(10)
(microlithography)
(resolution)
G ( 436nm) |1 ( 365 nm)
250 nm KrF (248
nm) ArF (2193 nm) (deep UV)

1%

(standing wave effect)
(notching effect)

(€]

(chemical amplified)

@)

(©)]

(bottom anti-reflective coating, BARC)™

0.18 um
(signa delay)
delay) RC
(crosstalk)

(RC delay)
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(interconnect)

(Cu)
(AD (low-k) etalon
®)
I = L
P 14 2F| cos(¢ + 8) + |F[
= 1,[1- 2|F|cos(¢ + 6)]
(hard mask)
o
RC
4D
o=——
(damascene) - 4n _exp(—oD)
a+n)
IF| = RR, exp(-2aD)
(W)
(TiN) (TaN) I,
/
¢
/
(swingratio; S)
1,(1+2|F|) - 1,(1-2|F
1 S=4JRR, exp(—aD)
(refractive index) (extinction co-
efficient) n k D S
a=4kl R R
S
Incident light ray Reflected light rays o
R1 A
- \/\/\/ ! Resist thickness D R,
Substrate
S
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Air Air
TARC
Resist
Resist
BARC
Substrate Substrate

(@)

2.(a)

(top anti-reflective coating, TARC)

Nrare = (NResist)]/z

A
Drarc =—
TARC 4nTARC
r]TARC
DTARC
17 20
k

(b)

(b)

nR&sisl

13 14

top)

(10)

(nanometer)

CVvD

(throughput)

(post exposure bake, PEB)
T (T-
TARC
T

(9)

)

SION,

(12
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(13

| RCA clean |

measurement measurement

Reflectance ﬂ Stress baseline

| Spin on low-k material |

Reflectance Stress
<= >
measurement measurement

Contact angle
measurement

Etching rate

: measurement

Capping etching hard mask |

Reflectance

measurement

1.
FLARE Allied Signal Inc.
(organic polymer)
(cyclohexanone; C;H,.0; 157 °C)
(T 450 °C (thermal stability)
<400 °C (coefficient of thermal
expansion, CTE) 61 ppm/°C 2.84
1 (14
1. FLARE
Property Measured Value
Dielectric constant (1 kHz) 2.84
Coefficient of thermal expansion 61
(ppm/°C)
Glass transition temperature: T, (°C) 450
Tensile strength (MPa) 85+ 9
Adhesion (kpsi) 75
Stress (MPa) 44
Solvent cyclohexanone or or
cyclopentanone

70

< ﬁ — | TDS-APIMS

| Coating photoresist |

J

| Reflectance measurement |

3.
2.
3
)
(spin coater)
FLARE 2000rpm/5s+ 1500 rpm/30s
150°C/1min+200°C/1min+
300 °C/ 1 min  hot plant
400°C/1h N,10L/min
6000 A
@)
(plasma enhanced chemical vapor
deposition, PECVD) SO, Si;N,



SO, TEOS O,
10sccm 600 scem (chamber)
200 mTorr (RF power) 100
W 300°C
1154 A/min  Si:N, SH, NH,
(carrier gas) N, 20 sccm 80
sccm - 500 scem 500 mTorr
50 W 300 °C
212 A/min

N&K

N&K analyzer
F-B

(Forouhi-Bloomer dispersion equation) n k

n k

)

(15

Anelva ILD-4100 helicon wave etcher

RIE

BCl, Cl, CF, CHF,
(3) Ar O, N, CF
DHA-1000 (Dongjin Semichem Co., Ltd.) 3
DUV-86 (Shipley Co. Inc.) DHA-1000 ArF —
( 193 nm) (TDS-APIMS) 2
(soft bake) 110°C/60s DUV-86 (2 x 2 cm’) N,
KrF ( 248 nm) (carrier gas) 25 °C/min
110°C/60s 400 °C
16 17 18 17
3. (NH,)*
(1) FLARE
(wafer)
2.
N, Ar
800 °C (TDS-APIMS)

10 100 °C/min (before 500 °C) 10 80 °C/min (after 500 °C)

API (atmospheric pressure ionization method)

SIN = 5474 (at 50 ppb O, in N, carrier gas)

M/AM = 2M

m/z=3 400

0.5 8s/mass

ppb  ppt

(quadruple mass spectrometer)

buffer chamber (10Pa) (1) TMP: 150 L/s (2) RP: 100 L/min

analysis chamber (10° Pa) (1) TMP: 190 L/s (2) RP: 100 L/min
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(curing) k

400 nm
FLARE
(thermal stability)
5 248 nm low-k
SO, (FLARE) low-k
Si;N, CvD FLARE 200 nm
(bias)
SO,  Si;N,
50
X
3~
=X
g Tg,40
=0
D © 1
£ 0
==
2220}
1) 3g10f
@
14
) 0 1 T 1 8 I I
(optical constants) 0 100 200 300 400 500 600 700
N&K analyzer n k Thickness of low-k materials (nm)
DUV 5.248 nm
193nm 248 nm 4 (FLARE)
FLARE 248 nm 193 nm  (n, K) FLARE 200 nm
(1.783,0.374)  (1.622, 0.601)
@)
x 60
g
§ R 50
=
i<I: § 40
2.1 0.7 53 3
<18 06 £ §<
g 15 = Extinction Coefficient (k) | g5 @ 3 % 20
T — Refractive Index (n) é § T
?C) 1.2 104 9 3 g 10
2 © @
509 03 ¢ o« 0 . — T 1
g 2
‘&—) 0.6 F 02 é 0 50 . 100 150 290 250 300
03 k 0.1 = Thickness of low-k materials (nm)
0.0 I 1 1 I I 1 1 1 N 0 6 193 nm
190 211 232 253 274 295 316 337 358 379 400 (FLARE)
Wavelength (nm) FLARE 200 nm
4 FLARE 190 nm 400 nm

(n)

72

(k)
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6 193 nm low-k

low-k
FLARE 200 nm
7
248
nm 193 nm 66.89%  66.35%
600nm FLARE 248
nm 193 nm FLARE
66.89% 66.35% 9.90%
10.05% k

o]
o

[*2]
o
T

Reflectance (%)
=S
(o]

20
0 L L 1 L L L L L i
240 242 244 246 248 250 252 254 256 258 260
(@) Wavelength (nm)
80
__60 |
2
0]
2
S 40 B
Q
R
©
® 20 t
0 1 1 'l 1 1 ] 1 L L
190 192 194 196 198 200 202 204 206 208 210
(b) Wavelength (nm)
7.8 baeS 248nm (b) baeS
193 nm 66.89%
66.35%

FLARE

Sio,

@)

(SO, SN

10

Reflectance (%)

0 1 1 1 1 i 1 1 1 1
240 242 244 246 248 250 252 254 256 258 260

(@) Wavelength (nm)

10

8 |

Reflectance (%)

I

0 — T 1 ! 1 !
190 192 194 196 198 200 202 204 206 208 210
(b) Wavelength (nm)

8.a& (b

FLARE

248 nm 193 nm
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8a  8(h) FLARE SO,
248nm 193 nm
1%
70
— Simulated
N 601 B Measured
§
(0]
e
8
Q
@
@
X
0 1 1 1
300 400 500 600 700
(@ Resist thickness (nm)
70
60 = Simulated
. =aL ® Measured
9 50
8 40}
g
530
“1_.)
201
10 \.)’\MM
0 1 1 1 1 1 ' '
300 350 400 450 500 550 600 650 700
(b) Resist thickness (nm)
0. 248 nm ® (b)
FLARE-base

74 90.10

FLARE BARC

UV-86 (KrF resist) DHA-1000
(ArF resist) 248 nm 193 nm
9(a) UV-86
248 nm
300 nm 700 nm
55% 10% 10(a)
DHA-1000 193 nm
200 nm 500 nm
45% 5%
70
60 | — Simulated
m Measured
gso -
8 40
S
830
T
20
10
0 Il Il 1 1
200 250 300 350 400 450 500
(@) Resist thickness (nm)
70
60 F = Simulated
§ 50k B Measured
S 40t
g
g 30}
;“:_’ 20F
NoAN TN U
0 L 1 1 1 1

200 250 300 350 400 450 500

(b) Resist thickness (nm)
10. 193 nm €) (b)
FLARE-base



(SiON)
193nm 248 nm

3 4 248 nm 193 nm
FLARE SO,
248nm 193 nm
2.
9 10 248 nm 193 nm
FLARE-base
(SO, Si;N)
FLARE (600 nm) (S) SO,
248nm 193 nm (etching
55nm  30nm 9(b) sel ectivity)
8% 6% 10(b)
10% 4%
(dry etching)
4 FLARE
11 12 0, (oxygen plasma)
N,
(reactive ion concentration)
(ion bombardment)
15 15
—— Hard Mask
12 == Hard Mask 12 -~ Low-k material
g ~=-Low-k material g -+ Single Layer SiON
% or =+ Single Layer SiON % o
g g g 6
@ &
3 3
0 =
50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 10 O 10 20 30 40 50
Thickness variation (%) Thickness variation (%)
11. 193 nm 12. 248 nm
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3. 248 nm

Substrates Cu Al wW TiN TaN
Optical constant at 248 nm (1.47,1.78) (0.19, 2.94) (3.40, 2.85) (1.88,1.31) (2.45,1.52)
Reflectance from resist / substrate (%) 20.815 88.519 30.933 9.46 12.828
Reflectance from resist / substrates after 1.834 1.824 1.834 1.838 1.837
adding a FLARE based BARC layer (%)
4. 193 nm
Substrates Cu Al W TiN TaN
Optical constant at 193 nm (0.958,1.37) | (0.110,2.17) | (1.31,3.04) (1.58,1.31) (2.07,1.53)
Reflectance from resist / substrate (%) 27.8 91.077 54.739 15.876 18.294
Reflectance from resist / substrates after 0.6393 0.6397 0.63%4 0.6391 0.6391
adding a FLARE based BARC layer (%)
FLARE SO,
(etching selectivity) footing
O./N, FLARE FLARE effect SON,
SiO,
FLARE
3.
(post exposure bake, PEB)
footing
effect 1
100 17 (NH,)
1077
—FLAR
CvD 10 F ~Si0
SiOxNy 2 10 F
13 NH, g gl
SION, 5
-_— 10711 L
12 9 107 |
10 10 FLARE
10—13 L I I L L I I
0 50 100 150 200 250 300 350 400 450
Temperature (°C)
13.SON, FLARE NH,(me=17)
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193 nm

3947%  30.27%

O.N,
30

°C

248 nm

1%
248 nm 193 nm
1.72% 3.31%

FLARE
400
SION,
(SON,)
footing

o U AW
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