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(}l (57) Abstract: A metal gate structure and method of forming the same introduces metal impurities (36) into a first metal layer (34),
) made of TiN, for example. The impurities (36) create a surface region (37) of greater etch selectivity that prevents overetching of the

TiN (34) during the etching of an overlying tungsten gate (38) during the formation of the metal gate structure. The prevention of
the overetching of the TIN (34) protects the gate oxide (32) from undesirable degradation. The provision of aluminium or tantalum
?834(;xe metal impurities (36) provides adequate etch stopping capability and does not undesirably affect the work function of the TiN



“made of TiN, for exanple. The inpurities (36) create a surface region (37)
of greater etch selectivity that prevents overetching of the TiN (3&§t0
during the etching of an overlying tungsten gate (38) during the fldk Wh
of the nmetal gate structure. The prevention of O the overetching of the TN
(34) protects the gate ox yodf fayofrstnace! HRAIMMBEHN ALY
~adequat e etch stopplng capablllty and does not undeS|rany affect the mork
functlonRDwW#%%a@$mwwg8 WpreviatiD rG2 loG# AL A3 For two-|etter codes and ot her
abbr evi atFeiges on ¢ é‘fd"?Fe"Ege’ wResrieg e bggitce Not es on Codes and
~ Abbr evi a® gt ¢¥%begi n- ning of each regul ar i'ssue of the PCT
Gazette. 2 0 APR 2004 Replacenent'Page 4 Decenber 2003 METAL GATE STACK
W TH ETCH STOP LAYER | MPROVED THROUGH | MPLANTATI ON OF METALLI C ATOMB 5
RELATED APPLI CATI'ONS The present invention contains subject matter simlar
to that disclosed in U S. Application No. 09/824,218, filed on April 3,
2001 (Attorney Docket No. 50432-112). FIELD OF THE | NVENTI ON The present
invention relates to the field of sem conductor processing, and nore
particularly to 10 the formation of netal gate el ectrodes. BACKGROUND OF
THE INVENTION In the integrated circuit (1C industry, netal-oxide
sem conductor (MOS) transistors have typically been forned utilizing
pol ysilicon gate el ectrodes. Polysilicon material has been preferred for
use as an MOS gate el ectrode due to its thermal resistive properties (i.e.,
polysilicon can better 15 wi thstand subsequent hi gh-tenperature
processing). Polysilicon's robustness during high-tenperature processing
allows polysilicon to be anneal ed at high tenperatures along with source.
and drain regions. Furthernore, polysilicon's ability to block the ion
i npl antation of doped atons into a channel region is advantageous. Due to
the ion inplantation bl ocking potential of polysilicon, polysilicon allows
for the easy.formation of self-aligned source and drain structures after
gate patterning is conpleted. 20 However, polysilicon gate electrodes have
~.certain disadvantages. For exanple, polysilicon gate electrodes are forned
- from sem conductor materials that suffer from higher resistivities than
-most  netal materials. Therefore, polysilicon gate el ectrodes nmay operate
at .much sl ower speeds thangates - T ‘ _




made of metallic materials. To partially conpensate for the high PR 2004
resi stance, polysilicon materials often require extensive and ext;euné'R/@
'silicide processing in order to increase their speed of op&eplacemett®age 25
acceptable levels. Metal gates are therefore being investigaDededber 2003
repl acenents for polysilicon gates. Metal gates are fabricated in a manner
that is simlar to the fabrication processes for polysilicon gates.
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barrier layer 14, nade exarrpl e, is formed 30
on the gate oxide |ayer 12. The layer 14 is primarily chosen for

appropriate workfunction properties which determ ne the threshold voltage
of the REBATERASPLIGATIONSre. The barrier layer also aids in the adhesion
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25 acceptable levels.

Metal gates are therefore being investigated as replacements for pelysilioon gates. Metal gates

are fabricated in a manner that is similar to the fabﬁcat{on processes for polysilicon gates. An

- exemplary layer structure is depicted in Figure 1A of a metal gate structure. Gate oxide layer12is first
deposited on a substrate 10. A barrier layer 14, made of titanium nitride (TiN), for example, is formed

30  on the gate oxide layér 12. The layer 14 is primarily chosen for appropriate workfunction properties
whtch determine the threshold voltage of the transistor structure. The barrier layer also aids in the
adhesion of the subsequently formed metal gate. The TiN can be deposited by conventional

methodologies, such as physical vapor deposition (PVD). Alternate materials such as TaN, TaSi Ny,
WN etc. may be used for this purpose ’



20 Figure 1C, when the tungsten is being cleared fromthe rest of #%pepp 700.
wafer, the TiNis conpletely etched on sone parts of the wafer (indicate
by reference numeral. 22 in Fi gure 1C) allowing the. etchant to attack the
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the Wetch chem stry etch chemstry 1 um num nay be
used aftack the gatecpxide ég. Thig occurs because TiN readily etches in the Cl, containing W etch

chemlstry This results in the gate oxide being exposed either to the F from the W chemlstry or being

subject to the Cl-based TiN cl;emlstry for the course of the TiN etch, both of which result i in damage to

© "5 . the gate oxide. The use of endpoint monitors such as optical emission from W specnes to -st0p the W

' etch from proceeding once the W film clears also does not reliably solve this problem, since the thin )
TiN film continues to etch quickly while the endpoint is being detected. Thus, even though a TiN etch

) selectlve to gate oxide may be employed when W endpomt is detected,the attack of TiN during the W

etch process itself makes this approach unreliable in prachce Slmply mcreasmg the TiN thickness
30 itself is not practical owing to increases in stress leading to possible delamination and/or an increase in
sheet resistance. The complete etching away of the TiN during the tungsten etch leads to degraded gate
oxide and decreased yield.
Replacing the TiN with different etch stop material may detrimentally affect the work function
of the TiN, and such etch stop material may not exhibit the adhesion properties that are desirable in the
35 TiN. However, there is a need for improved structure that allows the etching of tungsten with a
CL/SF¢/N, process that properly stops on the etch stop layer and protects the gate oxide across the
wafer, without detrimentally affecting the work function of the metal gate.
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such as HBr, O, or N, where the etch rate of these materials is much lower and also results in
increased selectivity to gate oxide materials. | .
25 The earlier stated needs are also met by another embodxment of the present invention, which

provides a metal gate structure comprising a gate oxide and a first metal layer on the gate oxide. The
-ﬁrst metal layer has a surface region with greater etch selectivity than a remaining region of the first
| . metal layer. A second metal layer is on the first metal layer.In certain embodiments of the jnvenﬁon,
the first metal layer comprises TiN, and thé second metal layer comprises tungsten. In certain
30 ) embodiments, the TiN has implanted metal in the surface region, this metal oompﬁsing tanta_lum in
some embodiments and aluminum in other embodiments. |
* The earlier stated needs are also met by further embodiments of the present invention, which
provide a metal gate structure comprising a TiN layer having a lower region and a surface region with_
metal impurities. The surface region has greater etch selectivity than the lower region. A tungsten gate
35 s provided on the TiN lziyer.



Figure 1B depicts a netal gate after an ideal etching process in agﬁoAr ﬂ%ie
with the prior art. Figure 1C.depicts the netal gate after an act 4adl PR-200
etching process, exhibiting areas of degraded gate-oxide, in accordance

with et waleneszethe prior art. 10 Figure 2 is a depi cti Op®fsedn3sse
cross-section of a portion of a netal gate structure during formation of
the netal gakhe forpgpingandrothenfeaturss;dspeetvbubiidvanigss ofithd preseptrieeatidn witl\bectnieon.
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accor d&£ABiEndiior with Hisegrampanygngdravings. pr esent i nvention. Figure 4 depicts the
structure of Figure 3 follow ng the deposition of the netal gate and anti

15 ref Ig@EFYESCREHIONOF THE PRAGVERICE W th enbodi nents of the present
invention. Eigure 5 depicts the structure of Figure 4 after etching has :
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of t heprAl FRYSESCRIPAROR DFRESHRENTISK -4 Z O APR 2004 WD 02/ 075791
PCT/ US02/ 03556 . ] )
N _ The present invention addresses and solves problems related to the formation of metal gate

structures, in particular, to those involved in the etching of a metal gat; causing‘ the possible
25 degradation of gate oxide across a wafer. These and other problems are solved, in part, by the present
' invention which 'increases the etch selectivity of the TiN ~currently used in metal gates. This is
-achieved, in embodiments of the invention, by implagtiﬁg a metallic species, suchas aluminum or
tantalum, into a surface region of the TiN. In etching the tungsten or other metal of a metal gate, the

TiN with a surface region of increased etch selecﬁﬁty stops the etching better than the TiN of the prior

30  art. This prevents etching through of the TiN and degrading of the gate oxide across the wafer. Since
implantation is employed to increase the etch selectivity of the TiN, a separate, additional etch stop
 layer is not required, so that the stack height is not appreciably altered. Someincrease of the TiN layer
from before may be required to compensate for the finite thickness of the implanted region, if electrical
constraints determine that a certain thickness of un-modified TiN is required to define the gate

35  structure. The improved TiN layer provides adequate etch stopping capability and the implanted

metallic species does not detrimentally affect the work function of the TiN. The implanted species must
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itself be etchable in chem stries other than that used for the Wetch. For

exanpl e, Al .can be etched in d based chem stries, and Ta can be clzepanpmg
either by a short F based breakthrough or a |longer C based step. Figure 2
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i mpl ant ener‘gl S ?#e gurTa ém?’%"ﬁf’él}?w éﬁ%ﬁﬁﬁ%@?@%?%%ﬁ&ﬂsthe
first niotpptettahecyndgdying gatobkide acrashiscaraniugin®ihe ehBinkof @ dveflying Hiefil ﬁet hat".
e

depjst edye t he surface region 37 extends only through a portion of
first melal | ayer 34. In such enbodi nents, a |ower region 35 of the fast.

" .netal | ayer Bdordezdatimprose lihe :ltbksbppiig)g@alﬁﬁtyt&iﬂng' mﬁqaj@{eaﬁ@%d Iﬁ@@&qh%gon
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speci es . num, tantal.um copper, a ol d. these materials,
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tantalum are @/e ry metallic species in the first netal
| ayer 34, otHaesd upan eaponpressure talslestrind athé0dssidbfatioR, GeinddtAlicExciRe3g R hout”

depgr t ;g the PN bf fhe first metal layer 34 may be one or more of a number of different materials.
Candidates for the metallic species include aluminum, tantalum, copper, and gold. Of these materials,
aluminum and tantalum are favored, since copper and gold have deleterious effects on transistors.
Aluminum forms a stable nonvolatile fluoride AIF; at typical cathode temperﬁtures (-50 °C) and can
adequately stop F-containing W etch chemistries. Tantalum chloride has a much lower vapor pressure
30 than TaFs and WF; and can a;ppreciably slow down the etch rate in Ch-rich SF¢/Cl,/N, tungsten etch
chemistries. Although aluminum and tantalum are described as exemplary metallic species in the first
metal layer 34, other materials or combinations of materials may be used without departing from the

scope of the present invention. '
In certain embodiments of the present invention, an ion implantation process is employed to
35 introduce the metallic species 38 into the surface region 37 of the first metal layer 34, An exemplary
i ion implantation process for aluminum or tantalum metallic species uses a beam current density of
-between about 20-40 E10 ions/cm? The ions are implanted, in certain exemplary embodiments, with
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scope of the present invention. In certain enbodi nents of the present

i nvention, an ion inplantation process is enployed to 35 introduc? t
metallic species 38 into the surface region 37 of the first netal Izg 2&%
An exenpl i.on i nplantation process for alumnumor tantalumnetallic
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f or med gy he ﬁﬁéﬁi 40,0The ARC | ayer 40 may- be between about 300 to
about le, X’g’gedAlgﬁl'Fﬁg&ggp al?g%sﬁ'z, whi ch maybe silicon nitride (SiN), for

exanpl e, naynbgellpstiveceoatingslrucht as3RGRN ARG, aré pAfiled.on Theseand metabhya@ S8 ve

ota) "o R s ita Rided B BRI UG 40 BIARC ey B RGP 07

" nmask, @bt HOPQA. Fhe eap eyestighehich map be eiticdnt mitridé (SiR), fohéxalmpie; maylbpbetivesh | n

pert or acept 206 BARRICEOMER, P LAERIC Pl B0 0 PRI Bl 2 Rt n
met al  Ipaestingd thesmptpleghtgstityreet ched with a  C12/ SF6/ N2 process, which
i1 cul 1 oeoAREL Bl an PR ALL  hER pSet G SRR B S o
| ag@r Sdichparediepiciod indigerm Sad rantivedén ¢ttieproessaivhich isspamisatsordBetchishesfome] €
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met al  [ClafelfeNg pracesss Which currently provides the best tungsten profiles. Such a process, however, has -
difficulties stopping on a conventional TiN layer, such as the first metal layer 34 prior to implantation

) of the metallic species 38. Undesirable complete etching of the TiN on some parts of the wafer ‘woul_d

25 leadto degraded gate oxides. The improved etch selectivity of the TiN ofthe first metal layer 34 in the

surface region 37, as provided by the present invention, however, prevents this unintended etching
 through to the gate oxide layer 32. Hence, the etching process proceeds until the surface region 37 of

the first metal layer 34 is reached. If aluminum is used as the implanted species, the etching effectively -
_stops due to formation of a stable, non-volatile AlFs-rich layer at typical cathode temperatures (50°C).

30 - Alternately, if tantalum is used as the implanted species while using a Cly-rich Cl,/SF¢/N, tungsten etch
chemistry, the etching slows down appreciably due to the much lower vapor pressure of TaCls as
compared to TaFs or WFs. This permits termination of the W etch before any attack of underlying TiN
occuis. The complete etching of the TiN of the first metal layer 34 and degradation of the gate oxide in
the gate oxide layer 32 is thereby prevented,

35 A different etch chemistry is now employed, as depicted in Figure 6, to remove the first metal
layer 34 over the gate oxide 32 in areas not under the second metal layer 38 of the metal gate. In other
words, the first metal layer 34 is etched across the wafer except within the metal gate structure. The
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surface region 37, as provided by the present invention, however, prevents
this unintended etching through to the gate oxide |ayer 32. Hence](tAP8 2004
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impurities, and a netal gate layer. The Ti' N Iayer with inproved etch

sel ectivity protects the gate oxide across the wafer during the etching of

the nmetal gate and serves to inprove the yield. At the sane tine, the

hei ght of the netal gate stack is unchanged and the work function of the

TiNis not deleteriously affected. 10 Al though the present innvention has

h.

begn described and illustrated in detail, it is to be clearly understood
that the sanme is-by way of illustration and exanple only and is not to be .
taken by way of I|imtation, the scope of the present i nvention being
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WHAT IS CLAIMED IS: 1. A method of formng a netal gate on a wafer,
conprising the steps Of. formng a gate oxide (32) on a substrate?(3eR 2004
forming a first metal layer (34) on the gate oxide: (32); increasing etch-

sel ect|V|t | east a surface region (37) of the firs __I ayer

(34); %wgﬂassecond metal l|layer on the first netal a@\%%@ and

etchi nmqlgmmgal | ayer (38) to forma netal gate the etchi’ ng

stopping on the surface region (37) of the first metal |ayer (34). 2. The

~method of claim1, wherein the first netal |ayer ( conprises TiN 10 3.
The method df cl eﬂﬁ‘?‘é wrfeﬁnéwvﬁ'él@#éwwafw@%%%ewéﬁ fsel ectivity

i ncluding i @&E{B@bhla(gu&ﬁ%l(gg (36) into the first netal |ayer

(34). 4. The net gqsOf clai'm ;)1 wherein the netallic species (36) inplanted

into the firfeuminga st metalayier (34hon the, @3¢ pR&B2 uni num or tantalum 5. The

net od of C|1§dré§h1ﬂge%ﬁ‘§€l&hﬂtﬁxh%tl§ﬁ@9§lﬂfa@&%§bn ﬁy&rthe(tﬁﬁ)memw&@% tungsten.
15 6. A netal gate structure, 81?3' (3%2 e oxide (32); a first netal
i1$Y&%

| ayer (34) 5%%%‘}&?“@“&?@&63’(@25‘“5{5%“ | ayer (34) having a
surface regieRfin (tﬁe@aadﬂdtxﬁbtﬂrl@%i e’) ﬁiﬁﬁn%%e%%bt@!'tﬁé@t&ﬂi@‘st%gﬁ@ﬂﬂtﬁé Rifabegi on
of the fi, rst rre? | ayer (34); and a second rnetal |ayer 8) on the first
netal regiarG7)nf eﬁI%‘GleF‘ﬂaY fetal gate structure of claim®6, wherein the

- first netal Iayer (34) conprises TiN:- with inplanted netal (36) in the

surface regixpn (mmeﬁxodIfEalﬁqt%eﬁﬁ&ﬁéﬁ&th&%l&&&&ﬁ)o&hﬁs@é'ﬁ&mer ein the
'second retal |ayer (38) corrprlses tungsten netal gate structure

rising a Ti N_|ayer haV|n a | owner i,on (.35 asurf _region
3%) Wit hgm§t al | % ﬁ“!qde clyigy, ‘%P?fémsth“r F‘&Eé’g 5 %‘sg)dlﬁ @v g
et ¢h sg_ln atdetﬂji@d})eﬁéﬁhmm%erﬁglmﬂgé)m and a tungsten gate (38) on

the Ti N layer (34) e netal gate structure of claim 14, wherein the.
MRl U e o ethod O ihinn 3, wherahn the metallic Spacies (36) Huplasted dito the first metal

Iayer (34) comprises aluminum or tantalum.
5.  The method of claim 4, wherein the second metal layer (38) comprises tungsten.

15 6. A metal gate structure, comprising;
a gate oxide (32); _ .
a first metal layer (34) on the gate oxide (32); the first metal layer (34) having a surface region
(37) with greater etch selectivity than a remaining region of the first metal layer (34), and
a second metal layer (38) on the first metal layer (34).

20 7. The metal gate structure of claim 6, wherein the first metal layer (34) comprises TiN
with implanted metal (36) in the surface region (37).

8. The metal gate structure of claim 7, wherein the second metal layer (38) comprises
tungsten.
‘ 9, A metal gate structure comprising;
25 a TiN layer (34) having a lower region (35) and a surface region (37) with metal impurities

(36), the surface region (37) having greater etch selectivity than the lower region (35); and
a tungsten gate (38) on the TiN layer (34).

10. The metal gate structure of claim 14, wherein the metal impurities (36) comprise

aluminurﬁ or tantalum.
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