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Yhat is claimed is:

1. A method for forming a pattemed structure, the method comprising the steps of.

infroducing a vapor of an iodine-containing eiching compound into a reaction
chamber containing a substrate having a silicon-containing film disposed therecn and 8
patterned mask layer disposed on the silicon-containing layer, wherain the ioding-
containing etching compound has the formula CoHE L, wherein 4 sn <10, 0sx<21, 0=
ys2t and1gzs54

activating a plasma to produce an activated icdine-containing stching compound;
and

allowing an etching reaction to proceed between the activated iodine-containing
etching compound and the silicon-containing film to seleclively etch the silicon-containing

film from the patierned mask layer, thereby forming the pattemed structure.

2. The method of claim 1, further comprising the step of infroducing an oxidizer into the
reaction chamber, wherein the oxidizer is selected from Oy, Os, CO, CC2, NO, NzO, NO3,
H20, HxCo  COS, SO; and combinations theraof.

3 The method of claim 1, further comprising the step of introducing an inert gas into
the reaction chamber, wherein the inert gas is selected from the group consisting of He, Ar,
Xe, Kr, Ne and Na.

4, The method of claim 1, wherein the {odine-containing etching compound is CaFol or
its isomers.
) The method of claim 1, wherein the silicon-containing film comprises a layer of

silicon oxide (SI0), silicon nitride (SIN), crystalline S, poly-silicon (p-Si), polycrystalline
silicon, amorphous silicon, low-k SICOH, SIOCN, SIC, SION and SiaOeHCalNe, where a>0;
b, c, dand e 2 0, alternating SIC and SiN (ONON) layers, aiternating SO and p-5i {(OPCP)
layers.

6. The method of any claims from 1 {o §, wherein the silicon-containing film optionally
corttains dopants such as B, C, P, As, Ga, In, Sn, 8b, Bi and/or Ge, and combinations
theraof,

7. The method of any claims from 1 {o §, wherein an etch rate of eiching the silicon
oxide layer using the ioding-containing etching compound is higher than an efch rate of
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etching the silicon oxide layer using as an alternative etching gases ¢CaFs, CsFs CFy CHaF,
CFaH, CHuF2, and combinations thereof.

8 The method of any claims from 1 to §, wherein the icdine-containing etching
compound plasma etches the altemnating SIO and SiN (ONON) layers having & seleciivity
between approximately 1:2 {o approximately 2:1 with respect to the Si0 layer versus SIN
layer.

8. The method of any claims from 1 {0 5, wherein the iocdine-containing etching
compound plasma siches the altemating SIO and SiN (ONON]) layers having a selectivity of
approximately 1.1 with respect to the SiO layer versus SiN layer.

10. The method of any claims from 1 10 §, wherein the iodine-containing etching
compound plasma etches the alternating SIO and p-3i (OPOFR) layers having a selectivity
between approximately 1.2 {o approximately 2.1 with respect {0 the SiO layer versus p-Si
layer.

11, The method of any claims from 1 {0 5, wherein the icdine-containing etching
compound plasma siches the alternating SIO and p-Si (OPOP) layers having a selectivity of
approximately 1:1 with respect to the SIO layer versus p-Si layer.

12.  The method of any claims from 1 to 5, wherein the patterned mask layeris an
amorphous carbon layer, a doped amorphous carbon layer, a photoresist layer, an anti-
reflective layer, an organic planarization layer, and combinations thereof.

13.  The method of claim 1, whersin the activated iodine-containing etching compound
selectively etches the silicon-containing film from a landing layer located at the bottom of

the silicon-containing film to be eiched.

14, The method of either claim 1 or claim 13, wherein the landing layer is a metal layer
selected from W, Cu, Al, Ru, Pt Ti, Ta, Ni, Co, Mo, Mn, Nb, Cr, Rh, Pd, iIr, ¥V, Au, Ag or
combinations thereof.

18, The method of either claim 1 or claim 13, wherein the landing layer is a metal oxide
layer or a metal nitride layer selected from AIO, WO, HIG, TiO, TaQ, InQ, WO, CrQ,
Ru(,Co0, MoQ, ZrO, SnO, TiN, TaN, HIN, AIN, WN, MoN, NiN, NbN, CrN,RuN,CoN, ZrN,
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SrN or combinations thereof.

16, The method of any claims from 1 {0 5, wherein the patterned structure formed in the
silicon-containing film has an aspect raiio between approximately 1:1 and approximately
200:1.

17. A method of reinforcing andfor strengthening andfor minimizing damage of a
patterned mask layer while forming a patterned siructure in a subsirate, the method
comprising:

introducing a vapor of an iodine-containing stching compound inte a reaction
chamber containing a substrate having a silicon-containing film disposed thereon and the
patterned mask layer disposed on the silicon-containing fayer, wherein the iodine-
containing etching compound has the formula GaHiF b, whersin 4 <sn <10, 0sx 21,0 <
ys2t, and12zs54; and

etching the silicon-containing film from the patierned mask layer to form the
patterned structure using an activated iodine-containing etching compound formed by
activating a plasma,

wherein the activated indine-containing eiching compound produces joding ions,
which are implanied into the paiterned hardmask layer, thergby strengthening the patterned
masl jayer.

18. The method of claim 17, whersin the iodine-containing efching compound is CsFdl or
its isomers.

19, A method of increasing eich resistance of a patterned mask layer in a process of
forming a pattemed structure in a substrate, the method comprising:

introducing a vapor of an iodine-containing etching compound into g reaction
chamber containing & substrate having a silicon-containing film disposed thereon and the
pattermned mask [ayer disposed on the silicon-containing layer, wherein the iodine-
corttaining efching compound has the formula CoHxF bz, wherein4 sns10, 0sx 521, 0=
ys2t, andiszs 4

activating a plasma to produce an activated iodine-containing etching compound
capable of doping ioding into the patierned mask layer; and

implanting iodine ions from the aclivated ioding-containing etching compound into
the patterned mask layer while atching the silicon-containing film from the pattermned mask
layer to form the patterned structure,
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thereby modifying the patierned mask layer with iodine 1o increase the stch
resistance of the patterned mask layer,

20, The method of claim 18, whersin the iodine-containing etching compound is CaFgl or
its isomers.
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