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CLAIMS

1. A method for etching features in an etch layer, comprising:
a) providing a conditioning for a patterned pseudo-hardmask of amorphous
carbon or polysilicon disposed over the etch layer, wherein the conditioning comprises:

providing a fluorine free deposition gas comprising a hydrocarbon gas;

b) then etching the etch layer through the patterned pseudo-hardmask; and

then removing the pseudo-hardmask layer alter etching the etch laver.

2. The method, as recited in claim 1, further comprising repeating steps a and b at
least twice and wherein the deposition has a top thickness, which is a thickness of the
deposition on top of the patterned pseudo-hardmask and a sidewall thickness, which is
the maximum thickness on sidewalls of the patterned pseudo-hardmask, wherein the top

thickness is at least twice the sidewall thickness.

3, The method, as recited in claim 2, wherein the pseudo-hardmask is polysilicon

and wherein the fluorine {ree deposition gas further comprises oxygen.

4, The method, as recited in claim 2. wherein the etching the etch layer forms a
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plurality of lines in the etch laver, wherein the lines have widths of no more than 20 nm

and thicknesses of at least 100 nm.

5, The method. as recited in claim 2. further comprising: forming an amorphous

carbon laver over the etch layer: forming an antireflective laver over the pseudo-

hardmask laver: forming a patterned photoresist laver over the antireflective laver: and

transferring a pattern of the patterned photoresist layer to the pseudo-hardmask layer.

36. The method, as recited in claim 2, wherein the pseudo-hardmask is amorphous

carbon and wherein the fluorine free deposition gas further comprises nitrogen.

58. The method, as recited in claim-4_7, wherein the hydrocarbon gas comprises
C2H4 or CH4.
69, The method, as recited in claim-5 8, wherein the etch layer is a silicon oxide

based material.

#10.  The method, as recited in claim-6_9, wherein the etch layer further comprises

nitrogen and hydrogen.
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forming an amorphous carbon layer over the etch layer;
forming an antireflective layer over the pseudo-hardmask layer;
forming a patterned photoresist layer over the antireflective layer; and

transferring a pattern of the patterned photoresist layer to the pseudo-hardmask

layer.

fluorine free deposition gas comprises providing an RF signal of at least 60 MHz and a

pressure of less than 5 mTorr.

fluorine free deposition gas comprises providing an RF signal of less than 20 MHz and a

pressure of greater than 100 mTorr.

13— the-methods-as-rectted-in-elaim-2o-wherein-the-psevdo-hardmask-is-polysilicon

and-wherein-the-fluosine free-deposition-gas-further comprises-oxygen:

Page 18



10

15

20

+HrPhe-method:-as-reetted-in-elaim-2-wherein-the-etehing-the-etch-layer-forms-a
plurality-ef-lines-in-the-eteh-layerwherein-the-lnes-have-widths-of no-more-than 20-nm

and-thiclnesses-ot-at-least-H0G-nrm-

15 v bhe-methodyas-reeited-in-elaim-2;- forther-comprising:

orming-an-amorphous-carbon-layer over the-etch-laver:

—forming-an-antiretlective-layer-over-the-pseudo-hardmask-layer;

—forming-a-patterned-photoresist-tayer over the-antireflective-tayversand

- tFansterrng -a-patiern

raed-photoresist-layer-to-the-pseudo-hardmask

fayer:

e
e
]
et

b) then forming an antireflective layer over the amorphous carbon layer;

¢) then forming a patterned photoresist layer over the antireflective layer;

wherein the conditioning comprises:
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providing a fluorine free deposition gas comprising nitrogen and a
hydrocarbon gas comprising C;Hy4 or CHy;

forming a plasma from the fluorine free deposition gas; and

forming a deposition on top of the patterned amorphous carbon mask
wherein the deposition has a top thickness, which is a thickness of the deposition on top
of the patterned amorphous carbon mask and a sidewall thickness, which is the
maximum thickness on sidewalls of the patterned amorphous carbon mask, wherein the
top thickness is at least twice the sidewall thickness; and
wherein steps e and f are cyclically repeated a plurality of times;

g) then removing the patterned amorphous carbon mask.

further comprises providing a bias less than 500 volts.

1o An-apparatus-for-etching-teatures-in-an-eteh-layer,-said-apparatus-comprising:
Bl ASTRE-PrOCESSIRE-chamber; comprising:

- Ghgbe - wallk-forming a-plasma-processing-chamber-enclosure:
g chitick—for-supporting—and-chueking -a—substrate —within -the -plasma
proeessing-ehamber-enclosure;

g pYESSUTE-FOgttlator-for repulating-the-pressure-in-the-plasma-processing

chamber-enelosure;
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shausting-gas-from-the—plasma-processing-chamber

~gr-gas-outlet-tor

enelosure:

g

-------- ~gas-souree-tn-Huid-eonnection-with-the-gas-inlet-comprising:

-g-Htuerine-free-¢

epeosition-gas-soutees-and

kR R T
LA N e e AW 8 & .

~~~~~~~~~~~~~~~~~ -a-gontroter-controllably-connected-to-the-pas-source-the-ehuek-and the-at-Jeast

one-electrode-or coth-comprising:

-at-least-one-processor-and

eadabl OBIPELSIA

-non-fFanstent-comput

oreviding -a—conditioning —or—a

-computer—teadable—ecode—

patterned-pseudo-hardmask-of amorphous-carbon-or-pelysilicon-disposed-over-the-eteh

layer;, wherein-the-sonditioning compris
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-computer-readable-code-for-providing-a-bias-less-than-500

yvettgr-and
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or-forming-a-deposition-on-top-of

e GOPRPREE-FORdable-eo6
the-patterned-pseudo-hardmask-wherein-the-deposition-has-a-tep-thickness ~whieh-is a

thielkness-of-the-depesiton-on—top-ot-the-patierned-pseudo-hardmask-and-a-sidewall

-the-rraximum-thicknessen-sidewalls —of-the -patterned -pseudo-

thiekness—whieh—i
hardrasle-wherein-the-top-thickness-is-at-least-twiee-the-sidewall-thickness:
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patterned-pseudeo-hardmasle-and

~gomputer-readable-code-for-eyelically-repeating-the-conditioning

and-ctehing-at-least-bwiee:
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