-1- ' 2197127 A METHOD FOR FABRI CATI NG A Bi CMOS DEVI CE
This invention reI ates to a nethod for fabricating a sem conductor device
,-Wi th bipolar transistors and N and P channel MOS field effect transistors
on the same Si substrate. A sem conductor device whi ch has bipol ar

transi stors and CMDS 5 transistors is generally called as a Bi CVMDS devi ce.
- A nethod for frabricating a Bi CMDS device on a Si substrate of fqi r?el
conddct i vi ty, is disclosed in, e.g. US. Patént No. 4,503, 603. ]69 2071
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(2) the second mask step makes the above masking layer over the whole
20 substrate after the first mask and leaves the masking layers of the
emitter region and collector contact region of bipolar transistor and
the gate region of P channel MOSFET and the part of source and drain
Y adjacent to the gate and the contact region to provide the back bias to
the substrate of the PMOS FET and the NMOS FET region; (3) the third
25 mask step masks against the ion implantation to form the base region of
the bipolar transistor and the source and drain of the PMOS FET, and the
contact region of the substrate in the first conductivity:; (4) the
fourth mask step masks against the ion implantation to form the
collector region and the emitter region of the bipolar transistor and
30 the contact region of the substrate of the PMOS and the source and drain
of the NMOS; (5) the fifth mask step provides ion inplantatibn for the
source and drain of the NMOS FET adjacent to the gate to form the
channel region; (6, 7) the sixth and the seventh mask steps define the
electrode and the interconnections; and (8) the eighth mask step
35 interconnects the pads after masking the passivaticn layer to protect
the surface.




- 2 - Thus, with the traditional nmethod, (1) there are problens of. unstable

t hreshol d vol tages caused by the non-uniformdistribution of inpurity after
successi ve etching and oxi dation processes because the gate-insul ator of 4
the CMOSFET is covered 5 by the second nitride | ayer as a mask agai nst the

oxi dati on processes, (2) there is the didadvantage that the electrical

characteristicsygfg} b&tﬁ@gqﬁdqggo,ﬁqn&é%EEd by the condition of the <

bi pol ar ‘transistor fabrication _process,.. ) many mask steps are needed,
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to mnin zeftthe MOSHETS ard comtrolied by thal condihioniqfe the Mippiar wegrsistor
fabricatiog,gfiacBh eddccording to this invention there is provided a
met hod for 20 fabricdting a Bi CMOS device, in which said _device has a Si
substrate of a f(B) SRR OMRRIEEAS §TE MefAPdh WhHdre 1 sionoimpdgntatipp siss

substr atx pegfctrimeal adiis esrandy wondomiroli €he tRreshold RR1BEGd bANMeSHYS aAd

second sub te region of said second conductivity for a.first MOSFET
havi ng a s%é%é:rgﬂﬁ 5P h aﬁ‘f’u?%e%?ﬁ é‘P“%gﬁguﬁi P?{Et'“aw?ﬁlﬁg \ﬁiﬁeﬁ a part of
said Si 25 subsfthatabjesttaf bieif dnventibn iw twoiplevides ecoethoO&RET whi ch has 3
source and gdf,Af LV Vg [ steps of:- (a)
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providing a masc% ng" I'aags-e?or med E‘sﬂ‘g%l rsa%S %i@%egfé};g?é gﬁﬁ é?%ﬁl tride | ayer
over the SiEnsuliatora<e the gatesiiedspknicr pLithe; CMISFEBr ovi ding a mask over said
masking jgyer tanBBede Bbsedt! SF (t¥hs ShveAPIGH is 'RObAViAB: FReREY Wwh&h r €9 on
of the bipolar, transistor, agéj t he source and drain of the second MOSFET,
and the coRPaRkes, 3% FoRFralnet thesthreeheddr voltages of CMPRFESor ti ons of the
maski ng | ayer wa furthee owjectestk elisldniventioheis ttepmi(ntinize3The number GE
renovi ng t ver e i , ro_ (elef f| .4 Seco | de | ayer
on the fi rg% g%%é?%aat%g %‘ge]éﬁrggfér%egg%{%égdﬂary%néf tE%é{qpcr%g\Ji?%L?? %%‘S@%a‘nd on the
second substr at crexding tmdnds inmpwentgionstivarer &s @rovided a method for
20 fabricating a BiCMOS device, in which said device has a Si substrats of
a first conductivity in which there is formed a first substrate region
of a second conductivity for a bipolar transistor, a second substrate
region of said second conductivity for a first MOSFET having a source
and drain of the first conductivity, and in which-a part of said Si
25 substrate is to be formed to provide a second MOSFET which has a source
‘and drain of the second conductivity, including the steps of:-
- (a). providing a masking layer formed by a first oxide layer and a
nitride layer over the Si substrate of first conductivity;
-(b) providing a mask over said masking layer to mask a collector
30 contact region and an emitter region of the bipolar transistor, and the
source and drain of the second MOSFET, and the contact region of the
first MOSFET; L ' : '
- (¢) removing portions of the masking layer which are not masked

during the step (b); y Ny
35 (d) removing the mask over the masking layer;
(e) forming a second oxide layer on the first substrate region
revealed during the previous steps and on the second substrate region
and on the Si substrate;



‘¢

*- 3 - (f) formng a mask on the second oxi de | ayer 'to produce a channel
stopper region on said Si substrate of the first conductivity and a base of
the blpolar transistor and the source and drain of the first MOSFET; (Q)
fenovi ng the unnmasked portion of the second oxide |ayer; 5 (h) ion

i npl anting through the region revealed-ig step (f) to formthe base, the
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nQw be desq;dsh ‘q{%t;)éyg\@hg[-e%npl e with 30 reference to the acconpanying
drawi ngs in whic Figure 1 is n view of a Bi CMOS fabricated in

accordance with tHedPPRAGENDAN %’H@eF YFreQver the sHbshater $&ESaskict i onal
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material i<

~ (m) depositing a gate oxide in the exposed gate region aft=r
remoylng the mask of step (1); . o

(n) providing a thermal treatment for activating the implanted

20 impurities and for increasing the density _of the oxide layer deposited
during the step (k); _

(o) making openings for the contacts of the emitter, base and
collector of the bipolar transistor and the contacts of the sources and
drains of the first and second MOSFET, and the body contact. for the

- 25 channel stopper; : : S

(p) interconnecting the openings by a conductor; and _
~ (q) forming a passivation layer and making an opening therein to
form a pad for wire bonding thereto. = . . : :

The invention will now be described by way of example with

30 reference to the accamwpanying drawings in which:- ,

Figure 1 is a plan view of a BiCMOS fabricated in accordance with

the invention; and .
.- Figures 2 to.11 are cross-sectmnal views of the process steps
used in accordance with this invention taken along with line A-A of
35 Figure 1. : : :
_ Referrmg to Flgure 1, the starting material is a p-type <111> Si
substrate 1 of a first conductivity with resistivity 1-20 A-cm. . It



substrate 1 of a first conductivity with res|st|V|ty 1-20 A-cm. It, -4-
shoul d be noted that Figure 1 represents a part of NPN tranS|stors and
PMOSFETs and NMOSFETs on the Si wafer. In Figure 1, there is a first N-type 4
substrate region 8 in which NPN transistors are forned, a region 21 in said
substrate 1 in which 5 NMOSFETs are fornmed and a second N-type substrate
region 9 in which PMOSFETs are fornmed. Alsg there are [err] channel

stoppi ng regi ons 24 outside a surface 400 of the substrates 8 and 9 whi ch’l

are to preverfhouhd heopatad Shat Figeem dcreprosentacn pars o WPetranshstarpeariangs
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I n accordanc n t s

Figure 1 and%i%h?)r%%:ssdg%gtﬂe%ésgof '121%‘;121' %‘@te%ng I"ﬁl_%dnélv& ‘?&E%vh blg e

expl ai ned. 13(ase regipnc30-f gfhf ARenings 300, o -é%yreh@oesnmm

oxi dati on WEtﬂ&@dafﬁlelf édneaw:f ap&se bnd Ngni Sters,UDA tia%beuﬂstﬁﬁtérs 48 NHYVEné N
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conventi onal quhﬂacd beh@apmwreetmgm54amﬁ the diaﬁyp:egﬁoml%naml thé
regions 6, 7 QLbidfi816, 585 dtedths MehERct SfrifBl FUAMS Bodlcd B SRICEAS:
20 56. An N*' contact area in the second substrate reg:.on 9 for PMOSFET,
which is to apply the bias for the second substrate region 9, covers
separately around the P* source 26 and P* drain 28. Over these
separated regions, between the source 26 and drain 28, a gate insulator
48 is formed. Opening 320 is for contact to area 58 and openings 322, \/
25 324 define contact regions for the source 26 and drain 28.

Figures 2 to 1l are cross-sectional views of the process steps in
accordance with the invention taken along with :line A-A shown in the
Figure 1 and the process steps of cmstructing a BiCoMOS will now be
explained. '

30 - After forming a- 8102 layer 2 by the conventional oxidation method
over the surface of the Si substrate 1 as is shown in Figure 2, a
" photoresist 5 is coated thereon and the openings 3, 4 for the NPN
transistor and the substrate regions of the PMOSFET are made by
conventional photolithography techniques and the N type implanted
- 35 regions 6, 7 are made after high energy ion. iuplantation of phosphorous
‘with dose of 10!2 - 1014 ions/cu?. S :

After removing the photoresist 5 used for_the mask against ion

inplantation, N type implanted regions are activated at about 1200°C in



mnth dose of [err] - [err] ions/[err]. After renmoving the photoresist 5
used for, the mask agalnst lon inplantation, N type inplanted regions are
5§ct|vated at about [err] in -5- nitrogen gas anbient and formthe first
N substrate region 8 and the second N substrate region 9 with a diffusion
dept h of about 2.5um A thin oxide layer 10 is formed on the substrate 1 as
~shoyn in Figure 3 after renpving the oxide %qyer 2 fromthe substrate 1. A
t hi n~ [err] 5 layer 11 is formed by conventidnal LPCVD (Low Pressure

Chemi cal VapornitEpesn gremmbienry and cforri the Eixatr N1gibstetenregiongs landethe
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| ayer 14, the lﬂegamhshemépten regiort 202 o.rnrrt}té]mbaseuﬁé&abé degior Bamsicht D8 ,
te source and dggdin l‘é,gl;jg U formthe
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second substr g 1&?9'»@‘:{1%11815% pMeE@d after etching the second oxide
i de etch mask 16, After this, boron inplantation
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20 maskmg layer 10, 1ll1.

After the growth of the oxide 1ayer 14, the regions except those
to form the base 112 of NPN transistor, the source and drain 114, 116 of
PMOSFET and region 118 that is to form the channel stopper, are covered
by a third photoresist mask 16 as shown in Figure 4. .

25 A portion of the substrate region 1 and the first and second
substrate regions 8, 9 are revealed after etching the second oxide layer
14 with the third oxide etch mask 16. -

After this, boron lnplantation is pe:formed usmg the third mask

16 and oxide layer 14 and the msking layers 10, 11l to mask against the

-- 30 ion implantation. This boron implantation is performed twice with
differing eﬁergy levels. 'Ihe first inplantatim is performed with high
dose at energy less than 100 KeV and the second is performed with dose
2 x 1012 - 5 x 1013 ions/cm? at an ‘energy level high enough to penetrate
the oxide 10 and the nitride 11 into the substrate and to make the

'35 junction depth about 0.5vm. The aheire proce_se sequence can be reversed.
The implantation with relatively low energy cannot penetrate the masking

~ layer 10, 11 on the emitter region 102 of the NPN transistor which is




the oxide 10 and the nitride 11 into the substrate and to make the 35
junction depth about 0.5um - The above process sequence can be reversed.

The inplantation with relatively | ow energy cannot penetrate the nasking ¢
| ayer 10, 11 on the emtter region 102 of the NPN transistor which is

-6- unmasked by the third nmask and the inplantation with high energy
penetrates it and the energy can be varied so that the boron concentrati@pn
of the base regi on under the em'tter regieré ¢an be controlled. Then as

shown in Figu ted with |L.ow 5 energy and high
concentration ang ,ﬁghe%l on | n%ﬁ an%%ﬁﬁf ?‘btr‘?téﬂ%ﬂ"dfr 91I TRy
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activated base region.30 1s formed Tn th regi The -

base regi on 38%i& layer ifdneFiqure Sy ﬁ@ﬁ“eﬂoblﬂasl oxideciayer Hépiof dmj has o/

hi gher concenpredicriibed Ricknaas . 0buk{rgy l&ﬁf@p&é@é@ phdey 1&{1%%% 102 so
that it is easy to.r ucethg base ré mg\ance and to 1 frpr.ove the ecti cal
E%‘C(ﬂ‘ f

characteri sti Yo, conseptratdon whigh anejeoranrer 11
by the conveninglaatedreegiahsoas 2dn Figh:eng drecaled acdﬂrameafwlthﬁlk&h&ﬁﬁli t he

t hi d | F. t

rei/(ra]aIOXIt hg sﬁ? acwd %e e St gs{i%ggeléiglr&ybqgwfa' %agygga % u%'& %ate
region 8, 9 ei—lﬁ@%&%ﬁlﬁg suryennding the NPN rtrgnsistor( ghmel)andl'ﬁen t he
second oxi de Hwee] dé\iic&b%r@‘biﬂ: TS, |§ﬁﬂarsﬁe0£nffd99£t‘? r?g?&%oo)d c?é

new oxi de 30 lﬁ ers 14 22a etched the th| cknesses 0

| ayer.. After ? said sapend, substaate.ilayer Scandy r |
- [er r] i ons/ilsor the aopﬂra‘tedrmiebyegi%nm tzbef@maemene Pirse suB¥erste

20 region 8. The base region 30 outside the emtter region 102 is deeper
in depth and has higher concentration than that of the base region under
the emitter 102 so that 1t is easy to reduce the base resistance and to
improve the electioal characteristios of t'he NPN transistor.

After removing the nitride layer 11 by the conventional method of

25 etd\ing the nitride without any msk. the thin oxide layer 10 is etched
by HF solution without any mask so as to reveal the surface of the
substrate 1 and the first and seoond substrate region 8, 9 under the
masking layer 10. 11 in Figure 5 (Figure 7) Then the second oxide
1ayer 14a and the third oxide layer 22 of Figure 6 beoane the new oxide

30 layers 14b, 22a etched by the thiclmesses of the first oxide layer.

_ After that, as sham 1n Figure 7, an As inplantation with dose
1013 - 1016 ions/cm2 is performed by using the above new oxide layers
14b, 22a as'a mask. The As inplanted layer with junction depth about
0. 3|lm in the oollector region 100 and the emitter region 102 of the NPN

35 transistor and the souroe and drain regions 104. 106 of NMOSFET and the
‘contact area 108 of PmSFET in the seoond substrate region are formed so
that the high emitter efficiency and the low ohmic resistance can be
obtained.

/



‘I 4b, 22a as a mask: The As inplanted [ayer with junction. depth about 0.3um
in the coll ector regi on 100 and the emtter region 102 of the NPN 35
-transistor and the source and drain regions 104, 106 of NMOSFET and the
contact area 108 of PMOSFET in the second substrate region are formed so
that the high emtter efficiency and the | ow ohm c resistance can be

obt ai ned. - 7 - An oxide layer 36 in Fi-gére 8 is deposited by the

al he
STride 38 15 de Z???S%‘g%‘fé? thégf?i". 35AFR H QBRI PhE ndliliBnes oo
coating 40 is t e oven dhe i face °£4%FHBSQ¥E§% Ipand Weﬂémﬂa dmal 5

phot ol i t hogr apiépoamiadebﬁll 8He @xi8d BEOKY APCRD bridhe fAkEH %oé&eE%énc’bH@u%ahG
i nsul at ors of NI\/DSF nd PNVDSF g?a fte,r this, the fourth photoresist “mask
4

40 is renoved 1$Pp ‘I"'v r SREOHEE oReiNg mde, By fhe eoVENtIg@ikness i s

1;( or rredhby Ey|5 lcpjmoﬁuhngnb;iwoandaétaﬁmgt of a&he]oxife [Gidr ghéglhdtfﬂfer %\I?D GNE&inG&He to
eep the sha 1044 0 ter and base o

transistor. r?%tﬁ eﬁﬁfgr%@essg %ﬁmpsné%ﬁ €mitter junctions are deep,
the gate oxi de | ay'dfsenchigg Q?an%thwfmarwamskOMest Texosted drryplasma

oxi dation prog@astndighte M&ewm ok
nitride 38 is toggré;?ent t he &gn%h of oxi_de protectlon O?y%% OXIde 36

and the 15 enid*igatisn a aHF‘RF s a&ér%@"’c’*@“o%? kaep shepshddes f or
the gate } mlsm:cjahena?f GePERSEE theneniVeBRIRE b of INEN Liazmiﬁeswlderﬁi Qg t hath

it is usefu or nakKi i g req enc transistor, whose enitter dept

is extremely &% Qgt&?ﬁaﬂed”ﬁi 'Fféﬁ long arfdeepy ¢ 9?%8?‘%%1
relatively dedpyers 458 ﬁa)santﬁeefémedthp ﬁnum&ivept&ﬂalekysbxn&sb:ﬂ@rb@é&e 20

ngﬁgggvirz tzi ?)éirt'gtﬁe gat%ﬁgﬁ%l at%%%%&?%&fﬁ% nﬁrti <'3f3c§r ﬁ%d

Mor eover, the tQcPrevent dthepgrawth of oxige mt:eegiqmosztheno:mdgu% a?ldl the
per formed bys tehec@kose o¥ ms&m&bﬁnﬁ;ﬁ éﬁ%ﬁ%ﬁ&%&&%séﬁf :A%he %%te

Thus, as sho | n F| ure the#{irr col I ect qQr cont act %ﬁ
emitter 50 of : ai g idegyi lé-u‘El%t“F‘ﬁ?’@tPE% teitadg
the contacts meﬁnr fbeedkmgg tmekhitgxas:: tiedhsiskdr whbse lehgtEaua ag

154 55 S bl OOl L ol 06 95 bt AR i
surroundi ng t relatiyetysleep, iz3ismbsaible forredhei fourkk phetarasist meskad® to be
20 formed over the oxide layer 36 without the nitride layer 38, and the
openings 42, 44 for the gate insulator of NMOSFET and PMOSFET to be
formed. ' _ o
Moreover, the activation of the As inplani:ed region 32 in Figure 7
is performed by the above processing steps for the gate oxides 46, 48.
25 Thus, as shown in Figure 8, the N* collector contact 52 and N* emitter
. 50 of NPN transistor formed in said first substrate region 8 and the
cmtactsSSfor feeding back bias to the PMOSFET and the source and
‘drain 54, 56 of NMOSFET are formed. The contact areas 58 are formed by
. q:eling the oxide outside the source and drain 26, 28 of PMOSFET
. 30 surrounding the regions 26, 28 and are formed in the second substrate
region 9. - : :

After forming the gate oxide layers 46, 48 as stated above, the
process steps for controlling the threshold voltages of PMOSFET and
NMOSFET can be made, if needed. That is to say, after forming the gate

35 oxide layers 46, 48, boron implantation with energy about 30 KeV and
dose about 101_1 ions/cm? through the openings 42, 44 is performed as in
Figure 8, and after removing the fourth photoresist mask 40, a fifth



region 9. After form ng the gate oxide |ayers 46, 48 as stated-ahove, the -
process steps for controlling the threshold vol tages of PMOSFET and NMOSFET
can be nmade, if needed. That is to say, after form ng the gate 35 oxide #T
| ayers 46, 48, boron inplantation with energy about 30 KeV and dose about

[err] ions/[err] through the openings 42, 44 is perfornmed as in Figure 8,

and after renoving the fourth photoreS|st mask- 40, a fifth phot or esi

mask 60 is formed over the channel region of the NMOSFET, and the boron

i mpl antation is perforned again and sequerimal Iy with energy about 30KeV

and dose abOFs!nWéist RSk (60 ik foinb& ovee"ME BRArNRE Fddibh ¢ ehe eBsEET, MBSk

60, a thermm r ment erforped tqg-activat,e the i npl anted boron and
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at about [er eheidy haomrbom ahardcslecatiout200l odsyen? Af ter this, the
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respectively. ?*5? ﬁﬁe fﬁ%%ﬁﬁéﬁ%e%?’%% mggk r%;hlé k2 %&eﬁﬁ gEﬁ?ﬁ"ﬁ&t
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col lector 52 bé\ﬁf the W%Hmé%&&%{! iégmfsma at G.soé@%@ecqrﬁdgzof

drain 54, 56 of N contact 58 and source and drain 26
PMOSFET, t he 2ERigfte ogtabms%r Qm%%emﬁss% Fhido the | treghlchyoLHReRE Afhe

Slh XE h phot ?r mwk NPBSFET afe 0CTS ri%ma&id +%55 volt %ﬁﬁct‘u’.b@lyﬁl ?Mtgr

phot or esi st nas LS ed.in vacuuma ctrodes

P ormod byt haare) RSy Fely RpSEegth BRAR Y i 'Pat il e fﬁmﬂs

col l ector ¥ GEtMetmsanfhenthe e:oneambpetdmgs&'qntlh@mblmtect 2Hdbags 30f
NPN t ransi st eg, t lﬂ;ﬁ%ﬁ-ﬁ‘e 1,U
the source e %%deﬁ#gﬁg%gﬁﬁ*ﬁectrod%fga%ha I‘gIQI’l deglegctro e /6 of
NMOSFET, thetbeé@ﬂvo@ltist 138 apd Bouree B&@l@wagﬁ'o%w@ BYOSFET ., thesehannel

region 9 andsw@eiomf&eef&eﬂea ¥hS5Haphg | WihgadR S2ktW Bhetickbsist
el ectrode 84 of "PMOSFET ar § oﬁ A passi vat|9on Igyer 86 of PSG to

protect the 3BT &4a%iaRE stemis formed as shown in Figure 11. 25
As expl ai 8l abov@ftéheheedixen ﬁ!-mtofedﬂstc:ﬁsmgs aeBO@IDBnd ALl e Adposited dm

docr oase i n PRESHY A ceohodbe, Ralh i ele rHBCAINE e by (EEBA T os®

vol tage by tHhs E:ugae Ifat the) coltecttlr ehegrode: 64 andremitties relectrode A8randr of
masks requirgg lFé,‘%idaEaé?% ﬁpﬁ:%&%si%‘i:& DRKESeREral Wi ¢ £blf e BudRkOS e

additionally reqw ormng the el ectrode and
bias to the substrate 1, the source electrode 72 and gate electrode 74

20 and drain electrode 76 of NMOSFET, the electrode 78 to feed the back
bias to the second substrate region 9 and the source electrodé 80 and
_gate electrode 82 and drain electrode 84 of PMOSFET are formed. A |
passivation layer 86 of PSG to protect the a.bove semiconductor system is
formedasslmin?igureu. :

25 - As explained-above, the method for fabricating a 'BiCMOS of this
invention introduces the advantage of a decrease in the number of
process steps, a decrease in the production cost and a stabilization of
the threshold voltage by the clean gate oxide. Through the minimization
of the mmber of masks required, only total of 8 masks are necessary

30 which include those additionally required for forming the ‘electrode and
revealing pads for bondmg after forming the passivation layer and
ariother nask ‘for the process for eontrolling the threshold voltage.




reveal I ng pads-'for bonding after form ng the passivation |ayer an

fmask for, the process for controlling the threshold vo’M

1 A net hod for fabricati ng a Bi CMOS device, in which sa mm’mmm
substrate of a first conductivity in which there is fofrmet & fiors
substrate region of a second conductivi#y for a bipolar transistor,

sec@ﬂd substt g .r egi on of said second conductivity for a first I\/DSFET 5
haviig a sowFee—and drain of..the first conductivity, and in which a part of
said Si subdtratd mathed fer £abricating prBIGYEE dewieeoris WOSHET: idhietichasan

source and drei ruebtidie éﬁ(‘aoﬂﬂr&OE&&tﬁthhtd ih %kaf'tﬂsré he ﬂrﬁ% aofsu;éa)

providing a first oxide [ayer nitrid

naski ng | ayer forned
| ayer over CHeS W3t uﬁ%‘ﬁf’ﬁt%ﬁ stq"PP tcoeevﬁﬁmtm a(bG?OJf?ffo‘Jﬁﬂsﬁgt%Frnask
over sai ]gl rrﬁédmnagbims&thté Q-a@@:t&koa €ild esdona @&f&;@@ix@'&?%&”aﬁl@ﬁ@b@f’t’ft gr
region o gl ar tran or e source and drai e secon
Vet ot g sy Skl of et Fist osBedMirs, nd 1 pb{S Srpging
portions of of heaidasdkisupsteater isvtoche szerrﬂmn:or’mhenie dusédopdt HoBF B‘I‘&rhl(.b) (d)
(oML, L DRadRP SoRUA! abB%rIRR e ad WBlna LENIRIMOY AASSORT QKRS LY !

t's T f ﬁs a

on the firs strate region revea ur|n ép gvrous 3°n t he
second subsPftte region 20 and on the Si substrate (f) formng a mask on

the second oxi de (hfysovi @i 9dERiRy qaﬁ‘&?%bnﬁé@ & r ‘ﬁ@%‘. Q)Qf.@-‘n 18944 2l a

substrat e of thef rst conductivity base o ar ttansi stor

and the Pb?’alﬁd WL AVRR RS ls ?‘I“?Frﬂ)ESPETf”RSQ)C‘?@HB%%%Q! t he unnmasked
portion of the sebpnstovidite hawk o said maélh])ngl Diyelrnpd aBbik RYcbimueh t he

regi on reveal ed in ste m t he, bas urce, drain and the
channel st oﬁ%rgtrac FebToy ‘%‘T‘% aPe%gE% r?ﬂ’e°%8gkth§nglﬁ°g‘faﬁ1 YN8 SRF r ARG Fife
| ayer on t heoymng end irehowf tae deoursk MOSFETayand &he conhadt zagemsdf the

activating ghed | Dﬁéﬁg{ted I mpurities; 30 (j) performng ion
i npl antation on the collector contact and enmtter of the bipolar transistor

and a corfPact redFdrFEPVinEPPFEions sk masling dagerwbictange doki masidt he
second MOSFR{ritgt She rsggng)g t he masking |ayer therefrom (k) dep05|t| ng an

oxi de | ayer over épergng"lsﬁgr %}13 %léf;face

over’ the masking layer;
(e) forming a second oxide layer on the first substrate region
revealed during the previocus steps and on the second substrats region

20 and on the Si substrate; |

(£) foming a mask on the second oxide layei' to produce a channel
stopper region on said Si substrate of the first conductivity and a base
of the bipolar transistor and the source and drain of the first MOSFET;

W, (g) removing the unmasked portion of the second oxide layer;
25 (h) ion implanting through the region revealed in step (£f) to form
the base, the source, drain and the channel stopper region;

(i) removing the mask and forming a third oxide layer on the
region without said masking layer and simultanecusly activating the
1nplanted impurities; _ :

30 (j) performing ion mplantatlon on the collector contact and
“emitter of the bipolar transistor and a contact region of the first
MOSFET and 'the source and drain of the second MOSFET after removing the
masking layer therefrom;

(k) depositing an oxide layer over the substrate surface;

35 (1) forming a mask and removing the oxide layer on the gate region
of the first and second MOSFET;



35 1) for a mask and removing the oxide layer on the gate region
n%@ond MOSFET; - 10 - (m depositing a gate oxide, in

of t

t he m on after renoving the mask of step (1); (n) providing =« 1
at tredt nent for activati ng the inplanted inpurities and for

increasing the density of the oxide layer deposited 5 during the step (k);

(o) meking openings for the contacts of™ te~enmi tter, base and col | ector {f’

t he bi pol ar tran$m}stdelpoaruingrm qreatauits iof thélee;@osﬁcrgatcariégwraaﬂsezof t he

first and s I\/%i: dy contact for the channel stopper; 10
(p) mtercog%cqnﬂ p%glgng? ‘a conductor; .and (g) forming a

passi vation | ayet(nhmtqvathmaame@mhltmgammfor act fvat ima tpadimpdantedr e
bondi th I I d
ondi ng erirrﬁée\%-ltﬁ.a andAféPariﬁ@tl‘éaﬁmf £Rb rH’e‘i'\bth' of B{é*b;udé"%‘égﬂzc Beﬁoél‘t&{ihog

|l ayer is fo oxI d ayer  after the step (kK
as cl ai ne@ f¥ricakh® B%A WHifch the ion inplantation is performed for

adj usting the thr(em@hcingcdﬁ ARE 8b# thetdMated of Mhe dmitterA HEBENAM as

claimed inclgaim3 i id iron.inplantation- roceSS|s rovi ded
adj usti ng tﬁ%la]t‘?‘ff‘ 5?‘& \AQ‘% lt?% Sransist éEﬁh aﬁ Iﬁ?gbgih—%% OULGRT ?ﬂ‘i i on

i npl ant at i oardis aﬂjtuﬁat E£bgst Bad tseceashubSFEI) amd ttagebcﬁfj EIMBSEE Eorsthe
thereafter oceis s A net hod of fabricating a Bi CMOS device
subst anti al n Hescr.i bed’ W|th reference to and as shown |n t he
acconpanyiiong dr amphgmterconnectmg the Openmgs by a conductor, and

(q) form:.ng a passwatlon layer and making:an opening thereJ.n to
form a pad for wirs bondmg thereto. O
2. A method as claimed :in clann lin wh:.ch a nitride layer is formed
on thé oxide layer after the step (k).
15 3. A method as claimed in claim 1 in which the ion implantation is-
perfomed for adjusting the tnreshold voltages after the step (m).
4. A method as claimed in cla:.m 3 in which-said ion implantation
process 1s prov1ded for ad Justlng the threshold voltage of the NMOSFET '
and the: PM)SFE’I‘, and the ion nnplantat:.on for adjusting the threshold
20 voltage of PMOSFET is thereafter. processed. '
5. A method of anrlcatmg a BlC'VDS device substant:.all_{ as h«=re1n
descrlbed w1t'h reference to and as shown in the accorrpanylng drawmgs.




