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FIELD OF THE INVENTION

The present invention relates generally to semiconductor devices, and

more specifically to gate patférn'ingf_dt s_emicondﬁétbr devices.
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BACKGROUND OF THEI

Gate patterning is obtamed by etching polysmcon on silicon oxide, or

‘the gate oxide. With the continued scaling of the gate oxide into the sub-ZOA reglmel

with sub-0. lpm technology, itis becommg mcreasmgly dlfﬁcult to ensure that the

| gate polys111con etch does not also etch through the gate oxide and damagmg the

underlying substrate

U.S. Patent No. 5,924,001 to Yang et al. describes a method for

fabricating polycide gate electrodes wherein voids at the oilicido/ﬁolysilicon'

" interface are eliminated by ion implantation. A hard ,maSk.layer is deposited over

the silicide layer that overlies the,poljrsﬂioon gate conductor. -

us. Patent No. 5,897,366 to Shiralagi et al. describes a moﬂ10d of

 resistless gate metal etch in the formation of a field effect transistor.

U.S. Patent No. 5,705414 to Lustig describeé a method of fabricating a

gate electrode for a MOS (metal ox1de semlconductor) transistor using a

spacer/ hardmask gate pattermng process.

U.S. Patent No. 5,438,006 to Chang et al. describes a process of

fabricating an integrated circuit device having a reducéd-héight gate stack by using
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a patterned oxide hard mask to pattém the underlying metal layer. The oxide hard |

mask is removed and the patterned metal is used as a mask to etch the polysﬂlcon

' layer

“Sub-5 nm Multlple-Tluckness Gate Oxlde Technology Usmg Oxygen
Implantahon,” Y. C. King, C. Kuo, T.]. King, and C. Huy; IEDM Tech. Dig,, p. 21-1,
1998 describes a process of a moderate oxygen 1mplantahon fqllowe_d by a-
moderate anneal within a polysilicon layef to forfn a layer of high-quality oxide. '

having a thickness from 30 - 50 A within the polysilicon layer.
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UMMARY OF THE INVENTIO

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

" method of gate patte'nﬁng for sub-20A gate oxide regime.

Another ob]ect of the present mven’aon is to prov1de a method of
forming a gate oxide without etchmg through the gate ox1de and damagmg the
underlymg substrate when etchmg the polysﬂlcon layer to form the polys1hcon gate :

conductor.

Yet another object of ti\e present invention is to provide a smaller rule |
polysilicon-on-oxide etch method without requiring a new etch chemistry or
additional mask sets.

Other objects will appear hereinafter.

It has now been discovered that the above. and other objects of the

pfesent invention may be accomplished in the following manner. Speeifically, a

semiconductor structure’ having an upper silicon layer is provided. The -
semiconductor structure has a gate conductor region. A first gate oxide layer is.

formed over the semiconductof structure. A polysilicon layer is formed over the

first gate oxide layer. A pé&erned oxide mask and photoresist layer are formed ovei.'
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the polysilicbn layér within the gate conductor region leaving unmasked
polysilicon layer portions and unmask_ed first gate oxide layer portions. An oxygen .
implant is conducted within the unmasked polysilicon layer portions proximate the |
unmasked first gate oxide layer portions. The patterned photoresist mask is
remd;red. The structure is annealed to form second gate oxidé portions within the
unmasked_poly_silicon layer pbrtioné 'over. the unmasked first gate oxidé layer
pértions. 'fhe umilaske'd polyéilii:on layér portions are etched and _re_movéd to the -
secénd gate oxide portions forming a leyéilicon gate conductor within the gate

conductor region.
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EF DESCRIPTION OF THE

' The features and edVantages of the method of forrning a g'ate oxide

" according to the present invention will be more clearly understood from the

following description taken in con;unctlon with the accompanymg drawmgs in
which like reference numerals designate similar or correspondmg- elements, regions

and portions and in which:

Figs. 1 - 3 schematically’ illustrate in cross-sectional representa_tion a

preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A summary of the steps for gate patterning in accordance with the

preferred embodiment of the present invention is:

1) Forming a gate oxide layer having a first predeterrmned thickness over a

s111con substrate;

2) Forming a polysilicon layer orer the-gate 07<ide layer;

3) Deposmng a hard mask layer over the polysﬂlcon layer,

4) Formmg a photores1st layer over the hard mask layer and patterning the _'
hard mask layer to form a hard mask overa portion of the polysilicon layer; '

5) Implantmg O, using the hard mask as an 1on unplantatlon (I/ I) mask to-
place 0 ions ad]acent the gate ox1de layer,

| 6) Removmg the photoresist layer; | ' |

~ 7) Annealing the structure to mcreese the tluckness of the gate ox1de layer '.
not masked to a second predetermmed thickness; -

8) Etching the polysilieort lajer to form a polysilic_on gate conductor with the

thicker, unmasked gate oxide la"yer'act.ing as an etch stop layer.

| Accordingly as shown in Fig. 1, starting semiconductor structure 10
includes an upper silicon .laye_r and is underétc_ood to possibly include a

semiconductor wafer or substrate, active and passive devices formed within the
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wafer. The term “semiconductor structure” is meant to include devices formed

within a semiconductor wafer and the layers overlying the wafer. Unless otherwise

: specified, all structures, layers, etc. may be formed or accomplished by

 conventional methods known in the prior art.

Sem_iconductdr structure 10 has a gate conductor regiﬂon_l?-hafx'ri_rig a

width w from about 800 to 20004, and more preferably from about 1000to 1500 A.

Gate oxide layef 12 is formed over semiconductor structure 10 to a

thickness t __from about 15 to 20A. Gate oxide layer 12 is prefefaBly_'_thermally'

'. grown silicon oxide.

| Polysilicon layer 14 is then formed over gate oxide ,layér' 12'to a |

thickness t_ from about 1000 to ZOQO_A.

A silicon oxide layer is formed over polysilicon layer 14. A photoresist

' layer is formed over the silicon oxide layer to a thickness from about 1500 02000 A. |

. The silicon oxide layer is patterned to form oxide mask 16, and phdtoresist mask 18,

over the portion of pol;'rsiliéon layer 14 within gate area 17 and forming unmasked "

pdlysilicon layer portions 141 and unmaél_ced gate oxide portions 121.

Oxide mask 16 'l-'nasa thickness t_from about 100 to 150 A




An oxygen implantation 19 is then conducted from about 10to 35keV
to a concentration of from about 10" to 10° O;z molecules cm’ proximate unmasked
~ gate oxide layer 121. Photoresist mask 18 and oxide mask 16 act as ion implantation

masks over the structure.
As shown in Fig. 2, photoresist layer 18 is removed.

~ Ananneal is then performed at about 450 to 550°C for"abou.t'100. to 140 o
xrlimrtes and more preferably at about _500°C for about 2 lrours which forms high- }
quality gate oxide 1eyer portio‘ns 122 over unmasked gate oxide layer 121. Gate
oxide layer portions 122 have a thickness t. from about 10 to 35A. Where gate | _
ox1de layer portlons 122 overhe gate oxide layer 12 they form a umform,

indistinguishable layer of gate oxide from about 30 - SO_A thick.

Gate oxide layer' portions 122 have a sufficient thiekness to aet as an
etch stop layer for the subsequent etchmg of unmasked polysrhcon layer 141 thus

' protectmg underlylng senuconductor structure 10.

As shown in Fig. 3, oxide mask 16 serves to mask polysilicon layer 14

durin_g an etch which forms p_olysilicori gate cohci_uctor 20. Gate oxide layer




portions 122 serve as etch stops durmg unmasked polysilicon layer 141 etch '-

protecting underlymg semiconductor structure 10. -

Gate oxide layer portions 122 and unmasked gate oxide layer 121
may then be removed leaving thin gate oxide latyer: 12 under polysilicon gate
conductor 20. Oxide mask 16 may also be removed. Fabriea'tion'l'of_ a transistor

having polysilicon gate conductor 20 may then continue (not _s_ho.wn).. '

'I'he method of the present invention permits formation of an ultrathm '
(< ZOA thlck) gate ox1de layer 12 under a gate conductor, which is reqmred for sub-
0.1um technology, w1thout the need for a new etch chenustry or addltlonal mask .

sets.
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.

10




A g

CLAIMS
We claim:

1. Amethod of gate patterning, including the steps of:

providing a semiconduct'of'structure héving an upper silicon layer; said

semicb_nductor structure having a gate cohductor region;

forming a first gate oxide layer over said semlconductor structure;
forming a polysilicon layer over sa1d first gate oxide layer,

forming a pattemed oxide mask and photoresmt layer over said polysmcon

"~ layer within said gate conductor reglon leavmg unmasked polysﬂlcon layer

10

15

portions and unmasked first gate oxide layer porl:lons, |

conductmg a oxygen 1mp1ant w1thm said unmasked polys111con layer
pornons proxunate said unmasked first gate ox1de layer portlons, |

- removing said patterned photores:st mask; |

annealing the structure t_o form second gate oxide_ portions w1thm _sei_d
unmasked pelysilicoﬁ layer Porﬁone over said unmasked first gate oxide layer
portions; and | | L

etching and removing said unmasked polysilicon layer portions to said

‘second gete-oxide portions forming a polj?silicon gate conductor within said gate

conductor region.

11
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2. The method of claim 1, wherem said gate conductor region has a width from -
about 1000 to 2000 A and said polysilicon layer has a thickness of from about 1000

't02000 A.

3. The method of claim 1, wherein said first gate oxide layer is from about 15 to

20A thick and said second gate oxide layer portions are from about 10 to 35A thick,

4 The method of claim 1, Whereﬁl' Said first g_afé oxide layer is from about 16 to.

| 19A thick and said second gate oxide layer portions are fi-o_m about 20 to 25A thick.

5. The method of claim 1, Wheré_in said oxygen unplant step is conducted from
about 10 to 35 keV to a concentration of from about 10" to 10116'02'z molecules cmz,.
and said annealing step is conglucted at from about 450 to 550°C for from about 100 )

- to 140 minutes.

6. The method of claim 1, wherein said oxygen implant step is conducted from
 about 20 to 25 keV t(_ﬁ a concentration of about 10" O,” molecules cr_nz,' and said
- annealing step is conducted at from about 475 to 525°C for from ébo_ut 110 to 130

minutes.

12
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7. A method of gate patterning, including the steps of:

providing a semiconductor structure having an upper silicon layer; said

- semiconductor structure having a gate conductor region; said gate conductor region

having a width from about 1000 to 2000 A;

forming a first gate oxide .ia-ayer ov.er said semiconductor s&ucture;

forming a polysilicon laye_: :over s_éid ﬁrst gate oxide layer} said polysilicon
layer having a thickness of from about 100(_)_&) 2000'A;
| fprmirig a patterned oxidé; mask and photoresist layer over said pdlysﬂicon g
layer within said gate conductor rég'ioﬁ leaving unmaéked pblysilic_on layer
portions and unmasked first gate oxid’é iayer portions; | |

conducting a oxygen ilﬁplant within said unmasked polysiiiéon layer
portions proximate said unmasked first gate oxide layer portions;

re_moving said péttgmed photoresist mask;

-annealing the 'stru'ct_u're to form second gafe oxide _p_oi‘tions within said

unmasked poljrsilicon layer porﬁbns over said-unmasked_ first 'g_ate.oxide lajer

portions; and
etching -and reniov_ing said unmasked polysilicon layer portions to said -

second gate oxi_dé portions forming a polysilicon gate conductor within said gate

‘conductor region.

13
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8. The method of claim 7, whereih said first gate oxide layef is from about 15to - -

20A thick and said second gate oxide léyer portions are from about 10 to 35A thick.

-9 The method of claim 7, wherein said first gate oxide layer is from about 16 to

| 194 thick and said second gate oxide layer port'i.ons' are from about 20 to 25A thick.

10. The method of claim 7, wherein said oxygen i:nplant step is conducted from
~about 10 to 35 keV to a concentration of from about 10" to 10 O: molecules am’,
and éaid annealing stép is conducted at from about 450 to 550°C for from about 100 . |

to 140 minutes.

11.  The method of claim 7, wherein said oxygen implant step is conducted from
about 20 to 25 keV to a concerifraﬁon of about 10" O: mo'lecules.cmz', ér_td said -
_ annealing step is conducted at from about 475 to 525°C for from about 110 to 130

minutes.

12 | A method of gaf;e patterning, including the steps of: .
prOvidi_ng a. semiconductor structure having an upper éiﬁcon layer; said
' semigonductor structure havmg a gate coniductor region;

formihg a ﬁrst gate oxide .la}Irer. ovér said semiconductor structure; said first
gate oxlde layer havmg a thlckness from about 15 to ZOA |

formmg a polys1hcon 1ayer over said fu:st gate oxlde layer,

14
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forming a patterned oxide mask and photoresist layer over said polysilicon

~ layer within said gate conductor region 'leavirig. unmasked polysilicon layer

portions and unmasked first gate oxide ﬁayer portions;

conducting a bxygeh implanf within said unmasked polysilicon layer

~ portions proximate said unmasked first gate oxide hyér porﬁons;

removing said patterned photoresist mask;

annealing the structure to form second gate oxide portions within said

-unmasked polysilicon layer portions over said u_nmas_kegl first g’a.te" oxide layer

portions; said second gate oxide portions liaving’ a thickness from éboﬁt 10to 35A;_ :

and

etching and -removi:ig said unmasked polysilicon layer portions to said

second gate oxide portions forming a polysilicon gate conductor within said gaté %

conductor region.

13. ‘The method of claim 12, wherein said gate conductor region has a width

' from about 1000 to 2000 A and said polYSilicon layer has a thickness of from about

1000 to 2000 A.

14. The method of claim 12, wherein said first gate oxide layer is ffdm-'abou’t_ 16

‘to 19A thick-and said second gate oxide ,layer-pbrtions are from about 20 to 254 -

thick.
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15. The method of claim 12, wherein said oxygen implant step is conducted from
about 10 to 35 keV to a concentration of from about 10" t0 10°° O: molecules cm’,

and said annealing step is conducted at from about 450 to 550°C for from about 100

. to 140 minutes.

16. . The method of claim 12, wherein said oxygen implant step is lcc_"mc_iucted' from
about 20 to 25 keV to a concentrationof about 10” (_)2'-2 molecules cm’, and said
annealing step is conducted at from _ébout 475 to 525;’C for from about 110 to 130

minutes.
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