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METHODS OF FORMING ULTRA-THIN BUFFER OXIDE LAYERS FOR GATE
DIELECTRICS

FIELD OF THE INVENTION

The present invention relates generally to methods of forming
semiconductor devices and specifically to methods of forming ultra-thin buffer

oxide layers below the gate dielectric in semiconductor device fabrication.
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BACKGROUND OF THE INVENTION

Many current processes for forming the thin buffer oxide layer below
the SiN (silicon nitride} gate dielectric involves either a furnace or Rapid Thermal
Oxidation (RTO). Other methods involve an extremely dilute HF oxide etch back

from a thicker grown oxide (SiO).

t is extremely difficult to grow an oxide thickness of less than 10A
with the traditional furnace oxidation. Even with RTO oxidation, controlling the
oxide thickness is an issue for thicknesses less than 10A. With the oxide etch back

process using extremely dilute HF, i.e. >100:1, control and uniformity is also

difficult to maintain.

U.S. Patent No. 5,963,818 to Kao et al. describes a method for forming
an integrated circuit involves forming trench isolation regions and a damascene
gate electrode region simultaneous with one another by over-lapping process steps

using, inter alia, an inverse poly gate CMP.

U.S. Patent No. 5,960,270 to Misra et al. describes a method for
forming a metal gate MOS transistor using an inverse poly gate CMP. Source and
drain regions are formed within a substrate self-aligned to a lithographically-
patterned feature. The patterned feature is then removed and replaced by a metallic
gate layer that is chemically mechanically polished (CMP) to form a metallic plug
region that is either an inlaid or dual inlaid. The metallic plug region is self-aligned
to the source and drain regions and preferably functions as a metal MOS gate

region.
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U.S. Patent No. 5,943,576 to Kapoor describes a method of forming a
MOS transistor having a narrow diffusion region that is smaller than the diffusion

region defined using photoresist in a conventional CMOS processing. The method

includes an inverse poly gate with sidewall spacers process.

U.S. Patent No. 5,899,719 to Hong describes a method for making an
FET (field effect transistor) having narrower gate electrodes and forming
source/drain regions, including halo implants, in a more controlled manner. The

method includes an inverse poly gate with sidewall spacers process.

U.S, Patent No. 5,872,038 to Duane et al. describes a process for
forming a semiconductor device having an elevated active region. A plurality of
gate electrodes is formed on the semiconductor substrate an a thick oxide layer is
disposed over the gate electrodes. A trench is formed in the thick oxide layer and is
filled with a polysilicon material that is later doped to form an elevated active
region above an active region of the substrate. The process includes a plain inverse

poly gate CMP process.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a

method of forming an extremely thin (3 - 10A) buffer oxide layer.

Another object of the present invention is to provide a method of
forming buffer oxide layers for SilN gate dielectrics by accurate control of the

oxygen implant dose to permit formation of ultra thin (3 - 10A) buffer oxide layers.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, the
first c;ption is a method of forming an ultra thin buffer oxide layer comprising the
following steps. A silicon substrate having STI regions formed therein separating at
least one active area is provided. The silicon substrate has an upper surface. A
sacrificial oxide layer is formed over the silicon substrate and the STI regions.
Oxygen is implanted within the silicon substrate. The oxygen implant having a
peak concentration proximate the upper surface of the silicon substrate. The
sacrificial oxide layer is stripped and removed. A gate dielectric layer is formed
over the silicon substrate. A conductor layer is deposited over the gate dielectric
layer. The structure is annealed to form ultra-thin buffer oxide layer between the

silicon substrate and the gate dielectric layer.

The second option is a method of forming an ultra-thin buffer oxide

layer, comprising the following steps. A silicon substrate having STI regions formed



therein separating at least one active area is provided. The silicon substrate has an
upper surfdce. A gate dielectric layer is formed over the silicon substrate and the
STl regions. A sacrificial oxide layer is formed over the gate dielectric layer. Oxygen
is implanted within the silicon substrate. The oxygen implant having a peak
concentration proximate the upper surface of the silicon substrate. The sacrificial
oxide layer is stripped and removed. A conductor layer is deposited over the gato
dielectric layer. The structure is annealed to form ultra-thin buffer oxide laver

between the silicon substrate and the gate dielectric layer.



BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the methods according to the present
invention will be more clearly understood from the following description taken in
conjunction with the accompanying drawings in which like reference numerals

designate similar or corresponding elements, regions and portions and in which:

Figs. 1 to 4 schematically illustrate, in cross-sectional representation, a

first preferred option made in accordance with the present invention.

i Figs. 5 to 9 schematically illustrate, in cross-sectional representation, a

second preferred option made in accordance with the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Unless otherwise specified, all processes, structures, layers, etc. may
be performed, formed or accomplished by conventional methods known in the

prior art.

First Option of the Invention

Figs. 1 to 4 illustrate the second preferred option of the present
invention. |

Accordingly, as shown in Fig. 1, starting silicon substrate 200 may
incluc_ie a semiconductor wafer and has shallow isolation trenches (STI) regions 202
formed therein separating active area 212. Although only two STI regions 202 and
ore active area 212 are illustrated in Fig. 1, it is understood multiple STI regions

could be formed within silicon substrate 200 separating multiple active areas.

Sacrificial oxide layer 208 is formed over silicon substrate 200 and STI
regions 202 to a thickness of from about 90 to 1104, more preferably from about 95
to 105A, and most preferably about 100A. Sacrificial oxide layer 208 serves to

protect silicon substrate 200 from any implant contamination in the subsequent

implant steps.

Well and channel implantations may then be performed {not shown).



An oxygen implantation (at 230) is then carried out at a dose from
about 1E™ to 1E® cm™ at an optimal energy so as to place the peak oxygen

concentration just below the silicon substrate as at 232.

The peak oxygen concentration 232 preferably has depth below the
substrate surface between about 20 and 150 A. Depending upon the thickness of

sacrificial oxide layer 208, the oxygen implantation energy may vary from about 10

to 50 keV.

As shown in Fig. 2, sacrificial oxide layer 208 is stripped. (prior to
Rapid:Thermal Nitridation (RTN)). Sacrificial oxide layer 208 may be stripped using

an isotropic HF wet etch or DHF strip.

During an RTN process, nitride (SiN) or a high k dielectric (such as
Ta,0,, Ta;0;, or TiO,) gate dielectric layer 206 is formed through a controlled
chemical vapor deposition (CVD) process. Preferably, gate dielectric layer 206 is
comprised of SiN as will be used hereafter. SiN gate dielectric layer 206 has a

thickness from about 10 to S04, more preferably from about 20 to 30A, and most

preferably about 25A.

As shown in Fig. 3, thick conductor layer 226 is deposited over SiN
gate dielectric layer 206. Conductor layer 226 has a thickness from about 2250 to
27504, more preferably from about 2400 to 2600A, and most preferably about

2500A.. Conductor layer 226 may be polysilicon (poly) or a metal, for example.



As shown in Fig. 4, a furnace anneal is then performed from about 715
to 985°C for about 5 to 25 seconds, more preferably from about 750 to 950°C for
about 10 to 20 seconds, and most preferably from about 800 to 900°C for about 10 to
20 seconds. This causes the oxygen atoms introduced through the oXygen
implantation 230 to pile up at the SiN gate dielectric layer 206 / Si substrate 200
interface. Oxidation of Si substrate 200 occurs at the SiN gate dielectric layer 206 /

Si substrate 200 interface and ultra-thin buffer oxide layer 204 is formed having a

thickness from about 3 to 254, more preferably from about 3 to 154, and most

preferably from about 3 to 10A.

; By adjusting the oxygen implant dosage, the desired ultra-thin buffer

oxide 204 thickness may be achieved.

This method allows formation of an ultra-thin buffer oxide layer 204

through the accurate control of the oxygen implant dose.

Afterwards, the conductor layer 226, SiN layer 206 and oxide 204 are
patterned to create gate electrodes (not shown). Further processing forms S/D

regions, conductive interconnection to create transistors and other devices.

Second Option of the Invention -

Figs. 5 to 9 illustrate the second preferred option of the present

invention.
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Accordingly, as shown in Fig. 5, starting silicon substrate 300 may
include a semiconductor wafer and has shallow isolation trenches (STI) regions 302
formed therein separating active area 312. Although only two STI regions 302 and
one active area 312 are illustrated in Fig. 9, it is understood multiple STI regions

could be formed within silicon substrate 300 separating multiple active areas.

The upper surface of silicon substrate 300 is then cleaned prior to
Rapid Thermal Nitridation (RTN). During thfa RTN process, nitride (SiN}, or high k
dielectric (such as Ta,O;, Ta,0,, or TiO,), gate dielectric layer 306 is formed through
a confrolled chemical vapor deposition (CVD) process. Preferably, gate dielectric
layer 306 is comprised of SilN as will be used hereafter. SiN gate dielectric layer 306

has a thickness from about 10 to S04, more preferably from about 20 to 304, and

most preferably about 254,

As shown in Fig. 6, sacrificial oxide layer 308 is formed over SiN gate
dielectric layer 306 to a thickness of from about 90 to 1104, more preferably from
about 95 to 1054, and most preferably about 100A. Sacrificial oxide layer 308 serves
to protect SiN gate dielectric layer 306 from any implant contamination in the

subsequent implant step.
Well and channel implantations may then be performed (not shown).

As shown in Fig. 7, an oxygen implantation (at 330) is then carried out
at a dose from about 1E" to 1E* cm? at an optimal energy so as to place the peak
oxygen concentration just below the silicon substrate as at 332. The oxygen implant

dosage and energy may be adjusted to optimize the required buffer oxide 304
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thickness (see below). The oxygen implantation energy may vary from about 10 to
50 keV.

As shown in Fig. 8, sacrificial oxide layer 308 is stripped, preferably

using an isotropic HF wet etch or DHF strip.

Thick conductor layer 326 is then deposited over SiN gate dielectric
layer 306. Conductor layer 326 has a thickness from about 2250 to 27504, more
preferably from about 2400 to 26004, and most preferably about 2500A. Conductor

layer 326 may be polysilicon (poly) or a metal, for example.

As. shown in Fig. 9, a furnace anneal is then performed from about 715
to 985°C for about 5 to 25 seconds, more preferably from about 750 to 950°C for
about 10 to 20 seconds, and most preferably from about 800 to 900°C for about 10 to
20 seconds. This causes the oxygen atoms introduced through the oxygen
implantation 330 to pile up at the SiN gate dielectric layer 306 / Si substrate 300
interface. Oxidation of Si substrate 300 occurs at the SiN gate dielectric layer 306 /
Si substrate 300 interface and ultra-thin buffer oxide layer 304 is formed having a

thickness from about 3 to 25A, more preferably from about 3 to 154, and most

preferably from about 3 to 10A.

As referenced above, by adjusting the oxygen implant dosage, the

desired ultra-thin buffer oxide 304 thickness may be achieved.

‘This method allows formation of an ultra-thin buffer oxide layer 304

through the accurate control of the oxygen implant dose.
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Afterwards, the conductor layer 326, SiN gate dielectric layer 306 and
oxide 304 are patterned to create gate electrodes (not shown). Further processing

forms S/D regions, conductive interconnection to create transistors and other

devices.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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CLAIMS
We claim:
1. A method of forming an ultra-thin buffer oxide layer, comprising the
following steps:

providing a silicon substrate having STI regions formed therein separating at
least one active area; said silicon substrate having an upper surface;
forming a sacrificial oxide layer over said silicon substrate and said STI
regions;
i implanting oxygen within said silicon substrate; said oxygen implant having

a peak concentration proximate said upper surface of said silicon substrate;

stripping and removing said sacrificial oxide layer;

forming a gate dielectric layer over said silicon substrate;

depositing a conductor layer over said gate dielectric layer;

annealing the structure to form ultra-thin buffer oxide layer between said

silicon substrate and said SiN gate dielectric layer.

2. The method of claim 1, wherein said sacrificial oxide layer is from about 95
to 1054 thick; said gate dielectric layer is from about 10 to 50A; said conductor layer

is from about 2400 to 2600A thick; and said ultra-thin buffer oxide layer is from
about 3 to 15A thick.

5

3. The method of claim 1, wherein said sacrificial oxide layer is about 1004

thick; said gate dielectric layer is from about 20 to 30A; said conductor laver is

13
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about 2500A thick; and said ultra-thin buffer oxide layer is from about 3 to 10
thick.

4. The method of claim 1, wherein said oxygen implantation is performed at a

dose from about 1E™ to 1E* cm? and an energy from about 10 to 50 keV.

5. The method of claim 1, wherein said gate dielectric layer is formed using a

(49

Rapid Thermal Nitridation {(RTN) process.

6. ; The method of claim 1, including the steps of:
i forming a well implant within said silicon substrate;
forming channel implants within said well implant;

after said sacrificial oxide layer formation and before said oxygen implantation

step.

7. The method of claim 1, wherein said annealing step is performed from about

800 to 900°C for about 10 to 20 seconds.

8. A method of forming an ultra-thin buffer oxide layer, comprising the
following steps:

providing a silicon substrate having STI regions formed therein separating at
least one active area; said silicon substrate having an upper surface;

forming a sacrificial oxide layer over said silicon substrate and said STI
regions; said sacrificial oxide layer having a thickness of from about 95 to 1054

implanting oxygen within said silicon substrate; said oxygen implant having

a peak concentration proximate said upper surface of said silicon substrate;
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stripping and removing said sacrificial oxide layer;

forming a gate dielectric layer over said silicon substrate; said gate dielectric
layer having a thickness of from about 10 to 304;

depositing a conductor layer over said gate dielectric layer; said conductor
layer having a thickness of from about 2400 to 26004,

annealing the structure to form ultra-thin buffer oxide layer between said
silicon substrate and said SiN gate dielectric layer; said ultra-thin buffer oxide layer

having a thickness of from about 3 to 15A thick.

9 The method of claim 9, wherein said sacrificial oxide layer is about 1004
thick; said gate dielectric layer is from about 20 to 304; said conductor layer is
about 2500A thick; and said ultra-thin buffer oxide layer is from about 3 to 10A
thick.

10.  The method of claim 8, wherein said oxygen implantation is performed at a

dose from about 1E" to 1E" cm™ and an energy from about 10 to 50 keV.

11.  The method of claim 8, wherein said gate dielectric layer is formed using a

Rapid Thermal Nitridation (RTN) process.

12.  The method of claim 8, including the steps of:
forming a well implant within said silicon substrate;
forming channel implants within said well implant;
after said sacrificial oxide layer formation and before said oxygen implantation

step.
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13.  The method of claim 8, wherein said annealing step is performed from about

800 to 900°C for about 10 to 20 seconds.

14 A method of forming an ultra-thin buffer oxide layer, comprising the
following steps: .
providing a silicon substrate having STI regions formed therein separating at
least one active area; said silicon substrate having an upper surface;
forming a gate dielectric layer over said silicon substrate and said STI
regions;
; forming a sacrificial oxide layer over said gate dielectric layer;
i implanting oxygen within said silicon substrate; said oxygen implant having
a peak concentration proximate said upper surface of said silicon substrate;
stripping and removing said sacrificial oxide layer;
depositing a conductor layer over said gate dielectric layer;
annealing the structure to form ultra-thin buffer oxide layer between said

silicon substrate and said gate dielectric layer.

15.  The method of claim 13, wherein said gate dielectric layer is from about 10 to
504, said sacrificial oxide layer is from about 95 to 105A thick; said conductor layer

is from about 2400 to 26004 thick; and said ultra-thin buffer oxide layer is from

about 3 to 15A thick.

16.  The method of claim 13, wherein said SiN gate dielectric layer is from about
20 to 304; said sacrificial oxide layer is aboutl00A thick; said conductor laver is
about 2500;3\' thick; and said ultra-thin buffer oxide layer is from about 3 to 104

thick.
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17. - The method of claim 13, wherein said oxygen implantation is performed at a

dose from about 1E* to 1E" cm™ and an energy from about 10 to 50 keV.

18.  The method of claim 13, wherein said gate dielectric layer formation includes
the steps of:

performing a Rapid Thermal Nitridation (RTN) of said silicon substrate : and

forming a gate dielectric layer over said silicon substrate by chemical vapor
deposition.

i

19. ; The method of claim 13, including the steps of:

forming a well implant within said silicon substrate;

forming channel implants within said well implant;

after said sacrificial oxide layer formation and before said oxygen implantation

step.

20. A method of forming an ultra-thin buffer oxide layer, comprising the
following steps:

providing a silicon substrate having STI regions formed therein separating at
least one active area; said silicon substrate having an upper surface;

forming a gate dielectric layer over said silicon substrate and said STI
regions; said gate dielectric layer having a thickness of from about 10 to 504;

forming a sacrificial oxide layer over said gate dielectric layer; said sacrificial
oxide layer having a thickness of from about 95 to 105A;

implanting oxygen within said silicon substrate; said oxygen implant having

a peak concentration proximate said upper surface of said silicon substrate;

17
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stripping and removing said sacrificial oxide layer;

depositing a conductor layer over said gate dielectric layer; said conductor
layer having a thickness of from about 2400 to 26004;

annealing the structure to form ultra-thin buffer oxide layer between said
siticon substrate and said gate dielectric layer; said ultra-thin buffer oxide layer

- N . —_2
having a thickness from about 3 to 13A.

21.  The method of claim 20, wherein said SiN gate dielectric layer is from about
20 to 304 said sacrificial oxide layer is about100A thick; said conductor layer is

about 25004 thick; and said ultra-thin buffer oxide layer is from about 3 to 104

thick.

22. The method of claim 20, wherein said oxygen implantation is performed at a

dose from about 1E* to 1E" cm™ and an energy from about 10 to 50 keV.

23.  The method of claim 20, wherein said gate dielectric layer formation includes
the steps of:
performing a Rapid Thermal Nitridation (RTN) of said silicon substrate ; and

forming a gate dielectric layer over said silicon substrate by chemical vapor

deposition.

24.  The method of claim 20, including the steps of:
forming a well implant within said silicon substrate;
forming channel implants within said well implant;
after said sacrificial oxide layer formation and before said oxygen implantation

step.
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