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refractory metal polycide process significantly lowers gate interconnect resistance. In
" minimum geometry features, tungsten silicide is the material of choice for its low sheet

resistances and thermal stability.

[3] The current existing tungsten silicide etching process has a severe etch rate micro-
loading problem. Tungsten silicide in an isolated feature area is etched at a higher rate than
in the dense feature area. Due to the severe degree of micro-loading, longer over-etch
operations are required at the expense of increasing the risk of gate oxide punch through,

which reduces device yield.
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an RF power supply disposed above the plasma processing chamber and a bias power supply

coupled to a substrate support, wherein the patterned substrate is disposed on the substrate
support, the substrate having a metal silicide layer formed thereon and a patterned mask
defined over the metal silicide layer. The method further includes supplying an etching gas
mixture of a NF; gas, a Cl, gas, an N gas, and an O, gas to the plasma processing chamber,

wherein the ratio of the N, gas to the NF; gas is between about 5 to about 15.

[9] In addition, the method includes generating a plasma in the plasma processing
chamber using the supplied etching gas mixture to etch the metal silicide layer in regions not

covered by the patterned mask, the patterned mask defining dense regions and isolated
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[19] Figure 5A shows etched gate stack in the dense feature area.
[20] Figure 5B shows etched gate stack in the isolated feature area.

[21] Figure 6 shows an exemplary plasma etching system to etch tungsten silicide.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[22] Several exemplary embodiments for an improved tungsten silicide etching process
will now be described. It will be apparent to those skilled in the art that the present invention

may be practiced without some or all of the specific details set forth herein.



will now be described. It will be apparent to those
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area Ag between the features relatively is less accessible to the etching chemistry as the area

A; near the isolated feature. Therefore, the etching rate in the dense area is relatively lower
than the etching rate in the isolated area. The difference in etching rates in these two areas
results in micro-loading. As described above for some tungsten silicide etching processes,
the etch rate micro-loading can be as high as 40%. Due to the severe degree of micro-
loading, longer over-etch operations are required to ensure that tungsten silicide between

features in the dense area is cleared everywhere across the substrate (or wafer). Longer over-
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between about 7 to about 9. Inert gas flow is between 0 sccm (standard cubic centimeter per
minute) to about 200 sccm. The total gas mixture flow is between about 150 sccm to about
1000 sccm, and preferably between about 300 sccm to about 600 sccm. Wafer temperature is
between about 20°C to about 75°C, preferably between about 25°C to about 60°C. The

process pressure is between about 3 mTorr to about 15 mTorr. The power is between 200
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[31] Figures 5A and 5B show side-by-side scanning electron microscope (SEM) photos of

cross-sectional samples of dense features (Figure SA) and isolated feature (Figure 5B) taken
from an etched wafer. The tungsten silicide etched thickness in the dense feature area

(Figure 5A) is about 134 nm. The tungsten silicide etched thickness in the isolated feature
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No. 6,776,851. hi addition to tungsten suicide, the
above described chem stry can al so be used to etch
ot her netal suicides, such as TiSi2, MSi2, or TaSi 2.
hi one enbodi ment, the W5i x |ayer is
non- st oi chi onetric and



can contain other netals or alloys. [37] Al though the
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practiced within the scope of the appended cl ai ns.
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the invention is not to be limted to the details
i.ven herein, but may be nodified within the scope and
ggﬂﬁlﬁvalents of the appended clains.What is clained is:
Claims 1. A nethod for etching a |ayer fornmed on a
substrate, conprising: providing a substrate into a
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cob@ainiveeghs Petuten AbSuttotoddbout 13rediidee efcBlrht® mitro-loading effect on the

fluori ne-containing gas to oxygen-containing gas is
Pajjgip Stifout 1 to about 10. 4. The nethod of claim1,

wherein the total etching gas mxture flow is between

about
3. The method of claim 1, wherein the ratio of fluorine-containing gas to chlorine-

containing gas is between about 0.3 to about 3, the ratio of fluorine-containing gas to

oxygen-containing gas is between about 1 to about 10.

4. The method of claim 1, wherein the total etching gas mixture flow is between about
150 sccm to about 1000 sccm, the wafer temperature is between about 20°C to about 75°C,

the plasma processing chamber pressure is between about 3 mTorr to about 15 mTorr.

5. The method of claim 1, wherein a RF power is between about 200 watts to about

1000 watts is provided to the plasma processing chamber, and a bias voltage between about



150 seemto about 1000 seem the wafer tenperature is
bet ween about 200C to about 750C, the plasna
wonreasei4mg chanber pressure i s between about BCWDS2006/021214
to about 15 mTorr. 5. The nethod of claim1l1l, wherein a
RF power is between about 208 watts to about 1000
; L
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to influence the plasma. 6. The nethod of claim1l,
wherein the netal suicide is tungsten suicide. 7. The
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conprises an inert gas, wherein the inert gas is
selected fromthe group consisting of He, Ar, Ne, Kr
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fluorine-cont ai ni ng gas is selected fromthe grou
whaeis ithetingrtgasfis sqfected §om theogpup cogpisigpof B, ATiNe, %é@wg&e-of
claim1, wherein the chlorine containing gas is
sel ected fromthe group consisting of 2 and HC . 10.
8.The Thetihetbodbf clatm rh, Ivhewhethei finorihe commdiniog ghs tiheclected from the
nitrogen-c idin as to the fluorine-containing gas
B (BT ME ARG D X680t 9. 11 The nethod of ol arm
1, wherein the reduced etch rate mcro-loading is
bet ween about 0% tqo about 20% _ 12. The pethod of claim
91, wherest 041 RE clewry J e Bgersiocthe chlogingicentainng 45 Ay sglected from the
o868 VRSB ARML, AH@. about 10% 13. A method for
etching a layer forned on a substrate, conprising:
providing a substrate into a plasna processi hg chanber
1M t hl“h%nmaﬁocp QP tai UPD\L, erfg%.st eo§a%1% &bﬁ’l}é %nrr%nj%ﬁﬁlgﬁl as to the
processi ng chamber dnd a bias power supp coup ed §%
fleorswositriaing gaslis petwieen atdoer Eiorabddtd. pat t er ned substrate
is disposed on the substrate support, the substrate
having a netal suicide |ayer fornmed thereon and a
1 pat tEiehedhdiBTlade ]| Wedeid iR reddeed & ke BidiClod@ng &YRfween about
osuppl yi n(%@an etching gas mxture of a NF3 gas, a d2
0%422bo4h 2@ gas, and an O2 gas to the plasma processing
chanber, wherein the ratio of the N2 gas to the NF3
gas i s between about 5 to about 15; andgenerating a
131 ashhe niathadid clgina d mahgseio dhesedused etblaratramicrmsliopdjng fséetween about
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13. A method for etching a layer formed on a substrate, comprising:

providing a substrate into a plasma processing chamber with an RF power supply
disposed above the plasma processing chamber and a bias power supply coupled to a
substrate support, wherein the patterned substrate is disposed on the substrate support, the
substrate having a metal silicide layer formed thereon and a patterned mask defined over the
metal silicide layer;

supplying an etching gas mixture of a NF; gas, a Cl, gas, an N, gas, and an O, gas to
the plasma processing chamber, wherein the ratio of the N; gas to the NF3 gas is between

about 5 to about 15; and
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bet ween about 100 volts to about 300 volts to generate

and to influence the plasma. 18. The nethod of claim

1613, Thbaifetton of bigini €3] waRekirethe fotdl @tcRin '_lgﬁé’ Midt@8HoRs bStween about
?et ween about 0%to about 10% 19. The nethod of cl ai m
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substrate on the substrate support an
voltage is a DC bias. 20. The nethod of claim 13,

17Wheral Bkl oFWhst 3t is an_el c%.r ostatic

chugﬁ ) \ﬁ}n chis co%t g’%%#@ﬁﬁ{))i}l:é) Ohwglé?ué)PE’p \S/Pé)rsecgfpé’ﬁ? yhe plasma
processing chamber supplies power between about 200 watts to about 1000 watts is provided
to the plasma processing chamber, and the bias power supply coupled to the substrate support
supplies a bias voltage between about 100 volts to about 300 volts to generate and to

influence the plasma.

18. The method of claim 13, wherein the reduced etch rate micro-loading is between

about 0% to about 10%.

19. The method of claim 13, wherein the bias power supply is an RF power supply that
creates the bias voltage on the patterned substrate on the substrate support and the bias

voltage is a DC bias.

20.  The method of claim 13, wherein the substrate support is an electrostatic chuck,

which is controlled by a heater power supply.



