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Methods for controlled 1sotropic etching of layers of silicon oxide and germanitum oxide with atomic

scale fidelity are provided. The methods make use of a reaction of anhydrous HF with an activated surface
of an oxide, with an emphasis on removal of water generated in the reaction. In certain embodiments, the
oxide surface is first modified by adsorbing an OH-containing species (€.g., an alcohol) or by forming OH
bonds using a hydrogen-containing plasma. The activated oxide 1s then etched by a separately introduced
anhydrous HF, while the water generated in the reaction i1s removed from the surface of the substrate as the
reaction proceeds, or at any time during or after the reaction. These methods may be used in interconnect
pre-clean applications, gate dielectric processing, manufacturing of memory devices, or any other

applications where accurate removal of one or multiple atomic layers of material 1s desired.

1B AR ARE




1683925

TW 1683925 B

101

103

{ofi BLAfg B0 /K HF $5f DA

@llé}:a& I E—'—‘

SR AR
101« « - A4
103 « « < HA4F
105« « - 324k
107 « « - &4
109 « « - %1%
[11 -« - 324F




HAZES%. 104143047

Il A i H: 1045124221
T
108923 (7] R ey

C23C 16/52 (2006.01)

(HoC B8R ) FA Y BSR4 A I P T ) HO1J 37/32 (2006.01)

HOTL 21/311 (2006.01)

[ A2 #5HH 4445 ] ISOTROPIC ATOMIC LAYER ETCH FOR SILICON AND

GERMANIUM OXIDES

[ 2]

ANFEHE e IR B I 7 RIBEEC PR B R D0 B Sz 28 3] [ 4 e
I B IE S B A IG Y Tk o 0% JTIEA RS PR 7K HFEL A A0
T AR I SRER AT AL L KR DL AT a2 SHE = AE2CES B il - o ks
IR S = OHLZ )R (1 LT 6D B R A8 HH 2 s e AR AT B OHLBE T 8 2 AP 2=
M~ fef Mo PSS AR HEZKHF AR Bz i L A b ez SR
BT T~ Bz SOREITRI A TART IR T B ~ B nZ SO 1% > iRFa SOBE R BT 2
K EHFEASGRIEER » 6255 575 v R P ak TRV HE ] ~ i TR e
aClEHSS<E A A ~ BOR ZERERIR— B 51 Je AR T AR A R

b

l’w“ 15

H

?ﬁr

[ 52 ]

Methods for controlled 1sotropic etching of layers of silicon oxide and germanium
oxide with atomic scale fidelity are provided. The methods make use of a reaction of
anhydrous HF with an activated surface of an oxide, with an emphasis on removal of
water generated 1n the reaction. In certain embodiments, the oxide surface 1s first

modified by adsorbing an OH-containing species (e.g., an alcohol) or by forming OH

bonds using a hydrogen-containing plasma. The activated oxide 1s then etched by a
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separately introduced anhydrous HF, while the water generated in the reaction 1s
removed from the surface ot the substrate as the reaction proceeds, or at any time
during or after the reaction. These methods may be used 1n interconnect pre-clean
applications, gate dielectric processing, manufacturing of memory devices, or any
other applications where accurate removal of one or multiple atomic layers of matenal

1s desired.
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