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What 1s claimed is:

1. A nonvolatile semiconductor memory device comprising:
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semiconductor substrate;

a trench extending in a first direction, and dividing

the semiconductor substrate into active areas adjacent to

each other in a second direction crossing to the first

direction;

control gate electrodes extending to the second

direction;

a select gate electrode extending to the second

direction and adjacent to one of the control gate

electrodes, and a length of the select gate electrode in

the second direction is longer than that of the control

gate electrodes in the second direction;

ard—inetudes—a—charge storage layers disposed between

the control gate electrodes and the active areas;

an insulating film disposed directly under the select

gate electrode in the trench;

a first air gap provided between the charge storage

layers adjacent in the seconda—werd—tine direction, and

formed under the control gate electrode in the trench; and

a second air gap provided between charge storage
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layers adjacent in the firsta-bit—tdipe direction, wherein
the second air gap is present at a position higher
than an upper surface of the charge storage layer, and the

first air gap continuously extends from the insulating

film.

2. The nonvolatile semiconductor memory device according
to claim 1, wherein the first air gap is present at a
position lower than a lower surface of the charge storage

layer.

3. The nonvolatile semiconductor memory device according

to claim 1,

wherein an isolation insulating film is disposed in
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4, The nonvolatile semiconductor memory device according

to claim 1, wherein the second air gap is vertically
asymmetric and an upper end of the second air gap 1is spire-

shaped.

5. The nonvolatile semiconductor memory device according
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to claim 1, further comprising:

a third air gap provided between the one of the

control electrodes and the select gate electrode and

extending in the second direction, and

wherein—the first air gap and the third air gap are

connected at an intersection of the first air gap and the

third alr gapis—fermed-continveusty—in—the—trench-aeross
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6. The nonvolatile semiconductor memory device according

to claim 1%, wherein

the second ailr gap #s—fermed—continuously

extendsaeross—memory—eetis—adiacent In the secondwerd—line

direction between the charge storage layers adjacent in the

first direction, and

the first air gap and the second air gap are connected

at an intersection of the first air gap and the second air

dgap.

7. The nonvolatile semiconductor memory device according

to claim 15, further-ecomprising—a—select—gakte—transister
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————the first alr gap 1s present under the select gate
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electrode along the trench.

8. The nonvolatile semiconductor memory device according
to claim 16, further comprisingwherein—the—first—atr—gap
peretrates—under—the—select—gate—eleectrode—atong—Eh
treneh:

a peripheral transistor disposed in a peripheral

circuit portion around a memory cell array

in which the

charge storage layers are provided; and

a fourth air gap formed under a gate

electrode of the

peripheral transistor.

9. A nonvolatile semiconductor memory device comprising:
o el ES I £ n x 1.3 R RSN 0 S WS U f gy e 1
X ‘t.).L\/L_Lu_L_LK,. ERSY EX3 J__Y S Mg Sy ) P B i v TTECTT fe=3 (SR I S i o
o NIENPAE S - NN O B M2 oy A ey Pl AP NP SrNoNS AN N RS N o 1 i al
W g u LS i ,L__L...LLLL, fe=9 .llL,(_L\j [} \J.L_(.,Lg o v y J.’ CETY [ S A Sy - j\Sp S By AL
At m et and e £ T e PN g S, e ] S S| BN
AT 1 LU S i ey J_._L_LJ.LL, (S X Ay T30 py 4(,{{, " PR — a7 A o i
segueptiatlby—stacked—on—a semiconductor substrate;
a trench extending in a first direction, and

wi-gdee—in the semiconduc
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tor substrate

each other in a

second direction crossing to the first dir
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control gate electrodes extending to

the second

direction;
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a select gate electrode extending to the second

direction and adjacent to one of the control gate

electrodes, and a length of the select gate electrode in

the second direction is longer than that of the control

gate electrodes in the second direction;

charge storage layers disposed between the control

gate electrodes and the active areas; and

an insulating film disposed directly under the select

gate electrode in the trench;

an air gap Ehat—ds—provided between the charge storage

layers adjacent in the seconda—werd—tine directiony and

formed under the control gate electrode inpempetrates—te—a

bettem—eFf the trench, whereinamd—is—eeonfigured—sueh—that

the air gap continuously extends from the

insulatinginter—eteckrode—dietectrie filmn—reaches—a
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10. The nonvolatile semiconductor memory device according

to claim 9, further comprising:
a sidewall dielectric film formed on a sidewall of the

trench.

11. The nonvolatile semiconductor memory device according

to claim 10,

37



10

&
o -eH w D
e e
H i S S
ko] 0 w
(0] SH 4 b e ¢ 8y
< 0 D E Q
2 ) - ot ) K @]
) 0 w N ¢ ib -
c ] fen D ~H o] >
- 1] & ~H ] 9]
] S 4 ) [0} ko)
>~ 6] H o y] © o
et -H Y o -eH & >y
9] 3 3 3 &
3 4D 0 4 4D e}
O v o - D { T o &
3 m & Q
@) b HO) D ~H Py 4P 1=
- 8 AP ol & H 1!
43 D C sy n D $H . “
o & “ & b & o)
O ) sl 0] I
] . & g, 4 e & & ¢ O
9] 0 D D 2 ) b =
o] — 4 s S [OR $H e}
Q I 63} i 6] S 4 a
& 0} 4D P b OB O
& @] (0] on ] o) ¢ ® D O
@] oo oo ~H ¥ e jis] o A -
4 Sy - - - o 1P £
- o W @ S 0]
19} O -rH ® RiY +H oy 19}
- & 6] S 4 -H o ] [N
© -rH on D +# ~rH D ©
Q. = & & o o} g : ) il —
© @ ) ) Ko @ -
(o2} 0 wn { i B { 4 2
o € oo joN o]
&~ Q i D 5 @ © —
- O ~H ) == n ~H -t b O
] 0] -eH A D -e - 1A >
™ 4D 4 foa] i . 3 ] B3] @)
0] T 0 $4 joN Een 8 ) { O
< a —+ s I e o) ] 4 “
+ Ui o oo E ~H
0 B 0 4P ) o
[ 9] e ~ { ¢ ] H o ~ e
- @] e ko] D -H 4B O =
0] 4 oo} e - [y ] @ H 4P
~ O ~H ol ) L @
® [t} & (0] Koy & o}
e O -4 fen » e i Ky i
=z L BH s -rH i) H o] 4b
Q -+ o) o)} ~H [} .
o P & e W Mﬁ
(0] . 0 -H o . —H
& s o —H of D o~
49 H 4P jib o [y} s b [69] —
Wy

15

further comprising:

according to claim 10,

a peripheral transistor formed in a peripheral circuit

portion around a memory cell array in which the memory

and

.
4

cells are provided

an air gap formed in a trench under a gate electrode

20

of the peripheral transistor.

A method of manufacturing a nonvolatile

1335,

semiconductor memory device comprising:
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forming a charge storage material on a semiconductor
substrate via a tunnel dielectric film;

forming a trench in the semiconductor substrate in a
bit line direction via the charge storage material and the
tunnel dielectric film;

forming an embedded dielectric film in the trench;

forming an inter-electrode dielectric film on the
embedded dielectric film and the charge storage material;

forming a control gate electrode material on the
inter-electrode dielectric film;

forming floating gate electrodes separated for each
memory cell by patterning the control gate electrode
material, the inter-electrode dielectric film, and the
charge storage material, and forming control gate
electrodes arranged on charge storage layers in a word line
direction;

forming a first air gap between charge storage layers
adjacent in the word line direction by removing at least
part of the embedded dielectric film embedded in the
trench; and

forming a second air gap between charge storage layers
adjacent in the bit line direction by forming a cover
dielectric film that extends between the control gate

electrodes, wherein
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the second air gap 1s present at a position higher
than an upper surface of the charge storage layer, wherein

an inside of the trench that separates active areas of

the memory cells is filled partway with a flowable embedded

dielectric film that is solidified by cross-linking, and

an inside of the trench used for isolation of a

peripheral circuit is filled with the flowable embedded

dielectric film and a nonflowable embedded dielectric f£ilm.

1446, The method according to claim 1345, further
comprising:

forming a sacrifice film on the semiconductor
substrate so that the first air gap and a space between the
floating gate electrodes are filled, after removing at
least part of the embedded dielectric film embedded in the
trench;

forming an inter-layer dielectric film on the
sacrifice film;

planarizing the inter-layer dielectric film; and

removing the sacrifice film after planarizing the

inter-layer dielectric film.
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1538, The method according to claim 13345, further
comprising:

forming a sidewall dielectric film on a sidewall of
the tunnel dielectric film and a sidewall of the trench,
wherein the embedded dielectric film formed in the

trench is formed on the first sidewall protection film.

1635, The method according to claim 1548, further
comprising forming a gate sidewall protection film on a
sidewall of the inter-electrode dielectric film before

removing part of the embedded dielectric film in the

trench.
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