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THOD OF PATTERNING GATE ELECTRODE CONDUCTOR WI

ULTRA-THIN GATE OXIDE

- FIELD OF THE INVENTION

The present invention relates generally to semiconductor devices, and

more _specifically_ to patterning gate electrodes for semiconductor devices.




BACKGROUND E INVENTI

The current practice for defining poly (polysilicon) gate electrodes

_ 1nvolves the patterning of the gate through photohthography followed by an

amsotroplc poly etch wh1ch stops on the gate oxlde, i.e. the gate oxide acts as an

etch stop. However, it has become increasingly difficult to end'-pomt the poly etch

. on the gate oxide Without trenching into the underlying silicon substrate as the gate

| oxide gets increasingly. thinner. P_oly' edge gate oxide _integrity (GOI) tnay becomea

problem if micro-trenching occurs at the poly edge.

USS. Patent No. 5,915,181 to Tseng describes a method of fabricating a
deep submicron MOSFET (metal oxide semiconductor field effect transistor) device
having a local threshold voltage adjtist region in a semiconductor subs&ate that is -

self-aligned to an overlying iriverse polysilicon gate structure.

U.S. Patent No. 5,489,543 to Hong describes a method of fabriéating a
MOS device having a local'ized'aht'i-punc'hthrough region that is adjacent to, but
does not contact, source/drain regioﬁs. A channel ion implantation (I/ I) to form the

anti-punchthrough region and an inverse polysilicon gate is formed.

U.S. Patent No. 5,786, 255 to Yeh et al. describes a method of formmg '

.'MOS components in that after an inverse gate and doped source/drain regions are




formed, a polysilicon :layer is deposited and planarized by chemical-mechanical
polishing (CMP). The resulting unremoved CMP'ed poly layer acts as source/drain :

" terminals.

- uUs. Patent Nb. 5,858,848 to Gardner et al. desé_ribeS a method for -
forming nitride sidewall spacers self-aligned between opposed sidewall surfaces of

an inverse gate conductor and a sacrificial dielectric sidewall.

uUs. Patent No. 5,915,183 to Gambino et al. déscribes a procéss for
forming raised source/ dram ]unctlons using chemical mechanical polishing (CMP) |
combined with a recess etch of blanket polysilicon. The raised source/ drams are

defmed by salicide gate conductors and raised shallow isolation trench regions

(STD.




SUMMARY OF THE INVENTION

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

method of pattermng gate electrodes havmg ultra-thin gate oxides.

~ Another object of the present invention is to prbvide a method of
patterning gate electrodes by reducing the plasma damage expe_rienc'ed 'by the gate -
oxide by using a poly chemical-mechanical polish (CMP) and a sherter duration -

poly plasma etch.

Yet another object of the present invention is to provide a method of
patterning gate electrodes that reduces the danger of poly edge GOI failure due to -

nitride sublimation (Kooi effect).

A further object of the present invention is to p'rov1de a method of _
pattermng gate electrodes while nnprovmg the poly gate conductor proﬁle through

a controlled poly etch using an oxide hard mask.

An addltronal ob]ect of the present invention is to provide a method of
: patterning gate electrodes that reduces. the danger of poly edge GOI (gate ox1de.
integrity) failure by protectmg the bottom poly edges with oxlde durmg the

controlled poly etch,




Other objects will appear hereinafter.

It has now been discofre__réd that the above and other._objects: of the
present invention may be accpmplished in the following ménner. Specifically, a.'
s.emiconductofstructure, with an uppér silicon layer, and having an activé éu_rea fs
_ prm?ided. A égcrifiéial .oxide '1a};er oye‘rlies the s_emicdndu_cto'r stru?:ture, a first
| polysilicon la'yer. overlies the sacrificial silicon _oxide’iéyer_,_and a é_ilicon nitride
layer overlies the polysilicon layef.' The nitride, first poly, and. sacrificial oxide
layers ére patterned to form a gate conductor opening Within the a'éﬁve area. The
~ semiconductor structuré wifh.in the gate conductor opéhing may be élean_ed and a
ga’ice oxide layer is then grown over tﬁe cleaned semiconductor structure and _thle'
e;cposed first poly (side wall). A sécdnd .polysilico.n' layer is d_epositgd.pv'et_' the
structure, filliﬁg_ the gate conductor opening. Thé second pbly layer is poli'_she_d to |
| remove the e*ceSs -df the .second. Il_:olyllaye'r from the nitride layer, forming a
polysi_licoﬁ‘gate conductor within the .gate Cohdﬁctor'bpening and ové; the ga.te_ .
oxide layer. Th_e poly gate conduct_br_has an exposed upper sﬁrface that 1s oxidized |
to form an hard mask oxide layef over the poly gate conductor. The nitride layer is
| etched ;md removed frém the '-fir.st poly layer. The first poly layer is etched and
removed from the seniiconciuctor structure exposing the side walls of the poly gate
coﬂductor. The hard maék oxide _i_ayér may be etched and removed from the poly

gate conductor to expose the upper surface of the poly gate conductor. The bottom




| édges of the poly gate are pfotected dufing this etching process by the oxidized first
poly side wall. The exposed upper surface and side walls of said poly gate

- conductor may then be oxidized.




BRIEF DESCRIPTION OF THE DRAWINGS

_Thé features and advantages of the method of .patternin'g. géte |
electr-odés having ultra-fhiﬁ gate oxides according to the présént invention will be
more clearly uhderstood from the following description taken in cénjunction witﬂ
the accompanying drawﬂjgs in which like. reference numefals désignafe_ si;nilar o.r

correspondhg elements, regions and portions and in which:

Figs. 1 through 10 schemétically illustrate in - cross-sectional

representation a preferred embodiment of the present invention.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Accordingly as shown in Fig;. 1, starting semicondrzctor structure 10

, inclu&es an ﬁpper silicon (Si) layer 12. The structure is understood to poseibly
mclude a semrconductor wafer, substrate or SiO substrate, actlve and passwe
devices formed within the Wafer The upper silicon layer 12 can be the top surface

region of a Si wafer

Active area 14 within sermconductor structure 10 may be defmed by-'

| shallow trench isolation (STI) reglons 16.

Sacrificial silicon oxide' (Si02) layer 18 is formed over silicon layer- 12
to a thickness of about 135 to 165 A, more preferably 145 to 155 A,_ and most

preferably about 150 A.

- First polysilicon layer_ZO is formed over sacrificial oxide layer 18toa
thickness of about 180 to 220 A, more preferably 190 to 210 A, and most preferably

about 200 A

" Silicon nitride (SisN;)_ layer 22 is formed over first polysiiicori layer-ZO |
to a thickness of about 2070 to 2530 A, more preferably 2200 to 2530 A, and most

preferably about 2300 A. -




As shown in Fig. 2, photoresist layer 24 is formed over nitride layer 22

" and patterned into pbrtions 22A,22B as a'reverse gate mask.

As shown in Fig. .3,"n.itride layer 22, poly layer 20, and sacrificial oxid_e

layer 18 are patterned, pr_eferably by an anisotropic _nitride/ poly etch selective to

the underlying sacrificial oxide layer 18, to form gate conductor opening 26 within

active area 14. Nitride layer 22, poly layer 20 and sacrificial oxide laye_r 18 are split

into portions 224, 22B; 20A, 20B; and 18A, 18B, respectively. A small portion of

‘sacrificial oxide layer 18 at 18C may remain within gate conductor o_pehing_ 26,.

' connecting sacrificial oxide layer portions 18A, 18B.

Since sacrificial okid_e layer 18 is relatively thick to gate oxide layer 28

to be formed, there is a sufficient margin of error for an over-etch of nitride layer 22,

| poly layer 20, and sacrificial oxide layer 18.

As shown in Fig. 4, photoresist layer portions 24A, 24B are stripped

- and removed.

Semlconductor structure 12 within gate conductor. openmg 26 is

cleaned to prepare its surface for growth of ultra-thin gate oxide 28. This cleamng '




‘will also remove any remaining ‘sacrificial oxide layer at 18C. The clean is

| preferably an isotropic HF clean.

Gate oxide layer 28 is then formed (e.g., growh or deposited) over
exposed semiconductor structure 12 wrthm gate conductor opemng 26 and between_ |
sacrlﬁcral ox1de layer portlons 18A 18B Gate oxide layer 28 is from about 10 to

30 A tthk more preferably from about 15 to 25 A thick, and most preferably about
20 A thick

Also, gate oxide layer 28 is formed on the expoSed'sidewalls of the,
poly layer 20 to form oxide s1dewalls (spacers) 42A, 428 on the exposed sidewalls of-

“poly layer 20 portion 20A, 20B.

- The preserlce of sacrificial oxide layer 18 serves not ortly as an etcft
B stop tor the etohirrg étep of nitride and poly layers 22, 20, respectively, to form gate |
con’ductor.'o'perl_ling_ 26, but also cushions the stress in the silicon layer 12 of
. semiconductor strueture 10 during gate oxide layer 28 forihatiori. This is._important
in ensuring consistent_ gate oxrde laYer 28 uniformity and quality, or .gate oxide

integrity (GOI), at the edge of the to be forrned poly gate electrode conductor 32.

F1rst poly layer 20 and portlons 20A, 20B also act asa buffer agamst

nitride sublimation lnto the s1hcon layer 12 causing formatlon of silicon oxy-mtnde

BU




(SiON) spots or ribbons, known as the Kooi effect, of semiconductor structure 10.
The Kooi effect (also known as the white-ribbon or black-belt effect) may cause
localized gate oxide layer 28 thmnmg near the edges of poly portions 20A, 20B
where SiON spots or. ribborus have formed. This causes gate oxide non-uniformity,

low-voltage breakdown and reliability_ preblems with the gate oxide.

| As shown in F1g 5, second polysrhcon layer 301is depos1ted over the
| structure, filling gate conductor openmg 26 over gate oxide layer 28. Second poly
layer 30 is deposited to a thickness from about 3150 to 3850 A, more-preferably from
~ about 3400 to 3600 A, and most preferably 3500 A above nitride layer portidns 22A_,

22B.

As shown in Fig, 6, seéon(l _poly layer 30 is then selectively polished

down, preferably by chemrcal-mechamcal polrshmg (CMP), to remove the excess

second poly layer 30 from nitride layer portlons 22A 22B forming gate electrode -

‘conductor 32. Gate electrode conductor 32 has an upper exposed surface 34. The

CMP of second poly layer 30 may be aecomplished with or without a reverse mask.
As shown in' Fig. 7, upIS'er su'rface"34 of gate electrode conductor 32is

| 're-ox1d1zed to form hard mask silicon oxide layer 36 over gate electrode conductor |

32. Hard mask oxide layer 36 is preferably from about 180 to 550 A thick, more

11




. preferably from about 250 to 450 A thick, and most preferably from about 300 to 350 -
A thi_ck '

As shown in Fig. 8, nitride layer portions 22A, 22B are selectiv_ely
etched and'removed, pt_efetab_ly by an isotropic phosphoric acid wet etch, exposing

first poly layer portions 20A,20B.

As shown in Fig. 9, a short polysilicon plasma etch is cartied out using "

_ oxide layer 36 over gate electrode conductor 32 as an oxide hard mask.

This serVes to .nOt Oniy etch and remove fitst poly' layer portions 20A
20B, but also to stralghten-up polysﬂlcon gate electrode conductor side walls’ 384,
38B proﬁle Oxide 51dewalls 424, 42B protect the lower portions of polysmcon gate
electrode s1de walls 384, 38B from the plasma etch thus reducing the danger of |

| polys1l_1con gate electrode edge / s_1de wall GOI (gate oxide mtegnty).

As shown in Fig. 1l0,_ “an etch, preferably a ehor_t HF (_hydrogen |
fluoride) wet etch, is used to remove hard mask oxide 15yer 36 and oﬁde sidewalls
-. 42A, 42B from gate electrode conductor 32 and secrificial oxide layer portions 18A,
18B 'frorrt silicon layer' 12 of semiconductor structure 10. This exposes upper surface |
o 34 of gate electrode con'dﬁctor 32. It is noted that the HF etch is of a shorter duraticn |

than normally would be used.

n




Re-oxidation of polysilicon gate electrode conductor 32 and silicon
layer 12 may then be conducted to form oxide layer 40 over gate electrode
conductor side walls 38A, 38B and upper surface 34 of gate electrode conductor 32

and over s111con layer 12, Ox1de layer 40 hasa thickness of about 30A

The method of the present mventlon acl'ueves the followmg, mter alia:
a) poly gate patterning is pos51ble even for ultra-tl'un (from about 3to 100 A '
thick) gate oxide layers; |
'b) the plasma damage experrenced by the gate oxrde layer is reduced by
using a second polysﬂrcon layer 30 CMP and a shorter polysrhcon etch of hard
mask oxrde layer 36 and sacrificial ox1de layer portrons 18A, 188
c) the risk of poly edge GOI failure due_to nitride sublimation (Kooi effect)
into the semiconductor structure is reduced; and o
.d) the polysilicon gate- eiectrode conductor profile is .improved by the
‘controlled poly plasma etch using the hard mask oxide layer over the pOIYStlicort |

-gate electrode conductor.
~ While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, exc.ept as defined

by the following claims.

13
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CLAIMS

We claim:

1. Amethod of patterning a gate electrode, comprising the steps of:

providing a semlconductor structure, with an upper. silicon layer, and

' havmg an active area; a sacrificial ox1de layer overlymg said semlconductor

structure; a first polysilicon layer o_verlymg said sacrlfl_c:lal silicon ox1d_e layer; and a

silicon nitride layer overlying said polysilicon layer;

patterning said nitride, first polysilicon, and sacriﬁcial oxide l'ayer's to forma
gate conductor opening within said active area and to expose Si_dewalls of said
polysilicon layer;

growing a gate oxide layer over the semiconductor structure within said gate

‘conductor opening and over the.exposed sidewalls of said first polysilicon layer;

depositing a s'e_i:on'd _polysilicon- layer over the 's'tructure,_'ﬁllm'g-said gate
conductor opening; | | |
| polishing said second polysllicon layer to remove the excess of sald second |
polysilicon layer from sald nitride layer, forming a polysilicon. gate conductor
within said gate conductor openmg and over said gate oxide layer, said polysrhcon .
gate conductor havrng an exposed upper surface,
ox1d1z1ng said exposed upper surface of said polysﬂrcon gate conductor to

form an hard mask oxide layer over - said polysxhcon gate conductor,
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etching and removing said nitride layer from said ﬁrst polysilicon layer;

etching and removing said first polysilicon layer from said semiconductor
structure; and | |

etching and removing said hard mask oxide layer and said gate oxide

sidewalls exposing the side walls of said polysilicon gate conductor.

2. . The method of claim 1, including the step of cleaning said senti-conductor

| substrate w1thm said gate conductor. (Opening after sa1d patternmg step and before' '

said gate ox1de layer growth step.
3. 'I'he method of claim 1, mcludmg the following steps
‘oxidizing said exposed upper surface and sidewalls of said polys111con gate |

conductor.

4. The method of claim 1, Wherein said second polysilicon layer pOHshing step_

is performed by chemical-mechanical polishing.

5. ’I'he method of claim 1, wherem said second polysrhcon layer pohshmg step.

is performed by chenucal-mechamcal polishing usmg a reverse mask.

15
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l6. The method of claim 1, wherein said sacrificial oxide layer is from about 135
t0 165 A thick; said first polysilicon layer is from about 180 to 220 A thick; and said
- silicon nitride layer is from about 2070 to 2530 A thick. .

7. - The method of clalm 1, wherem sa1d sacrificial oxide layer is from about 145
to 155 A thick; said f1rst polysﬂlcon layer is from about 190 t0210 A thlck and sald

silicon mtnde layer is from about 2200 to 2400 A thick.

8. ~ The method of claim 1, wherein said gate oxide layer is from about 10 to 30 A

9.  The method of claim 1, wherein said gate oxide layer is from about 15 to25 A
thick.

' 10. The method of claim 1, wheréin said second polysilicon layer is from about

3150 to 3850 A thick.

11, The_ method of claim 1, wherein said second polysﬂicon layer is from about

3400 to 3600 A thick.

12. | “The method of claim 1, wherein séid hard mask oxide layer is from about 180

to 550 A thick.

16
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13. . The method of claim 1, wherein said hard mask oxide layer is from about 250

. t0 450 A thick.

14. " The method of claim 1, wherein saici hard mask oxide lajer is from about 300

. t0350 A thick.

15. A method of patterning a gate electrode, comp:_'isihg the steps 6f:_

providing a semiconductor structure, with an upper silicon layer, and

~ having: an active area; a sacrificial oxide layer overlying said semiconductor

structure; a first polysilicon layer overlying said sacrificial silicon oxide layer;and a
silicon nitride layer overlying eaid édys_i_l_icor’t layer; | |

| patterning said nitride, first poly, and saaificial oxide layers to form a gate
conductor operiiﬁg within said active area; |

cleaning said semiconductor structure within said gate conductor openmg,

growing a gate oxide layer over the sermconductor structure within sa1d gate |
cbnductor opening and over the exposed side walls of said first polysilicon layer;

~ depositing a second polysilicon layer over the structure,. ﬁlling said gate

conductor opening;

pohshmg said second poly31hcon layer to remove the excess of said second

polysilicon layer from sa1d nitride layer, forming a polysﬂlcon gate conductor

Y
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within said gate conductor opening and over said gate oxide layer; said polysilicon -
gate conductor having an exposed upper surface;

oxrdrzmg sard exposed upper surface of said polysrhcon gate conductor to -

form an hard mask oxrde layer over sard polysrhcon gate conductor;

R etchrng and removmg said mtnde layer from said first polys111con layer,
etchrng and removmg sa1d ﬁrst polysxhcon layer from sard semrconductor
structure; and

etchmg and removing said gate oxide sidewalls, exposmg the side walls of

_ said polysﬂrcon gate conductor.

'16.  The method of claim 15, including the following steps:

etching and removing said hard mask oxide layer from said pol'ysilicon gate-

| conductor to expose said upper surface of said polysilicon gate conductor; and

ox1d1z1ng said exposed upper surface and side walls of said polysrhcon gate

'conductor

- 17. The method of claim 15, wherem said second polysrhcon layer pohshmg step

s performed by chemrcal-mechamcal polishing.

18. 'I'he method of clann 15, wherem said second polysilicon layer pohshmg step

is performed by chermcal—mechamcal polishing using a reverse mask.

18
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19. The method of claim 15, wherein said sacriﬁ_éial oxide layer is from about 135
10165 A thick; said first polysilicon layer is from about 180 to 220 A thick; and said

silicon nitride layer is from _abou't 2070 to 2530 A thick.
20. The inethod of claim 15, wherein said sacrificial oxide layer is from about 145
t0 155 A thick; said first polys1l1con layer is from about 190 t0 210 A thick; and said

s1hcon mtnde layer is from about 2200 to 2400 A thick.

. 21. - The method of claim 15, wherein said gate oxide layer is from ab_out'10' o

30 A thick.

22.  The method of claim 15, wherein said gate oxide layer is fr'o_m about 15 to

25 A thick.

- 23 - The method of claim 15, wherem sa1d second polysmcon layer is from about

3150 to 3850 A thick.

24, Thé_method of claim 15, wherein said second polysilicon layer ':is from about

3400 to 3600 A thick.

25. The method of claim 15, wh‘ereirt said hard mask oxide layei' is from about

180 to 550 A thick. -
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26.  The method of claim 15, wherein said hard mask oxide layer is from about -

- 250 to0 450 A thick.

27. - The mefhod of claim 15, wherein said hard mask oxide layer is from about

300 to 350 A thick.

28. A method of patterning a gate electrode, comprising the steps of;
~ providing a semiconductor structure, with an upper silicon layer, and

having: an active area; a sacrificial oxide layer overlying said semiconductor

 structure; a first pblysilicdﬁ .layer overlying said sacrificial silicon oxide layér; and a

silicon nitride layer overlj(ihg said polyéilicon layer;
patterning said nitride, first poly, and sacrificial oxide layers to form a gate
conductor opening within said_active-.éréa; | |

~ cleaning said semiconductor structure within said gate conductor opening;

growing a gate oxide layer over the s_emiédnductor structure within said gate o

conductor opening;

depositing a second polysilicon laYer over the structure, filling said gate

" conductor opening and over the exposed side walls of said first pblysilicbn layer;

' polis'hirig said second polysilicon layer to remove the excess of said second

.polysilicon layer from said nitride layer, forming a polysilicon gate conductor

20
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 within said gate conductor opening and over said gate oxide layer; said polysilicon

gate conductor having an exposed upper surface; |

oxidizing said exposed upper surface of said polysilicon gate conductor to

form an hard mask oxide layer over said polysilicon gate conductor; -

.etchir'l_g and removing said nitride layer from said first polysilicorr lajrer;

tc}ﬁng"and removing said first polysilicon layer from said. semiconductor

§ structure exposmg the upper side walls of said polysrhcon gate conductor,

etching and removmg said hard mask oxide layer and sa1d gate oxrde

_ sidewalls from said polysilicon gate conductor to expose said upper surface of said.

polysi_lieon 'gate conductor and the lower side walls Qf said p_olysilicdn_ gate.
conductor;'end
oxidizing said exposed upper surface and side walls of said polySilicon gate

conductor.

' 29  The method of claim 28, wherein said second polysilicon layer polishing step |

is performed by chemical-mechanical _polishing. |

30. The method of claim 28, Wherem said second polysrhcon layer pohshmg step

s performed by chemlcal-mechamcal polishing using a reverse mask.

31 The method of claim 28, wherein sald sacrificial oxide layer is from about 135 :

| _'to 165 A thick; said first polysrhcon layer is from about 180 to 220 A thick; said
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silicon nitride.layer is from about 2070 to 2530 A thick; said second polysﬂicon layer -
- is from about 3150 to 3850 A thick; and said gate oxide layer is from about 10 to
30A thlck |

32. The method of clann 28, wherem sa1d sacrificial oxide layer is from about 145
to 155 A tluck sa1d first polys111con layer is from about 190 to 210 A tluck sa1d
silicon nitride layer is from about 2200 to 2400 A thick; sald second polys111con layer

is from about 3400 to 3600 A thick; and said gate oxide layer is from about 15 to

25 A'thick.

33; The method of ciaiiﬁ 28, wherein said hard mask oxide layer is fro_in about

180 to 550 A thick.

34.  The method of claim 28, wherein said hard mask oxide layer is from about

25010450 A thick.

35. The method of claim 28, wherein said hard _mask oXi_de layer is from about

300 to 350 A thick.




