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SEM CONDUCTOR DEVI CES This invention relates to seniconductor devices and
in particular bipolar transistors and to integratéd circuits including both
bipol ar and field effect, in particular QWQF_£Cbnplenentary Met al Oxi de
Silicon), 15 transistors. Field effect®*circuits are used mainly in
digital applications, whereas for anal ogue amplbcasconellspich, aglbmléeqdi o
signal processing, bipolar circuits are nore suitabl .LT' re is 2 £§eg in
certain applications, e.g. 20 t el ephony, for the'pto %@%fnb_a B8%h
digital and anal ogue signals and this generally requires the provision of
two circuit chips each wwth its associated peripheral circuitry. Many .
atten® s -have been made to conbi ne bi polar and MOS t echnol ogi es on the sane
chip but 25 to date none has been entirely successful. A conmonly
used approach is to add a CMOS capability to a SBC (Standard Buried

Col | ector) bipolar technology. This results in a device with high bipolar_.s
per f ormance but poor CMOS capability. If bipolar devices are added to 30 €7
" good CMOS technology the resulting triply diffused structures have high
parasitic resistances and hence poor bipolar performance. According to one

aspectygof the present invention there is provided an integrated circuit .-
i ncl udi ng an MOS 35 transLsﬁﬁﬂﬂﬁgﬂﬂdéﬁﬂﬂggﬁgéﬁﬁﬁ!ine silicon gate and-
a  -2- bipolar transi Thas Wnien il W&l [t &enildStdueb L t&Evidbich
pol ycrystallin i%ic n.gate,and,em tter have the sanme doping | evel s and
wer e nanufactu?%% i Bartieu132piPolar transistors and fo Ihtegrated
circuits including both bipolar and field effect, in

e particular CMOS (Complementary Metal Oxide Silicon),

15 transistors.

Field effect circuits are used mainly in digital
applications, whereas for analogue applications, sucﬁ as
in radio signal processing, bipolar circuits are more
suitable. There is a need in certain applications, e.g.
20 telephony, for the processing of both digital and
analogue signals and this generally requireé the
provision of two circuit chips each with its associated
peripheral circuitry. Many attempts have been made to
combine bipolar and MOS technologies on the same chip but
25 to date none has been entirely successful. A commonly
iy used approach is to add a CMOS capability to a SBC

{Standard Buried Collector)-bipolar technology. This
results in a device with high bipolar performance but
poor CMOS capability. 1If bipolar devices are added to
30 good CMOS technology the resulting triply diffused
structures have high parasitic resistances and hence poor
bipolar performance.

According to one aspect of the preéent invention

there is provided an integrated circuit including an MOS

35 transistor with a polycrystalline silicon gate and a



°simul t aneous etching froma conmon ‘single polycrystalline 5 | ayer.
According to another aspect of the present invention there is provided a
nethod of nanufacturlng an integrated circuit including bipolar and MOS
*transistors including the step of formng. beth an MOS transistor gate 10
and a bi pol ar tran5|stor emtter by etching_- simultaneously froma common
single | ayer of bBP}BFyEF&PFFﬁE°§|WFEBna PﬁéY55Y§taﬁalﬂﬁesé i€PBr havi ng

t he sane dopi ngemg¥tes, GHDEHI ﬁamyaryéthmsmevemnheanw;htenan/dbem15ter
described with eferﬁﬁce to the acco Xlng aramnngseﬂﬁg ? B 35 3
which: Fig. 1 il'PUStFaFe§aMR 8PBLBIsacYFof BEF&r PERPB2S PESF 4
accordi ng to oneimubbdneevns etchhegpfesmna commohi singbe polycrystalline
Fig. 2 |IIustrai§ge%he bi pol ar transistor of Fig. 1 formed in a p-well

rathersthan an n- [ as illustrated in Fig. 1, and Figs. 3 to 7 illustrate
in cross-section variou 3¢6gEding tacanahhescREPECHT OF bhpoPELEENES

strusture 10 inveltibnnchelEsis ThPobiaclas/ RYERoA! s¥ChURarhbLUSLA! 8 | N

Fig\_A conprises a ransi stor MOS transi stor
a p-channel FF%ﬂ§$§?%rcﬁr°?hE %?EﬁgpéPSrbQPPéaFoPﬁédMHFrEE?P§1FH°55

p-type substratﬁnéludﬁng the zbepeas bemiﬁgnboshoaﬁ Mosn€ra3nslietbder gadei n
n-vells 5 and 6,,5e3PEeLLygLYe  REQYLESE LR LDE-SHYSLLRREnG The
- - simultaneously from a common single layer of
- polycrystalline silicon, the gate and the emitter having
_ -the same doping levels.
N2 _ ' Embodiments of the invention will now be
15 " described with reference to the accompanying drawings, in
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T

‘n-ghannel transistor 2 is formed by conventional CMOS processing and

includes n source and drain regions 7 and 8 respectively, external
eliectrical contacts 9 and 10, 20 provi ded for exanple by
nmetal | isation, to the source and drain regrohs 7 and 8, a polysilicon gate -
11 toget her mnthhgahe oxide 12, a [err] contact 13 to thé substrate 4, + an
external electrical cont ﬁl 3| %#ﬁgég cont act 13 grovrded for

exanpl e by netallrsatron §ﬁd S gf in CrogFEREqEION THe gate 11 is
al so externalIybepe&arVCMDBysmmmmaunEidgcauﬂungrmm chevembodimept cbanthé
“transistor 3 isyabsgnfonped 3 % dpanventional CMOS processing in the n-well 6

and i ng¢l udes [e?r source an rarn regions 17 and 18, respectively,
externdl electrical cont#dgs 2 iddmstxratss the b%@@h&ﬁeﬁr¢0$lekanppé by

metal | isation, feg th@ se%ee %d adzca-rwémeqrmlﬂt@m a8, nawegtyasl i con
gate 21 together %?%%t an n+ contact 23 to be n-well 6, an +

ext er nal eIectrF&éPsES 1?4 ﬁ@trﬁyr?QQNHact 23, provided for exanple_ by
netal | i sation, and lsol atm 33 to 7 iMiuktidte in-drods-sebtibf variouswf

appreci at ed fro oI transr 1.is,ver

cross-section tB g éﬁﬁ Y ?geﬁmpt%ﬁl?ﬁ/¥%§% ﬁgrﬁﬁhgrﬁn

i nt egr &fed fornwmthhnthel@hns devrces by the addition of 5 only two

extra masks to nunber eng) ot qﬂgﬁr he _bkpgl a

transi stor 1 enploys the ng$§%5€§ }Egigc é%or angi§%§§§ﬁe§ gglrggtop

contact 25 therepmpahéeénae)btwr dirEnsister chntartn2chapneli ¥68 for

exanple by ”EtatlhﬁékaBr Eh%nﬁﬁﬂaﬂﬁbﬁﬁhnel Moéréﬁéhéigtoﬁ BS cepmrised by

two p contact. | ons 27 an 27agorned g/ p br g gion. 28 with t
tr nsistor is formed dir ctly 1n a p ype substrate 4,

15 whereas the tran51stors 1 and 3 are formed in n-wells 5

and 6,_respect1vely, provided in the substrate 4. The
n-channel transistor 2 is formed by conventional CMOS
processing and includes n¥ source and drain regions 7 and

8 respectiVely; external electrical contacts 9 and 10,

- 20 provided for example by metallisation, to the source and

drain regions 7 and 8, a polysilicon gate 11 together
with gate oxide 12, a p+ contact 13 to the substrate 4,
an external electrical contact 14 to the p+ contact 13,
provided for example by metallisation, and isolating

.25 oxide 15. The gate 1l is also externally electrically
connected by means not shown. The p~channel transistor 3\;J
is also formed by conventional CMOS processing in the
n-well 6 and includes p+ source and drain regions 17 and
‘18, respectively, external electrical contacts 19 and 20,

30 provided for example by metallzeation, to the source and
drain regions 17 and 18, a polysilicon gate 21 together
with gate oxide 22, an n® contact 23 to be n-well 6, an
external electrical contact 24 to the n° contact 23,
provided for example by metallisation, and isolating

35 oxide 15.



external electrical contacts 26d and ‘26b:as illustrated, and the emitter is
conprised by an.n polysilicon region 29, which contacts the p region 28,
fhere also being an 15 ~external electrical contact (not shown) to the
emtter. Thé bipolar transistor 1 includes eldrent s equal ent to those of
p- channel transistor 3 anAsnwnﬂﬂabEum@@r@@ﬂmumﬁequmtﬂmgfwitﬁhéﬂﬁigbmﬁrthe

sane bipolar str e t 0. thereof
The two extra nagﬁéﬂégsglg%eg Tlg‘rm;é t|§lri(;)“ |0§Po#]rdc}%e %eo VT | it ter
transistor 1 arePf%haae¢ﬂntﬁgnﬁhétpﬁpﬁammd%aﬁnrxniﬁasﬁnhﬁhmiﬁekmnbase
Tegion 28 and fo{nopgphadt hsr&'ngeatl%'h %Iede:{& tddéx}ardéy ﬁwecr&ﬁ'av&aiéf&? dato

contact _with the basé region e gate oxi

28. .
i s indicat ed sep%?é¥eFV°f?ﬁﬁFPh@aﬁ§ﬁaFm ﬂ&ﬂhﬁﬂzﬁWRﬁfﬁﬁécﬁ?qfﬁhﬂtﬁﬁﬁﬁﬂﬁ#@

is formed concurcro$! procebspar rhef bhb@lla&olt&tams%xdel lémproyd |4nde nore
apparent fromthe deig gptlon of Fi
0

Thus t het bi po device is
fitged directly Pn¥d as 1tg ﬁe@gﬁg taé%ﬁ’cﬁsogﬁp h hé’&iﬁeﬁ‘?o’be‘?%‘:%’éd
as\Fhe col I ect or 25Fohenetoi and pnwehke&a@hndhﬁgﬁﬁﬂtaﬂﬂbdntﬁﬁﬂ 26 npl ant

bart o Che by PREbhaRE, £8EoERafpue” bCRIRAE PP, P Mg R tocec”

part of the way rou esses
of oxi dé8 35 tranalshermélRSan@mpreﬁgdateagwu>mnnanSWmtlnqunnscah be

57 used for theanavobh, 581hoaush & ERukaddsHl Hasan A LergRigys! v De

used. This produces an n- t acked me whi ch
again is used ase¥H%rEBFIGéFSFrﬂégﬂoﬁoﬁﬁaFﬁé #6foland Rk &S %%#ﬁﬁ#tﬁﬁ?%ﬁed

inb5 Fig. endTJaﬁebaﬁuete&oegsaba@rs_ts@me%ﬁraﬂ M%dl@émd&@tfeéf@n
structure of Fig now be outl ned with refe e e to Fi to 7.
U§hﬁg a first %% V\%.l.ch contacts th p region 2 (% ere alé% belng an
i5 - external electrical contact (not shown) to the emitter.
The bipolar transistor 1 includes elements
equalent to those of p-channel transistor 3 and
manufactured concurrently therewith although the same
bipolar structure may be manufactured independently
20 thereof. The two extra masks required for the production
of the polysilicon emitter transistor 1 are for defining
the implant required to produce the base region 28 and
for opening the "gate" oxide 30 to bring the polysilicon
into contact with the base region 28. 1In Figs. 1 and 2
25 the gate oxide is indicated separately from the remaining
isolating oxide 15 although it is formed concurrently
with part of the isolating oxide 15 as.will be more
apparent from the description of Figs. 3 to 7.
Thus the bipolar device is fitted directly into
30 n-well CMOS technology, the n-well being used as the
collector. For use in a p-well technology an additional
n implant, for example phosphorus or arsenic, is needed.
This step can be implemented part of the way through the
p-well drive in. Due to different thicknesses of oxides
35 in the well and field areas a non-masked implant can be



phot oresi st (not shown) n-type wells 36 and 37 are 10 defined in a

p-type substrate 32, for exanple by ion inplantation of phospharous and.

ﬁbsequent driving-in in a conventional manner. Using a second mask (not
own) a layer of silicon nitride 31, or sibPiton nitride on si.licon

di oxi de,

32 is patterne

EH§§ Qfghé“ﬂi@@fIOfai@ﬁoe hYRemAsked imp ihhkCQQnSUbStrate

ui sh bet ween deV|ce areas and areas in which

field oxide is#& Qﬁﬁﬁﬁ Y be usedf nThifderoduges RBf P-¥Rldhe htHde of
the substrate ?t.%eﬂ?-ﬁ\iéslﬁ|5)n3(§@éé16§@0ﬁdlmg)tOwhhlehda\gh(iﬁ dlseasedas the

“ihe surface of HRASTRE TeA SR 106 FFe TPALFE ARYAFRy PR AN IRE Kchde

opened i n the milg. de | ayer 31, by for exanple ion inplantation of boron

and/ or phosphorous. The ﬂﬁ%%g fJéO&QgElﬁgf gltﬁggsl g"@fq’?eé qJormfield

t he surface of

oxide 33 in the w ndows.

re etched away

and the substr fiabrigateertheiskxectuneopficFige dbwild mniowh bexicntldmes 34
bet ween t he th'vﬁ.'ﬂ:fr{ Afbende @6@?§%§3 §FLg. 74) . Uéﬁxg' Rd FBSe @RIk WVK

is enployed to

ne a w ndow 40 1h a photoresi st er 41 (Fig. 5),

through whi ch Ehefewespist (n$¢t§bewabpantypefue éﬁaéﬁlénﬁbr n,a% i on
i npl anfed to praduGRed f1nse dgsegype édbkeratBe 3R, pgoar eanipliestyr 1ok S

third mask i s one of the ad

o eh e ORI LEH o SharEhPPaRe pRg: oFB
opened in 35
alignnment is n
i nterfaci al

wo nasks ref rred\{ ave. Usi ng. ﬁ
anent, o Ly iR
- Cdﬂueﬁtﬂdnamlﬂanﬂeea CUsengng besenﬁe@asklxhot'ahpwn) é&

oxi d’é’cﬁrl t Itcaélﬁ ?ﬁéagp? %’rf 97 LG | gtéx%&%n If an .

reqU|re icon-transi a sultable |

treat ment can Isd liserh ndivexiide s deposhtﬁdshnlgheheumﬂﬂgeeﬁﬁmthennﬂtyegk

The 5 15
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PhQlor e lsdiSs £ FAPYCH220E BakR¥Shed t4'$ARRYnguish between

‘device areas and areas in which field oxide is to be
grown. Areas of nitride 31 are left on the surface of
the substrate 32 at positions cdrresponding to the device
areas, as indicated in Fig. 3. Field dopant (not shown)
may be implanted into the surface of substrate 32 by use
of suitable masking through the windows bpened in the
nitride layer 31, by for example ion implantation of
boron and/or phosphorous. The substrate is then oxidised
in order to form field oxide 33 in the windows. The
areas of nitride 31 are etched away and the substrate
further oxidised in order to obtain thin oxide areas 34 k‘J
between the thick field oxide areas 33 (Fig. 4). A third
mask (not shown) is employed to define a window 40 in a
photoresist layer 41 (Fig. 5), through which window
p-type aopaht,;for example boron, is ion impianted to
produce a base region 42 for the bipolar transistor.

This third mask is one of the additional two masks
referred to above. Using a fourth mask (not shown) and
an appropriate photoresist layer a window 43 is opened in
the thin oxide area covering base region 42. The



bol ycrystalline silicon deposited and ion inplanted with As or P. It is

then patterned to produce a polycrystalline emitter 44 and gates 45 and 46
Fi,g. 6). Then with the polysilicon 44 and 45 together with certain 10
éas of the thi.n oxi'de area protected by apg@repriate patterned photoresi st

41a, p dopant fo CELEYAABLE BATABY! 8PN o 42 AT A 4B ARG Getene

regions 47 for t evice, the “Sub até con
n- channel MOS tréﬁklgwwgandlfhénsemce@fmaclr &ixidecdisorrequbired for9 el 50

for the p-channeboidsiisassi EEQHSJ.SQ%&'”Q aufiWaiNQ t'ﬁ?é‘tnﬁsrl@ q%e used

photoresist 51 is approgrlate g atterned to define w ndows ere an n
dopant, for exanpP®-arSBhPcEfopst oWaﬁﬁpPénF@&19§ﬁﬂ%nﬁ4ﬂ§?ﬂRHQQnWﬁSKxnu?Rﬂ
52 for she bi polpmoﬂeyesestsmur £ emarre ddaaid a2(1ayer Jfediritp eEcS and 54 for

t he n-channel rapsis .and the well cont ar t -chan
transistor (Fig. p?§ycﬁ¥§ EgFBFegﬁgfcgf q?ﬂgf %ﬁ#i é] wi 5
oxidi-sed and a |&§eoroP. P BtGis(phesppayﬂennndaqyaprﬁdut&paslted to pr oduce

an “oxi de” | ayer TplybrgstaATEHE BnTkee? 44 and Yelec udladd the Lrs B! £,

anot her mask wi nd ened 1'n the oxide e prOV|S|on 0
requi site el ect rFean Ebhbaéhg Polysd licor 144 B9 d ddi dngethnyr twilkth certain

processg@-substrai@akSokNefe tRENCHRTRIEE ar'dRl %Jrldt%%q:e@%g} NppEiRtiate

patter ned as appr grl at e _usj n% et anot her ma.s o pro uce a
structure equi vaP@hterBes; gho °reF&FFhé#ana§k|ﬂ?EﬁﬂT[ﬁQixﬁﬁﬂWR}?nﬂp¥Rﬁ is
errpl oyed as is cmymhteaatof ﬁi'obhﬂés Balsé ‘cantidtGedfidne 47 civinede and

prohamnel OO L RISLTAS! Bey BLoUShiE el SLLIGLGIEY PYs i on em tter
rég.l/ons of the bnpohanneélaMOEstoancastioes anid rheeddurqe Gt edrtaim has@cami
_CO||ECt§% Ser'es4§e§ﬁ§t§8090¥hhh§tp-channel MOS transistor. Using a
further mask a layer of photoresist 51 is appropriately
patterned to define windows whereby an n¥ dopant, for
example arsenic, is ion implanted to provide collector
contact 52 for the bipolar device, source and drain
20 regions 53 and 54 for the n-channel MOS transistor and
the well contact 55 for the p-channel MOS transistor
(Fig. 7). The photoresist 51 is removed and the wafer is
oxidised and a layer of P.S.G. (phosphosilicate glass)
deposited to produce an "oxide" layer of the thickness of
25 layer 15 of Fig. 1. Using another mask windows are
\,j opened in the oxide for the provision of the requisite
electrical contacts to the underlying regions, the thus
processed substrate is then, for example, metallised and
the metal patterned as appropriate using yet another mask
30 to produce a structure equivalent to Fig. 1. Further
masking and processing hay be employed as is conventional
for threshold tailoring of the n-channel and p-channel
MOS transistors.
By using the high efficiency polysilicon emitter
35 structure the doping levels of the base and collector



still achieving a high current gain. This'lTatitude is not available in
conventional bipolar transistors. Wilst the source and drain regions of
the CMOS transistors are produced in a fully aligned rranner by virtue of
the polysilicon gates, the enitter of the bipolar deviceis only séni
self-aligned with the base conprised by r.egj ans 42 and 47, although the

performance is not. affe(héj c&é ereb ol ar, _transistors vmth t he structure
i1 lustrated i n F§9ions TR WP HPR aﬁn#gaf‘ﬁbs 88i CABNRe QRGiMised, to

(r:]on\r/]ent i ?nal CNiE® quae chow Hoase band o?mlllécebur sdries &Q&ﬁ?tﬁ@adﬁ%ﬂ%ﬁ/

i gh performang p£ O i i and CMOS
t echnol ogi es pl’%/l d{] cﬁa’{\;él‘zgg&cépggph 8 E égg rrgﬁé‘ &r?&lpg:é‘\ie

digital functi MMQﬁVaiﬂeatbl@oimcanﬁetwmnalabspsﬂarrs tirainsg sttareed
simuitaneousiy on the sagg; rié PendngodpBedanl ue &emt gle'ﬁafagss gpp%%% Eode

manuf actured by a process as descri I n our |T"cati on No.
8604278 (Seri altnsistrs)age produged| F-nRaLf“B&Nelal}BnS)d mannan ik i s

directed to GBWpbi&ads OEhé\lOpoﬁfé?ﬁQéoﬁsgétéb Nene? brdeddr WE Ghees 4

divided fromt rese

i Inzliagrat ed ci rrcllﬁé) %%cl‘ifd‘fﬁge ahS I@TYrﬁﬁEFSFS&MﬁQQeﬁoW&Wﬁ% IRaske

silicon gate arsbmpmhiged by tregboasos2vahll 37p0kIEhvuighl Ithee g fciarice

emtter, which psola/ yasérgé *Q‘gtﬁ#‘%hgg gate and emtter have the sane
nu

dopi ng I evel s a *sinul t aneous etching froma common
singl e pol ycryst aI i ne |Bipolar transistors with the structure

illustrated in Fig. 1 and requiring only two additional -
'masks to a conventional CMOS process have been k./'
manufactured and found to have very high performance. '
Thus this approach to the integration of bipolar and
CMOS technologies provides devices capable of high
performance analogue and digital fhnctioning, the
bipolar and CMOS transistors being formed simultaneously
on the same chip. '
a The doped polycrystalline silicon may be
- manufactured by a process as described in our co-pending
GB Application No. 8604278 (Serial No. 217844)
(P.D. Scovell-R.L. Baker 11-3).
Attention is directed to GB Application No.
8612801 (Serial No. 2174244) which was divided from the {_/
present Application. -



2. . An integrated circuit das clalned inclaiml1, 10 i ncluding a
pluraljty of said MOS tr.ansistors, wherein the MOS transistors are CMOS
fransistors with wells of one conduct|V|ty type forned in a substrate of
hefot her conductivity type, wherein the bipolar transistor is constructed
in.a respective well of the one conductivityg 15 type which conprises the
col l ector of the bipolar transistor, wherein base contacts of the bipolar
transi stor conpra TSt regions of said respective well converted to the
ot her conductivilty type, knuiﬁtag&nteﬂrmdtambbushﬁluﬁihgsaurMGSand drain

regi ons of 20 | St O ngi St Qr fornmed

i ng:a respective %%écﬁﬁ?ﬂoﬁé %ﬁ@é&%ﬁ%%ﬁg g%\;f‘gﬂﬁf??g i 8ns are

connect ed by athﬁnﬂﬁamytkﬁnsisgpmnwithmhwh@lﬁtnyshelbbhgcsyttabhlne
ilicon emgter 0 e

\?v: nldow in aStn ox#éﬁeléabylgr%ﬁ%éer\ll%/é%ééf Péi?ﬂﬁ@gs?fﬁ??lﬁ]egéle %gﬁ éranlttttgr 3.

An 4-nt egr at ed mhﬁﬂﬁtthﬁ;Qﬂﬁﬂrﬂﬂ?#ﬁﬂcl%ﬁﬂl& ap cvaaengaauﬁagtaradybwf sai d

MOS.ransi st or s, iWier @i e dd é\@:iﬁé‘nﬁtéﬁxoé ScéhRof M bngi@nsi stors with
wells of 30 one conduct|V|t ig&%ﬁorned in a substrate of the other
t

conductivity tymReIEFRYSHRY polar transistor is constructed in a
wel | of the other, conductmlin/téq/m@uwmemw&élelamealmfclaemome

T R A T T NN Rt T
b|polar_tran5|snuhecNDﬁthansxstnmbrag&oﬂBOSftsand1aebtsowithewenhsrof
e anwou y R, comuEeVe ke £8endBe LOB UERAYE b Y LYE nET B RE™
CNSS t r ansi st or Somduet i &l $¥ riERe » where1n the bipolar transistor is
constructed in a respective well of the one conductivity
15 type which comprises the collector of the bipolar
transistor, wherein base éontacts of the bipolar
transistor comprise first.regions of said respective
well converted to the other conductivity type, and
formed simultaneously with source and drain regions of
20 an MOS transistor of the CMOS transistors which is
-formed in a respective well of the one conductivity
type, which first regions are connected by a bridging
base region, and wherein the polycrystalline silicon
emitter is in contact with the bridging base region via
i‘) 25 a window in an oxide layer underlying the
polycrystalline silicon emitter, -
3. An integrated circuit as claimed in claim 1,
including a plurality of said MOS transistors, wherein
the MOS transistors are CMOS transistors with wells of
30 one conductivity type formed in a substrate of the other
conductivity type, and wherein the bipolar transistor is
constructed in a well of the other 6onductivity type
disposed within a well of the one conductivity type,
which well of the other conductivity type comprises the
35 collector of the bipolar transistor, wherein base
contacts of the bipolar transistor comprise second
regions of said well of the other conductivity type

* [+ L M H *




directly in the substrate, which second regions are 5 connected by a
bridgi ng base region, and wherein the polycrystalline silicon emtter is in
contact ‘with the bridging base region via a window i n an oxi de | ayer
underlying the polycrystalline silicon emtter. 4. ‘An i nt egrated
circuit substantially as herein 10 desc+iped wth reference to Fig. 1 or

Fig. 2 of the pyiang..d | 5. b, .. A method of manufacturing an
i nt egrated cir2§§€g?gg¥§d?ﬁgEgp%§ %r€§%§QQ5§%ﬁtTus%R%ﬂf?qéﬁghﬁﬁ?é the step
of forming bot hsimuMEnepuadlyswithgsosraed andidrd ian didgions aiat A0S
emtter by etchtﬁgngiaybkaafpuabycwb@ﬂ&%aHgﬂgﬁbﬁg'uﬂfaﬂf?§ff&¥med

polycrystalline_silicon, the gate and the emtter having e sane dopi ng

L . !
| evel s. 6. dipegil Kol ob hRn Sl EdtSyg Whi Shhisefiand Feg¥ens taxs cl ai ned
in claim 3% whereomnébeed byt 82B2idgany Vase’tegiMS didn Sl &yl -
i ncluding the use, of two g?sks in.addition.to those required to formthe
CMOS transi st orBOLPGEYSER YL ARSI SALACHM G LhSTIGF fidt FREAGH I WkmtERA of.:
base regi on of bhidyingl baser segishoviand Windyvwem i bims dii NG ames
W ndow in an ox| o rj t .base .reqgi on whereby the
pol ycrystal | i n)e%rg??il‘g%ﬁﬁgme%{?e#)ggg%?%'gtt?}lﬁ'r}%ebgslellr okl owle‘;fe"y' A net hod
of manufacturing. an intelynaintegrated cisanidi mubstardizlhy addrexiein he
MOS transiygg ors ggg& S| ot B vedils gf 2 GPNAYCLd Vi type 30
formed in l;d subqs?érgfe 0 .?ﬁgﬁ(}%%gr%%g\# urc%to}lv\?i'lti' ?yg%\/brc?g'r géljn&ét héeﬁ%i pol ar
transi stor is RFPCEOPPRRRENGNAEAWEBESEeti ve wel | of the one.conductivity

type, which comprises thg getheat 8 RanuEddtuidldy dd ahd ircpi
simul taneously with the construction ofn t he C'ulﬁ\i/%srﬁj’aé aitmr%de;%ﬁqteodr SCIarncd“be/

the same proces%??&ﬁ@%%%sbégoiéﬁuﬁpédMﬂﬁ’QHiQﬁW§§QQ§mﬁﬂQiQﬂ¥PQﬁth6m§QﬁnISL—)
transi stors which £6emingnBethnahhaoseldranefi sty @E@Idddid bilpdmeXxcept

15 transistor emitter by etching simultaneously from a
~ common single layer of polycrystalline silicon, the gate
and the emitter having the same doping levels. o
6. . A method,of_manhfaéturing-an.integrated circuit
as claimed in claim 5 wherein the MOS transistors are
20 CMOS transistors and including the use of two masks in
addition to those required to form the CMOS transistors,
one said mask defining a window for the implantation of
a base region of the bipolar transistor and the other
said mask defining a window in an oxide 1ayer.coVering
25 the base region whereby the polycrystalline silicon
emitter contaéts_the base region, _
7. A method of manufacturing an integrated circuit
as claimed in claim 5 wherein the MOS transistors are
- CMOs ttansistors with- wells of one conductivity type
- 30 formed in a substrate of the other conductivity type,
wherein the bipolar transistor is constructed in a
respective well of the one conductivity type, which
comprises the collector of the bipolar transistor,
simultaneously with the construction of the CMOS
35 transistors and by the same processing steps as required
for the MOS transistors of the CMOS transistors which
are formed in the wells of one conductivity type except
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% .10 - .f-or the addition of a first processing stage to produce a bridging

base region bet ween two .regions, equivalent to the source and drain regions
gf t he MOS transistors in the wells of one conductivity type, whereby to

orm5 the base of the bipolar transistor, and a second processing stage
to produce a wi ndow in an oxide |ayer under19|ﬁg the polycrystalline |ayer

at the bipolar tansiisl ofadiel SRYoE NG PRLYE" EhablbiRceErhber Lpopiantise! e

base of the bipola ran5| turing an
i nt egr at ed C|rcuﬁtb%mdgimmnbﬁsenregapn1QeﬁnéﬁelhWPhéeBEBnﬁwaﬁspéﬁéﬁﬁnére

CMOS transi stor s Ml V@éﬁﬁcef aﬁaedﬁamﬂus&g%h& b¥penkonoed tirangiswbyEr at e
of the other conductivity-t wherei n the blgolar transis

t
const ruct ed |na%ﬂmﬂhe]!ﬁllﬁf°§h€n8tﬁ@PdESﬁHﬁé Yvitpery M erﬁﬁ?cﬁ°c§ﬁSFﬁses

the col | ectgr Oftﬂ@eoiﬁw%artﬁéasspanet tdanp@sedri,nandwal keebndhe ot her
conductivity type, the bi n5|st

d
wi t .t he constrLﬁﬁ??ﬁF§ﬁn hﬁe ?rBHQBEFSrgngﬁﬁggétéﬁgt aﬁ% ggoé§¥§?ﬁzly
steﬁsxzo as raspdeclying the pobytrygstaliiaons dhyelre aCMVEBet bapsilsairor s

whi ch are for m%?éﬁéfé%éfﬂ%%@@@%@@ g&ixs§g‘§&slflqset U520dr! cBRcaced

first processing ase region between
regi ons, equivalene b@seh@fsbhecblaﬁdaar&rﬁnﬁégtéﬁs of the MOS 25

transistorspgn tde SUbStrﬁtﬁetﬁﬁﬂrSQYmhﬁuEQGQhEE%gb%%B1%&e§&%d@dﬂéﬁ¥bu1t
transi stor, and a second groce35|n stage tQ produce a wi ndQw.in an oxide

| ayer under the 3%l §Eaimed| Enpelpafe ef Rd NpithE MOS; LZALSIEHOLfhE &by t he
Bol ycrystil L%Pﬁomstﬁaﬁf@nétaets wmehb_&&tglef tfhenaocontaumlmrllttyr Etlygjestor
cl\ain 5 wherein ngrgﬁ§ﬁé%g?§%§ré%cggéa %:%%%F@ %Pﬁtig geé? one
conductivity typwhénenndthe bipobatr &ransfisthe dspoonst raetadctiniat wetlyipe,
15 of the other conductivity type, which comprises the
collector of the bipolar transistor, disposed in a well
of the other conductivity type, the bipolar transistor
being constructed simultaneously with the construction
of the CMOS transistors and by the same processing steps
20 as required for the MOS transistors of the CMOS
transistors which are formed directly in the substrate
except for the addition of a first processing stage to
produce a bridging base region between two regions,
equivalent to the source and drain regions of the MOS
25 transistors in the substrate, whereby to form the base
of the bipolar transistor, and a second processing stage
to produce a window in an oxide layer under the
polycrystalline layer at the bipolar transistor whereby
the polycrystalline emitter contacts the base of the
30 bipolar transistor.
9. A method of manufacturing an integrated circuit
as claimed in claim 5 wherein the MOS transistors are
CMOS transistors with wells of one conductivity type
formed in a substrate of the opposite conductivity type,
35 wherein the bipolar transistor is formed in a respective
well of the one conductivity type simultaneously with
the CMOS transistors and by the same processing steps,
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35 wherein the bipolar transistor i's formed in a respective well of the
one conduct|V|ty type sinultaneously with the CMOS transistors. and by t.he
same processing steps, - 11 - the bipolar transistor fabrication
HvoIV|ng the addition of two masking processes and one inplantation
process which serve to conplete the constrygtion of the bipolar
transistor's base region and to obtain_contact.5 -, between the

polycrystall|néhﬁquﬂﬂ44£n§§§ﬂs%ﬁﬁp¥hQaBEEEaFéBPohnvﬁbV1“9 thea nethod of
manuf act uri ng a@ditticgl B ctwo rmaskivgbptaoésskkyand drécinplaneached with

e i bESURTIAN S Y E0 ot a1k spe cpans oL 06362, Bl

30 35 bipolar transistor's base region and to obtain contact

' 5 between the polycrystalline silicon emitter and the base
region. o '
10. A method of manufactur1ng an. 1ntegrated c1rcu1t
substantially as herein described with reference to the
accompanying drawings. '

10 11. An integrated circuit made by a method as

claimed in any one of claims 5 to 10.. '
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