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Nanometer-Scale Etching of Copper Thin Films Using High Density Plasma of
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Abstract: Inductively coupled plasma reactive ion etching (ICP-RIE) of copper thin films patterned with SiO, hard masks

was carried out using piperidine/O./Ar gas mixture. The etch rate, etch selectivity, and etch profile of copper thin films

were investigated by varying gas concentration in piperidine/O./Ar gas mixture. In addition, the etch parameters including

ICP RF power, DC-bias voltage to substrate, and process pressure were varied to examine the etch characteristics. X-ray

photoelectron spectroscopy and optical emission spectroscopy were employed to elucidate the etch mechanism under

piperidine/O»/Ar gas chemistry. Finally, 150 nm-line patterned copper thin films were successfully etched using piperidine/

O./Ar etch gas under the optimized etch conditions.
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Fig. 1. Etch rates of Cu thin films and SiO, hard mask, and
etch selectivities of Cu films to SiO, as a function of
piperidine concentration in piperidine/Ar gas. Etch conditions:
500 W ICP RF power, 300 V DC-bias voltage and 0.67 Pa

process pressure.
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Fig. 2. FESEM micrographs of Cu films etched in (a) pure
Ar, (b) 25% piperidine/Ar, (c) 30% piperidine/Ar, (d) 35%
piperidine/Ar, (e) 40% piperidine/Ar, and (f) 50% piperidine/Ar.
500 W ICP RF power, 300 V DC-bias
voltage and 0.67 Pa process pressure.
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Fig. 3. Etch rates of Cu thin films and SiO, hard mask, and
etch selectivities of Cu films to SiO, as a function of oxygen
concentration in 40% piperidine/O,/Ar gas. Etch conditions:
500 W ICP RF power, 300 V DC-bias voltage and 0.67 Pa

process pressure.

Fig. 4. FESEM micrographs of Cu films etched in (a) 40%
piperidine/5% O/Ar, (b) 40% piperidine/10% O,/Ar, and (c)
40% piperidine/15% O,/Ar. Etch conditions: 500 W ICP RF
power, 300 V DC-bias voltage and 0.67 Pa process pressure.
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Fig. 5. (a) Etch rates of Cu thin films and SiO, hard mask,
and etch selectivities of Cu films to SiO, as a function of
ICP RF power. FESEM micrographs of Cu films etched in
(b) 300 W, (c) 500 W, and (d) 700 W. Etch conditions: 40%
piperidine/10% O»/Ar, 300 V DC-bias voltage and 0.67 Pa

process pressure.
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Fig. 6. (a) Etch rates of Cu thin films and SiO, hard mask,
and etch selectivities of Cu films to SiO, as a function of
DC-bias voltage. FESEM micrographs of Cu films etched in
(b) 200 V, (c) 300 V, and (d) 400 V. Etch conditions: 40%
piperidine/10% O»/Ar, 500 W ICP RF power and 0.67 Pa

process pressure.
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Fig. 7. (a) Etch rates of Cu thin films and SiO, hard mask,
and etch selectivities of Cu films to SiO, as a function of
process pressure. FESEM micrographs of Cu films etched in
(b) 0.27 Pa, (c) 0.67 Pa, and (d) 1.07 Pa. Etch conditions:
40% piperidine/10% O,/Ar, 500 W ICP RF power and 300 V
DC-bias voltage.

B ALg P27b e Sexo} Aewo) o 2 o
S URlY, ol2 Qsh BSA A2 L 2N A%
2o] ol F7ksto} Azt HelEs} golgon A

J
A3 for o

© Z2=0F Y9 Ar 7tao] fist 7 FE0
UtERdC [CNJ2H [CHIE= piperidine 7FA %7}
40%7H A S7rdoll wet S7tstal TP w2
LENY A9 40%2 ZafsbH ZHAstch o]2st Ax
= 33 29 40% piperidine/ArofAl 45t A7}
2nds JdHd » Qe olf<ta wHd
=7t 40% S ZupetH Q35|a] AlZb AUy
gret 9o nZAPL d/dEol SAEE A
AATH.

a3 8(b)= 40% piperidine/Oy/ArolAl 0, =%9]

+
)



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 3, pp. 178-185, May 2021: Lee et al. 183

@) ——[HVY[AN
=T —&— [NVIAr]
E —— [CHY/[AT]
St —&— [CN]/[AN]
£ —A—[CCYAT
S|
L
B
2
=1
c
[

E -
0 25 50 75
% Piperidine in Piperidine/Ar

(b)

— F —O—[H]/[Ar] —&—[CN]/[Ar]

’é —a—[N]/[Ar] —&—[CCJ[Ar]

= —0—[CHJI[Ar] —w—[O]/[Ar]

g

=

8L

2

g

2

% | M

c

D

}=

B s = e——
0 5 10 15 20

% O in 40% Piperidine/O5/Ar
Fig. 8. OES analysis of the plasmas produced from various
(a) piperidine/Ar and (b) 40% piperidine/O./Ar gas mixtures
as a function of the oxygen concentration Intensity ratio to
Ar. Etch conditions: 500 W ICP RF power, 300 V DC-bias
voltage and 0.67 Pa process pressure.

wslo] w2l Sebxop Ulo] Ar bao) ofgt 7t S50
dl&2 UERHS [CN]} [CHl= Oy 527t 20%7HK] 5
Jhaol wet At v (Ol e 7RI AFL
Holct olg{st Ayt= I3 49] 40% piperidine/Aro|
A AL Az m2odBErt 10% 0,5 &Y A7t
W cha jME mzojelo] HRE: Zut w3ol
= ol ¥4 2ol 8 AtetEE F4
of A7t mzulglo] MY Zo2 WyH,

i piperidine/Ari}t piperidine/O,/Ar =z}
olgstel Aztel e EAUIH XPSO| (a)
Cu 2p, (b) C 1s, (c) N 1s, (d) O 1sof] tjjst narrow
scan AHMEZS Uehdet. 13 Ya)olA Az A 72
of tigt maL ele FejAlekEo] 932.6 eVel 932.4
eVe] ZAgtolyxlofA AT [17]. 25% piperidine/
Ari} 40% piperidine/Aro]q Alzbsl 2] uarel
HolAl= AlZE A Algo] Hlsto] mA7F YZow
b o]&5t3itt. ol= piperidine/Ar &2t=0b U9

Q
c

@)
Z,
ton
i
o

xolsg

wer 19 H

(a) Cuch c;: /Cu,0 Cu2p
| 40% piperidine/10% O,/Ar et
- T T
= b
g 40% piperidine/5% O,/Ar L
© [
— Vo
P j
=
[
S [ 25%piperidine/Ar
-
£
As-deposited
1 1 1 1 M L 1
937 936 935 0934 933 932 931 930
Binding Energy (eV)
L (b) C-N-H CC/ CH C1s
N N " T 1cCO/CH
— 4[)/(]plpendlr\eHD.J(]C)zlAr1 1
= r |
= :
s § i
- [ 40% piperidine/5% O,/Ar !
2 i
©
—_
:'3' | 40% piperidine/Ar
] !
c ' Vo
g L .
c 25% piperidine/Ar | all
| As-deposited ! ‘

1 1 1 ! H 1 1
289 288 287 286 285 284 283 282
Binding Energy (eV)

(© N-H CN-H - cucn N1s
[ ! T

[ 40% piperidine/10% O /Ar

[ 40% piperidine/5% O JAt

 40% piperidine/Ar

| 25% piperidine/Ar i : ~—

| As-deposited

Intensity (arb. unit)

e

1 1 Il :I 1 1
403 402 401 400 399 308 397 30
Binding Energy (eV)

(d) CU(“?H)z (:u;!oc o O1s
40% piperidine/10% OJAr 7 ' I,“

| 40% piperidine/5% O,/Ar

+ 40% piperidine/Ar

Intensity (arb. unit)

25% piperidine/Ar

As-deposited ; L
5:;6 5'34 5:'12 ‘ 530 5és
Binding Energy (eV)

Fig. 9. XPS narrow scan spectra of (a) Cu 2p, (b) C 1s, (c) N s,
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RF power, 300 V DC-bias voltage and 0.67 Pa process pressure.
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Fig. 10. FESEM micrographs of Cu films etched in (a) 40%
piperidine/Ar, (b) 40% piperidine/5% O-/Ar and (c) 40% piperidine/
10% Oy/Ar, followed by the removal of SiO, hard mask using
wet treatment. Etch conditions: 500 W ICP RF power, 300 V DC-
bias voltage and 0.67 Pa process pressure.
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