CAPACI TOR UTI LI ZI NG FET AND BI POLAR BASE POLYSI LI CON LAYERS DES
Field of the Invention The present invention is directed to a nmethod of
fabricating integrated circuits (I1Cs). e aspect of the invention relates
to a nethod of fabricating a polysilicon to polysilicon, i.e., poly-poly,

capacitor on a Bi CMOS device utilizing a field effect transistor (FET) gate
| ayer aWrF@R&CATJNG}A|PrOL i T A1 se
plates of the capacitor. pMpHf sSPRASE FELNSILICON PaREGEs of the present
invention is directed to—a-nE@hUggﬁugﬂgabrrcéprng—a;ggiy-poIy capaci tor

utilizing process steps and structures which are used to formthe gate of
t he netal oxide sem conductor (MOS é‘ % or and the base structure of
the bipolar transistor in a Bi CMOSX#e™ | ar device and conpl enentary
nmet al oxi de sem conductor (CMOS) device) process. Background of the

| nventi on - S0~c¢c200 Inthe field of sem conductor device
manuf act uri ng, CMOS ( conpl enent arhieldwif #ie loxémdienseni conduct or) and Bi CMOS
(bi pol ar device and conpl enmentary netal oxide sem conductor) technol ogies
have been w dely used for integrating highly conpl ex anal og-digital

subsyst g pRsteRt itvaitidaliedietttdd tol dmEMEN o8 BBSY SR MRteg Pk CiRLAS (18P NOne aspect
capacitors are typically required. a Several types of capacitors are

avai | abloé thagivadiongredités iesa orethed| of Bhpeeting or polypbéap- wopalyshgsae ii-copslyapaly,
nmet al - | . [ In _order.. . demand £+, hi.gh precisi,on
Capaci t oL PBayETgs B MEliobE Tk shif JERR0F <LED) B uBbgh ' tiboter
capaci t ®iGe batviasio®ase pdlgdiBeasi lagdrito isatthe BasPplh@s bf thelvapivifor. eMdrt opucifically,
pol y-poly capacitor is a conprom se between high cost. and i deal capacitor
char act éﬁat #ppes ok thgguesent ingentiangds idirested taa yethodclign Sbrigating apalyrmedy capacitor
el ectri GalioGRANBCLE dahl f71 Bl ks WA did [ RURGY (RARAE! JOfR: pBl oxide
inferior efectrical Characteristics to rmetal-nsta capacitors. Howev er
nmet al - met@icoadyrani OS) aursistoc drthieebadé kfructudet oft the bwlarctadrsistdran aaBECMOS

oly-poly c citors. Thus, poly-poly capacitors are th ,
POly-p (?./e., l?igglar Eievxce and complepmen¥ar9 me¥al ode% sem?conductor (CI\?OS) device) process.
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- 9 ~ E C 200g ever increasing choice used in the sem conductor indgﬂ%ry
for manufacturing integrated circuits in Bi CMOS processes. U S. Pt C 2004
5,195, 01i describes in its "background" section several double |evel

pol ysilicon processes have been enployed in fabricating poly-poly
capacitors, i.e. the so-called "Lin EPIC double |evel process" and the "4/3
Li near process”. ,The Lin EFIC double | evel process uses a two-nask
approach tc define a capacitor bottomplate. The first polysilicon |ayer is
masked and etched separate fromthe second polysilicon |ayer. Due to
separate masking and etching steps, this prior art process is expensive,
conplicated and tinme consum ng. Additionally, the topography that is
associated with this prior art process requires an additional step of

pl anari zati on priorthe Hepbdief ngemetandent e hedepps o priat £acont Bey, poHAEs.
In the other dou a t 99 i [, pro ) single
mask is used to g% |%§¥§%%P%g§ﬁ§%$% a?%igg'agm ?r%%u$§€% B 83%}9%$$icon
serves as the _3(bipdoldr A&V 26¢ 3add bodbhenentiat &randetdhe &MB=gate. After

the interlevel dielectric is forned, the second polysilicon |ayer is
deposited to forPFTheCRAPAC?t br CeopnptagEes | e 6f des e oveEe hy natedf fPanent s

from the boftom pheteredoes @%I@%%Qa&@af%?féigﬁ?élﬁrg@bQ}‘@E?xlﬁfhohﬁo

required. If there is a negative slope on the bottom plate edge, anent s
wi |l be trapped nderdidechbpt obn pbatke. sWbs eovens, shigle phésissom doubl e

| evel process, Fgg?gggggf;ogpgrgg?y%%ifg gﬁgg{igé.additional pl anari zati on
e dra

prior to netallization. Th view acks"With prior art nethods of
fabricating poly+poly capacitors, there is a continued need for devel opi ng
a new and inprovgd nethod which_significantly reduces the conglications and

expenses associ ated-fart hWrhe pfiotPart et nofs. aY¢s o becespeedal |y

beneficial if a aethedief-babyicabiagtdr POl ypOlYp&BPACEHE 1 €OHS dahe
devel oped which utilizes processing steps and structures which are al so
used to form the"geR e BEteheCM- ¥ ahsi storobdelr baeanetk utherdéendnd hgor

bi pol ar transi StlQ{gliln}tD@egl% @£§§8§§o§é nce syg as;%@@fﬂam%d £

significantly reduce the nunber of processing steps costs associ at ed
wi th nmanuf act uri pgtéatrepedt@eveiesuipsly-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 better than diffusion-
poly capacitors, but infericr electrical characteristics
to metal-metal capacitors. However, metal-metal
capacitors are much more difficult to fabricate than are

poly-poly capacitors. Thus, poly-poly capacitors are the



- 9 DEC 2004 -s Surmary of the Invention One object of the preseft JEC 2004
invention is to provide an integrated circuit that is not conplicated or
expensive to manufacture. According to a fifst aspect of the invention
there is provided a nethod of formng a poly-poly capacitor, a MOXS

transi stor, and a bipolar transistor sinultaneously on a substrate
conprising the steps of: depositing and patterning a first |ayer of
polysilicon on the substrate to forma first plate el ectrode of said
capacitor and on an el ectrode of the MOS transistor; depositing an

insul ator layer on said first layer; and depositing and patterning a second
| ayer of polysilicon on the substrate to forma second plate el ectrode of
sai d capacitor and an_ el ectrode of the bipolar transistor, said secgnd

| ayer of polysil|F¥dh EBRPPRSIAY SPECHOPTRE | FRohle SemPCHIEUEL o pyndEstry

According to a secongd,aspectuPind hentQyeNtiencihesecisi provided a method of
formng a poly-poly capacitor conprising the steps of: (a) formng a film

stack on a surfagecoésacsem conductor structure, said structure conprising
at least a gate region of a nmetal oxide sem conductor device and a bottom
polysilicon plate of a poly-poly capacitor forned on a surface thereof,
said filmstack ynsludhpgnats| easfoarp@tysiibeonihayes; “bad¢kfosohay a
bi pol ar opening in said filmstack exposing at |east a portion of
section several double levél polysilicon processes have
been employed in fabricating poly-poly capacitors, i.e.
the so-called “Lin EPIC double level process” and the

“4/3 Linear process”.

., The Lin EPIC double level process uses a two-mask
approach tc define a capacitor bottom plate. The first
polysilicon layer is masked and etched separate from the
second polysilicon layer. Due to separate masking and
etching steps, this prior art process 1s expensive,
complicated and time consuming. Additionally, the
topography that is associated with this prior art process
requires an additional step of planarization prior to

depositing metal on the appropriate contact points.

In the other double level process, namely the 4/3 Linear
process, a single mask 1is used to define the bottom

plate. The first level of poclysilicon serves as the



said surface of said sem conductor structure, wherein said bipolar. opening
is formed in a region in which a bipolar device will be subsequé% E{:ZUO4
fabricated; (c) sinultaneously formng a Site epi layer in said bipolar
opening, while formng a Site polysilicon filmon exposed portions of said
polysilicon |layer of said filmstack; (d) selectively doping portions of
said Site polysilicon filmas well as said Site epi |ayer wwth a dopant
atomof a first conductivity type; (e) forning a patterned passivating

| ayer on a portion of said doped Site epi layer; (f) formng a patterned
doped emtter polysilicon layer on said patterned passivating |ayer as well
as on said doped Site epi layer forned in said bipolar opening thereby
conpl eting fabrication of said bipolar device, said doped emtter

pol ysilicon | ayebolidvimnglatedi fhdr éht cHhdugtieit kfthantkai dndepadvSite ep

| ayer; and (g) renoving selective rtions of said doped Site_ polysilicon
film and renaini%&e¥§§3F§Co%SS§PBmggYanFaEECQBQagogg égb8§8 %§V8¥géﬁe of
said netal oxidedsewisceadueborovhi keeprabaettbg sapdpbhpel arndeyhee £ggi on

and said doped Site pol¥silicon | ayer overlying sald bottom polysilicon
pl ate of said pofyifdbyteapadpiepts fogom Ehe DobtomarAeéer diiggst end tbet her

aspect of the | n¥ppti gacthenecls Broulded a-polyppoly ARAGLECT 1GOURLLSI ng
upper and | ower pﬁgtegelectrggeé, mger I'n at ?east hé gpper pl%&eggeke
1s a negative slope on the bottom plate edge, filaments
will be trapped under the bottom plate. Moreover, since
%his is a double level process, the added topography also

requires additional planarization prior to metallization.

. In view of the drawbacks with prior art methods of
fabricating poly-poly capacitors, there is a continued
need for developing a new and improved method which
significantly reduces the complications and expenses
associated with the prior art methods. It would be
especially beneficial if a method of fabricating a poly-
poly capacitor could be developed which utilizes
processing steps and structures which are also used to
form the gate of the MOS transistor and base structure of
the bipolar transistor in a BiCMOS process since such a
method would significantly reduce the number of
processing steps and costs associated with manufacturing

integrated circuits.



el ectrode is conposed of Site polysilicon, said plate el ect rodes.dg)emgq: 200
sepafated by an insulator structure and said upper plate el ectrode T 4
located directly above said insul ator séruct ure and said | ower plate
el ectrode is located directly bel ow said’insul ator structure. According to
a further aspect of the invention there is provided a poly-poly capacitor
conprising upper and | ower pl atBusnagiafdelivenion i n t he upper plate
el ectro A . el Qf - S -
pol ysi | g aaftet BEnE RREn3h 8ftiof €6 pRAURCARHLAIRATER, R noPkpticated or
st r uct uegpenéive or ohiangfadtorea further aspect of the invention there is provided
a sem conductor device, conprising a capacitor having first and second
pl ate el ectrodes, one of said plate el ectrodes being conprised of a first
conduct i ter . ; j - i ' fjer -
el ectr oé\gg?ﬁ%et%o%]ﬁgé%%%g %fc@?g%\geggglg%egé (l:sgﬁ‘;@éwigggla%? t'ﬂg%i 5 f?ﬁ@? qc%ﬁ%ﬁ@& ve
pat t er negpacayrer M@B amsdisios andla bipostr taosistoc simudtapatusigranedsubay e compaanpthesed
of Site material. According to a further aspect o f the present invention
there i 8®°Pi0Ovi ded a semi conductor structure, conprising a first |ayer of
pol ysilicon B?({Sﬁﬁl@%dtp@tté@[ﬂ@ Afifst [aSbr &H%l%iiﬁc% & 1R sWb¥erdierd foemanghsdplatd St
pl ate el ectrode of a capacitor, and 9 ~ C 2004 -6b

electrode of said capacitor and on an electrode of the MOS transistor;

depositing an insulator layer on said first layer; and
depositing and patterning a second layer of polysilicon on the substrate to form a second
plate electrode of said capacitor and an electrode of the bipolar transistor, said second layer of

polysilicon comprising SiGe polysilicon.



a second |l ayer of polysilicon patterned to forma first el ectrode gf Ec[;)
bi pol ar device and a second plate el ectrode of said capacitor, sai Q r‘ZQUIf
{1 ayer being conprised of Site polysilicon. Brief Description of the

Drawings Figs. 1 A-1 G are cross-sectional views illustrating the basic
processi ng steps enployed in the preseng.invention for fabricating a
poly-poly capacitor in a Bi CMOS device. The cross-sections are through cut
B-B in Fig. i i i - L V= i ced in
g, 1A 1 Akadiete sfiekdufusbfR of iEfin bRt REluEBelat BIRGRES L CPRRRLTTS, o
capacitor stru turle i s shown afterhrretal f,contacts are formed in the
structure oft PERGPOLY cpacEplcomprisng he steRsOls ot i onal view t hrough A- A

showi ng the need for insulating spacers on the top plate to electrically

i sol ate the ®op emariag £ idm task OBk uskrHPhHe semicopduptar structyee, srid Sirueiyre
Description of the Invention The present invention which provides a nethod

of fabri cat icnmpasipglaylepslaygatcapgion bba mesdl pgideiseimitoal i@ot davirsid sthottogat e and
bi polar Site extrinsic polysilicon |layers will now be described in nore

detail by rebBJsilicod plate sfepdly-pviyn@apadifdaforied @RRSNY OOt heRR f,RaRISEIRT stack
application. I't should be noted that in the acconpanying draw ngs |ike and

correspondi @&lﬁdiﬁggﬂ%%st%?)@ly@&ifc% [a?glr;to be like reference nunerals.
made

Reference is firs 0 Figs. 1A-1G which are crosssectional views

showi ng the yariqQus .processing steps th ar | oveed in the presen
Tvent ton 1 0T bt Eubk AGETORALET T DR atTRREE S GERLETCR! o

i ncl udes a bi pol ar device region and a MOS devij ce, region. The MOS devi ce
regi on may édfprriaes of siMosmyrondusRsrsay e crheransaisiRoleh ep iRt isdemagd ¢ he
present invention contain only one poly-poly capacitor, one MOXS device and
one bi pol ar idevégien inawlpkclue alpolay dofice willibelabsepsntmfabigatedesent in the final
structure after conpleting the fabrication steps of the present invention.
= 9 DEC 2004c)Fi g.sinhfltankdusht famesg anSiGd tepialaysenn caaidd bidoddr spanirg, uwieild hat
can be enployed in step (a) of the present invention. Specifically, the
initial struygidhg aSHQWRolyEiLiEdDfiInd bn COPREd BESios SHRSA béﬂ?@ilié@n Ravi skaghal | ow
trench isolation regions 12 and source/drain regions 14 forned in the
surface of 3—“@ siRstrate. Al though shallow trench isolation regions are
depi cted an escribed herein, the present invention also contenpl ates deep

trench as LI as other isolatiaon nmeans. . Jhe substrate further ingludes a
Subcol | oot ot} eqreReE LSS RirR e T pa s pmoreen e el el S o
shal l ow trench isolation (STlI) regions --the region between the two STI
regions is tREla¥prexith deppat soprftafiret GORAWHIVER tytfe bi pol ar device will be
formed. The initial structure also includes a FET device 18 that conprises
pol ysi | i con (gat e fomingat patisricdepagsivaimg lepeicwr 8 pRatioreofysaid oped $Gepacer s,
whi ch are forned above the source/drain regions. Also shown in Fig. 1A is
bot t om pl at day®6; whi ch i s one of the conponents present in the poly-poly
capacitor of the present invention. The bottom plate of the poly-poly

capaci tor alpo i neimides, slagtemea!l (ﬂop%ﬂ’a&ﬁﬁt%ll‘ %lys;ﬁrlf]&nb@c{y'éprﬂrplsﬁ{fde pRerh&te

capacitor is conposed of the same material as e gate of FET device, i.e.,
polysili Con'pal:srf'xfa?irﬁg lg)r;g?oa RSIUN %Il stanledoped SiGe epi layer formed in said bipolar

opening thereby completing fabrication of said bipolar device, said doped emitter
polysilicon layer having a different conductivity than said doped SiGe epi layer; and

(g)  removing selective portions of said doped SiGe polysilicon film and
remaining layers of said film stack so as to expose said gate of said metal oxide
semiconductor while protecting said bipolar device region and said doped SiGe

polysilicon layer overlying said bottom polysilicon plate of said poly-poly capacitor.



_9_ 9 DED 200 ~t present invention, the bottomplate el ectrod»e9i @EC 200[‘_
conposed of Site pol ysilicon. In that enbodl ment, gate 20 would al so be
‘conposed of Site polysilicon. The structure shown in Fi g. |Ais fabricated
usi ng conventional Bi CMOS processing steps that are well known to those
skilled in the art. Mreover, conventi-ofsal materials are used in
fabricating the same. For exanple, substrate 10 of the sem conductor

structure lsxe&lam d Rfth@ny e%emmemmmm Feak kb valled HEd1 Bornot
l[imted -to: ¢ %Set@ Site, Cfa As, Iln]P aendg \oefhe? ?Chdp)glcaﬂa or

sem conduct i,ng ggolwbgls an!i‘a%% e%lzﬁyt&e{c{rg@ écl%e[l]ahl LY t i ﬁﬁﬁ?&n%ﬁat ed in

di fferent sem are a so co

the present |nv tlon sem onduct teri ferred
that the SuS %lswlrtpafﬁﬁéfeﬁﬁafpoﬁr iehosad e Secrads Shivberepial by
substrate or a n-type substrate depending cn the type of MOS device to be
present in BAdnfulaen stpicgire@ad seidppar plateTplectaade e tlogadeds Risomlyi #bomp gaidiA i s
fabricated utilizing conventional Bi CMOS processing up through formation of
t he gate. Thsulates, steuctionvaadt sachddwdyasletcaéle@rodgaikelocated direetl® beldw Gaid00 g
processi ng techni que or any other technique capable of form ng the
structure shgyutdrstiut@ire.! A can be enployed in the present invention. Thus,
the present invention is not limted to the base-after gate process

descri bed herei nbel ow. Instead, the description that follows in regard to
formng the structure shovvn in Fig. |Ais provided for i | lustrative

pr oposes onl baseaft at e .prgcess silicon teis
Porhed: bef oo b anr Barrini bt elReaHon BG S e MesbEpeDmaly pebefiy
structure shown in Fig. | A can be fabricated as foll ows:_ An oxi de fllm
e.g., Sio0" GH’G‘P“%‘H&\HHP?W“@H@WEHIé!\fi\)ierf‘d%C)‘mF‘%S féerai thsnunnee plate plgetgodss and
substrate 10 using a conventional deposition process such as chem cal vapor
deposi ti on (leviywerpipbasereslasithdmced bOUD compeprdt oér $ifig, polysidicomr naitli pletey t he
oxide layer is grown thermally. Subcollector region 16 is then formed in

t he subst r atkchydastbelngziepayatad boaw atiaanatrudtomre. i npl antati on step. After the
i npl ant step, a thick oxide, on the order of about 240 ran, is grown on the
surface of the substrate to elimnate inplantation damage. Next, the trick
oxide is etched off and an epitaxial Si |ayer (not shown) is grown on the
surface of ty ( e ayer is
then enpl Oyegggf‘i‘l'ﬁ%s 0[]9 Tt ﬁrla(s’ %c'; é)z Ctﬁ Els}gf‘g@‘o tl%lé?g!?.ﬁéokl?d’e'a gs%§c%h@%t$
substrate. 'Iéhe STI gj ons are formed by etching a trench in the substrate
utilizing a E‘Sﬁ%ﬁml’&‘ HE dry etching process such as reactive-ion etching
(RIE) or plasma etching. The trenches may optionally be |lined wth a
convent i onaP aPARIOT thevEig; Gist agd @econgrplgjgle(y@trog% ompef BUbPite SIsHAES | i ke
deposition process is used to fill the trench with polysilicon or another
like STI di éFisgteomprinet «fd fakt contlectiSTpaitiira¢delayeri andray optional Iy be
densified after deposition. A conventional planarization process such as
chemni cal - neahsipblaalieyiod ihavihpdir{tCGMa) seteyd efetiradta) biye be shislecledttodes de¢inge a

pl anar structure. Next, a protective material such as Si3N9 (not shown in

t he draw ngg))mbﬁsé‘dq;ﬂ‘ggiq fgytecrong&qqégmgdqg;,@r region of the structure
(i.e., bipolar region) utilizing a conventlonal deposition process such as

CVvD, with a_| S refer Thi yer is forned
over a thi nwr%lzil%}(ljg PES&?P{t%Ol%Q%\p{@agt%ﬁ]g @ﬁg%ﬁ%l I tHe @ﬁ&‘ﬂ%&?ﬁv\hi ch is
enployed in the present invention as a screen oxide. After protecting the
bi polar region with a protective |ayer, the FET device is conpletely

fabricated _ . _ . _
According to a further aspect of the present invention there is provided a

semiconductor structure, comprising
a first layer of polysilicon patterned to form a first electrode of a MOS device

and a first plate electrode of a capacitor, and



- 9 DEC 2004 and the base plate of the poly-poly capacitor is

si mul t aneously fornmed. Followi ng fabrication of the FET device aﬁdgtBE[Ba%lt
'pl ate of the poly-poly capacitor, the protective |ayer is renoved utilizing
conventional stripping processes well known to those skilled in the art.

The FET device is fornmed by utilizing cgywentional processing steps that

are capabl e of fabricating MOS transistor devices. Included in the

conventional transistor ;
phOtO"thOgraphyg%ﬁ%%alﬁg&qgﬁ% Sn&oﬁéggéhln ofﬁﬁﬁ§F§?G%%u?ggggﬁsnp%ﬁ%elI

for nFET ph talit ra FET thin oxide tailor inplant,
dual gate o FH% ﬁﬁg$8¥BP%BGF‘%%?“d8§§al g@@“&%lde regrowth, FET gate

phot ol i t hography, FET gate etch, thermal oxide spacer formation, nFET

ext ensi on phot ol istigeraRgtigyer AT caRplsrdiod I GeRelFIC) i ght Iy doped dr ai ns
(LDD)), first spacer formation, pFET extension photolithography, pFET
extension (LDD!, second spacer deposition, second spacer etch, nFET S/D

i npl ant phot ol i t hography, nFET S/ D anneals. 'I2' 9 SEC 2~0~ These

transi stor processing steps fBHdNeELimRWiof thelSramindshe structure shown in
Fig. 1A Specifically, the FET device includes well inplants (not shown),

S/'D (sour ce/glrai Py 10 gﬁect%ngl LGNS| 10080 "B UERTe | Srof&EingNStedd) . @

gate region C npr|5|ng po ys Icon gate 20, gate OXIde 22 and spacers 29.

The spacers icted.in N f or med
on the si de\f&pﬁ%yegfm ft}?é’rﬁsgfltem? %ﬁlog%r faE'nceit' fig asp%ay ﬁ&f"l g%cﬁtgf rfggﬂe(lzﬁicﬁa is
formed on the substrate. In one enbolglf af the present invention, gate
20 and bott6@?5Fa?heQQS%W@“e@HﬁBQEBU m@ﬁ%%‘ﬁé?% ilicon. As stated above,
during the fabrication of the FET device, bottom polysilicon base plate 26
of the poly-poly capacitor is sinultaneously formed. Specifically, the
bottom base plate is fornmed at the sane tinme as polysilicon gate 20 by
utilizing aRgnyestd analvicepdshé ipoty-pslgcapsciondhrofercdait BigsbdAhRl Gobkydi | i con
regions, i.e., polysilicon gate 20 and base plate 26, are patterned
utilizing Conyientd mRal,! ALN0GhRNY BRG, Fﬁ@u@@@@@l’c@a%ﬁoagtm@ﬁr@qs fsl‘iH\m?d at
the sane tine as spacers 24 ‘and are conposed of the same materi al -
9 D E C 2004 Next stack 30 is forned over
the surface 8?f§ﬁ8%€?5%%5T6q?W%Pu ﬁﬁ%mﬁé$ha®95 8 and bottom base pl ate
26. The filmstack enployed in the present invention conprises any nunber
of material layers provided that the filmstack includes a polysilicon

| ayer 34. In the drawings, the filmstack also includes a bottom insul ator
| ayer 32 andig 3 isp dresscieatianal viayehroggh A-Asslicatiog theaiged rapsulamespasiiy be
conposed of the same or different insulator nmaterial selected fromthe
group consi sini the tapf pl8ie @ZcleGricalkyinolbteitbetoppdate frber the bkidommpait.at i ve
materials. In one enbodi nent of the present invention, both insulator

| ayers of filmstack 30 are conposed of Si02. It is noted that the top
insulator layer is optional in the present invention. In the specific
enbodi nent illustrated in Fig. 1B, filmstack 30 is formed utilizing
conventional deposition processes well known to those skilled in the art.
For exanple, bottominsulator layer 32 of filmstack 30 is forned by a
conventional deposition process including, but not limted to: CVD,

pl asma- enhanced C JD, | ow




pressure CVD, sputtering and other |ike deposition processes. The thickness
cf the bottominsul ator |ayer .. 9 DEC 200 may vary, but typ+éh[]&8)?§04
't hi ckness of the bottominsulator |ayer is fromabout 50 to about 1000 A,
with a thickness of fromabout 100 to about 200 A being highl y preferred.
Pol ysilicon layer 39 is then fornmed on top of bottominsul ator |ayer
utilizing conventional deposition C processes such as CVD and

pl asma- enhanced CVD. The thickness of the polysilicon layer is not critical
to the present invention, but typically the thickness cf the polysilicon

| ayer is fromabout 100 to about 1000 A, with a thickness of from about 400
to about 500 A being highly preferred. Wien the top insulator |ayer is

enpl oyed, the top insulator layer is formed utilizing the sane deposition
process as mentioned in copeeatiien webBripeibetsemihaswhabpribayer. The

t hi ckness of the top insulator |layer may vary, but typically the thickness
of the insulator layer is fromabout 100 to about 1000 A, ;with a thickness

of Trom about SGBnk0pRbouk S0RyénDELNG, NI G|y B L& T8 i, enbpdi ment s
a

wherein a top insulator |ayer is not used, mask can be enpl oyed in

form ng the bi pofaPrépening. a-nsly-poly D& 2004 Wiy fiorhingffédim stack
30 on the surfac - t ure, .a bipolar. opening 38 (See, Fig, 1C is
forned in the st§ﬁ§%ﬁ§§€% ié%g%n%n%&%vgﬁﬁpéﬁg(g i gty R RECH this
time, the coll eclayeks wirbl andedoav ddsar Naer e opard dgﬂalizim% PEACLSSHAY
steps well known_to ﬁho e skilled in the art. Specifically, the bipolar
openi ng i s fornmed°by Br BLFHIRGS at it tBFHIP PROEF 1S P IR Ehown) on t he

surface of top ifsplatet:bayett dhderq o nalysi ligon 1 aver 39) a1 he
et ching through f??n1stack 30, i.e., layers 36, 39 aﬁﬁ?§%?3d$%$, H% %ﬂg

.conventional et@h2pibEessikecindsc R Ipondimdeammetrcts ngrd had fésrdwi ghby
sel ective in rengyi ng,thpse opping on a protective nitride |ayer
used previously in formng ?%g%%%$n§%3?§%§'The nitride layer is etch away
using a wet etch process wherein a chem cal etchant such as hot phosphoric
acid is enpl oyed LS noted_that the bipolar opening is formed over
subcol | ect or reg?%#éﬁ n%%dl?hgira%é“ ﬁFE§WQﬁﬂnQﬁTﬁéh%QﬁQﬂl4??v$ﬁ?ﬁﬁThe

bi pol ar devi ce wsettbensubseguendiowiiay rad Maxtoud fodo d N atar,d ayer 36
is present, it is removed fromthe entire structure utilizing a

convent i onal me;aﬁﬁeﬁTB%WY%ch“dﬂ&té&?%Qﬂﬂ Jnyvenitghny iseleiveiing 16 9
D E D 200 renmovipgr theot pcdnsed @4.0r5 .2, comaied ta the un e[]i'e%pln es

polysilicon layer. 1n this step of the present invention, 0 yS|I?con
| ayer of the filPdiRehek devixposedionAmnd remMasaldeatichante @ivoh. ashduider ed

HF can be used ig.this s f e sent | ion. It is poted that this
step al so removes the ba%(gp%lg&n%icdjg{ﬁéyséer ane%r%r?erd aabpgv{%s ftoMT%he enmtter
regi on of the sthlichoveh tlhe nbidued rsultateorpdeaayert iisiwemliored oty i

renoval step can_be avoi ded. ,
P onf& orne pé&y—poly capacitor, one MOS device and one

bipolar device, a plurality of said devices may be
present in the final structure after completing the

fabrication steps of the present invention.



.After renoval of the optional top insulator layer and the base & oxi de
Iayer fromthe structure, a Site epi layer 40 is fornmed in t he=tfj BS 2004
‘opening and, at the sane tinme, a Site polysilicon film42 is forned over
portions of the exposed polysilicon |ayer, See Fig. 1D. Site layers 40 and
42 are fornmed in the present invention by utilizing a deposition process,
wherein the deposition tenperature is low, i.e., |less than 900C. Mre
specifically, the deposition tenperature used in this step of the present
invention is fromabout 900 to about 500C. The thickness of these two Site
| ayers may vary, and not need be the sane; however, it is preferred in the
present invention that Site epi layer 90 and Site _ 17_ - 9 DE C 2009
polysilicon filmlayer 42 have the same thickness. Typically, the thickness
for each of theseiigwo llrowltespesakdr @as Shieihayeesitsnlitefvabettuti@0@et 0
about 5000 0 A, with a preferred thickness for each | ayer being of from
about 2000 to abdte25G® Re eRPLeVRS: 48 FR&P (Re Sift EDPapPErsedht ai ns t he
P- doped IntrlnSIqu@%&ldhhesgeeqkaeaﬁﬁgloehga§ %elsitgkgﬁbeuQQSEREQQtl&§
sel faligned to bipolar openi The~pol y- poPy capaci tor

ot her. hand, may ﬁagprd@u@@dpmnﬁhsaan@nbsekhte ablgaedngrehesiowsevenah
sacrif|C|aI | ayer.s ( t. shown.in th assivating.l ayers,

e.g., OX|de/n|trﬁﬁE]j§?e ﬁngﬁnég a?erSpﬁﬁég?aﬁégﬂréegﬁ8n§t AedCpied
conventional neans; te.eg. s,urRIaEe b@ taemsadstirhiel ahlspacghs shalsownet-eskomwn
in the draw ngs) and pat t er ned %a55|vat|ng | ayers 50. Site epi layer 40 is
then doped with da5o43fdiPant c@er ﬂHaHSpgﬁP}CE??IP?gnéeécééﬁﬁgnpﬁéﬁépflGﬁe

i npl antation progasserd RROLeRAEE Bisdopant.gpphexsdqin t@&%n%he@soue&he
present invention is boron and the preferred dose is 4xf 5 atons/cm~. |t

i's noted that duﬁﬁu?QHﬂ%Jﬁﬁﬁﬁénpatm@nn§te@heSﬁuéSp®hy§|Euéahetayeclgﬁa$;

al so doped with %bP %9%3%66%@:5 gt)1 ghe gaﬁqubghal spacers usgd above

are then -18 so'as’'to o et Y'er mnﬁ ow,
whil e patterned- msmmaiaungelnames t516 caeailbwi IﬂrbhehStLl%UQtaﬂiﬁ.enf QsMiIng a n
emtter window The nltt%. i's forneg b§ depositin goly5|llcon over the
em tter wi ndow utiS%3ANy a tosnyEdtronRet ESBSFPFoﬁWg déssegieRsad scvbe

pl asma- enhanced GMaa sxutdher ishguardret har whiike d8posH bR rPHAGESSEH:1Thee
t hi ckness of the enltteeronS|I|con is fromabout 500 to about 5000 A,

with a thickness FHgbomIRsodniteed tsérb}ﬁéﬂtfeleééoAlﬁéllﬁéeSm§r EEBr dewieesd.
The enmitter polysid iigQn i$nleRe @eﬁ%h%¥1Q998Q 3N+ Bxeeoqqeénbzsﬁﬁ%_as

As (or alternatively a P+ type dopant) and thereafter t e em t

pol ysilicon is patteararsd 2By @nploymngradﬁvepap@mab Whuhbgaaphioamddehbbwmg
The structure that results fron1the above gcessing steps is Ilustrated
in Fig. 1D. The gﬁ%tterrﬁéﬁﬁﬁaln s&f+ y Utlﬁf%lﬁéowg i fgﬁp& at U
(9001100C) rapi d Hderomlplanreals phae®sss one of the components present in

the poly-poly capacitor of the present invention. The
bottom plate of the poly-pcly capacitor also includes
side wall spacers 28. The bottom plate of the capacitor
is composed of the same material as the gate of FET

device, i1.e., polysilicon. In one embodiment of the



The mask used to pattern enmitter polysilicon 52 is then renoved. f ogkége
structure utilizing conventional stripping processes well known=t €Q004
'skilled in the art and thereafter etch nmasks 96a and 46b are formed over
-19 9 ~ ~ C 2004 the bipolar device region of the structure as well as
over the area of the structure which includes the bottom base plate, i.e.,
pol y-poly capacitor region. The structure including the two etch masks is
shown in Fig. 1E. The two etch masks are formed utilizing conventiona
|'i thography and etching. After formation of the etch masks, exposed
portions of doped polysilicon film92 and the remaining |ayers of film
stack 30, i.e., layers 32 and 34, are renoved utilizing a conventional wet
chemi cal etch process that is highly selective in renmoving those -. |ayers
fromthe structupeeséhe shivugtubg, atherbéet®Ni Phatdee BxPesede POLt toRsoaky
t he doped polysilicon filmand the remaining |ayers of the filmstack is
shown in Fig. | ECtFPgGe1podhenlirenst r it bhet afileedimentmodeteh? fraskeldave
been renoved utilizing.cC Lgn L5 L PRI ses that are well known
to those skilledgFﬁbt%g ggﬁﬁggggc? i%%?%gg&?gng?§§%ture shown in Fig. 1lE
i ncl udes FET device region 18, a conpl eted bipol ar device region 48 and
pol y-poly capacitor region 99. -2U . ' _9 ~ C 2004 Reference i s now nade
to Fig. 1G which&ﬁFl52?P5F8§eaSBPgﬂm}ﬁpr%rtf%nl%fg%?%ﬁ%??%%tﬁ?énghomm in
Fig. 1F ninus theohéndevhee B8cvSpeprbieatlyg Fidps 1EnSHoNEe ORE Y1t REoWN
bi pol ar device region and the_paly-poly capacitor region of the structure
after conpletiontgftgﬁéﬁ PEYILORT 2B FREsHBAN YL §Pger 1GoRYaREFNEE Nay
optionally be fofgedr9g;ex e g - Y. acit pr j LSt
depositing an inSUIatgr Iagg§ gﬁgﬁ gé g%%%£§%ﬁgﬁ?h€§éeﬁ%ﬁ?hgtéﬁeeggm #éft
shoul d be noted shhstrh&epibcessihg stepsoudedton somptetiagis heobppotdr
device and the pglY,nRoL¥nGABAGLEL ndonl 21T eFlc 1N AET A8Y! £8c O 14 8eq
-to: Si, Ge, SiGe, GaAs, InAs, InP and all other III/V

semiconducting compounds. Layered substrates comprising
the same or different semiconducting material, e.g.,

Si/8iGe, are also contemplated in the present invention.
Of these semiconducting materials, it is preferred that
the substrate be composed of Si. The substrate may be a
p-type substrate or a n-type substrate depending cn the
type of MOS device to be present in the final BiCMOS

structure.

The structure shown in Fig. 1A is fabricated utilizing
conventiocnal BiCMOS processing up through formation of

the gate. That is, a conventional base-after gate



Silicide regions are then fornmed in sel ected areas of the bipol QEEEI
devi ces using conventional salicide processes well known to the i IZQ@4
'in the art. Next, a passivation |ayer and a dielectric |layer may be forned
over the FET and bipol ar devices and netal vias or contact studs are forned
t hrough those layers to netal polysilicon contacts. Conventional deposition
processes are used in formng the passivation and dielectric |ayers and the
contact openings are formed by conventional -21 ~- 9 DE G 2QQ-r.

| i t hography and etching. The contact openings are filled utilizing a
conventional deposition process and, if needed, a conventional

pl anari zation process is enployed. Any conventional passivation naterial
such as Si3N4 or a polyimde may be enployed in formng the passivation

| ayer; and any c i | +di i rj u . 1.02 or_ S| 3N9 nay be
enpl oyed in forn?ﬁgﬁgﬁgqgﬁeFggﬁb?gh%aggggkﬁngg %? ggcﬁﬁéqggnFag?biFuagaare
concerned, any cdvavtidothle stmdattireeshewal isuthgaslAi cadnbe Eupl6¥eandn

. Pt may be enplo in _t present .inveption. Next, the devices are
contacted with rrél?%l bggﬁ{ggl& %”XﬁBEBSBR_%Hafth? het FPRBCptBERRSIEAY 1§ De&d

to conplete fabrildatited ab the gevkcertErggalei Sractop ¥isw, of Lhe
pol y- pol y capaci%%r shown in Fig. 1G after netal contacts 58 have been
formed thereon. repgndefryur nStaadpoke pde scepatdr okhebnpei sessbont om

pol ysilicon | ayer <28 rand depeg; Sht xR0 i Ly 42 as the top plate
of the capacitor?eéig. 30is a érgssggc%¥g%gt8€€e$ﬁ%ﬁéoh%hﬁigA'f%flgig. 2.
As is shown in FPgovadeghéopoliylpetyatapacptopocosponses substeatg 30seSTI

regi on 12, bott opl.at , ttomipsulator layer 32 -22 ~ p ~ C 200 and
top plate 92. Spgggsg §§%§n89§65§?é gﬁ%mﬁogﬁs% ¥R dI2gess of Ot Red pBefopsl y
capacitor; the spheebssseepetteielesiricahl ysigobate the top plate fromthe
bottom plate of the capacitor. It is enphasized that the poly-poly
capacitor of the present invention includes at |east one plate el ectrode

~-hat contains Sgpecpeliysihi,coRhe! B 5QABLLEDOGL BN S Pf, they P
i nvention both of the electgodeseare con%osed Jf §Fte %%lyg?-%%%ﬁgéV%ile

this invention hd8PBéEAtpar &FchPatPys shmnoahie desoni bedy wi thicespeeit t o
preferred enbodi ogats thefpof 4, Lt rst ood by those skilled in
the art that the foregoﬁngﬁgngréyﬁﬁééth%ggggﬁﬁff%ﬂﬁg“%ﬁﬁdﬁéﬁ%ﬁI% may be
made without deparbshgateohdtheisyiitomnehstapel afeddiel PI&s et odsyenti,en.
It is therefore %thﬂdgg g?at t he gresent,invention not be limted to the
exact forms and détalTs descripel AT st rdt'dd, ke 28 TemranFer t HeD

scope of the appendeguttaii®yg, -@3 {1ternatively the oxide layer is grown
thermally. Subcollector region 16 is then formed in the
substrate by utilizing a conventional ion implantation
step. After the implant step, a thick oxide, on the order
of about 240 nm, is grown on the surface of the substrate
to eliminate implantation damage. Next, the thick oxide
is etched off and an epitaxial Si layer (not shown) is

grown on the surface of the substrate.



~' ~= ~ 204 -24 Cdains 1. A nmethod of formng a poly-poly capacitor, a MOS
transi stor, and a bipolar transistor sinultaneously on a subst ratgf DEC 2004
‘conprising the steps of: depositing and patterning a first |ayer
polysilicon on the substrate to forma first plate el ectrode of said
capacitor and an el ectrode of the MOS transi stor; depositing an insul ator

| ayer on said first layer; and depositing and patterning a second | ayer of
polysilicon on the substrate to forma second plate el ectrode of said
capacitor and an el ectrode of the bipolar transistor, said second |ayer of
pol ysilicon conprising Site polysilicon, 0 SEC 2004 2. The nethod of
Claim1l wherein electrode of the MOS transistor conprises a polysilicon
gate forned on a gate oxide, said gate oxide being forned on a surface of

the substrate, thepsubstna&enhaving §&)§dé§61§n@|h@|xﬁaérQ%I@gé@n*@ob@B@ﬁth sai d
polysilicon gate. 3. The nethod of Caim2 wherein the substrate is a

sem conducti ng n&betiay Seeeehedsetobiehe(YPbuprevhenst ingtiof Smbstbat8|te
Gals, InAs and | axeredysenl condugt or csHpsh raf es i dhe. frLfiod of, daim 2

mhereln t he substrate er conprises sha ren t7on reglons
and a subcol | ect enbstgabn, usaiﬂZSU@cml¢enV@mt1e@abndb¢|@gcmﬁm@eﬁrbeég@en
said shallom/trench |solat|og§reglons hod of formng a poly-poly

LA {
capacitor conpriding fhe stepsVortot ?t?%+%$ngR%E*|?ﬁ1%¥%ﬁ?aoﬁt%héﬂgface of

a seni conductor sheucteheheSansy Sbptcsys Bl ¢opPr i Shag @itﬁeﬁséoﬁv5§£§oﬁ§9'0”
of a netal oxide sem conductor device and a bottom -25

pol ysi | i con pIatélB?ramﬁBFQlﬁblyec%pac@@o@x$®@ne@ﬂ@nt%€@u¢v%c@rth@@bbér
said film stack iﬂﬁéugéﬁgsﬁﬁléﬁaﬁfo@e§9|f§' LEOMNLaYRIi the trench with

polysilicon or another like STI dielectric material. The
STI dielectric may optionally be densified after

- deposition. A conventional planarization process such as
chemical-mechanical polishing (CMP) may optionally be

used to provide a planar structure.

Next, a protective material such as Si;N, (not shown in
the drawings) is formed over the subcollector region of
the structure (i.e., bipolar region) utilizing a
conventional deposition process such as CVD, with a low
pressure CVD process being preferred. This layer is
formed over a thin pad oxide layer (also not shown in the
drawings) which is employed in the present invention as a
screen oxide. After protecting the bipolar region with a

protective layer, the FET device is completely fabricated

11-



(b)' form ng a bipolar opening in said fil mstack exposing at Ie&s@ BEC 200[,
port'ion of said surface of said semnm conductor structure, wherein said

"bi pol ar opening is formed in a region in which a bipolar device will be

subsequent|ly fabricated; (c) simultaneously formng a Site epi |ayer in
sai d bi polar opening, while formng a Site polysilicon film on exposed
portions of said polysilicon |layer of said filmstack; (d) selectively
dopi ng portions of said Site polysilicon filmas well as said Site ep

| ayer with a dopant atomof a first conductivity type; (e) formng a
patterned passivating |ayer cn a portion of said doped Site epi |ayer; -26
' 9 ~~C 240g (f) formng a patterned doped emtter polysilicon |ayer on
said patterned passivating |layer as well as on said doped Site epi |ayer
formed in said biapel aheopRRENG, tH l.eti_ ahr | .on of said

bi pol ar devi ce, said _doped en?}te%rggyfggrpggklP%%&r%ﬁ %?%605 dif f er ent
conductivity tharf &lfadssed s terawid.| dpédowand £apyiremmvinng s ehec tripe
portions of said g [ | ySi.li fil d repmining |ayers of said
filmstack so as t§H§§b§§§e§g$3¥§§?é%§gtgap %@Fapo ¥F88l§.§é 2Ed@det dhe
whi | e protecti ngPsaite dbirpel drydeviice reegiven amdliaﬁﬂgdeaﬁdeﬁkﬁ%nﬁq|ySi'iCO”
| ayer overlying i Qttom pol ysilicon_plate of said poly-poly capacitor.
-27 - 9DEC %%6gp%}n?hgrﬁﬁFﬁéﬁSoWeéﬂa#ﬁpﬁnwﬁ@réhﬁs§aﬁ£igﬂpd1éma@he
further conpriseara.bottominsulator |ayer and an optional top insulator

| ayer. 7. The nethod of Claim6 wherein said top and bottom i nsul at or

| ayers of said filmstack are the sane or different insulative materials

sel ected from thengr ggp i.st kg ' nd, Si .oxynitrides, 8. The nethod
of Claim7 wherein said ?ggigﬁdlgofggﬁgﬁFg'ngﬁ %%5Fxga§8p¥e3Fé086%h

conposed of Si 02pr9ceFhéngeshedsothekabme6enbebeenosardot 0patnayl abar |ayer
has a thickness QEaREQgE%QOH%V%QQSFOI%B?Héeéogg @Be conventional
- transistor processing steps are: N-well for pFET

photolithography, N-well implant, pFET thin oxide tailor
implant, P-well for nFET photolithography, P-well
implant, n-FET thin oxide tailor implant, dual gate oxide
photolithography, dual gate oxide regrowth, FET gate
photolithography, FET gate etch, thermal oxide spacer
formation, nFET extension photolithography, nFET
extension implant (lightly doped drains (LDD)), first
spacer formation, pFET extension photolithography, pFET

extension (LDD), second spacer deposition, second spacer

etch, nFET S/D implant photolithography, nFET S/D

anneals.



10. The nethod of Caim6 wherein said bottominsulator |ayer hag EDEQSZOUII-
t hi ckness of from about 50 to about 1000 P,. 1.1. The nethod of al m
‘wherein. said polysilicon |ayer has a thickness of from about 100 to about
1000 A. -28 9 d~C 200g 12. The method of Claim5 wherein said bipolar
opening is fornmed by enploying lithography and etching. 13. The nethod of
Claim 12 wherein said etching is carried out by reactive-ion etching or ion
beam etching. 14. The nmethod of Claim®6 wherein said optional top
.insulator layer is renoved utilizing an etch process that is highly
selective in renoving said top insulator |ayer as ccnpared to said
underlying polysilicon layer. 15. The nethod of Cdaim5 wherein said Site
epi layer and said Site polysilicon filmare formed sinultaneously
utilizing a depoShesentpaasessotrhproceseanti edepst ratmt enpesaiures16f iy om
about 900C or be|BML 16. The met hod of C aim 15 wherein said tenperature of
sai d deposition prEcEEEUFEUERoATNAWBUEN4D09t olBboaPeSABECalDY, the7FEThe

met hod of O ai m Gevheeek AcsabdsS,Ee1eRhph a¥eL apdesaid,S)tespgl ysilicon
filmhave the same or different thickness. 18. The nethod of Caim 17
wherein said Sitésepirceayeriandrsaidnsi té, peVPsekieonibinbm(havéuthd sane

t hi ckness, said 1,G S f ea | ayer .heing of .from about .1000 to_about
5000 A. 19. The %gFgéggoﬁ4gfagn§Etﬁhé§ %%gsggﬂpﬁéﬁéﬁﬁ 88% 5%%188Biﬁ6%§aid
Site epi |ayer i80boyenehaviing a2cendespratiren2ef aheutpdxd0iSdapeaslani.n
20. The nethod of G aim5 wherein said dopant used in doping said emtter
polysilicon is AgheZ%?a$ﬁ89ﬁeﬂﬂﬁau8F YPALANE WABRESntBAFdapat fermed eritter

doped pol ysil i conkayeteiss1far gedehy ﬁgeeskébﬂenaakawéiloBspQ'MéEHEBBQal

doping said layer with a dopant and thereaftér subjecting sard emtter

doped pol ysilicoAayer that is formed on the substrate. In one embodiment
of the present invention, gate 20 and bottom plate 26 are

- composed of SiGe polysilicon.

As stated above, during the fabrication of the FET
device, bottom polysilicon base plate 26 of the poly-poly
capacitor is simultaneously formed. Specifically, the
bottom base plate is formed at the same time as
polysilicon gate 20 by utilizing a conventional
deposition process and thereafter both polysilicon
regions, i.e., polysilicon gate 20 and base plate 26, are
patterned utilizing conventional lithography and RIE.
Spacers 28 are also formed at the same time as spacers 24

and are composed of the same material.



Iayey to lithography and etching. -30 9 ~~~ ~00~~ -31 22. The
Claim1l wherein optional spacers are forned on said poly poly capggbﬁge.fGOQ

*23. The nethod of C aim 22 wherein said optional spacers are formed by
deposition, lithography and etching. 24. A poly-poly capacitor conprising
upper and |lower plate electrodes, wherein at |east the upper plate

el ectrode is conposed of Site polysilicon, said plate el ectrodes being
separated by an insulator structure and said upper plate electrode is

| ocated directly above said insulator structure and said | ower plate

el ectrode is located directly bel ow said insulator structure. 25. The
pol y-poly capacitor of Caim24 wherein the |lower plate electrode is
conposed of polysilicon. 26. A poly-poly capacitor conprising upper and
| oner pl ate el ecNerdesaswher ehowhhénupper phate £lrotsodekadd ihefdomed
pl ate el ectrode are both coggosed of Site golysilico

, .said_plate |
el ectrodes bei ngP¥6paFatedVbyaaf PhsilafbF E?rb%th?%fudl@g~F§?Céf§%%ﬁ 18
and bottom base plate 26. The film stack employed in the

present invention comprises any number of material layers
provided that the film stack includes a polysilicon layer
34. In the drawings, the film stack also includes a
bottom insulator layer 32 and a top insulator layer 36.
insulator layers 32 and 36 may be composed of the same of
different insulator material selected from the group
consisting of Si0,, Si oxynitride and other like

- insulative materials. In one embodiment of the present
invention, both insulator layers of film stack 30 are
composed of SiO,. It is noted that the top insulator

layer is optional in the present invention.

In the specific embodiment illustrated in Fig. 1B, film
stack 30 is formed utilizing conventional deposition
processes well known to those skilled in the art. For
example, bottom insulator layer 32 of film stack 30 is
formed by a conventional deposition process including,
but not limited to: CVD, plasma-enhanced CVD, low
pressure CVD, sputtering and other like deposition

processes. The thickness cf the bottom insulator layer



32 27. The pol y-poly capacitor of claim?24 wherein at |east one s?ng p?ﬂﬁi
el ectrodes is polysilicon froma FET gate or a bipolar enltter"BS ge
‘pol y-poly capacitor of claim?24 further including a bipolar device region
and a FET region, where said capacitor, bipolar device region and FET
region are electronically isolated fromone another by isolation regions.
29. A sem conductor device, conprising: a poly-poly capacitor having first
and second pl ate el ectrodes, one of said plate el ectrodes being conprised
of a first conductive patterned | ayer; and a bi pol ar device having first
and second el ectrodes, one of said el ectrodes being conprised of said first
conductive patterned |l ayer; wherein said first conductive patterned | ayer
is conprised of Site material. - 9 ~E C 2004 -33 30. A sem conductor

structure, conpringiyngraaf,i tostt |t@mrcaqf1yp@h)éslt'hh%@ﬂee%t B%f 'Eﬁ@ betckgpm a f
rst electrode of a MOS device and a fifst pl ate el ectrode of a capacitor,

wherei n an i nsul aferiladpar L@yedeﬂésﬁﬁ@@ @ﬁoyﬁléoftpsabbayeﬁooén& awdetord
I ey e E R R
bei ng conprlsed<ﬁrd§anzqmﬂy5|llcon AUF.A . A@G LAl LA "LA@.AHA .AE
. ASE
Polysilicon layer 34 is then formed on top of bottom
;nsulator layer utilizing conventional deposition
Erocesses such as CVD and plasma-enhanced CVD. The
thickness of the polysilicon layer is not critical to the
present invention, but typically the thickness of the
" polysilicon layer is from about 100 to about 1000 A, with
a thickness of from about 400 to about 500 A being highly

preferred.

When the top insulator layer is employed, the top
insulator layer is formed utilizing the same deposition
process as mentioned in connection with the bottom
insulator layer. The thickness of the top insulator layer
may vary, but typically the thickness of the insulator
layer is from about 100 to about 1000 A, with a thickness
of from about 300 to about 500 A being highly preferred.
In embodiments wherein a top insulator layer is not used,

a mask can be employed in forming the bipolar opening.



.AF E.AF . ASA.A.I _.Al .Ah2 _.ASH . A@.A Y .A[F.A.ALW AY

a?. Ayl +. A@ . AY -¥'DEC 2004

After forming film stack 30 on the surface of the
structure, a bipolar opening 38 (See, Fig. 1C) is formed
in the structure utilizing conventional lithography and
RIE. At this time, the collector is implanted with a N-
type dopant utilizing processing steps well known to
those skilled in the art. Specifically, the bipolar
opening is formed by providing a patterned photoresist
gnot shown) on the surface of top insulator layer 36 (or
6n polysilicon layer 34) and then etching through film
stack 30, i.e., layers 36, 34 and 32, utilizing a

. conventional etch process such as RIE or ion beam etching
that is highly selective in removing those layers
stopping on a protective nitride layer used previously in
forming the FET device. The nitride layer is etch away
using a wet etch process wherein a chemical etchant such
as hot phosphoric acid is employed. It is noted that the
bipolar opening is formed over subcollector region 16 and
that the opening forms the region in which the bipoclar

device will be subsequently formed.
Next, if top insulator layer 36 is present, it is removed

from the entire structure utilizing a conventional wet

chemical etch process that is highly selective in

-16-
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-After removal of the optional top insulator layer and the
base pad oxide layer from the structure, a SiGe epl layer
40 is formed in the bipolar opening and, at the same
time, a SiGe polysilicon film 42 is formed over portions
of the exposed polysilicon layer, See Fig. 1D. SiGe
layers 40 and 42 are formed in the present invention by
utilizing a deposition process, wherein the depositicn
temperature is low, i.e., less than 900°C. More
specifically, the deposition temperature used in this
step of the present invention is from about 400° to about
500°C. The thickness of these two SiGe layers may vary,
and not need be the same; however, it is preferred in the

present invention that SiGe epi layer 40 and SiGe
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polysilicon film layer 42 have the same thickness.
Typically, the thickness for each of these two low
temperatures SiGe layers is from about 1000 to about 5000
A, with a preferred thickness for each layer being of
from about 2000 to about 2500 A. It is noted that the

SiGe layer contains the P-doped intrinsic base.

fhe bipolar region has an extrinsic base that is self-
aligned to bipolar opening 38. The.poly—poly capacitor,
on the other hand, may be produced with a non self-
-aligned process. Several sacrificial layers (not shown in
the drawings) and passivating layers, e.g.,
oxide/nitride, are then formed over the structure and
etched by conventional means, e.g., RIE, to form
sacrificial spacers (also not shown in the drawings) and
patterned passivating layers 50. SiGe epi layer 40 is
then doped with a P+ dopant (or N+ dopant) utilizing a
conventional ion implantation process. A preferred P+
dopant employed in this step of the present invention is
boron and the preferred dose is 4x10% atoms/cm?. It is
noted that during this implantation step, SiGe
polysilicon layer 42 is also doped with a P+ dopant (N+

dopant). The sacrificial spacers used above are then

18-
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removed so as to open the emitter window, while patterned
passivating layers 50 remain in the structure forming an

emitter window.

The emitter is formed by depositing polysilicon over the
emitter window utilizing a conventional deposition
process such as CVD, plasma-enhanced CVD, sputtering and
5ther like deposition processes. The thickness of the
emitter polysilicon is from about 500 to about 5000 A,
with a thickness of from about 1000 to about 1600 A being
- .more preferred. The emitter polysilicon is then heavily
doped with a N+ type dopant such as As (or alternatively
a P+ type dopant) and thereafter the emitter polysilicon
is patterned by employing conventional lithography and
etching. The structure that results from the above
processing steps is illustrated in Fig. 1D. The emitter
depth is set by utilizing a high temperature (900°-

1100°C) rapid thermal anneal process.

The mask used to pattern emitter polysilicon 52 is then
removed from the structure utilizing conventional
stripping processes well known to those skilled in the

art and thereafter etch masks 46a and 46b are formed over

-19-
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the bipolar device region of the structure as well as
over the area of the structure which includes the bottom
base plate, i.e., poly-poly capacitor region. The
structure including the two etch masks is shown in Fig.
1E. The two etch masks are formed utilizing conventional
lithography and etching. After formation of the etch
masks, exposed portions of doped polysilicon film 42 and
Ehe remaining layers of film stack 30, i.e., layers 32
and 34, are removed utilizing a conventional wet chemical
etch process that is highly selective in removing those
- . layers from the structure. The structure after removing
the exposed portions of the doped polysilicon film and

the remaining layers of the film stack is shown in Fig.

1E.

Fig. 1F show the structure after the two etch masks have
been removed utilizing conventional stripping processes
- that are well known to those skilled in the art.
Specifically, the structure shown in Fig. 1E, includes
FET device region 18, a completed bipolar device region

48 and poly-poly capacitor region 49.
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Reference is now made to Fig. 1G which illustrates a
blown-up portion of the structure shown in Fig. 1F minus
the FET device 18. Specifically, Fig. 1G shows only the
bipolar device region and the poly-poly capacitor region
of the structure after completion of each region. As is
shown in Fig. 1G, spacers 56 may optionally be formed on
exposed edges of the poly-poly capacitor by first
&epositing an insulator layer such as Si;N, and then
etching the same. It should be noted that the processing
steps used in completing the bipolar device and the poly-

- .poly capacitor do not affect the FET device of the

structure.

Silicide regions are then formed in selected areas of the
bipolar/FET devices using conventional salicide processes

well known to those skilled in the art.

Next, a passivation layer and a dielectric layer may be
formed over the FET and bipolar devices and metal vias or
coﬁtact studs are formed through those layers to metal
polysilicen contacts. Conventional deposition processes
are used in forming the passivation and dielectric layers

and the contact openings are formed by conventional

21-



10 10SOMLOYE () - S#H 109& ()- Q******/// @ 103 109%& ()-!S&' 109%x& ()-f#$
109 ()-Z 10 10 103 109& ()- S 109& ()-7///KO1\33dE @ 10 +&1a%%€ R4
“109XX& ()-'F 1090N& ()- 9 10% ()- !l 9%40%& () m 10 10344444588 :
1031 109& ()-!'F 109 ()- ~ 109& ()- $109%& ()-

lithography and etching. The contact openings are filled
utilizing a conventional deposition process and, if

needed, a conventional planarization process is employed.

Any conventional passivation material such as Si;N, or a
polyimide may be empioyed in forming the passivation
layer; and any conventional dielectric material such as
§102 or Si;N, may be employed in forming the dielectric
layer. Insofar as the contact studs are concerned, any
conventional conductive metal such as Ti, W, Cu, Cr and

- . Pt may be employed in the present invention. Next, the
devices are contacted with metal contacts and back end of

the line processing is used to complete fabrication of

the device.

Fig. 2 is a top view of the poly-poly capacitor shown in
Fig. 1G after metal contacts 58 have been formed thereon.
In this figure, the poly-poly capacitor comprises bottom
polysilicon layer 26 and doped SiGe polysilicon layer 42
as the top plate of the capacitor. Fig. 3 is a cross-
sectional view through A-A' of Fig. 2. As is shown in
Fig. 3, the poly-poly capacitor comprises substrate 10,

STI region 12, bottom plate 26, bottom insulator layer 32
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and top plate 42, Spacers 28 and 56 are shown on exposed
edges of the poly-poly capacitor; the spacers serve to
electrically isolate the top plate from the bottom blate

of the capacitor.

It is emphasized that the poly-poly capacitor of the
present invention includes at least one plate electrode
Ehat contains SiGe polysilicon. In some embodiments of
the present invention both of the electrodes are composed

of SiGe polysiiicon.

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 thé 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.
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Claims

1. A method of forming a poly-poly capacitor, a MOS transistor, and a bipolar
transistor simultaneously on a substrate comprising the steps of:

depositing and patterning a first layer of polysilicon on the substrate to form a
first plate electrode of said capacitor and an electrode of the MOS transistor;

depositing an insulator layer on said first layer; and

depositing and patterning a second layer of polysilicon on the substrate to form a
second plate electrode of said capacitor and an electrode of the bipolar transistor, said

second layer of polysilicon comprising SiGe polysilicon.



U 10 U 10 U, 3nL0% U& ()- "10% U& ()- RSSSSSSXUCX-\ =F 10F z  _
109 () -1 @10%/NV& ()-G 1% 10% ()-m 10 10 10310% ()- F+10%&! ()-Q DEC %0%
© CXI XIXKXLX] XXY; Zb@ 10!  10%—~& ()- 10% & ()- 10%& ()-%0% & ()-Y 1

2. The method of Claim 1 wherein electrode of the MOS

transistor comprises a polysilicon gate formed on a gate
oxide, said gate oxide being formed on a surface of the
substrate, the substrate having source and drain regions

beneath said polysilicon gate.

3. The method of Claim 2 wherein the substrate is a
§emiconducting material selected from the group
consisting of Si, Ge, SiGe, GaAs, InAs and layered

semiconductor substrates.

4. The method of Claim 2 wherein the substrate further
comprises shallow trench isolation regions and a
subcollector region, said subcollector region being

formed between said shallow trench isolation regions.

5. A method of forming a poly-poly capacitor comprising

the steps of:
(a) forming a film stack on a surface of a semiconductor

structure, said structure comprising at least a gate

region of a metal oxide semiconductor device and a bottom
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polysilicon plate of a poly-poly capacitor formed on a
surface thereof, said film stack including at least a

polysilicon layer;

(b) forming a bipolar opening in said film stack
exposing at least a portion of said surface of said
semiconductor structure, wherein said bipolar opening is
formed in a region in which a bipolar device will be

subsequently fabricated;

- . (¢) simultaneously forming a SiGe epi layer in said
bipolar opening, while forming a SiGe polysilicon film on
exposed portions of said polysilicon layer of said film

stack;

(d) selectively doping portions of said SiGe polysilicon
film as well as said SiGe epi layer with a dopant atom of

a first conductivity type;

(e) forming a patterned passivating layer on a portion

of said doped SiGe epi layer;
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(f) forming a patterned doped emitter polysilicon layer
on said patterned passivating layer as well as on said
doped SiGe epi layer formed in said bipolar opening
thereby completing fabrication of said bipolar device,
said doped emitter polysilicon layer having a different

conductivity than said doped SiGe epi layer; and

Gg) removing selective portions of said doped SiGe
polysilicon film and remaining layers of said film sStack
S0 as to expose said gate of said metal oxide
.semiconductor while protecting said bipolar device region
and said doped SiGe polysilicon layer overlying said

bottom polysilicon plate of said poly-poly capacitor.
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6. The method of Claim 5 wherein said film stack further
comprises a bottom insulator layer and an optional top

insulator layer.

7. The method of Claim 6 wherein said top and bottom
insulator layers of said film stack are the same or
different insulative materials selected from the group-

Bonsisting of $i0, and Si oxynitrides.

8. The method of Claim 7 wherein said top and bottom

. insulator layers are both composed of SioO,.

9. The method of Claim 6 wherein said top insulator

layer has a thickness of from about 100 to about 1000 A.

10. The method of Claim 6 wherein said bottom insulator

layer has a thickness of from about 50 to about 1000 A.

11. The method of Claim 5 wherein said polysilicon layer

has a thickness of from about 100 to about 1000 A.
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12. The method of Claim 5 wherein said bipolar opening

is formed by employing lithography and etching.

13. The method of Claim 12 wherein said etching is

carried out by reactive-ion etching or ion beam etching.

14. The method of Claim 6 wherein said optional top
insulator layer is removed utilizing an etch process that
is highly selective in removing said top insulator layer

as compared to said underlying polysilicon layer.

15. The method of Claim 5 wherein sald SiGe epi layer
and said SiGe polysilicon film are formed simultaneously
utilizing a deposition process that is carried out at

temperatures of from about 900°C or below.
16. The method of Claim 15 wherein said temperature of

sald deposition process is from about 400° to about
500°cC.
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17. The method of Claim 5 wherein said SiGe epi layer
and said SiGe polysilicon film have the same or different

thickness.

18. The method of Claim 17 wherein said SiGe epli layer
and said SiGe polysilicon film have the same thickness,
said thickness of each layer being of from about 1000 to
dbout 5000 A.

19. The method of Claim 5 wherein said dopant used in
.. doping said SiGe epi layer is boron having a

concentration of about 4x10® atoms/cm?.

20. The method of Claim 5 wherein said dopant used in

doping said emitter polysilicon is As.

2l. The method of Claim 5 wherein said patterned emitter
doped polysilicon layer is formed by depositing a layer
of polysilicon, doping said layer with a dopant and
thereafter subjecting said emitter doped polysilicon

layer to lithography and etching.

-30-



10% & ()-!F940% /& ()-5@CF 10 &L0% ()- glO%& ()- - 100/&-()-%”1%& -
= QD

10/ 10/ 310% & ()-, dEbCF 10 +9109& ()- $ 109& ()- !109%& () -

109%& () -

10 10310% ()-Q dE~_@ 10, 10% & ()-, 10% & ()- 10% & ()-° 10% & ()-m

10% & () -

109 ()- AQ- @ 10 10% & ()-f 10% & ()-10% & ()-!$ 10% /& ()-

10% & () - 5<dE: / 10/ 231 -

22.  The method of Claim 1 wherein optional spacers are formed on said poly-

poly capacitor.

23.  The method of Claim 22 wherein said optional spacers are formed by

deposition, lithography and etching.

24. A poly-poly capacitor comprising upper and lower plate electrodes, wherein
at least the upper plate electrode is composed of SiGe polysilicon, said plate
electrodes being separated by an insulator structure and said upper plate electrode is
located directly above said insulator structure and said lower plate electrode is

located directly below said insulator structure.

25.  The poly-poly capacitor of Claim 24 wherein the lower plate electrode is

composed of polysilicon.

26. A poly-poly capacitor comprising upper and lower plate electrodes, wherein
the upper plate electrode and the lower plate electrode are both composed of SiGe

polysilicon, said plate electrodes being separated by an insulator structure.

10/
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a FET region, where said capacitor, bipolar device region and FET region are

electronically isolated from one another by isolation regions.

29. A semiconductor device, comprising:

a poly-poly capacitor having first and second plate electrodes, one of said plate
clectrodes being comprised of a first conductive patterned layer; and

a bipolar device having first and second electrodes, one of said electrodes being
comprised of said first conductive patterned layer;

wherein said first conductive patterned layer is comprised of SiGe material.
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30. A semiconductor structure, comprising

a first layer of polysilicon patterned to form a first electrode of a MOS device and a first
plate electrode of a capacitor, wherein an insulator layer is deposited on said first layer,

and

a second layer of polysilicon patterned to form a first electrode of a bipolar device and a

second plate electrode of said capacitor,

said second layer being comprised of SiGe polysilicon.



