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"FABRI CATI ON BACKGROUND OF THE I NVENTION 1. Field O The Inventippy Ed‘? co
‘present invention relates to the filed of sem conductor devices, m)rgy
sspecifically, to a MOSFET with a conposite gate el ectrode which is

conpati ble wth standard CMOS processi ng., 2 Description O Related Art
Transistors are well-known in the art. Transistors are the buil ding bl ocks
of all integrated circuits. l\/bdern |nterated CI rcwts |nterconnect :
literally millions of Ad4 SISIOR HAVING ACOMBOSITE GATEri ety of
functions. The perfornmance pecific |ntegrated circuit
is directly related to t ks a=lala oAl EARBILAION transistors
of which it is conprised. Thus, in order to prOV| de better per f or m ng
integrated circuits in the future, one needs to inprove the electrical
characteristics of transistors. Figure 1 shows a cross-sectional view of a
wel | - known Ilghtly doped drain (LDD) netal oxide sem conductor (MJXS)

transistor 100.pARREHEURD OF THE INVENTION

1. Eield Of The Invention
The present invention relates to the filed of semiconductor
devices, and more specifically, to a MOSFET vrrith a composite gate

electrode which is compatible with standard CMOS processing.

2 Description Of Related At

Transistors are well-known in the art. Transistors are the
building blocks of all integrated circuits. Modern integrated circuits
interconnect literally millions of transistors together to perform a wide
variety of functions. The performance and reliability of a specific
integrated circuit is directly related to the performance and reliability of
the transistors of which it is comprised. Thus, in order to provide better
performing integrated circuits in the future, one needs to improve the
electrical characteristics of transistors.

Figure 1 shows a cross-sectional view of a well-known lightly doped
drain (LDD) metal oxide semiconductor (MOS) transistor 100. Transistor
100 has a standard polysilicon gate electrode 110. Transistor 100 has in
the past been a very popular and widely used transistor because of its

polysilicon gate electrode 110. An advantage of the polysilicon gate
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100 has a st'andard polysilicon gate el ectrode 110. Transistor 100 has in
‘the past been a very popul ar and widely used transistor because of its
pol ysilicon gate el ectrode 110. An advantage of the polysilicon gate 2

el ectrode is that

it allows the transistor to be fabricated with well - known

and extrenely manufacturabl e standard processes. For exanple, the
polysilicon gate allows a self-aligned solirce/drain process to be utilized
since the polysilicon gate can adequately mask the channel region of the
transi stor fronelestiedefsithatit allgwsitnestrapsistarito fie igbsoatedovith well-kmowen t he
source and drain of the transistor to always be Eerfectly aligned with the

gate of the trafRY exemelymanuiactumblestandard eI PraassaRc b ¢
i 1.ic te 100 is that -align silicide process
"holksiter data alows 2 st aidned soueidianipagas dode { ne

advant age of po
can be used to

presnessasc &Or exampler

tible wth the self-

transistor. Transistor 100 is compa | i,gned silicide
process becagse“@& s?'f\?%g'?}e Bgfyéﬂ}%?ﬁ gate ggn adequately mak 8 Shashel
region of the transistor from source/drain implants. A self-aligned

process allows the source and drain of the transistor to always be

perfectly aligned with the gate of the transistor regardless of mask

alignment tolerances. Another advantage of polysilicon gate 100 is that

a self-aligned silicide process can be used to form éilicide 112 on the

~ source, 'drain, and gate of the transistor. Transistor 100 is compatible

with the self-aligned silicide process because polysilicon gate 110 is not

vulnerable to the etch used to remove unreacted metal, which is required

in the metallic silicide process.

Unfortunately, however, the performance of the standard polysilicon

gate transistor 100 is poor due to polysilicon depletion effects.

Polysilicon depletion effects reduce the amount of gate voltage applied

across/the gate oxide. This in tum reduces the drive current of the

transistor. Since speed is directly proportional to the drive current, the

speed performance of the standard polysilicon gate transistor is poor.

The speed performance of the standard polysilicon gate transistor 100 is

poor due to polysilicon depletion effects.

Figure 2 is a cross-sectional view of another well-known transistor

200. Transistor 200 has a metal gate electrode 210. Metal gate

electrodes are beneficial because their electrical characteristics are

superior to doped polysilicon gate electrodes. Unfortunately, however,



vul nerable to the etch used to renove unreacted netal, which is required in
‘the metallic silicide process. Unfortunately, however, the performance of
the standard polysilicon gate transistor 100 is poor due to polysilicon
depletion effects. Polysilicon depletion effects reduce the anobunt of gate
vol tage applied across the gate oxide. This in turn reduces the drive
current of the transistor. Since speed is3directly proportional to the
drive current, the speed performance of the standard polysilicon gate
transistor is pggeh melgl §@es&Ereeincefipativr: KithteédeineDMDE pretysding con gate -
transi stor 100 is poor due to polysilicon depletion effects. Figure 2 is a .
cross-secti onal techaiguels. aFort écamplel, B-detialigrietbsairse/araindfhpldmtaceri adbbe 200
has a nmetal gate el ectrode 210. Metal gate el ectrodes are benefici al
because their eused in cmtalcgate davicasshécasarmetal gatésocan aotieadeduptslysi | i con
gate el ectrodes. Unfortunately, however, 3

mask the channel region from impurity doping during the implant.

Additionally, metal gate electrodes are incompatible with self-aligned
silicide processes because they can be damaged by the etch, which is

required to remove the unreacted metal, in the silicide process.

Thus, what is desired is a high performance semiconductor transistor
which does not exhibit polysilicon depletion effects and which is |

compatible with a standard CMOS fabrication process.



such netal gates are inconpatible with nodern CMOS processing techniques.
‘For exanple, a self-aligned source/drain inplant can not be used in netal
gate devi ces because netal gates can not adequately mask the channel region
drominpurity doping during the inplant. Additionally, fal gate

el ectrodes are inconpatible with-self-al igned si l'i ci de| PHISCSAE H %
they can be danaged by the etch, which is required to rem)veR'E% tled
metal, in the silicide process. Thus, what is desired Fs—a—hy £ or mince

semi conduct or tSHMMARY OFHTIE INVENTION exhi bit pol ysilicon depl etion
effects and which is conpatible with a standard CMOS fabrication process.
4 SUMVARY OF THE | NVENTI ON- A novel, high performance, highly reliable LDD

From pol yel 11 con AopPeR BRNCPABRTEEr NGTIEFeTDIE SIS MGPEE FAMSEahdar d
M5 having a composite gate electrode which does not suffer from polysilicon
depletion effects and which is compatible with standard CMOS
processing is described. The LDD MOSFET has a composite gate
comprising a polysilicon layer formed on a conductive layer. The
conductive layer may be formed from TiN, W, Mo, polycrystalline carbon
or any metallic silicide with the appropriate w&k function. The
polysilicon layer and the conductive layer of the composite gate
electrode have exactly the same length and width. The composite gate is
formed on a substrate of a first mndudivity type with a gate insulating
layer formed between them. A pair of lightly doped drain regions of a
second conductivity type are formed in the substrate and in alignment
with laterally opposite sidewalls of the composite gate electrode. A pair
of silicon nitride or oxide spacers are formed adjacent to laterally
opposite sides of the composite gate. The spacers and the polysilicon
layer completely encapsulate the conductive layer of the composite gate
electrode. A pair of source/drain regions of a second concentration of the
second conductivity type are formed in the substrate in alignment with the
outside edges of the silicon nitride spacers. Silicide is formed on the
source/drain region and on the polysilicon layer 6f the composite gate.

A goal of the present invention is to provide a high performance,
reliable MOS transistor which can be manufactured with a standard

CMOS process.
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processing is described. The LDD MOSFET has a conposite gate conprising a
*pol ysilicon |layer formed on a conductive |ayer. The conductive |ayer may be
formed fromTi N, polycrystalline carbon or any netallic silicide with the
Aappropriate work function. The polysilicon |ayer and the conductive |ayer
of the conposite gate el ectrode have exactly the same | ength and wi dth.  The
conposite gate is formed on a substrate of a first conductivity type with a
gate insulating |ayer forned between them A pair of lightly doped drain
regi ons of a secorkhatberigoaliafithg pregsentdneeritionmnisdoiprovitle & MO$ tmnsistod i n
alignment with laterally opposite sidewalls of the conposite gate

el ectrode. A pawhichfdees ngbexhbitpalisilinponosepletiep gffects. are forned adj acent
to laterally opposite sides of the conpositerg.ate. The spacers and the

pol ysil i con | ayer Y@rafiathen goalpfihe presentinertionds 4@ ipravidayahight t he
conposite gate elgct r ode.
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per f or mance,
' transistor which is extremely stable under high temperature and bias

stress conditions.



reliable MOS transistor which can be manufactured with a standard CMOS

* process. 5 Anot her goal of the present invention is to provide a MOS
transi stor which does not exhibit polysilicon depletion effects. Yet
.another goal of the present invention is to provide a high performance
transi stor which is conpatible with a standard self-aligned source/drain
i nplant and a standard sel f-aligned silid& de process. Still yet another
goal of the present invention is to prOV|de an MOS transistor which is
extrenely stablgRiER N RAMVIRNGSS stress conditions. -6

Figure 1 is a cross-sectional illustration of an LDD MOS transistor with

a standard polysilicon gate electrode.

Figure 2 is a cross-sectional iliustration of a MOS transistor with a

metal gate electrode.

Figure 3 is a cross-sectional illustration of an LDD MOSFET with a

composite gate electrode.

Figure 4a is a cross-sectional illustration of a silicon substrate having
an oxide layer, a conductive layer, a polysilicon layer, and a photoresist

layer formed thereon.

Figure 4b is a cross-sectional illustration of the formation of a

composite gate electrode on the substrate of Figure 4a.

Figure 4c is a cross-sectional illustration of the formation of a pair of

LDD regions in the substrate of Figure 4b.

Figure 4d is a cross-sectional illustration of the formation of a

conformal silicon nitride or oxide layer over the substrate of Figure 4c.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross-sectional
illustration of an LDD MOS transistor with a standard pol ysilicon gate

el ectrode. Figure 2 is a cross-sectional illustrati.on of a MOS transi stor
sith a netal gate electrode. Figure 3 is a cross-sectional illustration of
an LDD MOSFET with a conposite gate el ect_;ode. Figure 4a is a
cross-sectional illustration of a silicon’ substrate having an oxide | ayer,
a conductive layer, a polysilicon layer, and a photoresist |ayer forned

t hereon. Figure 4ﬁglgea4%iso%§rwc$e@waal illustsatiomof the formatien fof anpair oh of a
conposite gate el ectrode on . the substrate-of Figure 4a. Figure 4c is a
cross-secti onalsﬁﬁqetﬁtaﬂgttﬂﬁﬁoﬂf'atﬂ%ofGrﬂaﬁtqf(ﬁ?We/ﬁr%&ifﬁgl@nsume egions in
t he substrate of ,Fiqure ?.b Figure 4d is a cross-sectional illustration of
the formation o?’Jbz?t'%g?lPB e %‘i con nitride or oxide layer over the
substrate of Figure 4c.

Figure 4f is a cross-sectional illustration of the formation of a metal

layer over the substrate of Figure 4e.

Figure 4g is a cross-sectional illustration of the formation of silicide
regions on the source/drain regions and on the polysilicon layer on the

substrate of Figure 4f.



7 Figure 4e is a cross-sectional illustration of the formation of a pair of
*spacers and the formation of a pair of source/drain regions in the
substrate of Figure 4d. Figure 4f is a cross-sectional illustration of the
formation of a netal layer over the substrate of Figure 4e. Figure 4g is a
cross-sectional illustration of the formation of silicide regions on the
source/drain regions and on the ponS|I|@on | ayer on the substrate of :

Fi gure 4f. 8 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present

i nvention discloses a novel, high performance, highly reliable netal oxide
sem conduct or (N(E» tran5|stor wWth a conp05|te gate el ectrode which is
conpati ble wit| ML D) |

The present invention discloses a novel, high performance, highly
reliable metal oxide semiconductor (MOS) transistor with a composite
gate electrode which is compatible with standard CMOS processing. In
the following description numerous specific details such as doping
doses, doping types, manufacturing methods etc. are set forth in order to
provide a thorough understanding of the présent invention. it will be
obvious, however, to one skilléd in the ari that the present invention may
be practiced without these specific details. In other instances well-known
metal oxide semiconductor transistor concepts and fabrication
techniques have not been set forth in detail in order to not unnecessarily
obscure the present invention. o

The preferred embodiment of the novel MOS transistor with a
composite gate electrode of the present invention is shown Figure 3. The
composite gate electrode is used to form a high performancs, lightly
doped drain (LDD) metal oxide semiconductor (MOS) transistor 300.
The novel composite gate electrode significantly improves the formed
transistor's electrical performance and reliability. Additionally, the
method of forming the novel gate electrode is completely compatible with
present well-known CMOS processing technologies. |

The composite gate electrode comprises a polysilicon layer 302
formed on a thin, highly conductive layer 304. Silicide 306 can also be

formed on the top surface of polysilicon layer 302 in order to reduce the



the foll ow ng description nunerous specific details such as dopi ng doses,
* dopi ng types, manufacturing nethods etc. are set forth in order to provide
a thorough understanding of the present invention. It will be obvious,
.however, to one skilled in the art that the present invention may be
practiced wi thout these specific details. In other instances well-known

net al oxi de sem conductor transistor conc9epts and fabrication techniques
have not been set forth in detail in order to not unnecessarily obscure the
present invent igate cohtagyredistaned of ttandisien30@f int bre eowbodimest anansi st or
with a conposite gate el ectrode of the present invention is shown Figure 3.
The conposite guaanel transistts 309 isdetmed in érWQPﬁﬂ@H'OQBr%Smaoal iAfht | y
doped drain (LDD) netal oxide sem conductor transi staor i\g The novel
conposi te gate@l%{aY@(H@Oél@ﬁV!deééﬁﬁlgﬁt? r'ﬂﬁ‘»{ﬁ*@éf rﬁéaﬁstﬁtﬁé§ Or aAghtht or ' s

the novel gat e GAREG g (D% 5#pEs & a3 PB AL NacondlEtdBt A ek oun
e e S G D5 B B 09 5l 0 RO ©
Silicide 306 Caébaaée%’ %2 and 312b are formed adjacent to the outside edges of the

composite gate electrode. Source/drain regions 314a and 314b are

formed in alignment with the outside edges of spacers 312a and 312b.

Silicide 316a and 316b can be formed on source/drain regions 314a and

314b.

The thin conductive layer 304 sigﬁiﬁcénﬂy' improves the electrical
characteristics of transistor 300 over transistors having a standard
polysilicon gate. Conductive layer 304 completely eliminates the
polysilicon depletion effects associated with standard polysilicon gate
devices. By eliminating the poly-depletion effects, the drive capability of
transistor 300 is increased by 10%-20% over standard polysilicon gate
devices. Since drive capability is directly proportional to device speed,
the speed performance of transistor 300 is improved over standard
polysilicon gate devices.

Additionally, transistor 300 exhibits other performance improvements
over the standard polysilicon gate transistors due to its composite gate.
The gate oxide tunneling current of transistor 300 is at least one order of
magnitude lower than standard polysilicon gate devices for the same
electric field. The gate oxide break-down field of transistor 300 is also

about 10% higher than that of standard polysilicon gate devices.



formed on the top surface of polysilicon |ayer 302 in order to reduce the
*9 gate contact resistance of transistor 300. In one enbodi nent an n-
channel transistor 300 is formed in a P doped silicon substrate 308. An
.oxide |ayer 301 provides the gate insulator for transistor 300. Lightly
doped drain (LDD) regions 310a and 310b cih N conductivity are fornmed in
alignnent with the outside edges of the conposite gate el ectrode. Spacers
31 2a and 312b are forned adjacent to the outside edges of the conposite
gat e el ect r ode. Tonsister A0Qialsa exfibits minimal oharga MePRING 8¥eMed i n al i gnnent
wi th the outside edges of spacers 312a and 312b. Silicide S%lga and 316b can
be formed on sobiRséemparaturesiresss Additiopally. uizgo beotedithaliRiRIis YO | ayer

e oo o BN g B 0 e S T Do
conpletely el n?s@é‘.t ﬁetsg Tharacteristics makes transistor 300 a very stable, reliable
- and excellent performing transistor.

In fabrication of the invented MOS semiconductor transistor with the
presently preferred process, a p-type silicon substrate 500 shown in
Figure 4 is used. The p-type substrate 500 is doped with an
approximately 1013 cm2 dose of Boron atoms. Next, a 20-200A oxide
layer 502 is grown on substrate 500. The oxide layer 502 will provide the
gate insulator for the transistor. Oxide layer 502 can be grown in a
diffusion furnace at approximately 920°C at atmosphere in 91% 02 and
9% TCA.

Next, a 20-2000A conductive layer 504 is formed over the oxide layer
502. A variety of different materials can be used for conductive layer 504.
The material chosen must be able to withstand high temperature (i.e.,
greater than 850°C) processing. it must be highly conductive (i.e., have a
higher conductivity than n+ polysilicon). It is preferred to have a work
function close to the mid-gap of silicon, and ideally at the mid-gap of
silicon for CMOS applications. Finally, it shouid be able to be formed
uniformly across a wafer and' consistently from wafer to wafer. The
following materials have been found to meet the necessary physical and
electrical requirements of conductive layer 504: Titanium- Nitride (TiN),
Tungsten (W), polycrystaliine carbon (C), and just about any metallic

silicide with the appropriate work function. The preferred embodiment of



pol ysilicon depletion effects associated with standard polysilicon gate
“devices. By elimnating the poly-depletion effects, the drive capability of
transi stor 300 is increased by 10% 20% over standard polysilicon gate
.devices. Since drive capability is directly proportional to device speed,
the speed performance of transistor 300 ig,inproved over standard
polysilicon gate devices. Additionally, transistor 300 exhibits other

per f or mance i nprovenents over the standard po[ysiliconA%ate_transistors due

to its conposit égaresentiavention eilizes anaRelaxTgately pPERR WanumANdeor 300
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wdrk.

If titanium nitride is used it is formed with a reactive sputter process.
Titanium nitride is formed by sputtering titanium from a titanium target in a
nitrogen and argon ambient. The percentage of N2 can be from 100%-
30% with the remainder argon. The presenﬂy preferred embodiment
forms a nitrogen rich titanium nitride layer by using a 70% N2-30% Argon
ambient. The titanium nitride is sputtered in a DC magnetron deposition
chamber at a pressure of approximately four mtorr and a power of
approximately three kilowatts. If tungsten is used it can be sputtered
from a tungsten target at room temperature in an Argon ambient with a
power of approximately 1.5-2 kilowatts and a pressure of approximately
30-50 mtorr. If polycrystalline carbon is utilized, it can be formed by CVD
deposition in a downstream RF plasma reactor with 5% CHg4 and < 0.1%
BCLg by volume, with the remainder argon. Polycrystalline carbon is

 formed ata temperature of approximately 750°C and at a pressure of
approximately 1.5 torrs. |

After formation of the conductive layer 504, a polycrystalline silicon
(polysilicon) layer 506 is formed. The polysilicon layer 506 is formed by
LPCVD in SiH4 at a pressure of 130-130 mtorr and ata temperature of

approximately 620°C. in the preferred embodiment of the present

invention the polysilicon layer 506 is formed to a thickness of



little interaction between the gate oxide 301 and the conductive |ayer 308.
* These characteristics nakes transistor 300 a very stable, reliable and
excell ent performng transistor. In fabrication of the invented MOS
_sem conductor transistor with the presently preferred process, a p-type
silicon substrate 500 shown in Figure 4 ilz used. The p-type substrate 500

" is doped with an approxi mately 1013 cm 2 "‘lose of Boron atonms. Next, a
20- 200A oxi de layer 502 is grown on substrate 500. The oxide |ayer 502 will
provi de the gatapproximatelyr3508A.t Aephataresisitayer 508 isdhpafermedpventhae gr own
in a diffusion furnace at approximately 920[err] at atnosphere in 91%[err]
and 9% TCA. NeRolysilican layegR08onducti ve | ayer 504 is formed over the oxide
| ayer 502. A variety of differepnt materials can be used, for conductjve
| ayer 504. The mafNexhAS SHRRHN e :éﬁaéeﬁj)‘e%qq%ghﬁ@ i(zﬁr@‘ﬁd{}é‘?ﬁé 8t ure
(i.e., greater than.850[err proggssin cbt must highl cq}rﬁuctl e
(i.e., have fa m"gﬁ'ﬂ"%{ﬂﬁ(z%@ﬁ'ﬁ a‘FP'ﬁiu 5?%)1%”@(%)##%%?? BeSHSted to
have a work fu | t ' L1 €af ' |1y at the
md gap of i1 aRey P efaskBd PRRdhdd 3R dovelined W RREKPARA. Yo 1 0%be
formed techniques to define the location 511 where the gate electrode 513 is to

be formed. Next, the polysilicon layer is anistropically etched in a

reactive ion etcher with a HBr, Clo, He chemistry to form the top portion

512 of the composite gate electrode 513. If titanium nitride is used as

conductive layer 504, it is etched in-situ with the polysilicon layer and

with the same chemistry as a polysilicon layer to form the lower gate

electrode 510. Titanium nitride and most metallic silicides are preferred

as conductive layer 504 because a single etch step can be utilized to

form the composite gate electrode 513. The gate electrode is etched in-

situ until the oxide layer 502 is reached. (It is to be appreciated that

some of the exposed oxide layer 502 will be etched away.) The

‘completion of the gate electrode eich can be endpoint detected by

analyzing the residual gas exhausted during the etch.

If tungsten is utilized as the conductive layer 504 it is plasma etched

(after the polysilicon etch) in a two step process. First it is etched in NF3

and argon and then followed by a second plasma etch in SFg/Cla/He. If

polycrystalline carbon is utilized, it is also plasma etched (after the

polysilicon etch). It is to be appreciated that after the composite gate

electrode patterning, conductive layer 510 and polysilicon layer 512

have exactly the same length and width. After the composite gate



uni formy across a wafer and consistently fromwafer to wafer. The
following materials have been found to neet the necessary physical and
el ectrical requirenments of conductive |ayer 504: Titanium N tride (TiN),
. Tungsten (W, polycrystalline carbon (C), and just about any netallic
silicide with the appropriate work functjon. The preferred enbodi nent of
the present invention utilizes an approximately 500A titaniumnitride
conductive layer 504. If the present invention is used to optimze only

NMOS or PMOS tﬁmrog@‘d?%s been dyllyedrined, pbotrrasigh B 1Wds kemenediwith wa)l- not be

required, and gan%‘/’ | s which can resist high tenperatures will wdrk. If
titani umnitri 480 EtGQ BIGUESi s formed with a reactive sputter process.

a nitrogen and araoRNanB KRR sERL R buten s e ohpakE Mo S0
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514b are formed. The LDD regions 514a and 514b are formed with a
standard CMOS self-aligned process. The lightly doped drain regions
514a and 514b are formed by implanting phosphorus atoms at a dose of
approximately 1X10%4 cm2 at an energy of approximately 40 KEV. The
exposed oxide layer 502 prevents the surface 61‘ substrate 500 from
being damaged by the implant. The lightly doped drain regions 514a
and 514b are formed in alignment with opposite sidewalls running along
the width of the gate electrode 513. The polysilicon layer 512 acts as a
mask for the LDD implant. In this way the LDD regions 514a and 514b
are self aligned to the gate electrode 513 regardless of mésk alignment
tolerances. |t is to be appreciated that such a self-aligned process is not
possible with fully metal gates because they cannot sufficiently mask the
channel region from the implant. It is also to be appreciated that at this
time the polysilicon layer 512 becomes doped with phosphorous atoms.

Next, as shown in Figure 4d, an approximately 2500A Very conformal

layer of silicon nitride 516 is deposited over the entire substrate. The
silicon nitride layer 516 is formed by LPCVD with SiH2 Clo and NHg3 at
apprbximately 800°C in a hot wall reaction chamber. Such a process
forms a very conformal silicon nitride layer. A very thin (approximately
200A) oxide layer may be grown before the silicon nitride layer to provide

the silicon nitride layer 516 with a good starting surface. Alfhough a



anbient. The titaniumnitride is sputtered in a DC nmagnetron deposition
chanber at a pressure of approximately four morr and a power of
approximately three kilowatts. If tungsten is used it can be sputtered from
.a tungsten target at roomtenperature in an Argon anbient with a power of
approximately 1.5-2 kilowatts and a pressyre of approximtely 30-50 ntorr.

I f polycrystalline carbon is utilized, it can be fornmed by CVD deposition

|2 dounot reart B Bl BSIR 1AetSt Oraeb), 11 Lebh btidriatbat B Y oL,
O 3PP O ot o Bl ke e B BRI L For
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-~ side of gate electrode 513. A conformal layer 516 is required in order to

form spacers which have a uniform and precisely controlled thickness

across a wafer. The silicon nitride layer is anisotropically etched by

‘plasma ion etching with CF3/O2. 1t is to be noted that now conductive

layer 510 is completely protected and encapsﬁlated by spacers 518a

and 518b and polysilicon layer 512. This is extremely important because

later process steps, such as in the planerization of interlevel dielectrics,

utilize steam processes which can seriously corrode exposed metal

layers.

After formation of spacers 518a and 51 8b, N+ source/drain regions
520a and 520b are formed. The N+ source/drain regions are formed by
ion implanting arsenic atoms at a dose of approximately 6x1015 cm-2 at
an energy of approximately 100 kev. The spacers 518a and 518b and
the polysilicon layer 512 prevent the channel region from becoming N+
doped. The source/drain regions 520a and 520b are formed in
alignment with the outside edges of sidewall spacers 518a and 518b.
The polysilicon fayer 512 becomes N+ doped with arsenic atoms. Again,
oxide layer 502 protects the surface of the silicon substrate 500 from
becoming damaged during the arsenic implant.

Next, the substrate 500 is annealed in an N2 ambient at 900°C for

approximately 10 minutes in a standard furnace. The anneal activates



12 approxi mately 3500A. A photoresist layer 508 is then forned over the

* polysilicon | ayer 506. Next, as shown in Figure 4b, a gate electrode 513 is
formed fromthe polysilicon | ayer 506 and the conductive | ayer 504. First
.the photoresist |layer 508 is masked, exposed, and devel oped with well known
techni ques to define the location 511 wh Ee the gate electrode 513 is to be
formed. Next, the polysilicon layer is anfstropically etched in a reactive
ion etcher with a HBr, [err], He chem stry to formthe top portion 512 of

t he conposite gaemmsemormjanaassemc atomarframtie LOR andsouseridrainconduct i ve
| ayer 504, it is etched in-situ wth the polysilicon |layer and with the -
same chen st ry implantsoltlisibaceyse atjbie f't'@)hi) Refatere %’\‘!ﬁﬁaléﬁﬁtethél ectrode 510.

Titaniumnitride and nost netallic i des . rred as conductive
| ayer 504 becalfRnayclye daversidmust 9@54?19 ﬂq&ﬁlg dJeMPtAURR conposite

Payer 502 1 o r SUPREREING: P tﬁ%%%bééﬁﬁv%%rééé i 538k e exposed
oxi de | ayer 503%\34 h%/d%pg%ggﬁgﬂgw&ey& gﬁ)mj gipl'on of the gate el ectrode

etch can be en
Silicide can now be formed on the polysilicon layer 512 and on the

N+ source/drain regions 520a and 520b. Silicide can dramatically
improve the performance of the fabricated transistor. Silicide is formed in
the present invention with a well-known self-al'igned processes. First, as
shown in Figure 41, a thin metal layer 522 such as titanium or tungsten is
formed over the entire device structure. Next, the metal layer 522 is
heated or annealed which causes a silicide reaction to occur wherever
the metal is in contact with reactive silicon (i.e., on the source/drain

| regions 520a and 520b and on the polysilicon layer 512), everywhere
else (i.e., over the spacers and field oxides) the metal remains
unreacted. Next, the unreacted metal is selectively removed with the use
of an etchant which does not attack the silicide. As such, as shown in
Figure 4g, silicide 524 is formed on the gate, source, and drain of the
fabricated transistor. DQn‘ng the silicide formation, the conductive layer
510 is well sealed by spacers 518a and 518b and the polysilicon layer
512. |

It is to be appreciated that the LDD MOSFET with a composite gate

electrode of the present invention is now complete. At this time other
well-known process steps are used to complete the fabrication of the

MOSFET. An interlayer dielectric is deposited to separate the gate from



anal yzi ng the residual gas exhausted during the etch. If tungsten is
utilized as the conductive layer 504 it is plasm etched (after the
polysilicon etch) in a tw step process. First it is etchpgis SHEFSHAS BEEN
_argon and then followed by a second plasma etch in [err]} 't 5t ACEL

pol ycrystalline carbon is utilized, it i S al so plasma et
polysilicon etch). It is to be appreci ate& that after the conposite gate

el ectrode patterning, conductive |layer 510 and polysilicon |layer 512 have
exact |y the sarthel matalfiayerdofpiow. This process gepsrllyi émppysa steamsflewect r ode
has been fully defined, photoresist 511 is renoved with well- known .

techni ques. As RIGERES Tor plagerization whjcheean famagensandustive laypr Shildsist e
gate el ectrode 513 pair a p-_lightl oped, dr ai L regi ans, 514a and
514b are for rred’."°t'l*HEY me%'d-]o?@%ﬂ&i/ %Igﬁt?g’@?geé B‘?’Bé& ‘?ig?lﬂcal%tandard
OME sel f-ali gn@é’u&é?ﬁee Sd%wcy\% Athgpglle%eqﬁg ﬁgth%ra"&bitr. eﬂ'p?&%ctive glass or

passivation is formed over the device to protect the device from

contamination or electrical short.

it is to be appreciated that although the present invention has been
described with respect to an LDD MOSFET, aspects of the present
invention are equally applicable to standard tl;ansistors without LDD
regions. It is also to be appreciated that although n-channel transistors
have been described in detail herein, the present invention may also be
practiced as a p channel transistor. In fabricating a p-channel device, the
doping conductivity's of the p channel device are simply opposite to
those of the n channel device. The device is formed in an n-type
substrate or well with p- LDD regions and p+ source/drain regions
formed respectively therein. The gate electrode would sﬁll be a
composite gate comprising a polysilicon layer formed on a conductive
layer in order to eliminate polysilicon depletion effects. Spacers would
also be utilized for source/drain alignment and silicide processes. ltis
also to be appreciated that the composite gate electrode is useful in both

long channel and submicron channel transistors.
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514a and 51 4b are formed by inplanting phosphorus atons at a dose of
fapproximately 1 X[err] at an energy of approximtely 40 KEV. The exposed
oxi de | ayer 502 prevents the surface of substrate 500 from bei ng danaged by
dhe inplant. The lightly doped drain regions 51 4a and 514b are fornmed in
alignment with opposite sidewalls running,along the width of the gate

el ectrode 513. The polysilicon layer 512 acts as a mask for the LDD

inplant. In this the L i ons 514a and 51 4b are self aligned to the
gate el ectrode 51%@9%@"@5&&?@&"@5!%&@ g eArapasitegatg electrode be
appreci ated tha uch_a,sel f;aligned process.is not possible with fully
metal gates bec%rfég ﬁqﬁa%@a{?@é rQ’;Qg?\%SW'%QR Rrﬁge%haﬁﬁ €8Negi on from
t he inpl ant. ltdejesct:r 0 to be appreciated that at this tinme the polysilicon
| ayer 512 beconesS doped with phosphorous atons. Next, as shown in Figure
4d, an approxi mately 2500A very conformal |ayer of silicon nitride 516 is
deposited over the entire substrate. The silicon nitride |ayer 516 is
formed by LPCVD with J[err] and [err] at approximately 800[err] in a hot
wal | reaction chanber. Such a process fornms a very conformal silicon

nitride layer. A very thin (approxi mately 200A) oxide |ayer may be grown
before the silicon nitride |ayer to provide




the silicon nitride |ayer 516 with a good starting surface. Al though a
.14 silicon nitride layer is preferred, it is to be appreciated that a CVD

oxi de Iay’jmuﬁmummm' mﬁd in place of the silicon nitride |ayer 516.
Next, as e, the silicon nitride |ayer fr .

" ani sot ropi caltl y et Bhetl t«0 form si dewal | spacers 518a agmg;l%?gﬂég@&gi de
of gate electrode 513. A conformal |ayer 516 is requir | ‘: o forjm
spacers which have a uniform and precisely controlled thickness across a
waf er. The sil ilNoBHE @LAMMS| ayer is anisotropically etched by plasna ion
etching with [err]. It is to be noted that now conductive |ayer 510 is
conpletely protected and encapsul ated by spacers 51 8a and 51 8b and

pol ysilicon | ayer v?lZ This is extrenely inportant because |ater process
steps, such as in abl anerization of interlevel dielectrics, utilize

st eam processes whi ch can seriously corrode exposed net al Iayers.

1. A metal oxide semiconductor field effect transistor formed on a
substrate of a first conductivity type comprising:

a gate insulating layer formed on said substrate;

a composite gate electrode comprising:

a conductive layer formed on said géte insulating layer;

a polysilicon layer formed on said conductive layer wherein
said polysilicon layer and said conductive layer have approximately the
same length and width; and

a pair of source/drain regions of a second conductivity type formed in
said substrate in' alignment with the outside edge of said composite gate

elet:trode.

2. The metal oxide semiconductor transistor of claim 1 wherein said
conductive layer is selected from the group consisting of: TiN, W, and

polycrystalline carbon.

3. The metal oxide semiconductor transistor of claim 1 wherein said

conductive layer is a metallic silicide.

4. A lightly doped drain metal oxide semiconductor transistor formed on

a substrate of a first conductivity type comprising:

is Sheet Has Been Replaced
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3 I

After formation of spacers 518a and 518b, N+ source/drain regions 520a and

- 520b are form“mmuuﬁt\ﬂ /drain regions are fornmed by _ion inplanting
arseni c at onsy roxinmately [err] at an ener yH,ngH

_approxi mately 100° kev. "Thé spacers 518a and 518b and the Jpol ysﬁﬁ&%ﬁﬁ §§5N
512 prevent the channel region from becog%rgg N+ doped. ThHe—sourCe n

regi ons 520a and 520b are fornmed in alig nt wth the outside edges of

si dewal | spacers 518a and 518b. The polysilicon |ayer 512 beconmes N+ doped
wi th arsenic atomd gatgdnsulatng lryardoenedop saidsubsteatehe surface of the
silicon substrate 500 from becom n darr%?{ed fiuri r‘g t he arsenic | nplant.
Next, the substraBeCospposite aaiealesiiops haying aiarsllk appasitgfidewals plgng

phosphor us. and WeoURit SheaRTRR S Eoteri A ST SPEIERHe G ant 5. 1t 1o
Bgc:glsg ?1(‘) \ch![ f@?é{ﬁgd%?:g eér%fa?lrjp:al t hat the conductive |ayer 510 nust
i a conductive layer formed on said gate insulating layer;
a polysilicon layer formed on said.conductive layer;
said polysilicon layer and said conductive layer having
approximately the same length and width;
a pair of lightly doped drain regions of a first concentration of a
second cbnductivity type formed in said substrate in alignment with said
laterally opposite sidewalls of said composite gate electrode;
a pair of spacers formed adjacent to laterally opposite sidewalls of
said composite gate electrode;
a pair of source/drain regions of a second concentration of said
second conductivity type wherein said second concentration is greater
than said first concentration, said source/drain regions formed in said

substrate in alignment with the outside edges of said spacers.

5. The lightly doped drain metal oxide semiconductor transistor of claim
4 wherein said conductive layer is formed from the group consisting of

TiN, W, and polycrystalline carbon.

6. The lightly doped drain metal oxide semiconductor transistor of claim

4 wherein said spacers are silicon nitride.

—_—

\
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processing. After—theanneal, the exposed oxide 502 over the source/drain

regions is re gp- Silicide can now be fgrmed-—on the
pol ysilicon | %Bﬂﬁﬂggm&“ﬁm’ﬂ N+ source/drain regi orsTH2GHEENHASBEEN
.Silicide can d i % Idpr=ove t he performance of tlje f abRERIFACED
transistor. Silicide is formed in the prggent inventior 7
sel f-aligned processes. First, as shown in Figure 4f, a thin netal |ayer
522 such as titaniumor tungsten is formed over the entire device
structure. Next?- The lightlydopggdraipmetal gxide samisondueian Eansipior 9f elaides a

silicide reaction to _occur V\/n&;eyer t he rreta% i S inogontact. with reactive

silicon (i.e., OWheminSsid canduclive laysr Bas aghiskngss ?B%W%Yﬁﬁg el
lysili | 51 | . €. t [
bxi Hes) ¢ ho metald sEAHANSTRLETPEREs REYIBRs & APbrereRREORE ™ 1 ©

selectively removed with the use of an etchant which does not attack the
silicide. As_such, as shown in Figure 4g, silicide 524 is fornmed on the

oot e, £our e, 0TI Tohg o dal R SRS s A 0

formation, the conduc I'S spacers and 51
8b and the pol wsiwhbfSiA safty fifst edRductivity type is p type conductivity, and said

second conductivity type is n type conductivity.

9. The lightly doped drain metal oxide semiconductor transistor of claim
4 further comprising silicide formed on said polysilicon layer and on said

source/drain regions.

10. The lightly doped drain metal oxide semiconductor transistor of

claim 4 wherein said conductive layer is a metallic silicide.

. This Sheet Has Been RTlaced




It is to be appreciated that the LDD MOSFET with a conposite gate el ectrode
"of the present invention is now conplete. At this tine other well-known
process steps are used to conplete the fabrication of the MOSFET. An
dnterlayer dielectric is deposited to separate the gate from 16 the
nmetal layer to follow This process generally enploys a steamfl ow process
for planerization which can damage copductive layer 510 if it is not fully
protected. Metal contacts are fabricated next to electrically couple the

device to other elenents in the circuit. Sféﬁ%ctive gl ass or passivation.
is formed over [ Pm(ptqﬁ\ he device from contam nation or
el ectrical short |s aI o to be appreciated that al t hough n-channel

transi stors have been described_ {3 detail herein, ipresent invention nmay
al so be practiced as a p chanqﬁT transistor. In fa ricating a p-channel
devi ce, the doping conductivith s f_the p_channel vice are sinply

opposite to 112 - 112
Polysilicon
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those of the n channel device. The device is forned in an n-type substrate

*or well with p- LDD regions and p+ source/drain regions formed respectively

therein. The gate el ectrode would still be a conposite gate conprising a

polysilicon |layer formed on a conductive layer in order to elimnate

pol ysilicon depletion effects. Spacers, would al so be utilized for

source/drain alignnment and silicide [%/ esses. It is also to be appreciated
H—e—g € e—-s—ttse ' anned8 and

subm cron channgl t‘iﬂ'f(Si stor with

a conposite gat¢ 2cirods 3 » aPEpgcat i on

process has beemn descri bed. [~
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-18- CLAIMS 1. A nmetal oxide sem conductor field effect transistor
formed on a substrate of a ‘first conductivity type conprising: a
gate insulating | ayer forned on said substrate; a conposite gate

€| ectrode having laterally opposite si dewal | s, sai d conposite

gate el ectrode conprising: a conq#F ive layer fornmed on sai d

gate insulating |ayer wherein said corfductive |ayer is selected from the
group consisting of Ti N, polycrystalline carbdn, and netallic
silicides; a polysilicgn |ayer forned on said condyctive |layer; a pair of

spacers formed adj acent| to rsa-d—taterat-y—eppegi t e |Sidlewal | s gf said
conposite gate fetectrode; 4 pair of lightly doded rlegiens s//g second
512
7777777777777 77777775 —
. 7 . A

\\~514a 514b-// %02

Figure 4d
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conductivity type formed in said substrate in alignment with the outside
“edge of said conposite gate el ectrode; a pair of source/drain regions of
sai d second conductivity type formed on alignnent with the outside edge of
sai d pair of spacers; and silicide forned by a self-aligned process on said
source, drain and conposite gate el ectrode. 2. A lightly doped drain
metal oxide sem conductor transistor forned on a substrate of a first
conductivity type conprising: a gate insulating |layer formed on said

substrate; a conposite gate electrode havi ng | ateral ly opposite
sidewal I s along the width of said conposite gate el ectrode, said conposite
gate el ectrode conprising: a copdyctive | ayer formed on ° said gate

insulating | ayer wherein said conductive layer is selected fromthe group
consisting of titaniumnitride (TiN), polycrystalline carbon, and netallic

526

524

T T T T T

Nz Vet
/":______,/P—K:f %;f—\\_______:
520a 514b N

514a 520b

Figure 4g



19 silicides; a polysilicon layer fornmed on said conductive |ayer said
v pol ysi-ticon |layer thick enough to nmask a subsequent “source/drain inplant
and thick enough to support a silicide reaction; a pair of lightly doped
sdrain regions of a first concentration of a second conductivity type forned
In said substrate in alignment with said |laterally opposite sidewalls of
sai-d conposite gate electrode; a pair of spacers forned adjacent to said
| aterally opposite sidewalls of said conposite gate el ectrode; a pair of
source/drain regions of. a second concentration of said second
conductivity type wherein said second ABSFRACEIation S greater t han
said first : :

A MOS TRANSISTOR HAVING A COMPOSITE GATE ELECTRODE
AND METHOD OF FABRICATION

A novel, reliable, high performance MOS transistor with a composite
gate elect.rode which is compatible with standard CMOS fabrication
processes. The composite gate electrode comprises a polysilicon layer
tormed on a highly conductive layer. The composite gate electrode is
formed on a gate insulating layer which is formed on a silicon substrate.
A pair of source/drain regions are formed in the substrate and are self-

aligned to the outside edges of the composite gate electrode.

(Figure 3)



concentrati on,
al rgnnment with
sel f-al i gnnent
_layer. 3.

conductive | ayer
| ayer has a this

drain netal oxi

conductivity type is p type conductivity,

sai d source/drain regions forned in said substrate in

t he outside edges of said spacers; ang-sidi-Gigde f _,o.l:mid_'by a
process on said source/drain regions eﬁh:]’ mmmm licon

The lightly doped drain netal oxide senf~comitrctor—t+gndi st or
of claim2 wherein said spacers are S|I|qpn nitride 4 Q éﬁe$%$grtly
doped drain netal oxide sem conductor transistor of clalmZA

has a thickness of approxinately 53J0A«and.said polysilicon

WIRAA BT Qb e 5 N NN IN3500A. 5.
de sem conductor transistor of claim’

The lightly dopgd
St.

is n type conductiwvi

drain netal oxi

oL Wbt Roncesrrorhafie B £ 850 BoReE b flor
having a composnte gate electrode which does not suffer from polysilicon
depletion effects and which is compatible with standard CMOS'
processing is described. The LDD MOSFET has a composite gate
comprising a polysilicon layer formed on a conductive layer. The
conductive layer may be formed from TiN, W-Me, polycrystaliine carbon
or any metallic silicide with the appropriate ;No}k function. The
polysilicon layer and the conductive layer of the composite gate
eleetrode have exactly the same length and width. The composite gate is
formed on a substrate of a first conductivity type with a gate insulating
layer formed between them. A pair of lightly doped drain regions of a -
second conductivity type are formed in the substrate and in alignment
with laterally opposite sidewalls of the composiie gate electrode. A pair
of silicon nitride or oxide spacers are formed adjacent to laterally
opposite sides of the composite gate. The spacers and the polysilicoe
layer completely encapsqlate the conductive layer of the composite gate
electrode. A pair of source/drain regions of a second concentration of the
second cenductivity type are formed in the substrate in alignment with the
outside edges of the silicon nitride spacers. Silicide is formed on the
sodrce/drain region and on the polysilicon layer of the composite gate.

A goal of the present invention is to provide a high performance,
reliable MOS transistor which can be manufactured with a standard

CMOS process.

and said second conduct|V|ty type



formng a gate insulating |layer on a substrate of a

conductivity type; formng a conposite gate el ectrode W Hrg—aterad

opposite sidewalls, conprising the steps of: formng a ?Bq#g gg

[ gate insulating |ayer; formng a polysilfidon é%e' 3 dvér

sai d conductive layer; formng a photore5|gt mask on sdi d_polysilicon
dry etching said polysilicon Iayer

wherein said polysilicon |ayer has approxi mately
the metal layer to follow. This process generally employs a steam flow

on’

| ayer;
| ayer,

and dry etcHing said conduct

process for planerization which can damage conductive layer 510 if it is
not fully protected. Metal contacts are fabricated next to electrically
couple the device to other elements in the circuit. A protective glass or

passivation is formed over the device to protect the device from

contamination or electrical short.

regions—H is also to be appreciated that although n-channel transistors
have been described in detail herein, the present invention may also be
practiced as a p channel transistor. In fabricating a p—channél device_. the
doping conductivity's of the p channel device are simply opposite to
those of the n channel device. The device is formed in an n-type
substrate or well with p- LDD regions and p+ source/drain regions
formed respectively therein. The gate electrode would still be a
composite gate comprising a polysilicon layer formed on a conductivé
layer in order to eliminate polysilicon depletion effects. Spacers would
also be utilized for source/drain alignment and silicide processes. it is
also to be appreciated that the composite gate electrode is useful in both

long channel and submicron channel transistors.
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and wi dth-as said conductive layer; formng a pair of IiﬁELL¥_degd drain

it |
of

rregions of a first concentration of a second conducti vi

iza;z;s:g:—gumnumwmuum:rn- Said Laterally opposife n@

| aterally Oppbsite®sidewalls of said cggpgsite gate el eftfo
e

spacers laterally encl ose said conduCt | ayer; formn aLr

source/drain regions of a second concentration of said fsecond conducti Vi

type by ion inplantation in alignmenCLAME t he outside
S

spacerp, wherein said second concentration of said second conductivity type
Is grepter than said first concentration of said second conductivity type;

renovi hg kai d gat® MaSalapxide spmidonsivahar £beld seffeerditzrnsiédiOns
after forgdRgedai 8nSPACEISfubH¥hEOr BAY & Sidiirdile dov@icrivity type
self-a Iqgaexxcxi;prising:

a gate insulating layer formed on said substrate;

a composite gaté electrode having laterally
opposite sidewalls, said composite gate electrode
comprising:
| a conductive layer formed on said gate

insulating layer wherein said conductive layer is

selected from the group consisting of TiN,
polycrystalline carbon, and metallic silicides;
a polysilicon layer formed on said conductive
layer;
'a pair of spacers formed adjacent to said laterally
opposite sidewalls of said composite gate electrode;

a pair of 1lightly doped regions of a second
conductivity type formed in said substrate in alignment
with the outside edge of said composite gate electrode;

a pair of source/drain regions of said second
conductivity type formed on alignment with the outside edge
of said pair of spacers; and

' silicide formed by a self-aligned process on said
source, drain and composite gate electrode.

2. A lightly doped drain metal oxide semiconductor
transistor formed on a substrate of a first conductivity
type comprising:

a gate insulating layer formed on said substrate;

- a composite gate electrode having laterally
opposite sidewalls along the width of said composite gate
electrode, said composite gate electrode comprising:

' a conductive layer formed on said gate
insulating layer wherein said conductive layer is
selected from the group consisting of titanium
nitride (TiN), polycrystalline carbon, and metallic




process on said ponS|I|con | ayer and on said source/ ' R
The net hod aid pair of lightly d Ag“ﬂﬁ M- Lﬁj§ are

f or med by an |on - 21 - process. 8. The net hod of
claim 6, mher %ﬁ ﬂﬂ! Ipe layer is formed fronthe2d? 888 ¥98silst|i ng
of Ti N, W poI b andq@etal [ic silicides. 9. | T

nmet hod ¢f cla|n16 wherein said step of etching said pol'ysilicon layer s
performgd by a dry ., nlsotrqplc etch process using a first etchant _.an
wherein|said stepﬁﬁ sai d conductive |ayer is perforned u3|ng sai d

first etjchant. 10. a Tpolystinddonf layermformedeion sadd d cdreuetive

. layer said polysilican layer thick enough to mask a
subseguent source/drain implant and thick enough to
support a silicide reaction;

a pair of lightly doped drain regions of a first
concentration of a second conductivity type formed in said
substrate in alignment with said 1laterally opposite
sidewalls of said composite gate electrode;

a pair of spacers formed adjacent to said laterally
opposite sidewalls of said composite gate electrode;

a pair of source/drain regions of a second
concentration of said second conductivity type wherein said
second concentration is greater <than said first
concentration, said source/drain regions formed in said
substrate in alignment with the outside edges of said
spacers; and

silicide formed by a self-alignment process on said
source/drain regions and on said polysilicon layer.

3. The lightly doped drain metal oxide semiconductor
transistor of claim 2 wherein said spacers are silicon
nitride

4. The lightly doped drain metal oxide semiconductor
transistor of claim 2 wherein said conductive layer has a
thickness of approximately 5004 and said polysilicon layer
has a thickness of approximately 35004.

5. The lightly doped drain metal oxide semiconductor
transistor of claim 2 wherein said first conductivity type

is p type conductivity, and said second conductivity type
is n type conductivity.

6. A method of fabricating a lightly doped drain metal
oxide semiconductor transistor, comprising the steps of:

forming a gate insulating layer on a substrate of a




‘et chi ng sai-d—polysiticon-tayer is perforned using a

pr.ocess
conduct
| ayer i
conduct
nmet hod
nmet hod
appr ox
appr ox

first ?
conduc

L ACRENDISHERT ch
"BTféftﬁTﬂg“sald
0 RU ArRopaeCt Y°

g sal

in a reactive ion etcher, and wherein said s

i ve IHIBIIlmmIIL e steps of: plasma-etc
n a fllEeR pilcam ising [err]; and plas

ive layer in a second plasma cogprising [err] .
of Claimé6, wherein said spacers are silicong nitride. 12.

of Claim 11, wherein said conductive |ayer haS a tnrcknmessof
mafdrgtsGeRINGFISE &Y JefB&i | i con | ayer has a thickness of

HBBE|¥-35?®§FﬁE%q a c%ﬁﬁbsi&éﬁ@ﬂ%eoé%eékﬁbgé ﬁ&ginﬁthﬁd?aEIyd
onductl! Lty typbe 1S e conguct] vi an al secon
 VPEPARSE SEdRvATAS o SRRRTTTIRG, the Steps of!

forming a conductive layer on said gate
insulating layer; '

The
The

forming a polysilicon layer over  said
conductive layer;
forming a photoresist mask on said polysilicon
layer;
dry etching said polysilicon layer;
and
dry etching said conductive layer, wherein said
polysilicon layer has approximately the same length
and width as said conductive layer;
forming a pair of lightly doped drain regions of a
first concentration of a second conductivity tyre in said
substrate in alignment with said laterally opposite
sidewalls of said composite gate electrode; '
forming a pair of spacers adjacent to said .
laterally opposite sidewalls of said composite gate
electrode, wherein said spacers laterally enclose said
conductive layer;
forming a pair of source/drain regions of a second
concentration of said second conductivity type by ion
implantation in alignment with the outside edges of said
spacers, wherein said second concentration of said second
conductivity type is greater than said first concentration
of said second conductivity type;
| removing said gate insulating layer from over said
source/drain regions after forming said spacers; and
forming a silicide 1layer with a self-aligned

process on said polysilicon layer and on said source/drain
regions. '

7. The method of Claim 6, wherein said pair of lightly

doped drain regions are formed by an ion implantation
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process.

8. The method of claim 6, wherein said conductive

layer is formed from the group consisting of TiN, W,
polycrystalline carbon, and metallic silicides.

9. ‘The method of claim 6, wherein said step of etching
said polysilicon layer is performed by a dry anisotropic
etch process using a first etchant, and wherein said step
of etching said conductive layer is performed using said
first etchant. '

10. The method of Claim 6, wherein said step of

etching said polysilicon layer is performed using a dry
anisotropic etch process in a reactive ion etcher, and
wherein said step of etching said conductive layer
comprises the steps of: _

plasma-etching said conductive layer in a first
plasma comprising NF,; and -

plasma-etching said conductive layer in a second
plasma comprising SFg and Cl,. ’

11. The method of Claim 6, wherein said spacers are
silicone nitride.

12. The method of Claim 11, wherein said conductive
layer has a thickness of approximately 5002 and said
polysilicon layer has a thickness of approximately 3500A.

13. The method of Claim 11, wherein said first
conductivity type is p type conductivity, and said second
conductivity type is n type conductivity.




