1 1 TITLE M XED MODE PROCESS BACKGROUND The present invention relates to an
integrated circuit (1C) process. Mire particularly, it relates to a

m xed- node process for IC fabrication. Wth the increased conpl exity of

sem conductor devices used in integrated circuits (ICs) has generated an

i ncreased demand for concurrent creation of active sem conductor devices
such as field effect transistors (FETs) and capacitors that are in
relatively close proximty to the active sem conductor devices. This mxing
of active and passive devices is refesfgd to as m xed-node fabrication of
sem conduct or conponents. Thus, the major classification of devices such as
MOSFETSs, capacitors and even conductive wires can be desirably and
practically nmerged and manufactured on the sane integrated circuit (1C)
through a so-cal |l ed m xed- node Mixgbi-@ébe Pkoek8sess. 2 The ni xed-npde process
i nproves the production efficiency

BACKGROUND

The present invention relates to an integrated circuit (IC)
process. More particularly, it relates to a mixed—-mode process
for IC fabrication.

With the increased complexity of semiconductor devices used
in integrated circuits (ICs) has generated an increased demand
for concurrent creation of active semiconductor devices such as
field effect transistors (FETs) and capacitors that are in
relatively close proximity to the active semiconductor devices.
This mixing of active and passive devices is referred to as
mixed-mode fabrication Qfﬂsgmiconductor components.

Thus, the major classification of devices such as MOSFETs,
capacitors and even conductive wires can be desirably and

practically merged and manufactured on the same integrated

circuit (IC) through a so-called mixed-mode fabrication process.



and and performance of an |IC product. Additionally, the nunber of required
fabrication steps is reduced and cost savings can be realized by '
simul taneously formng different types of devices on the same IC. In US
patent No. 5,918,119, Huang illustrates a m xed node process for integrating
MOSFET devi ces, conprising different gate insulator thicknesses, with a
capacitor structure. In addition, USZ?Patent No. 6,586,299 to Tsai, teaches a
m xed- node process to sinultaneously forma conductive wire, a MXS

transi stor and a capacitor structure with the |east nunbers of steps.
However, neither of the referenced patents |ntroduces the use of a hard nmask

| ayer durlnd dQMbcﬁliéwIHHd Qm%@g tﬁmsﬁ%%%t hOU%%%LQngggﬁ%?féﬁgdls

necessary during the formation of
m xed-node process for I'C manufacturing is reqU|red to i nprove the

product i onnef peri@neyce3 oSUMNARY prbadecor didgliionai §bj €6 Mfndde denventi on
is to provide an
required fabrication steps is reduced and cost savings can be
realized by simultaneously forming different types of devices on
the same IC.

In US patent No. 5,918,119, Huang illustrates a mixed mode
process for integrating MOSFET devices, comprising different
gate insulator thicknesses, with a capacitor structure.

In addition, US Patent No. 6,586,299 to Tsai, teaches a
mixed-mode process to simultaneously form a conductive wire, a
MOS transistor and a capacitor structure with the least numbers
of steps. However, neither of the referenced patents introduces
the use of a hard mask layer during device formation and an
additional photolithography step is necessary during the
formation of the MOSFET device. Thus, a shortened mixed-mode

process for IC manufacturing is required to improve the

production efficiency.



i nproved m xed- node process that can sinultaneously form different types of
devices on a sem conductor structure or a sem conductor structure
fabrication with fewer steps. Another object of the invention is to provide a
m xed- node process introducing the use of hard mask | ayer during device
formati ons and the hard mask layer is left over the fornmed devices after the
process of the invention. Thus, a m X®&d-node process introducing a hard mask
| ayer in accordance with one enbodi nrent of the invention conprises the

steps of providing a sem conductor SPBRY¥re and sequentially forming a
first conductive layer, a dielectric |layer and a second conductive |ayer on
t he seniconductor structure. A first stacked structure is then fornmed in a

portion of the second conductive |ayer and the dielectric |ayer to reveal
the first condtfciiVen9thyerexpoded By the fPTSttirackedtetPEEYiA®. aNext a
mask |layer is conformably deposited over the first conductive | ayer and

covers ! hendlobsl stagkatsdd uchiladhergan and.t he, Rk hayel, pnd.de, the
first conductive |ayer are further patterned to 1 S1 ol aneodély 6P m a
capacitor and a second stacked structure on

different types of devices on a semiconductor ‘structure or a
semiconductor structure fabrication with fewer steps.

Another object of the invention is to provide a mixed-mode
process introducing the use of hard mask layer during device
formations and the hard mask layer is left over the formed
devices after the process of the invention.

Thus, a mixed-mode process introducing a hard mask layer in
accordance with one embodiment of the invention comprises the
steps of providing a semiconductor structure and sequentially
forming a first conductive layer, a dielectric layer and a second
conductive layer on the semiconductor structure. A first stacked
structure is then formed in a portion of the second conductive
layer and the dielectric layer to reveal the first conductive
layer exposed by the first stacked structure. Next a mask layer
is conformably deposited over the first conductive layer and

covers the first stacked structure thereon and the mask layer and



i  the sem conductor structure, wherein the capacitor conprises the first
stacked structure, a patterned nask | ayer thereon and a patterned first
conductive |l ayer therebel ow and the second stacked structure conprises a
patterned first conductive |ayer and a patterned mask | ayer stacked

t hereabove. At this point, the second structure can performas a conductive
wi re device. Mreover, before form ngdthe first conductive |ayer on the

sem conductor structure, a step of selectively formng a gate dielectric

| ayer on @%por £+BHE of TREUSERTCoNdFEEEr stFuct drEtian  BREPErPefnedand t hus
during patterning the mask |ayer and the first conductive |layer, the gate

dielectrig l'aver forned on the se 'condgctor str.uc urecfaQ al so be patterned
sinmu aaeou%%¥ oam ? carpacitor _and.a .second s ?cke UF Pr% .
to form a secon st'a@cked structure conprising a patterne i onducti ve

layer, a patterned nask layer and a patterned gate dielectric layer stacked

on the seaifeCRAYESMuSIIUGHEetuFd Nalddbe ihhEQNIR, CONMERT iQRAL 1 SQUrGR/ drain
i npl antation, source/drain regions are forned in the sem conductor structure

on 5 opposite sides of the second stacked structure and a spacer is
first stacked structure, a patterned mask layer thereon and a

patterned first conductive layer therebelow and the second
stacked structure comprises a patterned first conductive layer
and a patterned mask layer stacked thereabove. At this point,
the second structure can perform as a conductive wire device.

Moreover, before forming the first conductive layer on the
semiconductor structure, a step of selectively forming a gate
dielectric layer on a portion of the semiconductor structure can
be performed and thus during patterning the mask layer and the
first conductive layer, the gate dielectric layer formed on the
semiconductor structure can also be patterned to form a second
stackéd structure comprising a patterned first conductive layer,
a patterned mask layer and a patterned gate dielectric layer
stacked on the semiconductor structure.

Finally, through conventional source/drain implantation,

source/drain regions are formed in the semiconductor structure on



them fornmed on sidewalls thereof. Thus, a silicide |ayer can be

selectively fornmed on top of the source/drain regions to forma MOSFET device
conprising the second stacked structure. According to the described process,
two different types of devices can be sinultaneously forned on a

sem conductor structure. Neverthel ess, a m xed-node process introducing a
hard mask |ayer in accordance with ohe enbodi nent of the invention further

illustrates a process of sinmultaneously formng nore than two types of
devi ces GRPESEER THiffuctior tha rifktA e STRRKEA pFbERE SIS MAIdudesSRATE stidps of
provi ding a sem conductor structure having a capacitor region, a conductive

region and g ME1edionand. o filslgondugtive, |aver. ja gl glectyi ¢l aver and
a second ~conductive | ayer are sequential 'y Torne ereon. e a Tirst
stacked structure is formed in a portion of the second conductive |ayer and

the di el getibb€iJayereoMbthl Bnt REpCapaghd 0o l:2Q/QRALR rESVER dhedfdh st
conductive | ayer exposed by the first stacked structure. Next, a mask | ayer
is confornmably deposited over the 6 first conductive |ayer and covers the
first staokedT sdawicteuremprising the second stacked structure.

According to the described process, two different types of
devices can be simultaneously formed on a- semiconductor
structure.

Nevertheless, a mixed-mode process introducing a hard mask
layer in accordance with one embodiment of the invention further
illustrates a process of simultaneously forming more than two
types of devices on a semiconductor structure. This process
includes the steps of providing a semiconductor structure having
a capacitor region, a conductive region and a MOS region and a
first conductive layer, a dielectric layer and a second
conductive layer are sequentially formed thereon. Then a first
stacked structure is formed in a portion of the second conductive
layer and the dielectric layer within the capacitor region to
reveal the first conductive layer exposed by the first stacked

structure. Next, a mask layer is conformably deposited over the



1 thereon. Next, a first pattern, a second pattern and a third | pattern
are respectively forned on the nask |layer within the capacitor regio
conductive region and the MOS region. The first pattern covers the mask
| ayer over the first stacked structure and the second pattern and t

pattern

| ayer and the first conductive |ayer are patterned to

respectively cover other portions of the mask | ayer. Next,

n,

he
t he

t he

"third
mask

simul taneously forma

capacitor, a second stacked structure and a third stacked structure on the
seni condGetdr SPRUGTME WAt 35k cegpaci tEr e onS taHEd oHAUEE YR 1 egi on

and the MOS reglon The capacitor conprlses the first stacked structure, a

patternegheneon Iaﬁg£tthergon a

atterned fi.rst onductlve er

nd
t her ebel GW  and t he se€cond § w% rPuctuf§*§h8 §ﬁt ranstgcke gtructure
each conprises a patterned flrst conductlve | ayer and a patterned mask |ayer

t her eaboygetdiin t BhS PO @tltd&@%,se&gﬂgdst&u%w ensaP 1R9EE OLALASHargenductive

wi re device. Mireover, before

ormng the first conductive |ayer on

sem conductor structure, a step of selectively formng a gate 7

capacitor region, the conductive region and the MOS region. The
first pattern covers the mask layer over the first stacked
structure and the second pattern and the third pattern
respectively cover other portions of the mask layer. Next, the
mask layer and the first conductive layer are patterned to
simultaneously form a capacitor, a second stacked structure and a
third stacked structure on the semiconductor structure within the
capacitor region, the conductive region and the MOS region. The
capacitor comprises the first stacked structure, a patterned mask
layer thereon and a patterned first conductive layer therebelow
and the seéond stacked structure and the third stacked structure
each éomprises a patterned first conductive layer and a patterned
mask layer thereabove. At this point, the second structure can
perform as a conductive wire device.

Moreover, before forming the first conductive layer on the

semiconductor structure, a step of selectively forming a gate

t he



dielectric layer on a portion of the sem conductor structure i wthin the
MOS region can be perforned and thus during patterning i the mask |ayer and
the first conductive |ayer, the gate dielectric |ayer forned on the

sem conductor structure within the MOS region can also be patterned to
formed a third stacked structure conprising a patterned first conductive

| ayer, a patterned nmask |layer and a/patterned gate dielectric |layer on the
sem conductor structure. Finally, through conventional source/drain

i npl ant atdighectrsur éaYeF aPh reegPBhisi Ay eOf othed SaicRBIYErRCoABEEE B SSst ruct ure
on opp05|te sides of the third stacked structure and a spacer is then

formed on. Ehdemgé ﬁgthereof Thu%e éﬁ%l e Ia¥§uSCﬁn beTpsgLeg%kyely

formed o™ oiid rat nor B§f ons orm a evice ébnpr|5|ng
the third stacked structure. Due to t he |ntroduced hard mask | ayer in the

M xed- M04g, 'PHASESSI Dferd NGrkNVeRLi op; rdihe LALGKNRRS Qhaykhe CEPAci ol
dielectric layer of the capacitor and capacitance thereof can be " accurately

mai nt ai ned. Nbreover, the hard mask | ayer over each device provides
prot ecti eieagatiist layernmpbattdtdrorhpr seessorsnehor structure within the

MOS region can also be patterned to formed a third stacked
structure comprising a patterned first conductive layer, a
patterned mask layer and a patterned gate dielectfic layer on the
semiconductor structure.

Finally, through conventional source/drain implantation,
source/drain regions are formed in the semiconductor structure on
opposite sides of the third stacked structure and a spacer is
then formed on sidewalls thereof. Thus, a silicide layer can be
selectively formed on top of the source/drain regions to form a
MOSFET device comprising the third stacked structure.

IDue to the introduced hard mask layer in the mixed-mode
process of the invention, the thickness of the capacitor
dielectric layer of the capacitor and capacitance thereof can be
accurately maintained. Moreover, the hard mask layer over each

device provides protection against an implantation process such



8 as source/drain inplantation and ion breakthrough can be 1 prevented.

Thus, an
capaci tor

self-aligned silicide (salicide)

a MOSFET

formed by the m xed-node process of the present

addi tional photolithography step can be i omtted. In addit

i on,

structure formed by the present invention can be sinple and a

t he

process for form ng source/drain regions of

transistor wth reduced resistance can al so be acconplished by the
i nvention. Thus, the production efffciency and performance of an |C product

i nvention can be inproved

such t hat2¥ heSHSEAT8E 2 r edP T2 tE8Br i 8881 ohORt epecaidraveRal FaRoske can be

reduced. Thqs, the production efficiency and performance of an IC_producé
formed by 1.xed- process;.of th esent,.i nvention.,can be i nprove
such thatpﬁéi§%ﬁgﬁber ggggbqﬁgréﬁé?gé?P%gtgéﬂég %ﬁ%?%ﬁﬁ R%vé?ﬁ?l “Fost€can be

reduced Further scope of ‘the applicability of the present invention
beconme apparteriy.from the detail ed description given hereinafter. However,
shoul d be understood that the detailed

In addition, the capacitor structure formed by the present
invention can be simple and a self-aligned silicide (salicide)
process for forming source/drain regions of a MOSFET transistor
with reduced resistance can also be accomplished by the
invention. Thus, the production efficiency and performance of an
IC product formed by the mixed-mode process of the present
invention can be improved such that the number of required
fabrication steps and overall cost can be reduced. Thus, the
production efficiency and performance of an IC product formed by
the mixed-mode process of the present invention can be improved
such that the number of required fabrication steps and overall
cost can be reduced

Further scope of the applicability of the present invention
will become apparent from the detailed description given
hereinafter. However, it should be understood that the detailed

description and specific examples, while indicating preferred

will

it



description and specific exanples, while indicating preferred 9 enbodinents
of the invention, are given by way of illustration 1 only, since various
changes and nodifications within the spirit i and scope of the invention

wi |l become apparent to those skilled in the art fromthis detailed
description. BRI EF DESCRI PTION OF THE DRAWNGS The present invention can be
more fully understood by reading thé subsequent detailed description and
exanples with  references made to the acconpanying draw ngs, which are given
by way o?m???ﬂ§¥F§tﬁ5nt6ﬁlfﬁvﬁﬁal?%usa%ﬁeﬁ%ﬁﬂnIanW%vaé ol ludteratppesent

i nvention, and wherein: Fig. 1 is a schematic di agram show ng a sem conduct or

structure_wi'th i S | ructure: Fig.. is.a schenmatic di agram show ng
the str uc?m‘%’ o§ Eleggia%%o\%gt %RSEI%I%% T &F s;lflg—‘lcafl%n? swjat}_h]ﬁ%éﬁ’&t iPdithgr am
showi ng the structure of Fig. 2 after an etching step with a first stacked

struct ur eandi ghopk icF anschep@did orndhagh age s N9t hG: St ugtdue Qf 1FLg-

in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples with
references made to the accompanying drawings, which are given by
way of illustration only, and thus are not limitative of the
present invention, and wherein:

Fig. 1 is a schematic diagram showing a semiconductor
structure with an isolation structure;

- Fig. 2 is a schematic diagram showing the structure of Fig.
1 with added layers;

Fig. 3 1is a schematic diagram showing the structure of Fig.
2 aftgr an etching step with a first stacked structure;

Fig. 4 is a schematic diagram showing the structure of Fig.
3 with a hard mask layer and additional patterns;

Fig. 5 is a schematic diagram showing the structure of Fig.



3 with a hard mask layer and additional patterns; Fig. 5 is a schematic

di agram showi ng the structure of Fig. 10 4 after another etching step; and

i Fig. 6 is a schematic diagramshowi ng the structure of Fig. I 5 after an

ion inplantation process and the addition of a spacer and a silicide layer.

DESCRI PTION Figs. 1 to 6 sequentially denmonstrate a m xed-npde process in

accordance with one enbodi nent of thel(present invention. In Fig. 1, a

sem conductor structure 10, for exanple a silicon substrate, has at least a

conductivé REEFORRPANes fethindoxitde’ awhi conductor (MOS) transistor region 16

and a capacitor region 18 thereon. The sem conductor structure 10 should be

under st ood 'toF 8ss%bly furgper i ncl ude conductive and/or insulating |ayers
‘ . SChe

formed over such”Su

stt at &€ D Raf er i UG PPV Grdros tpassiR ofd&idees

formed over or on such a 'substrate or wafer. An isolation structure 12, for

exanpl e asf Ia‘EJcéir oxl dieor( E%lan@éi{i%q 'ﬂ)rrgce-ég ;LQJ @1% %I&dE?gE})rll ngs aOfsptab%r

sem conduct or structure

and a silicide layer.

DESCRIPTION

Figs. 1 to 6 sequentially demonstrate a mixed-mode process
in accordance with one embodiment of the present invention. In
Fig. 1, a semiconductor structure 10, for example a silicon
substrate, has at least a conductive region 14, a metal-oxide
semiconductor (MOS) transistor region 16 and a capacitor region
18 thereon. The semiconductor structure 10 should be understood
to possibly further include conductive and/or insulating layers
formed over such substrate or wafer, and active and/or passive
devicgs formed over or on such a substrate or wafer.

An isolation structure 12, for example a field oxide (FOX)
strucﬁure, is formed on portions of the semiconductor structure
10 within either the conductive region 14 or the capacitor region
18. The isolation structure 12 can also be a shallow trench

isolation (STI) structure formed by the well-known STI technique.



10 within either the conductive region 14 or the capacitor region 18. The
isolation structure 12 can al so be a shallow trench isolation (STI)
structure fornmed by the well-known STI technique. 11 In Fig. 2, a gate
dielectric layer 20 is selectively formed i on, the sem conductor structure
10 within the MOS transistor i region 16. Then a first conductive |ayer 22,
a dielectric layer 24 and a second codductive |ayer 26 are sequentially
formed over the senmiconductor structure 10. Next, a first pattern 28a,
covering a portfof'®f the SEondiebreiuctd vevraye? 6 shileRthvehe faapaci t or
regi on 18, |s formed on the second conductive layer 26 through a

h lith t .sh def I phot oresi st (PR)
ﬁa?é?igf ggoqﬂgia%%ﬁﬂu&lémgéfggghlm%Pﬁee |n|n%%a. a¥§? §F¥hc?fﬁ?§%ﬁ§ °The gate

dielectric | ayer 20 can be a dielectric material such as thermally forned

oxide or bgimoved. hirgh- K material,havivg 8 héﬁszd' &l 8GLALL: CANSL g@&
(normally wwth K above 5) such as Hf 02, C2¥ G2, AI203 or Ta20

addition, the first and second conductive Iayers 22 and 26 can be
pol ysilicéA and & heeqratdercoabuctitdelgicel e6t ate $ayemt2dlly formed over

the semiconductor structure 10. Next, a first pattern 28a,
covering a portion of the second conductive layer 26 within the
capacitor region 18, is formed on the second conductive layer 26
through a photolithography step (not shown) for defining a layer
of photoresist (PR) material, for example, deposited on the
semiconductor structure 10. The gate dielectric layer 20 can be
a dielectric material such as thermally formed oxide or the novel
high-K material having a high dielectric constant (normally with
K above 5) such as HfO,, Zr0,;, TiO,, Al,0; or Ta,0s. In addition,
the first and second conductive layers 22 and 26 can be
polyéilicon and the material of the dielectric layer 24
therebetween can be silicon oxide, silicon nitride, silicon
oxynitride or the described high-K materials formed by chemical
vapor deposition (CVD) or sputtering. The thickness of the

dielectric layer 24 is about 60A to 500A and the thickness of the



t her ebet ween can be silicon oxide, silicon nitride, silicon oxynitride or
the described high-K materials formed by chem cal vapor deposition (CVD) or
sputtering. The thickness of the dielectric |ayer 24 is about 60A to 500A
and the thickness of the 12 first and second conductive | ayer are about 1500A
to 3000A and i 1500A to 3000A, respectlvely i In Fig. 3, an etching step
(not shomn) is then performed, usind2the first pattern 28a within the

capaci tor glon 18 as an etc@y@g mask, to pattern_the second conductive

| ayer ZGjaﬁﬁ t R §eEPBLt FPRIYSH é@y€§p6§§d389uYhé59955Top%QQ%anﬁi8a and

stops on the first conductive layer 22. After the etching step, the first

pattern 2 ﬁstgeﬂgy d ap first, stacked structure 30 conprising a
patterne&' |electr|c ayegp%ig'an a patterned second conductive |ayer 26a

is thus formed on the first conductive layer 22 within the capacitor region

18. In Fig. 4,12 #igy.d Iash layeingd2stsp comdordmhlny depasichege@Borhde first
conductive |layer 22 and covers the first stacked structure 30 thereon. The
hard mask | ayer material can be

using the first pattern 28a within the capacitor region 18 as an

etching mask, to pattern the second conductive layer 26 and the
dielectric layer 24 exposed by the first pattern 28a and stops on
the first conductive layer 22. BAfter the etching step, the first
pattern 28a is removed and a first stacked structure 30
comprising a patterned dielectric layer 24a and a patterned
second conductive layer 26a 1is thus formed on the first
conductive layer 22 within the capacitor region 18.

In Fig. 4, a hard mask layer 32 is conformably deposited on
the first conductive layer 22 and covers the first stacked
structure 30 thereon. The hard mask layer material can be
silicon nitride or conventional insulating material which is
different from the first conductive layer 22. The thickness of
the hard mask layer is about 1000A to 3000A. A second pattern
34a, a third pattern 34b and a fourth pattern 34c are then formed
on the mask layer 32, respectively covering a portion of the mask

layer 32 within the conductive region 14, the MOS transistor



silicon nitride or conventional insulating material which is different from
the first conductive |layer 22. The thickness of the hard mask | ayer is about
1000A to 3000A. A second pattern 34a, a third pattern 34b and a fourth
pattern 34c are then formed on the mask |ayer 32, respectively covering a
portion of the mask layer 32 wthin the conductive region 14, the MOS
transistor 13 region 16 and the cap&titor region 18 through another 1

phot ol i t hography step (not shown) of defining a |ayer of i photoresist (PR)
mat eri al , "9 exadifpl E£NUepdss t etPRAFEI O he TRALA  mask | &PEPUSR aRBOEPRY fi r st
stacked structure 30 thereon. In Fig. 5, another etching step (not shown) is

then perf.or t he secaond, ,third.and. . fourth tt.erns_34 34b d 34c
respectiJ%ﬁ?ﬁﬁgFﬁ?§%%q$ cggggité?ﬂ?eﬁﬁgﬁni8,o hed%ﬁagl graﬁsigég?rré%$on 16
and the conductive region 14 are used as an etching mask to pattern the hard

mask | ayeshotdrapdst hepd) nsdrerGanguebivexhyrs, 22R%Res8dobyr t bge PRLLLr ns 34a,
34b and 34c until the underlying structure, for exanple the sem conductor

structure 10 or the isolation structure 12 are exposed. After
mask layer 32 and the first stacked structure 30 thereon.

In Fig. 5, another etching step (not shown) is then
performed and the second, third and fourth patterns 34a, 34b and
34c  respectively within the capacitor region 18, the MOS
transistor region 16 and the conductive region 14 are used as an
etching mask to pattern the hard mask layer 34 and the first
conductive layer 22 exposed by the patterns 34a, 34b and 34c
until the underlying structure, for example the semiconductor
structure 10 or the isolation structure 12 are exposed. After
the etching step, the patterns 34a, 34b and 34c are removed and a
first device 36 comprising the first stacked structure 30 covered
by al patterned hard mask layer 34a over a patterned first
conductive layer 22a within the capacitor region 18, a second
stacked structure 38 including a patterned gate dielectric layer
20b, first conductive layer 22b and hard mask layer 34b within

the MOS transistor region 16 and a second device 40 including a



the etching step, the patterns 34a, 34b and 34c are renobved and a first
device 36 conprising the first stacked structure 30 covered by a patterned
hard mask | ayer 34a over a patterned first conductive |ayer 22a within the
capacitor region 18, a second stacked structure 38 including a patterned
gate dielectric layer 20b, first conductive |ayer 22b and hard mask | ayer
34b within the MOS transistor regi od416 and a second device 40 including a
14 patterned first_conductive | 22c_ within the conductive region 1 14

and a patR¥rwége afHrﬂh§?DF&9E+V%4E”§Fa8%%dw¥%ﬁfb6ﬁe FoRPGiye 5@+ on

i npl antation process (not shown) is perfornmed to form source/drain regions 42

|0 tne  Sel Sanduch Ao SELURLY G Al adl acells Lo .eliler,sidgs of the second

stacked structure spacer ating hat eri al -such as silicon
nitride is then f ormed on S|demalls of the flrst devi ce 36, the second

devi ce 40 and:mhnggcomﬁ stcked sindichubeid8. phe¥tss a (nsel fsrlngneds silicide
(salicide) process (not shown) is perforned to forma SI|ICIde | ayer 46 on

the top of the source/drain
performed to form source/drain regions 42 in the semiconductor

structure 10 adjacent to either sides of the second stacked
structure 38. A spacer 44 of insulating material 'such as silicon
nitride is then formed on sidewalls of the first device 36, the
second device 40 and the second stacked structure 38. Next, a
self-aligned silicide (salicide) process (not shown) is performed
to form a silicide layer 46 on the top of the source/drain
regions 42 within the MOS region 16 and a MOSFET device M is thus
formed therein as the third device on the semiconductor structure
10.

In Fig. 6, the patterned first conductive layer 22a,
dielectric layer 24a° and the first conductive layer 26a
respectively functions as the lower electrode, the capacitor
dielectric layer, and the upper electrode of a capacitor of the
first device 36. The patterned mask layer 34a overlying the
first device 36 protects the structure therein from the

implantation during formation of the source/drain regions 42. 1In



regions 42 within the MOS region 16 and a MOSFET device Mis thus forned
therein as the third device on the sem conductor structure 10. In Fig. 6, the
patterned first conductive |ayer 22a, dielectric |layer 24a and the first
conductive |l ayer 26a respectively functions as the |ower electrode, the
capacitor dielectric layer, and the upper el ectrode of a capacitor of the
first device 36. The patterned mask |l&yer 34a overlying the first device 36
protects the structure therein fromthe inplantation during formation of the
sour ce/ AR eI o 4PNdURtiBe QR | GIPTPELEBRdUERS veAkiteENednpFikeds t he
patterned first | conductive |ayer 22c covered by the patterned mask Igyfr
34c i thereon,.referring,to the second vi ce .40, can be also protecte orm
any effecfnoPcFﬁgafg?ﬁ%ﬁi8ncofoyﬁ£e§o§ cgﬁﬁréfﬁiFg FondF5. L1aWSFeotvér, the
devi ces such as the second device 40 fornmed over the isolation structure 12,

act as ateRRAYE! i MeMihg, t&Nthd Recohlr 8dvidevisee 36, @ACtding fsof.LaRaci tor
can be optionally fornmed™ over the sem conductor structure 10 other than the

i sol ation
form any effect of the formation of the source/drain regions 42.

Moreover, the devices such as the second device 40 formed over
the isolation structure 12, act as a conductive ' wire, and the
first device 36, acting as a capacitor can be optionally formed
over the semiconductor structure 10 other than the isolation
structures 12 thereon.

Applications for simultaneously forming more than two
different types of devices on a semiconductor structure are shown
and can be further modified by those skilled in the art based on
the mixed-process of the invention illustrated in Fig. 1 to Fig.
6 or modification thereof and are not restricted by the described
mixed-mode process in the embodiment of the invention.

In comparison with US Patent Nos. 5,918,119 and 6,586,229,
the present invention provides a mixed-mode process which
introduces a hard mask layer to simultaneously form different

types of devices on a semiconductor structure.



structures 12 thereon. Applications for sinultaneously formng nore than two
different types of devices on a sem conductor structure are shown and can be

further nodified by those skilled in the art based on the m

i xed- process of

the invention illustrated in Fig. 1 to Fig. 6 or nodification thereof and
are not restricted by the described m xed-node process in the enbodi nent of
the invention. In conparison with US Ratent Nos. 5,918,119 and 6, 586, 229,
the present invention grOV|des a m xed-node process which introduces a hard

mask | ayer to ¥{fuftark

Sudlapts drimtdi fifeer emtrodugpds hefrddendstesiOpera is

senlconductor structure. 16 Due to the fact that the introduced hard mask
| ayer is gordggrg%gro¥g? the. devi ces .and is made of non-resist material, the
h

m xed- node process o
capacitor dielectric layer of the capacitor and capacitance

appropri axhedeyﬂ ﬁadé\t@dl%@s Ner gyer vetnlegoﬁagr%dpgkthag tﬁE WS
provi des protection against an inplantation process’ s *h
i npl antation. Thus, ion breakthrough resulting froma conve

SV HoEntaBh 18nJGFes Of hAPPTFRS Ui cleffessabi tive

t her eof can be
er each device
CEBEFT S dr ai n

ntional resist

f or med

the capacitor dielectric layer of the capacitor and capacitance

thereof can be appropriately maintained. Moreover, the hard mask

layer over each device provides protection against an

implantation process such as source/drain implantation. Thus,

ion breakthrough resulting from a conventional resist formed

pattern can be prevented and an additional photolithography step

can be eliminated.

In addition, the capacitor structure can be simply formed

by the mixed-mode process of the present invention rather than by

the complicated process illustrated in U.S. Patent No. 6,

A self-aligned silicide (salicide) process for

source/drain regions of a MOSFET transistor with

586,229,

forming

reduced-

resistance can also be accomplished by the invention. In

conclusion, the production efficiency and performance

of an IC

product formed by the mixed-mode process of the present invention

is improved. Moreover, the number of required fabrication steps

1s reduced and cost'savings can be realized.



pattern can be prevented and an additional photolithography step can be
elimnated. In addition, the capacitor structure can be sinply formed by the
m xed- node process of the present invention rather than by the conplicated
process illustrated in U S. Patent No. 6,586,229. A self-aligned silicide
(salicide) process for formng source/drain regions of a MOSFET transi stor
Wi th reduced- resistance can al so berécconplished by the invention. In
conclusion, th d ion_efficiency and performnce of an I C product
formed by the ?ﬁhgieéé #ﬁ%elrﬁ‘rf%%telsoél gfa%/h%eeﬁ‘r S IPRGeRYi oY iof isroved.

' -Moreover, the nunber of required fabrication steps is reduced and cost

savi ngs Caﬂ@bgqnﬂghgzgg.t i e.l.nv ion has .been descri bed by way of
exanple and in terms of]%%éM%#EEE%gég&gﬁgg%Pﬁ%hfgflft%Psg?ouTﬁ?ﬁﬁ%ﬂéﬁstood
that the invention is not limted to the disclosed enbodi ments. To the
contrary, that jshd nirendedotoieoviet vanious tdiHd Qﬁkk@8§eda%%£584ﬂeh$%
arrangenents (as woul d be apparent to those skilled in the arf). erefore,
t he scope_of the appended clainms should be accorded the broadest

i nt er pret ati bAS s6°R 3%y s endonFasintaindeds troh cowdicf ivaat ben Smedick i%i=i bAg
arrangemnent s.

and similar arrangements (as would be apparent to those skilled

in the art). Therefore, the scope of the appended claims should

be accorded the broadest interpretation so as to encompass all

such modifications and similar arrangements.



18 What is clainmed is: 1. A m xed-node process introducing a hard mask | ayer,
conprising the steps of: providing a sem conductor structure; sequentially
forming a first conductive layer, a dielectric |ayer, and a second
conductive |layer on the sem conductor structure; formng a first stacked
structure in a portion of the second conductive |ayer and the dielectric

| ayer, and revealing the first conddétive |ayer exposed by the first stacked
structure; conformably depositing a nask | ayer over the first conductive
Qp.first stacked structure thereon; and patterning the

| ayer arm’a%over |£%H]Ee

nmask | ayer and ¢ ir 4F° conductive layer to sinultaneously forma capacitor
and a second stacked structure on the sem conductor structure, wherein the

capaci tor compri Sgs ffiheq-hbdSt psbacked; Strdipiyng, 2 patd enned ﬁgg&) ayer
thereon and a patterned first conductive |ayer "t herebel ow and the second

. | . ? .
stacked 19 structure conprises a patterned first conductive |ayer and a
comprising the steps of:

providing a semiconductor structure;

sequentially forming a first conductive layer, a dielectric
layer, and a second conductive layer on the' semiconductor
structure;

forming a first stacked structure in a portion of the second
conductive layer and the dielectric layer, and revealing the first
conductive layer exposed by the first stacked structure;

conformably depositing a mask layer over the first
conductive layer and covering the first stacked structure thereon;
and

patterning the mask layer and the first conductive layer to
simultaneously form a capacitor and a second stacked structure on
the semiconductor structure, wherein the capacitor comprises the

first stacked structure, a patterned mask layer thereon and a

patterned first conductive layer therebelow and the second stacked



patterned mask | ayer stacked thereabove. 2. The process as clainmed in claim
1, wherein the patterned mask |ayer covers sidewalls of the first stacked
structure. 3. The process as clainmed in claim1, wherein the first conductive
| ayer and the second conductive |ayer are polysilicon. 4. The process as
claimed in claim1, wherein the dielectric layer is silicon dioxide, silicon
nitride, silicon oxynitride or a hidh-K material. 5. The process as cl ai ned
in claim4, wherein the high-K material is H 02, Zr02, Ti02, A1203, or Taz205.
6. The process as claimed in claim1l, wherein the second stacked structure

is a con wire device. 7. The )r0Cess as claimed in claim1l, wherein
t he mask yll%e CHRAESFF FonPTsS f Stal S YFEVEnt 13¥TFm a9 @t eri al  of
the first conductlve | ayer. 20 i 8. The process as clainmed in claim?7,

wher ei n ghaRsk havern dversktd oy Rihtiigde,ysilicon dioxide or silicon
oxynitride.

2. The process as claimed in claim 1, wherein the patterned
mask layer covers sidewalls of the first stacked structure.

3. The process as claimed in claim 1, wherein the first
conductive layer and the second conductive layer are
polysilicon.

4. The process as claimed in claim 1, wherein the
dielectric layer is silicon dioxide, silicon nitride, silicon
oxynitride or a high-K material.

5. The process as claimed in claim 4, wherein the high-K
material is HfOQ,, Zr0,, TiO,, Al,0;3, or Ta,0s.

6. The process as claimed in claim 1, wherein the second
stacked structure is a conductive wire device.

7.The process as claimed in claim 1, wherein the mask
layer is made of non-resist materials different from a

material of the first conductive layer.



9. The process as clainmed in claim1, further conprising the step of
selectively formng a gate dielectric layer on a portion of the

sem conductor structure before formng the first conductive |ayer on the
sem conductor structure. 10. The process as clainmed in claim9, further
conprising the step of patterning the gate dielectric layer formed on the
sem conductor structure during patterfing of the nask |ayer and the first
conductive layer to thereby forma second stacked structure, the second
stacked structure having a patterned first conductive |ayer, a patterned

mask | ayer and g tter gate dielectric.layer stacked on the
seni conduct dr sfﬁﬁ%i ?ggg%i.a%h% Prcedd &3k al me®reid 4% T@skuher ei n

after the capacitor and the second stacked structure are formed on the

SeniCOndUCl§We§trignlﬂi%iébhe H@EPE@EfL”§JT§%oﬁOHHE$§PeaSRSPSEQEEC%% 1 formng
source/drain regions in the sen conductor structure on opposfte Si'des of the
second stacked structure; form ng a spacer on sidewalls of the second stacked

structure;cayitgsldecti vely forming a silicide |ayer on top of the

9. The process as claimed in claim 1, further comprising

the step of selectively forming a gate dielectric layer on a
portion of the semiconductor structure before forming the
first conductive layer on the semiconductor structure.

10. The process as claimed in claim 9, further
comprising the step of patterning the gate dielectric layer
formed on the semiconductor structure during patterning of the
mask layer and the first conductive layer to.thereby form a
second stacked structure, the second stacked structure having a
patterned first conductive layer, a patterned mask layer and a
patterned gate dielectric layer stacked on the semiconductor
structure.

.11' The process as claimed in claim 10, wherein after the
capacitor and the second stacked structure are formed on the

semiconductor structure, the method further comprises steps of:



source/drain regions to forma MOSFET device conprising the second stacked
structure on the sem conductor structure. 12. A m xed-npde process
introducing a hard mask |ayer, conprising the steps of: providing a

sem conductor structure having a conductive region, a netal-oxide _

sem conductor (MXS) region and a capacitor region; sequentially formng a
first conductive layer, a dielectriéllayer, and a second conductive |ayer on
the sem conductor structure; forming a first stacked structure in a portion
of the second conductive |layer and the dielectric Iayer W t hin thg oy th
capaci tor i reveal i t.he first conductive |ayer  expose y e
fIPSt stackég Qgru%#%resoﬁﬁc?ﬂ%anorﬁ%ﬁ?ﬁ "Sepodl ti hca mESKCPRYEFEBver the
first i conductive layer and covering the first stacked structure thereon;

respectivekyudQidd BE 8phbdSle RALLET M +ReSECONGL RALLELY structure;

forming a spacer on sidewalls of the second stacked
structure; and
selectively forming a silicide layer onl top of the
source/drain regions to form a MOSFET device comprising the
second stacked structure on the semiconductor structure.
12. A mixed-mode process introducing a hard mask layer,
comprising the steps of:
providing a semiconductor structure having a conductive
region, a metal-oxide semiconductor (MOS) region and a
capacitor region;
sequentially forming a first conductive layer, a
dielectric layer, and a second conductive layer on the
semiconductor structure;
forming a first stacked structure in a portion of the
second conductive layer and the dielectric layer within the
capacitor region, and revealing the first conductive layer

exposed by the first stacked structure;



and a third pattern on the mask layer within the capacitor region, the
conductive region and the MOS region, wherein the first pattern covers the
mask | ayer over the first stacked structure and wherein the second pattern
and the third pattern respectively covers other portion of the mask | ayer;
and patterning the mask |ayer and the first conductive layer to

si mul taneously forma capacitor, a s@gond stacked structure and a third
stacked structure on the sem conductor structure respectively within the
capacitor region, the conductive region and the MOS region, wherein the
capacitor conprises the first stacked structure, a patterned mask | ayer
thereon and'a patterned first conductive |ayer therebel ow and the second

stacked struc the third stacked structure each 23 1 caonprises a
pat t er ned firggﬁg%ﬁgggﬁ?vgeP%?gFjﬁhdaa B%f%eﬁﬁ%’r | O¥esk 1syerf*FRkr eabove.

13. The proéess as claimed in claim12, wherein the patterned nask |ayer
covers Sb@ﬁM@&ﬂf%éOflgyg%f|ahat éﬁ&@%&%@ éﬂé’ugﬁyéfl stacked structure

thereon;

respectively forming a first pattern, a second pattern
and a third pattern on the mask layer within the capacitor
region, the conductive region and the MOS region, wherein the
first pattern covers the mask layer over the first stacked
structure and wherein the second pattern and the third pattern
respectively covers other portion of the mask layer; and

patterning the mask layer and the first conductive layer
to simultaneously form a capacitor, a éecond stacked structure
and a third stacked structure on the semiconductor structure
respectively within the capacitor region, the conductive
region and the MOS region, wherein the capacitor comprises the
first stacked structure, a patterned mask layer thereon and a
patterned first conductive layer therebelow and the second

stacked structure and the third stacked structure each



14. The process as clained in claim12, wherein the first conductive |ayer
and the second conductive layer are polysilicon. 15. The process as clai ned
in claiml12, wherein the dielectric layer is silicon dioxide, silicon
nitride, silicon oxynitride or a high-K material. 16. The process as clai ned
in claim15, wherein the high-K material is H 02, Zr02, Ti02, A1203, or
Ta205. 17. The process as clainmed in 23 aim 12, wherein the second stacked
structure is a conductive wire device. 18. The process as clainmed in claim
12, wherein the mask layer is a non-resist material different froma
material of the first conductive layer. 24 19. The process as clained in
claim 18, mﬁerein the mast: layer is silicon nitride, silicon dioxide or

silicon oynisthi de.p 20,108 PEPEESSoasthdkmedyln chai m %%ttégﬁ&her
conprising the step of selectively formng a ga¥e dielectric ayer on a
portion of the sem conductor structure within the MOS region before formng

t he firshagiondyetli veetayriveon the

13; The process as claimed in c¢laim 12, wherein the
patterned mask layer covers sidewalls of the first stacked
structure.

14. The process as claimed in claim 12, wherein the
first conductive layer and the second conductive layer are
polysilicon.

15. The process as claimed in claim 12, wherein the
dielectric layer is silicon dioxide, silicon nitride, silicon
oxynitride or a high-K material.

16. The process as claimed in claim 15, wherein the
high-K material is HfO,, Zr0,, Ti0,, Al,03;, or Ta,0s.

17. The process as claimed in claim 12, wherein the
second stacked structure is a conductive wire device.

18. The process as claimed in claim 12, wherein the mask
layer is a non-resist material different from a material of

the first conductive layer.



sem conductor structure. 21. The process as clained in claim?20, further

conprising the step of patterning the gate dielectric |ayer

fornmed on the

sem conductor structure within the MOS region during patterning of the mask
| ayer and the first conductive layer to thereby forma third stacked
structure conprising a patterned first conductive |ayer, a patterned mask

| ayer and a patterned gate dielectrié4layer stacked on the sem conductor
structure. 25 1 i 22. The process as clained in claim?21l, wherein after the
capacitor, the second stacked structure and the third stacked structure are

formed on the . sem d r.structure, the —method further conprises the
L3y 209 §g§cﬁss dst'E LR lun fha'le ’CSﬁﬁﬁgf%rﬁ“%PFﬁéture on

steps of: fdrning sour ain regrons in

opposite sides of the third stacked structure wthin the M3S region; formng
a spacer 1@Resi dewal s 19Echhent hif gk st agked oSt rdctune: aRd <iiicon

oxynitride.

20. The process as claimed in claim 12,

further

comprising the step of selectively forming a gate dielectric

layer on a portion of the semiconductor structure within the

MOS region before forming the first conductive layer on the

semiconductor structure.

2l. The process as claimed in claim 20,

further

comprising the step of patterning the gate dielectric layer

formed on the semiconductor structure within the MOS region

during patterning of the mask layer and the first conductive

layer to thereby form a third stacked structure comprising a

patterned first conductive layer, a patterned mask layer and a

patterned gate dielectric layer stacked on the semiconductor

structure.



selectively formng a silicide layer on top of the source/drain regions to
forma MOSFET device conprising the third stacked structure on the
sem conduct or structure.

25

{
22. The process as claimed in claim 21, wherein after the

capacitor, the second stacked structure and the third stacked
structure are formed on the semiconductor structure, the
method further comprises the steps of:

forming source/drain regions in the semiconductor
structure on opposite sides of the third stacked structure
within the MOS region;

forming a spacer on sidewalls of the third stacked
Structure; and

selectively forming a silicide layer on top of the
source/drain regions to form a MOSFET device comprising the

third stacked structure on the semiconductor structure.



