* SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CES AND METHOD OF MANUFACTURI NG THE
SAME The ‘present inventian relates to sem conductor integrated circuit

devi ces. tn an 1C wherein a bipolar elenment executing an analo -
operation and conpl enmentary MOS el enents executing digital operati on

*

formed on the safe sem conductor substrate, so the anal og and digitd

devi ces coexi:st (hereinbelow, termed a "Bi-CMOS.IC'), a stzg-rczg)?

egpl oying Al (alum num for the gate of thg-MOS el enent has 8r23 ‘been
wel I known as disclosed in, for exanple, the official gazette of Japanese
Lai d- open Pat ent  AppiICoNDOTTOR. INFEGRIIELS .CIROYI TTREVTSESUANRgMEREOD
Bi-CMOS. I C of the Al gate strucééjrt&NdEt dNE AP ANkl ce to adopt a
method in which an n -type Si Imﬁpi%?rlﬁ'y—gmvm—cn ap-type Si
(silicon) substrate is isolated into several island regions of Si by p-n
junctions formed by,gﬁ)-ty e diffusion, whereupon the bi gol ar el enment and the
CMOS el enents are {fEHORFSTE SIS dOn Feliadiesndor 8§MRSNEHCEAE n-type Si

| ayer. However, {he Ag ‘ﬂat.e ha.sct adt?vr’\(/i.dth of about 8 pm and cannot be nade
less, and the HFESBT IRSH IR 9548 Fion (i sol ation portion) cannot be
reduced wi th the p-nydunction 5! 3iedasnTaCHIHB1E: LiEnBAECLxBEL: e had a
probl emin producing a high density of Tntegration. According to the above
Japanese pat engn aipdl @ id gt aflior ofidS PoRpeBmentady MOS elements executing

digi‘tal operations are formed on the same semiconductor
Q/; : substrate, so .the analog and digitgl devices coexist
(hereinbélow, termed a "Bi-CMOS-ICﬁ), a structure
employing Al (aluﬁinum) for the gate of thé_MOS element
has heretoforé been well known as disclosed in, for.
'éxample, the official gazette of'JapéneseﬂLaid-qpenf
Pafent Apﬁlication No. 56-152258f When manufacturing
fhe Bi—CMOS-iC of the Al gate structure, it is common
practice to adopt a method'in which an n -type Si layer
epitaxfaily.grown oﬁ a p ~type Si (silicon) substrate
is isolated into several island regions of Si by p-n
L/ ' junctions formed by p-type diffusion, whereupon the
bipolar element and the CMOS elements are formed in
the respecti#e island régions of the n'atype-Si layer.
However, the Al gate has a width of about 8 jm and
‘cannot be madé lesé, and the area of the iéolation
region (isolation portion) cannof be.reduced with the
" p-n junction isq;atiSﬁ. _Therefore, the prior art Has
hgd a problem J'._n producing & high denéity of integration.

According to the é_lbove Japanese patent application which discloses



a process for manufacturing a Bi-CMOSIC of the Al gate structure, an
‘i solation region, the base (p-type) region of a bipolar elenent and a
p-type |l for form ng an n- channel MOS el ement are sinultaneously forned «
by di ¥ us\ on. Further, according to that application, [err]-type diffusions
for t Eﬁ_ntact portion of the base, the source and drain of a p-channel
MOS el nt and the surface part of the isolation region are used in L
comon, while [err]-type diffusions,for the emtter of the bipolar e[enent#*-
and-the source and drain of the n-cﬁannel MOS el ement are used in commopn.
‘Wth such process, forphanyf2eRein®rd BiT@MQFdG wietihgr Ade@alise t he '

i mpurity concentration,of the base js as as that of the p-type well.

. | .
There aréFrPSF“EQAnﬁ?e}s?%%tbﬁ%bﬁiﬁﬁpqTMﬁh%) sor (EshYP&I 81 bandwi dt h

frequenc LS,k 00 Mk tpg; 3 | &, .S nd that a
hi gh inj _é%t?oﬁlgg%égtel S li”étb e t%%c%&%lrleovg?%%"hﬁgh%\g{eﬁsi ty of .
'Utegratbﬂg?ﬁéﬁnﬁésbSISHQHte%ﬂ@¢§fﬁhf¥%ﬁ%5ﬁ%f¥ fidtmed b32la] FRuUYGhUre. A
Bi-MOS | C of SI gate structure which can achi"eve a higher density of

i ntegrat paRthBRD 46€0AH1iHA! Eo StHAEtapEl fvet e phnawpel dAPEulse oakl i ci al

gazette of Japanese-Lai d- open Patent Application No. 55-157257, and _

Bi - CMOS £6&s bheStontaet sporicien eohattes Hemse Kridhen sounmet lrmdoiriadinal gazettes

of Japanese Lai d-open Patent Applications Nos. 56-7462 and 56-15068. Since -

t he Bi - M0B aCpofhaneeli MQR/ELemERl stnd e isunfaes: panH iofattib@ns have an o

inter-elenent isolation structure which enploys the LOCOS (Local Oxidation

of Sil i.cb_ﬁyléébﬂﬂiﬁ%‘é’;%’lta’&%n“%%‘ﬁi’eﬂ/ec%“‘%q A VR lh &y FERE ty of e

i ntegration. However, in the case of tq$~lcs ' . o/
diffusions for the emitter of the bipolar element and the S
source and drain of the n-channel MOS element -are used in -
common., With such prbcess, bipolar cha:acteristiés are -
inferior because the impurity concentratidn of.thé base is
as low as that of the p-type well, There are, for example,
the problems.that the'fT'(currentégain-bandwidth frequency)
is low (40 MHz), that the ouﬁput impedance.is iow and that
a high injection effect ié liable to oécur."Moreover; a
high density of integration cannot be much expected
because of the Al gate structure.

A Bi-MOS IC O£ Si gate structure which can achieve a
higher density of'integration than the Al gate structure
has been known from the officiél gazétte of Japahesé Laid-
open Patent Application No. 55-157257, and Bi-CMOS ICs of
Si gate structure héve been known from thé official
gazettes of JapaneSe Laid-open 9atént'Applications Nos.
56-7462 and 56-15068. Since the Bi-MOS IC or the Bi-CMOS
IC disclosed in these applications have an inter-element |
isolation structure which ‘employs the LOCOS (Locél dxidation
of Silicon) technique, it can achieve a still higher

density of integration. However, in the case 6f the ICs



4

-3- disclosed in the official gazettes of Nos. 55-157257 and 56- 15068,
substrate potentials are restricted, and parasitic thyristors are prone to
develop. On the other hand, in the case of the IC disclosed in thex,

of ficial 5 gazette of No. 56-7462, circuit design is restricted alse a
substrate is used as the collector region of a bipolar elenent. é),an
tothe present invention there is provided A nethod of man cturing
aseni conductor integrated 10 circuit device conprising the step of
preparing a sem - conduct or substrate of a3first conductivity type, the

step of sel ec“&?éé’lé.@éé“dﬂg P dFAlditN Y kied oECHLENSs 911 97 5F Uity

conductivity type in said sem con ctor substrate, the step of epitaxially

growing a seni copdusees, | st it phresiaand aeadwekiyityedypgman the
surface of said.sem - conductor substrate, the step of introducing a first

conductivity typarasptic tyhymistforsmarg droneoltat denelayer Omtthesadtther

sem conductor layer in order to obtain first -and second island portions of
the second condeerdwiiy theecam® iafcithei I§ ddis¢lbaededinr blye ovbficidle step of
introducing a first conductivity type inpurity for formng a well_ region of
the first condudtFsrts 9§4ﬂ91rﬁé91§92d GilrstitsPgRdgpot 8 BRSHIiaked

d I f I Ly f hi ck fil
on The eur hoe B8k DR 8 S5k A EheL RO Aer PSR S or

i ntroducing a fﬁ{ 51&§Ng&gﬁé%?ty type inmpurity for formng a base regi on of -
a transistor into sald second island portion of

Ks). Accordlng_ to the present invention there is provided

A méthod of manufacturing a semiconductor intégréted_
.lo.cifcuit device cbmp:ising the step of pﬁéparing'a semi-
| conductor substrate of'alfirst conductivity type, the ste§
'¢f selecﬁively forming a plurélity of buried regibns of a
seédnd conductivity type in said semiconductor substrate,
the step of epitaxially growing a semicon&uctor layer of.a
15 gecond conductivity type on the_su:face of said semi-
_conductor substrate, the step of introducing a first
conductivity type impurity for fbrmin§ an iSolation'layer
~ into said semiconductér layer in order to obtain first and
| second isl.and pqrtions of ths second conductivity type
2o'i..nci.l.uding said bﬁried fegions; the step of introducing a
first conductivity type impurity.for forming a well region
of the first coﬁductivity type into said first island
: pbrtion of said'sémicdnductor layer, the step of select-
' Lvely formxng a thick oxide £ilm on the’ surface of sa}d .
25 jsolation layer by local oxldatxon, the step of 1ntf§duc1ng

a fzrst conduct1v1ty type meurlty for form;ng_a base -

"region of a transistor into said second island portidn of



-4- said seni conduct or Iayer,' and after the step of selectively formng-
gate insulator filnms on the surfaces of said well region and said first
island portion, the step of formng gate el ectrodes of MOSFETs on said gate

£

i nsul films, 5 respectively, the step of introducing a first
conduct | di/ty type inpurity for formng a source region and a’'drain region
of a MSSFET of a channel of the second conductivity type into said first .«

i sland portion, using said gaté el eCfiode fornmed on said first island At

ortion as, a 0..and t ep:10f. ey ntr Qeluci d ductivity
Pype'irﬁﬁhqtiégigﬁqé¥céyyj1%¥Ef? QR a0k Ficdl’ @HdCEREpSaEdssgsopdyeopduct i vity

rmng arf erfitter region of sard transistor into said"
- base regj '@%&M&m ¥e i 1 QUGN sudird ceqcerdsseadustivity type
impurity Tor Tormng a source region and a drain region off a MOSFET of a
channel r&f i ddankd 6Dl e disdlang porityipe,i the saeg o€l Formgnon, using
gate el ectrode forned on said well region as a mask. Preferably, the first
conductgaté yelgmer ode-df (MOSHRTs v seddhdatendosuilatoy €4p@Sis n-type. An
enbodi ment of the present invention will now 20 be desctibed lg detail, by
way Sof esspetivelyn the ater ©f dntredRcdddpanFiikg tdFIRARGELY A ¥hni ch:
Figures 1 to 12 are sectional, views of an | C.at var,i ouaﬁsteps of

manuf ackYR® SPRF He¥ £ AR AT eSS FEFH A% 8 fhd'Bresent |
:Binye:nr Ct IS‘??@'%.%C%# . nrgdﬁﬁ'f o 4 Schgerﬁ%eecf 'o‘fn@hev_kgé/&nﬁhg%agcﬁﬁlv?@()d'_ Sl 'Of.. a. |

he pres I'nvention
tYpe'into said firet island portion, using said gate o
' electrode formea_on said first island portion AS'a mask, o
10 AAa the etep of intrb&ucing said second conductivity type
impurity for ferming an emiﬁter regien'of said_tranéistdr
into said base regiep and simultaheodsly fﬁtroducing said'
second conductivity type impurity'f0t forﬁing a source
-'region and a draiﬁ fegion ofla'MOSFET of a channel of Ehe '
15“second conductivity type into said well region,.using'gaﬁe
electrede formed on seid well region as a'mask.
Prefefably, the.first cohductivity'type is p-type
ahd the second.condﬁCtivity type is n-type. ' _ e
| An embodiment of the present invention will noﬁ
20 be described in detail; by way of exam?le; with reference__'
to the accompanying drawings in whichz. | |
Figures 1 te_lz_are sectienel_views.of an iC at |
varioue steps of manufacture_shoﬁiﬁg a.Bi-CMOS-I¢.p£ocess
aceording fo the present invention; |
25 Figure 13 is a sectional view'shewing-an embodiﬁent

of a Bi-CMOS-IC'aceording to the present invention.



?igures 1 to 12 show the states of a Bi-CMOS. I C at principal steps, in
typical sections. (1) As shown.in Figure 1, after selectively depositing Sb
(antinmony) or the like on one major surface of a p -type 5 high-resistivity
Si substrate (substrate in the formof a wafer) 1, and n--type ayer 2

[err]thick) having a low inpurity concentration and a uniformi Ay
profile in its depthwise direction is forned on the substrate-by epitaxial
ghawt h, and si nul taneously, n+-type buried 10 regi-ons 3 having a

predet ermi ned thickness are fornmed between thep substrate and the n |ayer.

In the figure, an [ S P jC IsPQlzat, gl e .t8 {ormed,
and an area Il is Z%F r%%%i%ag%?%ﬁq%*%§;€§%J%S%f%sa?g %o?%ESBB%St?Z) An
oxide film4 iﬁr Hégsylogtéﬁg,sigfgyﬁidgltgyaﬂ1dn%yer 2 by oxidizing the
surface, and wndows are fornmed init. Al but one of the w ndows shown

are covered wi {h)a g@s&héwmotinmigyre dnd aftert sededitiivedpddepgeitingosSkat i on
| ayer) 5 is fornmed by the 2-step inpurity introduction of 20 depositing and
di ffusi ng B (boantimonplrox ytherliksolon iome majeawisysface eheaaPeat¥Pe an
[err]-type diffused layer 6 _is formed in another mﬁndom/f?& tge col Lector
contact of thehhgh-restaRkyLtnrShsUraFrats dFURRidAtey 1PntPEabRET 01" of

depositing and diffys]ng, B, (RROSPROTdss)) Jys ) thy TN92y thick) having a
low impurity concentration and a ﬁniform impurity.profile
in its deothwise difection'is fofmed_on the substrate -by
epitaxial growth, and simultaneously, n+-type buried

10 regions 3 having a prodetermined thickness are formed.
between thep” oubstrate and the n~ layer. In the figure,
an area I is an area in which a bipolar element is fofméd,
.and.an area II is an area in which CMOS elements are
formed; l

15 (2) An oxide film 4 is formed on the surface of the n~
layer 2 by oxidizing the surface, and windows are formed
in it. All but one of thé windows.shown aie covered with

N .a mask (not shown), aqd'a p-type.diffused layer (isolation

layef)is is'formed by the 2-step impurity introdoction of
20 depositing'énd diffusing B (boron) impurity for isolation.

Likewise, in the area I, an n+ftype diffused layer 6 is

formed in another'window for the collector cootact of the

" n-p-n transistor by the 2-step impurity introduction of a



p-type diffused layer 5 and n diffused layer 6 are diffused to a thickness ¢
of approximately half of that of the n layer 2. Further, in the area ||
"B (boron) ions are inplanted into one windowin order to forma p-type well

(refer igure 2). (3) By performing drive-in diffusion, the p-type well "
7 is f as shown in Figure 3. At the sane tinme, the p-type diffused
| ayer 5 nects to the p substrate 1 to isolate the area | and the area

Il. A'so the [err]-type diffused Iat%r_G-of the coll ector contact reaches ;jz
The oxide filmon the whole surface is )

th buried regign 3. (4 “
reﬁnggarh?ﬁ§%é§%?é$gh§2dé56§ﬁlﬂﬂ i Goiresphorus hiimpydidey £ i IThed is formed
, : : i Ty Lde) 8 S denosited o
oxi dat | of-EHBEr TAEBrEdatR P S IR L EER YRR | U e T®) ko
h : t L. h ' he f.i , t f th a.
P Oare’t BEFLRIOaCRTR! HickAONS bE R0 A Ll b AP T rl 0B Dype T O

i mpuri tyther nChaapel 3t oppereneaf t&l anplyidg t ISt ;qnparts and by
utilizing the oxidation inper neabl e ‘nask. (45%J %y’ptr;ge)r( (?(r}r%ﬁnﬁg l.?(@vsv-tenperat ure

oxi dat i oaret kmppanted of nt deors @lﬂddumiﬂﬂﬂréé¥fﬁﬁjﬂ@r%hat%etgﬁgdatiOn -
| mper neabl e mask are locally formed with thick field oxide filns 10 as
shown i nwEigufeeber i i Bigute ki dation treatnent, the p-type and n-type

channel(??g@@E&@rgbgggggf%Qigg;thEggfhgggﬁz are formed under the field

oxi de fi _ _ o _
the p -type well 7 is formed as shown in Figure 3. At

the same time, the p-type diffused layer 5 connects | | (;}
to the p~ substrate 1 to isoléte the area I and the

area II. Also the n'-type diffﬁsed-laYer 6 of the

collector contact reaches the n® buried region 3.

(4) The oxide film on the whole surface is removed.:.

Thereafter, as shown in Figure 4; a thin oxide film

9 is formed anew, over 'which Si3N4 (silicon nitride)

8 is deposited, whereupon an oxidation impermeable

mask for local oxidation is formed by mask proceésing.
Subsequently, though.not shown in the figure,'parté
of the area II are implanted with ions of an n-type - | bt
impurity and a p-type impurity for channel stoppers .

-after applyiné a ﬁhotoregiSt on ?art;iand by utilizing'

the oxidation impermeable mask. -

(5) By pefforming.low-temperature'dxidgtidn,hthe partsT.

of the Si surface not formed with the-dxidation impefméabie
mask are locally formed with thick field oxi&e films |
10 as shown in Figﬁre 5. During the oxidation treatment,
the p-type and n-type channel stoppers (in&icated by

dotted lines) are formed under the field oxide films.



7 (6) The [err] and the underlying thin oxide film3 4 9 are renoved to
expose the Si surface. The exposed Si surface is lightly oxidized to forma
thin oxide film whereupon an oxide film 11l is deposited by the

“l owtenperature oxidation of Si. As shown in Figure 6, a windowis f

in a base part, and B (boron) inpurity is deposited thereon (or ‘ions/ar

impl anted therein) to forma shallow p-type diffused layer 12..(7) IR Q r
t&Af ormgate insulator filns, the surface ~the area Il is etched, and
gate oxidation is carried out, thereby to Fformthe gate oxide films 13 of

the MX el eme epozﬁxtesg‘l@nq %e':\‘x%““cﬁe un%i@*l??h% Eg{ﬁﬁa&ﬁa@ £ 14 COn

- (poly-Si) is ol'e surface € unnecessary part .
thereof is renpvgd %mfado%cfab@aseweaeeay QQHa@é gatRs éﬂp@é@dforned in

parts of the area Il as shown in Figure 8. (9) An oxide film15 is
deposited by QdD.swAF stleows i1ighitQyr 6x9diaedi bdofor® & otibe ¢xide part whi ch
w Il becone the p- channel MOS elenent, and using the poly-Si gate 14 as a

mask, B (bor orf)ilimpwhieneupondeposixide Shdmt henigi fdépceiited Hpnthe p+ source
and drain 16 .in self-alignment fashion. (10) A new CVD. oxide f|In117 i's
formed. As shaw@y-tems 200x}IARERS afeSter nbd Srowarim Higwae 4| form
the source and dral of , trghﬁ annel NCS el enent and on a part whlch\MJI

formthe emtt®r" b'l‘ Ml Bi -8 PRSEMBAEL raRRIAB (BPERRI cAMPWRkt%r e
inplanted intq g the%%gqrtte% R LBaN (JLF E5RgdaPY Bh)YSatla dﬁt{éruesmoﬁ t her eby

to formthe n™=%
to form a shallow p-type diffused layer 12,

s _
(7).In order to form gate 1nsulator fllms, the surface
of the area II is etched, and gate oxidation is carried
out,_thereby to form the gateroxide.films 13 of the

MOS elements as shown in Figure 7.

(8) Polycrystalline silicon (poly-Si) is deposited
on the whole surface, and the unnecessary part thereqf

is removed by photoetéhing, wheréby poly-Si gates 14
are formed in parts of the area II as shown in Figure 8.
(9) An oxide film 15 is deposited by CVD. As shown
in Figure 9, a window is fqrmed in é part which will become the p-
channel MOS element, and using the poly-Si gate 14
as a'mask, B (boron) impurity is deposited and then
- diffused to.ﬁn§1a1p+ soﬁrce and drﬁin 16 in self-alignment
fashion. _ | | | .
_(10) A new CVD-oxide'fiim 17 is formed. ‘As shown in
Figure ;0, windows. are formed on parts whiéh will form the source and
_drain of the n-channel MOS element and on a part_ which will form the
'-emittet of ?he bipolar;nfp-n element, and As (arsenic)
ions are implanted intoiﬂkseparts and then diffused

by drive-in diffusion, thereby to form the n+ftype



source and drain 18 and the [err]-type emtter 19. At this time, in order

to simyl taneously attain a favorable ohm c contact, the collector contact
regio &\is also inplanted with the As ions, that is, it has additional

I mpur E& atonms introduced therein. (11) An insulator film 20 of PSG
(phospkeSilicate glass) or the like is deposited on the whol e’ surface.
Thereafter, as shown in Figure 11, cqatact holes are forned by _ =
phot oet chi ng, - to expose the contact rts of the various regions. (12) Al 3/
(al um nu i s evaporated (or sputtered) on the whole surface, and is -

phot oet cHYTCe TS IF LR 1§ 1ANG 1R tam EXRS RReT d%nnddi ed with [err]
kept fl ow nhg, \ | ectrod 21 held .in . qhm tact wmith the .
Fetpect | VAT iPRs T Shafhel OB R SIAreseele A

el ectr 0lgen £x! 84 B0 | h§ 311 d oMb AR i ¥ ilNG1l,gads o

electrically connect the desited ones of t lous regions. Figure 13 is

a secti onabl ¥heva typhwatty Ad | ibsid atima tihe Gamplgt edBitiGMes 1C. I n the
figure, nunerals 22 and 23 designate the channel stoppers. The enbodi nent

descri betimpdoiey | St emly aimi tagehused dhdrheid.ol | owi ng reasons: (1) By |
enployin? the epitaxial Si layer of lowinpurity concentration as the
el ement € ot sy posulater tHdn/t20 (afhrRsthdphosphosdd)i caft et Igd agsdhannel MOS
el ement can be determned. "In conformty with the epitaxial concentration,
or the like is deposited on the whole surface, Thereafter, o
as shown in.Figure 11, contact holes are formed by
photoetching, to expoée the contact parts of the variqué-, o : s

regions.

(12) Al (aluminum)lis evaporétéd (6r sputtefed)-on.
the whole surface, and is photoetched.  Thereafter,
the reéultant structure is'anneéled with H2 kept flowing,
whereby Al electrodes 21 held in ohmic contact with
the'respective.régiohs aqp-fOrmed as shown in Figure 12.
Some of the Al electrodes extend on the PSG film, and
serve as Al wiring leads to eléctrically connéct-the
desired ones of the various regions. ' - !
Figure 13 is a sectibnal view typicaliy iliustrating, |
the completed Bi-CMOS-IC. In the figure, numerals 22 and
.23'designate-the channel stoppers. : ' |
The embodiment described above is advantageous for
the-followihé reasons: | “ S |
i(l{ By employing the epitaxial Si layer of low impurity
'Sggcentration-as tﬁe'element forming portibn; the Vth |
(threshold voltage) of thé p-channel MOS element'één be 
'determined. -In'cohfcrmity With the épitaxial concentration,

the dose of the ion implantation for the p—typé well of low



the dose of the ion inplantation for the p-type well of |ow I mpurity
concentration can be determ ned, and the Vth of. the n-channel MOS el enent
formed in the p-type well can be determ ned. Another nerit is th t he
[err] (collector- base breakdown voltage) is easily controlled if
bi polar elenent. {(2) Owning to the use of the epitaxial Si |aye
provi sion of the n+ buried regi on under t MOS el enents, latchu
prevented,' that is, the formation of a p& asitic thyristor is prevented.
(3) The thick oxide filmand the diffused junction are jointly used for

i sol ating theimpagiey tbacbhpphbiorl eamrbe adetdrmsiinest, tind MBS ¥l gnofts.

This neasure reduces the lateral spread of diffusion in conparison with

i sol ati on basé#ieon-ghhnpned MOSfelementinfermed don ithe R-topeewefll can be

- conventional CMXS. ICs,and it enables a higher density of integration and is
effective to gesesmined: chApothay NeXhE nis Hehah pdteaBVelped #OL 1€REOTRI ck
oxide filmpartly buri in the epitaxial_Si. |ayer exists .be en.th '
col | ect or conP&éF'B§§F§a°§ﬂdv?ﬁga§%£e1?e@ﬁ%ﬁﬁy Qﬁﬁé%ﬂ@ﬁflpr%ﬁgFgégpgaé,..
this thick ox%Qg Likn1is a diffusion mask for formng the base region and
suppr esses thé DAS€-diffusion in the lateral direction. Besi des, as -

appar ent fronkﬁugubgigg,tbttﬁgp@g@s§§stggm%§4ﬁgg¥gfnsgxygﬁgg aglgf fusion in
the lateral direction during the additional ion inplantation (or diffusion)
into the ~  the provision of the n  buried region under the MOS

elements, 1atchup is prevented, that is, the formation
_k“) | éf a paraéitic_thyristor.is.prevented. _
(3) The tﬁick oxide film and the diffused junction
are jointly used for isolating the area of the bipolar
element and that of the MOS elements. This measure
:reduces-the lateral spread of diffusion in comparison
with isolation based on only a diffused junétion
as in the case of ‘conventional CMOS<ICs,and it
enables a higher density.of-integfation and is effective
_fo prevent'latchup;- |
(4) Within the bipolar element, the thick oxide film
: partly buried in the epitaxial si layer exists between
the collector contact region and the base region. As
'apparent from Figure 6, this thick oxide film is.a diffusion
" mask for forming the base region and suppresses the
basé-diffusioﬁ in the lateral direction. Besides, as
apparent from Figure 10, it suppresses the collector
contﬁct diffusion in the lateral direction during the
additional ion implantation (or diffusion) into the
cbllector'édntact-region. AcCordingly, even when the

‘mask registratioﬁ allowance between the base region



col l ector contact region. Accordingly, even when the nmask registration

al | onance between the base region and the coll ector contact region of
“high i ity concentration is set to be sufficient, the two regions do not

cone inteyveQntact. Therefore, the area occupied by one bipol ar el enent

decreasgs”, hile the [err] (collector-base breakdown voltage) -t hereof does

not [ ower~™ (5). OmMng to the use of the poly-Si gate for each C MXS
el ement, the source and drain can be &;ffused in self- alignnent fashion.” )
Therefore, the mask registration errb
length ga@ khemedd laetdabbnbac8bosyidn pof Hihgh ubmpwditdyhe pol y-Si: gates
enabl es a higher density of integration, conjointly with the use of the
t hi ck oxioteehitiratfion tisesesokat bensbif iweent hetipe ctwonedgiginensist and t he
n-channel elenment. Wth the present enbodi ment enploying Si gates, it has
been po&sitbicemeo insQueenthastehi Bharefong  2the, azes IfRHRIEdNRYh Afat in the
case of usin% Al _gates. ;6%_Cming to_Lhe fact that thﬁisourc and drain of
the n-cRARQIRINEEEREBNeABCERASESr ntBiES P FYéami BTPLISTFXGIRAIT to the
di ffusign of th ' [,O -R-h_e he gate length of the '
n- chann e%Egogﬁeﬁgh%ggg% Eggggag §%§TI$S%T%$¢F he Bi - CMOS. | Cmanuf act uri ng
- process (@ischgsad i QLEi 6Ealngagsiyesof gdapanssedd CHRAN Patent
Applicaéign Ro..§6-?5§g§8 referreg ?%o %g?or%, when t he egitter di f fusion
I's deepelehn@yt @neeBBuBCEf ahbeaPachasag! b £f es@ntinedl e made
alignment fashion. Therefore, the mask registration error
need not bé_considered, and the gate length can be made as
small as about 5 ym. The use of the poly-Si gates enables
a higher density of-integration, conjointly with the use of
~ the thick oxide film for the isolation between the_p¥channel
element and the n-channel-element. With the present
embodiment employing Si gates, it has-béen-possible to
reduce the chip area by 25 % as compared with that iﬁ the :

case of using Al gates., - - _
(6) owing to the fact that the source and drain of

the n-channel MOS element are formed by a diffusion -
.step common to the diffusion of the emitter of the et
_n;p-n element, the gate length of the n-channel MOS

‘element can be made small. With the Bi-CMOS-ICmanufacturing

process disclosed in Qhe official gazette of Japanese |

Laid-open Patent Apvlication No. 56-152258 referred
fto before, when the.emitter diffusion is deep, the

gate length of the n-channel MOS element must be made

great. 1In contrast, in the_present'embodiment,'

the emitter diffusion is performed as shallow as possible

PN

S
need not be considered, and the gate



great. In contrast, in the present enbodinment, the emtter diffusion is
performed as shall ow as possi bl e to the end of avoiding this. drawback.:
Accordingly, -the condition of the base diffusion becomes very inportant for
bri ngi ng the hFE (grounded-emtter d-c current gain) of the bipol 'N\
transi stor into the range 100 - 400. As understood fro | above
enbodi ment, the base region is forned by a step separate from t\fa or
foxAing the p-type well and after the formation of the thick |oca
oxidation filnms Wich takes along tine. Accordingly, the emtter region. can
be formed shal | ower than the base region ajfl +he p-type well. Therefore,
evenbi pol ar transistors having the aforenmentioned [err] can be forned _
readily w thout affecting the MOS elenent. (7) Since the base diffusion of
t he bi-pol ar el diverthel endapfi edoddingetiniscdraebgelre oddamdinglyt does not
affect the gate oxide filnms. Therefore, the thickness of the gate oxide

filmor the Vtihe comditipr efekbatbaap Siffealrn beiesvIveny werteat on
i nplantation is perfqQrned usjng the,[err] for f I ng. the thick oxide film
as a mask, andfPFeb¥d8818E the Ppgl 5&?%?4“6?\& ﬁg]?ferdr’sf s"t“rrﬁiﬂ";tt_ ed, whereby
the Vth of ‘a parasiti Eansist n. ps e well or a parasitic MOS
transrstor on gnﬂ S?yggge%%§3;?§I9%%§%+£€§5 %%gaised. (9 OnMng to the
fact that the ggdVeside ddd UsI Rt As  understood

from the above embodiment, the base region is formed

'KJ?  .. by a step separate from that for forming the p-tyée
well and after the formation of the thick locai oxidation
' _filrh_s which takes a long time. Accdrdi'ngly,- the emitter
region can be formed shailower than the base region
and the ﬁ-type well. Therefore, evenbipolar transistors
having the aforementioned hop can be formed readily
without affecting the MOS element. '
(7) since the base diffusion of the bipélar element
is carried out before the gate oxidation, it does ﬁot
affect the gate pxide fi;ms; Therefo:e,.the thickness
of the gate oxide film or the V., of the CMOS element
~can be réadily.cpntrqlléd. |
(8) The ion impiantation is performed using the Si3N4
fqr_forming the thick oxide film, as a mask, and the _
dose of the implantation is properly'stipulated,-wherebj
-the'Vth of a parasitic MOS transistor on the p-type
..well or a parasitic MOS transistor_on the n ~type epitaxial
layer can be raiseﬁ} |

(9) Owing to the fact that the drive-in diffusions



of the p-type well and the junction isolation p-type |layer are

sinulta usly perfornmed, the nunber of steps can be reduced. The p-type

- wel b hagfH)s inpurityconcentration restricted because the Vth of the

- n-chann el enent is determ ned by the surface concentration. In
addition, the depth of the well needs to be at |least 5 pm Msanwhile, the
depth of the junction isolation p-type diffusion nust be, at |east, equal . .
to the thickness of the epitaxial layer. Therefore, the junction isolatioR.
p-type diffusion is performed down to the proper depth in advance as seen .-
from Figure 2, whereby the sinultaneous drive-in diffusions are pernitted."
(10) If one wishes to formin the qike sem conductor substrate a circuit

whi ch requires a Zener diode having a Zener voltage of 5 --6 V, the Zener

di ode. far HiLizing,t L ungdd gﬁgﬁ@ p-type _ -

senicoggﬁcgg? ?egﬁgﬁb¥8¥%e éigﬁhtiﬁgéﬁéh%'ymt §$¥2P our égand drain of the
p- channgl «MSagLeubRt] 8adedis 1 £ dr fdife L MKO MlME Y Jredtpdf or med g

S|nultanegusly with the emtter of the bipolar elenent, and the

af or emeghhopgdrd@needyol Tageplisypeaddly wdd ai ted ipurisiyoorgentimtiopuri ty

concentration of the source and drain of the p-channel elenent. (11) 'Since
the p-typstmettetsbéoause the oV I oof hethe m-edhannale MAS ral(meritd oxide film,
the thick oxide filmcan . - o _
is determined by the surface concentration. In addition,
the depth of the well needs to be at least 5 -}Lr'n.. Meanwhile,
- the depth of the junétion isolation p-type diffusion _ o
musé be, ét least, equal to the thickﬁeés of the epitakial '
layer. Therefore, the'junction-iSOlation p-type diffusion
is performed down to the propef depth iﬁ_advance'as
~seen from Figufe 2; whereby the simul taneous drive-in
diffﬁsions are'permitted.
(10). If one wishes to form'ih thé samé semiconductor
substrate.a circuit which requires a Zener diode having-
a Zéne} voltage of 5 - 6 V, the Zener diode may be
formed.by utilizing the p-ﬁ junction betwéen a ﬁ-type
semiconductor region formed simultaneously with the
source and drain of the p-channel MDs.elemenf and an
n+-tYpe'semiconductor region formed simultaneouslj
with the emitter of the"bipo.lar element, end the aforementioned
Zener voltage is re#dily Atféined by réising the impurity
concentrationlof the source ahd drain of the p-channel
_element. | _ _
(11) Since the p-type well is formed:prior to the thick

oxide film (field oxide film), the thick oxide film can



13_ be fornmed also in the p-type well. Accordingly, a plurality of

n- channel MOS el enents can be forned within the si‘ngle p-type well .
Moreover, -the linmts of the service supply voltage can be extended. That
is, owmng to the presence of the thick oxide film a parasitic MXS >
transi stor becones less |liable to appear. (12) Prior to the fornatf: _BW

t he base region, the deep collector contact region is forned w thi
epitaxial Si layer so as to touch the buried region, so that the influence
t hereof on the base region can be prevented Particularly in the

enbodi ment, the collector contact is formed prior to the formati on of the
p-type well, whereby the influence thereof on the p-type well is-also
prevented. Thie q@Jrm@ @1se0Ahathe! Bot9pei RebBl d Adcerdimglyy td the buried
region in order to |ower the collector resistance. (13) In view of the

- above, a nm nyler@iy G6ff a~chagneloMo8aelementadcan bhpofarmddC Wicthin near
operati ons can be assenbl ed on the sanme chip (substrgtp%. Mor eover, a
product of hitte sdnigdenpré¥psanchd.pr¥oraevens t Mot 1 bpbis G t bee-
characteristics of the respective | Cs. Besides the foregoi ng enbodi nents,
the present iS@Fdiceosurpdvereltage ¢ag Pe| pHihPRGEHndi TREhtiONLWing A

hi gh-nel ting nmetal such as M I nu . oth t han Si . be used. for
thg,gate elgéﬁrﬁﬁﬁ.per@PéFaBFgggeyggfcknzklge Fim, a.paﬁaggﬁﬁc

MOS transistor becomes less liable to appear.

W (12) Prior to the formation of the base region, the
| deep cbllector contact region is fbrmed within the
epitaxial Si'léyer'so as to touch the buried region,
.80 that the influence thereof on the base region can
be prevented. Pafticulafly in the embodiment, the
collector contact is formed prior to the Formation
lof the p-type well, whereby the influence thereof on
the p-type well is also prevented. The collector contact
region gs held hacqugctwith the buried region in ordgr
to lower the collector resistance.
U | (13) In view of the‘above, 2 minute CMOS-IC for logic
operations and a bipolar IC for linear operations can
be assembled on the same chip '(substrate._). Moreover,
- a product of high performance can be provided without
spoiling the characteristics of the respective ICs..
Besides the foregoing embodiments, the present
invention covers the following modifications:
(1) A high-melting métgl suéh as Mo (molybdenum), other

. than S8i, mey be used for the gate electrode. Preferable



for the gate electrode is a sem conductor or high-nelting nmetal which can
w thstand diffusion tenperatures. (2) The p-well may be used as junction
i sol ati gp—geans for elenents. (3) The base diffusion of the bipolar elenment
may be ferA9rned in conmmon with the source and drain diffusion of the

performed by separate steps. (5) The [err] buried regions under sone MOS ~—
el enents may be onmitted. The preserftdtinvention is effective when utilized:
inalinear I1C-having a logic nenory of which | ow power dissipationis
“required, a linear |C.including power MOSFETs, or an |IC having. a'high

dri Vi NgoSARART LRty LoBedahe 201 Ya8h MPRILOBLE ok Bt dpland NPT M "SI gate

el ectro resent rnventron s ~cover, nl'y "an ectrode nmade

of- Si abege. wﬁ%nabaﬁ aﬂtﬁsesﬁaoéfrmfo@ft iPapiiad, anot her netal

material 1s contained, a stacked el ectrode structure consisting cf

| ayers (gf) @heapdwammtnh@y mt@éemgjﬁctm{ 8@t ildhe meahe ifpgul ator film
of the MOS elenment is not restricted to an oxide film and silicon nitride

(S|3N4plnmynasso be used. - CLAIMS: 1. A met hod of manufacturing a
sem Cpr(]glic:[rﬁ; {32229{12};331on of the bipolar. element may be performed o
in common with thg source and drain diffusion of the
p-channel MOS element. S ._' - W,
(4) The emitter diffusion of the bipolar élement and - o
the source and drain diffusion of the n-channel MOS
element may be performed by separate steps.
(5) The n* buried regions urider some MOS elements may be
omitted. .
The present invghtion.is effective when utilized
in a linear IC having a logic memory of which low power
dissipaﬁion is requifed, a linear IC including power
MOSFETs, or an IC having 2 high driving capab111ty
1n a gate array or MOS loglc.
Lastly, the term "Si gate electrode" in-the_présent
_invention shall cover, not only anlelecfrode made of .
si alone,-ﬁut also an electrode made of Si in which
another metal material is containéd,.or a stacked eleCtrode
structﬁre consisting cf layers of Si and' another metal
materiai, Mo:eover,'theéate insulator f£ilm of the MOS
_element is not restricted to an oxide film, and silicon

nitride (513 4) may also be used.

¥

IAYS el enent. (4) The enitter diffusion of the bipolar elenment and.
e/and drain diffusion of the n-channel MOS el enent nay "be N



fcircuit devi ce conprising the step aring a sem - conductor substrate
of a first conductivity type, the s?igpéﬁgF——ggTéﬁfTveTy formng a
plurality -of buried regions of a secﬂml Hm ype i ‘\q '
‘sem conduct or substrate, the step of " 1'!’ ! Mng a $

;unductor
‘| ayer of a second conductivity type or t e sur

conduct or
substrate, the step of introducing a first 10 conduct|V|ty type I mpurity
fQw formng an isolation |ayer into said sem conductor |ayer in order to
obtain._first and second'island portions of the second conductivity type ,
including said buried regions, the step o? Tntroducing a first conductivity -
type inpurity for formng a well region 15 of the first conductivity type
into said firstChalM8ed portion of said sem conductor |ayer, the step of
sel ect- ively fornlngﬂa thi ck oxide filmon the surface. of said isolation

| ayer by |ocal Joxidat @Wthpﬁe°§t@BanaFﬁPFbHﬁcPnﬁe%F???@HcﬁRﬁuﬁ&RQQFQFthype

ty f f 20 t t d d
| aTand por 1 on P e, ARRREY 9?‘*33&? S ot e it o%e%el"-"”

| ly f
ouron aat st SRS SRR oF b fﬁlQQthgn‘?“"ﬁE Bofey g S esp,
of MOSFETs @n S @l jively #ohih! H‘Splgr';salff%$ p@ﬁtt‘)d&eiéﬁ A8 oL R £Ofa

|ntrodu0|ng a flrst conductivity type ifpurity Tor formng a source region

and a drain regidyord corddtEViely aypBannckaod sbeiserdistsOnslibdtinatey,

type into said first island portion, using said gate el ectrode fornmed on
said first ISIEﬁHEIShép @f apitaxdallly growing a semiconductor layer of a

~ second conductivity type on the surface of said semi-
conductor substrate, the step of-introducing a;flrst

10 _conductivity type imburity for forming an {eolation layer
into said semiconductor layer in order to ohtain first and
second 1sland portlons of thesexmd conduct1v1ty type
including said burled regions, the step of 1ntroduc1ng a
fzrst'conductlvlty type impurity for fo:mlhg a well region

LS_ of the first conductivity type into'said first island
portion of said semiconductor la&er, the etep of select-
ively forming a thick oxide film on the surfece of said
isclation layer by local ox1datxon, the step of introducing
a first conductivity type 1mpur1ty for formzng a base

20" region of a transistor 1nto said second island portlon of

| said semiconductor layer, and after the step of selectively
formihg gate insulator_films on the surfaces of said well
‘region and said_firet island portion, the step of forming
gate electrodes of MOSFETs on said gate insulator-films,

25 Jrespectively, the step of ihtroducing a first.conductivity _
type impurity for forming e source region end'a drain

region of a MOSFET of a channel of the second eohductivity



- second

and the step of introducing said second conductivity type inpurity for

forning an emtter region of said transistgL_LQLg_gng_base_Legjon and

si mul tangeysly introducing said second conductivity type inpurity for -
xqurce region and a drain region “i ﬂl hannel. of the !
pdtycti vity type into said wel,l reg g‘ \miﬂw u ectrode forned

on said region as a nmask. 2. A neth c manufact uring: a - X

sem conductor integrated circuit device according to claim1, mherein said (_J
first conductivity type is the p-tgpe, and said second conduct- ivity type

Is the n-type. 3. A met hod of “#¥nuf acturing a sem conductor integrated
circuit device according to claim1 or claim2, wherein the well f.orm ng
step is gerforned fo the%i tion, of sald oxide film 4. A net hod
of manuf 5¥P8r +R§C Ebﬁﬂﬁc{ Qﬁﬁ?ﬁ?ﬂf(ﬂ%ﬁﬂﬂ tS ﬂ@§ accordlng to any.

one of Cei‘%@r&deofg’n}lg\@e&? S A1 S4d Sfe 1360 GHIAUGHOL S 89aRK S formed

after the Torm sard oxird nanufacturlng a
seni Conduﬁa%héngee%aéﬁdzﬁtfsauémﬂ@vs&m s%&sfdaradnalulc\m&ts}e%%ébed herein

with reference to the acconpanying draw ngs.

impurity for forming an emitter region of said transistor

into said base region and Simultaneously 1ntroducing said
second conduct1v1ty type impurity for forming a source
region and aldraih'region of a MOSFEi of a chahnel of the | .
second conductiv1ty type into said well region, using gate |
electrode formed on said well region as a mask. |

2. A method of manufacturing ‘a semiconductor integrated

circuit device according to claim 1, wherein said first
conductivity type is the p-type, aqd Said second conduct-
ivity type is the n-type.

3. A method of_manufactdring'a semiconductor integrated
circuit device according to claim 1 or claim 2, wherein the
well forming step is performed pfior to the formation of

said oxide film._. R | g;i
_4. A method of manufacturing a seﬁiconductor iotegrated
oircﬁit device accordidg to'any-one of claims 1l to 3, |

wherein said first semiconductor region is formed after the
formation of said oxide film.

5. A method of manufacturing a semiconductor integrated

oirouit device, substantially as described herein with

refefence_to'the accompanying drawings,




