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A NOVEL METHOD OF FORMING SPACERS OF MULTIPLE WIDTHS
BACKGROUND OF THE INVENTION
(1)  Field of the Invention

' The invention generally- relates to an interconnection process used in
~ semiconductor manufacturing and, more particularly, to a method of forming different

- width sidewall spacers in the fabr_icatien of integrated circuits.
(2)  Description of Prior Art

In sub-quarter-mieron MOSFET architectures, it is necessary to .use ultra-shallow
lightly__doped source and dre.in extension (LDD) t'egions. Low energy ion implantation is
. typlcally used to form LDD reglons in the substrate adjacent to the gate structure.
- Spacers are then formed on the 51dewa]]s of the gate. The spacers protect the channel and

LDD regions from a subsequent htgher-dose unplantatmn used to form the MOSFET_
source and drain (S/D). |

Referring now to Fig. 1, showing in cross section the prior art of spacer
formation, a substrate 10 is provided. The substrate 10 may contain n or p type wells,
devices, junctions, and other features (not shown) formed prior to deposition and

patterning of the gate oxide 12 and silicon gate 14. The patterned gate oxide 12 and



]

silicon gate 14 form the gate structure of the MOS transistor. A low energy implantation

is performed to create the LDD regions 16. A spacer oxide layer 18 is then deposited

_' covering the surface of both the gate structure 12/14 and the exposed substrate 10.

. Referring now to Fig. 2 the spacer. oxide layer 18 is partially etched away. A
portion of the spacer oxxde layer 18 remains along the sidewalls of the oate structure

12/14 forming equal width spacers beSIde the gate. A subsequent implantation (not

_ shown) creating the more heavily doped source and dram (S/D) _reglons 20 is masked by

the sidewall spacers.

In order to mix transistors from different process technologies or with different operatin_g
voltages, it is desirable to have different LDD widths for PMOS and NMOS transistors.

The width of the LDD region is typieally controlled by the width of the gate sidewall |

- spacers. Other approaches for forming different spacer widths exist. U.S. Patent
-5,021354 to Pfiester teaches a method that takes advantage of variation in oxidation of

regions with different dopants to form spacers of differing widths. U.S. Patent 5,405,791 -

to Ahmad et al. teaches a method where equal width spacers are formed. The PMOS
device is then masked and an n+ source/dram (S/D) implantation is performed in the
NMOS device. The mask is removed and additional ox1de is deposited. The NMOS

device is then masked and the oxide etched to form the optimal spacer width on the

PMOS device. A pt+ implantation then forms the S/D regions in the PMOS device. The

spacers are then removed and the lightly doped source/drain (LDD) extensions are

implanted. Unfortunately, the Ahmad invention cannot be adapted to a self-aligned



silicide (salit:ide) metalization process since the completed device has a covering of

silicon nitride. Ih addition; it has the limitation of only facilitating different épace_.r widths -
between NMOS-and PMOS. ‘dgw)ices. U.S. Patent 5,691,238 to I;iu teaches a method -
similar to Ahmad except that the LDD extensions are implanted prior fo forming the - "
spacers. U.S. Patén't 5,846,876 to Sbﬂaeﬁn teaches a method that takes advantage of the |
8:1 fatio of oxide growth over n+ and p-‘- regions, ;'espectiveiy.-_ The 6xidé is grovl/r.lland'_.
then etched, leaving spéc&s only along the o+ doped 'Sidewalls._' U.S. Patent 5,786,247 to
Chang et al. teaches a method where spacers are formed in sepérate stéps over the NMOS
and PMOS regions ailowing individual adjustmexﬁ of the LDD iJroﬁles. U.s. Patent_.
5,691,238 fo Ahn teééhes a methbd where 'hitridé caps are fofmed ox}er seleéted devices.

The surface is covered with 6xide, which is then etched, allowing selective LDD

implantation.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide a process that allows the
formation of spacers with different widths. |
Another object of the present invention is to provide a method that reduces the

number of process steps required to form spacers of different widths.



Another_object of the present invention is to provide a method of forming
different width spacers allowing optimization of MOSFET device characteristics by

adjustment of the LDD region dopant profile.

Another object of the present invention is to provide a method of forming spaceré

where the width of the spaeers is easily controlled.

* Another object of the present invention is to provide a process of forming

different width spacers where the difference in size of the spacers is contre llable. |

A still further object of the present invention is to provide a method of forming
different spacer widths on MOS devices independent of the device type (PMOS er
NMOS).

A still further object of the present invention is a process of providing different
spacer widths on MOS devices which is compatible with self-aligned silicide (salicide)

metalization processing.

These objects are achieved using a process where the gate structure, comprisin;g a
gate dielectric covered by a gate electrode, is formed -b;r conventional.techniques upon a
substrate. An implantation is performed to form LDD regions in the substrate not
protected by the gate structure. The exposed substrate andlgate structure are then covered

with an insulating liner layer and an etch stop layer. A thin spacer oxide layer is then



deposited over the etch stop layer. Areas where .thicker spacers are desired are masked
and the unmasked spacer oxide 'layef 1s removed. The mask is then stripped away end |
additional spacer oxide layer is grown over the surface. The result is a thicker spacer -

oxide layer in areas protected by the mask durmg the previous etching. The spacer ox1de -_
Iayer is then amsotroplcally etched fonmng spacers along the gate s1dewalls The spacers
are wider in the areas mt_h the thicker oxide. | The process continues by etchmg away the
etch stop layef not protected by the spacers. Adjustment of the spacer width is

| accomplished by varymg the total thickness of the etch stop and specer oxide layers.
‘Adjustment of the dlﬂ’erence in spacer vndth is controlled by the thickness of the first
spacer ox1de deposition. The process is completed by unplantmg the substrate in areas

" not protected by the gate structure and sidewall spacers to form the source and drain

(S/D).

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:
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Figs. 1and 2 schematically'il_lustrating in cross-sectional representation of the

prior art of spacer formation.



Figs. 3 through 9 schematically illustrating in cross-sectional representation of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferrgd embodiment describes fonnatioﬁ of sidewall spaéers on gate
| structure sidewalls to be used to mask a subsequent source/drain (S/D) implanfation. |
' ‘While this embodiment describes spacers along the sideWé]ls of a gate électrode, it will -
be understood by those skilled in the art that 'thc_e invention can be extended to the |

formation of different width spacers on any structure on a semiconductor wafer.

Referring now more particularly to Fig. 3 where ﬁo partially formed gate
structures are represented; A sﬁbsfrate 30 1s provided w1th two partially formed MOS
transistors 46 and 48 separated by ﬁeld oﬁde 35. The substrate 30 may contain n or p
type wells, devices, junctions, and other features (not shown) formed prior to deposition -
and patterning of the gate dielectric 32, conductive gates 34 and 35, and field oxide 33.
The gate dielectric 32 may comprise one or more of a list containing silicon oxide, .
tantélmn pentoxide, or titanium oxide. The conductive gates 34 and 35 inay comprise one
or more of a list containing silicon, polysilicon or cond;lctive metal. The patterned gate
dielectric 32 énd conductive gates 34 and 35 form the gate structures 32/34 and 32/35 of |
transistor 46 and transistor 48, respectively. Separate implantations (not shown) form the

LDD regions 31 in the substrate 30 not protected by the gate structures 32/34 and 32/35.



An msulatmg liner layer 36 composed of silicon oxide is deposited or grown overlying
the gate structures 32/34 and 32/35 and the exposed surface of the substrate' 30toa
thickness of between about 50 to 200 Ahgstfoms. This is ac_hiefled by thermal oxidation,
lowe.pr_essuxje' chemical vapor deposition iLPCVD), or pressure enhanced cbemical vapor |
depositioo (PECVD). Anetch étop layer 38 comprised of silicon nitride, or silicon

- oxynitride is then dep'o.sit.ed overiying the insulating liner layer 36 by LPCVD or PECVD
to a thickness of between about 100 to 300 Angstroms. A first sp_acer oxide layeb 40'is |
dep051ted overlying the etch stop layer 38 by LPCVD or PECVD to a thickness of
between about 100 to 400 Angstroms Photoresist is coated overlymg the first spacer
oxide layer 40. A photomask., not shown, is pos1t1oned over the photoresist. The
photoresist is then exposed usmg actinic hght using I-line photohthography, for examble,
and then developed to leave a photoreeiet mask 42 overlying the transistor 48, as shown
in Fig. 3. | The first spacer oxide layer 40 is. then etehed away from the areas not.
.protected by the photoresist mask 42 using wet etching. This exposes the etch stop layer

38 over transistor 46 as depicted in Fig. 4.

Referring now to Fig. 5, a second spaeer oxide layer 44 is deposited overlying the
surface of both transistor 46 and transistor 48 by LPCVD or PECVD to a thickness of
between about 300 to 800 Angstroms. The second spacer oxide layer 44 is not

distinguishable from the first spacer ox1de layer 40 over transistor 48.



- Referring new to Fig. 6, the spac':er oxide layer 40/44 is anisotropically etched by
dry etching usmg C4Fy/Ar, C2F6/Ar or CsFy/Ar, for example, with etch selectivity greater
.than 10:1 between the spacer oxide layer 40/44 and the etch stop layer 38.

Endpoint detection is determined when oxide 40 over the gate structures 32/34 of
transistor 46 has been removed. Thxs is followed by an in-situ over-etch using the seme'
process to remove the additional oxide 40/44 overlt.he gate structures 32/35 of tr_ahsistor

48. This forms the spacers on the sidéwalls of transistor 46 and transistor 48.

Referrmg now to Fig. 7, the exposed etch stop layer is etched away using a.
~plasma etch process with a chemistry of SF+/HBr or CF./HBr, thereby completmg the -
spacer formation. Two different spacer widths (w and W) are shown along the sidewalls
of the gate structures 32/34 and 32/35 of transistor 46 and transistor 48: The typical

difference in widths between W and w (W - w) are between about 100 to 400 Angstroms.

Refenmg now to Fig. 8, separate ion impl_antations (net shown) are performed on
transistor 46 and transistor 48 to create the source/drain (S/D) contacts 50. As shown, the
spacer width determines the length of the LDD region 31, thereby facilitating adjustment
to the drain current characteristics of 2 MOS device. o

Unlike previous methods, the width of the spacers can be different for transistors |
“of the same type (PMOS, for example). This is illustrated in Fig. 9, for example. It will
be understood by those skilled in the art that typically when building PMOS and NMOS

transistors _(CMOS) one type of transistor is built on the substrate, while the other is built



onann or.p type well. In Fig. 9, PMOS transistors 46p.and 48p are built over an n-well
or n-substrate 54, while NMOS transistors 46n and 48n are built ovér a p-su‘bstrate or p- :
well 56. PMOS and NMOS fransistors 46p and 46m, .fespectively, afe-buﬂf with narrow |
spacers 44 while PMOS and NMOS transistors-.48p and 4_8n, respectively, are built with

wide spacers 40/44,

The inventfon derﬂonstrates a procedﬁre- for adjustixig spacer w1dths where only

one additional masking step, one .additional depositio# (etch stop layer),. and one

_ additional etch 'st.eps'are required. The frocess is Se]f.-aligning and allows for p;ecise
control of individual sidewall widths. The spacer width is controlled by the total. _
thickness of the etch stop and spacer oxide layers, and the difference in width (W minus
w) is controlled.by the thickness of the first spabe_r oxide layer. The transistofs fabricated
wﬁh diﬂ'erént spacer widths using the presenf invention may be NMOS, PMOS or CMOS

" (a combination -qf NMOS and PMOS). By et&u’ng away the insulating liner lgyer, the

. resulting deviée is compatible with the self-aligned silicide (salicide) process fdr

metalization.

While the invention has been particularly shown and described with reference to
the préferred embod_iments.thereoﬂ it will be understood by those skilled in the art that

various changes in form and details may be made withc;ut departing from the spirit and

scope of the invention.

What is claimed is:
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1. A method of fabricating in'tegratea circuit spacers comprisiﬁg:
providing a Senxicoﬁductor 'substrate;
providing a first and second device étmcture on said semiconductor substraie;
forming an. insula'ting' layer overlyir.xg'sa.id.ﬁrst and second device structures and
said substrate ot coyered by said first and second device sfructures;
depositing an etch stop layer 6ver1ying said insﬁlétirig layer;
' d_epositing.a first oxide layel_'_overlying said etch stop layer;

patterning and etching away said first oxide layer overlying said first device -

. structure; .

~ depositing a second oxide layer overlying said ﬁrst oxide laye_r and said first

device structure; |

anisotropically etching a portion of said first oxide layer and said second oxide
Iayer. to said etch Stoé layer thereby forming spacers .along the sidewaﬂs of said first and
second structures wherein said spacers on sidewalls of said second device structure 1_1ave.
a \mdth greater than tﬁe width of said si:acers oﬁ sidewalls of said ﬁrst.d'evice structure;
and

etching away said etch stop layer not covered by'saici spacers to said msulatmg
lay;er thereby completing fabrication of said integrated circuit spacers.
2. The method according to Claim 1 wherein said ﬁrst and second devit_:é structures are

MOSFET gates comprising a gate electrode layer overlying a gate oxide layer.

3. The method according to Claim 1 wherein said insulating layer is composed of silicon

dioxide deposited or grown by thermal oxidation, low-pressure chemical vapor
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deposmon (LPCVD), or pressure-enhanced chemical vapor deposmon (PECVD) to a

'thlckness of between about 50 to 200 Angstroms

4. The method according to Claim 1 wherein said etch stop layer is silicon nitride or
silicon oxynitride depdsited by LPCVD or PECVD to a thickness of between about 100 .

to 300 Angstroms.

5. The method according to Claim 1 wherein said first exid_e layer and said second 6xide

layer are composed of silicon dioxide.

6. The method according to Claim 1 wherein said first oxide layer is deposited by

LPCVD or PECVD to a thickneés of between about 100 to 400 Angstroms.

7. The method according to Claim 1 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstroms.

8. The method according to Clmm 1 wherein said etching of said first oxide layer and
said second oxide layer to said etch stop layer is performed by dry etching using one ofa
~ group containing C4Fg/Ar, C2F¢/Ar, or CsFs/Ar with etch selectivity greater than 10:1

between said first and second oxide layers and said etch stop layer.

9. The method according to Claim 1 wherein said etching away of said etch stop layer is

performed using a plasma etch process with a chemistry of SF4/HBr or CF./HBr.

11
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~ 10. A method of fabricating an integrated ciréuit device comprising:

- providing a semiconductor substrate;
providing a first é.nd second gate structure on said_semicbnductor substrate;
implantirig’ionﬁ into said subst_rafe not covered by said ﬁrst and second géte‘
structures to form source/drain extensfons; |
. fomﬁng an msulatlng layer bverlyiﬁg said first and second éate étructureé- and said
substrate nbt éovered by_said first aﬁd second gaie structures;
dgpositing an etch stop layer bﬁerlymg said insulating layer'; B
depositing a first oxide layer overlying said etch stop layer;
- patterning and etching away said ﬁrst oxide llayer overlying said first gaxé :
structure; | | ' | | .
depositing ﬁ second oxide layéf overlying said first oxide layer and said first gate
structure; | | | |
anisotropically et;hing 4 portion of said first oxide layei and said second o_xide.
layer to said etch stop layer thereby fdrming spé.cer's aloﬁg 't_hé sidewails of said first an_d.
second gate: structures wherein said spacers on sidewalls of said second gate structure
have a width greater than the width of said spacers on sidewalls of said first gate

structure;

etching away said etch stop layer not covered by said spacers to said insulating

*

layer; and
implanting the substrate in areas not protected by said first and second structures

and said spacers to form source and drain regions thereby completing fabrication of said

integrated circuit device.
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11. The method according to Claim 10 wherein said source/drain extensions have a depth

of between 800 to 1500 Angstrbms.

12 The method according to Claim 10 wherein said msulatmg layer is composed of
silicon dioxide deposited br:grdwn by thermal oXidation, low-pfessure chemical vapbr
deposition (LPCVD); or pressure_-enhanced chemical vapor depdsiti'on (PECVD) to a

thickness of between about 50 to .200'Angstroms.

13. The ‘method according to Claim 10 wherein said etch stop layer is silicon nitride, or
Sﬂicon oxynitride deposited by LPCVD.or PECVD to a thickness of between about 100 -

to 300 Angstroms.

 14. The method according to Claim 10 wherein said first oxide layer and said second

oxide layer are composed of silicon dioxide.

15. The method according to Claim 10 whgrein said first oxide layer is deposited by

LPCVD orPECVDto a thickness of between about 100 to 400 Angstroms.

16. The method according to Claim 10 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstroms.

17. The method according to Claim 10 wherein said etching of said first oxide layer and

said second oxide layer to said etch stop layer is performed by dry etching using one ofa
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group containing CsFs/Ar, CoFe/Ar, or CsFg/Ar with etch selectivity greater than 10:1

between said first and second oxide layers and said etch stop layer.

18. The method accbrding to Claim 10 wherein said etching away of said etch stop layer

s performed using a plasma etch process with a chemistry of SF+/HBr or CF4/HBr.

19. A method of fabﬁ¢ating PMOS and NMOS iritegrated circuit devices comprising:
E providing a _Semicdnductor substraté which may contain n orp do'ped wélls;

providing a PMOS and NMOS' gate Me on said _semiconductor substrate;

implanting ions ir_lto said éubstraie got covered by said PMOS and NMOS gate
structures to form source/drain extensions; | |

foﬁnin_g an msulatmg lé.yer overlying said PMQS and NMdS gat_e. st_ructu.fes and
said sﬁbStrate not covered by said PMOS and NMOS gate structures; | |
| - depqsiting an etch stop layer overlying said insulating layer;

depbsiting a first oxide layer overlying said etch stop layer;

pafterning and etc]ﬁng away lsaid ﬁrst oxide layer overlying said PMOS gate -
structure; |

depositing a second oxide layer overlying said first oxide layer and said etch stop
layer over said PMOS gate 'structuré; |

anisotropically et§hing a portion of said first o:éde layer and said second oxide
layer to said etch stop layer thereby forming spacers along the sidewalls of said PMOS

and NMOS structures wherein said spacers on sidewalls of said NMOS gate structure

have a width greater than the width of said spacers on sidewalls of said PMOS gate

structure;
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etching away said etch stop layer not covered by said spacers to said insulating

 layer;and

implanting the substrate in areas not protected by said first and second structures
and said spacers to form source and drain regions thereby completing fabrication of said

PMOS and NMOS integrated circuit devices.

* 20. The method according to Claim 19 wherein said source/drain extenéions have a déi:t_h

of between 800 to 1500 Angstrorris.‘ |

| 21. The method according to Claim 19 wherein said ih‘sulating layer is composed of
- silicon dioxide deposited or 'grc;wn by thermal oxidation, low-pressure chemical vapor

deposition (LPCVD), or pressure-erhanced chemical vapor deposition (PECVD) to

thickness of between about 50 to 200 Angstroms.-

22. The method according to Claim 19 wherein said etch stop layer is silicon nitride, or

silicon oxynitride deposited by LPCVD or PECVD to a thickness of between about 100

to 300 Angstroms.

23. The method according to Claim 19 wherein said first oxide layer and said second

oxide layer are composed of silicon dioxide.

24 The method according to Claim 19 wherein said first oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 100 to 400 Angstroms.
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25. The method according to Claim 19 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstronis.

26. The method ac_cording to Claim 19 wherein said etching of said first oxide léyer and
' said second oxide layer to said etch stop layer is performed by dry etching using one of a
group containing C.Fg/Ar, C;F¢/Ar, or CsFg/Ar with etch selectivity greétér than 10:1 |

betwéen said first and second oxide layers and said etch stop layer.

-27. The method according to Claim 19 wherein said etéhing away of said etch stop Iayér

is performed using a plasma etch process with a chemistry of SFy/HBr or CF/HBr.
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