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METHOD OF FAB ING A POLY-POLY CAP
A SiGe BICMOS INTEG C
DESCRIPTION
Field of the Invention

The present invention relates to BiCMOS (i.e., bipolar and eomplementaxy metal
oxide semiconductor (CMOS)) technology, and more particularly to a method of .
fabncatmg a polysilicon to polysilicon, i.e., poly-poly, capaeltor integrated wﬂ;h a
SiGe heterojunction bipolar transistor. ' '

- Back d of the 'n_

:  In the field of semicondﬁctor device manufacturing, CMOS and BiCMOS
technologles have been widely used for integrating highly complex analog-dlgltal
subsystems onto a single chip. In such subsystems, hngh precision capamtors are

* typically required.

Several types of capacitors are preseﬁtiy ava;ilable including diffusion-poly cépa_citdrs,
- 'poly-'poly capacitors end metal-metal capacitors. In order to meet the demand for
high preclsmn capacitors in today’s generation of integrated dewces poly-poly
capacltors have been mcreasmgly used

* Despite its high precision, a poly-poly capacitor is a conipfomjse between high cost
and ideal capaeitor characteﬁstics since itis remﬁvely easy to construct, and has |
electrical characteristics that are better than diffusion-poly capacitors, but inferior -

. electrical charactenstlcs to meta!—meml capacltors However, a metal-metal capacltor
_is much more difficult to fabncate than are poly-poly capacltors o

'Moreover poly:=poly .'c"apacitors aré known to have a more lineai' V-C relationship than

" MOS (i.e., diffusion-poly) capacitors. The d1electnc for MOS capacltors results from

' an oxide that is thermally grown over a hlghly doped diffusion region. In contmst, the
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dielectric for a poly-poly capacitor is generally a deposited chemical vapor deposition -
(CVD) oxide and reliability requirements cause the resulting oxide to be thicker than
can be realized with a thermal oxide. Therefore, hlgher capacitance values generally .
result for MOS capacitors than poly-poly capacitors.

Although various met_hods.of forming poly-poly capacitors are known, most prior art
methods are not suitable for integration with BICMOS processing schemes. - In view
of the BiICMOS integraﬁon proBlerh with _priot art methods, there is a continued need
for deveioping a new and improved method of t‘abxicating a poly-poly capacitor -
utiiiz;ing existing polysilicon layers and mssking stej)s employed in conventional
BiCMOS processes. Speclﬁcally, it would be highly beneficial if a method of
Jfabncatmg a poly-poly capamtor could be developed in which the bottom plate of the-
,- capacltor was formed from a gate of the MOS transistor, and wherein the top plate of -
the capacitor was formed from the base region of a heterojunction bipolar hjanststor.

of i0

One object of the present invention i isto prov1de d niethod of fa,bncatmg a poly-poly
capacitor for use in CMOS or BICMOS mtegmted circuits that is not comphcated or

_expensive.

~ Another object of the present’invention is to provide a method-of manufacturi\ng a
poly-poly capacltor utilizing existing polysihcon and maskmg steps, thereby achxevmg
. the mtegmtlon of the poly-poly capacﬂ:or into a BICMOS dewce ata low cost.

Ayet ﬁ.trther object of the present-invention isto provitle a method of fabncatmg a

~ poly-pt)ly capacitor utilizing steps and structures that are typically used to form the
. gate of the MOS transistor and SiGe base structure of the blpolar ttans1stor ina
B1CMOS process ' '

These and other ebjects 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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the CMOS gate electrode and the upper SiGe polysilicon layer of the capacitor is
formed during the growth of the base- reglon of the SiGe hetero;unctlon bipolar
transistor. Broadly speaking, the inventive method thus comprises forming a lower
plate electrode of a poly-poly -capaclter during deposition of a gate electrode of a
‘CMOS transistor; and forming an upper SiGe plate electrode during growth of a SiGe o

base region of a heterojunction bipolar transistor.

Specifically, and ‘in a first embodiment of the present iﬂvention, the inventive method

coimprises the steps of:

(a) fonmng a ﬁrst polys1hcon layer overa portlon of an isolation region in a device -

reglon in which.a poly-poly capacltor is to be fonned
(b) forming first nitride spacers about said first polysilicon layer; |

(e) deposiﬁng a nilride'layef over said first polysilicon layer and said first nifride
spacers; - - ' '

'(d) 1mplan11ng ions of a first conductlwty type into.said first polysilicon layer soasto -
form a lower elecu'ode of said poly-poly capacltor '

(e) removing portions of said nitride lé;yer'so as to form second m'tr_ide spaeers and to

expose a portion of said lower electrode;

(t) fonmng a ﬁlm stack on at least said exposed portion of said lower electrode said
film stack compnsmg an oxide layer, a second layer of polysxllcon and a layer of
SiGe; '

_(g) implanting ions of a eecend 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

(i) saliciding all exposed surfaces of said upper electrode.
It is noted that the above processing steps are used in forming a high capacitance poly- '
: pely capacitor. Alternatively, a pattemed protective nitride layer can be formed on

_ portions of the exposed upper electrode prior to saliciding the structure.

In accordance with the second embodiment of the present invention, in which a high

voltage device is formed, the method of the present invention comprises the steps of:

- (a) fermjng 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;

(b) forming first nitride spacers about said first polﬁrsilieog layer;

() depositing a nitride layer over,'said first polysilicon layer and said first nitride
spacers; ' ' '

- (d) implanting ions of a first conductivity type into said ﬁrst polysmcon layer 50 as to-
~ form a lower electrode of said poly-poly capacitor;

(e) forming a film stack on at least said nitride layer, saidl film stack comprisingan
oxide layer, a secofid 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 ef polysilicon;

: _(g) etching at least said layer of SiGe and said second layer of polysﬂwon 50 as to
~ form an upper electrode of said poly-poly capacltor and



- (h) saliciding all exposed surfaces of said upper elé;ctrode.

As is the case in the first e'm'bodiment,.a patterned protective nitride layer can be
formed on at least a portion of the exposed upper electrode prior to salicidation. .

CItis emphasized'herein that the doped first layer of polysilicon serves as the lower

| electrode of the inventive poly-poly capacitor, whereas the doped SiGe layer together
with the doped second layer of polysilicon serve as an i.lpper electrode of the poly-poly

: cépa'citor.

- Brief Description of the Drawings

FIGS. 1-9 are cross-sectional views of a poly-poly capacitor through various processing
. steps used in the first embodiment of the present invention. -

~ FIGS 10-11 show ém.optional processing step wherein a patterned protective nitride

layer is employed in the first embodiment of the present invention.

FIGS 12-19 are cross-sectional views of a.poly-poly capaci_tbr through various
processing steps used in the second embodiment qf the present invéntion.

FIGS 20-2i show an optional processing step wherein a patterned protective nitrid.e- .
layer is employed in the second embodiment of the present invention.

D -1 1 D . ! v . E I! I B I -
The present invention, 1v\'r_hi(_:h provides a method of fabricaﬁng a poly-poly qapa;'ci.tor'
ifitegrated with a 8iGe BICMOS process, will now bé described in more detail by
- referring to the drawings that accompany the present application. It should be noted .



that like and corresponding elements are referred to by like and correspbnding
reference numerals, Furthermore, in the drawings of the present invention, only the
capacitor device region of the BICMOS device is shown. The CMOS and bipolar
device regions, which are not shown in the drawings, are formed in regions t_hét are-

adjacent to the capacitor device region shbwn in the drawings.

- Reference is first made to FIGS 1-9 which illustrate the formation of a high

: capacitancé pbly-pol'y capacitor through various pi'ocessing steps used in a first
| embodiment of the preseh_t iﬁv’qntion. Specifically, FIG 1 shows the fornzation of a.
first polyéiliébn layer 14 over a portion of isolation region 12,. which is formed in

. semiconduct_or substrate 10. Semicondiictor substrate 10 is compbsed ofa
- conventional semiconducting material including, but not limited to: Si, Ge, SiGe,

" GaAs, InAs, InP and all other HI/V compound semiconductors. Layered substratm |
such as  Si/Sior S1/SlGe are also contemplated herein.- Of these semiconducting
matenals it is preferred that the semlconductor substrate be composed of Si. The
. sexmconductor substrate may bea p-type substrate or a n-type- substrate dependmg on
the type of MOS device to be present in the final BiCMOS structure.

The iSdlation_region maybe a, LQCOS (local oxidation of s'ilioon) region or a trench
isolation region, with preference gfv_e‘n to a trench isolation region such as _sho_w}v_n in .
FIG 1. When LOCOS isolati(}ﬁ is employed, conventional oxidation processes .wel'l- '
known to those skilled in the art are used in formjng region 12. On the other hand, -
" when isolation regfon 12 is a trench isolation region, such as'shown in FIG 1, the

isolation trench region is formed utilizing conventional l:thography, etchmg and
trench filling. Since the formation of isolation regions mcludes conventional
'processes well known to those skilled in the art, a detalled descnptlon conicerning the
" same is not prowded herem

First _polysilicoh layer 14 which will gubseguenﬂy become the lch_ar electrodé of the
poly-poly capacitor is also formed in the CMOS device region and will be used in the -
CMOS device reglon as the gate electrode of the CMOS device. First polysﬂlcon layer

14 is formed in the present invention ut1hz1ng a conventional deposmon process
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rncluding, but not limited to: chemical vapor deposition (CVD), plasma-assisted CVD,
sputtering, chemical solution deposition and other like deposition processes. The
thickness of the first. polysﬂlcon layer may vary, but typically the first polysilicon "
layer has a thickness of from about 500 to about 5000 A, with a thickness of from
about 1000 to about 2000 A bemg more highly preferred

Next, and as illustrated in FIG 2, first nitride spacers 16 are formed about the first
polysilicorr layer. Specifically, first nitride spacers 16 are formed on expoSed vertical
edges of the previously formed first polysilioon layer. The first nitride spacers which
are eomposed of a conventional nitride material such as Si;N, are formed by a
conventlonal deposition process such as CVD, plasma—assrsted CVD and other like.
depos1t10n processes, followed by. llthography and etchlng The etching process '

: employed in forming first nitride Spaeers_ l6isa conventronal_ etchmg process which
has a high selectivity for removing nitride as.compared-to polysilicon.

FIG 3 shows the poly-poly capacitor structure eﬁer forming second nitride layer 18

over the structure shovyo inFIG 2. Specifically, the second nitride layer is formed.

over first polysilicon layer 14 and first nitride spacers 16 utilizing a conventional

deposition prOeess v:rhich is the same or diﬁ‘erent-as used in forhﬁng the first nitride
spacers. Moreover, the second nitride layer may be composed of the same or différent

' nitride-containing material as the ﬁrst nitride spacers. It is noted that the second

nitride layer serves to protect the ad_| acent device reglons dunng the formation of the
poly-poly capacitor. -

" With the second nitride layer in place, ions of a first conductivity type- (P- or N-type)
20'are implanted into the first polysilicon layer so0 as to_form lower electrode 22 of the, .
poly-poly capacitor, See FIG 4. The ion implantation used in forming the lower
electrode of the poly-poljr eapacitor is carried out in a cotiventional ion implantaﬁoh _
" apparatus which is capable of operating st conventronal implant energies. The

- concentration of the dopant ion used in this implant step may vary and is wrthm values .
typically used by those skilled in the art. Moreover, the type of dopant ion employed -
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in this step of the present invention is only dependent upon the type of device to be
fabricated.

In accordance with the first embodiment of the present invention which is used in

‘making high eapaci’mnce poly-poly capacitors, the second nitride layer is patterned

utilizing conventlonal lithography and thereafter an etching process which has a h1gh
select1v1ty for removing nitride as compared to doped polysilicon is employed so as to
form second nitride spacers 24, See FIG 5. Specifically, second nitride layer 18 is
etched so as to form a window 21 in the second nitride layer that exposes a portion of
the underlying lower electrode.

Next, and as is illustrated in FIG 6, film stack 30 is formed.on the structure shown in

. FIG 5. Tn accordance with the present invention, film stack 30 is composed of a layer

of oxide 32, a second layer of polysilicon 34 and a layer of SiGe 36. The layer of
ox1de 32 is formed in the present invention utilizing a conventional deposmon process
such as CVD or altematlvely, oxide layer 32 can be formed by a convenuonal thermal

-’ growmg process. The thickness of the oxide layer may vary, but typlcally, oxide layer

32 of film stack 30 has a thickness of from about 50 to about 200 A

Polysilicon layer 34 of film stack 30 is formed utilizing the sarhe or different
deposition process as used in forming ﬁrst polysﬂlcon layer 14. The thickness of
polysxhcon 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 ley_er 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: ultr‘a—high vacuum chemical vapor &epositi'on_.
- (UHVCVD), molecular beam epitaxy (MBE), rapid thermal chemical vapor
- deposmon (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 thlckness

range. Each of the aforementloned deposition processes used in forming the SiGe
layer mclude the use of conventlonal condmons tbat are well known to those slalled
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in the art. The conditions may vary déperrding on the type of deposition process used
in forming the SiGe layer. | '

After film stack 30 has been formed over the exposed lower eiectrode, SiGe layer 36
and second poiysilicon layer 34 are subjected to an ion irnplantation process wherein
ions of a second conductrvrty type 38 that are different from the first are implanted
into layers 36 and 34. Specifically, the above mentroned second ion nnplantatron step
is carried out in a conventional ion 1mplantat1_on apparatus which is capable of
operating at conventional implant energies. The concentration of the dopant ion used '
- in this implant step, i.c., doping of layers 36 and 34, may vary and is dependent on the
| . type of dop_ant implanted into the first polysilicnn layer. This step of the presenr :
invention which forms doped layer 40 is shown in FIG 7. It is noted that doped layer
40isa eombinetiorr_ of SiGe layer 36 and second polysilicon 34. Moreover, doped
leyer 40 serves as the upper eleetrode of lthe inventive poly-poiy_capéeitor;

After doping the SiGe and second polysilicon layers with ions of a second

. conductmty type, doped layer 40 (i.e. doped SiGe and doped second polysilicon
layers) is subjected to conventronal lrthography and etching processes which are '
capable of pattermng the doped SiGe+second polysrhcon layer into upper electrode 40.
formmg the structure shown'in FIG 8. It should be noted that durmg etchmg ofthe
doped SrGe+second polysrhcon layer, some of the underlying oxide layer may be also
- be etched. '

Followmg thrs step of the present mventron, the upper electrode, i.e., doped layer 40,
may be optronally subjected to another ion rmplantatron process wherern additional
second ions are 1mplanted into the upper electrode. It is noted that this optional
additional implant step forms source and drain regrons (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 sahdrcatron process wherem

- salicide region 42 is formed therein. The saIrdrcatron process is carried utilizing -

' conventional annealing temperatures and times well known to those skilled in the art.,



FIGS 10-11 slrow additional processing steps that may be employed in the first
method of the present invention prior to conducting the salicidation p_rccess.
Specifically, FIG 10 shows the structure of FIG 9 which includes pattemed protective
nitride layer 44 formed on horizontal surfaces of the poly-poly capacltor The
patterned protectlve layer is formed bya conven’uonal deposition process, followed by .
| lithography and etching. FIG 11 shows the structure after conducting the above-

mentioned salicidation process.

FIGS 12;19 show the second emb'odim.ent' of the present iﬁveﬁtion.ru which second
nitride layer 18 remains in the structure throughout the various processing steps. This
results in a high voltage-poly-pbi’y capacitor device. Speciﬁceily, the processing steps
used in forming the structures shown in FIGS 12-15 are identical fo thiat shown in
FIGS 1-4 above. Instead of etching the nitride layer as siown in FIG 5, the nitride
Jlayer in this embodiment of the present i,nyenu'on. is not etched and film stack 30 is
formed thereon utilizing the processing stcpé mentioned above so as to provide the
' structure shown in FIG 16. FIGS 17:19 are identical to FIGS 7-9 with the exceptlon-
- that the poly-poly capac1tor includes second mtnde layer 18 therem

FIGS. 20-21 show an cpﬁonal step of the second embodimeut of the present inven_t_iori -
wherein a patterned pro.tective nitride layer is employed.

Whﬂe this invention has been partlcularly shown and described wrth respect to
preferred embodiments thereof, it will be understood by those skilled i in the: art that
the foregoing and other changcs in forms and detalls may be made without departing .
from the spirit and- scape of the present invention, It is therefore intended that the

. present invention not be limited to the exact foris and details descnbed and
illustrated, but fall within the scope of the appended claims.
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Having thus described our invention in detail, what we.claim is new and desire to

secure by the letters Patent is:

1. A method for fabricating a poly-poly. capacitor integrated with a BiCMOS process
comprising forming a lower plate electrode of a poly-poly capacitor during deposition
of a gate electrode of a CMOS transistor; ano forming an upper SiGe plate electrode
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,; fonning'ﬁrst nitride Spacers
about said first pol&silicon. layer; _deposiﬁng a nitride layer over said first polysilicon
layer and said first nitride spacers; and implanting ions of a first conductivity type info
said first polysilicon layer so as to form sald lower plate electrode of said poly-poly
capacltor

3. The method of Claitn 2 wherein said upper SiGe plate electrode is formed by the
steps of.‘:' reinoving portions of said nitride layer so ac to form second nitride spacers
 and to expose a portion of said lower plate clectrode; forming a film stack-on at least -
said exposed portion of -said lower plate electfo,de, caid film stack comprising an oxide
layer, a second layer of polyéilicon and a la‘yer of SiGe; implanting jons of a second

' conductmty type that are different from said first conductivity type into said layer of -

" SiGe and said second layer of polysxhcon, etching at least said layer of SiGe and said
second layer of polysilicon so as to form said upper plate electrode of sa1d poly-poly
capacitor; and sahcldmg all exposed surfaces of sald upper SlGe plate electrode
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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 compriéing
an oxide layer, a second layer of polysilicon and a laye1: 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 oolysilicon; etching at least said layer of SiGe -
and said second layer of polysilioon s0 as to form said upper SiGe plate electrode of '
said poly—poly capacitor; and saliciding s all exposed surfaces of said upper SiGe plate
electrode '

6. The method of Claim 5 s}vl_lerein 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 capaoito; integrated with a BiCMOS process =
- comprising the steps of: ' '

'. (a) forming a first polysilicon layer over a ;.)ortio_n,'of an isoléﬁon region in a dev1ce '
region in which a poly-poly capacitor is '_to be formed;

(b) forming first nitride spacers about said first polysilicon layer;

(c) depositin‘g a nitride layer over said first polysilicon layer and said first nitride
spacers; ' ' ' '

(d) mplantmg 1ons ofa first oonductmty type into said first polys1hcon layer so as to )
fonn a lower electrode of said poly»poly capacitor; .

{e) removmg portions of sa1d nitride layer soas to form second mtnde spacers and-to
expose a portlon of said lower electrode;
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(f) 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) etchmg at least said layer of SiGe and smd second layer of polysilicon so as to
_ form an upper electrode of said poly-poly capacitor; and

(i) 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 eleetr'ode prior to saliciding. '

9. The mefhod of Claim 7 wherein said first polysilicoﬁ layer is formed"by a
_depos;tlon process selected from the group consxstmg of chemlcal vapor deposmon
(CVD) plasma—ass1sted CVD sputtenng and chemlcal solutlon depos;tlon

10. The method of Clann 7 wherem said ﬁrst mtnde 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-assxsted CvD sputtermg and chelmcal solution
: deposmon. '

12. The method of Claim 1 wherein said layer of SiG¢ provided in step () is formed
- froma deposition process selee_ted from the groub cohsi_sting of mua-high vacul_xm_.
 chemical vapor deposition (UHV CVD), molecular beam epitaxy (MBE), rapid
thermal chemical vapor deposition (RTCVD).and plasmaenhanced chesmical vapor
deposmon (PECVD)
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~ 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

tegion in which a poly-poly capacitor is to be formed,
(b) forming first nitride spacers about said first polysilieon layer;

(c) depos:tmg a nitride layer over sald first polysilicon la.yer and said ﬁrst nitride
spacers;

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

. (e) formmg a ﬁlm stack on at least said mtnde layer, said film stack compnsmg an
ox1de layer a second layer of polysﬂlcon and a layer of SiGe;

® implaﬁting' ionsofa second conductivity type that are .(_l_iﬂ‘erent from said first
eonductivity tyﬁe 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 ‘

(h) saliciding all exposed s_urfgces of said ﬁpper el'ectrode.

14. The method of Claim 13 wherem a patterned protective nitride layer is fonned on
poruons of the exposed upper electrode prior to saliciding.

15. The method of 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.

14



"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, spuftering and chemical solution -
deposition. ' '

18. The method of Claim 13 wherein said laer of SiGe provided in step (¢) is formed
from a deposition process selected from the gfoup 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). ' : |
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