rén%n emtter
current. gain B Perogesrddpédtivily) AWMLl 4.5 aneeefeteGeWhent Bna decrease

~in the 20 base-collector capacitance. Accordingly, when the epitaxial _

| ayer form ng addpele-69! tistdse urediom dmna iwhole tiisesetheagoineatrati on of

whi ch increases in proportion to the depth of the epitaxial |ayer, the

rel ati onshi p betomeentienalkpl®, dfo the syhatantdlally equal to that of

5 the part thereof which is under the emitter region and
works effectively as the base,”an'increase in the'
oéerational speed based on the reduction of thé

' éarasitic cépacitance and an increase in the cut-off
frequency £, based thereon, which.ccnflicﬁ'with each

10 otheér, cannot be attained. simulﬁaheousiy.

on the other—hand,'in the present method, the
depth 63 of the diffusion in the pgrts.of the base
;EQion which are under the emitter region 28 is
greater than the deéth d4 of the diffusion in most

15 of the rest of the base region, as illusttated'in_

| Fig. 2G. The distribﬁtibn of the concentraﬁion of
impurities from the_éurfaCe.df the substrate to the
upper surface of the base region in the ?arts thereof
which have these depths ds, d4 is shown in Pig. 5.

" 20 As can be understood fromlthe graph; the-concentration
of collector impuriéies in the part of the base-

e collector junction which has the depth d, is lower

than that in the part thereof which has the depth
d5. | |
25 ' As described above, the concentration of

impurities in the parts of the collector region in

the base collector junction which are just under



25 layer and t-he base collector capacitance [err] and - he cut-off

frequency [err] is as shown in full and broken lines, respectively, in Ff?.
#4. Therefore, when the depth of the base region as a whole is set, as in

conventional I|C, to be substantially equal to that of 5 the part

t hereof which is under the emitter region and works effectively as the
Jbase, an increase in the operational speed based on the reduction of the
garasitic capacitance and an increase dygd he cut-off frequency [err] based
t hereon, which conflict with each 10 ot her, cannot be attai ned.

si nul t aneousl y. K& énik t¥rh efedidid.and) whliiehpwezkneffethddelyhasdeheh [err]
of the diffusion in the parts. of the base region which are under the

em tter region B#se sigrieigher schahatha ddghh vadue] off fypheani Peusi on in nost
15 of the rest of the base region, as illustrated in Fig. 2G "The

di stribution of°@¢ﬁ#&ﬁﬁx&uﬂ¢ERHQMQQHEI ﬁﬂ@ﬂvtﬁ@§ PPéﬁrFﬁélgﬁFPﬁce of the

substrate to the u surf e of the base re on i he arts t her eof
whi ch. have t hes®® ‘%C heerﬂasies IS i ﬂog % As can be

under st ood frongéhg égﬁk" T § Hﬁ&thEt olgegbﬁrak ktres in the

part of the base as -t omer 4 than

that in the parﬁar@eéﬁoihé’wﬁﬁé_ *F?gzt&?? ﬂe%tm'&ll and since the

coneentration of impurities in the junction part of
the eollector region is low., This allows the speed
of operat1on of the Ic to be xncreased

10 ‘With the present method, the.following effects
can be obtained in add1t10n to the above-described
effects-'

(1) The dense SijN, £ilm 151 formed at a high tempe-
rature can be'used as a passivation film.

15 (2) The steé of forming a contaet hole to bring the
base ‘electrode 31 into contact with the base region 26
can be omitted. ._ |

Thelsemiconductor integrated circuit device
described above can be modified in various ways. An

20. example of a modification'te.this device‘is_shown.in

'Fig. 6. In this example, the shape of the Si N, film
151 eonstitutiﬁg the first_mask in the above embodiment
is change& Figure 6 is a sectional view of an

| element structure obta1ned by patternzng the 813 4

25 f11m 151 during the step shown in Fig. 2B so as to
cover the base electrode contact section as well.

Iﬁ this-example, the depth of the.part of the

base-collector junction which is under the base



As descri bed above, the concentration.of inpurities in the
of the collector region in the base collector junction which are just
the emtter region and which work effectively as the base is high, ¢

base-col | ect or capacitance of the base region as a whole can'5 be reduced
since the junction depth of the greater part of the base region is snall f:}
and since the concentration. . of inpurities in the junction part of the
collector region is low This allows -lffe speed of operation of the IC.to be

i ncreased. 10 Wth the present nethod, the follow ng effects can be
obtained in addition to the above-descri bed effects: (1) The dense Si 3N
film151 fornmed_at a high tenpe- rature can be used as_g passivation film
15  (2) The S18QtEPde o} % ¢Hal dhithe é%ﬂ§9t41lﬂq Ry YHENSZs @a&tect r ode 31

i i . .reqion 26, can ke om tted., The . sen conduct or
into cont act MA%Pthe base Q%#o 6 (o} Q

I ntegrated ci r eVt HA Jf%dsjd'b%?/et earf'%ﬁ"’tﬂ?&iaﬂ 5&]_'i°r? vari ous ways.
O xamr s FRELRaTERG [FAL! g 1Y Sl dit Whahah 0 O 1
Si,N, film. Therefore, when the N~ type epitaxial '
5 layér 13 constituting the base-collector jﬁnction has
such a distribution of concentration of impurities as
shown in Fig. 5, the base-colleétor cépagitance can
be reduced even more than in the fi#st embodiment,
This allows the speed df operation of the IC to be
10 increased advantégeously. fhe process for fabricating
this example is substéntially the same as that shown
in Fiéé. 2a-2I for fabricating the first embodiment
except that a step is also needed, after the emitter
fegion 28 has been formed, of forming..a contaqt'holé
15 in the Si,N, film 151, ﬁhich is used to bring the
base electrode 31 into contact with the base region
26. Since the step of forming the photoresist film
27 shown in'Eig. 28 is not needed in this examéle,
the above extra step does not cause any great increase
20 in the time reﬁuired for carrying out the whole
process. According to this example, the same effects
can be obtained as.in the fiist’embodiment,_though
the former differs a little from the'latter in the
above point, |
25 The present invention i# not 1imited to thé above

embodiments. It can also be applied to, for example,



151 consti-tuting the first mask in the above enbodi nent i s changed. Figure .
6 is a sectional view of an elenment structure obtained by patterning the &2
derr—25. film151 during the step shown in Fig. 2B so as to cover the b
el ectrode contact ‘section as -well. In this exanple, the depth of the part
of the base-collector junction which is under the base  -17- electrode is
equal to the depth d4 of a thinner part of the same junction since the
¥on-inplantation form ng the base regiopgiks carried out through the Si 3N4
film Therefore, when the N type epitaxial 5 | ayer 13 constituting the
base-col l ector j-unction has such a distribution of concentration of
.inpurities as shqyn in Fig. 5 the base-collector capacitance can be
reduced even norkE ksaising tare ddidet fddpodisedatiofihmethodows the speed of |
operation of the ICto be 10 i'ncreased advant ageously. The process for
fabricating this exanple is substantially the same as that shown in Figs.
2A-21 for fabricating the first enbodi nent except that a step is al so
needed, after the emitter region 28 has been fornmed, of form ng a contact
hol e 15 in the Si3Nd film 151, which is used to bring the base el ectrode
31 into contact with the base region 26. Since the step of formng the
phot oresist film _



=3

thQwn .in Fig. 2His not needed-in this exanple, the above extra'étep"'

27
doés&not cause any great increase 20 in the tine required for carrying
outx~tth¢ whol e process. According to this exanple, the same effects can be. o

¥rfed as in-the first embodiment, though the former differs a Little .

obt. 3

fromthe latter in the above point. 25 The present invention is not
limted to the above enbodinents. It can also be a | xanmple,
[err] using an oxide filmisolation rg;t 10d. Qﬂmmﬂuﬂﬂﬂlﬂé"ﬁod of il
fabricating sem conductor integrated Circuit devi CgSY C0} sngxt he steps

of : preparing a sem conductor body having a main 5 surface; formng a

first mask and a second nmask of oxidation inperneable materials over said
mai n surface; ogairflshi rst mask covering selected areas of .said nmain surfacer
but | eaving umtovered a first area of said 10 nmain surface in which an

i sol ating regi @n i satfebRoéoofetlabiicating esdihi oA d rideraratfedsai d mai n
surface which is surrounded by and spaced apart from
: circuit devices, comprising the steps of:
| Preparing a semiconductor body having a main
5 surface;- |
forming a first mask and a second maék of
oxidation impermeable materials over said main surface;
said first mask covering selected areas of said main
sﬁrface. but leaving uncovered a first area of said
10 main surface in which an isolating region is to be
formed, and at least one second area of said main
surface which is surrounded by and spaced apart from
said first .area; said segond mask covering said second
area but 1eaving said first area uhcovered:

15 oxidizing said semiconductor body having said.
first and second masks to form an oxide film extending
into said semiconductor body in said first area not
covered by said masks; _

removing . said second mask from said main surface;
20 and

introducing impurities into said second area

using said first.mask, to form a semiconductor region.

2, A method of fabricating semiconductor integfated

25 circuit devices according to claim 1, wherein the'séme

oxidation impé:meab;e material is used for both masks.



.said first. area; said second mask covering saLd—seeoﬁd‘aréé”Eﬁfdreaving
:said first area uncovered; 15 oxi di zing said senicon@ga“&r body ...

“shavi-ng said first and second masks to forman o |mﬂ““mmu ginto,
sai d -seni conduct or body in said first area not a& (L

sks;

renmovi ng sai d second mask fromsaid main surface;*20° - and introducinf

I'mpurities into said second area using said first..mask, to forma
1 conductor region. 2. A nethod of fabricating sem conduct or integrated

25  circuit devices according to claim1, wherein the sane oxidation

| npernmeabl e material is used for both masks. -20- 3. A ret hod of

fabricating sem conductor integrated circuit devices according to claim 2,

wherei n sai d oxi gati o8 hePRSdEsDH| FabPicititlg | senfiidonGurtdirt indegrated 4.

. A method of fabricating sem conductor integrated circuit devices according
to claim3, whereinctit desisesraccoapdineg cb wladmsi2,i wherdiaxisdédf il m 5.

A et hod of fabricating sem conductor integrated 10 circuit devices
according to anyOEﬁéabgomh%mm#tmﬁibiﬁ;mﬁtﬂnﬁﬁl\ﬂ$€ﬁéﬂdcgainisﬁﬁﬂs@nductor
region is an emtter region. 6. A nmet hod of fabricating sem conduct or

I ntegrated. _

5 4, A method of fabricating semiconductor integrated
circuit devices according to claim 3, wherein the masks

are separated by a silicon dioxide film.

5. A method of fabricating semiconductor integrated
10 circuit devices according to any one of the preceding
claims, wherein said semiconductor region is an emitter

region.

6. A method of fabricating semiconductor integrated
15 circuit devices according to claim 5, wherein said'first

mask leaves uncovered a third area of the main surface,

which is covered by the second mask, and which is used

to define a base-contact region.

20 . 7, A method of fabricating semiconductor integrated
circuit devices according to claim 5 wherein; after the
formation of the emitter region, a,base-contaét hole is

formed in the first mask.

25 8. A method of fabricating semiconductor integrated
circuits according to any one of claims 5 to 7, wherein

‘a base region is formed by introducing impurities into



+15:- circuitdevices according to clain15,-mhergLErzglg;jiiéezﬂnfj?'Ieaves
covered a third area of the main surface covered by t he second

d which is used to define a base-contact regi onmm

.)f, Y )

gf fabricating sem conductor integrated cir rdlng to
wherein, after the formation of the emtte Base- cont act
hole is fornmed in the first mask. 25 8. A nethéd—of fabricating 'Suf
sem conductor integrated circuits ace@dding to any one of claims 5 to 7, N
wherein a base region is forned by introducing inpurities into -21- the
sem conductor body in said second area and also through the material of the

first mask, whereby the base region i,s deeper ald secoad g% a than in
parts thereof hfcieniqapductoy YdQy Saddg se°° nﬁFﬁBdaB faBPi cating

sem conduct or |, EALatSY Gacls 058 G5 Ayas! ﬁ.atska'  LkeBspgnyngoser bed.

t'he “acconpan
base region is deeper in said second area than in parts

thereof covered by the first mask.

9. A method of fabricating semiconductor integrated
eircuit devices, substantially as any described herein
with reference to Figs; 2 to 6 of the accompanying

drawings.




