POST- Sl LI Cl DE SPACER REMOVAL BACKGROUND AND SUMVARY

[ 0001] The enbodi ments of the invention generally

relate to transistor manufacturing and nore

particularly to a nethod of renoving sidewall spacers

after silicide has been fornmed. [0002] A gate
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impurity into exposed regions of the substrate not protected by the gate conductor and the
spacers. Then, the method forms a silicide on surfaces of the exposed regions of the
substrate.

[0005] The method forms a conformal protective layer (e.g., an oxide or other similar
material) over the silicide, the spacers, and the gate conductor. Next, the method forms a

non-conformal sacrificial layer (e.g., nitride or other material that can be selectively removed

with respect to the protective layer) over the protective layer. Because it is non-conformal,
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the sacrificial |layer conprises relatively thinner
regions that are over the spacers (e.g., the
non- hori zontal surfaces) and rel atively thicker
regions that are over the substrate and the top of
the gate conductor (e.g., the horizontal surfaces).
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nodi fi cations. 2 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0008] The enbodi nents of the invention will be better
understood fromthe follow ng detailed description
with reference to the drawi ngs, in which: [0009] FIG
1 is a cross-sectional schematic diagramof a
partially conpleted transistor structure; [0010] FIG
2 is a cross-sectional schenmatic diagramof a
partially conpleted transistor structure; [0011] FIG
3 is a cross Hee r

partially con%?gﬁggﬁﬂ¥?§ﬁ3|stgfqg?FE%fﬁ?gﬂﬁand [0012]
FIG. 4 is a cross-sectional schematic diagramof a
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oni fdoed] BI0i. 355 a t@sHctitiul egRBRAE Hlayraghstaetidlfeompleted
enbodi ments of the invention. The exanpl es used herein

t“@ﬁ%@ﬁﬁﬂ%ﬁﬂ%@“%@rely to facilitate an understanding of
way o 8y @'@aa 5591% egéeagﬁmmeﬁlagé dfaBBim éf%%%?ﬁdll?'&oﬂiﬁbét&le

practice urther enabl e those of sk
hanmﬁoﬁsﬁuﬁuattlce the enbodlnents of the invention.

Tt ng t nePELBpE g TReRR AL OrdueRgts o =
i nvention. [0014] As discussed above the problen1MAth
silici

sinmply stripping the nitride spacer after
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to not unnecessarily obscure the embodunents of the invention. The examples used herein
are intended merely to facilitate an understanding of ways in which the embodiments of the
invention may be practiced and to further enable those of skill in the art to practice the
embodiments of the invention. Accordingly, the examples should not be construed as
limiting the scope of the embodiments of the invention.

[0014] As discussed above, the problem with simply stripping the nitride spacer after
silicide formation is that etchants suitable for nitride removal also erode silicide. Use of a
sacrificial nitride deposited preferentially on the silicide has been attempted but the beneficial

effect of protecting the silicide tends to be overwhelmed by the need to etch longer to remove

both the spacer and the additional nitride from the gate sidewall. The net result is the same or




3 nore silicide erosion than the case where no
sacrificial nitride is used. [0015] In view of the
foregoi ng, an enbodi ment of the invention provides a
method of formng an integrated circuit transistor
100 (Figures 1-5). The nethod forns a gate conductor
102 over gate insulator 109 on a substrate 108, forns
spacers 104 (e.g., nitride) on oxide insulators 110
moposiiddomedorothas theegscofharh ao gaatifciebrittisstivpsed02, and
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would be understood by one ordinarily skilled in the art, the transistor structure can be turned
on its side, upside-down, etc. without altering the relative positions of the structures

discussed herein and the positional terms used herein would change as the structures change
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on its side, upside-down, etc. wthout altering the
relative positions of the structures discussed herein
and the positional terns used herein woul d change as
the structures change 4 relative positions with
respect to one another. Therefore, one ordinarily
skilled in the art would understand the neani ng of
such relative positional terns, irrespective of the
relagict paditiomsridnestettdn oof atdikert Thmstose, one Wdﬂﬁariﬁké@winﬁ@ art
the viewer., [0018 he n nat.uy
WO%‘H&‘P%!?TF%E“Q he {“}fﬁ‘élfl!;? Behr 8%6 pos@ﬁg@é‘a éhlfws&?ﬁ‘r“{e e actual
ori@kA£idh 0@ (HRItREHSST Bh Rapédt & ih)é vem:h t he sacri f | ci aI
| ayer 116, as shown in Fig or exanp

par[l‘Up 18] Breawnrgnispgaldsiure smhs S%?élﬁ%‘hlab/?fdéé a&:lﬂwaﬂbhseﬁmnt
par{ia%]tctgﬁfét ph‘b&%@s t%ﬂﬁ?uﬂ lP %Echttﬂ@sacﬁﬁ&glt Ib)?: a|1Y6 LR ARG mrlqurg BS For

e SsacC ayer t are over th
exaﬁm@ ﬁr@aﬁﬁﬂ cahipg pwm‘ﬁl @il bye qoeh:wé @nb[rfdr a h@ltccétlmﬁlsméll that the

regi.ons th cri 116 th )
reag S Bat- ORI O et R 3Rt LT Rt VG shRr O thore
corﬁrﬂlbt@bﬂ’émbﬁﬂﬂ @ash@%&tlnray tiiekdr dgieted 28 Sf)ﬂliE\Mitﬂiﬁ)cml 14961916 that are
artial etching of the sacrjfijcial er 116 onl

ove&lﬁo@bgl%m %gotreloomd (wihilg ﬂkﬁ’rt@lc]éf‘dt“?&}‘énsl §é1i*ay ANInRS
smﬁ&%ﬁ) the spacers 104. Since the HDP nitride 116 is
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without affecting the silicide 112, as shown in Figure 4. The removing of the spacers 104
comprises a selective etching process that attacks spacer material 104 and does not attack
protective material 114. For example, the nitride spacers 104 can then be removed by nitride
etch. Using a nitride etch with good selectivity to oxide ensures that the spacer 104 can be

completely removed while retaining the protective oxide layer 114 on the silicide 112. Thus,
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conprises a selective etching process that attacks
spacer material 104 and does not attack protective
material 114. For exanple, the nitride spacers 104 can
then be renoved by nitride etch. Using a nitride etch
wi th good selectivity to oxide ensures that the spacer
104 can be conpletely renoved while retaining the
protective oxide |layer 114 on the silicide 112. Thus,
thisGintduition emabdsstcomplotratvioes of drplietde spasmol/id wighfout hey silicide 112
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recogni ze that the enbodi ments of the invention can be
practiced with nodification within




the spirit and scope of the appended clains. 6 CLAI NS
What is clained is: 1. A nethod of form ng an
integrated circuit transistor, said nethod conprising:
form ng a gate conductor over a substrate; form ng
spacers on sides of said gate conductor; inplanting an
inpurity into exposed regions of said substrate not
protected by said gate conductor and sai d spacers;
forning a silicide on surfadd¥Sf said exposed regions
Wi Sal (fubstrate formng a protective |ayer over
’§§F8 4P$9 8 de, said spacers, and said gate conductor;
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removing said spacers without affecting said silicide.
2. The method according to claim 1, wherein said removing of said portions of said
protective layer that cover said spacers comprises a selective etching process that attacks

protective material and does not attack sacrificial material.

3. The method according to claim [, wherein said removing of said spacers comprises a

selective etching process that attacks spacer material and does not attack protective material.

4, A method of forming an integrated circuit transistor, said method comprising;




formng a gate conductor over a substrate; form ng
nitride spacers on sides of said gate conductor;
i mplanting an inpurity into exposed regi ons of said
substrate not protected by said gate conductor and
said nitride spacers; formng a silicide on surfaces
of said exposed regions of said substrate; formng an
oxi de layer over said silicide, said nitride spacers,
andfosaing aggteconduiidiuercos sublsrted ng a non- conf or mal
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conprises a selective etching process that attacks
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that said nitride spacers are exposed and said silicide is not exposed; and

removing said nitride spacers without affecting said silicide.

5. The method according to claim 4, wherein said removing of said portions of said
oxide layer that cover said nitride spacers comprises a selective etching process that attacks

oxide and does not attack nitride.

6. The method according to claim 4, wherein said removing of said nitride spacers

comprises a selective etching process that attacks nitride and does not attack oxide.




