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Reactive Gases for Dry Etching of High-Dielectric-Constant Film Materials
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Etching characteristics of high dielectric constant HfO, films have been studied
in high-density BCl; containing plasmas without rf biasing. Experiments were
performed as a function of gas pressure and composition, with emphasis being
placed on plasma conditions and etch chemistries to achieve a high selectivity over
Si and SiO, and to enhance the etch rates. The HfO, etch rate was ~5 nm/min at a
pressure Py=10 mTorr in a BCl; plasma, giving a selectivity of >10 over Si and SiO,.
At lower P,<6 mTorr in BCl,, the deposition of (or the formation of a passivation
layer of) boron-chlorine compounds B,Cl, was observed to occur on all sample
surfaces of HfO,, Si, and SiO, to inhibit etching; the measurements of the etched
depth as a function of time indicated that on HfO, surfaces, the deposition occurred
following the etching during about a half min after some induction period. The
addition of O, to BCl; was then found to suppress the deposition and to significantly
enhance the HfO, etch rate by about an order of magnitude, giving an etch rate of ~
50 nm/min at P;=50 mTorr in a BCl;/30 % O, plasma; however, at higher O, addition
>50 %, heavy deposition of boron-oxygen compounds B,0, occurred on surfaces
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to inhibit the etching. Note that the HfO, etch rate of several tens of nm/min

meets the requirement for in-situ chamber cleaning of chemical vapor deposition

(CVD) and atomic layer deposition (ALD) apparatuses to prepare high-k films in

mass production. The etch mechanisms responsible for the phenomena observed

are discussed based on plasma and surface diagnostics, including Langmuir probe

measurement, optical emission spectroscopy, scanning electron microscopy, and

x-ray photoelectron spectroscopy.
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Table 1 Physical properties of potential etch product

. 10,
species %

Halogen Melting point  Boiling point

Element compound ) 0

Al AlF, 2250 1276
Z-13) AlC, 192.6 —

- AlBrs 97.5 255

Si SiF, -90.2 -86
(Z-14) SiCl, -68.85 57.65

B SiBr, 5.2 154

5 - 15

= 4 -
(2=40) ZrBr, - 360 sp

He HfF, — 970 sp
7-72) HfCl, — 317 sp

HfBr, — 323 sp

sp : sublimation point

Table 2 Bond strengths for diatomic species '°.

Bond Bond strength (eV) | Bond Bond strength (eV)
B-O 8.38 Si-O 8.29
B-F 7.85 Si-F 5.73
B-Cl 5.30 Si-Cl 421
B-Br 4.11 Si-Br 3.81
Si-Si 3.39
C-0 11.15 Zr-0 8.03
C-F 5.72 Zr-F 6,38
C-Cl 4.11 Zr-Cl 5.11
C-Br 2.90 Zr-Br —
Al-O 5.30 Hf-O 8.30
Al-F 6.88 Hf-F 6.73
Al-Cl 5.30 Hf-Cl 5.16
Al-Br 4.45 Hf-Br —
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Fig. 1 Experimental setup for ECR plasma etching.
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Fig. 2 (a) Etch rates of HfO,, Si, and SiO: as a function of
pressure Po in a BCls plasma, measured with an etching
time of 5 min. Also shown are (b) the etch rates as a
function of Po in BCl3, recalculated from the samples of (a)
after removal of the deposited films on surfaces by using
the solvent of alcohol.
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Fig. 3 (a) Etched depth or thickness of HfO, Si, and SiOz
measured as a function of time at Po=5 mTorr in a BCls
plasma. Also shown is (b) the etched depth as a function
of time at Po=10 mTorr in BCls and at Po=5 mTorr in a
BCl3/30% 02 plasma.
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Fig. 4 (a) Etch rates of HfO2, Si, and SiOz in BCl3/02
plasmas, measured as a function of O, concentration at
Po=5 mTorr with an etching time of 0.5 min. Also shown
are (b) the etch rates measured as a function of Po in a
BCl3/30%0: plasma with the same etching time.
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Fig. 5 SEM micrographs of the HfO: surfaces etched in
(or exposed to) a BCls plasma during 5 min at Po=(i) 5
mTorr and (ii) 10 mTorr. Also shown are the micrographs
etched in BCl3/Oz plasmas during 0.5 min at Po=5 mTorr
with (iii) 30% and (iv) 50% O, addition. Note that (i) and
(iv) are surfaces under deposition conditions, and (ii) and
(iii) are surfaces under etching conditions.

— 600 nm
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Fig. 6 XPS spectrum (a) of Hf 4f and (b) of Cl 2p and B
1s, obtained from the HfO. sample surfaces exposed to
BCls and BCl3/Oz plasmas under four different conditions
of Fig. 4, together with HfO2 surfaces before plasma
exposure. Note that the spectrum was referenced to
surface carbon at a binding energy of 284.6 eV.
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Fig. 7 (a) Plasma electron density ne, temperature Te,
and the difference V,- Vs between plasma and floating
potentials in BCls/O2 plasmas, measured as a function of
02 concentration at Po=5 mTorr with Langmuir probes.
Also shown are (b) the optical emission intensity of BCl
bands (272 nm), BCl2 bands or BCls continuum (550 nm),
O line (777 nm), and Cl line (833 nm) as a function of O:
concentration in BCls/Oz at Po=5 mTorr.
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- WRILEMOR TR ZRET 578!V, BCIHM
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Lizo TOX 7% CL 0 DFRED L KixERIE,
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7z (B 21X, HfO,+2BCl+4Cl — HfCl,+2 (BOCD),
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XUREWHIO, Ty F 2 JlER G52 % 75 X< 54
EITwFUTTIARN)—IZDNWTER L, EH
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