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particul a (

WO 2004/ 061915 PCT/ US2003/ 039914 | NTEGRATI NG N- TYPE
AND P- TYPE METAL GATE TRANSI STORS FI ELD [0001]
Enbodi ments of the invention relate to the

manuf acturing of conplenentary

rly, 5 enbodinments of the inventron relate

to integrating n-type and p-type netal gate
transistors within a single CMOS device. BACKGROUND
[0002] Prior art CMOS devices nmanufactured with prior
art sem conductor processes typically have

pol yENTIHGRAT N6t M- TYPEUVAN D PEBY PEPMETAL| GATH TRANSEYEDRS can
be 10 susceptible to depletion effects, which can add

FlgLPhe overal|l gate dielectric thickness in the CMOS
device. Furthernore, as the effective physical gate
[#D@1]e c tErmigodirhentk oéthe inleoficastde to the nEplufasturing o

depl etion contri butes proportionally to the total
ahingdlaentary mdtalekdidessemitdndustor (CMOB] devicesd dfdire paktieulady,
elimnate polysilicon depletion in order to scale

 gaticetimeniislof thhiimientiarsrelatdid inRGRkind/Ritgle aat B8pednetili@te

ot her hand, are not as susceptible to depletion as
tremsieird witidin asilaCMONdewoey ways preferable to
polysilicon for formng gate structures. Typi cal

prior art sem conductor processes, however, do not
BAGKGROUAIDe n-type and p-type netal gates within the
sanme device or integrated circuit. This is due, in
[0602], ®oiot &re CMDP Uevitdsymandact@sd with pev Sk sehenducki
sem conduct or process that can reliably deposit netal
recdeesed typiellyiRie @blysiiddredatd StruckrBe SPbIPEIRcOnNRowEV R, can be
sem conductor device or i1ntegrated cifrcuit.

susceptible fo depletion effects, which can add fo the overall gate dielectric
thickness in the CMOS device. Furthermore, as the effective physical gate

dielectric thickness decreases, the polysilicon depletion contributes proportionally

to the total dielectric thickness. It is, therefore, desirable to sliminate polysilicon

depletion in order to scale gate oxide thickness.

[0003] Metal gates, on the other hand, are not as susceptible to depletion as
polysilicon and are in many ways preferable to polysilicon for forming gate
structures. Typical prior art semiconductor processes, however, do not
incorporate n-type and p-type metal gates within the same device or integrated
circuit. This is due, in part, to the complexity and cost of developing a
semiconductor process that can reliably deposit metal gate structures of differing

types into the same semiconductor device or integrated circuit.
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WD 2004/ 061915 PCT/ US2003/ 039914 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0004] Enbodi nents of the invention are
illustrated by way of exanple and not Ilimtation in
the figures of the acconpanying draw ngs, in which
wd %6udkpi€rences indicate sinmlar el ement

% 4{1 fé [0005] Figure 1 illustrates the 5%:21{8%2063{ 394

tranS|stors after depositing ILDO according to one
Fi qur e 2 illustrates the state of

' ERAYINGS - hback to expose
oI Si I i con gate structures according to one
[Dg%%dl %@h@dlmﬁaf@@ﬂhepnwﬂ@n are; iflysirataddivesan Hexamaleangmot
transistors after selective n-type poly 10 etch
lirpitation & thg figeres wé theraseemaaming 4ragngs, EF\A@mhélka references
_illustrates the state of transistors after depositing
ingicetesimilaselameniganst iniwkisht o one enbodi ment . [ 0009]
ure 5 illustrates the state of transistors after
lﬂpﬁgll sHrigwretiHbustrategiee statetoflrangistorstifter depositing ILDO
enbodi nent. 15 [0010] Figure 6 illustrates the state
aggbrdingalooinstemimdimiandr sel ectively etching p- type
pol ysilicon according to one enbodi nent. [0011] Figure
[0006]l | Sguradkustrhies shiexsteteal trangisteissdfier # DI padish-back to
depositing p-type netal according to one enbodi nent.
exjp0sd. pdlysicopn rgatdSstivctuned sctbriing toenetemibddbheritr ansi st or s
after polishing the p-type 20 netal according to one
[oeodjodiFi@ne 3 illue0aR} t Qateaf Randistustdfial edledtive nogp@pety ed
transi stors according to one

etch according to one embodiment.

[0008] Figure 4 iliustrates the state of transistors after depositing n-type metal
according to one embodiment.

[0009]  Figure & illustrates the state of transistors after polishing the n-type
metal according fo one embodiment.

[0010]  Figure 6 illustrates the state of transistors after selectively etching p-

type polysilicon according to one embodihent.

[0011]  Figure 7 illustrates the state of transistors after depositing p-type metal

according to one embodiment.
[0012] Figure 8 illustrates the state of transistors after polishing the p-type
metal according to one embodiment.

[0013] Figure 9 illustrates the completed transistors according to one

| embodiment.

[0014] Figure 10 illustrates the state of transistors after an optional implant

patterning according to one embodiment.
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enbodi nent. [0014] Figure 10 illustrates the state of
transistors after an optional inplant patterning
according to one enbodi nent. 2 WD 2004/ 061915

PCT/ US2003/ 039914 [0015] Figure 11 illustrates the

wi BbfeRis transi stors after n-type inplant Pé’ﬁﬁ520031039914
optional ash. [0016] Figure 12 illustrates the state

of transistors after a second sel ective n- type

i L h. 5.DETA L DESCRI PTI ON [ 001
(BI5Y 5 FiafiB G hated ot Sl relsion s i e o
t.o senm conductor manufacturing. Mre particularly,

O%tmsgfi‘%nts of the invention described relate to

[ rating.n-type and p-type netal gate transistors
[%"?{5 ?nﬁgwgglge{ﬁq-@}/rgﬁs MQ@% ﬁpg:;:ss:,tors after a second selective n-
net aﬂM-_[)xi de-sem conductor (CMOS) device or integrated
type palypiicon §t@h18] In order to manufacture CMOS devi ces
and integrated circuits that can avoid the effects of
gate depl etion, enbodi nents of the invention

Mﬁmpe and p-type netal gates into the
D E TéQ@Nor i nt egrated circuits. [0019]

Fi_%ur e lillustrates a cross-section of a CMOS device
[08%A: aimbrglimens obtheypyentiondrsicibert heraid relatertotsgmiconductor

transistor after depositing ILDO ("Inter-Iayer
manufaeiing. dvgre padisuldriyemiwdonente abibe invention desciaginetatd ,

poly-silicon gate transistors 105, 110 are fabricated
to indegrgting adyparand ONS: petat gateitragsischwitijoése dgameor der to
complementary metal-oxide-semiconductor (CMOS) device or integrated circuit.
[0018]  In order to manufacture CMOS devices and integrated circuits that can
avoid the effects of gate depletion, embodiments of the invention incorporate n-
type and p-type metal gates into the same CMOS device or integrated circuits.
[0019]  Figure 1 illusirates a cross-section of a CMOS device containing a p-
type transistor and an n-type transistor after depositing ILDO (“inter-tayer
dielectric”) according to one embodiment. In Figure 1, poly-silicon gate transistors
105, 110 are fabricated using standard CMOS processing techniques in order to
prevent silicide formation on the poly-silicon gate electrode. The nitride hard
masks 115 are to protect the gate structures during silicidation and ILDO 120 is

deposited on the structure.

[0020] The ILDO is polished back to expose the doped polysiliéon gates in

Figure 2. The ILDO polishing also removes residual silicide around the nitride

masking layer. After the polysiiicbn gates 205, 210 are exposed, an ammonium

hydroxide etch is used to selectively etch away 305 the n-type polysilicon. The

~ammonium hydroxide etch is low temperaiure (e.g., <40 deg. Celsius), uses

3
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prevent silicide formation on the poly-silicon gate

el ectrode. The nitride hard masks 115 are to protect
the gate structures during silicidation and | LDO 120
is 20 deposited on the structure. [0020] The ILDO is

0l | back to expose the doped polysilj in
“&%‘?“g‘%‘% The 1LDO polishing al so rermves%@@?%‘%@?ﬁm
silicide around the nitride masking |layer. After the
polysilicon gates 205, 210 are exposed, an_ammoni um
seWyiertioni el kaschcansenisation ob aprrp¥aetalie? y 28 hThewegulbofshe
the n-type polysilicon. The 25 ammoni um hydroxi de etch
pplysiliesw etenisdiustraied in Hgge 3. <40 deg. Cel sius), uses 3
WO 2004/ 061915 PCTI US2003/ 039914 soni cati on, and has
[6024 bn c Bampvaliobheattype polysilicontaboye the gatodisleThic crasted a

of the polysilicon etchis illustrated in Figure 3.
darpagEhefisertivamich ofhicinis filed wille ap aHyse inetab40% savieas K Zr,
gate dielectric creates a danmascene-like "trench”

TiMacdr Alsad iliddtratedvin Flyuend.nAltgrpativeyt, tle tdioh cam bé fithsd Wwith
Zr;, 5 Ti, Ta, or Al, as illustrated in Figure 4.

arbli@rcvatdinieg sn niype dongoabntasingty/D (“Phesicamvioraiapesitiony),
cont ai ni ng an n-type conponent using PVD ("Physical

CvBtChensipal vaporaeppsitiorCor ALOH@MdMiRILay@iposition”). CVD and
deposition"), or ALD ("Atom c Layer deposition"). CVD

AlD thayAlsD iRy gateetdllicdrdaneplesliisb€ afd ahadicify atmosphere.
precursor, and a reducing atnosphere. Furthernore,

FlidtRerinbies ieahiskifss bhiienir tfyP@ mé@bﬂblld?/fcaﬂ%b%cﬁ ﬂﬁt H% tfdteh
that the trench 10 i s on partially fil

is XA PRIrRaNy ﬂﬂé?j tir ekarRsIe, l% tﬁlaﬁleQS byhAe nﬁ?ﬁ@}nefy o@él‘o?léan

can vary from approxi mately 50 angstrons

Rl B it O HORIRL

vefr?ohe 8fhbodiments. If the trenches are not completely filled, they may be filled

with an easily polished metal, such as W (“Tungsten”) or Al (“Aluminum”).

[0022] The n-type metal is palished back fo create the n-type metal gates 505

and to expose the p-type polysilicon gate 510 as illustrated in Figure 5.

[0023] Figure 6 iflustrates the transistors after a selective dry etch is performed

to remove the p-type polysilicon without removing the n-type metal gate. The

selective dry etch can be performed using a parallel plate or ECR (“Electron

cyclotron resonance”) etcher and SF6 (“Sulfur hexafluoride”), HBr (“Hydrogen

Bromide®), HI (*Hydrogen lodide™), CI2 {"Chlorine™), Ar (“Argon”), and/or He

(“Helium®). Alternatively, a wet etch, such as approximately 20 — 30 % TMAH

(“Tetramethylammonsum Hydrox;de”) at approx:mately 60 90 degrees Celsms

W|th or without somcatlon may also be used to remove the p-type polysilicon gate.
[0024] A p-type metal, such as Ru (“Ruthenium”) , Pd (“Palladium”), Pt

("Platinum”}, Co (“Cobalt”), Ni (“Nickel"), TIAIN (“Titanium Aluminum Nitride”), or
' 4
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with an easily polished netal, such as W/("Tungsten")

or Al ("Alum nunm'). [0022] The n-type netal is

pol i shed back to create the n-type netal gates 505 15

and to expose the p-type polysilicon gate 510 as

41 oqded in Figure 5 [0023] Figure 6 ?bhﬂ&h&ﬁ%ﬁ§4
e tranS|stors after a selective dry etch'i's

perforrred to renove the p-type polysilicon wthout
The selective dry

r \ gat e,
V\é‘f@?‘ Bgkts gﬁ@Pf‘mﬁﬁg‘; Gn h@ uaedptarﬁélmeeq;atﬁ (rgneh Geatedhy
" El ectron cyclotron resonance") etcher and SF6
h@@l“ﬁ%?'t yslligen a%tE)BOSHéiter@amw apafoysing priyngangtal
"Hydrogen lodide"), C2 ("Chlorine" Z«Q{t
C%ﬂh@s@mﬁ)te ixihe Geneheusing ¢hemieativapor Aepesivicit enaloric layefet
etch, such as approximately 20 - 30 % TMAH
depwwﬂmtamrmﬁmmt@lhﬁ Pigaures aneg reduciap pineoaphereel y 60
- 90 degrees Celsius wth or wthout sonication my
Farthesmpee, thedtbickeessefithesp-tyne npstalyop ellgyotandiel suchthajsheetrench
[0024] A p-type netal, such as Ru ("Rutheniunt), Pd
is(oniapartally diked. , Figure F5llystatestthe tratisistor€@fter Betpalypd netdlior
("Nickel™), TTAIN ("Titanium Alum num N tride"), or 4
ala® ree 40 GapdsiedDthe/gaRaBNBBIIA4 WCN (" Tungst en
Carbon Nitride") can be used to fill the gate trench
[0oesht eTheyy-type nadiaing atidyels polished back, ysiilustated gaFigufis to
Al ternatively, an alloy using p-type netal can be

créefadhe peybel gutd Seudtures 805,830 ghdCIDBiEadaily 8disdsited to provide
deposition or atomc |layer deposition with an

roofrfantheRbadakl Igyder ecur sor and a reduci ng at nosphere. 5
Furt her nor e, ¥1e t hi ckness of the p-type netal or

[5:1) 9% @mad@@g@wﬂé &bt dnd@ichb&RaNas Mgt infagrk 8! | Y
filled. Figure 7 illustrates the transistors after the

rete?tfg%)ﬁ tf@f’ﬁdl trBhsistdf étA)enlr@S been deposited in the gate
[0027] R'_ather than using a dry etch to remove the p-type polysilicon as
described above, the p-type polysilicon gate can be converted to n-type in order to
allow a gentler wet efch to remove the polysilicon rather than a dry etch. For
example, after the p-type polysilicon 1010 has been exposed, rather than using a
selective dry eich to remove the polysilicon, an n-type impiant 1015 is performed
to change the doping of the polysilicon in order to allow an ammonium hydroxide
etch to be performed, as illustrated in Figure 10.

[0028]  The result of the implant and ash (if required) is illustrated in Figure 11.

An ammonium hydroxide etch removes the remaining polysilicon gate structure

1210 resulting in the structure illustrated in Figure 12, A p-type metal or alloy

may then be deposited in the trench left by removing the p-type polysi'l-fcon gate as

described above.




5

[0025] The p-type netal or alloy is polished back, as
illustrated in Figure 8 to create the p-type gate
structures 805, 810, and ILDO is again deposited to
provide 10 roomfor the contact |ayer. [0026]
‘ﬁpﬁkﬁgﬁﬁsgos are etched and deposited, aspk£%§ﬁ&ﬁgﬁgp
in Frgure 9, resulting in the final transrstor
structure. [0027] Rather than using a dry etch to
renove the p-type polysilicon _as described above, the
[9929!/ peVVhile {he inyenyan has beandessdbadowitiereferangasfollusifaiive; n
order to 15 allow a gentler wet etch to renpve the
epgpgigienise s depcritiontis aet iateadsd tetberronsisieddR ariidng senser
the p-type polysilicon 1010 has been exposed, rather
Vanes m Ig@tlans efdhe Hlustiative emnbedisentsy ag well ae oities
polysilicon, an n-type inplant 1015 is perforned to
e@hedigentshwhigh gregppsrent e pgrsonassiilied dmtherarbioddiichtbe al | ow
an anmmoni um hydroxi de etch to be perfornmed, as
inventipptpesaipd aredganrd to ligovithinthg epifiBandT$mepe of thetinshtiothe
inplant and ash (if required) is illustrated in Figure
11. An anmoni um hydroxi de etch renoves the renaining
polysilicon gate structure 1210 resulting in the
structure illustrated in Figure 12. A p-type netal or
alloy may then be deposited in the trench |eft by
renmoving the p-type polysilicon gate as described
above. 5 WD 2004/ 061915 PCT/ US2003/ 039914 [0029]
VWil e the invention has been described with reference

toillustrative enbodinents, this description is not
intended to be construed in a limting sense. Various
nodi fications of the illustrative enbodi nents, as well
as ot her
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enbodi nents, which are apparent to persons skilled in
the art to which the 5 invention pertains are deened
to lie wwthin the spirit and scope of the invention.
6 WD 2004/ 061915 PCT/ US2003/ 039914 CLAIMS What is
ds: 1. A process conprising: for

anﬂégﬁeﬂectrlcs of transistors within a ggeﬂF%%eﬁ¥%

5 met al - oxi de- senmi conduct or ( CMOS) |ntegrated CIrCUIt
upon a sem conductor substrate; formng an n-type and
ChABIS ype metal gate structure within trenches forned
by the sidewalls and dielectrics. 10 2. The process of

Whabisiglaim@fisiein a trench is formed by a first etch of
a polysilicon gate structure corresponding to one of

1the&1pﬂ099$§<2impﬂ|§mﬂype nmetal gate structures, the
first etch | eaving substantially un-etched a
pol yeiming sifewaltseandsiiaieattiasrad raosistespwitiin agomplementasy her
of the n-type and p-type netal gate structures. 15 3.
metakoxidecemiconfiuatdrd CMQOS Yintegratad aronipupan agerdispodiictdirng a
netal of a first type into a trench forned by the
suhisirate; et ch and performng a second etch of the
pol ysilicon gate structure corresponding to the other
of tfidrenimyg iy peyparahd p-jype matsitgake stedoturs withinttrenebes formed

by the sidewalls and dielectrics.

2. The process of claim 1 wherein a trench is formed by a first etch of a
polysilicon gate structure corresponding to one of the n-type and p-type metal
gate structures, the first etch leaving substantially un-etched a polysilicon gate
structure corresponding to the other of the n-type and p-type metal gate

structures.

3. The process of claim 2 further comprising depositing a metal of a first type
into a trench formed by the first etch and performing a second etch of the
polysilicon gate structure corresponding to the other of the n-type and p-type

metal gate structures.

4, The process of claim 3 further comprising depositing a metal of a second

type mto a trench formed by the second etch the second type be:ng dlfferent from

: the first type of metal

5.  The process of claim 4 wherein the first and second etches are a dry efch.
, 7 _ _
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20 4. The process of claim 3 further conprising
depositing a netal of a second type into a trench
formed by the second etch, the second type being
different from the first type of netal. 25 5. The

f claim4 wherein the first and S

ﬁ@&@%ggi etch. 7 WD 2004/ 061915 PCT/ Uszgg@ﬁgzggg)&%w
6. The process of claim4 wherein the first and second
etches are a wet etch. 7. The process of claiml
wherein the n-type and p-type netal gate structures 5
are formed by inplanting n-type and p-type materi al
8i nt orherogess ppelaind wherejiplbe fifsl @ad sgeand olghesarepast etch.
respectively. 8. The process of claim4 wherein the
metal of the first type is an n-type netal and the
metal of the second type is a p-type netal. 10 9. The
7.pr ocldwprodess ohélainy1 wherelri the mHyperencp-typfe metel date sruciyrge
is a p-type netal and the netal of the second type is
arerfomadyipaimpisinéing n-type ahdp-type swter@hinia thiemgtypd Bnd pitydeng
an n-type and a p-type transistor upon a sen conductor
metabgateatracturashespedtiygle. and p-type transistors |
conprising n-type and p-type polysilicon gates,
respectively; renoving an ILDO | ayer fromthe top of
the polysilicon gates; etching the n-type polysilicon
8.9at ahe@rédssoiclbint $ivhérehnab nvtald thefirgtayde iBYan n-type

metal and the metal of the second type is a p-type metal.

9. The process of claim 4 wherein the metal of the first type is a p-type metal

and the metal of the second type is an n-type metal.

10. A process comprising:

forming an n-type and a p-type transistor upon a semiconductor substrate,

" the n-type and p-type transistors comprising n-type and p-type polysilicon gates,

respectively;
removing an ILDO layer from the top of the polysificon gates;

" etching the n-type polysilicon gate to form a first trench bound in part by
substantially vertical lateral side-wall spacers and a gate dielectric on the bottom
of the first trench;

depositing n-type metal into the first trench;
removing excess n-type gate material to expose the top of the n-type metal

gate and the p-type polysilicon gate;
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20 substantially vertical lateral side-wall spacers
and a gate dielectric on the bottom of the first
trench; depositing n-type netal into the first trench;
rempovi ng excess n-type gate nmaterial to expose the top
Jpstype nmetal gate and the p-type i
“32%“@”"%‘ WO 2004/ 061915 PCT/ US2003/ 039914 p@%’gﬁi‘%ﬁ%ﬁ‘e
p-type polysilicon gate to forma second trench bound
in part by substantially vertical |lateral side-wall
S pac@?@“& Patyga palyeilicongate todomma saeonsdianstbound inpart by
second trench: depositing a p-type nmetal gate within
sybiandiavyritieal later al side-walheracats aklaegaje dief ‘%Pg'é’ Quihe bottom
material to expose the top of the n-type netal gate
obiha sepanddrangfre netal gate. 11. The process of claim 10
further conprising formng |LDO on top of the n- type
and gepogipeg @ pdyis metst gate withindhe Feeonditieoeis of claim 11
further conprising formng source, gate, and drain
contrampying excdse nrtypey pate amatenisl to/ppose thedbp pbihe n-type nietad
process of claim 10 wherein the n-type netal gate is
gsteland tthedptypermetal gbfe.gr oup consi sting of Hf, Zr, Ti,
Ta, and Al. 14. The process of claim 10 wherein the
p-type netal gate is selected froma group consisting
of Ru, Pd, Pt, Co, N, TiAIN and WCN.
11.  The process of claim 10 further comprising forming ILDO on top of the n-

type and p-type transistors.

12,  The process of claim 11 further comprising forming source, gate, and

drain contacts to the n-type and p-type transistors.

13.  The process of claim 10 wherein the n-type metal gate is selected from a

group consisting of Hf, Zr, Ti, Ta, and Al.

14.  The process of claim 10 wherein the p-type metal gate is selected from a

group consisting of Ru, Pd, Pt, Co, Ni, TIAIN and WCN,

15.  The process of claim 10 wherein the p-type metal gate and the n-type

metal gate is at least 50 and no greater than 1000 angstroms thick.

16.  The process of claim 10 wherein etching the n-type and p-type polysilicon

- gates is an ammonium hydroxide etch.
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20 15. The process of claim 10 wherein the p-type
netal gate and the n-type netal gate is at |east 50
and no greater than 1000 angstrons thick. 16. The
process of claim 10 wherein etching the n-type and

- l'ysilicon ates is an ammoni um '
RIS S 004, 01050 PeT! US3004] 030014 TET0SKS
process of claim 10 wherein etching the n-type and

-type polysilicon tes i s perfor by using a
12, o1 B ool s 40 3ot ove pERG tes Tvee i e e ARSI
netal gate is doped by 5 inplanting n-type materi al
9§F§é§p@ﬂﬁ"ﬁﬁpﬁwsﬂaﬁ@mﬁé§*been deposited into the first
trench. 19. The process of claim 10 wherein the p-type
netal gate is doped by inplanting the netal gate with
g ge material after the netal gate has been 10
18epobhe Rracesstas clajne 18 atherain thealype megal gate is doped by

implanting n-type material after the metal gate has been deposited into the first

trench.
19.  The process of claim 10 wherein the p-type metal gate is doped by

implanting the metal gate with p-type material after the metal gate has been

deposited into the second trench,

10




