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Cu dry etching by the reaction of Cu oxide with H(hfac)
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#i8te] O, plasma ¥ o8¢ Cu =te] Abstel AAE Cu AbSbehg H(hfac) o] g0 2 AANE FH B Az +Ustd
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Cu wtgte] Alzbg-e 50-700A /ming] HH¥ Bgon, 7|¥E, H(hfac) /0; #34), plasma powerol @2} M3t g}, Cu

uputo] Azhg e Z|REE 215 C e} ¥ SE 3t 4 RF powers} £718toll wie} 2obstgx, Ab8h T4} H (hfac) 32 wHg-
o) Y& olF A9 Hnfac)/0; vl 11194 BU#Act. Ti mask-# A-8-¥ Cu patterning& F3¥1) 1:1, 7|92%E
260 ol Al AA18%2, 30° ) taper sloped ZH= 94 etching profiled & 4 2sic}. Taper angle® 2+ Cu 24 pat-
terning & A=) @A thin film transistor liquid-crystal(TFT-LCDs) # $13 ¥a¥ Ao 24 7|8&%x, RF power,
Feuld =% one-step FHLZHE AT AR Udg 4 Ui

Abstract Dry etching of copper film using O: plasma and H(hfac) has been investigated. A one-step process consist-
ing of copper film oxidation with an O, plasma and the removal of surface copper oxide by the reaction with H(hfac) to
form volatiie Cu(hfac). and H.0 was carried out. The etching rate of Cu in the range from 50 to 700 A /min was ob-
tained depending on the substrate temperature, the H(hfac)/O. flow rate ratio, and the plasma power. The copper film
etch rate increased with increasing RF power at the temperatures higher than 215 €. The optimum H(hfac)/O: flow
rate ratio was 1:1, suggesting that the oxidation process and the reaction with H(hfac) should be in balance. Cu pattern-
ing using a Ti mask was performed at a flow rate ratio of 1:1 on 250 T and an isotropic etching profile with a taper
slope of 30° was obtained. Cu dry patterning with a tapered angle which is necessary for the advanced high resolution
large area thin film transistor liquid-crystal displays was thus successfully obtained from one step process by manipu-
lating the substrate temperature, RF power, and flow rate ratio.
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Fig. 1. Schematic diagram of the experimental set-up for Cu
dry etching using ICP equipment.
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Table 1. Cu dry etching conditions for the two step proc-
ess.

Substrate O: pressure Hihfac) RF Power
Temp. (mTorr) pressure W)
() (mTorr)
Source: 80 300
150 - 300 50 - 300 50 - 300 Bias : 0 - 20

Table 2. Cu dry etching conditions for the one step proc-
ess.

Pressure of .
Substrate O,/H(hfac) in Flow rate ratio RF Power
Temp. of O,/H(hfac)
the reactor (W)
() (sccm/scem)
(mTorr)
150 - 300 200 100/50 Source: 80
100/100 300
50/100 Bias: 0- 50
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gk, wkEA] 0.9 Hhfac) 9] A pressures o
200mTorr & ZAA|7]1x, 71B-2=9 0./H (hfac) & H
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Fig. 2. XRD patterns of oxidized copper films obtained using
various bias powers.
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fig. 3. Etch rate of copper oxide as a function of H(hfac) pres-

sure at a substrate temperature of 210 C.
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Fig. 4. Etch rate of copper oxide as a function of substrate tem-
perature with a H(hfac) pressure of 100 mTorr
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Fig. 5. Etch rate of a copper film as a function of bias power at
a substrate temperature of 275 C in 200 mTorr of 1:1 H(hfac)/
0. with RF power of 80 W.
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Fig. 6. Etch rate of a copper film as a function of RF power at a
substrate temperature of 275 C in 200 mTorr of 1:1 H(hfac)/O.
without bias power.
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Fig. 7. Etch rate of a copper film as a function of substrate tem-
perature in 200 mTorr of 1:1 H(hfac)/0O, with RF power of 80
W and without bias power.

5000+ .
One step O etech
sh 1 2%0°C
o 24000" np,:::mw
\w/ Bies ; 10W
Warking presare : 200mTorr
gsooo* eyt e 1 —
& 20001
= o —
1000- .%'/ N
~ nbtemp : 250°C
0.// ) + 100mTorr
(] 5 10 15 20

Etch time (min)
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Fig. 9. XRD patterns of etched Cu films obtained at three H
(hfac)/O, flow rate ratios.
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Fig. 10. SEM micrographs of Cu patterned features of Cu(lmm)/
Ti(300A)/Si etched at a substrate temperature of 250 C using
a Ti mask of 2000 A thickness at three different H(hfac)/O.
flow rate ratios; (a) 50:150, (b) 150:50, and (c) 100:100(sccm:
sccm), respectively.
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Fig. 11. SEM micrograph of Cu patterned feature of Cu(0.5m)/
Ti(300A )/Si0:/Si etched at a 1:1 H(hfac)/O, flow rate ratio at
a substrate temperature of 250 'C using a Ti mask of 300 A
thickness.
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