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Study on the Etching Characteristics of 0.2/m fine Pattern of Ta Thin film
for Next Generation Lithography Mask
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%X B X odFelal: Electron Cyclotron Resonance plasma etching system 2 o]4-8 Ta wethe) olA| 2]z 248 o
Ttk 94 plasmad AH838ke] microwave power, RF power, working pressure, gas chemistry 52| #Hzlol] w2 2zt
profilee] 38k& ZA}a}elx, pattern density”t 71l aiz} w43= microloading A4S 0.2/m o}sle] A4 &l 3+
o}, o] AjAlst7| $iste] Azt SAe % AR Eelske 20 Azt FAE SYstger ofF B4 5% 42 profiled dE

4 glsich.

Abstract In this research, the etching characteristics of Ta thin film with chlorine plsama have been studied by Elec-
tron Cyclotron Resonance (ECR) plasma etching system. The effects of microwave power, RF bias power, working
pressure and gas chemistry on the etching profiles have been investigated. The microloading effect, which was ob-
served at fine pattern formation, was effectively suppressed by double step etching, and anisotropic 0.2/m L&S pat-

terns were successfully generated.
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Fig. 1. OES spectrum of Cl, ECR plasma(Typical emission lines
are indicated)
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Fig. 2. Cl emission intensity at 725.6nm in OES spectra as a
function of microwave power measured before, during and
after Ta etching process (Cl; flow: 15seccm, process pressure: 3
m Torr, RF power: 15W)
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Fig. 3. Etching profile of Ta with various RF power : (a) RF power=0W (b) RF power=50W (c) RF

power=100W (d) RF power=150W
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Fig. 4. Removal time of Ta native oxide and relative density of
(" radical at various RF power.
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Fig. 5. Etching profile of Ta at various porcess pressure: (a)
3mTorr, (b) 8mTorr, (c) 15mTorr.

< goid AAHeZ sloper} ¢utlAE AHE G
& ¢ 7} ok B2 Si0.F hard mask® ©]4% Ta
Azt Aol 233 Arel HrHHRA @4 £ Clt Az
7ta2 A¥sichs AEE 5T 5 ook 4 2YE E4
83 Azhe] HxdtA 2gE wo] d4E 12E 5 9
slem, Ta ¥tate] AzbAloll profile &S 93t 38
Al A7) FA7 e g o 5 sl

Microloading effect

Aol doixl Ta whhe] Alzh x4 AHEEle] 2
d 10(a) o &2 0.25im ALE PAstA ot e A7+
A A FE 0.2mE FoAFE dE=E 2 10

.
~ 30
< S
£ s
o =
©
3 2
° ©
s 20 e
4 =
= 8]
© -
I3 F 5
s z
© ‘@
<
E " / 3
= °©
© o
> / >
o =
E i k]
[ o ]
24 o
o T

10 20
process pressure (mTorr)

Fig. 6. Removal time of Ta native oxide and relative density of
Cl radical at various process pressure.
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Fig. 7.Etch rate of Ta and SiO; at various gas chemistry, mea-
sured separately. But in actual patterning process, these two
materilas are etched concurrently and different etch rates
resulted.
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Fig. 8. Removal time of Ta native oxide at various gas chemis-
try.
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(a) Ar concentration = 0 %

(b} Ar concentration = 5 %

{c) Ar concentration = 20 %

tig. 9. Etchin gprofile of Ta with various gas chemistry{(Cl,+
Ar).
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Fig. 10. Etchin gprofile of Ta: (a) 0.25m L&S, (b) 0.2m L&S
showing microloading effect.
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Fig. 11. Relative density of Cl radical density as a function of
microwave power.

71Z273& =}8l7] 93l RF power® 150W 2 xg)abed
oh. 223 FAE PwE Aol BEE 53 52417
SR e fEstdn, F HA Alge T

¢] profile 7§40 #s) 3FaA A)zte] Ao} HE = mi-
crowave powerE Q00W oA 1200WE 27b41 Mol
B kel radical ¥4 fTgI;e, o):= Ar
actinometry & ol4-g 28 119 2473 S35l g8 5
bt} Microwave power 2] $7}o) oj&) B43" ke ¢



824 GFANEGEHA A10A A125 (2000)

/U SET 15,

a) continuous etching

FSED 15,0

b) double step etching

Fig. 12. Comparison of etchin gprofile of 0.2/m Ta L&S pat-
terns.
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