wo 2014/074777 A1 I}V 00O OO O O

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(43) International Publication Date 2014 4 Al
15 May 2014 (15.05.2014) WIPOIPCT WO 20140074777
(51) International Patent Classification: (72) Inventors: MEHROTRA, Manoj; 3608 Aqua Springs
HOI1L 29/78 (2006.01) HOIL 21/336 (2006.01) Drive, Plano, TX 75025 (US). NIIMI, Hiroaki; 2217 Ivan
(21) International Application Number: Street, Apt. 418, Dallas, TX 75201 (US).
PCT/US2013/069058 (74) Agents: FRANZ, Warren, L. et al.; Texas Instruments In-
. - corporated, Deputy General Patent Counsel, P.O. Box
(22) International Filing Date: 8 November 2013 (08.11.2013) 655474, Mail Station 3999, Dallas, TX 75265-5474 (US).
ore . (81) Designated States (uniess otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
L. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(30) Priority Data: DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
13/671,730 8 November 2012 (081 12012) us HN, HR, HU, ID, IL, H\I, IR, IS, JP, KE, KG, KN, KP, KR,
(63) Related by continuation (CON) or continuation-in-part KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(CIP) to earlier application: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Us 13/671,730 (CON) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
Filed on 8 November 2012 (08.11.2012) SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: TEXAS INSTRUMENTS INCORPOR- ZW.
ATED [US/US]; P.O. Box 655474, Mail Station 3999,
Dallas, TX 75265-5474 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for JP only): TEXAS INSTRUMENTS JA- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

PAN LIMITED [JP/IP]; 24-1, Nishi-Shinjuku 6-chome,
Shinjuku-ku, Tokyo, 160-8366 (JP).

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: METAL GATE MOS TRANSISTOR WITH REDUCED GATE-TO-SOURCE AND GATE-TO-DRAIN OVERLAP

CAPACITANCE
(57) Abstract: The gate-to-source and
w1 200 gate-to-drain overlap capacitance of a
234 B v '/ MOS transistor (200) with a metal gate
) 232 (230) and a high-k gate dielectric (226) are
7 / reduced by forming the high-k gate dielec-
242~ A tric (226) along the inside of a sidewall
242 structure (236) which has been formed to
238~ N 230 lie further away from the source (220) and
the drain (222).
SN
7z A
240~[ / %6/ N
4 J\ N | \-234
220L | 226 2201 -
A “w2~ 210
214 J
220 4 22 214
220H 224 222H
212

FIG. 2



WO 20147074777 A1 WK 00T 000 0O

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Published:

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2014/074777 PCT/US2013/069058

METAL GATE MOS TRANSISTOR WITH REDUCED

GATE-TO-SOURCE AND GATE-TO-DRAIN OVERLAP CAPACITANCE
[0001] This relates to MOS transistors and, more particularly, to metal gate MOS
transistors and methods of forming such transistors.
BACKGROUND
[0002] A metal oxide semiconductor (MOS) transistor is a well-known semiconductor
device which can be implemented as either an n-channel (NMOS) device or a p-channel (PMOS)
device. A MOS transistor has spaced-apart source and drain regions, which are separated by a
channel, and a gate that lies over, and is insulated from, the channel by a gate dielectric layer. A
metal gate MOS transistor is a type of MOS transistor that utilizes a metal gate and a high-k gate
dielectric layer.
[0003] FIG. 1 illustrates a prior-art metal gate MOS transistor 100. MOS transistor 100
includes a semiconductor body 110 having a single crystal silicon substrate region 112 and a
trench isolation structure 114 that touches substrate region 112. In addition, semiconductor body
110 includes a source 120 and a drain 122 that each touch substrate region 112. The source 120
and drain 122 each has a conductivity type that is the opposite of the conductivity type of
substrate region 112. Source 120 includes a lightly-doped region 120L, and a heavily doped
region 120H. Similarly, drain 122 includes a lightly-doped region 122L, and a heavily doped
region 122H. Further, substrate region 112 has a channel region 124 that lies between source
120 and drain 122.
[0004] As further shown in FIG. 1, MOS transistor 100 includes a high-k gate dielectric
structure 126 that touches and lies over channel region 124, and a metal gate 130 that touches
gate dielectric structure 126 and lies over channel region 124. MOS transistor 100 also includes
a sidewall spacer 132 that touches gate dielectric structure 126 and laterally surrounds gate 130.
[0005] MOS transistor 100 additionally includes a non-conductive interconnect dielectric
structure 138 that touches sidewall spacer 132 and lies over source 120 and drain 122. Dielectric
structure 138 can be implemented with an etch stop layer 140 and a dielectric layer 142 that

touches and lies over etch stop layer 140.
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[0006] The threshold voltage of a transistor is the gate voltage required to form an
inversion layer at the top surface of the channel region that is sufficient to allow a current to flow
from the source region to the drain region. In the case of an NMOS transistor, n-type dopant
atoms form the inversion layer, while p-type dopant atoms form the inversion layer in the case of
a PMOS transistor.

[0007] In operation, with respect to NMOS transistors, when a positive drain-to-source
voltage Vpg is present, and the gate-to-source voltage Vs is more positive than the threshold
voltage, the NMOS transistor turns on and electrons flow from the source region to the drain
region. When the gate-to-source voltage Vg is more negative than the threshold voltage, the
MOS transistor turns off and no electrons (other than a very small leakage current) flow from the
source region to the drain region.

[0008] With respect to PMOS transistors, when a negative drain-to-source voltage Vps is
present, and the gate-to-source voltage Vs is more negative than the threshold voltage, the
PMOS transistor turns on and holes flow from the source region to the drain region. When the
gate-to-source voltage Vg is more positive than the threshold voltage, the PMOS transistor turns
off and no holes (other than a very small leakage current) flow from the source region to the
drain region.

[0009] One of the problems with MOS transistor 100 is that high-k gate dielectric
structure 126 substantially increases the gate-to-source and gate-to-drain overlap capacitance.
Thus, there is a need for a metal gate MOS transistor that reduces the gate-to-source and gate-to-
drain overlap capacitance associated with a high-k dielectric structure.

SUMMARY

[0010] A metal gate MOS transistor and a method of forming the transistor are provided
that reduce the gate-to-source and gate-to-drain overlap capacitance.

[0011] In a described embodiment, a semiconductor structure includes a semiconductor
region that has a conductivity type. The semiconductor structure also includes a source and a
drain that each touches the semiconductor region. The source and drain, which are spaced apart,
cach has a conductivity type that is opposite to the conductivity type of the semiconductor
region. The semiconductor structure further includes a channel region of the semiconductor
region that lics between the source and the drain. In addition, the semiconductor structure

includes a gate dielectric that touches and lies over the channel region, and a metal gate that
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touches and lies over the gate dielectric. The metal gate has a lower width and an upper width
that is greater than the lower width.

[0012] The semiconductor structure alternately includes a semiconductor region that has
a conductivity type. The semiconductor structure also includes a source and a drain that each
touches the semiconductor region. The source and drain, which are spaced apart, ecach has a
conductivity type that is opposite to the conductivity type of the semiconductor region. The
semiconductor structure further includes a channel region of the semiconductor region that lies
between the source and the drain. In addition, the semiconductor structure includes a gate
dielectric that touches and lies over the channel region, and a metal gate that touches and lies
over the gate dielectric. Further, the semiconductor structure includes a non-conductive sidewall
spacer that touches the gate diclectric and laterally surrounds both the gate dielectric and the
metal gate. A portion of the non-conductive sidewall spacer lies directly vertically between the
semiconductor region and the metal gate.

[0013] A method of forming a semiconductor structure includes forming a gate structure
that touches a semiconductor region. The gate structure has a sacrificial gate dielectric and a
sacrificial gate. The sacrificial gate dielectric touches the semiconductor region. The sacrificial
gate touches the sacrificial gate dielectric. The semiconductor region has a conductivity type.
The method also includes etching away a portion of the sacrificial gate dielectric to form a
sacrificial dielectric structure and a cavity. The sacrificial dielectric structure touches the
sacrificial gate and the semiconductor region. The cavity lies directly vertically below a portion
of the sacrificial gate. The method further includes forming a source and a drain that touch the
semiconductor region after the sacrificial dielectric structure has been formed. The source and
the drain each has a conductivity type that is opposite the conductivity type of the semiconductor
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a cross-sectional view illustrating a prior-art metal gate MOS transistor
100.
[0015] FIG. 2 is a cross-sectional view illustrating an example of a metal gate MOS

transistor 200 in accordance with principles of the present invention.
[0016] FIGS. 3A-3M are cross-sectional views illustrating an example of a method 300

of forming a metal gate MOS transistor in accordance with principles of the present invention.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0017] FIG. 2 illustrates an example of a metal gate MOS transistor 200 that reduces the
gate-to-source and gate-to-drain overlap capacitance by forming the high-k gate diclectric along
the inside of a sidewall structure which has been formed to lie further away from the source and
the drain.

[0018] As shown in FIG. 2, MOS transistor 200 includes a semiconductor body 210.
Semiconductor body 210, in turn, includes a single crystal silicon substrate region 212, and a
trench isolation structure 214 that touches substrate region 212. In addition, semiconductor body
210 includes a source 220 and a drain 222 that each touch substrate region 212.

[0019] The source 220 and drain 222, which are spaced apart, each has a conductivity
type that is the opposite of the conductivity type of substrate region 212. Source 220 includes a
lightly-doped region 220L, and a heavily doped region 220H. Similarly, drain 222 includes a
lightly-doped region 222L, and a heavily doped region 222H. Further, substrate region 212 has a
channel region 224 that lies between source 220 and drain 222.

[0020] As further shown in FIG. 2, MOS transistor 200 also includes a high-k gate
dielectric 226 that touches and lies over channel region 224. High-k gate dielectric structure 226
can be implemented with a number of materials, such as sequential layers of hafnium oxide and
hafnium silicon oxide.

[0021] MOS transistor 200 additionally includes a metal gate 230 that touches gate
dielectric structure 226 and lies over channel region 224. Metal gate 230 has a T-shape with an
upper width W1 that is greater than a lower width W2. Further, metal gate 230 has a top surface
232 and an outer surface 234 that touches the top surface 232. High-k gate dielectric structure
226 touches and covers all of the outer surface 234 of metal gate 230. Metal gate 230 can be
implemented with a number of materials, such as sequential layers of titanium nitride, tantalum
nitride, and aluminum.

[0022] MOS transistor 200 also includes a sidewall spacer 236 that touches high-k gate
dielectric structure 226 and laterally surrounds both high-k gate dielectric structure 226 and
metal gate 230. Further, a portion of sidewall spacer 236 lies directly vertically between a
portion of metal gate 230 and channel region 224. Sidewall spacer 236 can also include a

number of individual sidewall spacers that touch cach other, such as an oxide sidewall spacer
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that touches a nitride (with a thin oxide underliner) sidewall spacer. Sidewall spacer 236 can be
implemented with a number of materials, such as oxide and nitride.

[0023] MOS transistor 200 additionally includes a non-conductive interconnect dielectric
structure 238 that touches sidewall spacer 236 and lies over source 220 and drain 222. In the
present example, diclectric structure 238 is implemented with an etch stop layer 240, and a
dielectric layer 242 that touches and lies over etch stop layer 240. Etch stop layer 240 can each
be implemented with a number of materials, such as silicon nitride or silicon oxynitride.
Dielectric layer 242 can be implemented with a number of materials, such as oxide. MOS
transistor 200 operates substantially the same as MOS transistor 100, except that MOS transistor
200 has less gate-to-source and gate-to-drain overlap capacitance.

[0024] FIGS. 3A-3M illustrate an example of a method 300 of forming a metal gate
MOS transistor. Method 300 utilizes a partially-completed conventionally-formed transistor
structure 308 that includes a semiconductor body 310. Semiconductor body 310, in turn,
includes a single crystal silicon substrate region 312 and a trench isolation structure 314 that
touches substrate 312.

[0025] As shown in FIG. 3A, method 300 begins by forming a sacrificial gate dielectric
layer 316 that touches and lies over substrate region 312. In the present example, sacrificial gate
dielectric layer 316 is formed using conventional procedures to be relatively thick, having a
thickness of, for example, Inm-5nm. Sacrificial gate dielectric layer 316 can be implemented
with a number of sacrificial materials, such as oxide.

[0026] After sacrificial gate dielectric layer 316 has been formed, a sacrificial gate layer
318 is formed using conventional procedures to touch and lie over sacrificial gate dielectric layer
316. Sacrificial gate layer 318 can be implemented with a number of sacrificial materials, such
as polycrystalline silicon.

[0027] Following this, a patterned mask 320 is formed on sacrificial gate layer 318 using
conventional procedures. A patterned mask can be implemented in a number of ways, such as a
hard mask or a patterned photoresist layer. (A hard mask is commonly formed by depositing a
layer of oxide followed by an overlying layer of nitride. A patterned photoresist layer is next
formed on the nitride layer, and the exposed regions of the nitride layer are then etched away.

The patterned photoresist layer is removed after the etch to form the hard mask.)



WO 2014/074777 PCT/US2013/069058

[0028] As shown in FIG. 3B, after patterned mask 320 has been formed, the exposed
regions of sacrificial gate layer 318 and sacrificial gate dielectric layer 316 are etched away
using conventional procedures to expose the top surface of substrate region 312 and form a
sacrificial gate structure 321. Sacrificial gate structure 321, in turn, includes a sacrificial gate
dielectric 322 that touches and lies above substrate region 312, and a sacrificial gate 324 that
touches and lies over sacrificial gate dielectric 322. Following the etch, patterned mask 320 is
removed in a conventional manner.

[0029] As shown in FIG. 3C, after patterned mask 320 has been removed, sacrificial gate
dielectric 322 is wet etched or isotropically dry etched with an etchant that removes substantially
more of dielectric 322 than silicon. The etch forms a sacrificial dielectric structure 326 that
touches and lies between sacrificial gate 324 and substrate region 312, and a cavity 328 that lies
directly vertically between a portion of sacrificial gate 324 and substrate region 312. In the
present example, cavity 328 is formed to have a depth (measured horizontally) of 1Inm to 5nm.
[0030] As shown in FIG. 3D, after sacrificial dielectric structure 326 has been formed, a
non-conductive etch resistant layer 330 is conformally formed on substrate region 312, sacrificial
gate 324, and sacrificial dielectric structure 326 to line cavity 328 using conventional procedures.
In the present example, etch resistant layer 330 is formed to have a thickness of 1nm to Snm.
[0031] Etch resistant layer 330 can be formed with a number of materials, such as nitride.
A nitride layer can be formed by using, for example, a conventional silicon nitride chemical-
vapor-deposition (CVD) or atomic layer deposition (ALD) process (which forms a thin oxide
underliner before the nitride layer), a conventional heavily nitrided oxide growth process (¢.g.,
thermal oxide growth in ammonia), a combination of a CVD nitride and nitrided oxide growth,
or a conventional plasma nitridation process.

[0032] For example, etch resistant layer 330 can be formed from nitride when sacrificial
gate 324 is implemented with polysilicon and sacrificial dielectric structure 326 is implemented
with oxide. When etch resistant layer 330 is implemented with nitride, having a thinner nitride
layer reduces capacitance.

[0033] After etch resistant layer 330 has been formed, a non-conductive layer 332 is
formed on etch resistant layer 330 using conventional steps to cover etch resistant layer 330 and
fill up cavity 328. Non-conductive layer 332 can be formed with a number of materials, such as

deposited oxide or oxide grown in pure nitrious oxide (N,O), pure nitric oxide (NO) gas, or a
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combination of N,O gas and NO gas. In the present example, non-conductive layer 332 is
formed to have a thickness of 1nm to 2nm.

[0034] As shown in FIG. 3E, after non-conductive layer 332 has been formed, etch
resistant layer 330 and non-conductive layer 332 are anisotropically etched until the top surface
of sacrificial gate 324 is exposed. The anisotropic etch forms a sidewall spacer 334 that has a
non-conductive etch resistant section 336 and a non-conductive section 338. (Non-conductive
layer 332 and non-conductive structure 338 can be omitted when etch resistant layer 330 is thick
enough to fill up cavity 328.)

[0035] As shown in FIG. 3F, after sidewall spacer 334 has been formed, a dopant is
implanted into substrate region 312 in a conventional fashion to form spaced-apart lightly-doped
regions 340 and 342. The lightly-doped regions 340 and 342 have a conductivity type that is
opposite to the conductivity type of substrate region 312.

[0036] As shown in FIG. 3G, after the lightly-doped regions 340 and 342 have been
formed, a non-conductive side wall spacer 344 is formed to touch sidewall spacer 334 and
laterally surround sacrificial gate 324. Non-conductive side wall spacer 344 can be formed in a
number of ways. For example, a layer of nitride can be formed on sacrificial gate 324 and
sidewall spacer 334, and then anisotropically etched until the top surface of sacrificial gate 324 is
exposed to form side wall spacer 344. Sidewall spacer 334 and sidewall spacer 344 together
form a sidewall spacer 345.

[0037] As shown in FIG. 3H, after side wall spacer 345 has been formed, a dopant is
implanted into substrate region 312 and the lightly-doped regions 340 and 342 in a conventional
fashion to form spaced-apart heavily doped regions 346 and 348. The heavily doped regions 346
and 348 each have a conductivity type that is opposite to the conductivity type of substrate
region 312.

[0038] Lightly-doped region 340 and heavily doped region 346 form a source 350, while
lightly-doped region 342 and heavily doped region 348 form a drain 352. The source and drain
regions 350 and 352 define a channel region 354 of substrate region 312 that lies between and
separates the source and drain regions 350 and 352.

[0039] As shown in FIG. 31, after the source and drain regions 350 and 352 have been
formed, a non-conductive interconnect dielectric layer 356 is formed in a conventional manner to

touch and lie over sacrificial gate 324, sidewall spacer 345, source region 350, and drain region
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352. In the present example, interconnect dielectric layer 356 is formed by first depositing a
non-conductive etch stop layer 360 using conventional procedures to touch and lie over
sacrificial gate 324, sidewall spacer 345, source region 350, and drain region 352.

[0040] Following this, a non-conductive dielectric layer 362 is formed to touch and lie
over etch stop layer 360. Etch stop layer 360 can be implemented with a number of materials,
such as silicon nitride or silicon oxynitride, while dielectric layer 362 can be implemented with a
number of materials, such as oxide.

[0041] As shown in FIG. 3], after dielectric layer 356 has been formed, dielectric layer
356 is planarized, such as with chemical-mechanical polishing, until the top surface of sacrificial
gate 324 is exposed. In the present example, dielectric layer 356 is planarized by first
planarizing dielectric layer 362 until the top surface of etch stop layer 360 is detected. Following
this, etch stop layer 360 and dielectric layer 362 are removed with a wet/dry etch until the top
surface of sacrificial gate 324 is exposed.

[0042] The planarization forms an interconnect dielectric structure 364 that touches
sidewall spacer 345 and lies over source 350 and drain 352. In the present example, interconnect
diclectric structure 364 includes an etch stop section 366 that touches sidewall spacer 345, and a
dielectric section 368 that touches ctch stop section 366. (Etch stop layer 360 and etch stop
section 366 can be optionally omitted.) As a result of the planarization, the top surfaces of
sacrificial gate 324 and interconnect dielectric structure 364 lie substantially in the same plane.
[0043] As shown in FIG. 3K, after the top surface of sacrificial gate 324 has been
exposed, sacrificial gate 324 is removed using conventional etchants and procedures. Next,
sacrificial dielectric structure 326 is removed using conventional etchants and procedures to form
an opening 370 that exposes etch resistant section 336 and the top surface of channel region 354.
[0044] As shown in FIG. 3L, after opening 370 has been formed, a high-k gate dielectric
layer 372 is formed in a conventional manner to line opening 370 and touch the top surface of
dielectric structure 364. High-k gate dielectric layer 372, which has a different material
composition than sidewall spacer 345, can be implemented with a number of materials, such as
sequential layers of hafnium oxide and hafnium silicon oxide.

[0045] Next, a metal layer 374 is conventionally deposited to touch high-k gate dielectric
layer 372 and fill up opening 370. Metal layer 374 can be implemented with a number of
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materials that each partially fill up opening 370, such as sequential layers of titanium nitride,
tantalum nitride, and aluminum.

[0046] As shown in FIG. 3M, after metal layer 374 has been deposited, the high-k
dielectric layer 372 and metal layer 374 are planarized, such as with chemical-mechanical
polishing, until the top surface of dielectric structure 364 has been exposed. The planarization
forms a metal gate 380 and a high-k dielectric structure 382 that touches metal gate 380 and
channel region 354 in opening 370. Metal gate 380 and high-k dielectric structure 382 form a
gate structure 384. The planarization also forms a metal gate MOS transistor 390. As a result of
the planarization, the top surfaces of dielectric structure 364, metal gate 380, and high-k
dielectric structure 382 lic substantially in the same plane. Following this, method 300 continues
with conventional steps.

[0047] One of the advantages of the present invention is that metal gate 230/380 is
separated from the source and drain regions 220/350 and 222/352 by a larger distance than the
distance that separates metal gate 130 from the source and drain regions 120 and 122. The larger
the separation distance, in turn, the more the overlap capacitance is reduced.

[0048] Thus, the thicker the sacrificial gate dielectric layer 316 is formed, the larger the
vertical distance that separates metal gate 230/380 from the source and drain regions 220/350
and 222/352. Further, the deeper cavity 328 is formed, the larger the horizontal distance that
separates metal gate 230/380 from the source and drain regions 220/350 and 222/352.

[0049] Those skilled in the art will appreciate that modifications may be made to the
described embodiments, and also that many other embodiments are possible, within the scope of

the claimed invention.
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CLAIMS

What is claimed is:

1. A semiconductor structure comprising:

a semiconductor region having a conductivity type;

a source that touches the semiconductor region, the source having a conductivity type that
is opposite to the conductivity type of the semiconductor region;

a drain that touches the semiconductor region, the drain lying spaced apart from the
source, and having a conductivity type that is opposite to the conductivity type of the
semiconductor region;

a channel region of the semiconductor region that lies between the source and the drain;

a gate dielectric that touches and lies over the channel region; and

a metal gate that touches and lies over the gate dielectric, the metal gate having a lower

width and an upper width that is greater than the lower width.

2. The structure of claim 1, wherein the metal gate has a top surface and an outer

surface that touches the top surface; and the gate dielectric touches all of the outer surface.

3. The structure of claim 1, further comprising a non-conductive sidewall spacer that

touches the gate dielectric and laterally surrounds both the gate dielectric and the metal gate.

4. The structure of claim 3, wherein the gate dielectric and the non-conductive

sidewall spacer have different material compositions.

5. The structure of claim 4, wherein the gate dielectric is a high-k gate dielectric.

6. The structure of claim 5, wherein the non-conductive sidewall spacer includes a

region of nitride.

7. The structure of claim 3, wherein a portion of the non-conductive sidewall spacer

lies directly vertically between the semiconductor region and the metal gate.

10
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8. The structure of claim 3, wherein a portion of the non-conductive sidewall spacer

lies directly vertically between the channel region and the metal gate.

9. The structure of claim 4, further comprising an interconnect dielectric structure

that touches the non-conductive sidewall spacer and lies over the source and the drain.

10. A semiconductor structure comprising:

a semiconductor region having a conductivity type;

a source that touches the semiconductor region, the source having a conductivity type that
is opposite to the conductivity type of the semiconductor region;

a drain that touches the semiconductor region, the drain lying spaced apart from the
source, and having a conductivity type that is opposite to the conductivity type of the
semiconductor region;

a channel region of the semiconductor region that lies between the source and the drain;

a gate dielectric that touches and lies over the channel region;

a metal gate that touches and lies over the gate dielectric; and

a non-conductive sidewall spacer that touches the gate dielectric and laterally surrounds
both the gate diclectric and the metal gate, a portion of the non-conductive sidewall spacer lying

directly vertically between the semiconductor region and the metal gate.

11.  The structure of claim 10 wherein the gate dielectric and the non-conductive

sidewall spacer have different material compositions.

12. The structure of claim 11 wherein the gate dielectric is a high-k gate dielectric.

13.  The structure of claim 12 wherein the non-conductive sidewall spacer includes a

region of nitride.

14.  The structure of claim 11 wherein the metal gate has a top surface and an outer

surface that touches the top surface; and the gate dielectric touches all of the outer surface.

11
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15.  The structure of claim 14 and further comprising an interconnect dielectric layer

that touches the non-conductive sidewall spacer and lies over the source and the drain.

16. A method of forming a semiconductor structure, comprising:

forming a gate structure that touches a semiconductor region, the gate structure having a
sacrificial gate dielectric and a sacrificial gate, the sacrificial gate dielectric touching the
semiconductor region, the sacrificial gate touching the sacrificial gate dielectric, the
semiconductor region having a conductivity type;

etching away a portion of the sacrificial gate dielectric to form a sacrificial dielectric
structure and a cavity, the sacrificial dielectric structure touching the sacrificial gate and the
semiconductor region, the cavity lying directly vertically below a portion of the sacrificial gate;
and

forming a source and a drain that touch the semiconductor region after the sacrificial
dielectric structure has been formed, the source and the drain each having a conductivity type

that is opposite the conductivity type of the semiconductor region.

17.  The method of claim 16, further comprising forming a non-conductive sidewall
spacer that touches the sacrificial dielectric structure and the sacrificial gate, a portion of the non-
conductive sidewall spacer lying in the cavity directly vertically between the semiconductor

region and the sacrificial gate.

18.  The method of claim 17, further comprising removing the gate structure to form
an opening after the non-conductive sidewall spacer has been formed, the opening exposing a

channel region of the semiconductor region.
19.  The method of claim 18, further comprising forming a gate diclectric structure

and a metal gate in the opening, the gate dielectric structure touching the semiconductor region,

the metal gate touching the gate dielectric structure.

12
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20.  The method of claim 19, wherein the gate dielectric structure and the non-

conductive sidewall spacer have different material compositions.

13
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