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Unsaturated Fluorocarbons Tested

octafluoro-2-butene (C,F,, CF,-CF=CF-CF,) (OF2B)
hexafluoropropene (C,F;, CF,=CF-CF,)
octafluorocyclopentene (c-C:Fg)

hexafluorobenzene (C;F,)

hexafluorocyclobutene (c-C,F)

hexafluoro-1,3-butadiene (C,F;, CF,=CF-CF=CF,)
(HF13B)

hexafluoro-2-butyne (C,F;, CF;-C° C-CF;) (HF2B)
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Best Emissions Reduction for Each UFC
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C,Fs I1somers

F l|: \c=c/
F—(IZ—C:C C F E (l: (l: E
F l L]
Hexafluoro-2-butyne Hexafluorocyclobutene
Boiling Point: -25 C i Boiling Pt: 1 C
TSCA listed N F Not TSCA listed
cC——cC C——C
F/ ||: \F
Hexafluoro-1,3-butadiene
Thisisthe AMAT Sifren46 isomer
Boiling Point: 7 C
TSCA listed
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Experimental

» All processes run on inductively coupled high density

plasma etch chamber on patterned wafers with via test
structures.

 Viaetch process performance assessed by cross sectional
scanning electron microscopy (SEM).

e Emissions measured using Fourier transform infrared (FTIR)
spectrometer with 10 cm cell.

— Effluents monitored: CF,, CHF;, C,F,, C;Fg, C,F,, SF,, HF, CO,
CO,, COF,, and the etch gas used.
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Experimental (cont.)

e Maetric for reporting Global Warming Emissions:
o ., 12,
kgCE = aI Q Y GWH o

where i indexes each gas, Q; isthe quantity in kg of each
gas, and GWP,,, Isthe global warming potential of each

gas.

 Process of comparison isatypical C;F4 based process:
Emissions=0.316 kgCE ; ViaDepth=0.8411 nm
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Process Results; HF13B

Process Conditions:

1000 W Bias Power
2160 W Source Power
27 sccm HF13B Flow

75 sccm Ar Flow

6 mTorr Pressure

160 C Roof Temperature
120 s Etch Time

Recent accomplishment:
No need for O, in process. This

1.000pm

£ 0.404umi

ioebky BB B n L l) leads to a greater process control
L ow roof and wall temperatures lead s the_ et_ch rate and resist
: : selectivity strongly depends on
to greater process kit longevity. O. flow
2 N
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FTIR Spectrafor HF13B Process
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Emissions Results: HF13B

Concentration (ppm)

Emissions vs. Time into Etch
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Significantly more C,F,
being produced than C,F,
CF,, C5Fg, or CHF,.

Total Emissions:
0.0628 kgCE
Reduction:

82.1%

HF13B Destruction
Efficiency:

99.5%
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Process Results; HF13B

Breakthrough step:
1000 W Bias Power
1936 W Source Power
10 sccm HF13B Flow
75 sccm Ar

25 sec

Etch step:
1000 W Bias Power

HF#19 .65um CENTER

Soalia il oL R
x50000 S00nNm lh 3mm 1936 W &)urce Power

#31 Uz25256 R29-6

22 sccm HF13B Flow
The breakthrough step is aless selective 75 sccm Ar

etch needed to breakthrough the silicon 6 mTorr Pressure

oxynitride ARC layer. 160 C Roof Temperature
90 sec
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Process and Emissions Results: HF2B

Total Emissions:

0.0539 kgCE
Reduction:
82.9%
HF2B Destruction
Efficiency:
HF #2723 CENIER O .35 99.3%
Process Conditions:
1000 W Bias Power 1680 W Source Power
24 sccm HF2B Flow 75 sccm Ar Flow
6 mTorr Pressure 160 C Roof Temperature
120 s Etch Time
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Components of the Emissions. HF2B

Molar Emissions
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Process and Emissions Results, c-C4F6

Total Emissions:

0.0774 kgCE
Reduction:
75.5%
c-C,F, Destruction
Efficiency:
98.5%
18.08kNV X38.8K 1.80804m

Process Conditions:

800 W Bias Power 1920 W Source Power

24 sccm c-C,F, Flow 75 sccm Ar Flow

6 mTorr Pressure 160 C Roof Temperature

120 s Etch Time .
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Conclusions

* Developed etch processes based on three isomers of
C,Fs and compared to atypical C;F4 based process.
— Low/no resist erosion
— Comparable etch rates and feature profiles
— >80% global warming emissions reduction

» Processes are smple with only C,F; and carrier gas
as Inputs.
e Emissions reduction isaresult of high production of

C,F, rather than CF, as well as no impact of
unreacted etch gas.
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Future Work

* Examine selectivity of these chemistriesto
common stop layers.

» Evaluate the performance in a medium
density plasma environment.

e Examine the process and emissions
performance on common low-k dielectric
etch applications.
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