-1- METHOD FOR MAKI NG A Bi CMOS SEM CONDUCTOR DEVI CE Thi s inventign_rel ates
to a nethod for making a sem conductor device, and particularly, NG 1‘
not exclusively, to a nethod for naking a sem conductor device haV|ng

bi pol ar transistors, CMOS transistors, and MOS capacitors and resistors,
formed on-a single crystal silicon sem conductor substrate. A sem-conductor
devi ce having bipolar transistors and CMOS transistors on a single

sem conductor substrate, is generally called a Bi CMOS devi ce. Known

VLSI -class Bi.CMOS technol ogy is nainly suyijgtable for use in high-

I ntegration and hi gh-speed | ogic or nenDry “devi ces, because it has been
primarily devel oped for such devi ces. Known Bi CMOS t echnol ogy for

hi gh- per f or mance MEIHOL POR MAKINGdAv Bd€30sh SEMECONDUSTORS ®EVICE SSCC

Di gest of Technical Papers, page 212, February 1986 and in CI CC Techni cal

Di gest, page 68, May 1986, respectlvel I n known technol ogy, there are
often lints to the TS oknuassignd atest iten af mgitdodal fandmakdingue

VLS! devi cesehiofigdctbd gl )C/h'a‘hdkgg rceial 1Py 49X MEEgRlinot

optini zed and prepared specifica nents, bl polar e
resistors aﬁéfccld-b’ééVPéIYs' # cA SiekRedndRE| Paking: rﬁ pﬁ@@lls"éoéﬁaﬂco‘goénd

hi ?h fspeegdebli&l& | KL tbQ@od.j[aﬁ:: t@&axﬁﬂgtbeas clos 11 ﬂfétldgme%c{ﬁslalt aAe
interface bgtween a sj e-crystal emtter and_polycrystalline
511 Fcon i n HOSoRREAEI EFFS ANty |Ke%H LAFS 1 o OBMBS) A0 1R ARSPOLE: < RYShoht
has upon thsidtmunﬂssmfdonﬂuttetesabstnatbcnrCU|ts, has been disclosed in
| EEE, ED-34 NO. 6, pp 1346-1353, June 1987 and in Synposium VLSl Techni cal -
Di gest papers, pp 47-48, May 1986. '

el A semiconductor device having bipolar transistors

and CMOS transistors on a single semiconductor substrate,
is generally called a BiCMOS device. Known VLSI-class
BiCMOS technology is mainly suitable for use in high-
integration and high-speed logic or memory devices,
because it has been primarily developed for such devices.
Known BiCMOS technology for high-performance memory and
logic devices, has been disclosed in ISSCC Digest of
-Technical Papers, page 212, February 1986 and in CICC
Technical Digest, page 68, May 1986, respectively.

In known technology, there are often limits to )

- the performahce and application of digital and analogue ¢

VLSI devices provided on a single chip, because such

devices are not optimized and prepared specifically for

MOS elements, bipolar elements, resistors and capacitors,

which simultaneously perform precise analog and high-

speed, high-integration digital functions. The influence

that the interface between a single-crystal emitter

region, and polycrysfalline silicon in a polycrystalline

silicon emitter bipolar transistors element, has upon the

characteristic of elements and circuits, has been

disclosed in IEEE, ED-34 NO.6, pp 1346-1353, June 1987

and in Symposium VLSI Technical Digest papers, pp 47-48,

May 1986.



-2- Preferred enbodi nents of the present invention aimto inprove upon the
af ar ement i oned, by providing a nethod of naking a Bi CMOS seni conduct or

devi ce which can be used both in high-integration, high-speed digital
devices, and 5 in precise anal og devices. Al so, preferred enbodi nents of

t he present invention aimto provide an advant ageous net hod of providing,
on a single sem conductor chip conprising MOS and bi polar 10 transistors,
el enents such as MOS capacitors and resistors with effective

i nt erconnections. According to one aspect “f the present invention, there

I's provided a nethod of naklng a Bi sem conduct or vice 1nc|ud|ng
first and second qmqqgﬁ“gggghQ%bﬁaebPBSFﬁPgt+%ﬁ§?gf8?saﬂP'W?ded
on a first COI]_ v\g t@pd;yﬁméldﬂmmaiﬂmjﬁeﬁ,e byt hex ovettdhionly (z)nmtlmmg:f he
steps of: uy | a n f e g
conduct i vi ty ”(ﬂw ?hg rsaﬁ%lc ‘f“f‘?trs? %gﬁf:%t é”h(riecgl} ocr:la%n %n
formthe fi rstbd‘ﬁhSEExThlzgm-mtégrratmm fmlgh-ispamist&mletalegimm Wrﬁﬂt(h to
fform respecti ve, f &r transistors, wherein a second

' %gS JS% Jéglégﬁ% g%ined In. a

MOSFET i s seguen second substrate region | ocated
bet ween the first and thlrd substrate regions, and then the ion-inplanted

regions are activatgdo ( tﬁréﬂiﬂ‘?é& enbdd ierits def It&)éarpﬂuﬁamemmm:dtlon
regions, in 30, aqrder to solate.respective tr | QTN
substrate and 3% |tr%tp’6%Y1 gty ¢ 9"?9ﬁ898?“8h5‘ﬁ%2‘9d g{oﬁ’?o reg|ns X?
sald first oxigimdlayemsemiconductor - chip comprising MOS and blpolar
10 transistors, elements such as MOS capacitors and resistors
— with effective interconnections.

According to one aspect of the present invention,
there is provided a method of making a BiCMOS
15 semiconductor device including first and second MOSFETs
and first and second bipolar transistors provided on a
first conductivity-type silicon substrate, the method

. comprising the steps of: : '

200 (a) producing, by ioniimplantationf of a second
; conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
¢ fourth substrate region on which to form respective first
and second bipolar transistors, wherein a second MOSFET is
25 subsequently formed in a second substrate region located
between the first and third substrate regions, and then

the ion-implanted regions are activated;

(b) forming a first oxide layer between said regions, in

30 order to isolate respective -transistor elements on said
substrate and a first conductivity-type of channel stopper
region below said first oxide layer;



-3- (c) growing a second oxide |ayer on the whole substrate surface in

order to f

orm each gate oxide |ayer of said first and second MOSFETSs;

S

(d) depositing a first polycrystalline silicon |Iayer on said second oxide

| ayer, dop
conducti vi
so as to p
respective
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regi ons;
fomndraln
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in the s
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ing, into the whole surface thereof, with the second
ty-type, and then etching the first polycrystalline silico
roduce each gate of said first and second MOSFETs on 10
first and the second substr% e regions; (e) ion-inplantin
conductivity type, in order to form base region of said fi
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eltcBli ng) tlhéarn o5 0t PolPerfstail PhEOLIL 1 ELANIEYRY JY U4 ded
pr% %ce each gate of said first and second MOSFETS on

respective first and the second substrate regions;

(e) ion-implanting with the first conductivity-type, in
order to form base region of said first and second bipolar
transistors and then activating these ion-implanted
regions;

(f) ion-implanting with the first conductivity-type in
order to form drain and source regions of the first MOSFET
provided in the first substrate region, a connecting
region of the second MOSFET provided in the second
substrate region, a base connecting region of the first
bipolar transistor provided in the third substrate region
and a base connecting region of the second bipolar
transistor provided in the fourth substrate region;

(g) depositing a second polycrystalline silicon layer on
the whole substrate, and then etching the second
polycrystalline silicon layer in order to produce a
connecting portion for a polycrystalline silicon emitter
region of the first bipolar transistor provided in the
third substrate region;

(h) forming windows for each source and drain regions of
the first and second MOSFETs, each emitter, base and
collector regions of the first and second bipolar

| ayer
silicon.

in the
w)

i;}



(h) form ng wi ndows for each source and drain regions of the first and
secend MOSFETs, each emtter, base and 35 collector regions of the
first and second bipolar -4- transistors and each connecting region
of the substrate regions of the first and second MOSFETs; (i) connecting to
a conductive |ayer through said 5 w ndows; and (j) depositing a
protective |layer on the whole substrate surface and then exposing a pad for
wi re-wel ding. 10 Accordi ng to anot her aspect of the invention, there
is provided a nethod of naking a Bi CMOS seni conduct or device including
first and second MOSFETs and first and.second bi pol ar transistors. provided

OR a first ?On(iltf‘a&ﬂs\iisttbﬁsyd _Qﬁu&i%éaéﬁhcﬁh_héblﬂﬁh@, x_téy?idl‘l?;dﬂﬁdtﬁ.é”l%rdﬁ(;éﬁ‘ﬁht@
the steps of: (a) . producing, .. i_on- i'npl an of a secon

conduct i vi ty-t%ﬁ)glé’%st t?&c&%srfvlé{sé: ang ﬁ%ﬂi%@é&ﬂ% region on which to
formthe first MOSFET, and a third and 20 fourth substrate region on

which to formrgspecgt) ' sgcqneh & 3L t§apsist ' re
second MOSFET i(g%su%dgé%e%%{@fg%d;i n a %@g%gésugg?égt eepggiuyr]:’eloc%a}tdgd
bet ween th& fi Wdndewst NG substrate regions, and then the ion-inplanted

regions are activated; 25 (b) formng a first oxide |ayer between said

regions, in order. tq isolate respective transistor elenents.on siﬁ(}(Erl

Gubstrate and 437 r SCRERHRIRG A BF AERSE LIS QY ATeIoTS (D AL AP TRIARE

said first oxi smrfaper ;and then exposing a pad for wire-welding.

o/ ' '

10 According to another aspect of the invention, there
is provided a method of making a BiCMOS semiconductor
device including first and second MOSFETs and first and

\./

second bipolar transistors provided on a first
conductivity-type silicon substrate, the method comprising
15 the steps of:

(a) producing, by ion-implantation of a second
conductivity-type on the substrate, a first substrate
_ region on which to form the first MOSFET, and a third and
20 fourth substrate region on which to form respectivé first
and second bipolar t:éhsiétors, wherein a second MOSFET is
subsequently formed in a second substrate region located
W, between the first and thifd substrate regions, and then
the ion-implanted regions are activated;
25 S ) \ L | _
(b)y forming a first oxide layer between said regions, in
order to isolate respective tranSistor elements on said
substrate and a first conductivity-type of channel stopper
region below said first oxide laYer;_ '
30 '
(c) growing a second oxide layer on the whole substrate
- surface in order to form each gate oxide layer of said
first and second MOSFETs; '



30 (c) growi ng a second oxide |layer on the whole substrate surface in order
to formeach gate oxide |layer of said first and second MOSFETSs; -5- (QY
depositing a first polycrystalline silicon |ayer on said second oxide

| ayer, doping, into the whole surface thereof, with the second
conductivity-type, and then etching the first polycrystalline silicon |ayer
so as to 5 produce each gate of said first and second MOSFETs on respective
first and the second substrate regionsg (e) ion-inplanting with the first
conductivity-type, in order to form base region of said first and second

bi pol ar -1?%6 )Ué’éﬁééi?iﬁ _anéixtbﬁe?ﬁlwﬂy@%aumm%é f‘ffﬁicgé@?léﬁ&ktheg t
regions; (¥)..ion-i anting .w second .coni iVity-type in order to
f orm each ?%4“&5968{1 e OGS LAY e o (FORIBE - s 42FC1 he s"ék&%%% Ebgﬁé?eon a

second subsheréef|egivth (tdje segoond akbpdgoddividyatiyier,d and f ahehh oxi de
| ayer on t e b e ; . a4 ' [ acer in
gate si devvéa}recl:%\ﬁg# Fﬁ‘ég' %&EEngg&%\%&getﬁ?ﬁnéﬂp&Jﬁ%@iz;%ﬁégegénggsu% strate

regi ors, Hyreduee ngashi iater efarmp¥dufinssxiand | apepsdniMARHETSIt PR zi ng a

separ ate NBskpedPive (flrstO8nd™hanseBeny Elipskeatecediepduct ivity-type
in order to forma connecting region of the first substrate region,
col l ector connecting regions of the third and fourth substrate regions, an

enitter regépn Dén+thephendingbivptharther sfisist orondunci Settpetypai niand
source regions, ofq form base region of said first and second bipolar <
10 transistors and then activating these ion-implanted
fegions; | ' ' QJ

(£) ioh—implanting'With-the second conductivity-type in
order to form each first source and dtain regicn of said
15 second MOSFET on a second substrate region;

(g) sequentially growing a third and fourth oxide layer
on the whole substrate surface;

20 (h) 'forming an oxide spacer in gate sidewalls of the
MOSFETs provided in said first and second substrate
regions, by etching said third and fourth oxide layers
without utilizing a separate mask;

25 (1) ion-implanting with the second conductivity-type in
order to form a connecting region of the first substrate
region, collector connecting regions of the third and
fourth substrate regions, anlemitter region of the second
bipolar transistor, and second dfain and source tegions of

30 the second MOSFET; | o | |

(j) ion-implanting with the first conductivity-type in
order to form drain and source tegipné of the fifst'MbSFET
provided in the first substrate 'region,' a connecting
35 region of the second MOSFET provided in the second



30 the second MOSFET; (j) ion-inplanting with the first.
conductivity-type in order to formdrain and source regions of the first
MOSFET provided in the first substrate region, a connecting 35 regi on
of the second MOSFET provided in the second substrate region, a
base connecting region of the first bipolar transistor provided in the
third substrate regi on and a base connecting region of the second bi pol ar
transi stor provided in the fourth substratg region; 5 (k) activating the
inpurities ion-inplanted by the processes 8f (i) and (j), and, after
growing a fifth oxide |layer on the whol e substrate surface, raising the

densi ty of thesfidtdatui deghaer dpddd r@ér‘i@éc‘?{ﬁ’%e§§gléﬁ ob tiorFipgta

wi ndow in order to pro uce an emtter region of rst bi oar

transi stor pr RARRIRY ntERSITEOT RYMEF gﬁ%wﬁh%ﬁﬁi#%Pﬁ?ﬁ%?%n??%boﬂnth
t he second corghu:tlall tb&steypeohhb@ltghgsalrég\ﬂoﬁdow;f 15hén)sé©@@él t}bfvﬁo
t

second polycrystallijne silicon m@g ate, and
et ching the ségamFiﬁﬁ r%&ﬁ%ﬂQ?é:l%lfk%o &S rSVﬁS§ ? Fggb?Bduce a
connecting portion for a polycrystalline silicon emtter 20 regi on of the

fkrst Dbipolar (tﬁf‘”sa#]é{ﬁ%a{?iﬂ | defel ”1&1{3&:&*&'1%% S‘i%t-ri%ﬁa{rﬁgé&” b},( N)the

ion-inplanting, Wt Sec conducti vi_t , Into the second
pol ycryst al | | rRFQGETSSH F Q%? éﬁﬂtﬂéﬁfzénd'céﬁ @Etgﬁﬂwiégl%nf%ft?H%x%¢?st
bIE/|ar transikdydr ¢ GhdGvhole substrate surface, raising the density

of the fifth oxide layer by a thermal process;
P 10 '
(1) forming a window in order to produce an emitter
region of the first bipolar transistor provided in the
third substrate region, and ion-implanting with the second
conductivity-type through said window;
15
{(m) depositing a second polycrystalline silicon layer on
the whole substrate, and then etching the second
polycrystalline silicon layer in order to produce a
.connecting portion for a polycrystalline silicon emitter.
20 region of the first bipolar transistor provided in the
third substrate region:

) ) (n) ion-implanting, with the second conductivity-type,
' into the-  second polycrystalline silicon of an emitter
25 connecting region of the first bipolar transistor, growing

a sixth oxide layer on the whole substrate, and then
activating the ion-implanted impurities by a thermal
process, in order to raise the density of the sixth oxide
layer;
30
(o) forming windows for each source and drain regions of
the first and second MOSFETs, each emitter, base and
collector regions of the first and second bipolar
transistors and each connecting region of the substrate
35 regions of the first and second MOSFETs;



a sixth oxide |l ayer on the whole substrate, and then activating the
lon-inplanted inpurities by a thermal process, in order to raise the o/
density of the sixth oxide layer; 30 (o) form ng windows for each source
and drain regions of the first and second MOSFETs, each emtter, base and
collector regions of the first and second bipolar transistors and each
connecting region of the substrate 35 regions of the first and second
MOSFETS; (p) connecting to a condufiti ve | ayer through said w ndows; and
5 (g) depositing a protective |ayer on the whole substrate surface and
t hen exposing a pad for wire-wel ding. According to yet another aspect of
t he prese I n ' i hhereqi sy Pr oy, t Ry Rkl Bl OWS 10
sem condugttec}r evf%:%élﬁlltégud?%g fi r‘g%{haﬁgtgg%gng %[egFETs adnl%}?i rst and
second bi pdinglows;ai&t ors provided on a first conductivity-type silicon
substrate, the nmethod conprising the steps of: 15 (a) producing, by
I on-inplantatiaq of,, a second cqnduct.ivity-t on.the suhstrate, a first _
Sobot Mot oy FersE \iiha, % PHara e mavar i idle THRTFEE fourtn -
subst r at e steflase andviildn texparing espead | fier fwise-wabdsegond bi pol ar
transi stors, wherein a second MXSFET is 20 subsequently formed in a
second substrate reg[on | ocated between the first and third substrate
regions, and tA@Fan@dngntionpyatt eanpthesnsagpechctPfatdee (@pesemtming a
first OX'QQdeﬁﬁybd¥ﬂﬁK§¥éSﬁédprGi&@§1a'ﬂethod_of making a BiCMOS

10 semiconductor device including first and second MOSFETs

and first and second bipolar transistors provided on a W,
first conductivity-type silicon substrate, the method

o’

comprising the steps of:

15 (a) producing, by ion-implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to form respective first
and second bipolar transistors, wherein a second MOSFET is

20 subsequently formed in a second substrate region located
between the first and third substrate regions, and then
the ion-implanted regions are activated;

(b) forming a first oxide layer between said regions, in ./
25 order to isolate respective transistor elements on said

substrate and a first conductivity-type of channel stopper

region below said first oxide layer;

(c) growing a second oxide layer on the whole substrate
30 surface in order to form each gate oxide layer of said
first and second MOSFETS;

(d) depositing a first polycrystalline silicon layer on
said second oxide layer, doping into the whole. surface
35 ' thereof, with the second conductivity-type, -and



25 order to isolate respective transistor elenments on said substrate and
a first conductivity-type of channel stopper region below said first oxide
| ayer; (c) growing a second oxide |ayer on the whole substrate 30 surface
in order to formeach gate oxide | ayer of said first and second MOSFETSs;
(d) depositing a first polycrystalline silicon | ayer on said second OX|de
| ayer, doping into the whole surface 35 thereof, with the second
conductivity-type, and then etching t first polycrystalline silicon

| ayer so as to produce each gate of said ®irst and second MOSFETs on
respective first and the second substrate regions; 5 (e) 1ion-inmplanting
with the f|rswhemnémcmumgtyheyﬁerstnp@lﬂerysbalblnebasbl¢@@|kﬁw%ﬁ SQia
first and secqnd éH éééﬁ‘géﬁgréf éhfﬁréEthh@t%@&ohﬂeﬂ©SFETs on
ion-inplanted Te fan ting wt he second

conducti vity- ﬂF§QQQtNMQk§lRS¥f&ﬂqn§¥3uﬁﬁﬁﬂﬁqrﬁ?b%ﬁﬁ%ﬁ?cﬁe$+ﬁp$frst
substrate region, each collector connectlng region of the third and fourth
substrate reglons an enmtter of , t he _second b| olar .tra S|stor and
a drain afd a (Sur c‘émr'e‘gﬁ‘lm@fmcﬂ thecbhgs ﬁl‘%‘? c(td)‘”‘ltgn YRS -arnt? ng
wth the firstorgeidaet lfwrtnybbspereglondef s@id of ir st cAnd aetarliriealay ons
of the first FET. de fi at o] a g 20
regi on of t%ngse(:%%%yé I\/C%EET Eﬁ]g%w%éédiégp§%ﬁ €E%§%ndmgﬂb§%%%mgl on,
a base connecmeg}qngﬁcwlof t he flrst bi pol ar transistor provided in the

t ird substrate regi on and a base connecting reglon of the second bi pol ar

10 (f) ion-implanting with the second conduct1v1ty type in
order to form a connecting region of the first substrate
region, each collector connecting region of the third and
fourth substrate regions} an emitter region of the second
bipolar transistor, and a drain and a source region of the

15 second MOSFET;

N

(g) ion—implanting with the first conductivity-type in
‘order to form drain and source regions of the first MOSFET
provided in the first substrate 'region, a connecting
20 region of the second MOSFET provided in the ‘second
substrate region, a base connecting region of the first
bipolar transistor provided in the third substrate region
and a base connecting region of the second bipolar
_ transistor provided in the fourth substrate region;
(h)y activating the impurities ion—implantéd by the
processes of (f) and (g), and, after growing a fifth oxide
layer on the whole substrate surface, raising the density
of the fifth oxide layer by a thermal process;
30 _
(i)' forming a window in'_order to produce an emitter
region of the first bipolar transistor provided'in the
third substrate region, and ion-implanting with the second
conductivity-type through said window;
35



transistor provided in the fourth substrate region; 25'(h)

impurities ion-inplanted by the processes of (f) and (g),

growing a fifth oxide |ayer on the whol e substrate surface,

activating
and, after
rai sing the

density of the fifth oxide layer by a thermal process; 30 (i) formng a

wi ndow i n
transi sto

t he second conductivity-type through sdid w ndow, 35 (j) depositing a
| ycrystalline silicon |layer on the whol e substrate, and then

ey PeCRBEPOLYREYS! SLLLRE Bh1YERYstaYLinkNsQl debp! 2aPeadufe

egi on of the

second po
etching t

connect i ng
first bipot@e t¥hAsPst sSubStHAERd i#ndhet PﬁFrde§&&ﬂ9Quea?%gl%ﬂc°9§)

i on-inpla
pol ycryst
bi pol ar t

each sour
emtter,

10

15

20

25

30

order to produce an emtter region of the first bipolar

t he
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r provided in the third substéate region, and ion-inplanting with

pol ycryst con emt

dIger tallbﬁesesppﬂc@@nd}@ew tih t Widler Nt® t peodee@nda

I I tt ti f. . the first
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then agtiveeghont b€ itdre i fpraht ddgodaur i trassbytart peaveldegy otesshei n order
to raise tgﬁ 9%”§u$¥t9£téh§e§i5§? oxi de layer; 15 (1) form ng w ndows for

an 0

cé drain region the first and second MOSFETs, each
base and collector regions of the first and second bi pol ar

(k) ion-implanting, with the second conductivity-type,
into the second polycrystalline silicon of an emitter
connecting region of the first bipolar transistor, growing
a sixth oxide layer on the whole substrate, and then
activating the ion—implanted' impurities by a thermal
process, in order to raise the density of the sixth oxide
layer:. o

(1) forming windows for each source and drain regions of

the first and second MOSFETs, each emitter, base and
collector regions of the first and  second bipolar
transistors and each connecting region of the substrate
regions of the first and second MOSFETS; |

(m) connecting to a. cqnductive layer through said
windows; and

(n) depositing a protective layer on the wholé substrate
surface and then exposing a pad for wire-welding.

According to still another aspect of the present
invention, there is provided a method of making a BiCMOS
semiconductor device including first and second MOSFETs
and first and second bipolar transistors provided on- a
first conductivity—type' silicon substrate, the method
comprising the steps of:

o/

o/



transi stors and each connecting region of the substrate 20- regions of the
firstr and second MOSFETs; (m connecting to a conductive |ayer through said
wi ndows; and 25 (n) depositing a protective |ayer on the whol e substrate
surface and then exposing a pad for wire-welding. According to stil

anot her aspect of the present invention, there is provided a nethod of
maki ng a Bi CMOS 30 sem conduct or device including first and second
MOSFETs and first and second bi pol ar tranngftors provided on a first
conductivity-type silicon substrate, the h'od conprising the steps of:

(a) producing, by ion-inplantation of a second conductivity-type on the
substrate, a frast gubsiuzaiagr,egihm demhiiatpl anftati ohe bifr s MSEFndand
a third and f°H§ﬁéuéHP§££gt€ é@gﬁﬂP U5 Ghs P £8r”h£e%W?EEV§uE§E§Eté

and second bi polar transi oF erern a secona I S _subsequent
formed in a seE®FHCBUPRtWALeh, é@l5ﬂrm055?eﬁlﬁ§FmE@ﬁFFﬁe gpdsg Ehérﬁhﬁﬂé

substrate reg'@ﬁ§rt§”§ub§€ﬁa£éeré ﬂohnﬁhaﬁhféhrﬂélQBﬁmafésﬁébtiabeﬁmréQ

(b) fornipg a f rst ox et ween sai d regi ons, |n or e solate
ohpect| vestr anlf STeFOR dRmeLh %aoﬂ%lé‘iﬁrﬁ AT 2 HocBhshokEer
conducti vi ty-t ypkesefuehtbpefosmedpdn megemodﬂﬂsnbsmmatélreglouldech&yér
15 (c) gro e d e t whol lgéﬁ a

order to formvkgg“éagt gﬁ(%x'fg&ﬁdc: é&y ggﬁidg?b a‘f: d dﬁe'Mélié Eﬁebd)
depositing a fthetlgafy@pygnﬁeﬂuﬁ@gsppscaﬁe|ay§#Véﬁeéo sai d second oxi de
| ayyer, doping, into the whole surface .

. 10 (b) forming a first oxide layer between said regions, in
~ order to isolate respective transistor elements on said
substrate and a first conductivity-type of channel stopper

region below said first oxide layer:

15 (c) growing a second oxide layer on the whole substrate
surface in order to form each gate oxide layer of said
first and second MOSFETs;.

(dy depositing a first polycrystalline silicon layer on

20  said second oxide layer, doping, into the whole surface

thereof, with the second conductivity-type, and then

etching the first polycrystalline silicon layer so as to

U produce each gate of said first and second MOSFETsS on
respective first and the second substrate regions;

25 : o : .
(e) ionfimplanting,with the first conductivity-type, in
order to form base region of said first and second bipolar
transistors  and then activating these ion-implanted
regions; o ' '

30

(f) ion-implanting with the second conductivity-type in
order to form each first source and drain region of said
second MOSFET on a second substrate region;



t her eof ,

wi th the second conductivity-type,

and then etching the first

polycrystalline silicon | ayer so as to produce each gate of said first and
second MOSFETs on respective first and the second substrate regions;

ion-inplanting with the first conductivity-type,

25 (e)

in order to form base

region of said first and second bipolar transi stors and then-activating
these ion-inplanted regions; 30 (f) En i mplanting with the second

conductivity-type in order to form eac
said second MOSFET on a second substrate region; %&
growing a t@) r csemeenbially ograwingyar thindhenthfeusiibsexife davexce:

first source and drain region of
sequentially

(h)

form ng anc@xtKe WRHELEshiBsBpheessderakks of the 5 MOSFETs provided in said

first and second substrate regions,
layers without utilizing a separate mask; (i) ion-inplanting with the

by etching said third and fourth oxide

second conglugt i fotyinygpan notfde @pdmert onﬁdrgatze cshdewtildg refi dheof the

first §“b3§1{) eETS P&i&é’é' o Orsa‘i‘H‘”%&EJélg r‘ﬁgi -OEécBBdt h%ub@‘t‘l-gt%”d

fourth” sub

emtter Ion O

transi st orreghensec Md wmmnaaséuﬁé@rﬂe@%s f@flrfcne %kdﬁndlmrﬂ 15

(1)1 0n-i bl enbupuwd 10715 4l Bepagapdupikkity-type in order to form drain
and source regions of the firs FET prOV|ded in the first substrate

regi on,

10

15

20

25

30

a connectlng

(1) ion-implanting with the second conductivity-type in
order to form a connecting reglon of the first substrate
region, collectér connecting regions of the third and
fourth substrate regions, an emitter région of the second
bipolar transistor, and second drain and source regions of
the second MOSFET; ' -

(j} ion-implanting with the first conductivity-type in
order to form drain and source regions of the first MOSFET
provided in the first substrate region, a connecting
region of the second MOSFET provided in the second
substrate region, a base connecting region of the first
bipolar transistor provided in the third substrate region
and a base connecting region of the second bipolar
transistor provided in the fourth substrate region;

(k) after growing a fifth oxide layer on the whole

substrate, performing a thermal process for the activation .

of the impurities ion-implanted by the processes of (i)
and (j) and for raising the density of the fifth oxide

layer surface, followed by the formation of an emitter
connecting region window of the first bipolar transistor;

{1y after depositing a second polycrystalline silicon
layer on the whole substrate, etching the second
polycrystalline silicon layer in order to produce a

»

v



region of the second MOSFET provided in the second 20 substrate region, a
base_connecting region of the first bipolar transistor provided in the
third substrate region and a base connecting regi on of the second bi pol ar
transi stor provided in the fourth substrate region; 25 (k) after grow ng
a fifth oxide |layer on the whol e substrate, perform ng a thermal process
for the activation of the inpurities ion-inplanted by the processes of (i)
and (j) and for raising the density of thquiﬂth oxi de | ayer surface,
followed by the formation of an emitter 30 connecting regi on wi ndow of
the first bipolar transistor; (1) after depositing _a second polycrystalline
silicon | ayer eshnertigm|roskbRR r 508, acPORYSF YEHE #igdigen yenbttere

silicon layer jdybfesr HhdrOkSe Bipol &ONELEAENGLHLFtion for a
polycrystalline silicon emtter regi.on of. the first blpolar transistor; (m

lon-inplanting, with the second conductivity type, 5 into the second
polycrystal | i nansi | icroningflaart ang | t @i thoruhect sexcpn@gcondaktiive thi rsype,

bi pol ar transi: , oW, . St Xt ' I r g e _subst

Porni g oS o S £HE0 WAy DRI RYHEIIING | O} 860 Ik Callt SO BEE:
activation of epnpeiing meaciene@f thpufirsbsbipaher tteansstopergeewing a

]Eher_ma-' p!’OgeS§ %ﬂx@ﬁdgﬁﬂi@ rlaé}ﬁ@c 8813 @jﬁ%smﬁblcg §@f§s?%é'ﬁfa,0>fidi:@nigi§’eéﬁ ((jn)
ormi ng wi ndows for each sour nd _dr ai n. regj ons, o e first and secon
MOSFETS,  eactPeHitei eo s 08, the 5105t PLBRLEF tFaRFHREOT oFRTOYEn Fhe of

and— second taqpod et faransifst sa $d anicbreainip et t iimpurddiies of anfle then
substrat g 4 egl QiSe Y il o theln@Ad p30eAe VOEEISr to raise the density
— of the sixth oxide layer; '

(n) forming windows for each source and drain regions of
the first and second MOSFETs, each emitter, base and

15 collector regions of the first and second bipolar
transistors and each connecting :egibn of the substrate
regions of the first and second MOSFETS:;

(o) connecting to a conductive layer through' said
20 windows; and

(p) depositing a protective layer on the whole surface
and then exposing a pad for wire-welding.

25 Another aspect of the present invention includes a
method of making a BiCMOS semiconductor device including
first and second MOSFETs and first and second bipolar

transistors provided on a first conductivity-type silicon
substrate, the method comprising the steps of:

30 | o
(a) producing, by ion-implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to form respective first

35 and second bipolar transistors, wherein a second MOSFET is



(o) connecting to a conductive |ayer through said 20 w ndows; and (p)
depositing a protective |layer on the whole surface and then exposing a pagd
for wire-welding. 25 Anot her aspect of the present invention

i ncludes a nethod of making a Bi CMOS sem conductor device including first
and second MOSFETs and first and second bipolar transistors provided on a
first conductivity-type silicon substrae, the nethod conprising the steps
of: 30 (a) producing, by ion- |anaHt tion a second
conductivity-type on the substrate, a first substrate region on which to

formthe fsdﬁéecf@ﬁﬁ'@ f@ﬁnedthnrd gedohdl substistid a&@gi&ﬂlmceﬂem ch to
form respeé:tlve fi ﬂ?éfjefr d blgg gr gran3| stors, ?ﬂ‘& gbn a second
MOSFET i's PetWERfse %n Il sto RGE 866s FEFLENSagi Sfed

bet ween t hehé iiori- fmpnaﬁmedire¢$¢matereegcbnsatedd then the ion-inplanted
regions are activated; 5 (b) formng a first oxide | ayer between said
regions, in order to |solate respective transi stor elenents on said

subst rfat e @nd afdrming confilrat wxide ayer ketwerd sabppeegieqseoninbel ow
Salbdt fi { Stor‘d%]!cxﬁietb aXleg%@ ecﬂf\ﬁé"" f‘ﬁax?sﬁ@éégd eQEMER tlsA YK 58%& het Wholje
substrate syrface in er e, oxi de er | irst and .
second hKI§§§ﬁ$ BogﬁFFﬁg H%VFgrvggVyEVPQtﬁfléﬁﬁng?il%gﬂpP%Eer on 15
said secomtgmonkbékqwnsaiﬂmfimstrmxndéelmyere surface thereof, with the
second conductivity-type, and then etchlng the first polycrystalllne

silicon layer so as to o/
10 (c) grow1ng a second oxide layer on the whole substrate _
surface in order to form each gate_ox1de layer of said \)

first and second MOSFETSs:

(d) depositing a first polycrystalline silicon layer on
15 said second oxide layer, doping into the whole surface
thereof, with the second conductivity-type, and then
etching the first polycrystalline silicon layer so as to
produce each gate of said first and second MOSFETS on
respective first and the second substrate regions;

20
(e) ion-implanting with the first conductivity-type, in
order to form each base region of said first and second
bipolar transistors and then activating these to ion- .
implanted regions, o
25

(f) ion-implanting with the second conductivity-type in
order to form a connecting region of the first substrate
region, each collector connecting region'of the third and
fourth substrate regions,_an emitter region of the second

30 bipolar transistor, and a drain and a source region of the
second MOSFET;

(9) ion-implanting wiﬁh the first conductivity-type in
order to form drain and source regions of the first MOSFET
35 provided in the first substrate region, a connecting



produce each gate of said first and second MOSFETs on respective first and
t he\second substrate regions; 20 (e) ion-inplanting with the first
conductivity-type, in order to formeach base region of said first and
second bipolar transistors and then activating these to ion- inplanted
regions; 25 (f) ion-inplanting with the second conductivity-type in order
to forma connecting region of the first substrate region, each collector
connecting region of the third and fourtHL§ubstrate regions, an emtter
regi on of the second 30 bi pol ar transistor, and a drain and a source

region pf_the ﬁ@@ﬂﬂﬂ MEFEhe (chohﬁn'MGBbE@tiﬁﬁo%&aédthﬁnfifﬁé_ second
conductivity-type in order to formdrain and source reglons of, .the_first

MOSFET 35  prifRtedPte nt@GoR r 8t baFSs (GRRLCH IR ohe91gn 8 ddis nftrst 14
region of tfmaipﬁ&zrutrdﬂiﬂgEBr'?m@Mﬂﬁ?ﬂ-ihnthéhEhisécsmﬂssnhﬁﬁrﬁégibﬁ%ion,
a base connect} regi 0 A .ar trans or . e
third subst rata‘regal ortf%%r?d' 5gggggltéghne(%g§%§nr eé?on£% t%éé)éé)%%oﬁ%lgl %’f ar 5
transi st orsS pr omtatsiiston prdwided ubthe afeurtlyi smbsthytefregignow ng a
third oxide | ayer on the whol e substrate, perform ng a thernmal process for
the activation of the inpurities ion-jnplanted by processes (f) and (g), 10
and for raisind} heathedki GFo¥inghedt hFRErdxiAetdQy dRYSF f SBe; t%‘?) "ék\“?_g?

deposi ting t hesuisgiongk @0 lperfictindlng Betherm@dnprocess for the activation
L of the impurities ion-implanted by processes (f) and (g),
10 and for raising the density of the third oxide layer

o/ surface; ' -

(i) after depositing the second polycrystalline silicon
layer cn the whole substrate, etching a second

15 polycrystalline silicon layer on the third substrate
region in order to produce a connecting portion for a
polycrystalline silicon emitter region of the  first
bipolar transistor;

20 (j) forming a window for producing an emitter region of
the first bipolar transistor on the third substrate region
and ion-implanting with the second conductivity-type
through said window;

25 (k) ion-implanting, with the second conductivity-type,
into the second polycrystalline silicon of an. emitter
connecting region of the first bipolar transistor, growing
a fourth oxide layer on the whole substrate, and then
performing a thermal process in order to activate said

30 ion-implanted impurities and raise the density of the
fourth oxide layer so as to produce an emitter region of
the first bipolar transistor;

(1) forming windows for each source and drain regions of
35 the first and second MOSFETs, each emitter, base and



| ayer on the whol e substrate, etching a second 15 pol ycrystalline
silicon layer on the third substrate region in order to produce a o/
connecting portion for a polycrystalline silicon emtter region of the
first bipolar transistor; 20 (j) formng a w ndow for producing an
emtter region of the first bipolar transistor on the third substrate
region and ion-inplanting wth the second conductivity-type through said
wi ndow, 25 (k) ion-inplanting, wit 4 he second conductivity-type, into
t he second polycrystalline silicon of an emitter connecting region of the

first bipol@fi1b&aBsi SEAELoBSOWOEY &nkOUif<aXi dihd AVt heipboke _
substrate, and then perfQrm ng a therng| &rocess in orqfr to a§t|¥ate sai d
2 the .SuB§tER

30 i on- i WRARSASECT FpaRAL EECTL RPIRESEI R TREASP P ot 8xi de
| ayer so agsedPords odficEh@nferstt andr egeondoMOSFETEI;r st bi pol ar transistor;
(1) form ng w ndows for each source and drain regions of 35 the first and
second MOSFETs, each emtter, base and- =~ collector regions of the first
and setond(rh) potannechnsgst bos andceadctdiveectliiager egilinowght heagdbstrat e
regi ons cﬁw{$gb$§rs£ gnd second MOSFETs; 5 (m connecting to a
conductive ayer”’ t%rough said wi ndows; and (n) depositing a protective
| ayer on the whole substrate surface and then'expos!ng a pad for
wire-wvel di gy Ifedbeitingnidiprobéstivei Dager! 68T ERé I WRoRBdS@bsephLENAl
features, and_other gsgects of the |nvené|9n are reC|&gd
surface. and then exposing a pa or wire-welding. W,
10 : | . . -
The invention has various alternative and/or optional \V
features, and other aspects of the invention are recited
in Claims 2 to 4, 6 to 8, 10 to 12, 14 to 16, and/or 18
appended hereto.
15
For a better understanding of the invention and to
show how the same may be carried: into effect, reference
will now be made, by way of example, to the accompanying
drawings, in which:
20
Figures 1 (A)-(T) are cross-sectional views
. illustrating sequentially processing steps of a preferred
embodiment, according to the present invention; -

25 Figures 1(A')~(T') are views, illustrating the cross-
section of respective Figure 1(A)-(T) continuing from the
right hand side thereof; ' :

Figure 2 is a cross-sectional view of a device
30 fabricated according to the present invention;

Figure 3 is a cross-sectional view of an active
element portion in another preferred embodiment according
to the present invention; '

35 '



in Cains 2to 4, 6 to 8 10 to 12, 14 to 16, and/or 18 appended hereto. 15
For \& better understanding of the invention and to show how the sane may be
carried into effect, reference will now be nmade, by way of exanple, to the
acconpanyi ng drawi ngs, in which: 20 Figures 1 (A)-(T) are cross-sectional
views illustrating sequentially processing steps of a preferred enbodi nent,
according to the present invention; Figures 1(A )-(T') are views,
illustrating the cross- section of respecggve Figure 1(A)-(T) continuing
fromthe right hand side thereof; Figure is'a cross-sectional view of a
device 30 fabricated according to the present invention; Figure 3 is a
cross-secti onafiguee ¢{Nan(TAftave etesensepbibned wheasot h

enbodi ment according to the present invention; 35 Figure 4(N)-(T).7are
cross-sectional views illustrating process steps of another

preferred enbodi nent according to the present invention. Referring to
Figures 1(A) and 1(A ), a masking silicon. oxide layer 2, is coated with
<100> orlentatlon and reS|st|V|ty of 2 - 20 [err].cm on the whole
substrate - . '




surface of a P-type single crystal silicon substrate 1, by neans of a _
conventional oxidation process. Next, a first photoresist 3 is depositwd
on the oxide layer 2, and windows 4, 5 and 6 are made by a conventi onal
phot ol i t hographi ¢ technique, in order to forma substrate region (or well)
of a PMOS transistor, and the collector regions of both a polycrystalline
silicon emtter NPN transistor, and a tal contact emtter NPN transistor.

Next, N-type ion-inplanted regions 7, and 9 are formed by nmeans of ion
i npl antation of a group V inpurity, such as phosphorus (P), having an
energy of about 160 KeV and at a dose of [err] - [err] ions/[err]. The

phot or esi §f1 Bugeira®sng Wps:lﬁdwssngstb;as | @F | qiabhayr opsé Epr vdodn
renoval of_ th photore5|st 3 res 1 an N-type first
substrate d’t’\?é qq;#qdpst{??e(nr léljv(egb J?drtn'll and an N-type

fourth substrate reglon 12, each having a depth of about 2, 5[err], are

formed, by neans g%ﬁe\{@;lgg FdnJids u?mg Lhe l\{dﬁype Ia0NmA LR ted

regions 7, 8 and at mosphere o gen an trogen an
t enper at uiSd €N 9% 148 r 1ayes Rer s q%t%%b‘gﬁﬁtélro@@ d?tr{en%?%\%%n the

fi [) st SUbﬁr{datﬁ?éi%Mt%p @t;dzthezoh imdcaybshr ahe e@lw substlate o
Formed.  ASHGEHRSN 1 BFYPRo AP | OETEal { FOMLERE SBRTEAR 11 an oxi de
| ayer 13, byavnemns offii almvmtbdm& b@dfetipn iprafgRsi t edlemt .t he
o b IR P Ten 0.3, (Bl el b hd bidastats il chrene
wind ows 4, 5 are made by a conventional "
photollthographic technique, in order to form a substrate
region (or well) of a PMOS transistor, and the collector
regions of both a polycrystalline silicon emitter NPN
transistor, and a metal contact emitter NPN transistor.
Next, N-type ion-implanted regions 7, 8 and 9 are formed
by means of ion implantation of a group V impurity, such
as phosphorus (P), having an energy of about 160 Kev and
at a dose of 102 - 10l% ions/cm?. The photoresist 3
acts as a mask during this ion-implantation step.

Upon removal of the photoresist 3 (Figures 1(B)
and 1(B')), an N-type first substrate region 10, an N-
type third substrate region 11, and an N-type fourth \)‘
substrate region 12, each having a depth of about 2.5um,
are formed, by means of activating and diffusing the N-
type ion-implanted regions 7, 8 and 9 under an atmosphere
of oxygen and nitrogen and at a temperature between
1000°C and 1200°cC.

The substrate region 1, between the first
substrate region 10 and the third substrate region 11,
may subsequently define a second substrate region wherein
a NMOS transistor is formed. After removing all the
oxide layer 2 from the substrate 1, an oxide layer 13,
having a thickness of about 5008, is deposited on the



oxi de | ayer 13 by conventional Low Pressure CVD (Chem cal vapor

Deposition). The oxide layer 13 and nitride |ayer 14 act as masking | ayers,

~in order to prevent the oxidation of silicon on the substrate surface 1

bel ow t he masking | ayers, during the foll ow ng oxidation process. A second

photoresist 15 is coated on the masking |ayers 13, 14 by a conventi onal

met hod. The photoresist 15 covers, a connecting region 100 and a region 101

og the first substrate region 10 which is to be formed into a PMOS FET, a
nnecting region 103 and a region 102 on t}e second substrate regi on which

Is to be fornmed into a NMOS FET, regions 104 and 105 which are to be fornmed

I nto NPN transistors a MOS capacitor region 106, a resistor region 107 and

a connecting rggi 65@?%9@dlph9ﬁ8r Sshﬁ.ttriﬁe' Ela 145 &5k aélflﬁ‘h,

etching nmask, so t at etc nitrid er of |tr|de l.ayer
which i's not doverngd MAﬁH'Fﬁéeﬁﬁsw 152 b oYy Bé“@ rrilet $@PoSitete ARy

phot or esi st 1%iidd hedydrenoy asi dohvairfifiional qlRe iFdesdune icam at@ahmnts
athird photo Si st

After formng e?q9rt )}%%pc%%%gf%fgaf gBe §6iaﬁm@?g’25§&%§iﬂ® d'g D%rt')lh llé}Pé

i npl ant ati on df4 aagrtoupsl Irhask]img t yayewsh asnbovodehaviegpréventneilyy of
about 30 KeV gﬂ&cﬂ-}tfmf’ dt[&h{ log 4 OXIu(Jdét{Fe{t{eefédrféé”@ i hbétow the

phOt oresist 1 rem)ve a secon ayer Is forme In
regi ons shown maslnnﬁjrle@qq%) dying the folkowinguwexidatipn M%ﬁ on

prQcess, an oxide |ayer is not

_ A second photoresist 15 is coated on the masking

— layers 13, 14 by a conventional method. The photoresist
15 covers, a connecting region 100 and a region 101 on
the first substrate region 10 which is to be formed into
a PMOS FET, a connecting region 103 and a region 102 on
the second substrate region which is to be formed into a
NMOS FET, .regions 104 and 105 which are to be formed into
NPN transistors, a MOS capacitor region 106, a resistor
region 107 and a connecting region 108.

The second photoresist 15 is next used as an

etching mask, so that etching of any nitride layer of

nitride layer 14 which is not covered with the mask 15,

. may be carried out. The second photoresist 15 is then
removed.

In order to electrically isolate elements, a
third photoresist 16 is deposited, as shown in Figures
1(D) and 1(D'). After forming a P-type ion-implanted
region 17, by means of ion implantation of a group III
impurity, such as boron having a low energy of about 30
KeV and at a dose of 1012 - 1014 jons/cm?, the third
photoresist 16 is removed, and a second oxide layer 18 is
formed, in regions shown in Figures 1(E) and 1(E'), as
follows. ' - ' '

In this oxidation process, an oxide layer is not



grown on a silicon substrate bel ow the masking |ayers 13, 14, but grown on
a region of silicon substrate not protected by the masking | ayers 13, 14/
In addition the ion-inplanted region 17 is activated, as shown in Figures
1(E) and 1(E ), so that a high concentration P+ channel stopper 19 is
formed, which prevents the formation of a channel between el enents. After
growi ng the second oxide |ayer 18 as af gppementioned, the nitride |ayer 14
may be renoved by a conventi onal etching nmet hod wi t hout using a mask, and-a
sacrificial oxide |ayer 20 (Figures 1(F) and 1(F)) is forned, by a process

of thermal sacrificial oxidation, in order to Rurlf t he substrate surface.
Next, a foam‘nnp%t6r§§l§?0915v95’e§55§| pedow; Rhe, markipgr dayexsvas.

fceuoa_CI torbm a mﬁss m{eannta @&gqrmmf oifn £ivueen l¢Ghsaittld Enbt ﬁfter
or m ng, on,i ant.atiqn _of a uri uc rsenic
(As) at a éﬁgg ?epy]theFBPF% 31 ﬁ%ﬂ\ typgg aﬁﬁgP&nF regi on
22, in a N[Eneampkanbedreggbonlﬂw ishecphvabeéslas Ehowa aanﬁugures Then, )
by et ching ' r|f| i de sk, but
by neans o%tlgg ngPutlls(gﬁ ‘a s?%\;“dclégiéo%d Ho de %Q ﬂ]&tl p%ﬁregr me nlzlae\r;?ng a

t hi ckness %EGBP9€01?hé$n£QRﬂ¢@weWhlgnpPﬁ?Vﬁﬁ$ﬁD&QRaf@&@ﬁttgn Phe a

(r]I emai nlt ng @ﬁéﬁn@i bbﬁwtééﬁséilléﬁ\énﬁﬂngAEKéQtSQQowﬁbﬁét thén?@ébﬁghb%&@re 23 } s

eposite nventiona e xjdatiqn pr.ocess to i ckness o

200 - 500 Jr@}{ IR @R %‘f%%"é’é%f‘ﬁﬁﬁ?‘?at tﬁel Ritrage dpker ni4 Bave b&xu de

| ayer of anemEEEélbyeatcmm&éﬁtaqﬁaﬂ<§n¢hxngﬁme¢M@®anithoutaas&h o/

Fi gures 1( nd H,) the, st iﬂgyvnz 1(G)

to Figures Ei) aﬁé 3%? € |oln%|xrsr‘lp an r €gi ohﬁégly‘l{'ggacl:f( 3) gto fo\r_p

an el ect r oHEF'} bYi diF 2 orRedur Y1 (# Prasiess o0 thermal sacrlfic;Lal
oxidation, in order to purify the substrate surface.

Next, a fourth photoresist 21 is. deposited, in
order to form a MOS capacitor as a passive element, as
shown in Figures 1(G) and 1(G'). After forming, by means
of ion implantation of a group V impurity such as Arsenic
(As) at a dose of__lo15 - 1016 ions/cmz; an N-type ion
implanted region 22, in a MOS capacitor region 109, the
photoresist 21 is removed. Then, by etching the thin
sacrificial oxide layer 20, not by means of a mask, but
by means .of HF solution, a new second oxide layer 18 is
formed, having a thickness equal to the oxide layer 18
plus the oxide layer 20, the remaining part of the
substrate being exposed.

Next, an oxide layer 23 is deposited, by a
conventional thermal oxidation process to a thickness of
200 - 500 & on the exposed substrate, in order to form a
gate oxide layer of an MOS element and the dielectric of
a capacitor, as shown in Figures 1(H) and 1(H'). Between
the steps shown in Figures 1(G) and 1(G') to Figures 1(H)
and 1(H'), the ion-implanted region 22 is activated to

form an electrode region 24 (Figure 1(H')) of an MOS
capacitor.



capaci tor. Then, in order to control the threshold voltages of NMOS and

PME, FET's, ion inplantation of a group IIl inpurity, such as boron (B)
having an energy of about 30 KeV and at a dose of [err] - [err] ions/[err],
is performed upon the whole silicon substrate. Next, a first

polycrystalline silicon 25 is fornmed by a conventional nethod. The
polycrystalline silicon 25 provides, on the whole silicon substrate, gate
el ectrode material and connecting elenent nmaterial for the MOS transistors,
ahd el ectrode plate material having a-consgﬁgt area over the dielectric of
a capacitor. Goup Vinpurities, such as sphorus (P), may be injected
to lower the resistance of the first polycrystalline silicon |ayer 25.

For exanple, the sheet resistance of the first polycrystalline silicon may
be about 20[err]/[err], measured by way of POCl3, at a tenperature 9000.
Next, as shown in Fi guPkeni(in ender(to) comtmal thmdthyreshatd opoltages

provided, in cfub8 SRV DMOPOFNET Y St 8bhi BRpShhtaeRchayd d egiewplifTover
a gate of a PN

I I, a polycrystalline _silicon |ayer region 111 over

gate of an NVOERETitw, pEve r?§t§PFPHe(§ﬁlﬁa&+qgng§ QBE?§¥ %% %B%%ﬁ 38

el ectrode pl atgeveghan adf s degmcot orodt eleandi’c dianstem?indis performed
pol ycrystalline_siligon | ayer regi of . C ' le whi gh g£opgect
in a subsequen‘fpﬁrnocggs, @H?F“restg%gﬁ'ﬁér?sta %%g% fcgﬁgéggti'on'lliﬁ to_a
second pol ycrypohy¢rystallinen sidjicon The A6l yEammrad byné sFPREBATLGPAL 25
I s\pemoved by GefRHNENt irfRAlpITRIISt A0l inevash Ivedhe2s eppyaides, tba the
whole silicon substrate, gate electrode material and
connecting element material for the MOS transistors, and
electrode plate mate:ial having a constant area over the

dielectric of a capacitdr. Group V impurities, such as

N

Phosphorus (P), may be injected to lower the resistance
of the first polycrystalline silicon layer 25. For
example, the sheet resistance of the first
polycrystalline silicon may be about 200}/, measured
by way of POCl3, at a temperature 900°.

Next, as shoWn injFigures 1(I) and 1(I'), a fifth
photoresist 26 is provided, in order to leave a
polycrystalline silicon layer region 110 over a gate of a
: U PMOS FET, a polyc;Ystalline silicon layer region 111 over
a gate of an NMOS FET, a polycrystalline silicon layer
112 of an upper"electrode plate region of a capacitor
dielectric layer, and a polycrystalline silicon layer
region of connecting elements which connect, in a
subsequent process, a first polycrystalline silicon
region 113 to a second polycrystalline silicon layer.

The polycrystalline silicon layer 25 is removed
by a conventional method, followed by the removal of the
fifth photoresist 26. Then, a sixth photoresist 27 is
deposited in order to form a base regian of a bipolar
transistor, as shown in Figures 1(J) and 1(J'). A P-type
active base region 28 is also formed which region 28 is



fifth photoresist 26. Then, a sixth photoresist 27 is deposited in order

to forma base region of a bipolar transistor, as shown in Figures 1(J) \a&hd
1(J'). A P-type active base region 28 is also formed which region 28 is
subsequently fornmed into a non-conpensated emtter region, by means of ion

i npl antation of a group Ill inpurity such as boron (B) having an energy of
about 70 KeV and at a dose of 1 x [err] - 5 x [err] .ions/[err]. After
renoving the sixth photoresist 27 used a masking | ayer, a thernmal
process is carried out using a conventsdnal nethod, in order to activate
the group I'll inpurity (e.g. boron), inplanted into the base region. Then,

a seventh ot or esi 29_.f or Lightly_Doped Drain (L Is_coated on the
silicon sﬁﬁ?’ﬁ@&u%ﬁéiﬁomﬁofﬂeai gi‘l'?gg 1?K)‘P%ﬂa°i’("@e) .salzjt%ﬁ i%l’% 4ti on of a
group V inpadiary, bucmesnphosphions i@l ambatiagnarmEner greadpalddli 30 KeV
and at a [errh - .t ONSA [ Rlako)im u radg) region
of the NN@EEE{F?:Yr (%gllﬁht saél ﬁﬁéﬁ%ﬁfgrg ﬁlaé’r%n rgsrgti%(%y%ﬁdégr;??u?ezd;ns 30 of .
an LDD-t yReVNee8 etadsdessr of 1Akt &P fornBnd 2R “sdPPELHY ai n Afd®ons and
removing tBmoveMedt Bhikhod D% B Pho¥foreBs iet dp7| Asd 3ds havimAgkandi ckness
of about 500 A is_deposited on_the firs% pol CLXSt Iliqf silicon |ayer, 25.
by a convifdi®hal h FMEY (RECSP PP ockEs SRE AL uPE 8 @ and
secondl y annuventiéohalemeihads deposided &o tantivalie Bhéi gyoupur¥iice, by a
conventi o had, Ho | ko as e h( L e ereafter, by
processingﬁPHgYE?rg%'?éyg§§g§?'gggggfgggabgiﬁké teg?ﬁg%ggﬁ%ﬁé%an process™
and the oxide

Then, a seventh photoresist_zslfor a Lightly \)
Doped Drain (LDD) is coated on the'silicon_surféce, as
shown in Figures 1(K) and 1(K'). Ién'implantatioh of a
group V impurity, such as phosphorus (P), having an
energy of about 30 Kev and at a dose of 1012 - 1014
ions/cm?, into’ only a source/drain region of the NMOS
FET, results in the formation of source and drain regions
30 of an LDD-type NMOS transistor. After forming the
source/drain regions and removing the seventh photoresist
29, an oxide layer 31, having a thickness of about 500 A,
is deposited on the first polycrystalline silicon layer,
25 by a conventional thermal oxidation process at a
temperature 900°C, and secondly an oxide layer 32 is .
deposited on the whole silicon surface, by a conventional o
CVD method, as shown in Figures 1(L) and 1(L').

Thereafter, by prdcessing_the'oxide layer 31,
deposited by the thermal oxidation process, and the oxide
layer 32, deposited by the CVD method, through a
conventional dry etching method, oxide layer spacers 33,
34 (Figure 1(M)), of side walls of gate electrodes of
NMOS and PMOS transistofs, are formed, as is a connecting

'region 114 for a lower electrode of an MOS capacitor.
The oxide layer spacer 33 subsequently becomes a mask in
an ion implantation - pfo;:ess to form high—concentration
drain and scurce regions of an NMos'trahsistqr having LDD



| ayer 32, deposited by the CVD net hod, through a conventional dry etching
method, oxide | ayer spacers 33, 34 (Figure 1(M), of side walls of gate

el ectrodes of NMOS and PMOS transistors, are formed, as is a connecting
region 114 for a |lower el ectrode of an MOS capacitor. The oxide | ayer
spacer 33 subsequently becones a mask in an ion inplantation process to
form hi gh-concentration drain and source regions of an NMOS transi stor
h?ving LDD structure, thereby achi eving an NMOS transi stor having a LDD
structure. An eighth photoresist 35 (Figurgg 1(N) and 1(N)) is then coated
on the silicon surface. Subsequently, by pértormng ion inplantation of a
group V inpurity,- such as Arsenic, having an energy of 40 - 80 KeV and at a

dose of [erl] sthididrd ONhELLRY: Jf-ﬂfﬁel%howm TERIRA AN PIAENa S0

of the first substrate region I FET, a source/drain reglion 37
of the NMOS FHDD sHfer@Ff4i®r region 38 of the netal contact emitter NPN
transistor, a collector connecting region 39 of the third substrate region

T1 of the polycrystall ne SI|ICO tter NP, nS|stor
connecting region 40 t?&QQERH %%ﬁ ;# G? (ﬁhl k cbht act

enmitter NPN trimsstsenr coated anl dher siddicon $hnﬂaqu6§Suhanuahmlm;ghyh

phot or esi st 33,%%%2 V%{Elkﬂtgt ﬁfgfecg @t}@@ e nlm r_{t{ﬁ such

i nventi on, orne after ect vel¥' orn1ng
i on-i npl ant at i¥h AFIERiGe fé#‘émﬂ‘ltq{l rﬁﬂﬁﬁﬁ)és‘?%t‘wzg' i 80 B, abut, 9ﬁea

case wherein tde pedé conpekR r abhenca?, t kaeiaN af@nSbstnaa i Gogheebongh
not to be lar%?la/ion 36 of the first substrate region 10 of the PMOS
- FET, a source/drain region 37 of the NMOS FET, and

. emitter region 38 of the metal contact emitter NPN
transistor, a collector connecting region 39 of the third

substrate region 11 of the polycrystalline silicon

emitter NPN transistor, a collector cornnecting region 40

of the fourth substrate region 12 of the metal contact
emitter NPN transistor, and a lower region 41 of a

resistor. The eighth photoresist 35, is then removed.

. In a preferred embodiment of the invention, the
NPN transistor is formed after selectively performing LDD
ion~-implantation with the eleventh photoresist 29 in
position, but, in a case wherein the base concentration
of the NPN transistor is high enough not to be largely
affected by the LDD ion implantation, the NPN transistor
with LDD structure, may be formed by carrying out LDD
ion-implantation without depositing the seventh
photoresist 29. ' : '

Referring to Figures 1(0) and 1(0'), a ninth
photoresist is deposited on the substrate surface, and a .
group III impurity, such as boron (B), having a low
‘energy of about 30 KevV, and at a dose of 1015 - 1016
ions/cm? is implanted, thereby to form a source/drain
region 43 of the PMOS FET, a connecting region 44 of the
substrate 1 of the NMOS FET, a connecting region 45 of



-

affected by the LDD ion inplantation, the NPN transistor with LDD
structure, may be forned by carrying out LDD ion-inplantation w thout (>
depositing the seventh photoresist 29. Referring to Figures 1(O and 1(0),
a ninth photoresist is deposited on the substrate surface, and a group ||

I mpurity, such as boron (B), having a | ow energy of about 30 KeV, and at a
dose of 1015 - 1016 ions/[err] is inplanted, thereby to forma source/drain
region 43 of the PMOS FET, a connectimﬂ gion 44 of the substrate 1 of the
NMOS FET, a connecting region 45 of the base 28 of the polycrystalline
silicon emtter bipolar NPN transistor, and a connecting region 46 of the
base 28 othehebaseal 280mfictheni podycumstakhingt ofiligemi AmH EHRIt or esi st

42 i's theg; gSﬂQY_‘eﬁpNAfttr%hsti@t%rpr%ﬁﬁs%' eDnn¥EtOH Q:éq'a‘b(ﬂf 4% 4 #eposited
on the CV nethoc t he

substrate .syrface onvent
density aR@sSguifi OfF &he Aesadxcoate: eﬁ%%ﬁﬁ %rﬁ coffent i onal

nmet hod. Thgheﬁfbgbto&e@q&&h4phqgotggns&eﬁ&veﬁ coated on the S|I|con oxi de

| ayer 47. Wndows are forned, by a general photolithographic technique, on
an emtter region 49 of the polycrystalllne silicon emtter NPN transistor,
a butting contact Aftex &hdesi processjirog, & axdde aJ;a'yleg: r¢@i drs 51 of a

first and tat L h as
A seni 2”<ﬁs%%%&%%yééﬂiné%'y”%ﬁioé""%*b%?'fa@egr%?é“ rac® H‘} YRerr]
i ons/ [ er r FONVENntdenaky GHR dietheths cbhrndepsity spsuauad ity afe this | thereJ

are fornegdxadeclayle?’ being determined by a conventional method.

Thereafter, a tenth photoresist 48 is coated on A
the silicon oxide layer 47. Windows are formed, by a
general photolithographic technique, on an emitter region
49 of the polycrystalline silicon emitter NPN transistor,
a butting contact 50 of a resistor region, and a
contacting region 51 of a  first and second
polycrystalline silicon. Then a group V impurity , such
as Arsenic (As), having an energy of 40 Kev and at a dose
of 1015 - 1018 ions/cm?, is ion-implanted. Consequently,
as shown in Figure 1(P), there are formed an emitter

. region 52 of the polycrystalline silicon emitter NPN
bipolar transistor, a butting contact region 50 of a

- high-concentration resistor portion adequate for ohmic i;)‘
contact, and a contacting portion 51 of first and second
polycrystalline silicon. After removing the tenth
photoresist 48, there is formed, by a conventional
method, on all the silicon substrate surface, a second
polycrystalline silicon layer 53, which can be used for
electrode material of a polycrystalline silicon emitter,
passive resistor elements made of polycrystalline
silicon and connecting material.

As shown in Figures 1(Q) and 1(Q'), an eleventh
photoresist 54 is deposited, so as to leave a
polycrystalline silicon region 117, a butting contact



region 52 of the polycrystalline silicon enmitter NPN bipolar transistor,

a buytting contact region 50 of a high-concentration resistor portion
adequate for ohmic contact, and a contacting portion 51 of first and second
pol ycrystalline silicon. After renoving the tenth photoresist 48, there
Is formed, by a conventional nmethod, on all the silicon substrate surface,
a second polycrystalline silicon |layer 53, which can be used for el ectrode
material of a polycrystalline silicon en1t§§Q passive resistor elenents
made of pol ycrystalline silicon and connecting material. As shown in
Figures 1(Q and 1(Q ), an eleventh photoresist 54 is deposited, so as to

| eave a polycrystalregeoshlﬁc@#qaag(ﬁleFkysiaihlnﬂmFtikﬂgntrengn Ad@i on,

a Secondlﬂﬂycbfs&ﬂé'f@éﬁéiéfOEléﬁghQnHEUi&H §h8et eteslih MRTEHE RAY NG
sheet reS|stance of the order gga ohns per square &Hr£err% unit, a
resistor el emeRFIREGPEN Gl cﬁh’%‘%v 5l SEHAEPedS ?{J gFEsistor g
ut: lize theI seemaﬁleﬁel yegyshalige of Ismrl d]awmndmfedélenﬁg]:ovaﬁich regionh
pol ycrystaLlin ortlon 120, Qn r.egions e _cqnnecte t
Poe 1Vt Bl vitdorhEEirE the Mherb, R G a0 3 850 A0REH B Whe
silicon |ayer 59cangepely¢rp@bablLmeogmkmﬂmm:pqn#ﬁnnnkgo pndyeﬁaveaghome
photoreS|st S4Ly e ep}Lo fth
phot or esi st 55 |s gépos %%Péew S omEth gurg %?gggﬁn OrﬁérsilEW%h

sel ectively coﬁfFSFiﬁﬂWQﬂ%&HrlbﬁlRﬂ#ﬂ%ﬁﬂ%ﬁ@%&%%% SA1dC9Rs s19¥SE| Renf
which is 15  gederdl padystystiallddreaphliicCofecHmi @S the ORlepenth

10 photoresist 54 is removed by a conventional method.

-~ | |
Thereafter, a twelfth photoresist 55 is deposited, as
shown in Figure 1 (R') in order to selectively control the
electrical characteristics of a passive element which is
15 made of polycrystalline silicon. 1In order to ion-implant
a group V impurity such as Arsenic (As) at an appropriate
dose concentration into the butting contact portion 50,
the portion connecting first and second polycrystalline
silicon, and the polycrystalline silicon emitter region,
20'. the resistor region 118a having G Q/[] resistance is
 masked to protect_it'from the ion-implantation. This ion-
implantation results in polycrystalline silicon having a
sheet resistance of several hundreds of Q/[]. Then, the
twelfth photoresist 55 is removed by conventional method.
25 | o
Next a conventiéhal CVD oxide layer 56 is deposited
on the whole silicon surface, and the activation of
impurltles 1mplanted into the regions 43, 44, 45, 46, 36,
37, 38 and 52, and the cohesion of the oxide layer 56 are

30 carried out by a thermal annealing. process.

As shown in Figures 1(S) and 1(S'), a thirteenth
photoresist 57 is coated on the whole substrate. Then



a group Vinpurity such as Arsenic (As) at an appropriate dose
concentration into the butting contact portion 50, the portion connecti ng/
first and second polycrystalline silicon, and the polycrystalline silicon
emtter region, 20 the resistor region 118a having G [err] resistance is
masked to protect it fromthe ion-inplantation. This ion- inplantation
results in polycrystalline silicon having a sheet resistance of several
hundreds of [err]. Then, the twelfth ph&?oresist 55 is renoved by
conventional nethod. 25 Next a conventional CVD oxide |layer 56 is deposited
on the whole silicon surface, and the activation of inpurities inplanted

into the tRgi Qahnddtitly Afyidd wldow /1238 cindtive, rapdtt haipaieion of the

oxi de layer 56 are 3 carried _out by a.thernual, an | i.ng .pro S, As

shown in FPgdPBs a%ésgh§n3°’ff§e ?rélph¥f39égﬂt anﬁﬂ&f”oaggi st #q (ﬁ&%t ed on

t he whol ergubst tdie. sBiebce/dheiaonnegtiony weigppdowni nddv AW ot hehe first
substrate_reqgion.and the source/drai,n region W ¥ e P FET, .
t he sourchﬂﬂgFﬁlﬁggF891ﬁ§n§&&§f§3§g%dQEﬁgggogkg%,Lnéﬁ%ﬁﬁkﬁ#%m%low1124 of

t he secontiheubMOSatRETI ithe hease/OomEacting bagsogowasdomnd 2Segitdie wi ndow
125, the gpitber GAUMIRELE N, ' 2aLeBn RIS 2028Nddd 1Ll l@nlicihnnect i ng

regi on wi ndow n the po ycrystalline emtter bipolar NPN transistor,
the enittEPNAGFIEERY nF eEHPRN WAHNRRW 129, $Re WA cPOIVREY FRELAdRDN Wi ndow
129 and tBfitekreBLFoXHNNHPN Ngrdradii Sfoyy Ndhe 16fittet heomiedt icant act

emtter NENEOANGShoL, (K] TAE! Dse' Donl bEELngN SR RTER LRI T 21 1T e
and the collector connecting region window 130 in the u
metal contact emitter NPN transistor. and finally, the
first and second polycrystalline silicon contacts 131 to
134, are etched. | '

After removing the thirteenth photoresist 57, a
metal layer 58 (Figures 1(T) and 1(T"')) is deposited by a
conventional vacuum evaporation method. '

Next, .a fourteenth photoresist is deposited and a
metal layer 58 is etched. Conséquently, a connecting
electrode 135 of the first substrate region 10 and
source/drain electrode 136 of the PMOS FET, the _
source/drain electrode 137 and the second substrate W
connecting electrode 138 of the NMOS FET, the emitter
electrode 139 and the base electrode 140 and the third
substrate collector electrode 141 of the polycrystalline
silicon emitter bipolar NPN transistor, the emitter
- electrode 142, the base electrode 143 and the fourth
substrate collector electrode 144 of the metal contact
emitter bipolar transistor, electrodes 145, 146 of the
MOS capacitor, electrodes 147 to 149 of the resistor
region having the order of some G()/!_! or several
hundreds of ()/{} , and an electrode 150 of the
contacting region of the first and second polycrystalline
silicon, are formed. Then, the fourteenth photoresist 59



134, are etched. After renoving the thirteenth photoresist 57, a netal

|l ayer 58 (Figures 1(T) and 1(T")) is deposited by a conventional vacuum
evaporati on nethod. Next, a fourteenth photoresist is deposited and a retal
| ayer 58 is etched. Consequently, a connecting el ectrode 135 of the
first substrate region 10 and source/drain electrode 136 of the PMOS FET,
the source/drain electrode 137 and the second substrate connecting

el ectrode 138 of the NMOS FET, the emitter electrode 139 and the base
eﬁectrode 140 and the third substrate col I8¢ or el ectrode 141 of the

pol ycrystalline silicon emtter bipolar NPN transistor, the emtter

el ectrode 142, the base electrode 143 and the fourth substrate collector

el ectrode 144isf remevedt by eaocbaventdohtdr methodar transistor, el ectrodes
145, 146 of the MOS capacitor, electrodes 147 to 149 of the resistor region
having the order of sone G[err] . or several hundreds of [err] , and an
el ectrode 150 of the &&hexctyeRpviayg ohhef ficurtaenth spRosteesRdst 59,

pol ycrystal | i p@eSid éhPBondu9F My BN s t Beat@d tweshh Hhot ot esitiind9
26 is renoved a conventlgnal netho After renoving the fourteenth

b
phot or esi st 532Y€Ke 69 AP OFGEL: &° BES, 8§t|§ coated with a protecting |ayer
60 in order to protect it. In a preferred enbodi nent for forning the

emtter region - of thlpﬁglé g%%h %ﬁboﬁ&hkﬁ%“f&?“fﬁfﬁid&”%ﬁéEHH&E%éE as

shown in Figure 1(P)

W, region of the polycrystalline silicon emitter NPN
transistor, as shown in Figure 1(P), the emitter region
o/ is formed by means of ion- implantation, the second

polycrystalline silicon layer is deposited above the
emitter region; N-tYpe ion implantation is carried out on
the second polycrystalline silicon layer; the oxide layer
is formed over all of the substrate; the ion-implanted
impurities are then activated by the thermal process.

However, the emitter region of polycrystalline
silicon emitter NPN transistor may also be formed by the
 following method.

After the step shown in Figure 1(0), the mask
. “'layer on the substrate may be removed and the CVD oxide
— layer formed on the whole substrate. Then, the
impurities implanted by the process are activated, and a
window for forming the emitter region of the first NPN
transistor is made. A connecting part for the second
polycrystalline 51licon layer is formed on the emitter
' region with the window and thereon ion-implanted thereon
to a high concentration. Then, A CVD oxide layer is
deposited on the whole subStrate_and the thermal process
is'performed,_by which the'impurities, implanted into the
second polycrystalline silicon layer, are activated, so
that the emitter region of_the N-type first bipolar
transistor,_having high concentration, can be formed

towards the base'region.



is forned

by nmeans of ion-inplantation; the second polycrystalline si

| ayer is deposited above the emtter region; N-type ion inplantation

carried out on the second polycrystalline silicon |ayer;

i con
i S

the oxide |ayer is

formed over all of the substrate; the ion-inplanted inpurities are then

activated

by the thermal process. However, the emtter region of

polycrystalline silicon emitter NPN transistor may al so be fornmed by
met hod. After the step shown B@ﬂFigure 1(0O, the mask | ayer on

fol |l owi ng

the substrate may be renoved and the CVD oxi‘de | ayer
Ssubstrate.
and a wi ndow for formng the emtter

t he

fornmed on the whol e

Then, the inpurities inplanted by the process are activated,

region of the first NPN transistor is

ormed on tho eri 't€€$p?é§.%"rﬁé?‘ﬁs{sﬁaﬁ"%‘*ﬁ%ﬁéﬁ%ﬁﬁﬁ' A s R el S

t her eon t ccempilgte c 8ACHOSr adevice Tmemufﬂctwredxi
sﬁﬂ?é 18l ALd AL Lik drt p&ﬁ%ﬁ%&% by w¥Rirelnt he
| npl ant e to the secon 4& ¥crysta ine silicon Iayer are

t he whol e
i mpuritie
acti vat ed,

transi st Orcoxﬁ@iv’iéléls htB8 Nnoselttrranfsuemozcmﬁm i) neﬂrmomards rrbglbase

r egi on.

r%QiPHm:%heCBWMﬁ¥§e$e hen hET /Ry QFrSFQ&%Rﬂ
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i nvention,

conpri ses

regtori 1d'egampt tSes otpei smstaheenﬁ/oserr RN stoapsisgoon
1851 BNOS & ansdmh P sWist N ED MOS U4l &ciEB8Y;0Nregion ' £
comprises the polycrystalline silicon’ resistor region
having resistance of the order of G()/.Ii; region 'g’

: comprisee the butting contact-'region 'h' comprises the

polycrystalline silicon resistor of several hundreds of
0O/0; and region 'i' comprises a contacting region
which connects the first polycrystalline Silicon layer to
the second polycrystalline silicon layer.

Figure 3 is a final cross-sectional view ‘showing
a portion of active elements in another preferred
embodiment according to the present invention. In the
previous embodiment shown in Figures 1(A) to (T) and
Figures 1(A') to (T), the description of the invention
refers mainly to'triple diffusion structures of the
active elements. However, it should be noted, that the
invention will be suitable for the formation of a BiCMOS
structure comprising a standard bipolar transistor with a
buried layer, and an epitaxial layer, as illustrated in
Figure 3. | '

Referring to the BiCMOS structure, after forming,
at low concentration, second conductivity-type buried

- layers 62, 63, 64 (Figure 3) én a first conductivity-type

of single crystal silicon substrate 61, a first
conductivity- type of epitax1al layer 65, at high
concentration is grown on the whole substrate surface 61.



"c' the polycrystalline silicon emtter NPN transistor; region 'd
coRprises the netal emtter NPN transistor; region 'e" conprises the MXS
capacitor; region 'f' conprises the polycrystalline silicon resistor
regi on having resistance of the order of GJ[err]; region 'g" conprises the
butting contact; region 'h' conprises the polycrystalline silicon resistor
of several hundreds of [err]; and region 'i' conprises a contacting region
whi ch connects the first polycrystalline siljgon |layer to the second

pol ycrystalline silicon layer. Figure 3 is glginal cross-sectional view
showi ng a portion of active elenents in another. preferred enbodi nent
according to the present invention. - In the previous enbodi nrent shown in
Figures 1(A) tme(rDaﬁrétir Flagtﬁpﬁsﬂ(séhbst@aié’) reglnendescrtfptrmmgofa tihierst

i nvention refers i n to triple dlff struct

el enents. rx_'a {ej‘%t%d gt cPﬁgucﬁ'\}gfs% S)\k‘ael a&%aéﬁgew tabl e
for thefcnnnbnﬁlbhladaémﬁBfgunthusubshqatslmggiqnanﬁaxj@8pMH¥Ch
transi stor wit I dﬁ%%r Il t in
Figure 3. Ref e"J'rEJrl ng to%t#ﬁB%r&sO%Q%t ruct u @é?tteﬁ rsr%dilkii Aﬂ's fﬁm
concentration OISé'd'tﬁ]dsmCF?WV?tiVbEYbEYPdePE}EQSléZe 6:?2'6@3('F|§ﬂﬂ e 3)
on a first Comii-l%égpte)éttmpf smgI@pistaﬁaall didyepnesybsbetweentlithe a

o oan on ¢ he. OIS ALAE SBRRe TS ot e e o TN € agtond

region 66, forsdbs}tmate nmeEgidds ﬂqzar&mimg Fea s eaprad mos;ttmmmm t yBY ype

channel sequentially performing the processes as shown in Figures

I\ 1(C) to 1(T), a BiCMOS semiconductor device of Figure 3

may be manufactured, comprising a P-channel FET, an N-
channel FET, a polycrystalline silicon emitter bipolar
transistor and a metal contact emitter bipolar
transistor. In practice, after an N+ buried layer,
located above a P-type single crystal silicon substrate
having <100> oriehtation and resistivity of 0.006 - 0.1
.£).Cm, has been formed, a P-type epitaxial layer having
resistivity of 5 ().Cm is grown, and N-type first, third
and fourth substrates are formed. Thus, by sequentially
carrying out the processes according to Figures 1(C) to
1(T), the BiCMOS device may be manufactured.

Referring to Figure 4 which shows each
fabrication step in an another preferred embodiment
according to the present invention, processes identical
to those shown in Figures 1(A) to 1(J) may be performed
on the substrate in which the P-type epitaxial layer of
high concentration is deposited, on the P-type single
crystal silicon substrate as shown in Figure 1, or on the
P-type single crystal silicon layer of low concentration,
as shown in Figure 3. Thereafter, the remaining
photoresist 27 above the substrate, and the oxide layer
23 above regions for forming elements, are removed.

As shown in Figure 4(N), the eighth photoresist



and third and fourth substrate regions 67, 68 which conprise first and
second bipolar transistors, are formed on the second conductivity-type o/
buried | ayer 62, 63, and 64 respectively. An epitaxial |ayer 65, between
the first and third substrate regions 66, 67, my be a second substrate
region for formng a second MOS transistor. By sequentially perform ng the
processes as shown in Figures 1(C) to 1(9L a Bi CMOS sem conduct or device
of Figure 3 may be manufactured, conpri%fhg a P-channel FET, an N- channel
FET, a polycrystalline silicon emtter bipolar transistor and a netal
contact emtter bipolar transistor. In practice, after an N+ buried

| ayer, |ogst e a@@y@sﬂté’dt vpe tHenos £1 Leynt subsitiriaten saubsaa:at enfdad ng <100>

d d,
P 1ypo-cpBraRPal’ KAV 1) RYCPo2PsREaeDy Cof A8 1o FRH Shal dBT, ©

N-type flnet-tBQrHeundahdwaﬁ1@u&eseaDQShﬂ%§fﬂrh@g Toas/ sdguential ly
carrying %\gl'éﬂ%eﬁr oce%gg aC&‘)EghﬂecE?nE' l@ﬁl(\%l tccﬁf £k, £iieB CMOS

devi ce may be nanufacture ferring. to ﬁg shows eac
famwcat|§ﬁhﬁ§ﬁﬁ¢% é@emgtﬁﬂepPEP§H§£P% §&oFent 2a S EFRGIES iithe
present |Bé§ﬂbh037 ﬁfoﬁﬁﬁsgacbﬂﬂnEUQéttheth@sthﬁhWNmS mﬂaﬂﬁﬂﬂﬁbﬂx/» to

1(J b f d th t t t ||

of 'hi gh’ cBRoHEY Sed o Ea alnott 1 26, e (Hebhly iRk, $REFERE, N 007
substratetaanshsmnrunachaiectorocconechénB-mﬁgdon mﬂeyﬁnghﬁeﬂhxndlcon

| ayer of Eﬂ‘ﬂ%%gﬁ%fan a5 Shpnih Fggiéz%lrér ?in@?ﬁé g4 14l f emai ni g

phot or esi st substrat e, an above reglons
for forni RRLEtEReAPY transisiRred. 2 ASOLh8GEOF nCPRYEFE IAGNTEIHAR A ht h \J
photoresi of the fourth substrate region 12 of the metal contact

emitter NPN transistor and a lower region 41 (not shown
in Figure 4) of the resistor, are formed. Next, the
eighth photoresist 35 is removed.

The subsequent processes;”after the process of
Figure 4(0), are identical to the corresponding ones
shown in Figures 1(0) to 1(T). '

In Figures 4(N) to 4(T) and Figures 1(N) to 1(T),
like reference numerals are used to represent 1like
elements and regions in the same fabrication process.

Figures 4(N) to 4(T) show active elements of a
BiCMOS transistor according to the present invention. A
portion of passive elements of the Bi-CMOS transistor
which is not illustrated in Figures 4(N) to 4(T), may be
formed by the aforementioned processes illustrated in
Figures 1(A') to 1(T'). The BiCMOS device manufactured
in this way, comprises a conventional NMOS transistor,
instead of the NMOS transistor with LDD structure shown
in the preferred embodiment of Figure 3.

Thus, the invention may provide high integration,
high performance MOS transistors in a BiCMOS



35 is deposited on the silicon substrate surface and a group V inpurity,
sugh,as Arsenic (As), with an energy of 40 - 80 KeV, and at a dose of [err]
- [err] ions/[err], is inplanted. Then, a connecting region 36 of the
first substrate 10 of the PMOS transistor, a source/drain region 37 of the
second substrate of the NMOS transistor, an-emtter region 38 of the netal
contact emtter NPN transistor, a collector connecting region 39 of the
t{ird substrate region 11 of the polycrystalline silicon emtter NPN
transi stor, a collector connecting region of the fourth substrate region
12 of the nmetal contact emtter NPN transistor and a | ower region 41 (not
shown in Figure 4) of the resistor, are formed. Next, the eighth
phot or esi st 3sentidemnduetdorThtesiibecquend mraocefsetheaxf t provhisder adeds- of
Figure 4(0), areddentical he. cor.r ongi e ' [ (O
Lol1(T) VN rREEEot ARG ohhh) BRR A S pEARE; it%%f%‘f?ﬁ% HeEnd o
nuneral s are gzendt matephésent chidkeaetemsintias r §ggpther t Wd Wanshe
fabrication PLachatsoh W ean4idlbs! ¢rHnDs A dphenp! BHRBLING! thd¥ M5
transi stor according to the present Invention.” A portlgn ofvpai%:ve
el ements of t REEBILICNEESG S sFRAIRY VR EFIEES not ALFPustRGt dAVER TR 4(N)
to 4(T), ?HY)%f@fnﬁ%ib.\iﬂhf'eiﬁf bﬂ@gﬁj@ﬂ&ﬂ!lﬁh}@:@ﬁ:BScbhl waiitted INPN
Figures 1(A ) ,to 1(T ). _ _The_ Bi evi ce nuf act,u ig.this .
conpri ses a c&rﬁ%%?‘&h"a‘?rﬁll\/&af' A & oSM7 e§§lo§£§%e %ﬁé%frg@sii’lsﬁ%r
Wi {h LDD strudnars séibomsi rarée paet cecuddrdybosuababls thglrbgB-spaed the
invention may jaroyEdq @l i di€9%3d O9n metal contact emitter NPN

N transistors which are useful for precise analog circuits

and high-load driving power.

Furthermore, the invention may allow optimisation
of integration in high quality MOS capacitors. This may
be particularly necessary in analog MOS circuits and for
polycrystalline silicon resistors providing bias and load
in various circuits. The invention may also allow more
convenient inter-connections between various elements.

Thus, the invention may provide a high

performance digital VLSI circuit.such as a logic circuit,

a memory, etc. or an ahaiog VLSI circuit, such as a data

- converter, a switched capacitor circuit, etc. or a

composite circuit comprising both, which may be
advantageous over known examples.

Whiie the invention has been described with
reference to the illustrated embodiments, this
description is not intended to be construed in a limiting
sense. Various modifications of the illustrated
embodiments, and other émbodiments of the invention, will
be apparent to persons skilled in the art, upon reference
to the aforementioned description, without departing from
the scope of the invention.



hi gh performance MOS transistors in a Bi CMOS sem conduct or device, and
____EgX,LELLDQL,pLg¥ide hi gh- performance, high precision bipolar transistonrs/
ving good natching characteristics, together with the formation of an
“nti , thereby enabling thelr use in precise analog circuits.
mm‘“m tion may be of utility in polycrystalline silicon emtter
¥arsi Stors having a small emtter ?i a, which transistors are
particularly suitable in high-speed digi devices and in netal contact
emtter NPN transistors which are useful for preci se analog circuits and
hi gh-1 oad driving power. Furthernore, the invention may allow optim sation
of integrgrams n high quality MOS capacitors. This nmay be particularly
necessary Tn analog MOS circuits and for polycrystalline silicon resistors
providing bias and load in various circuits. The invention may also allow
nmor e convdni ent i nAemetbodeofi oakibgt ve B10MOY wamidtemdwactor THevicehe
| Dvent | on SR 481 st dHaP SORAR e | gha VeTlst! il | sédshaas 2

logic circ Oor an ana circuit, such as a data

converter, kPQiﬂﬁ(ﬁﬁﬂpﬁiﬁiﬂﬁﬁ(ﬂrQNidﬁﬂt°ne§(f rsh eerdnebivitycEyesit

conpri si nghotdbn siistr ey, Rehed AR ARD B OMEInd e S¥ep®l 65: Wil e the
I nvention has been described with reference to the illustrated enbodi nent s,

this description is not intended to be construed in a limting sense.
Various nod¥i cati onprofiuciimg) | byt rixiredimphatitaticn afi at mwcemdodi ments

of the inveld¥tivity-type on the substrate, a first substrate ~
region on which to form the first MOSFET, and a third and
fourth substrate region on which to form respective first
and second bipolar transistors, wherein a second MOSFET

\/

is subsequently formed in a second substrate region
located between the first and third substrate regions,
and then the ion-implanted regions are activated;

(b) forming a first oxide layer between said regions,
in order to isolate respective transistor elements on
said substrate and a first conductivity-type of channel
stopper region below said first oxide layer:

(c) growing a second oxide layer on the whole
substrate surface in order to form each gate oxide layer o/ )
of said first and second MOSFETS:;

(4) depositing a first polycrystalline silicon layer
on said second oxide layer, doping, into the whole
surface thereof, with the second conductivity-type, and
then etching the first polycrystalline silicon layer so
as to produce each gate of said first and second MOSFETsS
on respective first and the second substrate regions;

(e) ion-implanting with the first conductivity-type,
in order to form base region of said first and second
bipolar transistors and then activating these ion-



be apparent to persons skilled in the art, ubon reference to The

TEntron, CLAIN 1. A method of making & & Gvos som cHIlI ﬂ’llj T A

device including first and second MOSFETs and first and second bi

transi stors provided on a first conductivity-type silicon substrate the
nmet hod conprising the steps of: (a) produci ng, by ion-inplantation of
a, second conductivity-type on the substrate, a first substrate regi on on
which to formthe first MOSFET, and a third%®d fourth substrate region on
which to formrespective first and second bipolar transistors, wherein a
second MOSFET is subsequently formed in a second substrate region |ocated
bet ween t he fhﬁgqaﬁmédt&egdoagbstrate regions, and then the ion-inplanted
regions are activated; (b) formng a first oxide layer between said
regions, in order to i sol ate respective transistor elenents on said
substrate and(&)flrst mondmmplantyngywethfthbasﬂebnﬁt@pDQUQhﬂykﬂYﬁﬁﬁnﬂN

said first oxid Ckpgq eaéﬁof%Pg t 3 s #%?dérQ%MeEegﬁdH“bﬁm0|e

substrate surﬁace in ora er orm eac at e oxi yer of said first and
second MOSFETS2i@dpecondiMOSFET 0§ 2 5?F§Pdpép%§§ﬁﬁﬁﬁlrQQ§Qﬂd i con |ayer on
sai d second oxi de |ayer, doping, into the whole surface thereof with the
second conduct|V|ty type, and . then etchin the I r.st

silicon layer {84 as to EEREOL Y B9 s J‘hfltrrdstm’g df g‘tfg’hldl%—eﬁs

on_respect i ve liayest omn(tlteheztméteomhbs&lrsttleatsemﬁag:a)ns

7 (h) forming an oxide spacer in gate sidewalls of the
MOSFETs provided in said first and second substrate
regions, by etching said third and fourth oxide layers
without utilizing a_separate.mask:

(1) _ 1on-1mplanting with the second conduct1v1ty type
in order to form a connecting region of the first
substrate_ region, collector connecting regions of the
'third and fourth substrate regions, an emitter region of
the second bipolar transistor, and second drain and
source regions of the second MOSFET;

(3) ion-implanting with the first conductivity-type
in order to form drain and source regions of the first
MOSFET prov1ded in the first substrate region, a
connecting region of the second MOSFET provided in the
second substrate region, a base connecting region of the
first'bipolar transistor provided in the third substrate
region and a base connecting region of the second bipolar
transistor provided in the fourth substrate region;

(ky activating the impurities ion-implanted by the
processes of (i) and (j), and, after growing a fifth
oxide layer on the whole substrate surface, raising the
density of the fifth oxide layer by a thermal process;



~~(‘EY‘*f*‘i—eﬁ—anLanting W th thé first conductivity-type, in order to form
Iﬂm £ f said first and second bipolar transistors and then o/
mmyﬂ!@[m&fuﬁ i on- i npl anted regions; (f) ion-inplanting with the

Secobnd C ity-type in order to formeach first source and drain
region of said second MOSFET on a second substrate region; (Qg)
sequentially growing a third and fourth oxide |ayer on the whole substrate
surface; (h) form ng an oxide spacegg n gate sidewalls of the MOSFETs
provided in said first and second substrate regions, by etching said third
and fourth oxide layers wthout utilizing a separate mask; (i)

I on-i npl anti,ng Wt econg I VLEX-type ] r

connect i nglr)egi on OPE-FﬁJelaf %r E&Ig%gﬁ%t ékééai %?1 plcng’IdIQ‘rec%t?oarrI é.ebrélﬁge%%zlang

regi ons ofregien: (v f dthed Finst hbippderatteansfishier, arovkfededn dgh®n of the
second bi pia¥q t sabHttHfe FUGHERONAMH a1 BN SPAR €S NPTy 08 & hé he

second MOSFET; (] Jon-inplanting wWith the first conductivity-type in
order to S&SARGr g%%%&[}ryc'g’r%l%‘r@%h ts_r?ei'r&ivf’s"cdgq@bSFET provided in the

first substrate region, a connecting region of the second MOSFET provi ded

oo, RIS, SUOSAR A U adh b SNSRI R fod Pfa
connect i n@ eghen wifol e ssdhstriabepoland t thed sebehing/i ke iseqardfourth
substrat e gAG @Pysthl 1 ine  880I1A NP alies | TRUDAdES i@ prBhaRieedaby the
processes OnedesHy gdiesdl %o’ behol2tya¢ad ik Ti1icon emitter ~

region of the first bipolar t_ransisto:r provided in the W

third substrate region; , '
(n) ion'-'implariting, with the _sécé_n_d éonductivity-
type, into the second polycrystalline silicon of an
emitter connecting region of the first bipolar
transistor, growing a sixth oxide layer bn the whole
substrate, and then activ:ati:ng ‘the ion-implanted.
impurities by a thermal process, in order to ‘raise the
density of the sixth oxide layer;

(o) forming winddws for each source and drain regions

of the first and second MOSFETs, each emitter, base and
collector regions of the first and second bipolar ‘\J
transistors and each connecting r'egion of the substrate
regions of the first and second MOSFETs;

(p) connecting to a conductive l.ay'e_r through said
windows; and h '

(q) depositing a protective layer on the whole
substrate surface and then exposing a pad for wire-
welding. ' ' '

2. A method accbr_ding to Claim 1, further comprising
the steps of: |



\
oxi de | ayer on the whol e substrate surface, raising the densimmmlm
fifth oxide |layer by a thermal process; () formng a I:'m”’l!!“m
order to produce an enmitter region of the first bipolar transi'stSr proWi *
in the third substrate region, and ion-inplanting with the second
conductivity-type through said w ndow, (m depositing a second
polycrystalline silicon | ayer on the whol e substrate, and then etching the
second polycrystalline silicon layer in order, to produce a connecting

portion for a polycrystalline silicon enitté&ﬁregion of the first bipolar
transistor provided in the third substrate region; (n)

lon-inplanting, with the second conductivity- type, into the second

pol ycrystalline silicon of an emtter connecting region of the first

pipolar transistor. gioReng SLELn Pride |8¥FaeOM bR nh Bt it 'l fa
and then activating the ton-Fnplanted Tnpurities by thermal process, in
order to raiseaspeatdnvs glesientharegians owditde the @xcephion 9613 FRGIPMdows

f'Ortteach ;Our% gr&q&élilf@dx? [ROHR NS oé'ayate:rgﬂc]gﬁt :gwi%@?or@h%@%%& ls,fiemb
emtter, base and collector regions o e first "and secqn ar

transi stors arfPREMIHICoHVediyReYy Pégi TRRRASH hS TARR]T af EI1OF) ohEEBW.tme
first and secaridMOTHEE lgyer in provems iy fo a conductive |ayer through
said wi ndows; and (q) . depositing a protective |layer on the whole

substrate surface and then exposing a pad for w re- wel ding. .
U ~ion-implanting in order to form a lower electrode

of a capacitor in the capacitor region after process (b):;
—
forming an oxide dielectric layer over the lower
electrode of the capacitor in addition to forming the
gate oxide layers of the first and the second MOSFETs in
process (c);

forming'an'upper eledtroae of ﬁhe capacitor in
addition to forming the polycrystalline silicon gates of
the first and the second MOSFETs in process (d):;

' forming a connector region for the lower
electrode of the capacitor, in addition to fofming the
oxide spacer of gate sidewalls of the first and the

— second MOSFETs. in process_(h);

forming a connecting window for the capacitor
region in addition to forming windows for every region in
' process (o0); : ' '

connecting to the conductive layer through said
- windows in said process (p); and ' |

depositing a protective layer on the whole
- substrate surface and theﬂ.eXposing_the pad for wire-
welding in process (q). |



—2— A nethod according to Claim1l, further conprising the steps of:
,"ﬂﬁ”fornin the first oxide |ayer between said respective el enent regiads
* c

J ,! ﬂﬂ“bion of a region to thereon forma capacitor region, and the
MdiMyi ty-type of channel stopper region below the first oxide
| ayer in process (b); ion-inplanting in order to forma | ower electrode of
. a capacitor in the capacitor region after process (b); form ng an oxide
{ dielectric layer over the |ower el ectrodg Bf the capacitor in addition to

formng the gate oxide layers of the first and the second MOSFETs in
process (c); form ng an upper electrode of the capacitor in addition to

formng t pol ycrystallj silli es. of fiorst_agd t nd
MOSFETS i rt}fbrocess )*é#gﬁ% r#géggpggﬁheaoorCiggbni oln 51?()?, t eréﬁ%%er

el ect rode edmpiis upathe osteps @fidition to form ng the oxide spacer of gate
sidewal | s of the first and the second MOSFETs in process (h); formng a

connecting wi ndow for the capacitor region jn addition to form ng, wi ndows
for every region ifPE’i“éB@sstgﬁ) - TEE8tecPRid e o lAVE Lo RRENFSR |%§éf3 t hr ough

sai d wi ndovgspactive Franess f@giomndani®posiés 1gtor pregLehi vethayhe on the
whol e substrate surfaq?'and“then e§80%IQ%lthe B d . for, wre- melglng in
process Uﬁgceptlon of a region (o] a substrate connectin
region of the resistor region, and the first
conductivity-type of channel stopper region below the W

first oxide'layerﬂin'proceSs (b);

forming an ion-implantation region under the
substrate connecting'region of said resistor in process
(1):

forming a connecting window, and'ion—implanting
a butting contact portion of the resistor region in
process (1);

forming a high'resistancé pbrtidn, a butting
.contact portion and a low resistance portion of the
resistor region in process (m);

ion implanting, with the second conductivity- O/
type, into the butting contact portion and the low
resistance portion of the resistor region_in process (n);

forming a connecting window for the resistor
region in said process (0);

connecting to the conductive iayer through said
windows in process (p):; and

depositing the_p:oteétive_layer and exposing the
pad for wire-welding in process (q).



3. A nethod according to daim1l or 2, further conpr|5|n \“m
of: formng the first oxide |ayer between said respective el M\g‘mﬁam“
and a resistor region with the exception of a region to forn1 rate S
connecting region of the resistor region, and the first
conductivity-type of channel stopper region below the first oxide layer in
process (b); formng an ion-inplantation region under the substrate

connectlng region of said resistor in process (i); formng a connecting

wt ndow, and ion-inplanting a butting contactfb tion of the resistor region

in process (1); formng a high resistance portion, a butting contact

portion and a | ow resistance portion of the resistor region in process (n;

ion inplanting, wth tngSHeo %Vﬁé Ye1d #pes, | fFlPthée B8hptDSing
cont act portlon and the om1re3|stance ortion of the resistor region in

process (n); fehenskers c®hhecting window for the resistor region in said
process (0); connecting to the conductive Iayer t hrough said wi ndows in

process (p); and deposttlng t he Brotgg%g%e ayer, aangguxgéEhégﬁ gggléor

wire-welding in proces
_regions with the exception of the regions to form the

capacitor region and the substrate connecting region of

the resistor, and the first conductivity-type of channel
N\ stopper region below the first oxide layer in process
(b);

ion-implanting in order to produce a lower
electrode of the capacitor in the capacitor region after
process (b); - '

growing an oxide dielectric layer over the lower
electrode of the capacitor in process (c):

forming the upper electrode of said capacitor in
process (4);

forming the lower electrode connecting region of
said capacitor and the substrate connecting region of the
B, ‘resistor in process (h);

forming an ion-implentation 'region below a
substrate connecting region of said resistor in process
(1) '

forming a connecting' window and ion-implanting
the butting contact portion of said resistor region in
process (l); -

forming a high resistance portion, a butting
contact portion and a low resistance portion of the
resistor region in process (m);



A nethod according to Claim3, further conprising the steps of :

ormn the first oxide |ayer between said regions with the excepti o/
lmmwﬂﬂ!m lmmu formthe capacitor region and the substrate connecting
istor, and the first conductivity-type of channel stopper
regi on "bel ow tHe first oxide | ayer in process (b); ion-inplanting in order
to produce a |l ower electrode of the capacitor in the capacitor region after
process (b); growi ng an oxide dielectri yer over the | ower el ectrode of
the capacitor in process (c); formng th upper el ectrode of said capacitor

in process (d); formng the | ower electrode connecting region of said
capaci tor and the substrate connecting region of the resistor in process

(h); formng. an_ SQMciABIANAUEN wiEH dhe PELBNG SUliSiCRS, cpDect | g

region of said r est form ng connectin w and

roc
i on-i npl amyp@ t Hentt dihey gartttaicng p@pmtm:fof psva"cemesuagd)rghegubﬂm n
process (esfHdHdW gor¥ Bh ISB 1 HA Vs PO d s} Feg PoPULA | p%@@@éa% _portlgg

and a Iom1re5|stance portion of the resistor reglon i n process
i on-inplanting, with the second conductivity- '
forming connecting windows for the resistor and

the capacitor regions in process (o):

connecting to the conductive layer through said
windows in process (p); and

'depositing the'pfoteCtive layer and exposing the
pad for wire-welding in process (q).

5. A method of making a BiCMOS semiconductor device
including first and second MOSFETS and first and second
bipolar transistors provided on a first conductivity-type
silicon substrate, the method comprising the steps of:

(a) producing, by ion-implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to fofm'respective first YR
and second bipolar transistors, wherein a second MOSFET
is subsequently formed in a second substrate region
located between the first and third substrate regions,
and then the 1on-1mplanted regions are activated;

(b) forming a first oxide layer between said regions,
in order to isolate respective transistor elements on
said substrate and a first conductivity type of channel
stopper region below said first oxide layer:;

(c) growing a second oxide layer on the whole'
- substrate surface in order to form each gate oxide layer
of said first and second MOSFETS;



type, into the butting contact portion and the | ow resistance ortion of

the resistor region in process (n); formng connecting w ndo “m
reg\l'/stor and the capacitor regions in process (0); connecti nw ’ ﬁ“"’””",
conductive | ayer through said windows in process (p); and dep03|?|
protective | ayer and exposing the pad for wire-welding in process (q) 5.

A nmet hod of making a Bi CMOS sem conductor device including first and second
MSFETs and first and second bipolar transisi@rs provided on a first
conductivity-type silicon substrate, the nethod conprising the steps of:

(a) produci ng, by ion-inplantation of a second conductivity-type on
the substrate, a first substrate region on which to formthe first MOSFET,
and a third and fourth substrate regi on on which to formrespective first

and second bi polar transistors, wherein a second MOSFET is subsequently
formed in a secénd subﬁ@pﬂsiumng(31ﬁxnsﬁ(@blynmgstallmnélssliemm iayed

substrate reg|$HOXIH§ ?égggdtgﬁlégnléﬁgéaq&g?lﬁggiIn £ g aﬁgigagﬁgfaéé)

forming a firs betwe I SO
respective trabBeseorf elwhbht $hen %acanéumn%@téﬁéta-ftm?' and then

?O)nduct I Vity- typenPhg Cbﬁan%hrétgoemw@@wmweowi15181&6{ lt;r@ye@xs@lea*sater
c grow ng.a second oxi de ol e, substr ce in
order to formBEERUGSt @aé:g'i %aF%yé’rafyo‘?a’sg ?#F&Qta%dsss% %ﬁiﬁ% on - 3g

(d) deposi tespgeativestipst yangsthe| seeosd| sebsttayer regions;
N _ o _ |
o (e) ion-implanting with the first conductivity-type,

in order to form base region of said first and second
bipolar transistors and then activating these ion-
implanted regions;

(£) ion-implanting with the second conductivity-type
in order to form a connecting region of the first
substrate region, each.collector connecting region of the
third and fourth substrate regions, an emitter region of
the second bipolar transistor, and a drain and a source
region of the second MOSFET; '

(g) ion-implanting with the first conductiv1ty type
. in order to form drain and source regions of the first
— MOSFET prov1ded in the first substrate region, a

connecting region of the second MOSFET provided in the
second substrate region, a base connecting region of the
first bipolar transistor provided in the third substrate
region and a base connecting region of the second bipolar
transistor provided in the fourth substrate region;

(h) éctivaﬁing the'impurities ion-implanted by the
processes of (f) and (g), and, after growing a fifth
oxide layer on the whole substrate surface, raising the
density of the fifth oxide layer by a thermal process;

(i) forming a window in order to produce an emitter



on said second oxide | ayer, doping into the whole surface thereof, with the
o , and then etching the first polycrystalllne o/
as to produce each gate of said first and second MOSFETs
,mmmg&m st and the second substrate regions; (e)

I*ON<i 1th the first conductivity-type, in order to form base
regi on of sald flrst and second bi polar transistors and then activating
these ion- inplanted regions; (f) |Qﬁ$rmnant|ng with the second

conductivity-type in order to forma connecting region of the first
substrate region, each collector connecting region of the third and fourth

substrat e feR@iopNSe f a%h%mfiﬁtrbqpemaef drshienyy preoiaedt rianstwéor, and

a drain a our regj on of the second Iantlng
with the Eﬂ ﬁhﬁﬁ %#?yﬁ O p lP&WﬁW?&éﬁgﬁﬁgﬂﬁlggw{E r egi ons
of the fi mm&ﬁwmmqumetﬁﬁm sy naiirowegi on, a connecti ng
regi on of the second MOSFET provided in the second substrate region, a base
connecting region of the first bipolar transistor provided in the third

substrat e (Jdgi on SaPositdng meRan PalaprstFliine ssbbleeni lryer
transi st Ororprﬂhéd%dllet ReidPeF dbesuUlid atBenf00B8hinY the sHddiy@ting the.

t f (f ft
Ry ML T8 P OGRS e YA T TR
density ofcanmedtind poartion affer by palykceysthllinecssilidgn emitbeni ng a
w ndow in Qe t8fprt?1%ucfn?§lte@ibbiﬁr e A Y b@SthEﬁt 1 Pehgr

transi st or ovided in
third substrate region,

v

(k) - ion-implanting, with the second conductivity-
type, into the second polycrystalline silicon of an
emitter connecting region of the first bipolar
transistor, growing a sixth oxide layer on the whole
substrate, and then activating the ion-implanted
impurities by a thermal process, in order to raise the
density of the sixth oxide layer;

(1) forming windows for each source and drain regions
of the first and second MOSFETS, each emitter, base and
collector regions of the first and second bipolar
transistors and each connectlng region of the substrate W/ )
regions of the first and second MOSFETS;

(m) connecting to a conductive layer through said
windows; and

(n) depositing a protective layer on the whole
substrate surface and then exposing a pad for wire-
welding. '

6. A method according to CIaim_s, further domprising
the steps of: |



third substrate region, and ion-inplanting with the second —

copductivity-type through said w ndow, (j) depositing a ﬁﬂm ﬂlu

poIQVcryst alline silicon layer on the whole substrate, and t u *"WJ’M'M"’
second polycrystalline silicon |ayer in order to produce a conrfect tiny s
portion for a polycrystalline silicon emtter region of the first bipolar
transistor provided in the third substrate region' (k)

|0n i mplanting, with the second.conductivity- into the second

pol ycrystal line silicon of an enitter connecb# g. reglon of the first

bi pol ar transistor, growing a sixth oxide |ayer on the whol e substrate, and
then activating the lon-inplanted inpurities by a thermal process, in order
to raise the density ofothengi xtheoxfﬂestayexid(al)layefrorbiewgre/emdcm;id or

each source and dra| e QQQ% £ aﬁgg
emtter, base HHPT coJﬁ:'r ec%olreqieég o%@#d% he 1T£H] rfee econd | pol ar
transistors artb eddiemeomedidrny cegtepasiitoe s@Eion: e 3G dhe off kRt

first and secqud, ﬂzy-(tgg) of CEHQﬁﬁéln%ﬁdbﬁbﬁoQ@gﬁbnvebéabﬁr the ough
sai d w ndows; 03|t|n rotective layer on the whole

substrat e surf@e@%rﬁf‘%%rﬂ-%s’rfﬁd’ fR iire- welding. 6. ° A

nmet hod according to Gaimb5, further conprising the steps of: form ng

the first oxide |ayer beﬁ"‘ﬁﬁ‘&éﬂﬁé eSPeSiddE €l P 4 elbwds ¥idbtibse

exception of a region
L of a capacitor in the capacitor region after process (b);

U forming an oxide dielectric layer over the lower
" electrode of the capacitor in addition to forming the
gate oxide layers of the first and the second MOSFETs in

process (c);

forming an upper electrode of the capacitor, in
addition to forming the polycrystalline silicon gates of
the first and the second MOSFETs in process (d);

_ forming a connector region for the lower
electrode of the capacitor, after process (e):;

forming a connecting window for the capacitor
N\ region in addition to forming said windows for every
region in process (1):

connecting to the conductive layernthrough said
windows in process (m); and

depositing a protective layer on the whole
substrate surface and then exposing the pad for wire-
welding in process (n);

7. A method according to Claim 6, further comprising
the steps of:



—‘F5~fFE?EBﬁ‘fofﬁ+a~capacitor region, and the first conductivity-type of
H"mnm regi on below the first oxide |layer in process (b); N
"’fﬂﬂﬁm order to forma |lower electrode of a capacitor in the
capdci tornr after process (b); forming an oxide dielectric |ayer over
the |l ower electrode of the capacitor in addition to form ng the gate oxide
| ayers of the first and the second MOSFETs in process (c); formng an upper
el ectrode of the capacitor, in addition tp form ng the polycrystalline

silicon gates of the first and the secon d MOSFETs in process (d); formng a
connector region for the lower electrode of the capacitor, after process

]ge) form ng a CO@&&Qr]Ei mowi@ﬁtt h@xfééacléfiéf; eaewea} acécaf%d o?hto

ornmng said wi ndows for er ion _in proc connecti.ng to the

Conducti vESRAGL LTS, Giament: Feghisand o rasiatamre il dpth g

protecti vexasstion blfe a/\:hnégmunbsttas afersurd amebahdattlvarr:enpemtrimg he pad

for wre- g | Ss hod or te m 6,
%PEH 8 %;Qis‘zofl f éagn%rn 8 q:'lﬂg gsatl.

further I'Si'ng % eps the Trrst OXIde Iaye

bet ween s&P@dN@Qe'étthéiY@leeneﬁt ¢hanngk mp@erresregépnr ebedbawwithe t he
excepti on fgfrs bggagnlhge&o&gp§r%%g§grqqg .connecting region of the

resistor region, and the first
forming the substrate con’necting region of the
resistor after process (e);

forming an ion-implantation region under the
substrate connecting region of said resistor in process
(£):

forming a connecting window and ion-implanting
the butting contact portion of the resistor region in
process (i);

forming a high resistance portion, a butting
contact portion and a low resistance portion of the
resistor region in process (j);

ion-implanting, with the second conductivity- U
type, intoc the butting contact portion and the low
resistance portion of the resistor region in process (k);

forming a connecting window for the resistor
region in process (l):;

connecting to the conductive layer through said
‘windows in process (m); and

depositing the protecting layer and exposing the
pad for wire-welding in process (n). |



. “\
conductivity-type of channel stopper region below the first ' reln
process (b); formng the substrate connecting region of the’munguﬂmﬂ"”ml
process (e); formng an ion-inplantation region under the subistrate w s " '%
connecting region of said resistor in process (f); form ng a connecting

wi ndow and ion-inplanting the butting contact portion of the resistor

region in process (i); formng a high resistance portion, a butting contact
pqrtion and a | ow resistance portion of the resistor region in process (j);
ilon-inplanting, with the second conductivity;%ype, into the butting

contact portion and the | ow resistance portion of the resistor region in
process (k); formng a connecting w ndow for the resistor region in process
(1); connecting,to theaanethied | aecdrdiig the ctdimal d furtlves comprisisg

(m; and deposjting Ih otecting | ayer and exposing the pad for
wi re-wel di ng i%h%r%Eégg %%). . 42 8. A nmet hod according to daim7,
further conprising the steps of: formng the first oxide | ayer between said

regions with the excepfsphifl thﬁfef'egh%% t Bxfi@dn 18GRPHE twsene st #paand
the substrate connecting regifon of the resistor, and“the first
conductivity-t?%@i@mScWéM&ﬂthe exception of the regions to form the
’ ' capécitdr region and the substrate connecting region of
the resistor, and the first conductivity-type of channel
W, ' stopper region below the first oxide layer in process

(b);

ion-implanting in order to produce a lower
electrode of the capacitor in the capacitor region after
process (b); '

growing an oxide dielectric layer over the lower
electrode of the capacitor in process (c);

forming the upper electrode of said capacitor in
process (4);

forming the lower electrode connecting region of
said capacitor and the substrate connecting region of the
— resistor after process (e):

forming an ion-implantation region below a
' substrate connecting region of said resistor in process
(£); o

forming a cdnnecting' window and ion-implanting
the butting contact portion of said resistor region in
- process (i): : '

forming a high resistance portion, a butting
contact portion and a low resistance portion of the
resistor region in process (j);



o

stopper region below the first oxide |ayer in process (b); ion-inplanting

T ordet

resi stor

resi stor

toproduce a | ower el ectrode of the capacitor in the capacitor \/

Yot ess (b); growing an oxide dielectric |ayer over the | ower
”ﬂﬂgmﬂg mll)ﬂ)mrcapaci tor in process (c); formng the upper el ectrode of
‘Sal = N

process (d); formng the | ower el ectrode connecting
regi on of said capacitor and the substrate connecting region of the

after process (e); form ng an i@rsinpl antation region below a
substrate connecting region of said resistor in process (f); formng a
connecting w ndow and ion-inplanting the butting contact portion of said

region in process (i); formng a high resistance portion,

a

butting contact portion and a | ow resistance portion of the resistor

in process (j);

into the
resi stor

and the c&eadistangeganisiam

on 1 n process m ng conne

regi on

iofs- imphandlngnt | wijthwitthe t secoadormbrdugtdiviityy- type,

ting wnaows fTor t eresistorA

Wdd N9 1GRE a%eoo?{é;eié{idcbﬁ%w gs&iﬁt&mc NPT £hen Phuwt he

| ayer through said wi ndows in process (m; and

forming connecting windows for the resistor and
the capacitor regions in process (l);

connecting to the conductive'layer through said
windows in process (m); and

depositing_the protective layer and exposing the
pad for wire-Welding in process (n).

9. A method of making a BiCMOS semiconductor device
including first and second MOSFETS énd_first and second
bipolar transistors provided on a first conductivity-type
silicon substrate, the method comprising the steps of:

(a) producing, by ion-implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to form respective first
and second bipolar transistors, wherein a second MOSFET
is subsequently formed in a second substrate region
located between the first and third substrate regions,
and then the ion-implanted regions are activated;

(b) | forming a first oxide layer between said regions,
in order to isolate respective transistor elements on

' said substrate and a first conductivity-type of channel

stopper tegion below said first oxide layer;

(c) grbwing a sennnd oxide layer on the whole
substrate surface in order to form each gate oxide layer

FeShStAnmREkIMLR PEIRLEBNLLE i ve



depositing the protective | ayer and exposing the pad for wr

ess (n). 9. A nmet hod of making a Bi CMOS sem conduct Hlmmllm”l L””"l
|nc udlng first and second MOSFETs and first and second bi pol ar ¢ransiss
provided on a first conductivity-type silicon substrate, the nethod
conprising the steps of: (a) produci ng, by ion-inplantation of a
second conductivity-type on the substrate, a first substrate regi on on
which to formthe first MOSFET, -and a third and fourth substrate region on
which to formrespective first and second bligpl ar transistors, wherein a
second MOSFET is subsequently formed in a second substrate region | ocat ed
between the first and third substrate regions, and then the ion-inplanted
regi ons are aofi satidd fidst and fsecendgMISEFETS; oxi de | ayer bet ween said
regions, in order to isolate respective transistor elenents on said
substrate and a first conduct|V|ty hanne%ai;g per_.r.egi on bel ow

t of
said first oxil@ | ayerdepesiting ag?g ﬁgP&i¥€€¥ﬁ g 5 Bh k3 Thol e
substrate Surbapesbridorﬁle&oha foggeachagéte axépenbayeinto dfheamwhdlie st

d d MOSFET, d f t | |
fayer on sai d SECHRF oheEeTEy oL thoify, “oroe PRECRREIELEY PR RS (¢
with the secommennmtmhimgtthyﬁhxshupdlynryﬁtﬁil@peheiliﬁgn layer so
pol ycrystal i ng sid eé?&d+@¥eé?| ¢ S?éteoo?r adyge f‘igslt 3Ale s¥fcotid dddF@s and

second MOSFETs on respective he second substrate regions; (e)

i anyi npl ant i n@MinaFREREiMe Firsdhaadt ithe EedaRd SUPsHdde (19 D% base

region of said first and second

U (e) ion-implanting With the first conductivity-type,
in order to form base region of said first and second
bipolaf transistors and then activating these ion-
implanted regions; ' |

(£) ion-implanting with the second conductivity-type
in order to form each first source and drain region of
said second MOSFET on a second substrate region;

.(g) sequentially growing a third and& fourth oxide
layer on the whole substrate surface;

. (h)' forming an okide spacer in gate sidewalls of the
- MOSFETs prov1ded in said first and second substrate
regions, by etching said third and fourth oxide layers

without utilizing a separate mask'

(1) | ion-implanting with the second conductivity-type

'in order to form a oonnecting region of the first
substrate region, collector connecting regions of the
third and fourth substrate regions, an emitter region of
the second bipolar ttansistor, and second drain and
source regions of the second MOSFET;

(3) ion—implénting_With the first conductivity—type
in order to form drain and source regions of the first



and then activating these ion- inplanted regions; (f)
th the second conductivity-type in order to formeach &
B“ iﬂgmmdrai n region of said second MOSFET on a second substrate
sequentially growng a third and fourth oxide |ayer on the
mhole substrate surface; (h) form ng an oxi de spacer in gate sidewalls
of the MOSFETs provided in said first and second substrate regions, by
etching said third and fourth oxide Iayergg@ithout utilizing a separate

mask; (i) ion-inplanting with the second conductivity-type in order to
fornta connecting region of the first substrate region, collector

connect i Ny d€HEaNSp b vif®efhiigl %'l‘féfﬁlirrté‘ts%liﬁééﬁ&%ﬁéfglr@@ioﬁﬂ eattter
regi on of the second b olar t 5|stor Bﬁnq#% d drala gn%ésogﬁ

regi ons ofcanRectddhdr LY é REO¥/-ER

conduct i VIsIecdqd)esmhssbratBe t:egionm dr:blalseamdammummg erpgivn o:bftt:hefl rst

MOSFET pr d h{pdler T LEShsPUPSE AEEVEARRONY AHLMIRH NubEEERReO! T e
second e secon rate re a base connecting
region of rtegacm rand  jease qqrumtsmg lrﬁmruwf i @ hee@qmd deipesarat e
region ang g, 1448 801k Hodben S@.%@@lréwotégiéﬁana stor
provided int ourt substrate region; (k) - after gromng a fifth

oxi de | ayer on the mhole substrate, performng a thermal process for the
activationif the iapbert geswing- |mp¢mmdobydéheagmcexsesh@fwho;teand (j)

and for ”Msﬁg%ég@e¢y§e¥%orm1ng a thermal process for the
activation of the impurities ion-implanted by the
processes of (i) and (j) and for réiéing'the density of
the fifth oxide layer surface, followed by the formation
of an emitter connecting region window of the first
bipolar transistor; '

W,

(1) after depositing a second polycrystalline silicon
~layer on the whole substrate, etching the second
polycrystalline silicon layer in order to produce a
connecting portion for a polycrystalline silicon emitter
region of the first bipolar'tfansistor; '

(m) ion-implanting, with the second conductivity

type, into. the second polycrystalline silicon of an VR
emitter connectlng reglon of the first bipolar
transistor, growing a sixth oxide layer on the whole
substrate, forming an emitter region of the first bipolar
transistor through the activation of said ion-implanted
impurities, and_then performing a thermal process in

order to raise the density of the sixth oxide layer;_'

(n) fbtmingnwindows'for each source énd drain_regions
of the first and second MOSFETS, each emitter, base and
collector regions of the first and ‘second bipolar
transistors and each connecting region of the substrate
regions of the first and second MOSFETSs;



the fifth oxide |layer surface, followed by the formation of an '
connecting region window of the first bipolar transistor; Mﬁg "Eﬂ]@l;ﬂjul“l
depositing a second polycrystalline silicon |layer on the T
etching the second polycrystalline silicon layer in order to produce a
connecting portion for a polycrystalline silicon emtter region of the
first bipolar transistor; (m lon-inplanting, with the second
COﬂdUCtiVity type, into the second polycrystalline silicon of an emtter
cohnecting region of the first bipolar trans%?}or, growi ng a sixth oxide

| ayer on the whole substrate, form ng an em tter region of the first

bi pol ar transistor through the activation of said ion-inplanted inpurities,
and then performng a thermal process in order to raise the density of the

nd then per forni : s ty of
of “the first ab)second FRRRETEINAER B epBpuEfide® THET Tindidn]sell o

of the first awmiindewsndap@pol ar transistors and each connecting region of
the substrate regions of the first and second MOSFETs; - 46 (0)
connecting to a conductive |ayer through said w ndo

. ;. and (p
depositing a pfBective FEPASIdniARednRI LGNS ﬁ%ﬁetrh&{geiﬁ&iﬂﬂ"&epad
for wre-wel di ggrfaBe and Phert brfostngrdi pgdt fo€l wiredwelddhber conpri sing
the steps of: formng the first. .oxide layer between said
" 10. A method according to Claim 9, further comprising
the steps of:
I\_/‘ . | .
forming the first oxide layer between said
respective element regions with the exception of a region
to thereon form a capacitor region, and the first
conductivity-type of channel stopper region below the

first oxide layer in process (b):

ion-implanting in order to form a lower electrode
of a capacitor in the capacitor region after process (b);

forming an oxide dielectric layer over the lower

electrode of the capacitor in addition to forming the

. gate oxide layers of the first and the second MOSFETs in
— ©  process (cC); - :

forming an upper electrode of the capacitor, in
addition to forming the polycrystalline silicon gates of
the first and the second MOSFETs in process (d4d):;

forming a connector region for the lower
electrode of the capacitor, in addition to forming the
oxide spacer of gate sidewalls of the first and the
second MOSFETs in process (h);

forming a connecting window for the capacitor
region in addition to forming windows for every region in



respective elenent regions with the exception of a region to thereon forma

e of a capacitor in the capacitor region after process (b);
orm ng an oxide dielectric |ayer over the | ower el ectrode of the capacitor
in addition to formng the gate oxide |layers of the first and the second
MOSFETs in process (c); form ng an upper, el ectrode of the capacitor, in
addition to formng the polycrystallinels71icon gates of the first and the
second MOSFETs in process (d); formng a connector region for the | ower
el ectrode of the capacitor, in addition to formng the oxi de spacer of gate
si dewal | s RFOGSRS f{%kkt and the second MOSFETs in process (h); formng a
connecting wi ndow for the capacitor region in addition to form ng w ndows
for every region in 47, proges n): connecting to_t conductive | ayer
t hr ough sai d mﬁnd&ﬁ?Q?Fﬁﬁikegg &%'éﬁﬁﬁﬁﬁa 6%t TR STa 53Q§§i§glglayer on
t he whol e wimddwsatin sprécess aqal) £ hemd exposing the pad for wire- welding in ~
process (p). 11. A net hod according to Caim 10, further conprising
the steps of: forming the first oxide |ayer _ between said
depositing a protective layer on the whole
substrate surface and then exposing the pad for wire-

welding in process (p). ' _ . -

capacitor region, and the first conductivity-type of channel stopper regi#én
Mﬁiﬂmmﬂﬁi&ﬁﬂox' de layer in process (b); ion-implanting in order to form
f*

1l1. A method according to Claim 10, further
comprising the steps of:

C

fbrmihg “the first oxide layer between said
respective element regions and a resistor region with the
exception of a region to form a substrate connecting
region of the resistor region, and the first
conductivity-type of channel stopper region below the
first oxide layer in process (b);

forming the substrate connecting region of the
resistor in process (h);

forming an ion—implantation region under the v/
substrate connecting region of said resistor and then
forming a connecting window of butting contact portion of
the resistor region in'brocess (1);

forming a high resistance portion, a butting
contact portion and a low resistance portion of the
resistor region in process (l);. '

ion-implanting, with the second conductivity-

type, into the butting contact portion and the 1low
resistance portion of the resistor region in process (m):;



respective el enent regions and a resistor region with the exception of a

e

region to forma substrate connecting region of the resistor

the first conductivity-type of channel stopper region bel ow mmml“;“
| ayer in process (b); formng the substrate connecting region*of ¢the

resistor in process (h); formng an ion-inplantation region under the
substrate connecting region of said resistor and then form ng a connecti ng
w gdow of butting contact portion of the resistor region in process (i);
form ng a high resistance portion, a buttinng@htact portion and a | ow

resi stance portion of the resistor region in process (1); ion-inplanting,

with the second conductivity- type,

the l'ow resistance portfig¥indigt Re ¢&8hEERA NP PAALH PFOFCThd Mesistor
formng a connect&g%hwnndOM/for the resistor region in process (n);

connecting to 8

process (p).
t he steps of:

channel

—

1

into the butting contact portion and

dRcBRPEESS P hr ough sai d wi ndows in process (0); and
depositing the protective |ayer and exposing the pad for wire-welding in

12. rging i, 11 t ri.sing

forming CRERRaRsh racthey sPhsBebadle stavet coRbrEsl sAid
exception of twdndewisods proces® t(lod ;capadi tor region and the substrate
connecting region of the resistor, and the first conductively-type of

depositing the prbtective layer and exposing the
pad for wire-welding in process (p).

12. A method according to Claim 11, further
" comprising the steps of:

forming the first oxide layer between said
regions with the exceptibn of the regions to form the
capacitor region and the substraté'connecting region of
the resistor, and the first conductively-type of channel
stopper region below the first oxide layer in said
process (b);

ion-implanting in order to produce a ‘lower
electrode of the capacitor in the capacitor region after
process (b);

growing an oxide dielectric layer over the lower
electrqde'of the capacitor in process (c¢);

forming the upper electrode of said capacitor in
process (d4d);

forming the lower electrode éonne;ting region of
said capacitor and the substrate connecting region of the
resistor in process (h);

forming an ion-implantation region below a



stopper region below the first oxide |layer in said process (b);
anting in order to produce a |ower electrode of the capacitor inJ
glon after process (b); growi ng an oxide dielectric |ayer
Hmiﬂm “‘M! | ectrode of the capacitor in process (c); formng the upper
no of s@id capacitor in process (d); formng the |ower el ectrode
connectlng regi on of said capacitor and the substrate connecting region of
the resistor in process (h); formng an(ion i npl antation regi on bel ow a
49 substrate connecting region of said<résistor in process (i); formng a
connecting w ndow of the butting contact portion of said resistor region in
brocess (b el dhdl ol d £ ok ShA8RC AOILA AT rBs PULLENG Ol POT L] On
and a | ow resi stance the resistor region In proc i
i on-inpl arddiddg, with the second conductivity- type, into the buttlng
cont act portlon and the | ow resistance portion of the resistor region in
process form connecting wi ndows for tge reS|st g % e capacitor
regi ons | n proces °8W}1n%orf‘he DREEHIRAe WHRIOH i 9§ I H sai d

W ndows | eopt@ees porttionand Geyids iresigtidre rragﬂo&r:tﬂmgpricn;&ss afkd) &xposi ng
t he ' )

forming a high resistance portion, a butting
contact portion and a low resistance portlon of the

N
resistor region in process (1l);
| </
ion-implanting, with the second conductivity-
type, into the butting contact portion and the low
resistance portion of the resistor region in process (m):;
forming connecting windows for the resistor and
the capacitor regions in process (n);
connecting to the conductive layer through said
windows in process (o); and
depositing the protecting layer and exposing the
pad for wire-welding in process (p). )
o

13. A method of making a BiCMOS semiconductor device
including first and second MOSFETs and first and  second
bipolar transistors provided on a first conductivity-type
silicon substrate, the method comprising the steps of:

(a) producing, by ion—implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to formlrespective first
and second bipolar transistors, wherein a second MOSFET
is subsequently formed in a second substrate tegion
located between the first and third substrate regions,



pad for wre-welding in process (p). 13. A met hod of makin

semiconduct or device including first and second MOSFETs and f“iﬂ"lmﬂﬂw "Il””"l
second bi polar transistors provided on a first conductivity-t

substrate, the nethod conprising the steps of: (a) prodUC|ng,

I on-inplantation of a second conductivity-type on the substrate, a flrst
substrate region on which to formthe first MOSFET, and a third and fourth
substrate region on which to formrespective first and second bi pol ar

transi stors, wherein a second MOSFET is subse ntly formed in a second
substrate region |ocated between the first and third substrate regions,

and then the ion-inplanted regions are activated (b) formng a f rst
oxi de | ayer bet ween sai d regi ons, |n order to |soIate respecti.ve transi stor

el enents on sa@@vsu%%$r%&%e%ﬁﬁr%ﬂ?wﬁ%ﬁe%om%%%?$%l?ﬁet§55- ftefannel st opper
region below said first oxide |ayer; (c) gromnng a second oxi de | ayer
on the whol e substrate surface I n, order 1 [ M eag atL e L de_| ayer of
said first and8Econd iﬁfﬁiﬁ% {B's“ %lf%¥ﬁfa. ﬁ% pp%%§%r§§?é??§he
silicon | aver pm waérsetund.smaJate | agspectopeng ransister wWedlemenns aos
thereof, with éé‘f’qs‘éﬁBEQvQQEd‘éﬁH : L Yghape coRBlckielGLEYRR of Nepbhngt

polycrystalllne STl uce each |rst and
second I\/DSFETsseﬁF?%»sp-eQﬂi% ’?3]1"%'{ séﬂdi tﬂters's*ec,‘?ih’cﬁ% ¥8%t e regions; (e)
ion-inplanting with the first conductivity-type, in order to formeach base

tﬁgls/cemt gf sai d( first and Sec?ﬂ% bi polar, te arés:,(llsdteoriaynedrtggn gL Vw%éfg

U

subsztrate surface in order to form each gate oxide laver

of szif first and second MOSFETS:

(d) depositing a first polycrystalline silicen layer
on said second oxicde layer, doping into the whole surface
thereof, with the seconé conductivity-tyrce, ané then
etchinz the first pelycrystalline silicon layer so as tc
rcduce each gaee of said first and seccné MOSFETs on
espective first and the second substrate regions;

AT 9
[11]

(e) ion-implanting with the first conductivity-type,

in order to form each base region of said first and

second bipolar transistors .and then activating these to
U ion-implanted regions;

() . ion-implanting with the second conductivity-type
in order to form a connecting region of the first
substrate region, each collector connecting region of the
third and fourth substrate regions, an emitter region of
the second bipolar transistor, and a drain and a source
region of the second MOSFET;

(g) ion-implanting with the first conductivity-type
in order to form drain and source regions of the first
MOSFET provided in the first substrate region. a
connecting region of the second.Mos?éT provided in the
second substrate region, a base connecting region of the



T Tonifptanted regions; (f) ion-inplanting wwth the second
tivity-type in order to forma connecting region of the first O
m w ’i w each coll ector connecting region of the third and fourth
s an emtter region of the second bipolar transistor, and
a draln and *a Source regi on of the second MOSFET; (Q) I on- |nplant|ng
with the first conductivity- type in order to formdrain and source regions
of the first MOSFET provided in the first substrate region, a connecting
regi on of the second MOSFET provided in E;e second substrate region, a base
connecting region of the: first bipolarftransistor provided in the third
substrate region and a base connecting region of the second bi pol ar
transistor, prOV|ded in the fourth substrate regi_ (, after grow ng
L TR O ofiGe Y SEPIAT (HETTHT IR ROV LAES 18 FaR S LS (FRPRATSER oceos
for the ageiciaki endok base ra:pnwet:r*-e.sm mecumni ant erhebysemarckssisoléy and
(g), and for ralglng f I e rface; (i)
5EPROPEBTARE AR Ry, Rfreh, She¥erde Bl

after dep5§PP crystallie SI icon on’t he whol e
substrat e, etchlng a second polycrystalline silicon Iayer on the third

substrate Pﬁc'on '%f%é#” EéthQdECQhﬁﬂ%“H¥¥aé“Ea?@ftbﬁnﬂﬂg whole B
polycrystalline silicon emtter’ region qf the firs ol ar, transistor; (j)

form ng aSHERBRALS - prﬁﬁjﬁgf’ﬁg“afhgen?tt eFB‘@Jonpd"f°?ﬁ§§| fQT bt ar
transi st oacedviibeochhiofl shéstimpueitdesonandimplanved abyi rErogdssesie second

CondUCL'Vk%x'and (g), and for raising the density of the third b
oxide layer surface:; o
' o/

(1) after depositing the secondé polycrystallire

siliccn layer on the whole substrate, etchinc a secené

pelycrystalline silicon laver on the third substrate
region in order to produce a connecting portion for =z
pelycrystalline silicon emitter region of the firsct
bipolar transistor:;

0
B

33 forming a window for producing an emitter regi
of the first bipolar transistor on the third substrate
region and ion-implanting with the secondéd conductivity-
type through said window;

(k) ion-implanting, with the second conductivity-
type. into the second polycrystalline silicon of an
emitter connecting region of the first bipeolar
transistor, growing a fourth oxide layer on the whole
substrate, and then performing a thermal process in order
to activate said ion-implanted impurities and raise the
density of the fourth oxide layer so as to produce an
emitter region of the first bipolar transistor;

(1) forming windows for each source and drain regions
of the first and second MOSFETs, .each emitter, base anc
collector regions of the first and é_econd bipolar
transistors and each;connecting:region-of the substrate



type through said window, (k) ion-rnplanting, with the
copductivity- type, into the second polycrystalline silicon I@ﬂ "ﬂ ' ml,””m
connecting region of the first bipolar transistor, grow

oxi de |l ayer on the whole substrate, and then perforntng a thermal process
in order to activate said ion-inplanted inpurities and raise the density of
the fourth oxide |ayer so as to produce an emtter region of the first
bijpol ar transistor; (1) form ng wi ndows faqr_each source and drain
regions of the first and second MOSFETS, eacﬁsanttter base and col | ector
regions of the first and second bi pol ar transi stors and each connecti ng-
regi on of the substrate 52 regions of the first and second MOSFETs; (m
connecti ng to zegiorsicef vkhe afdrst randigecond NPSEET®: and (n)

depositing a protective Iayer on the mhole substrate surface and t hen
exposing a pad for wire- weld A net hod_ accor toQ Caim1ls3,
further conprifthg thesﬁ?ﬁﬁﬁ?ﬁlngoFﬁrﬁg??ﬁﬂq??%ﬂeo%PHer q&ﬁwé%ﬁ sai d
respecti ve el anbdowsgian® W th the exception of a region to thereon forma
capacitor region, and the first conductivity-type of channel stopper
region below the first oxide |ayer in process (b); ion-inplanting in order
to forma | owetnil ect r oddepesa tdqmcat @rqtrec:hbveaﬂaayeor oregtbe afhele

process (b); substrate surface and then exp051ng a pad for wire-

U welding.

Y 14. A method according to Claim 13, further
comprising the steps of:

forming the first oxide layer between said
respective element regions with the exception of a region
to thereon form a capacitor region, and the first
conductivity-type of channel stopper region below the
first oxide layer in process (b):

ion-implanting in order to form a lower electrode
of a capacitor in the capacitor region after process (b);

forming an oxide dielectric layer over the lower
Y electrode of the capacitor in addition to forming the
gate oxide layers of the first and the second MOSFETs in

process (c);

ferming an'ubper electrode of the capacitor in
addition to forming the polycrystalline silicon gates of
the first and the second MOSFETs in process (d);

forming'a connecting region for the lower
electrode of the capacitor after process (e);

forming a connecting window for the capacitor
region in addition to forming said windows for every



form ng an oxide dielectric |ayer over the | ower electrode of the capacitof

” !"'m ﬂ,mLorm’ ng the gate oxide layers of the first and the second\w/
| ss (c); form ng an upper electrode of the capacitor in
addi tifon"t o form ng the polycrystalline silicon gates of the first and the

second MOSFETs in process (d);

regi ons
W ndows i

process (

t he steps of:

formng a connecting region for the | ower

el ectrode of the capacitor after process (e); form ng a connecting w ndow
for the capacitor region in addition to f&mng said wi ndows for every
n process (1); connecting to the conductive |ayer through said

n process (n); and depositing a protecting |layer on the whole
substrate gggions andpkbeesexpadsi;ng the pad for wire- welding in said

n). 15. A nmet hod according to Caim 14, further conprising
forming the first oxide |ayer between said respective el enent
regi ons and a resi sbonectdgngn ta t bhe heopduepiven Iayer r jrougho sfagdn a

substratelggﬂagggigg @EghggFonggeahgsistor region, and the first

conductivity-type o

process (
process (

anne

stopper region below the first oxide |ayer

in

b); form ng the substrate connecting region of the resistor after

e); fornm gepysitingnd airdtedtiag ohayeder onhethebswhale

connectl ngs{lggltg_gtgf sstiixl'f]aéeeS'aﬁEiortﬂé}l pre?t%%@ing the pad for wire-

welding in said process (n).

15. A method according to Claim 14, further

" comprising the steps of:

forming the first oxide layer between said
respective element regions aﬁd a resistor region with the
exception of a region to form a substrate connecting
region of the resistor region, and the first
conductivity-type of channel stopper region below the
first oxide layer in process'(b);

forming the substrate connecting region of the
resistor after process (e);

forming an ion-implantation regidn under the
substrate connecting region of said resistor in process
(£); | |

forming a connecting window of the butting
contact portion of the resistor region in process (i);

forming a high resistance portion, a'butting
contact portion and a low resistance portion of the

resistor region in process (j);

ion-implanting with the second conductivity-type

into the butting contact portion and the low resistance

C

C

]

%



form ng a connecting w ndow of the butting contact portion oum“ﬂ“ mll mu‘ll
gfpn I n process (i); formng a high resistance portion,

ion and a | ow resistance portion of the resistor regiomifi pfoc sd (j)
|on i nplanting with the second conductivity-type into the butting contact
portion and the | ow resi stance portion of the resistor region in process
(k); formng a connecting wi ndow for the resistor region in process (1);
cognecting to the conductive |layer through sa%y w ndows in process (m; and
depositing the protecting |ayer and exposing H% pad for wire-welding in
process (n). 16. A nmet hod according to daim15, further conprising
the steps of: formng the first oxide |ayer between said regions with the
exception of tperteghoB8g thef eesisbercapgiohoinr pgpoesandkyhe substrate
connecting region of the resistor, and the first conductivity-type of
channel stopper region bel ow the first oxide | ayer in process (b);
i on-inplanting in ordeformippdaceannenieingl scindae (if%lt htheakes i 8torn

t.he capacitor Eggigﬂ 3 tﬁg?géﬁgegi) b) growi ng an oxide dielectric layer
over the | ower ectro apacitor in process (c) fornlng t he upper

electrode of said capacitor in process (d);
connecting to the conductive layer through said

windows in process (m); and

'depositing the protetting:layer and exposing the
W pad for wire-welding in process (n).

- 16. A method according to Claim 15, further
comprising the steps of:

forming the first oxide layer between said

- regions with the exception of the regions to form the

capacitor region and the substrate connecting region of

the resistor, and the first conductivity-type of channel

stopper region below the first bxide layer in process
(b);

ion-implanting in order to produce a lower
— electrode of the capacitor in the capacitor region after
process (b);

growing an oxide dieledtric layer over the lower
electrode of the capacitor in process (c);

forming the upper electrode of said capacitor in
process (4); ' '

forming the lowet electfode connecting region of
said capacitor and the substrate connecting region of the
resistor in process (h);



~formmg—thetower_el ectrode connecting region of said capacitor and the

onnecting region of the resistor in process (h); forming a
ﬂ M’@[ﬁ"ﬂ region below a substrate connecting region of said
res

ss (i); formng a connecting w ndow of butting contact

portion of sald resistor region in process (i); formng a high resistance

portion, a butting contact portion and a |ow resistance portion of the
resistor region in process (j); ion- |npgagt|ng, with the second
conductivity- type, into the butting contact portion and the |ow

resi stance portion of the resistor region in process (k); formng

connecti ng wi ndowgekgh

(m: depoSPPShE2

fie SOPOES é?r} su“rf’g‘“t

rge arr?S'ﬁ:hQ-fnﬂ Plahite taanaci t &g HaJi BBI dwl Rr OCess

(1); connectin o the co uctlv er thrq gh sald Wi ndows in process
fet o8 SRS 0GR BEORERE el di ng

I n procesgifmn). 17. A nethod of maki ng a Bi CMOS sem conduct or device

i ncluding first and second MOSFETs and first and second bi pol ar transistors

provi ded

conprising the stEpembfg (&) connectpngduciindyw bofi dutrinancentactof a

second co [ u S t.rate regi on on
?gyﬁib%e&¥|§¥9& Ssigeot gégiéﬁ b&%&s l(Iﬁﬁsubstrate regi on on

formrespective first and second blpolar transistors, wherein a

which to
which to

on a first conductivity-type silicon substrate, the nethod

ormt rst FET .an ourt

second MOSFET forming a high resistance portion, a butting

contact portion and a low resistance portion cf the
resistor region in process (3):

ion-implanting, with the second conductivity-
type, into the butting contact portion and the low
resistance portion of the resistor region in'process (k);

forming connecting windows for the res1stor and
the capacxtor regions in process (1)

connecting to the conductlve layer through said
windows in process (m); '

depositing the protecting layer and exposing the
pad for wire-welding in process (n).

17. A method of making a BiCMOS semiconductor device
including first and second MOSFETs and first and second
bipolar transistors provided on a first conductivity-type
silicon substrate, the method comprising the steps of:

(a) producing, by ion—implantation of a second
conductivity-type on the substrate, a first substrate
region on which to form the first MOSFET, and a third and
fourth substrate region on which to form respective first
and second bipolar transistors, wherein a second MOSFET
is subsequently formed in a second substrate region

o/

o

»



acti vated; (b) forming a first oxide |ayer between said

I's subsequently formed in a second substrate region Ioééted bet ween
first and third substrate regions, and then the ion-inplant Hmwwlltni'u ﬁ“l
%* ’ [ *

C

order to isolate respective transistor elenents on said substrate and a

first conductivity-type of channel stopper region below said first oxide

| ayer; (O growi ng a second oxide |ayer on the whole substrate

sursf ace in order to formeach gate oxide Iay%g of said first and second
t

FETs; (d) depositing a first polycrys

second oxi de layer, doping, into the whole surface thereof, with

Iﬁi ne silicon |ayer on said

t he second

conductivity-type, and then etching the first polycrystalline silicon |ayer

so as to produ egat ketwean §he (Eirsihdasdc diul ndosrehrsteatee

SRR

first and the sp@RhehURHg dlon-iaglanted Pegions Aid HItAMAtEA W th the
first conductivity-type, in order to formbase region of said first and

second bipolar transistors and then activating these ion-

L. mpl an

t ed

regions; (f) (b) ion-ifoxmemy rrg fdirist oixdde Astyexrohdtoteen tsaitd/ predions der
to formdrain d e o] t | l.dedq |

substrate regi g‘% gg(g%%né{:fi %ggrigglgoné%g‘%%%{%%%%gﬁfdpg%eﬁ
second subst r as@ideggwrstratrisandomdtinsly cenduativityetypesofhighanpel

transi stor progtdgper onNiged o aSliigR ifa risRYicki g d sy dise connecting
regi on of the second bipdl ar transistor provided in thé fourth substrate

gggs fdg St

in the

region; (Qg) depositing a second polycrystalline silicon |ayer
N~ o (c) growing a second oxide layer on the whole
substrate surface in order to form each gate oxide layer
e .
of said first and second MOSFETS;
(d) depositing a first polycrystalline silicon layer

on said second oxide layer, doping, into the whole
surface thereof, with the second conductivity-type, and
then etching the first polycrystalline silicon layer so

as to produceach gate of said first and second_MOSFETs'
on respective first and the second_substrate regions;

(e) ion-implanting with the first'conductivity-type,
in order to form base region of said first and second
bipolar transistors and then activating these ion-
implanted regions;

(£) ion-implanting with the first conductivity-type
in order to form drain and source regions of the first
MOSFET provided in the first substrate region, a
connecting region of the second MOSFET provided in the
second substrate region, a base connecting region of the
first bipolar transistor provided in the third substrate
region and a base connecting region of the second bipolar
transistor provided in the fourth substrate region;

(9) depositing a second polycrystalline silicon layer
on the whole substrate, and then etching the second



on the whol e substrate, and then etching the second pol ycrystalline

m“l‘lﬂﬂﬂ“ﬂ"ﬁl‘l}ﬂ“l‘order to produce a connecting portion for a

. ilicon emtter region of the first bipolar transistor
i'h the “third substrate region; (h) form ng wi ndows for each
each emtter

provitdel

source and drain regions of the first and second MOSFETS,

base and

each connecting region of the substrate Gegions of the first and second

MOSFETSs;
and (j)
and t hen

v/

collector regions of the first and second bipolar transistors and

(1) connecting to a conductive |ayer through said w ndows;
depositing a protective layer on the whole substrate surface

PIOpE Y s%dﬁ%ﬁﬂ@rsWMftoMBl@ - 18 ordeA W Qoﬂhd&méng a

Bi CMOS seni conduct or deV|ce he et ubstanllal rei nbefore
TN R LR d emitter

descri bed SERIPT
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region of the first bipolar trans1stor prov1ded in the
third substrate region;

(h) forming windows for each_soﬁfce and drain regions
of the first and second MOSFETs, each emitter, base and
collector regions of the first and second bipolar
transistors and each connecting region of the substrate
regions of the first and second MOSFETS; .

(1) connecting to a conductive layer through said
windows; and

(3) depositing a protective layer on the whole
substrate surface and then exposing a pad for wire-
welding. |

18. A method of making a BiCMOS semiconductor device,
the method being substantially as hereinbefore described
with reference to the accompanying drawings.

C ¢



