Provide a substrate — _S100

Form a plurality of first structures extending in a first direction on the 8200

substrate
Form a sacrificial layer on sidewalls of the first structures —S300
Form an outer spacer layer on a sidewall of the sacrificial layer —S400

Remove part of the outer spacer layer to obtain a patterned outer spacer | g500

laver that exnoses nart of the sacrificial laver
yer that exp partorin nncial layer

CSTo T Sav

Remove the sacrificial layer to form air gaps between the patterned outer . SB00

spacer layer and the first structures

FIG.1
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Form the sacrificial layer on exposed surfaces of the
substrate and the first structures through a deposition
process

l _J)S320

Etch back the sacrificial layer to form the sacrificial layer
on the sidewalls of the first structures

FIG. 4
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~_)S321

Perform a first etching on the sacrificial layer, such that a
top surface of the sacrificial layer after the first etching is
flush with top surfaces of the conductive structures, or
higher than the top surfaces of the conductive structures

and lower than top surfaces of the hard mask structures

l _)S322

Form an inner spacer layer on the top surface of the
sacrificial layer after the first etching and exposed
surfaces of the hard mask structures through the

deposition process

e i e~ Tmvr o o . L € £l
1€ INner spdacer idyer 1o reirnove pdit Ol e Innel

spacer layer on the top surface of the sacrificial layer
after the first etching and the inner spacer layer on the
top surfaces of the hard mask structures, so as to form
the inner spacer layer on sidewalls of the hard mask
structures

v ~_)S324

Perform a second etching on the sacrificial layer using the
inner spacer layer after the first etching as a mask, so as
to form a sacrificial layer on sidewalls of the first
structures

FIG. 5
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~_JS510

Form a filling dielectric layer between the plurality of first
structures through a deposition process

l ~_JS520

Remove the filling dielectric layer above a top surface of

the outer spacer layer through a polishing process, such

that a top surface of the filling dielectric layer is flush with
the top surface of the outer spacer layer

~_JS530

Form a mask layer and a photoresist layer on the outer
spacer layer and the filling dielectric layer, expose and
develop the photoresist layer to form a patterned
photoresist layer extending in a second direction, and
etch the mask layer based on the patterned photoresist
layer to form a patterned mask layer extending in the
second direction

l _JS540

Etch the outer spacer layer and the filling dielectric layer
using the patterned mask layer as a mask, and remove
part of the outer spacer layer and part of the filling
dielectric layer to obtain the patterned outer spacer layer

FIG. 8
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