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The earlier stated needs are also met by other embodiments of the present invention which provide a method of
forming a multiple operating mode transistor, comprising the steps of forming multiple channels, at least one of
- the channels having different operational parameters than at least one of the other channels. A gate electrode is

formed on the multiple channels.

Providing a multiple operating mode transistor with multiple channels having different operational parameters
than the other channels allows simplification of the manufacturing of the circuitry, while also increasing drive

current.



the channel s having different operational paraneters
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DETAILED DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems related to the provision of transistors with different
operating modes in an integrated circuit, with reduced complexity and manufacturing processes. This is
achieved, in part, by the formation of a semiconductor device with multiple channels and a gate electrode on the
multiple channels. The threshold voltage for each channel is independently adjusted. In certain embodiments of
the invention, the independent adjustment of the threshold voltages of the different channels includes at least one

of providing different respective doping concentrations in the multiple channels, different respective gate
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gate el ectrode, in accordance with enbodi ments of the
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nesses O e 0OX ayer er ent
to prepaitdherte d]ectr]o@;y]érfg)m]_ng 'mle.q-@mw Phis ﬁ@dréadéy oGP sinse hsgyily doped silicon,
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electrically isolated from the gate electrode 16 by the thermal oxide 20.
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depi cting the processing of the present invention, the
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of the stack of Figure 9 deplctlng variations in
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in thecg%ﬂag 1L GRC HRlefsak, 129 BSve aEPinhs® WG tHe Birdk Q¥ Rdid i@Pla@fprocess.
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chamtegr(th?eg RiH %hMSQL Yhe lPﬁﬁl% émgdlﬁlﬁft}) mmtnﬁ:&ade(m elédfon flow and drive current.

environment suitable for oxi atl
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the Iightly doped silicon, such as in the channe

In cerrtgl em odune s ﬁ‘l tgeu{ngenao ltlﬁo a& ééﬁodte hl% rﬁeg'rﬂg%xlrﬂ@ o@fa metal or completely
rce dral n extensl o g source and ar al
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m“ﬁ%%%e°9° op&d i licon layer 22 and a heavily doped
silicon layer 24. The |layers 22 and 24 are doped with
Figutiehy @ anglofngho ¥ Sgiaess pqpptfuyteé ylp'séc%bcﬁ ffith geothe, erfxqqglmgxgtoé the present invention.
Follo%‘n%ciﬁer 1Re8al $8datibIBAE Surck E}ﬂ d&&&fiﬁhs&fnymﬁiﬁmdpm Rigud @] Migpre 7 provides for
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In F1F91Ir$ £ Hﬁ)Ingdané s@acﬁﬂ@ Qastbyeni f&{hedl mgf tAdraisddi soicetalidedrSihs 40 C Spacers 42 are formed
ers after_the en .deposi-t | N¢c .
ot S0 ML i Do SuREE T FERE R ShGR AL oo
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currd 2(% g&&d@agmgﬁcmm%e the structure of Figure 4
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material and a dry etch
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procedure that forns spacers 28 over the silicon
spacers 26. The insulating material may be an oxide or
waizaoriock7or ot her suitable material, for exanﬁPemnmﬂmwmmym

The pResagtineen@ndip provides v multigle pRecaipg Bodst tramigierinwinchype differqupgperating modes
are reﬂﬁlﬁz gchmyl&em&n@ﬁjﬁﬁmé@ Bﬂlﬂ&tﬁreﬁhﬂd@&lﬁhﬁé ﬁge_;aclf EhbnneDod thp krénsistor. This
s i B3 By SRy SR LPotGrY Bt ShoRF AR Wi o
devict ket adjnstiog prbesycondidonsl spabss thilo implintsgand eifagier gieipes. in a ULSI
circuipﬁﬁlﬁlanéis@%@cfpeﬁm aPRAGR nkdih1d VItskbd dn6 bl A&Rle BridRR¥kded. ON Of

the gate electrode 16. A source and drain inplant

B

by wikdf ilietiepad eranpREnly28d saite bataken hyawdy of liwmitatign, thigescope of the present

inveng&lq)rm glixﬁ&q oftl 8 fle leFRIoRAME apPén@&RSms. The arrows in Figure

repfesent an exenplary electron flow through the

mul ti ple channels created in the device of the present
i nvention. Hence, while not increasing the wdth of
t he sem conduct or device, the nultiple channels (three
such channels in the Figure 6 enbodi nent) provide
i ncreased electron flow and drive current. Further,
gate | eakage current and gate capacitance are reduced.
As descri bed above, independent adjustnent of the
t hreshol d voltage may be achi eved by providing at
| east one of: different respective dopant
concentrations in the silicon channels; different
respective gate dielectric thicknesses for the first,
second and third gate dielectrics; and different
respective silicon channel thicknesses for the first
and second silicon channels. However, other nethods of
i ndependent adj ustnent may be enpl oyed wi t hout
departing fromthe scope of the invention. In certain
enbodi nents of the invention, the gate el ectrode 16
may be formed of a nmetal or conpletely silicidized.
The netal gate may be a replacenent netal gate, or may
be formed initially. Furthernore, one or nore of the
i nsul ator layers 14a - 14c may consist of a high k
gate dielectric material, rather than a relatively
| ower k oxide or other material. Figures 7 and 8 show
structures constructed in accordance wth another
enbodi nent of the present invention. Follow ng the
t hermal oxidation and source and drain extension
inplants steps of Figure 2, Figure 7 provides for a
rai sed source and drain formation process. This is
performed, for exanple, by growing silicon on the
substrate 12 in a known manner, and then etching the
silicon to formthe raised source and drains 40. In
Figure 8, an insulating spacer 42 has been forned over
the rai sed source and drains 40. Spacers 42 are forned
froman oxide or nitride, for exanple. A silicide
region 48 is forned on the gate electrode 16, in a
manner as described earlier.



Figure 10 shows a sinulation of a nmultiple operating

node transistor constructed in accordance with
wentodsarrnt s of the present invention. For exaP@l/@$2006/044308

acc rding to a sinmulation for a dual channel NMOSFET,
ﬂm%%£iﬁ%£#%p silicon channel doping is higher than about

3x101 Cthw&an%) channel \yll be turned on, while
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" | nodes transj stor
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of the transistor. This reduces the manufacturing
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achj eve variations of device
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and oxidation recipes, in a ULSI circuit with

trdnsi stlbe sebpeofadding, sherdailic Gi4p of kdashiehty adbtingd @RSthreshold voltage
incl e h nve 1
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1426 early understood that the same is by way of

illustration and exanple only and is not to be taken

by Sway G@he hlbthmd &l dlaii 2, bvhﬁﬁ‘euSﬁl@BEp of 1nﬁép€ndﬁxft@&ﬁjﬂ§tmg the threshold voltage
lnclug%égﬁhﬂé@@iff t}@ﬂt Fegpe%vg]sﬁll %uxlaely t% %sesefor e f%’ssf and, s coac? hfmnels 15.

forn1ng sen1conductor devi ce, conprising the steps

of 5 SRRl BT 2o i e e 25 iapeantb gissiga the treshold volage
includds eovidioglg 18 ofdoft diﬁrdimieiple@nlvedoﬁhﬁwﬂ@nﬁatﬂ;ﬁs in €8 ﬂrst and second channels 15;

ere i&le | .e e fir rsgc:Sh bay gg‘ iele
diffe IIC ﬂg%%gf\g%g&- lh%l al?éhtﬂﬁﬁd {l% f{)j)ng ftt %’I om? qu the el érteg dic cttxi;% 1§% eﬁnd different
respegifve siligopplisgnehttickuepspsforthraffim emdssecred aﬂwen ddesls 151 i ng a

first gate dielectric 14a, a first silicon channel 15

on7t he fhe Béthogaf eaifhi 62 vedik the st&p‘kﬂ‘ mdapeﬁ&ﬁmjlﬁﬁltg €he threshold voltage for
each QflaﬁJIC? g§ Hcﬁdeldé u&ﬁ%:til Fxfegf%lg ol‘?agcﬁ &glel%ﬂ/ OJ] trt]erengy such ?:hat application of a

secon i con S€co
specifjdegpie keltagecwil gt ongiel ofghe it eyl sgeendehaingls &% Whlleehemr dithetfimeand second
chanigBa®Raaiaghd@nNnel 15. 3. The nethod of claim 2, wherein

the step of independently adjusting the threshol d

voktage v ng di.fferent.respective dopa

concent?%?%%%g%§%8%ﬁehl ﬂg?mgﬁ %@%%% (ﬁgs%gﬁguTﬁg“ﬁkd“mmby
contreftling thegpmbsy ofshe it apdpegpnd q&m@pleiitumtﬂeon@nmff of

i ndependent|y adjusting the threshold vol tage incl udes

pravi di Aguilipfbpseing mb@&:@mtoi V@npgisihe di el ectric

thi ckn eﬁuc’lﬁﬁe Ihgr{nelts tﬂ? havm §1tftErerI¢f %E-: sho‘iid voﬂaoest I;111|1dr d gate

di el ectr
a gate electrode 16 on the multiple channels 15.

10. The method of claim 15, wherein the multiple channels 15 comprise at least two silicon
channels 15 separated by a first gate dielectric layer 14a, the silicon channels 15 being separated from the gate

electrode 16 by a second gate dielectric layer 14b, wherein the multiple channels 15 have at least one of:



l4a-c. 5. The nethod of claim2, wherein the step of
i ndependently adjusting the threshold vol tage incl udes
weeavjocidng di fferent respective silicon channePCT/US2006/044308
diffgrefit dopant sefetritions ipjifis tye pikigon gheanelsdE i rashthicknebsss dfFhe t6o silicon channels
15; dlaifRRitiockn@ies 61 t MRt 2ad MBI Qiiddic BY@P4Q 14,
i ndependently adjusting the threshold vol tage incl udes
providing at | east one of: different. respective dopant
concentrations in the first and second channels 15;
different respective gate dielectric thicknesses for
the first, second and their gate dielectrics 14a-c;
and different respective silicon channel thicknesses
for the first and second silicon channels 15. 7. The
met hod of claim6, wherein the step of independently
adj usting the threshold voltage for each channel 15
i ncl udes adjusting the threshold voltages sufficiently
differently such that application of a specified gate
voltage will turn on one of the first and second
channels 15 while the other of the first and second
channel s 15 remains off. 8. The nethod of claim?7,
further conprising controlling a drive current to a
speci fied value by controlling the nunber of the first
and second channels 15 turned on and off. 9. A
mul ti pl e operating node transistor, conprising:
mul ti ple channels 15 having different threshold
vol tages; and a gate electrode 16 on the nultiple
channel s 15. 10. The nethod of claim 15, wherein the
mul ti pl e channel s 15 conprise at |east two silicon
channel s 15 separated by a first gate dielectric |ayer
l4a, the silicon channels 15 being separated fromthe
gate electrode 16 by a second gate dielectric |ayer
14b, wherein the multiple channels 15 have at | east
one of:different dopant concentrations in the two
silicon channels |IS; different thicknesses of the two
silicon channels 15; and different thicknesses of the
first and second gate dielectric |ayers 14a, 14b.



