-1- .SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE AND FABRI CATI ON METHOD THEREOF

Thi's invention relates to a sem conductor integrated circui ' S _

( ke naf t er sinply referred to as an "I C"') including an[eé'l(?ﬁ%gbr-zed .
I nj on Logic) elenent portion having an inverse transistor "and.a bipol ar

ci-r el ement portion having a normal transistor. It also relates to a

hod of fabricating the IC. The term"inverse transistor" herein denotes (‘
a tran- sistor having a structure in whiclj.a seniconductor body such as a .
semi conductor substrate or a senmiconductor |ayer (epitaxial layer) is used”
as its emtter region, a first sem conductor region forned inth sem coctor
body is used as the base region and' a second sem conductor region formed in
the first sem conductorregion is used as the collector region. "On the -
ot her hand, the term "normal transistor” herein denotes a transistor having
a structure in which SEMIGONDUCKOR! TNTEGRATEDN CIRCHIIFODBVWECEr ANDgi on i S
used as the emtter reglon the above nentloned first sem conduct or regi on
is used as the base rEBBBARCAN LpyiBdned semi conduct or body is
used as the collector region. v%en an[err]elenent and a linear or digital
circuit element are to be separately disposed on a commobn epitaxi al - 2-

layer, there is @hBrOEASQLtEQntQ%Ea% W 2° %k Bhl c%%t'gﬂtegrated

circuit device (hereinafter simply referred to as an "IC")

including an IzL (Integrated Injection Logic) element portion havixig

an inverse_transistor and a bipolar circuit elenent portion having a
.normal.transistor. It also relates to a method of fabricating the IC.
‘The term "inéerse transistor” herein denotes a tran-
sistor having a structure in which a semiconductor body such |
as a semiconductor substrate or a semiconductor layer
(epitaxial layer) is used as its emitter region, a first
semiconductor region formed in the semiconductor body is used
as the base region and’'a second semiconductor region formed
in the fﬁcﬂ:semhxmduﬁxn-regﬂxtis used as the collector
region.' On the cther hand, the term "normal transistor"
herein denotes a transistor having a structure in which the
above-mentioned second semiconductor region is used as the
emitter recionﬂ the above-mentioned first semiconductor
region is used ae the base_region and the above-mentioned
semiconductor body is used as the collector region.
When en IZL elemeﬁt and a.linear or digital circuit

element are to be separately disposed on a common epitaxial



decreasing thickness of the epitaxial |ayer, whereas the
gollector-to-enitter or collector-to-base breakdown voltage in the |inear. .
circuit elenment having a 5 normal vertical transistor structure increases
wi th increasing thickness of the epitaxial l|ayer. Therefore, in order to
have both el ements present together on ascommon epitaxial layer, it is
nscessary to sacrifice either the current anplification factor or the
br egkgown. vp%*@g'e,tll‘@r@cggrglgs@osgjbem hirpden afe. duxassnt amgilhief iepittion al
| ayer. A problemtherefore resides in-providing an IC a conposite
el ement typgaétorhs chopote kinvieré €ramsi stox vofarcheliElosskementa singl e
sem conduct or substtate without |owering either the current anplification
factor of timcidasesewsehtdecsessing orhidikness of e \epitagial kawemor mal
transistor. Furthernore, it is-desirable to provide a nethod of fabricating
t he above- nem¢ieasdth€ oplhectorgtotenitter orratlrGiRr+8q-bage In a-
first aspect the present invention provides a sen conductor infegrated
circuit.devbt%aMﬁ@W@i%Ohh39ﬁvbﬂs%hQr¥$Eﬁéﬁcﬁ1¥§¥%ﬁwﬂl%ﬂﬁPEiWRﬁ?Réla
t ransi st or elenent'are;foingg i n, ad] acent gortions of a co

= | .

sem condtict BPFPaY eYehhich .ﬂ?§b%% _ ?ﬁF%{EﬁﬁﬁnﬁPﬁiﬁﬂ%%ﬁdﬁgﬁgr substrate,
25 said adj acent DORLT ORSCRELDY SEPARET &8k LARMMLAPL &L Nofndietore, in

order td have both elements present together on a common

-factor[err]ofthe inverse transistor of thel.2 L.elenent. increases with

epitaxial layer, it is necessary to sacrifice either the
current amplification factor or the breakdown voltage,
10 acéording to the thickness choseﬁ,fot the epitaxial layer.
A problem theiefore resides in providing an IC of a
composite element type'in'which both kinds of transistors
are disposéd on a single semiconductor substrate withqut
lowerihg.either the current émplification factor of the
15 inverse transistor or thé withstand voltagg of the norral
transistor, - | | | |
Furthermore, it is desirable to provide a method of
fabricating the above-mentioned IC with a.high lgyel of
reproducibility. | - | o
20 'In a first aspect'the preseht.invention provides
a semiconductor integrated circuit.device wherein an
inverse traﬁsistor element and a normal transistor element
are formed in adjacent portions of a common semiconductor
layer which-is disposed oﬁ a common semiconductor substrate,

25 said adjacent portions being separated from each other by



-3- an oxide layer penetrating said sem conductor layer in the direction of
Its: thickness, and wherein said adjacent portions each include a surface
oxide filmw th the thickness of the surface oxide filmof said 5 inverse
trapgi stor el enent portion being greater than that of the surface oxide
filmof said normal transistor elemgat portion so that said inverse .
" transistor elenment portion of said semconductor layer is thinner than said
normal tramsoside bapernpepettrabingfssiddsenicendiychduciayerayer. In a. iy
second aspect the invention provides a nethod of fabr[catina a -
seni condutm othe ndbreatbancefcits thirkaessmpandi wheredr saidi zi ng
predeterm ned regions of a sem - conduct.or Ia%er to an internedi ate depth
of said sadjacewhdRerbiongyeachninflude, 8cBRERAGE PEEdBhFEkMess thereby 20 -
to separate said seniconductor - er into a first .teqgion.in,which a norma
transi st of1R ?Bebﬁh+8¥ﬂﬁﬁsaﬂg ggéeéﬁﬁgaFﬁgPﬁﬁdFnfﬁﬁﬁcﬂ?aﬁa? ver se
transistor_is_to t ped. _coyering.the.fiLst o] L i ch a normal.
trans s;o+n%$£ﬁ%n€§ﬁ%$§$§§rié?%gegg.Pg?g%éng%khgngggggg?dggfﬁﬂ-_resis;ant
mask whi | end €3k Nonk NEu2£aeETokedEOR 1A VR 6018%h8rhHYCERENELARBESIOT 1S 1O
be forned uncovered; an _ _ A I - -
-element portion so that said inverse transistor element
portion of said semiconductor'layef is thinner than
said normal transistor element portion of said
10 semiconductor layer. |
In a second aspect the invention provides
a method of fabricating a semiconductor integrated
circuit device comprising:
(a) oxidizing predetérmined'regions of a semi-
conductor layer to an intérmediatg depth of said semi-
conductor layer in the direction of its thickness thereby
20 to separate said semiconductor layer into'a first region .in
which a normal transistor is to be formed and a second
region in which an inverse transistor is to be formed;
(b) covering the first region in which a normal
transistor element portion is'to_be formed with an
25 oxidation- resistant mask while leaving the second region
in which said inverse transistor is to be formed uncovered;

and



Z 3a- (c) oxidizing uncovered parts of said sem - conductor |ayer, g

I ncl udi ng sai d- oxi di sed predeterm ned regi ons and said second regi on of
§aid{§eniconductor | ayer, to make said oxidi sed predeterm ned regions 5. -
penetrate throughsaid sem conductor layer in the direction of its

t hi ckness and, at the sane tinme, to nake a surface oxide filmon said
spdond regi on of said sem conductor | ay2a-thicker than a surface oxide film
oNrsaid first region of said sem conductor |ayer 10 so that said second

region s made thinner {agnogsafleihgStnESOkeBa barthcotl sgiadsentlgures 1A
t hrough 1G are sectional views sﬁo ng the principal portions of an

[err]-linear gbraRBtor5189eP! cERATAALNGEshEdl Bxaaceedapeadetébmined
enbodi ment of the present”invention at various stages of the production

process, and Féﬂﬂbﬁﬁ 2Adt BaDagsedbndr eegtohi ofiakavdesemibondngtanot her
enbodi mrent of the present invention. 20 Herei nafter, an enbodi nent
in which the pageepttonmakei saidsoapgised puvedeterpdsetderegpensC i ncl udi ng
an [err]circuit elenment portion having an inverse transistor and a |inear
transi stob ci p_euetreterrhﬁtomht sahdhgemiagondusterl laygeksist Shewi || be

described with reference to the 25  draw ngs. -
direction of its thickness and, at the same time, to

make a surface oxide film on said second region of

said semiccnduEtor layer thicker than a surface oxide

£ilm on said first region of said semiconductor layer
10 so that said second region is made thinner than said

first region.

In the drawings:
Figureé 1A through 1G are sectional views showing

2L - linear element

the principal portiohs of an I _
IS5 co-presence type IC in accordance with an embodiment of the
present invention at various stages of the productiop
process, énd
Figures 2A through 2B are sectional views showing
 another embodiment of the present invention.

-_20 Hereinafter, an'embédiment_in which the present
invention is applied to a composite type IC including an
12L circuit element portion héving an inverse transistor
and a linear transistor éircuit element portion having a

normal transistor will be described with reference to the

25 . drawings.



-3 The IC of this enbodinent will be explained according to its

pr tion steps. First, as depicted in Figure 1A an N type epitaxial

laygr 3 is grown to a thickness of 1.8 to 2.0 pmon a P type Si substrate 1°
over an N type buried 5 layer 2. The surface of this epitaxial -layer 3 is
thermal |y oxidized to grow a thinJygatective SiQ2 film4. Then, a - -4- .
" Si3M filmis growmn on the Si2 film4 by vapor growth and shaped in NS
predet ermi ned patterns 5a and 5b by ordi.nary photoprocessing. In this cgge
the Si3N4 filmb5a covers a portion where a bipolar transistor wll be -
formed while the Si3N4 film Sb covers a portion where the[err]elenment will
be formed. Next, as shown in Figure 1B, the SIQ2 film4 and the epitaxial -

| ayer 3 bel ow t hese Si 3N4 fil s 5a, 5b are selectively etched to a depth of”
0.6 1o 1.2 pmukgl g e tmgrramﬁaﬁnagneswmatsg, kg1 a1 Ea%aEEEETEnG f OF

LOCOS oxi dation (local oxidation ubsequen Inthe recess 6 is

ther”akbyxﬁé'ﬁkéaﬁcﬂibﬂgska9ss'3N4r§t|”Essaep5ét§8 Qn”Pibuﬁé $Rown in
Figure 1C so as to forma relatively thlck[err] | ayer 7 which extends into

t he epahanakypeyepiBaxialhdageredt iengebwht tot bi ekieraesshos Eesr] I ayer 7
surrounds each el enent
to 2.0 pm on a P type Si substrate 1 over an N type buried
5 layer 2. The surface of this epitaxial layer 3 is thermally
oxidized to grow a thinfprotective SiO: film 4. Then,'a



¢ . X .

regiron (i.e. the inverse transistor and the normal transistor) and ‘
separates them from one another. The oxidizing condition for growing th
[err]layer 7 is a tenperature of [err]. for a period of 5 hours in wet (fij)
[err] for exanple.' Next, as shown in Figure 1D, a photoresist 8 is
deposited by ordinary techniques so as to cover a region i-n which the
normal transistor of the bipolar transistor circuit elenment portionis to
beMdrmed. The Si3N4 filmSb on the |2L sdde that is not covered with the
phoﬁe?e3|st 8 is selectively removed by exposure to CF4 plasna, exposing
the origi nalS{Np filanis grawmomdehe §i0, £ilmxd, bxsvaaeﬁngrﬂww owd 1E,
the surface is successive- |y thermally oxidized to extend the Si Q2 Iayer 7

until it perﬁh#&ﬁ@aslfemﬁ%ﬂﬂ%rm% P3ttegaschp @F‘valshgbx PRALRAZY 2 | ayer 9

ting th taxial, | to the el t d_3b._Thi
o bobas |9 1BARIIRKPGS B9 OaES RS0 SANR LPAnd Lolle FALF ?%ﬁ?var? s -

Ohi o Lonos etefen Wadkl 4 pipetar erand3sfoenGiln B robida RRERECGHE |1
4 grows 'ﬁcn i Ik 5 o ek m%ﬂt&%rnﬁ%e% @ﬁbl @R[ eiéhéhtrwmas

shown in the dtdwing. This oxida--tion may be perforned at a.tenperature of
[err]. for apdecgolredf three hours in wet 02 By this treatnent, the
t hi ckness of the [err]film 10 becones 0.5 to 0.7 pm Cbnsequently,

Next, as shown in Figure 1B, the sio2 film 4 and the

epitaxial layer 3 below these $i3N4 films Sa, 5b are
selectively etched to a depth of 0.6 to 1.2 pm using the
films Sa, 5b as a mask, forming a recess 6 for LOCOS
oxidation (local oxidation).
| Subsequently, Si in the recess 6 is thermally
oxidized hsing the Si3N4 films 5a, Sb as a mesk as shown in
Figure 1C so as to form a relatively thick Sio2 }ayer 7
which extends into the epitaxial layer 3 in the direction
of its thickness;"This Sio2 layer 7 sﬁrrounds eaeh element
region (i.e. the inverse transistor and the normal
transister) and separates them from one another. The R
.exidizing eonaition fpr_growing the Sio2 layer 7 is a
temperature of 1,006°C. for a.period of 5 houre in wet 0.,
for example. | |
_ Next, as shown in Figure 1D, a photore51st 8 1s
de9051ted by ord;nary techniques $0 as to cover a region in
which the normal transistor of the blpolar transistor
clrcuit element portxon is to be formed. The 513N4 film Sb
on . the 12L_side that is not eovered with the photoresist 8

is selectively removed by exposure to CF4 plasma, exposing

the original Si0o, film 4 at that portion.



the difference between the thickness of the surface SiQ2 film4 of the
(£ahon 3a of the bipolar transistor circuit element portion and the
& kness of the surface [err]film 10 of the inverse transistor region 3b
e[err]circuitel ement portion becones approximately 0.3 um for
.exanple, at this - tine. This difference is considerable since the original
(Epitaxial | ayer 3 is extrenely thin,~3Te., 1.8 to 2.0 pm Next, as—shomn.Lg'
igure 1F, after the Si3Nd filmb5a is renoved by plasnma etching as o
descri bed above, wi ndows are bored in the [err]surface filnms 4 and 10-b9‘én
ordi nary phot e  t | it ' : ron . vapor. . IS
di f f used thro(l}g%ﬂf:h?? h%{smf'gri;%aé%‘é%% %?%ﬁ%é’%ﬁ:wﬁ" Ssive=
sem cond vakH 101, 11lok 5 BEsd € L d e 1.6 :qnd P+ ~
sem condﬂ ghérlgﬁfoﬁr?s 12, ahﬁfélB t?égﬁzﬂ%‘iﬁﬁ?% elcasﬁ(yrzogngg’%ége?t
respect i \Winetitdd g vl traga‘t' b S3,0rtHekdHie gresligly W trie in
Figure 1\33 t he surfac?e of each SI Q2 f'i_l m 4 g}iﬁd‘lo i g@f urt her k:?ﬁgét ively
et ched udiayem9 Gepamrtinhcitepremistssciaind ayeN I Viprto Ehi¢r iellgmeugh as
phosphorous is diffused in the gaseous phase through each opening thus
formed. megdldns @d@nand 3bogi Gthizn prdansy devine fenresc ttor @gi JLOCOSi s for med
for taking out a collector electrode, and an N+ sem conductor region 15 is
formed t @*3GAaFdons «t fRdeihe §104 Aaver ¢ thvsfhtainedrifeastians region 16

S

as an isolating film. Simultaneously with this
LOCOS oxidation, the region 3b is oxidized so that the thin
sio, -£ilm 4 | grows into a relatively thick thermal
oxi_dation S:i.o_2 £ilm 10 as shown in the. drawing. This oxida-
tion may be per_forfm’ed at a .temperatﬁre of 1,000°C, for a period
of three hours in wet 02.' By this i:reatment, the thickness
of the Si0O, f£ilm 10 becomes 0.5 to 0.7 um. Consequently,
the difference between the -th.ickn.ess I_ of Ithe surface
$i0, film 4 of the régi_on 3a of the bi;polar' transist':o_r':.
circuit element partion and the thickness of the surface Si0, film 10
of the inverse transistor region 3b of the 1%L circuit element
portion becomes approximately 0.3 um, for example, at- Eh_is
time. This d.iffe_rencé is considerable since 'thé
original epitaxial layer 3 is extremely thin,- i.e., 18
to 2.0 um.

Next, as shown in Figqure lf‘, after the SJ'.'3N4 film S5a
ié removed by plasma eﬁching as descfibed aboveh, windows
are bored in the S.J'.O2 surface films 4 and 10 by an ordinary |

»

photoprocess, and a P type impurity such as boron vapor



formed to take out the emtter electrode of the inverse transistor, and,a
N+ sem conductor region 17 is forned as a nulticollector. The[err] fil
and 10 oh the surface are left as passivation filnms, but the surfaces (f :
these filns 4,and 10 are preferably treated with phosphorous to stabiliMze -~
them Though not shown in the drawi ng, an opening is forned in the surface
of. each[err] filmby an ordinary photoprgeess; and el ectrodes are then
ff?j@d into these openings (by patterning.after vacuum evaporation At on

t heNéht i re beirdiffusddrthroagh ¢he thluse farpedr bpppéngsti NnDhisyforms a
provided, wth the necessary inter-layer insulating film thereby .

conpl eti ng R heypeC sepicondudtomgegdper 1dngot servasasathagbase nimatle been
omtted fromthe drawi ngs for clarity, since their formation is well known
in the art.regiam.3am apk & JdHeMdcpndRctRE £RGIONSr HAd2B8nPdsFPeSeyR 1Cin

which the[err]circuif el ement, portion and e Linear gipolar circuit
el enent por?$ dih&rid IRFEPT ARG ,set'héeFl?le-EﬁEH(ggleOf °Fhé 8pf‘?‘é§%so1? | ayer 3b
of the 12 Lt'ﬁqlf%%‘/gel%déli%ri{%%%rqtiiﬁgxg3ibs considerably snmaller than that of

the epitaxia a of” rC¢ircuit element portion due.to the
difference bet veerhd Ndu AN ¥%ERONGY Chel shitalld Bledcn 506, 1Pitn
reason, the current anplification ratioferr]ofthe inverse trgn;?stor I n
L he[ Er r]cirguidad elenmteu@ndrosedaetiveIgdetchede usihgeahebaadhagyt he
reak-

photoprocess, and an N type impurity such as phosphbrous is
diffused in the gaseous'phase'through eéch opening thus
formed. 1In this manner, region 3a an §' ohmic contact

- region 14 is formed for taking out a collector electrode,
and an N+ semiconductor région 15 is formed to serve as the
emitter, 1In fegion 3b an N ohmic contact reéion 16 is
formed to take out the emitter electrode of the inverse
Eransisto:, and an N semiconductor region 17 is formed as
a multicollector. The Sio2 films 4 and ld on the surface |
are left as passivation filmé, but the surfaces of these
films 4 and 10 are preferably treated with phosphorous to
stabilize.them. Though not shown in the drawing, an opening
is formed in the surface of -each sioz'film-by an ordinary
photoprocess, and electrodes are then fitted into these -
openings (by patterning after.vacuum evaporation Ag on the
entire surface, for ekample). Also an At upper wiring layer
is providea,.with the necessary inter-layer‘insulating film,
thereby completing the IC. The At wiring layer and the
insulating film have been omitted from the drawings for

clarity, since their formation is well known in the art.



. down voltage of the normal vertical transistor in the linear circuit

ent portion at a high level. Hence, both requirenents for a high

flcatlon factor and for a high breakdown voltage can be satisfied in
t ame chip. Further, an IC with these excellent characteristics can be
easily fabricated by carrying out LOCOS oxidation over two stages as

(ﬁescrlbed above. Nbreover, in this gase, if the oxidizing conditions \f

(especially the oxidation tine) in the step shown in Figure |D are suit
set, the difference between .the thicknesses of epitaxial |ayers 3a and 3

b troll h it
Z?gorglﬁgryrotH@gsﬁg{?%éﬁéé%ﬁﬁfﬁgtﬁﬁ% ?ﬁuggggpgé%§%°é§?%f€%0§ﬁ%nbég:n%n?
are extrenﬁ t»ﬁiléﬁ%ﬁyer%e&fé@l@péieﬁéaé % S¥€{oh O4nd OFKE NG fAh el ement

s extreme I'n particular, because the Inpurityconcentration
distributi Mipolard® c¢irddt: bI&ReAE tmt&@fbém[ﬁfééewye&w@

t ransi st or changes sharply between the sem conduct or gions, the current .
anpl i fi catthicKmedorof arthel eqmi taexiadr baygelr | 3b tdf sthe teiddiit advant age
results fromthe fact that the thickness of the epitaxial layer 3b is
reduced i relement paxtiomtisyconsidenable smaklessdeer thabof hesur f ace as

- described above, and therefore_high concentration post -di ffusion of the N

type i nmpureRitaXisalida¥er Sawof she kpeangigreis elqment pQHElghosphor ous

i nside the]err]buried
éue Jo the ﬁ%%érenee between the thicknesses of S:LO2

films 10 and 4. For thls_reason, the current amplification
ratio 8; of the inverse transistor ih the 1%L cireuit
element poztien can be made iarge while retaihing.the_break-
down voltage of the normal vertical transistor in the
linear ei:cuit element portion at a high level. Hence, both
requirements for a high amplificetion.facto: and for e.high
' bteakdown : voltege can be satisfied in the same ehip. |
Further, an IC with these excellent characteristics can be
easily fabricated by carrying out LOCOS oxidation over two
stages as described above. Moreover, in this case, if the
oxidizinq conditions (especielly the oxidation time) in
the step shown in Figure 1D are suitably set, the difference
between the thicknesses of epitaxial layers 3a and 3b can.
be controlled arbittarily-and with a high level of reproduci-
bility. Accordingly, the structure and method in accerdance
with this embodiment are extremely effective when ‘the
epitaxial layer for forming each element is extremely thin.

In particular, because the impurity concentration distribution



post-diffused up into the epitaxial layer 3b in order to reduce the
effective thickness of the epitaxial layer 3b, the change in the inpurj
coﬁ%entration al ong. the direction of thickness is only gradually gradg
towards the base side (13) due to the post-diffusion, and hence the c
anplification ratio beconmes lower. In the present enbodi nent, since the.
thi ckness of the seniconductor |ayer of8The[err] circuit elenent portion is
naﬂé’snaller than that of the normal bipolar circuit el enment portion,

al r éafy described; high current anplification ratio of the fornmer and high
break- down. voltage of the latter can be sinultaneously acconplish- ed on
t he sane chi in theecdieectibasefr dgptheoEnthecaLbénverseytransisted With a
hi gh I evel of reproducibility or.controllability by suitably selecting the
oxi di zi ng comshadgesosbarpdy betweeni thet semigohdugtoxi degions, Thhe is

-9- especially effective when the epitaxial layer is thin. The present
enbodi nent aF§Sr§ﬁ§uFEElé§ﬁ§éF&Pni§gFE?FoﬁaBe§ nP¢ hMREQ%&S ti%e|Hhdht s by

the i | ati fil hat iti i st is_lik to be f d.
The | nt egr at FAPAGHS; | FhidnadreBendsl FeputEs ERoBokpe: F26h HAER BRE; unct | on
solation T . L P e : h
above- nent | onBucknBas; SEnERS, spEEARIAT  pYeR, BpTASCHpdUbea" EhCLRTS® (O The

' embpdiment by growing the thick Sio2 film on the surface

as described above, and therefore high concentration post-diffusion

" of the N tﬁe impurity inside the same layer gdoes not occur.
If the phosphérous inside the N' buried layer 2 is
post-diffused up into the epitaxial layer 3b in order to
reduce the effective thickness of the gpitaxial layer 3b,
the change in' the impurity concentration along the direction
of thickness is only jraduaily graded towards the bése side
(13) due to the post-diffusion, and hence the current
amplification ratio B; becomes lower. |

In the present embodimeﬁt, since the.
thickness of the semiconductor layer of the 125 circuit
elemenﬁ portion is made smaller than that of the normal
bipolar circuit element portion already described, high
current amplification ratio of the*fdrmer and high break-
down. voltage of the latter can be simultaneously accomplish-
- ed on the same chip. Moreover, these requirements can be

easily satisfied with a high'levelnof feproducibility or
controllability by suitably selecting the oxidizing con-

ditions when performing the surface oxidation. This is



be made on the basis of the technical concept of the present invention. For

ex e, inthe step shown in Figure 1D, the Si3N4 film5b may be renoved
b ',nihlng wi th hot phosphoric-acid in liquid phase. |In such a case, it is ¢
prs red that an SiQ2 film be di sposed by a chem cal vaporgrowth process

between the photoresist 8 and the Si3N4 filmb5a. In the sanme figure, the
Si3N4 filmb5a may al so be rempved and an oxi dation-resistant mask may be g;}

applied to that portion. The seni condifct or type of each of t he e;;
above- megy é%ﬁ?a &Pt Q PL1 S nped if desinm
As anot heré dfiﬁ!ragf ?Q% ‘gtﬁ%‘éﬁ? in gﬁ%ﬁ‘on *1 fosf I OWI ng method is

proposed.  Naygd Vor Sddri¥ dufbocbilnfadh 5 WS |é;1§arglére I'lE is conpleted, the Si Q2

films 4 and 10 formed on the surface of the regions 3a and 3b are renoved -

" by et chiggpedtal hiwslation dhetwedn dlencipsubboslements gure 2B, insulating
films 20a and 20b of a desired thickness are forned on the exposed surface

of the rhyiths sulatBry SThbmesdt athatt e mpsmlicvmtransEsguresslﬁlemg 1G
are carried out, in order to formthe various regions of the respective
transi ste® e  formedqpsThe integragion IeeRsEey fampkse ke dowravedob are -

[err]fllnsforned b OXIdIZ t he surface of - fhe regions 3a and 3b.
However 11 {CUWRAY rﬁg kiR 35912t Pned by a CVD (chenica

vapor dep03|gf 'R ﬂ”éﬁéapresent-lnventlon is explained with reference
to the above-mentioned embodiment, various modifications can
be made on the basis of the technical concept of the present
invention. For example, in the step shown'iniFigure 1D, the
Si N, film 5b may be removed by etching with hot phosphoric
acid in liguid phase. 1In such'a'case, it is preferred that
. an S_io2 film be dispbsed by-e chemical vapor growth process
between the photoresisf 8 and the Si3N4 £film 5a. 1In the
same figure, the Si,N, film 5a may also be removed and an .
oxidation—resiétant mask may be applied to that portion.
The semiconductor type oﬁ each of the above-mentioned semi-
conductor regidns may be suitably changed if desired.
As another embodiment of the present invention, the’
following method is proposed., Namely, after the step shown
" in Figure 1lE is completed, the Sio2 films 4 and 10 formed
on the surface of the regions 3a and 3b are removed by
etching, as-shown in Figure 2A., Then, as shown in Figure 2B,
insulating films 20a and 20b of a desired thickness are
formed op-the exposed surface of the regions 3a and 3b.
Thereafter, the steps shown in Figures 1F and 1G are
carried out, in order to form the various regions of the

‘respective transistors,



$

In any event, in accordance with this nethod, the insulating filns 20a and
20b formed on the surface of the regions 3a and 3b are equal to each other
sb that sinmultaneous etching of these insulating filnms.20a and 20b can. bé "

readily be acconplished. In the step shown in Figure IDin each of the -~

above- nmentioned enbodi nents, the photoresist 8 may be |left as such and an
N ¢ ype such as phosphorous may be introduced into the epitaxial |ayer 3b
tth%Qh the thin SiQ2 film4 so as to reaggp-the[err]typeburied | ayer 2.

I ntrgduction of the Ntype inpurity into the epitaxial |ayer 3b nakes it
possi bl e to increassosbepspferaply} hehd 2insuYating ef idment20a mandhi28br agar d,
It should be noted that since no nmask is necessary for introducing the N
type'inpurit§iobﬁ¢imasfqgmeﬂeb$pe!ibiﬂiﬂdm#h#r%uﬁﬁanﬁtoﬁﬂbQMEE@QdanseasiIy
be acconpl i shed. C LM S * -11- CLAIMS 1. A sem conduct or

i ntegrated cPacand dbvi cBowaeer: nifirdesixede thehdmas ke axddenfidng a

normal transistor elenent _are forped in adjacent portions of a common
sem conduct oEOFREE; b¥nPcHVP s (Ghepisal P (é%ﬁﬂﬁi%&ﬂﬂhxﬂﬁﬁﬁﬁﬁﬁr substrat e,

penetrat i ng said SefcBRRUETBRCr 2SR ATHOTHRATH PO i Astbo BhRecs, “and
wherein said;g4d,3Ge0hg £ilms 20a and 20b formed on the surface of the
| regibns 3a and 3b are eéhal to eéch pther so that
simultaneous etchihg of these'insulating films 20a and 20b
can be readily be accomplished.

| In the steélshown in Figure 1D in each of the above-
mengioned embodiments, the-phdtoresist 8 may be left as such
and an N type.such as phosphérﬂhs may be introduced into
the'epitaxial laye; 3b thrdugh the thin Sioz'film 4 so as to
reach the N¥ type buried layer 2., Introduction of the N '
type impurity into the epitaxial layer 3b makes it possible
to increase the'speed of the'izn cifcuit element. In this
regard, it should be_noted that since no mask is necessary
for introducing the N type impurity, increasing the speed

of the IZL circuit elemedt can easily be accomplished.



portions each include a surface oxide filmw th the thick- ness of the
ace oxide filmof said inverse transistor—i6—etement—portion bei ng

gatler than that of the surface oxide film of ' si stor

s gnt portion so that said inverse transi st oummmml‘ﬂmlﬂﬂm of said
sem - conductor layer is thinner than said nornal &ransi"stér &lenent _
-portion of said sem conductor |ayer.=I5H-2. A nethod of fabricating as/
sem conductor integrated circuit device conprising: (a) oxidizing S
pr edet erghATME & egi ons of a senmi- conductor layer to an internediate depth
of said sem- conductor layer in the direction of its thickness thereby 20
to separkhie saixl sawicandiiatar inbegrated cimauwidh demjiash wherein @@ a nor nal
transistor is to be formed and. a second region. in which an inverse _ -
transi stimvearse CraNFiTHAL eXenento\and Ry NFPE) ARANSHFAT 918MRth a norma
transistor elenment portion-is to be forned with an 25 oxidafion-_ resistant
mask whid%® |foRned) 1hALIRIARE R PN ‘Wcﬁii%ﬁ:%‘ﬁ'}"d‘ Isrma#ch:% stor is to

Com " ColtR T 4 Fiameind pr o lptdh ARSI BFIIAG L g
sai ds Seoaih AU 56 SRET SANY Sad A £k Tlkh BeikOHy oo

predétern1ne _ _
an oxide layer penetrating said semiconductor layer in the

direction of its thickness, and ﬁherein said adjacent
portion# each include a surface oxide filﬁ.with the thick-
ness of the surface oxide film of said inverse ttansistor
10 element portioh being greater than that of the surface
oxide film of said normal tranéistor.element_portion so
thaé said'inverse trahéiétof elemeﬁt poriion of said semi-
conductor layer is thinner than éaid normal tfansistor
element porﬁion of said semigonductorllayer. |
15 2. A method of fabricating a semiconductor integrated
circuit device comp:isingz.
(a) oxidizing predetermined regions of a semi-
' conductor layér to an intermediate depth of said semi-
conductor layer in the direction of its thickness thereby
20 to separate said semiconductor layer into'a first region .in
which a normal transistor is to be formed and a second
region in which an inverse transistor is to be formed;
(b) covering the first region in which a normal
transistor element portion is to be fbrmed with an
25 oxidation- resistant mask while leaving the second region
in which said inverse transistor is to be formed uncovered;

and



5 penetrate through said sem cond ' e direction of i

‘t hi ckness .and, at the same tine, tonmulﬂmmemm de filmon said< V
second region of said sem conductor an -a surface oxi tbe—1 | m
on said first, region of said sem conductor |layer 10 so that said second
region is made thinner than said first_rggion. 3. A et hod of
fabricating a sem conductor integrated circuit device according to claim2
fw'ther conprising removing the surface oxide filns of.gneve t hi ckness
after step (c) and forni (g RHFREELRKI WRCPYERRD AR AL 137K RERI DN bot h
the first and segond regi ons of the,sem conductor.|ayer. 4. . A met hod
~according to C‘F%ﬂiﬁ‘?’?ﬁ Tg?%?‘?ﬂ ?W?\ﬂ?wﬁgs%“gr%**‘iﬁ%%‘%lypgﬁ%ept%xfm’erf%ﬂ‘iang a

ng to CPRHEY ERthhs S RrLIdHR% S FRIEE TR ng 2

mehod of TabrTeit g A il Heold Rief FERLIT i e P |
d | bed |  t f ; ' ' . 6. A

omi conduct or TE Gt el O To rene koD PERACHAM AN MR, e of

claims 2 F9_5-%e7ne1;raté_\ OSSR L] @T e ESRMMEELE T£pet BvbgRantially as
any descri-bed herein with reference to the acconpanyi ng draw ngs. _

direction of its thickness and, at the same time, to

make a surface oxide film on said second region of

said semiconductbr layer thicker than a surface oxide

film on said first region of said semiconductor layer
10 so that said.seéond regioh is made thinner than said

"first region.

3. A method of fabricating a semiconductor integrated
i . circuit device according to c1aim-2,'further'comprising
. removing the surface oxide films of uneven thickness after
step'(C) and forming su?face oxide films of equal thickness
on both the first and second regions of the semiconductor
layer.
4, | A method according to claim 2 or claim 3 including a
preliminary step of etching a recess in said semiéonductor
layer in said predetermined regions. |
5. A method of fabricating a semiconductor integrated
circuit, substantially as ahy described herein with
reference ﬁo the accompanying drawings.
6. 'A semiconductor integrated circuit madé by a method
according to any one of claims 2 to 5.
7. A semiconductor integrated circuit substantially as
any described herein with refefence to the accompanying

drawings.




