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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.
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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|
Al AL Az m2odBErt 10% 0,5 &Y A1t
W cha jME mzojelo] HRE: Zut w3ol
= ol ¥4 2ol 8 AtetEE F4
of A7t mzulglo] MY ZoR WyrHt,

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 Uehdct. 13 Ya)olA Az A 72
of tigt ma ele FejAlekEo] 932.6 eVel 932.4
eVe] ZAgtolyxloA AT [17]. 25% piperidine/
Ari} 40% piperidine/Aro]q Alzbsl 2] uarel
HolAl= AlZE A Algo] Hlsto] mA7F YZkow
b o] &5ttt ol= piperidine/Ar Z2t=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,
and (d) O 1s of the as-deposited Cu thin films and Cu thin films
etched using 25% piperidine/Ar, 40% piperidine/Ar, 40% piperidine/5%
O,/Ar and 40% piperidine/10% O./Ar. Etch conditions: 500 W ICP
RF power, 300 V DC-bias voltage and 0.67 Pa process pressure.



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

d&a Fej7h vhgsto] 2] ¥ato CuCNol /=
WA 932.8 eVE o]E3 Zlo® mohdct [18]. 40%
piperidine/5% O,/Ard}t 40% piperidine/10% O,/Ar
FhaolA AZME AQolt Mast o] 020w of
Sot9in Wa0 Jurt 2AST ol A4 sta
A7toll oet 7e) wrek melo] pejaratEel Aol &
JFsha C-C/C-HE mgshe mEAisto] Fslel 1
39 F717F dad Aoer Atadoh. 1Y 9(b)oA =
40% piperidine/Ar 7tA0|A Alzkgl J1g] wiobol §{
HolA C-C-O ®+= C-HE =ZAsH 1EAF s
284.6 eVollA WAL, C-C == C-HE =3gst
&=0] 285.0 eVollA] ¥AECT. 123l C-N-H A<
skt SISHE2 285.5 eVollA| HaAEC) [18,21,22]. &
Patash ArbEo A Pe) AsrRSo] diyslo] 7l
m37t eERos ot olEsiAth 13 9(c)Y 25%
piperidine/Ar 7tA0|A AZHeEl SE2foflA= 399 eVoj
A AR m37F ARG 22{Y 40% piperidine/
Ar 72olH AZbE 2] wore] meold C-N A
Z3HgE CuCN 31ghEo] 398.2 eVollAl Z2]i N-H
shol= 313HE-2 399.8 eVojlA A=} [19,20].
40% piperidine/5% 0O,/Are} 40% piperidine/10%
0,/Ar b0l Alzbsl 2] urere] mRio]AE N-H
o} C-N-HZ Z3sts 2859 o] tha FAg 2
2 4 9tk 2% 9d)elAl Az A pel wrere] &
Hoj A AtArstZ Q1sto] CuO m37F 529.7 eV
Aoy r]olA HEE, EIF 25% piperidine/Ar
7Aoo AlZEE Sle] dferol pHoME w=EH S
oA AtA4tstz QIste] CuO m=Z7p A= [23].
40% piperidine/5% Oy/ArofA] Alzt=l l2]jo] mH
oAl = Cu(OH),2} Cu,07F 531.2 eV} 530.2 eVolA
At m3 g WAL Y, 40% piperidine/10% O,/Ar
7h2o AlZtE Heje] mHoA = Cu(OH).2F Cu0
b o 2 mae wEdd [17] 2" 9(b)oflA Aba
7hA F7t= Qlstel Zet=or Y9l [O]et [H]7F 57t
5t Cu(OH)p2t Cu,07F o wo] #AE QT o]
F89 Fejitetzo] 29A AmE o] Qs A A
Awlo] 7N A7 Z2upd g WolRQlr

2 102 40% piperidine/Aroj|A] O, 71A9] =&
Hato] osto] AlZe Sl2] ¥WEEE buffered oxide
etch (BOE)&d-5 AREsSHA SiO, opA3E AlAgH o]
729 2fQl mjglEo] oist SEM ARdlEolth 1™
10(a)oflAd+= 40% piperidine/AroflA AZtel 2] Bf
o2 FHo] AlZF BAteEo]l 4" 2™ 10(b)d
M 5% 0.5 A7isto] 8] diete] Zdo AlZb 2

o

B o

o
=2

=
=2

He
o]

=

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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