;jﬁ ke3eli|"V6TEJ - 4 J U N 2003 METHOD OF FABRI CATI NG A POLY- POLY CAPACI TOR
«WTH A Si Ge Bi CMOS | NTEGRATI ON SCHEME DESCRI PTION Field of the | nventi

The present invention relates to BiCMOS (i.e., bipolar and co@‘ten’i&Naﬁdﬁs
‘met al oxi de sem conductor (CMOS)) technol ogy, and nore particularly to a

met hod of fabricating a polysilicon to polysilicon, ssdsdsi.e., poly-poly,

capaci tor integrahggyhp Gry ATIRGUA YOIV PORS CAPACTTOR WiTH
Background of the “Fmiventron i EVI CE

manuf acturi ng, CMOS and Bi é«&gm ' mt Deet y used for

I ntegrating highly conplex anal og-digital subsystens onto a single chip. In
such subsystens, high precision capacmmpi cally required. Several

types of capacitors are presently aﬁmi?glh% ¥| ngldigl ng diffusion-poly
capacitors, poly-poly capacitors an = apacitors. In order to
nmeet the demand for high precision capacitors in today's generation of

I ntegrated dew 5 I Ve | ' nihgﬁd-
Despite its h?’l'é}ﬁepgcr:sgéﬁ:fl)fg?é%rﬁfﬂnﬁego 36‘?(1)@8{6&% 'géﬁﬂg?‘ﬁi%gags@g%%lr‘%%%e et ween
hi gh cost and oxitiaemicam@ation (CNIDS) pretividledy, sisd moreqsariidulardy foel mkihogloy easy

to construct, and has electrical characteristics that are better than

di f f usi on- pol yalugssag apolysilisgn to pelysilieen, éF e pelyiiok. capasitar indgaraed sathag

netal -nmetal c [ | -nmetal capacitor is much nore
difficult to ﬁ@??ﬂ%@@%ﬁ@n ﬂ”&gﬁngﬁ%’& y capacitors. Moreover, poly-poly
capacitors are known to have a nore linear V-C relationship than MXS (i.e.,
di ffusion-poly) capacitors. The dielectric for MOS capacitors results from
an oxide that is thernally grown BeekgreundiofiheInyeion diff usi on region. In
contrast, the

In the field of semiconductor device manufacturing, CMOS and BiCMOS
technologies have been widely used for integrating highly complex analog-digital
subsystems onto a single chip. In such subsystems, high precision capacitors are

typically required.

Several types of capacitors are presently available including diffusion-poly capacitors,
poly-poly capacitors and metal-metal capacitors. In order to meet the demand for
high precision capacitors in today’s generation of integrated devices, poly-poly

"
capacitors have been increasingly used.

Despite its high precision, a poly-poly capacitor is a compromise between high cost
and ideal capacitor characteristics since it is relatively easy to construct, and has
electrical characteristics that are better than diffusion-poly capacitors, but inferior
electrical characteristics to metal-metal capacitors. However, a metal-metal capacitor

is much more difficult to fabricate than are poly-poly capacitors.

Moreover, poly-poly capacitors are known to have a more linear V-C relationship than
MOS (i.e., diffusion-poly) capacitors. The dielectric for MOS capacitors results from

an oxide that is thermally grown over a highly doped diffusion region. In contrast, the
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- '~~ U N 2003 dielectric for a poly-poly capacitor is generally a

.-deposi ted chem cal vapor deposition (CVD) oxide and reliabil-it yJUN %DUQ
requi renents cause the resulting oxide to be thjcker than can be reallZed
‘with a t her maldigJetaie formpelpmelyecapac i iy censipdlyiatdenetited phemical ¥anor depesiti@is u| ¢

for MOS capaci ; - I Vakhl h of
form ng poly- F;Wégﬁ@%p%ﬂ;ﬁa@ﬁ@r&ﬁ@?ﬁ?&nﬁé@%ﬂegeﬁgﬂk ?%é@éhg)lcﬁe tgﬁgelg@?n
sui table for igheghedlized wihtdthBintdVoRide! Thefefore highdtRAPsoitahe VAIEW geherall9

Bi CMOS integration problemw th prior art nethods, there is a continued
need for develrepiltipr MO8 wapagitoss vipakytdapatitofs. f abri cating a pol y-poly
capacitor utilizing existing polysilicon |ayers and maski ng steps enpl oyed
in conventional Bi CMOS processes. Specifically, it would be highly

beneficial if ; j NaTa? . '
devel oped in vﬁtc tg? ﬁgrlg%%%g@nbgfgtfgﬂg? @tpﬁgl %oggg@ﬁ&cgéiﬁ%%%\y&@%s? P g‘r?nr %rt gate
of the MOS tr ansthedsare nanshitablerfor intdghationop thpBEIMOSfpro¢essing peleiniedr Ivaisw

formed fromthe base re%ieion of, a heterojunction bi gol ar, transi stor. Sunmmary
of the I nvent i¥kheRICMESSategtiop peoblera ¥t Prior R MetAds, therg s ortinkedngsgt hod

of fabricatin = i | i at ed

ci roui ts ¢ hat ToEIREIORIEE o BREGhixBed Sl Br tbrChL Ehol i B AR
present i nventitidizirgsexiningpoisiliton layeishmd nudskingstdpa empldyed itcankutigl y
capacitor utilizing existing polysilicon and masking steps, thereb

achi evi ng t he BiRMGP arecsasest Speréligadlyyit weonid beliakly bsnefigialdf amst devi ce
2 o or duidbe B FRhRlr S4B SR Bn WAL BRI g BERY O

a met hod of fé%rf
structures thajapadiforiwapifeimddyfrdth @ Gatef ity MO Rardaitea, Md WhareMIbe tapaplatesfor
and Site base structure of the bipolar transistor in a Bi CMOS process.
These and ot hdhe eanasieswaniormed amdhe basgrregian Bf & helgrajynasion bipalgrgransistor.
inventive nmethod in which the lower polysilicon |ayer of the capacitor is

formed during deposition of 2 .~~ a N 2003 -3 the CMOS gate el ectrode and
the upper Site polysilicon |ayer ofuhf@ncelBeidventiors formed during the

grom h of the base region of the Site heterojunction bipolar transistor.
Broadly speaking, the inventive nmethod thus conprises formng a |lower plate
el ectrode of @Omodhipctiof theagrassint twventioni indp propisisiatmethod b fabrjeatmgal paly-polie of

a CM>s transistor:. and form n Site plate electrode durj.n row h
of a Site basdupujioniorgisein (ias oy HRADS sttt fis it il complicede) |y
and in a fi rstex?gmw.nent of the present invention, the inventive nethod
conprises the steps of: (a) formng a first polysilicon | ayer over a

:portion of an isolation region in a device region in which a poly-poly
capacitor is t formed..and in.a CMOS.transi.qtor vice region. said
Frrat polysi | 1SniBerbudtt pr Mot Recion it 3PSrabE maid Egneitdfiing es o
gat e el ect r odeyolf-p6iicpsduoPutiliANS Exibtig pdlydilidodraid MaskingSteps| theleBE asHiISERE S
about said first polysilicon layer in said polg.-é)ol capaci tor device

regi on; , the integration of the poly-poly capacitor into a BitCMOS device at a low cost.

A yet further object of the present invention is to provide a method of fabricating a
poly-poly capacitor utilizing steps and structures that are typically used to form the
gate of the MOS transistor and SiGe base structure of the bipolar transistor in a
BiCMOS process.

These and other objects and advantages are achieved by utilizing the inventive method

in which the lower polysilicon layer of the capacitor is formed during deposition of
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(c) depositing a nitride |layer over said first polysilicon |ayer and said
first nitride spacers in said poly-poly capacitor device region; (d)
implanting ions of a first conductivity type into said first polysj)li ﬁﬁ
’layer so as to forma |lower electrode of said poly-poly capaciton}U@LQ 3
renoving portions of said nitride |ayer3so as to formsecond nitride
spacers and to expose a portion of said |ower electrode; (f) formng a film

stack on tié CMIBS bats 2ledtroddatle DOPdriSCe phlySidicen |.9¥EsT tBE eatidblas feraied il m

stack conprising an oxide |layer, a second |ayer of polysilicon and a |ayer
of Site; dugngithepgranth akthe base region of thecyitre bieteenisndatipntypalyrjeansister. Breadly

different_fno aid first LVity t ] said |layer of Site and
sai d secoReis IR By iR ARRERSS bohtest KRRLEA T sl BeFloRigrd iy S o
and sai d peeccupdcitaryiaring depuitionsdfla gaeelsdirads of @ CMOR tRRsiHRRahdgbesihs ade of
said poly-poly capacitor, and (i) saliciding all exposed surfaces of said
upper el é@p?ro%‘@.e plate glectradejdugng growth afta SiSiebascggionax athsterejpastiondripdessi ng
steps ar FfraH?igt%ri n form ng a high capacitance pol y-poly capacitor.
Alternatively, ‘a patterned protective nitride |ayer can be fornmed on
portions of the exposed upper electrode prior to saliciding the structure.

In accordance with the second enbodi nent of the present invention, in which
a hi gh volregifigalgpané & ¢ drst gmbpdimenhef the prrsentdnventian,dhe Jwgntiysrethed on

conpri sesg, fx{ﬂﬁsésttﬁ9§tegs () forming a first polysilicon [ayer over a portion
of an isolation region in a device region in which a poly-poly capacitor is

to be foraed domning adirfiNobystlicondayer overdepdrtien oL ivolatismtegidn insatdepireysi | i con
| ayer in said, S transi stor device region conprises gate el ectrode of
sai d ovoseslplaﬁswgtcbra;poésbyolwﬁm%f@r fitp e Tomneel and g Estptorgleyiges i r st

pol ysi | i (6 i: 5 i : i qn: siting
O tri aaopg R o A i taYerR i CIOS R e FeBRRTAmoE S} £ERE 1
spacers letgcande of sid GMIOS yrapodtyr; capaci t or device region; (d) inplanting

i ons of fir conductivity type.into.said first polysiligon |ayer so a
o Form 201 ondPrERErai g Foackontl i) poliiftat e St s3RBRRRIE 2 Fi Fm
stack on c&ﬁacﬁt@ﬁéévi@@degioﬂl tride layer, said filmstack conprising an oxide

| ayer, a second |ayer of polysilicon and a |layer of Site; (f) inplanting

i ons of &Ckecdposbrgivpitiide layeropgesaith st aplysidicen yemnandfseshiitshiigride r st
conduct i vi VRE: J | I ite. and said second | ayer of

pol ysili 58%‘9;&32léggglgtﬂcglﬁﬁégact%%%gfie‘gé? %gfoglyer of Site and said second |ayer
of pol ysi(ll) conmpinéifg ichsfogt frarotdpeivitg kgrtinodeidirssdlosi Rnylapa|sy as to

capacit Orf;orngjl arl]cliower electrode of said poly-poly capacitor,
(e)  removing portions of said nitride layer so as to form second nitride spacers and to
expose a portion of said lower electrode;
€3] forming a film stack on at least said exposed portion of said lower electrode, said
film stack comprising an oxide layer, a second layer of polysilicon and a layer of SiGe;
(g)  implanting ions of a second conductivity type that are different from said first
conductivity type into said layer of SiGe and said second layer of polysilicon;
(h) etching at least said layer of SiGe and said second layer of polysilicon so as to form

an upper electrode of said poly-poly capacitor, and

@) saliciding all exposed surfaces of said upper electrode.



4 J UN 2003 (h) saliciding all exposed surfaces of said upper electrode.
As is the case in the first enbodinent, a patterned protective nitride
Iayer can be forned on at |east a portion of the exposed upper el

*prior to salicidation. It is enphasized herein that the doped‘ d§§ﬁ|§ﬁ§3
of polysilicon serves as the |ower el ecdrode of the inventive poly poly
capacitor, whereas the doped Si Ge | ayer together with the doped second

| ayer of Iplnesid thene siyvepracesdig bippedre abRChIfogengh higtecapadivanpebily-poly
capacitor. brief Description of the Drawings FIGS 1-9 are cross-sectjonal

vi ews of capgsétoy- {wmgna@mim naéﬁerrteﬁrpwgﬁlwméeéay&r erelssiorged pr partigaedl i n t he
first e”’?ﬂé’é{l&%@éqﬁg }Ql%ct%(fegﬁbtr% Q%f% gﬁle sfh&rel 0- 11 show an opti onal

processing s ective nitride layer is enployed in
the first enbodlnent of the pr esent |nvent|on FIGS 12-19 are

cross-sectional views of a poly-poly capacitor through various processing
steps usdB apgprdanse sathdhe serp amﬁeﬁttmeaf Offﬁépﬁﬁs%éﬁ‘fwlﬁ%ﬁtw}whah‘lgés 20- 21

show an %‘ithgé‘ dé%ﬁ?? 'd“ﬁhe?ﬁeﬁl? %ﬁé@h&s&t ehﬁ&?@&n@’is%&%&tétééﬁ Jp tride

| ayer is enpfo inthe secon nt o ent 1 nventi on.
Det ai | ed (E)escrfmpﬁmgm fﬁﬁt pohgsilicondager onerldgorfioe s art 1sollauemtdgmn inwhdegtrepr ovi des
a net hod of, fabricat a pon pol y cgpgmtor mtegﬁg@gd with a Si G Bl CMOS

process, TGBIPR IhiC & robsepbisabadiior o be dermed mgdjandyn a H3gSIE9T dEMCr awi ngs
tzggg aCCQQ@@H%afd%sPﬁcﬂ?ﬁmonaigpér iff il ¥MOKtran 5ioit He e RIGELomprises fgate U N
electrode of said CMOS transistor;
(b) forming first nitride spacers about said first polysilicon layer in said poly-poly
capacitor device region;
(c) depositing a nitride layer over said first polysilicon layer and said first nitride
spacers layer in said poly-poly capacitor device region;
(d) implanting ions of a first conductivity type into said first polysilicon layer so as to
form a lower electrode of said poly-poly capacitor;
(e) forming a film stack on at least said nitride layer, said film stack comprising an
oxide layer, a second layer of polysilicon and a layer of SiGe;
® implanting ions of a second conductivity type that are different from said first
conductivity type into said layer of SiGe and said second layer of polysilicon;
(g) etching at least said layer of SiGe and said second layer of polysilicon so as to form

an upper electrode of said poly-poly capacitor; and



that |ike and corresponding elenents are referred to by |Iike and
correspondi ng reference nunerals, Furthernore, in the draw ngs_qf

" present invention, only the capacitor device region of the BiCN%Bkygslzgoas
shown. The CM(B) sahididingal expodel/surfacesofi saitbyppeheletiradee not shown in the
drawi ngs, are fornmed in regions that are adjacent to the capacitor device
regi on shown in the drawings. Reference is first nmade to FIGS 1-9 which
illustrate theAsfiQ

; . ! C o - o "
vari ous proced Miawsph e SiseboafRARd bARERRE AR HiphRARGLRp b M
i nvention. Spgginhddéd Atleasth Forionlvd e éxﬁ)@_sédlipgi tledtrde priorité SdlicRRtival | i con

| ayer 14 over a portion of isolation region which is forned in

sem conductor substrate 10. Sem conductor substrate 10 is conposed of a
conventi onal m conducti.ng. . rdal incl uding, t not limted to: Si, Ge,
Sre: Ganer 1 RS crtmaik RS TR i tonel i Tang st R efon ks P oS e o
substrates SUGHecRdSLS e iffentivé PoIFEHoRf EapatRa, ﬁfﬁé‘n‘é%h%ﬁ@d §ﬁfeq'aﬁert ethdrese
sem conducting materials, it is pfeferred that the sem conductor substrate
be conposed ofwiSi the Thpedscondlagecifqolysiionrsatve asray upperalgoirde of thelpoly-polg or
a n-type substrate depending on the type of MOS device to be present in the
final B cMoS SPPHMPhre. The isolation region may be a LOCOS (| oca

oxi dation of silicon) region or a trench isolation region, with preference
given to a trench isolation region such as shown in FIG 1. Wen LOCOS
isolation is enployed, conventi @nief DexdrifgionhofitherDeessss wel | known to those
skilled in the art are used in formng region 12. On the other hand, when
isolation region 12 is a trench isolation region, such as shown in FIG 1,

the isolation ' J | 2l i lndil ny,
et chi ng and tr%ﬁgﬁc??{eﬁ?%ggeg?oﬁ%g%gﬁg Or %?’%"3&%@%‘?@@%@# a}rl{)a%%}%gés&g%

i ncl udes convatdps asal inphofiss smbodialent afheprdsenttihvetionki | led in the art, a
detail ed description concerning the sane is not provided herein. First
polysilicon |ayer 14 which will subsequently becone the | ower electrode of
t he poly-poly i ' il I L O il
be used in thg(i %?gg 1(}25{&19@3653@3%1%%@&?%@5&5?3% ec%1 (}o %rﬁgc} b%?%ﬁ/ggggémvi ce.
First pol ysil ilayenid agploydddinithe first embodimenhef the @ss3st invangioh) on utilizing a
conventional deposition process 6 - ~J U N 2003 including, but not
limted to: chem cal vapor deposition (CVD), plasma-assisted CVD,

sputtering, c LG3l a]algn! i Ll { L It

processes. ThgqgﬁﬁgkﬁégéHﬁkggﬁgﬁpgﬁg%wggﬁ@@QY?%gﬁ%Pé%EEﬂ%ﬁggggéyﬁﬁbut

typi cal | y the prodessing steysused dwthel say@rd enstsodamenti of kiepresent ifventiorabout 500 to
,about 5000 ~, with a thickness of from about 1000 to about 2000 A being
nore highly preferred. Next, and as illustrated in FIG 2, first nitride
spacers 16 ar FyIKE i by o A :

Frret miiri de anscord SRR drfitntjraesRol Kb okl » ifmeFBRRIARE fltite
previ ously forayedif émplbyquhinytbe écond embgdimeniTofthe ipresentrinventide. spacers whi ch
are conposed of a conventional nitride material such as Si3N4 are fornmed by
a conventional deposition process such as CVD, plasna-assisted CVD and

ot her |ike deposition processes, followed by |ithography and etching. The
etchi ng process enployed in formng first nitride spacers 16 is a
conventional etching process which has a high selectivity for renoving
nitride as conpared to polysilicon. FIG 3 shows the poly-poly capacitor
structure after form ng second nitride |layer 18 over the structure shown in

FIG 2. Specifically, the secon ey L aver cis, £.0r over first
polysilicon layer 14 and first Deflie Ser c@%@%ﬂa TTT i ng a conventi onal

deposition process which is the sane or different as used in formng the
~first nitride spacers. Mreover, the second nitride |ayer may be conposed
of the same orll§imespbipvenions whtchgueridesa mgthedof fabgicatiag 3 pelyfolseanacitern de
spacers. It i Lkl - -t r t he
adj acent devi z"é{ég’?gﬁq‘o‘;ﬁ@%ﬁ@%%%@%s% i ‘gﬁl ‘L‘%Wﬁi‘éésg’é?‘é;‘f‘é’o‘ﬁ?@c&a%aﬁ% or.
Wth the secongfeniig fodBe hawnefigs thatRicdGBparyths pekert applicatios OMduesId\betnotddy pe
(P- or NNtype) 20 are inplanted into the first polysilicon |layer so as to
form|ower electrode 22 of the poly-poly capacitor, See FIG 4. The ion
i npl antation used in formng the | ower el ectrode of the poly-poly capacitor
is carried out in a conventional ion inplantation apparatus which is
capabl e of operating at conventional inplant energies. The concentration of
the dopant ion used in this inplant step nay vary and is within val ues
typically used by those skilled in the art. Mreover, the type of dopant
ion enmpl oyed 7 - ~J 1~ N2003 inthis step of the present invention is
only dependent upon the type of device to be fabricated. In accordance with

T . o




Polysilicon layer 34 of filmstack 30 is fornmed utilizing the_s r
_different deposition process as used in formng first polysi Irctgg‘j,ﬁ\}&ﬂu&

The thi ckness of Eolysrlrcon | ayer 34 may vary, but typically second
pol ysilicon | &gl eandwormspnmcbneelrcn@otsmerﬁemd tolhydike apfl correspondiogt 100 to
about 1000 A Si er 3 filmsta al so

f use for m ng
The Si 1o base NIEGRGAN eI te VRRSTETS. i it FVES PESE BHEMITv IR GGl
formed utiliz RSN [
limted to: u:c?@ﬂﬂp@ﬁxvacg@?n%lgrﬁem cal 0§?§3¥E3§%§3nt P@"ﬁ%ﬂ@&%‘ﬁlp Qllt ecul ar
beam epi t axy (bHE} regiapi ¢hicharemdt shonemiirc the drapings, dxeqsﬁmnbd imregORCAt areand
pl asma- enhanced, chem cal vapor deposition (PECVD). is noted that the
Site thi cknes3diRagntiQ e capyator HEdice Eegkvy Shopm;1p gie Qréwépgépecr fic thickness
range. Each of the aforenentioned deposition processes used in formng the
Site layer include the use of conventional conditions that are well known
to those skil lReger8nce is fifist tade b BIES 119nwHhibR ilfistrate kR furMatbh bPNBighay vary
depending on the type of deposition process used in formng the Site layer.
After i=ilm scapiitauceody-pelycapasitor throngly various progessing stepsasedsingcfirsbde, Site

| 36 and | ] 3
ot antat fon SroaRTuAbPERERR oMo St OEEE Sty RybBen of Aot ar e
di ff erent fromrétfpe iliceh 1 El4Wér%rﬁd?ﬂoﬁGfi@oﬂaﬁb'@fe%léiﬁlza%léﬁsf@rﬂﬁ@' ihi cal ly,

S
t he above nmenti onec?f secon |on i |'antation step i's carried out in a
convent i onal |Scm1q0n¢lll<a@lt%lb$tmﬁe &p ¢ratcaadwwrcﬁub$tmt@é@m0mmedypfeﬁ ating at

Chis Tt ant spByhtpns SehdoRieshgtoRelsiFReEhg tin St fiafied GERT g S 1"
dependent on ihast MR, Hﬂl’a‘i‘xﬁ%%hérmeéxﬁﬁoﬁﬂ%s‘énh&ﬁldhb&ﬁst mgréﬁéa ishbsgates! ayer.

This step of the present invention which fornms doped |ayer 40 is shown in
FIG 7. It is msatheas Sitfitor SUPEE draglsp camemlaecthﬁrtmnélf these sEmBiondudtinger 36
and second polysilicao 34. Mor eover, dope Q0 serves a e er

el ectrode of t”%"é‘?arﬁ/é i erﬁg{§1 'S‘Fﬁe’?i‘ a&r%t?}ysugﬂr%t%ﬁeaﬂﬁpmapﬁg Sﬁ?‘g and
second pol ysi lsexﬁ%nh@af&rs%bm&téwas»% agftym@&aafé GABE bitfshrbrela ?@ndiﬁ’é’@ﬂd

| ayer 40 (i. e., doped Site and Second pol | "'con layers) 1Is

subj ected to duntypaof M8 d¢w1¢d10@eam¢wnandheﬁnﬂrm§W&szm whi ch are
capabl e of patterning the doped Site+second polysilicon |ayer into upper
el ectrode 40 formng the structure shown in FIG 8. It should be noted that
during etchi ngigfisgiftfordepied nilyltR »SEoCcos (RSUaVé;hHétﬁﬁfbﬂ sﬁib%h%reémﬁﬁ)rfaftréd&ﬁ

underlying oxide |ayer may be-also be etched. Followi ng this step of the
present i nventijodatjontriegionpwish prsferengecgiven fo adrench igpdationaggion 4gch avshowa in

optionally su t her on | nrol ant.ation es§ Wwherei n addi.tional
second i ons a?eé rrpe‘gg?‘ﬂoleégg §elptien 1§ spRlo @Fe%an’ﬁ?fgo f?’“?% HORRIBEFSSHFHCL [hi s

optional addi tkhgRgho uraseé AalledinatBe Bﬁraresus%alrﬁ ﬁfﬁrﬁr’i%re‘éf(ﬁ' 12. 'Pihe doher M@hd,s hown
in the drawings) in the CMUS device region. FIG hows the structure after

t he exposed suwwheadsdatisin regionppea tren@bmlaﬂmm basbrasshowve ot B@ 1,dhe
conventi onal sallrtdr ctatrg 35 vg;(-irer n sali rde {tﬁ on, 42 s fordrred
therei n. The sl ﬁegg?‘b'c? Sand T R R R0 aicbna

anneal i ng t enpRhHk Hllﬂ\% FisteltheRsTmeBbh oRiREMAOA RegidiRSfclBddsicofi¢bntindthe art., 9
4 J UN 2003 FIGS 10-I1 show additional processing steps that may be

enpl oyed in t Ipsodesses tvelidmova to thask ekiped irethe artna/dcﬂallcﬂrdqscnptrort@ncermdwhﬁ ng
the salicidation process. %glac fically, FIG 10 shows the structure of FIG9
whi ch i ncl udessalﬂgt‘st’e? e 'ﬁ‘? %Yl ve nitride layer 44 formed on horizontal
surfaces of the poly-poly capacitor. The patterned protective layer is
formed by a conventional deposition process, followed by |ithography and

et chi ng. FI G Firsspayslicddaptrridovhicle wall subsequently be¢ome thh dovedraketmede bdthed
salicidation pr d .enbodi nent qf the

FIGS 12-19 sho ent
et RoREROLR SaBietIOR S Al darmetl iaths GO ARVIEs g d sl pe s e
througout 1 NENEK QU REAGRTSIESaIdRTroa ] eSO Grlch ArdbBhtieh pge:

pol y-poly capacitor devic pecr e processing steps-use

form ng the stldusfarned is tlmvpnesent EIvéBSrohartﬂﬁn@raecdndemiunabdiemmtrbhptoceksown in
FIGS 1-4 above. Instead of etching the nitride |layer as shown in FIG 5, the
nitride layer in this enbodi nent of the prgsent invention is not etched and
filmstack 30 is formed thereon utilizing the processing steps nentioned
above so as to provide the structure shown in FIG 16. FIGS 17-19 are
identical to FIGS 7-9 with the exception that the poly-poly capacitor

i ncl udes second nitride layer 18 therein. FIGS. 20-21 show an optional step
of the second enbodi ment of the present invention wherein a patterned
protective nitride layer is enployed. Wile this invention has been
partrcularly shomn and descrrbed mnth respect to preferred enbodrnents

o o, o o —— - o, 1 "




10 . ~J UN 2003 W claim A nmethod for fabricating a poly-poly capacitor—
. integrated with a Bi CMOS process conprising formng a | ower pl@t?UNg%)de
of a poly-poly capacitor during deposition of a gate el ectrode of "a

transi stor, anfclpding b nahlimppdto: shemicpl vaper depssition d€ V), plasma-pesissedhoMp,
capacitor durin row.h of a Sit ase..reqi of..,a heter.ojunction Jipol ar
transi stor. 2.SP%%%’%f‘he&a‘C@fs°§1t‘85rﬁf3R°%%‘}%1“‘;&9 i'H‘ﬁ‘P?RB?{‘ B’iogeséf’secﬁ?egde IS

formed by the tgicRRss Gf’iheff%t{}idl‘}gsili’co‘iﬂlﬁy%tr_n&?'vﬁ?}, %hg@ggkgyﬁfelfgwolﬁsﬂwnﬂ on of

an isolation region in a device region in"whic - po capacitor is to
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type into said first polysilicon layer so as to formsaid | ower plate

el ectrode of said poly-poly capacitor. 3. The nethod of claim2 wherein
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of said nitride layer so as to formsecond nitride spacers and to expose a
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capacitor is to be formed, and in a CMOS transi stor device region, said
first polysilinodyrpolywapaditar.sai d CMOS transi stor device region conprises a
gate electrode of said CMOS transistor; (b) formng first nitride spacers
about said first polysilicon layer in said poly-poly capacitor device
region; (c) degasithd t@omd Ritridd ldgerlidyRice A¥RY offifdt Edridattivag! typé (- 6o N-fypyer
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electrode of the poly-poly capacitor is carried out in a conventional ion implantation

apparatus which is capable of operating at conventional implant energies. The
concentration of the dopant ion used in this implant step may vary and is within values

typically used by those skilled in the art. Moreover, the type of dopant ion employed



(e).renoving portions of said nitride |layer so as to form second nitride

. spacers and to expose a portion of said lower electrode; (f) *drdlddl 2008 m
stack on at | east said exposed portjon of said | ower electrode, said film
stack conpri siththigsieRel e presgetinventivadsarly dgpendentunes|the tpr ebdevderitode ayer
of Site; (09) ch%%tdi ng ions of a second conductivity type that are
different frofiSaraofirst conductivity type into said layer of Site and
said second | ayer of polysilicon; (h) etching at |east said |ayer of Site
and said second | ayer of polysilicon so as to form an upper el ectrode of

sai d pol y- pol yn ecgpadante withahelfifst pmbatinwing bfithe pidsentipveransvhitlasesedin sai d
upper el ectrode. ;8. The nethod of claim7 wherein a patt{erned protectjve
nitride | ayer makinghighgarafitaRseobnRolycaparitor fsseerndiptidedpyee iy Rademsdi or to
sal i ci di ng. i : : > Al ' j
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of Site provided in step (fJ is formed from a deposition process sel ected
fromthe group consisting of ultra-high vacuum chem cal vapor deposition
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process conprising the steps of (a) formng a first polézl |icon | ayer over
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about said first polysilicon |ayer in said poly-poly capacitor device
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polysilicon layer so as to forma | ower electrode of said poly-poly
capacitor; (e) formng a filmstack on at |east said nitride |ayer, said
filmstack cometisdicen layer 34 pfiBlm sipek 30 is foapedutilizipgthespmgor Jiffarénion and a
Jlayer of Site

;deposition process as used in forming first polysilicon layer 14. The thickness of
polysilicon layer 34 may vary, but typically second polysilicon layer 34 of film stack
30 has a thickness of from about 100 to about 1000 A

SiGe layer 36 of film stack 30, which also is used in forming the SiGe base region of
the bipolar transistor region (not shown), is formed utilizing a conventional deposition
process including, but not limited to; ultra-high vacuum chemical vapor deposition
(UHVCVD), molecular beam epitaxy (MBE), rapid thermal chemical vapor
deposition (RTCVD), and plasma-enhanced chemical vapor deposition (PECVD). It is
noted that the SiGe thickness may vary, and thus is not limited to a specific thickness
range. Each of the aforementioned deposition processes used in forming the SiGe

layer include the use of conventional conditions that are well known to those skilled

8
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sai d upper el e’gtf%alg@g%ﬁﬁé.le{m@'eﬁet hod of claim 13 wherein a patterned
protective nitride layer is fornmed on portions of the exposed upper

el ectrode prior to saliciding. 15. The nethod claim 13 wherein said first
pol ysi l'i con | aifer film ftacki3thdsybean feprdiaventhe grpesed Jowal adetrode f 3iGmlayee 3Gr oup
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type of dopant implanted into the first polysilicon layer. This step of the present
invention which forms doped layer 40 is shown in FIG 7. 1t is noted that doped layer
40 is a combination of SiGe layer 36 and second polysilicon 34. Moreover, doped

layer 40 serves as the upper electrode of the inventive poly-poly capacitor.

After doping the SiGe and second polysilicon layers with ions of a second
conductivity type, doped layer 40 (i.e., doped SiGe and doped second polysilicon
layers) is subjected to conventional lithography and etching processes which are
capable of patterning the doped SiGe+second polysilicon layer into upper electrode 40
forming the structure shown in FIG 8. It should be noted that during etching of the
doped SiGe+second polysilicon layer, some of the underlying oxide layer may be also
be etched.

Following this step of the present invention, the upper electrode, i.e., doped layer 40,
may be optionally subjected to another ion implantation process wherein additional
second ions are implanted into the upper electrode. It is noted that this optional
additional implant step forms source and drain regions (not shown in the drawings) in
the CMOS device region. FIG 9 shows the structure after the exposed surfaces of the
upper electrode have been subjected to a conventional salidication process wherein
salicide region 42 is formed therein. The salidication process is carried utilizing

conventional annealing temperatures and times well known to those skilled in the art.,
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FIGS 1-4 above. Instead of etching the nitride layer as shown in FIG 5, the nitride
layer in this embodiment of the present invention is not etched and film stack 30 is
formed thereon utilizing the processing steps mentioned above so as to provide the
structure shown in FIG 16. FIGS 17-19 are identical to FIGS 7-9 with the exception

that the poly-poly capacitor includes second nitride layer 18 therein,

FIGS. 20-21 show an optional step of the second embodiment of the present invention

wherein a patterned protective nitride layer is employed.

While this invention has been particularly shown and described with respect to
preferred embodiments thereof, it will be understood by those skilled in the art that
the foregoing and other changes in forms and details may be made without departing
from the spirit and scope of the present invention. It is therefore intended that the
present invention not be limited to the exact forms and details described and

illustrated, but fall within the scope of the appended claims.

10



109 & ()- 10%& ()-!10%& ()-3m 10%& ()- #10%& ()- Y10%&' ()-2S dE:/ 10z
107 i 10%& ()- m 10%& ()- m 10%& ()- nt 10%n& ()- nt 10%- & () -

M 10%& ()- !.k 11 Cluv7/ 10zY10%& ()-" _

“109%& () - 9L10%& ()- 10%& ()-  109%& ()-!$y10%& ()-Z 10z 11+ n" "IN 2003
102Y #109%&' ()-° "109%& ()-S310%& ()- ", 103& ()- 1109%& ()- L

109& () - #Xe#$t $$dET/ 102 7

109 () - SB&O&n{ ) - SF410%&’ () -0, 10%&' ()-s( @O%: ()- "' 10%& () - $$$$$$Q8) g, bC
10zY° 'S 109 ()- @, g 10%& ()-L10%& ()-L$10% ()- 10 10

109s10%&1( ) - 0.4 nrethod for faBfrcRe NSy oky) capfeith Ukedrited #AAMBBIOMES process

comprising forming a lower plate electrode of a poly-poly capacitor during deposition of a
gate electrode of a CMOS transistor, and forming an upper SiGe plate electrode of said
poly-poly capacitor during growth of a SiGe base region of a heterojunction bipolar

transistor.

2. The method of claim 1 wherein said lower plate electrode is formed by the steps of:
forming a first polysilicon layer over a portion of an isolation region in a device region in
which a poly-poly capacitor is to be formed; forming first nitride spacers about said first
polysilicon layer; depositing a nitride layer over said first polysilicon layer and said first
nitride spacers; and implanting ions of a first conductivity type into said first polysilicon

layer so as to form said lower plate electrode of said poly-poly capacitor.

3. The method of claim 2 wherein said upper SiGe plate electrode is formed by the
steps of: removing portions of said nitride layer so as to form second nitride spacers and to
expose a portion of said lower plate electrode; forming a film stack on at least said exposed
portion of said lower plate electrode, said film stack comprising an oxide layer, a second
layer of polysilicon and a layer of SiGe; implanting ions of a second conductivity type that
are different from said first conductivity type into said layer of SiGe and said second layer
of polysilicon; etching at least said layer of SiGe and said second layer of polysilicon so as
to form said upper plate electrode of said poly-poly capacitor; and saliciding all exposed

surfaces of said upper SiGe plate electrode.

4. The method of claim 3 wherein a patterned protective nitride layer is formed on

portions of said upper SiGe plate electrode prior to salicidation.

5. The method of claim 2 wherein said upper SiGe plate electrode is formed by the
steps of: forming a film stack on at least said nitride layer, said film stack comprising an
oxide layer, a second layer of polysilicon and a layer of SiGe; implanting ions of a second
conductivity type that are different from said first conductivity type into said layer of SiGe

and said second layer of polysilicon; etching at least said layer of SiGe and said second
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capacitor; and saliciding all exposed surfaces of said upper SiGe plate electrode.

6. The method of claim 5 wherein a patterned protective nitride layer is formed on

portions of said upper SiGe plate electrode prior to salicidation.

7. A method for fabricating a poly-poly capacitor integrated with a BICMOS process
comprising the steps of:

(a) forming a first polysilicon layer over a portion of an isolation region in a device
region in which a poly-poly capacitor is to be formed, and in a CMOS transistor device
region, said first polysilicon layer in said CMOS transistor device region comprises a gate
electrode of said CMOS transistor;

(b) forming first nitride spacers about said first polysilicon layer in said poly-poly
capacitor device region;

(c) depositing a nitride layer over said first polysilicon layer and said first nitride
spacers in said poly-poly capacitor device region;

(d) implanting ions of a first conductivity type into said first polysilicon layer so as to
form a lower electrode of said poly-poly capacitor,

(e) removing portions of said nitride layer so as to form second nitride spacers and to
expose a portion of said lower electrode;

® forming a film stack on at least said exposed portion of said lower electrode, said
film stack comprising an oxide layer, a second layer of polysilicon and a layer of SiGe;
(g) implanting ions of a second conductivity type that are different from said first
conductivity type into said layer of SiGe and said second layer of polysilicon;

(h) etching at least said layer of SiGe and said second layer of polysilicon so as to form
an upper electrode of said poly-poly capacitor, and

(1) saliciding all exposed surfaces of said upper electrode.

8. The method of claim 7 wherein a patterned protective nitride layer is formed on

portions of the exposed upper electrode prior to saliciding.
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10.  The method of claim 7 wherein said first nitride spacers are formed by deposition

and etching.

11. The method of claim 7 wherein said nitride layer is formed by a deposition process

selected from CVD, plasma-assisted CVD, sputtering and chemical solution deposition.

12.  The method of claim 7 wherein said layer of SiGe provided in step (f) is formed
from a deposition process selected from the group consisting of ultra-high vacuum
chemical vapor deposition (UHVCVD), molecular beam epitaxy (MBE), rapid thermal
chemical vapor deposition (RTCVD) and plasma-enhanced chemical vapor deposition

(PECVD).

13. A method for fabricating a poly-poly capacitor integrated with a BiCMOS process
comprising the steps of:

(a) forming a first polysilicon layer over a portion of an isolation region in a device
region in which a poly-poly capacitor is to be formed and in a CMOS transistor device
region, said first polysilicon layer in said CMOS transistor device region comprises a gate
electrode of said CMOS transistor;

(b) forming first nitride spacers about said first polysilicon layer in said poly-poly
capacitor device region;

(c) depositing a nitride layer over said first polysilicon layer and said first nitride
spacers layer in said poly-poly capacitor device region;

(d) implanting ions of a first conductivity type into said first polysilicon layer so as to
form a lower electrode of said poly-poly capacitor;

(e) forming a film stack on at least said nitride layer, said film stack comprising an
oxide layer, a second layer of polysilicon and a layer of SiGe;

® implanting ions of a second conductivity type that are different from said first

conductivity type into said layer of SiGe and said second layer of polysilicon;
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14.  The method of claim 13 wherein a patterned protective nitride layer is formed on

portions of the exposed upper electrode prior to saliciding.

15.  The method claim 13 wherein said first polysilicon layer is formed by a deposition
process selected from the group consisting of chemical vapor deposition (CVD), plasma-

assisted CVD, sputtering and chemical solution deposition.

16. The method of claim 13 wherein said first nitride spacers are formed by deposition
and etching.
17. The method of claim 13 wherein said nitride layer is formed by a deposition

process selected from CVD, plasma-assisted CVD, sputtering and chemical solution

deposition.

18.  The method of claim 13 wherein said layer of SiGe provided in step (¢) is formed
from a deposition process selected from the group consisting of ultra-high vacuum
chemical vapor deposition (UHVCVD), molecular beam epitaxy (MBE), rapid thermal
chemical vapor deposition (RTCVD) and plasma-enhanced chemical vapor deposition

(PECVD).



