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Furthermore, use of polysilicon gate technology, as is typical, carries with it additional pro lems. For

example, polysilicon gates tend to suffer from polysilicon depletion or boron penetration effects, causing
degradation in performance.
Additionally, a polysilicon gate has a fixed work function defined by a certain high level of doping of a
particular specie or kind. For example, in a typical process, in an N type transistor wherein the gate, source
30  and drain are doped with arsenic to a chosen (high) concentration, the resulting work function would be
approximately 4.1 eV, while in a P type transistor, wherein the gate, source and drain are doped with boron to
a chosen (high) concentration, the resulting work function would be approximately 5.0 eV. While such values
are acceptable for typical devices, as such devices are scaled as described above, increasing the work function
value to an extent in an N type device, and decreasing the work function value to an extent in a P type device,
35 would allow a reduced level of doping concentration in the channel for the same threshold voltage,
overcoming the problems associated with a high dopant level in the channel described above.
The use of metal in place of polysilicon as the gate of a transistor provides many advantages. For
example, a typical such metal has a higher conductivity than polysilicon. Furthermore, there is the
opportunity to choose a metal so that its particular work function is suited to the device, allowing reduction in

40  thelevel of doping concentration in the channel. Additionally, the problems of polysilicon depletion and
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invention itself, however, as well as said preferred mode of use, and further objects and advantages thereof,

will best be understood by reference to the following detailed description of illustrative embodiments when

read in conjunction with the accompanying drawings, wherein:

30 Figures 1-6 illustrate process steps in a first embodiment of the invention; and

Figures 7-14 illustrate process steps in a second embodiment of the invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

35
Reference is now made in detail to specific embodiments of the present invention which illustrate the
best mode presently contemplated by the inventors for practicing the invention.
Figure 1 illustrates a semiconductor device 30 including a silicon substrate 32 having formed thereon a
dielectric in the form of a gate oxide 34, which in turn has thereon a polysilicon body 36, as is well known.

40  Anion implantation 38 is undertaken (Figure 2), using for example arsenic for an N type device, or boron for
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thickness is with advantage chosen). This process step forms nickel silicide gate 62 and nickel silicide regions
64, 66 in the source 56 and drain 58. The unreacted nickel portions are then removed, leaving the structure

30  shown in Figure 6.

Tt will be seen that through complete consumption of the polysilicon body 36 during the silicidation
step, a metal gate 62 is formed. Thus, the problems described above with regard to a polysilicon gate are
overcome. That is, conductivity of the gate is improved as compared to a polysilicon gate, and the problems
of polysilicon depletion and boron penetration are avoided.

35 During the silicidation process, the dopant specie 39 in the polysilicon body 36 (arsenic in the case of
an N type device and boron in the case of a P type device in the above example), previously substantially
evenly distributed within the polysilicon body 36, is driven downward by the downwardly advancing interface
of nickel silicide and polysilicon until a substantial amount of the dopant specie 39 is in a portion 68 of the
gate 62 adjacent the gate oxide 34, so that the portion 68 of the gate 62 adjacent the gate oxide 34 contains a

40  substantially higher dopant concentration than the gate portion 70 further away from the gate oxide 34. The
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e device, or oron or a type evice, usmgt e cap body 90, polysilicon body 86 and gate oxide

84 as an overall mask 100. With reference to Figure 10, an oxide layer 102 is deposited over the resulting
structure, and is anisotropically etched to form spacers 104, 106 on the opposite sides of the polysilicon body
86 and cap body 84 (Figure 11). Then, an ion implantation step 108 is undertaken using the spacers 104, 106,
along with the cap body 90, polysilicon body 86 and oxide layer 84 as an overall mask 110 to form heavily

35  doped regions 112, 114, again with selection of this dopant specie 98 being appropriate to the type of device to
be fabricated, i.e., for example arsenic for an N type device, or boron for a P type device. (Figure 11).

Annealing (such as rapid thermal anneal) is undertaken to activate the implants to form the source

drain regions 116, 118 of the device 80. With reference to Figure 12, the cap body 90 is removed by
appropriate means such as etching (as noted, the cap body 90 and spacers 104, 106 may be of different

40 materials so that the removal of the cap body 90 does not affect the spacers 104, 106).
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30 It will be understood that while specific N type and P type dopants are described above, any
appropriate dopant specie, including N type, P type, or neither N type nor P type, can with advantage be
utilized.

Initially, it will be seen that the advantages of a metal gate device are provided, i.e., increased
conductivity as compared to a polysilicon gate device, and avoidance of problems of polysilicon depletion and

35 for a penetration. Additionally, tailoring of the work function of the gate can be achieved, allowing reduction
of dopant concentration in the device channel (with its attendant advantages) without compromising device
performance.

The foregoing description of the embodiments of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive or to limit the invention to the precise form

40  disclosed. Other modifications or variations are possible in light of the above teachings.
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body 86. 5 Then, the resulting structure undergoes a rapid thernmal anneal,
causing the nickel 120 to react with the silicon of the substrate 82 and
t he pol yswa ooesdaedy 86 to grow nickel silicide 122, 124, pragusostumsshe

pol ysilicon body 86 (to formgate 122) and into the source and drain
regions 116, 118. Again, the nickel layer 120 is thick enough in relation
to the thic k”ﬂle&mbmiﬁmdnhevemhqs&i dnil deribbddpro8ide thabrdt itllseation bfi tiesl pdiadiplef e ep |1 s

underta :Sg\%ﬁ&ob g%%/l%%gag agklﬁatgh %Vthgﬁyy reﬂg 0§CLU? §1td§1@11y 5 ﬁ Lf%het atl}(%o lﬁﬁﬁé tﬁeeinventlon

pol ysi | I Cl ecause the polysilicon
body 86 ipgarigpsEoatinen aF“}/WtﬂhYaﬁﬁ‘érmofhﬁ%‘fmtsﬁéafbﬁllﬂ‘ifb‘P o eBticuBBEy cB™B te@ el

enbodi mesénh Afdifichiogine F/]alra@ons irb @itk & kdopdng it lidverGibgle dgtahﬂle&%ztha@ﬁenuémmd i ci de
regiaqns 124, 12 n t sou

substanﬂ%éppwq¥%?%%m¥mb$m% ﬁﬁﬁdﬁ%gmg g@?ﬁﬁ$y%h%m8h%§§yﬁgﬁ'nm et e 1-6,
i.e., the SI|ICIde regions 124, 126 do not extend into the source and
drain regions as deeply as in that enbodi nent, avoi di ng possi bl e problens
of shorting of the source and/or drain regions. Thus, proper device
configuration is achieved even 15 with relatively shallow source and drain
regions. Inclusion of the cap body 90 over the polysilicon body 86 during
the ion inplantation step 108 (Figure 11) allows for provision of a thinner
pol ysilicon body 86, while insuring that proper nasking of the

sem conductor body 82 under the overall mask 110 is achieved. Simlar to
the previous process, the dopant 89 in the polysilicon body 86, previously
generally evenly distributed therewithin, is driven dowward by the
downwar dl y advancing interface of nickel silicide and 20 polysilicon until
a substantial anmount of the dopant specie 89 is pushed into a portion 150
of the gate 122 adjacent the gate oxide 84, so that the portion 150 of the
gate 122 adjacent the gate oxide 84 contains a substantially higher dopant
concentration than the portion 152 further away fromthe gate oxide 84.
This results in a work function of the gate 122 being determ ned as

descri bed above. However, in this enbodinent, instead of the work function
of the gate 122 being determ ned by the dopant specie 98 used for the
source 116 25 and drain 118 of the device 80, the work function of the gate
122 is determ ned by independent selection of the dopant specie 89 in the
pol ysilicon body 86. It wll thus be seen that the work function of the
gate 122 can be selected and tailored to specific needs, independent of

t he dopant specie chosen for the source and drain of the device 80. The
unreacted ni ckel portions are then renoved, |eaving the structure shown in
Figure 14. 30 It will be understood that while specific N type and P type
dopants are descri bed above, any appropriate dopant specie, including N
type, P type, or neither N type nor P type, can with advantage be

utilized. Initially, it will be seen that the advantages of a netal gate
device are provided, i.e., increased conductivity as conpared to a
polysilicon gate device, and avoi dance of problens of polysilicon depletion
and 35 for a penetration. Additionally, tailoring of the work function of
the gate can be achieved, allow ng reduction of dopant concentration in the
device channel (with its attendant advantages) w t hout conprom sing device



performance. The foregoing description of the enbodi nents of the invention
has been presented for purposes of illustration and description. It is not
i nt ended Wo BG@Ieudbaustive or to limt the invention to theqwesmsamsgorm 40
di scl osed. Qther nodifications or variations are possible in light of the
above teachings. 5 WD 03/094243 PCT/ US03/ 12958 The enbodi nents were chosen
and desceliAdamd:t o provide the best illustration of the principles of the
|nventlqwmﬂﬂghbk§mpractlcal application to thereby enable one of ordinary
skill of e art to utilize the invention in various enbodinments and with
various nodifications as are suited to the particular use contenplated. Al
such nodi f i catA aasodahtbia@tiigatskibgdatee sttt i ichrdclhgzea6ppe of the invention as
det er.m ned 3%0%%§ %B&EQQEQ claims 5 when interpreted in accordance with the
breadth to Fhe Fairly, legally and equitably entitled. 6 WO

03/ 094243 PC@ﬁ(@@BﬁEﬂ@E@(&Wmmwmﬁﬁﬁwméﬁfis clained is: 1. A nethod of

fabricating goaah mmu&h%dyzie} B theldiBle et ABAChSolyZBn BYty (36D cdptafibiy dids}@nta
substrate 3 providing a dielectric (34) on the substrate (32);

provi di r§e ¢ 81yS|I|con body. (36) on the dielectric (34), the polysilicon
body (36) copbéding axgetd lagaii@non hepésilieonb8®)3o)pmdvi ding a netal |ayer (60) on

the golysili atakeﬂ y51§c§éblon ARes bQniagdenbakling o eﬁﬂuk b&;lsﬂ@&d Rl B6Q6LSS tO

silicidize su st an entire polysilicon body (36) and provide a
conduct i FF&Vif53d99pea9 Pgh 6??1‘%‘%"@%%‘?@‘%”@34) and sel ecting the dopant
speci e (39) iercingéhe@opayiSpdcie €3N inhizthply§iBHh body I36), selsdetiorotheréoli beireaifpehdeinng

gep$ﬂgegékﬁ%ggn %Q%*QQ%Eg‘ﬁﬂﬁg&%wLﬂﬂ&%§§@ of the conductive body (36). 15

od o aracterize the step of undertaking the
silicidation process to drive a substantial portion of the dopant specie

(39)1st 0 adj ag.erde nfehl@d SleRIneCinbdager{z@y the3tep dhMdemakihOe wifcidadoaiptoceds @ddvefaur t her

character Z b e vi di.n hat .thesgonductive body (62) is a
gat e. I%@H%? gmeélgﬁﬁFm'gB ma&gg%ghﬁggﬁrcgtor structure characterized

by: prOV|d|ng a substrate (82); prOV|d|ng a dielectric (84) on the
substrate ( 82) The method of claim 2 and further characterized by the step of providing that the conductive body

(62) is a gate.
20
4. A method of fabricating a semiconductor structure characterized by:
providing a substrate (82);
providing a dielectric (84) on the substrate (82);
providing a polysilicon body (86) on the dielectric (84);
25 providing a cap body (90) on the polysilicon body (86);
introducing dopant (98) into the substrate (82) using the cap body (90) and polysilicon body (86) as a
mask;
removing the cap body (90) from the polysilicon body (86);
providing a metal layer (120) on the polysilicon body (86); and
30 undertaking a silicidation process to silicidize substantially the entire polysilicon body (86).

5. The method of claim 4 and further characterized by providing spacers (104, 106) on opposite sides
of the cap body (90) and polysilicon body (86), the spacers (104, 106), along with the cap body (90) and
polysilicon body (86), acting as a mask for introducing dopant (98) into the substrate (82).

35

6. The method of claim 4 and further characterized by the step of providing that the metal layer (120)

on the polysilicon body is a nickel layer more than one-half as thick as the polysilicon body (86).

7. The method of claim 4 characterized by the step of undertaking a silicidation process to silicidize

40  substantially the entire polysilicon body to form a gate (122) on the dielectric (84).
7



providing a polysilicon body (86) on the dielectric (84); 25 providing a
cap body (90) on the polysilicon body (86); introducing dopant (98) into

t he substwatas/00833 using the cap body (90) and pol ysili corrdiogie3is86y as a
mask; remnoving the cap body (90) fromthe polysilicon body (86); providing
a netal layer (120) on the polysilicon body (86); and 30 undertaking a
silicidation process to silicidize substantially the entire polysilicon
body (86) he o) di ng
spacers (1048'%% ﬂg&g%gﬂb§% |dﬂgﬁﬁg?£ énggﬁgggd@ﬁ%gﬁb&ggmp%m%égg%|con
body (86¥wthém§§%cers (104 106), along with the cap body (90) and

pol ysilicon body (86), acting as a mask for introducing dopant (98) into

t he ubstrat P% (% ‘ﬁﬁ thodlgf claim4 and further characterized
by tHe step SOPBPAGPHLE FALREL S 1 ayer (120) on the polysilicon
body is a nlekbﬁmkaymr nore than one-half as thick as the polysilicon body

(86). 7. Thea&g@gﬂqyggngégﬁﬂhéggyaracterlzed by the step of undertaking a
silicidation process’'to si subst anti al ?yﬁégg ent|r§ p9&¥5|llcon
body to for nfé&tfsan thy 9121)‘”“&{3‘9%6 Feé‘?% Eqnjaning @ ggpent s PEYILGE ©

PCT/ USO 32285 8dj@ent b @icla@tid 34) hafingcd highen cdnceatiact dipa egicib (89} the agbrtipn GP) of

pr ovj di Sigl | 6) containing a dopant specie (89). 5 9.
A se%?cgﬁ aaﬁaﬁgu%fggPurgm%‘gg % erized by: a substrate (32); a dielectric
(34) on the substrate (32); a gate (62) on the dielectric (34), the gate
(62) cont ai niNgrhasedPRAEoSRREIEFCRR) 9 chara@lztd tY1ihe(ebiB J62Déoniptigng agaitide. ( 62)

adj acent the dielectric (34) having a higher concentration of dopant specie
(39) than a portion (70) of 10 the gate (62) further fromthe dielectric
(34). 10. The sem conductor structure of claim9 characterized by the gate
(62)1comprising a silicide. 15 20 25 30 35 40 8
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