TITLE M XED- MODE PROCESS BACKGROUND The present invention relates to an
integrated circuit (1C) process. Mre 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

m xi ng of active and passive devices imgmeferred to as m xed-node
fabrication of sem conductor conponents. Thus, the major classification of
devi ces such as MOSFETs, capacitors and even conductive wres can be
desirably and practically nerged and nanufactured on the sane integrated
circuit (1C through a so-cal | edtmxEpedeopdeotalsi cati on process. a The

m xed- node process inproves the production efficiency and perfornmance of an
| C product. Additionally, the nunber of

BACKGROUND

The present invention relates to an integrated circuit (IC)

process. DMore particularly, it relates to a mixed-mode process

for IC fabrication.

With the increased complexity.of semiconductor devices used
ip.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.

8 This mixing of active and passive devices is referred to as
m;xed—mode fabricatiop qfﬂsgmiconductor components.

Thus, the major classifigation 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.




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

i ntegrating MOSFET devi ces, conprising different gate insulator

t hi cknesses, with a capacitor structure. In addition, US Patent No.
6,586,299 to Tsai, teaches a nixed-nm#de process to sinultaneously forma
conductive wire, a MOS transistor and a capacitor structure with the |east
nunbers of steps. However, neither of the referenced patents introduces
the use of a hard mask | ayer during device formation and an additional
phot ol i t hogr aph t LS-R&Re r uring the  formatiop of the MOSFET
devi ce. Thus, aﬁgﬁoﬁgghgd nlx§§%ﬁ%ég B %%ﬁ?% 6 Hqﬁdﬁﬁﬂﬂ?hc?{ﬁﬁcﬁﬁnF%
required to inprove the production efficiency. 3 SUMVARY Accordingly, an

obj ect of tdmel ipevesihOfte St nprovpdeadnt . | MyAYed,m xed-Rde process that
can sinultaneously form different types of devices on a sem conductor

structure or a, .
requilred 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

(ﬁ\ of steps. However, neither of the referenced patents introduces
the use of a hard nﬁsk‘lgyer during device formation and an
additional photolithography step 1s necessary during the

formation of the MOSFET device. Thus, a shortened mixed-mode

process for IC manufacturing is required to improve the

production efficiency.




sem conductor structure fabrication with fewer steps. Another object of the
i-nvention is to provide a m xed-node process introducing the use of hard
mask | ayer during device formations and the hard mask |ayer is |left over
the formed devices after the process of the invention. Thus, a m xed-node
process introducing a hard mask |layer in accordance with one enbodi nent of
the invention conprises the steps of roviding a sem conductor structure
and sequentially formng a first conductive l.ayer, a dielectric |ayer and
a second conductive layer on the sem®®fBfictor structure. A first stacked
structure is then formed in a portion of the second conductive |ayer and
the dielectric layer to reveal the first conductive |ayer exposed by the

first stacked sﬂrégg]fel Next abnask Igyﬁé iis conformably deposited over
the first conductive Tdyér ald°Cédverstt he®f FFEEPEPEcKEd &t RIAUFE ERer eon
and the mask layer and 4 the first conductive |ayer are further patterned

to simltansously hakBhansaPachtland @ second stagked. struGture on the

sem conductor structure, wherein the capacitor conprises the i rst stacked
structure, a patterned nask |ayer, thereon and a ,
different types of devices on a semiconductor structure or a

semiconductor structure fabrication with fewer steps.
(fw 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 Ffirst 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




patterned first conductive |ayer therebel ow and the second stacked
structure conprises a patterned first conductive |layer and a patterned
mask | ayer stacked thereabove. At this point, the second structure can
performas a conductive wire device. Mreover, before formng the first
conductive layer on the sem conductor structure, a step of. selectively
formng a gate dielectric |layer on a 4$ortion of the sem conductor
structure can be performed and thus during patterning the mask | ayer and
the firstteondddtPle I1Ggpectite gdtwedi ela@ ri éurblyet f opREYrd t héo
sem conductor structure can also be patterned to forma second stacked
atterned mask

structure conprisin tterned fi.rst conductive |ayer, ~ a
| ayer and %ﬁ%ﬁ% %?F%%ﬁg@gggmd?e?%ﬁﬁqﬁt8rl3 2 %?Fﬁﬁﬁeﬂg%ﬁ¥q?h§t EHiEEnalct or
structure. Finally, through conventional source/drain inplantation,

sour ce/ dr aiil. r&G1i@B8IES! WL | Nhe38TH CoRdUCT ci%ffue&&éﬁsﬁs%@ theS
opposite sides of the second stacked structure and a spacer 1s then forned

on sidewal |l s thereof. Thus, a silicide |layer can be selectively formed on
top of thefisour cefedikaiin stegtomse,t Oa f patlined 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 strgcture can
be performed and thus during patterning the mask layer andlthe
f”3 first conductive laver, the gate dielectric layer formed on the
semiconductor structure can also be patterned to form a second
stacked 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 dmplantation,

source/drain regions are formed in the semiconductor structure on




MOSFET devi ce conprising the second stacked structure. According to the
descri bed process, tw different types of devices can be sinmultaneously
formed on a sem conductor structure. Neverthel ess, a m xed-node process
introducing a hard mask |ayer in accordance with one enbodi nent of the
invention further illustrates a process of simultaneously form ng nore
than two types of devices on a sem conductor structure. This process

i ncl udes the stegs rovi di ng a sem conductor structure having

FE° i

capaci t or T8I dRict Pk ?%ﬁﬁqgnséﬁak%¢NEE?W%%%FSna&ﬁdaaSpFF?%tls

conductive layer, a dielectric layer and a second conductive layer are

sequenti al . fQr t her T st stacked truct s forned in a
portion of the sgﬁg% cé%ghg |£§q; éeg% %mfﬁe di” ﬁec %Ig' ayefaﬁn?%ln t he
capacitor region to reveal the flrst conductlve | ayer exposed by the first

stacked sdduetur&ry NedtedadofBSKp| 8Y €Fnd SsGRREORIRDL VrLdppRasi t8drQugrathe 6
first conductive |ayer and covers the first stacked structure thereon.

Next, a first pattern, a second pattern and a third pattern are
respecti\MMQﬁFE@r@@Miqmﬁcbmpriﬁﬁﬁg ltay eseapindhbhathel 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 simultancously forming more than two
types of devices on a semiconductor structure. This process
includes the steps of providing a semiconductor structure having

{fﬁ 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




capacitor region, the conductive region and the MOS region. The first
pattern covers the mask | ayer over the first stacked structure and the
second pattern and the third pattern respectively cover other portions of
the mask |layer. Next, the mask |ayer and the first conductive |ayer are
patterned to sinultaneously forma capacitor, a second stacked structure
and a third stacked structure on the%eniconductor structure within the
capacitorfﬁeg'on, t he condﬁgtive regi on and the MOS region. The capacitor
conpri ses THE"f CPBEVST Rk etP ¥t (EUr &V Spat erdd ckpdy FTEREHSon and
a patterned first conductive | ayer therebelow and the second stacked
structure e thi St a S re o] | t first
conductivg%ngég'anﬂéégba%tEFﬁ%% ﬁ%ﬁ%%%raféﬁg%ﬁ8§e§§%9%§§dg“fﬁ%sg%gﬁﬁt, t he
second structure can performas a conductive w re device. Mreover, before
form ng thatterst aeonduepiyeidaayerccametinen Sed COAMIUCI HFerSt f UGt &hea St ep
of selectively formng a gate | 7 dielectric |ayer on a portion of the

sem conductor structure wthin the MOS region can be perforned and thus
during papﬁpﬁﬁitgf regilon, 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 secend 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 comprises 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 feorming the first conductive layer on the

semiconductor structure, a step of selectively forming a gate :




"the mask | ayer and the first conductive |layer, the gate dielectric |ayer
formed on the sem conductor structure within the MOS region can also be
patterned to forned a third stacked structure conprising a patterned first
conductive layer, a patterned mask | ayer and a patterned gate dielectric
| ayer on the sem conductor structure. Finally, through conventi onal
source/drain inplantation, source/drdn regions are formed in the
sem conduct or. structure on opposite sides of the third stacked structure
and a spactrtliSStTifen2¥oF med oh BPEEWRD | 8T t hBPedRRITAYRICTS S| T4 eICHBTE ay er
can be selectively forned on top of the source/drain regions to forma
MOSFET devi .CO IR e thi stacked structure. Due to the introduced
hard mask éﬁﬁﬁi ?ﬁét éP%F§2§?ﬁ%§£%epP8£§%§M% aPﬁQ&PﬁV§WFﬁ8%,p%gkgrPﬁF%kness
of the capacitor dielectric |layer of the capacitor and capacitance thereof
can be acgw ateky Meaydai Red. M eowBlst t Benhakd Jmskalayer guer ggagh
devi ce provides protection against an inplantation process such s as
source/drain inplantation and ion breakthrough can be i

dielectric layer formed on the semiconductor 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 dielectric 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

{f) selectively formed on top of the source/drain regions to form a
MOSFET device comprising the third stacked structure.

Due to the introduced hard mask layer in the mixed-mode
process of the dinvention, 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




prevented. Thus, an additional photolithography step can be omtted. In
addition, the capacitor structure forned by the present invention can be
sinple and a self-aligned silicide (salicide) process for formng
source/drain regions of a MOSFET transistor wth reduced resistance can
al so be acconplished by the invention. Thus, the production efficiency and
performance of an |C product forned3by the nixed-npde process of the
present invention c be inproved such that the nunber of required
fabricati of st 88T dﬂﬁ%BraE¥p¥ﬁ§F¢&8H b8rf ediitied. PrERishreRE  prasdudei on
efficiency and performance of an | C product fornmed by the m xed-node
process of ent i.nyenti.o . | oved  .such that the nunber of
required fﬁ%??%ﬂ%%%n sgggg'a%h 2%%?3 ga%ggpoggﬁiﬁggF@@H%eﬁtﬁ%rFﬁar Scope
of the applicability of the present invention wll becone apparent from
t he detail edithestri ption given hereinafter. However, it should be
understood that the detailed description and specific exanples, while
indicating preferred 9 enbodinents of the invention, are given by way of
illustration 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

‘A‘\\

with reduced resistance can also be accomplished by the

invention. Thus, the production efficiency and performance of an

IC product forﬁed 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
fﬁﬁ 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




only, since various changes and nodifications within the spirit and scope
of the invention will becone apparent to those skilled in the art from
this detail ed description. BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention can be nmore fully understood by reading the subsequent detailed
description and exanples with references nmade to the acconpanying

drawi ngs, which are given by way of Pllustration only, and thus are not

limtative %Logﬂﬁﬂlsre%gq: invention, and wherein: Fig. 1 is a schematic

di agram show Rg & S&ni Condifct BV EE et U iR & 601 Al o lserartisme:

Fig. 2is a schenatlc di agram show ng the structure of Fig. 1 with added
layers; Fi@nig, i sigsSchgmatic 5 a 1A9.Lhe, structure Fig. .2
after an etch?ng Etep wth a Cg s?%%ﬂg%%%?%ﬁ% we: “EFB 8?% @ggﬂﬁénatic
di agram show ng t he structure of Fig 3 with a hard mask | ayer and

addi ti onal apdt sesms;ofFitge BnientisChendt becMaghaarshowNgthe §f<£ﬂ%tdur e of
Fig. 10 4 after another etching step; and

in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

{:) The present invention can be more fully understood by
reading the subsequent deﬁailed 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 invgntion, 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 is a schematic diagram showing the structure of Fig.
2 after an etching step with a f}rst 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..




Fig. 6 is a schematic diagram showi ng the structure of Fig. 5 after an ion
i npl antation process and the addition of a spacer and a silicide |ayer.
DESCRIPTION Figs. 1 to 6 sequentially denonstrate a m xed-node process in
accordance with one enbodi nent of the present invention. In Fig. 1, a

sem conductor structure 10, for exanple a silicon substrate, has at | east
a conductive region 14, a netal -oxide 1&enm conductor (MOS) transistor
region 16 ap =) gqgaq!tor region 18 thereon. The sem conductor structure
10 shoul d be “ungér st 0oF* FBC%H§%FEF9;f%W%her i ncl ude conductive and/ or
insulating |layers fornmed over such substrate or wafer, and active and/or

passive devi cesif,or gedsoyer n_such a g§§strat or wafer. An isolation
structure 12, for%exanpfe a(?}gfgy%%#ﬁgﬂfﬁ OW%W%Sﬁ?uFEFuT§HFOPﬁeal%ﬂ
portions of the sem conductor structure 10 within either the conductive

region 14 or sfhercapatirt Amplegt&ionl §rodbes 150 a0 st LUGt e 12 can al so
be a shallow trench isolation (STI) structure fo?ned %yLﬁhewaIFP fiown STI

technique. 11 In Fig. 2, a gate dielectric |ayer 20 is selectively formed
and a silicide layer.

DESCRIPTION

Figs. 1 to 6 sequentially demonstrate a mixed-mode process

S

in accordance with one embodiment of the present invention. In
Fig. 1, a semiconductor structure 10, for example a. silicon
substrate, has aﬁ 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
devices formed over or on such a substrate or wafer.

An isolation structure 12, for example a field oxide (FOX)
structure, 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 STT technique.




on the sem conductor structure 10 within the MOS transistor region 16.
Then a first conductive |ayer 22, a dielectric |layer 24 and a second
conductive layer 26 are sequentially fornmed over the sem conduct or
structure 10. Next, a first pattern 28a, covering a portion of the second
conductive layer 26 within the capacitor region 18, is fornmed on the
second .conductive layer 26 through a'HhotoIithography step (not shown) for
defining a Iayer %j phot or esi st % material, for exanple, deposited on
the semi conduct'dt “¢fr utt Wt F216. STRLSHANE dPEPBCEY iie PayeFt B lyafiomeed a

dielectric material such as thermally forned oxide or the novel hlgh K

material hayn - ri nt, (nor W t K .above such
a5 0, 2180, T 0o LB G TO0R Theadd (1O TR {IPSt Gra-cat

conductlve Iayers 22 and 26 can be polysilicon and the material of the

di el ectric degyen 24. thehrechetween eamheist!igpn oxids, d§éiééﬁ} chityd de,
silicon oxynitride or the described high-K nmaterials forned by chem cal

vapor deposition (CVD) or sputtering. The thickness of the dielectric
| ayer 24 i ¢4%abbdt 260%canst 300Auanidve Hewvehi ekness sﬁ@ubheléilyfﬂo&&édammbzsecond
conductive |layer are about 1500A to 3000A and

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
{ﬂ> K above 35) such as HfO,, %Zr0,, TiO,, Al;03 or Ta,0s. In addition,
the first and second conductive layers 22 and 26 can be
polysilicon and the material of the dielectric layer 24
therebetween can be silicon oxide, silicon nitride, silicon
oxynitride or the described high-K materials Fformed by chemical
vapor deposition (CVD) or sputtering. The thickness of the

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




1500A to 3000A, respectively. In Fig. 3, an etching step (not shown) is
then perforned, wusing the first pattern 28a within the capacitor region 18
as an etching mask, to pattern the second conductive |ayer 26 and the
dielectric layer 24 exposed by the first pattern 28a and stops on the
first conductive |ayer 22. After the etching step, the first pattern 28a
is renoved and a first stacked structuUfe 30 conprising a patterned
dielectric “%yer 24a and a q@terned second conductjve.layer 26a is thus
formed on the fitst S%§888U85? Fiyert*¥ST Wit hi AP He CAci®Por%88i 8A218. I n
Fig. 4, a hard mask |layer 32 is conformably deposited on the first

conducti vejd@pero220@f¥d cQuBLS g first stacked structure 30 thereon. The
hard mask | ayer material can be stTicon nitride or conventional i nsul ati ng
material which is different fromthe first conductive |layer 22. The

thi ckness of the hiar.d Iyash ledyaing SseOUinck0RAWL 3000Aen A setondapattern
34a, a third pattern 34b and a fourth pattern 34c are then forned on the
mask | ayer 32, respectively covering a portion of the mask layer 32 within
t he conductiipg £&gi &hrsii patiherMIBa rerfdiist bhe 1@ pacitor 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. After the etching step, the first
pattern 28a is removed and a first stacked struéture 30
comprising a patterned dielectric layer 24a and a patterned
second conductive layer 26a 1s 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
CfD the first conductive layer 22 and covers the first stacked
structure 30 thereon. The hard mask layer materiai 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 z 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




region 16 and the capacitor region 18 through another photolithography
step (not shown) of defining a |ayer of photoresist (PR) material, for
exanpl e, deposited over the hard nask |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 regltdn 18, the MOS transistor region 16
and the conductive region 14 are used as an etching mask to pattern the
hard mask FaJE! 34'%nd*the ?W?stca%%ﬁﬁﬁﬁtiﬁ@gF%%er1§2 ERPOKEY RPhET
patterns 34a, 34b and 34c until the underlying structure, for exanple the
sem conduc 1 the isq ion structure 12 are expose

Af ter theﬁlg%%ohlﬁtﬁégg%%{)hs/ t %é:g%atég?éns %%2’1’?1934# an%é; char ear:lr’r%’veéfd 8gd a
first device 36 conprising the first stacked structure 30 covered by a
patterned pastbrmaskt| ayey e Que! @opabkered fdepstitLONGKGT ivvg haygr 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 | ayern3#dh laivehi 32 anlde tMOSE trsdnsicstiord rseguotuds 3@ndharsecond devi ce 40
including a 14

In Fig. 5, another etching step (not shown) is then

performed and the second, third and fourth patterns 34a, 34b and

by Y

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
/*3 the etching step, the patterns 34a, 34b and 34c are removed and a
first device 36 comprising the first stacked structure 30 covered
by a 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




patterned first conductive |ayer 22c wthin the conductive region 14 and a
patterned hard mask | ayer 34c stacked thereon. In Fig. 6, an ion :
i npl antation process (not shown) is performed to form source/drain regions
42 in the sem conductor 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 sidéwalls of the first device 36, the
second device 40 gngbthe second, stacked structure 38. Next, a self-aligned

silicide (BAFFEITEE) THroceQIREIVSHGWRY F4C perifdrntle F9deiava aieai de

| ayer 46 on the top of the source/drain regions 42 wthin the MOS region

16 and a MPBFE]; deyLee- Md sk or t i.n_as.the third device on the
sem conduct or stru%tur% 10? FﬁgEF%il§§g¥ﬁgﬁ£§%ﬁggﬁéghﬁfﬁg?'conductive
| ayer 22a, dielectric layer 24a and the first conductive |ayer 26a

respectively funetiregs as the lieweringheetaodsm %Qgcégpagﬁg@rshggﬁjquric
| ayer, and the upper electrode of a capacitor of the first device 36. The
patterned mask | ayer 34a overlying the first device 36 protects the
struct ure peefaingdf tomichre siomptafatinonredupnag 4 oimatthen sefiitdeluctor
source/drain regions 42. In
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
te 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
N 10.

In Fig. 6, the patterned Ffirst 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. In




----- --- - - --- - - - ---- -------- 15 addition, a conductive wre
conprises the patterned first conductive |ayer 22c covered by the
patterned mask | ayer 34c thereon, referring to the second device 40, can
be also protected formany effect of the formati on of the source/drain
regions 42. Moreover, the devices such as the second device 40 forned over
the isolation structure 12, act as a clonductive wire, and the first device
36, acting(%§ a capacitorcgﬁn be optionally formed over the sem conductor

structure 1075tREr t RanCPHEG TS8P at TOrF  (CBPFIstUr e 12 PRRER R first

Applications for sinultaneously formng nore than two different types of

Jovi . f dified
evi ces on.&h R GONGUELPT K511 UG egﬁdagge%@]%‘ﬁgb&tgggn&émmggk tﬁgwffa Tie

by those skilled in the art base rocess o e’ 1nvention

illustrated in Fig. 1 to Fig. 6 or nodification thereof and are not

restrict edtiyrebohe deserdibgdco nined=rode PEHGCRSI0| Nedheabodi grHec0bqt he
invention. In conparison with US Patent Nos. 5,918,119 and 6, 586, 229, the
present invention provides a m xed-node process which introduces a hard
mask | ayerfa@ sinfuPt&eedous] yheofardhfifcer exft the source/drain regions 42.

Moreowver, 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
struqtures 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

fﬂ) 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.




types of devices on a sem conductor structure. 16 Due to the fact that the
i ntroduced hard nmask layer is fornmed over the devices and is nade of
non-resi st material, the m xed-node process of the invention ensures that
the thickness of the capacitor dielectric |ayer of the capacitor and
capaci tance thereof can be appropriately maintai ned. Mreover, the hard
mask | ayer over each device provides ¥ ot ecti on against an inplantation

process such as §ngge/ rahp nggfntatlon Thus, ion breakthrough
resul ting from a conventro r €3PSt Tt mBEroguee@r hatdnmhek pEevent ed - and

an additional photolithography step can be elimnated. In addition, the

capaci tor sbéfmet WRerCaRebge$ Y ¥ f0 m xed- node_process of the
present invention rat her than by nfhegggﬁ% OEt%ﬁP[ﬁﬁﬁé@gsm?W?ﬁﬁﬁ4raFEa in

U S. Patent No. 6,586,229. A self-aligned S|I|C|de (salicide) process for

form ng soirsehddaipraegsons e anNgg%ightéﬁ%@§é§tEHaﬁMtEQ Eﬁ%%ﬁ%ess of
resi stance can al so be acconplished by the invention. concl usion he
production efficiency and performance of an IC product forned by the

ni xed- node Pt FEEEE1EPT t e lmcaséat Laverend s othe capacitor and capacitance

thereof can be appropriately maintained. Moreover, the hard mask
;ayer 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. 6,586,229,

pay self-aligned silicide (salicide) process for forming
source/drain regions of a MOSFET transistor with 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 inventicn
is improved. Moreover, the number of regquired fabrication steps

1s reduced and cost savings can be realized.




is inmproved. Moreover, the nunber of required fabrication steps is reduced
and cost savings can be realized. 17 Wiile the invention has been

descri bed by way of exanple and in terns of the preferred enbodi nents, it
is to be understood that the invention is not Iimted to the disclosed
enbodi nrents. To the contrary, it is intended to cover various

nodi fications and simlar arrangenen?% (as woul d be apparent to those
skilled in thewgggg.tggeﬁgggggq tQ? scope of the appended clai nms should

be accorded the broadest interprétatiorEs descsieert obpasay abf esamhle

nodi fications and sim |l ar arrangenents. 18 Wat is clained is: 1. A

m xed- node apHoCe SiSermat HOdHGH sk.layer, . conprising the steps of:
provi di ng a seni conduct or st?ﬁ??ﬁ?g%g§%%ﬁ§ﬁ FArty forfi hy 2 finfsEstood
conductive |layer, a dielectric layer, and a second conductive |layer on the
sem conductbrt Ste ubtumsiohot mi ngt a1 fifia HoaekedaShE NS GBS ON Of

To the contrary, it is intended to cover various modifications

and similar arrangements {as would be apparent to those skilled

in the arty. Therefore, the scope of the appended claims should

be accorded the broadest interpretation so as to encompass all

such modifications and similar arrangements.




conductive layer and the dielectric |ayer, and revealing the first
conductive | ayer exposed by the first stacked structure; conformably
depositing a mask | ayer over the first conductive |ayer and covering the
first stacked structure thereon; C and patterning the mask | ayer and the
first conductive layer to simultaneously forma capacitor and a second
stacked structure on the semi conductd® structure, wherein the capaci tor
conprises the I first stacked structure, a patterned mask | ayer thereon
and a pat&ggpgg;L&g;ﬁafogguctive | ayer therebel ow and the second stacked 19
structure conprises a pétferned first conductive |ayer and a patterned
mask | ayer stacked thereabove. 2. The process as claimed in claiml1,
wherein the patterpedn; £RSkohay ghocover §n1_51;c9ﬁ\é@111_:15 0Ofnd:he rﬁégﬁtla%}e%gked
structure. 3. The process as clainmed in claim1l, "wherein the first
conductive |ayer and the second conductive |ayer are polysilicon. 4. The
process asmpkasived tha stapanck: wherein the

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 depesiting a mask layer over the first
conductive layer and covering the first stacked structure thereon;
{:D and

patterning the mask layer and Lhe firét 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




dielectric layer is silicon dioxide, silicon nitride, silicon oxynitride
or a high-K material. 5. The process as clained in claim4, wherein the
high-K material is HQ2, Zr02, Ti02, A1203, or Ta205. 6. The process as
claimed in claim1, wherein the second stacked structure is a conductive
wire device. 7. The process as clained in claim1, wherein the mask | ayer
is made of non-resist materials diffed@nt froma material of the first
conductive layer. 20 8. The process as clainmed in claim?7, wherein the
mask | ayer is silicon nitride, silicon di oxide or silicon oxynitride. 9.
The proce I urt.heg. c nprls the step of
selegtlveﬁgrééﬁﬁﬁ ng a 53@88dﬁiréa F?E: day£er % ‘% F8n]€Wthé”“i a
sem conductor structure before form ng the first conductlve | ayer on the
sem conduphdtestadUBh Yk €.aykd. sTHEJH QEESSaas,Lclained in claim9, further
conprising the step of patterning the gate dielectric layer formed on the
sem conduct or structure during patterning of the

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

6;) conductive layer and the second conductive layer are
polysilicon.
4. The process as claimed in c¢laim 1, wherein the

dielectric layer is silicon dioxide, silicon nitride, silicon

oxynitride or a high-K material.

3. The process as claimed in claim 4, wherein the high-K
material is HfO,, ZrO,, TiO,, Al;04, or Tay0s.

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.




mask | ayer and the first conductive layer to thereby forma second stacked
structure, the second stacked structure having a patterned first
conductive layer, a patterned mask |layer and a patterned gate dielectric
| ayer stacked on the sem conductor structure. 11. The process as clained
in claim10, wherein after the capacitor and the second stacked structure
are formed on the seniconductor struéfure, the nethod further conprises
steps of: 21 formng source/drain regions in the sem conductor structure
on opposite sides of the second stacked structure; formng a spacer on

sidewal I s of thegsegond,siacke ructur.e; and selectively formng a
silicide |ayer on top g% the g%u?%%%“fﬁfﬁif:8?%n§’t?ﬁ?§ﬁlﬁ|§hWUBFﬁT devi ce
conprising the second stacked structure on the sem conductor structure.

12. A m xed-lepede pLeocessliddn oduernga hand -pRSkglayel, gomprising the
steps of: providing a sem conductor structure having a conductive regi on,

a net al - oxi de sem conductor (MOS) region and a
oxynitride.

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

the step of selectively forming a gate dielectric layer on a
f:) portion ?f 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 =&
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 secon@ stacked structure are Fformed on the

semiconductor structure, the method further comprises steps of:




capacitor region; sequentially formng a first conductive |ayer, a
dielectric layer, and a second conductive |ayer on the sem conductor
structure; formng a first stacked structure in a portion of the second
conductive layer and the dielectric layer wwthin the capacitor region, and
revealing the first conductive |ayer exposed by the first stacked
structure; |, 22 conformably deposit?ﬁg a mask | ayer over the first
conductive layer and covering the first stacked structure thereon;
respectively formng a first pattern, a second pattern and a third pattern
on the mask | ayefo Withi n i.t or eqgi.on,. the_conductive regi on and
the MOS regiony wheﬁg?n ﬁ%ggcgﬁgggnpatf%:ﬁgﬁové¥§ t Fe® maSkM SSUCE98r t he
first stacked structure and wherein the second pattern and the third
pattern respectiuveloh epwesscoishaes por tiHen sefotde taRs Ky | 8%8ki, A0d
patterning the mask | ayer and the first conductive |ayer

forming a spacer on sidewalls of the second stacked

structure; and

selectively forming a silicide layer on top of the

iﬁ} 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 cenductive
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;




to simultaneously forma capacitor, a second stacked structure and a third
stacked structure on the sem conductor structure respectively wthin 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 structure and the third stackéd structure each 23 conprises a
patterned first conductive |ayer and a patterned nmask |ayer thereabove.
13. The process as clained in claim12, wherein the patterned mask | ayer
covers sidewalls of the first stacked structure. 14. The process as
claimed in claim12, wherein the first conductive |ayer and the second
conductive | ayey, ySi L \ng T. rocess as _clained Ln claim12
wherein the éié?%%???%EQaégkbggagi igongg?%xiﬁg?rsi'?%bntﬁ?tr%%ﬁﬁtsilicon
oxynitride or a high-K material. 16. The process as clained in claim15,

wherei n t h®nductive layer and covering the first stacked structure

thereon;

respectively forming a first pattern, a second pattern

and a third pattern on the mask layer within the capacitor

\_j

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 simultanecusly form a capacitor, a éecond stacked structure
apd a third stacked structure on the semiconductor structurg
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




hi gh-K material is H 02, Zr02, Ti02, A1203, or Ta205. 17. The process as
clainmed in claim112, wherein the second stacked structure is a conductive
wire device. 18. The process as clainmed in claim12, wherein the mask

| ayer is a non-resist material different froma material of the first
conductive layer. ----------- 24 19. The process as clained in claim18,
wherein the mask layer is silicon nitrd3de, silicon dioxide or silicon
oxynitride. 20. The process as clainmed in claim12, further conprising the
step of selectively formng a gate dielectric |ayer on a portion of the
sem conductor structure within the MOS region before formng the first
conductive |ayer on the sem conductor structure. 21. The process as

clai med i Roghais820: HaMiNSks GOPPE i SbMME:dthGeShgh: Of aﬂ?@tée,{; g teﬁe gate
dielectric layer forned on the sem conductor strfucture within't

region during patterning of the mask |ayer and the first conductlve
mask layer thereabove.

13? The process as claimed in claim 12, wherein the
patterned mask layer covers sidewalls of the first stacked
structure.

14. The process as c¢laimed in claim 12, wherein the
first conductive layer and the second conductive layer are
poly=ilicon.

15. The process as claimed in claim 12, wherein the
dielectric layer is silicon dioxide, silicon nitride, silicon

oxynitride or a high-K material.

SN

Pty
Ce_——

16. The process as claimed in claim }5, wherein the
high-K material is HfQ,, Zr0,, TiO,, Al;0; 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 nen-resist material different from a material of

the first conductive layer.




(, .) layer to thereby forma third stacked structure conprising a
patterned first conductive |ayer, a patterned nask | ayer and a patterned
gate dielectric |ayer stacked on the sem conductor structure. 25 22. The
process as clained in claim?21, wherein after the capacitor, the second
stacked structure and the third stacked structure are formed on the

sem conductor structure, the nethod f&ther conprises the steps of:

form ng source/drain regions in the sem conductor structure on opposite
sides of the third stacked structure mﬁthin the MOS region; formng a
spacer on side | s -qf [ r cke ruct re nd sel ectively
fgrning a siligg%e ﬁg§kkggﬁé$%ﬁgoﬁigépe §burce %‘ n“ %6F6h§%Fom?%ﬁn1a
MOSFET devi ce conprising the third stacked structure on the sem conduct or

structure.layer is silicon nitride, silicon dioxide or silicon

oxynitride.

20. The process as claimed in <c¢laim 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.

21. 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,




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 siiicide layer on top of the
Sou;ce/drain regions to form a MOSFET device comprising the

third stacked structure on the semiconductor structure.




