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Table 1. Lists the pre-baking conditions.

Bake Time (min) 5 7 9
Bake Temp. (°C)
80 80-5 80-7 80-9
95 95-5 95-7 95-9
110 110-5 110-7 110-9
125 125-5 125-7 125-9
140 140-5 140-7 140-9

K2 KTV - R=IFHIRTDBML = P T X Mtang), VIR MEE(Em)
NG —= v TR OB E(Eop) DHIERE R

Table 2. Development contrast (tan6), resist sensitivity (Es) and E,p for the
different Bake conditions.

Bake Condition tané Ewm Eop of Simulation  Patterning Expo. dose
(mJ/cm’) (mJ/cm’) (mJ/cm®)
80-5 0.9 756 760 500
80-7 1.0 654 640 500
80-9 0.8 625 570 500
95-5 1.1 624 610 600
95-7 1.1 670 640 600
95-9 0.9 705 660 600
110-5 24 691 700 820
110-7 3.6 811 820 900
110-9 3.7 929 935 960
125-5 3.5 932 920 950
125-7 4.3 938 1010 1050
125-9 4.1 985 1040 1170
140-5 33 1595 1500 2250
140-7 0.6 4658 4000 4780

140-9 2.0 5192 5200 6000
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« R— 7 FHITB T HBBOTER L XL —
~—7 F¥f# : (a) 5 min, (b) 7 min, (¢) 9 min

Table 3. The energy of activation for the different Bake conditions.

Bake time : (a) 5 min, (b) 7 min, (c) 9 min

(a) Bake Time 5 min (Kcal / mol)
Exposure dose (mJ/cmz) 50 500 2000

Bake Temp. (°C)

80 to 110 -0.4134 4.711 7.472

125 to 140 -0.4134 -3.896 -11.061
(b) Bake Time 7 min (Kcal / mol)
Exposure dose (mJ/cmz) 50 500 2000

Bake Temp. (°C)

80 to 110 -1.926 -2.039 4.806

125 to 140 -1.926 -2.039 -11.251
(c) Bake Time 9 min (Kcal / mol)
Exposure dose (mJ/cm?) 50 500 2000

Bake Temp. (°C)

80 to 110 -2.076 -4.072 0.5611

125 to 140 -2.076 -4.072 -12.23
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Table 4. Resist thickness, transmittance of the resist film after pre-bake and
Calculation data of absorption coefficient( ¢ ).

Bake Condition  Resist thickness Transmittance Absorption coefficient( ¢ )

(x4 m) (Yo0)
80-5 25.4 11.0 377.4
80-7 25.7 11.2 370.0
80-9 25.6 11.3 369.9
95-5 25.2 11.2 377.3
95-7 24.6 11.1 388.1
95-9 24.2 11.0 396.1
110-5 23.7 0.3 1064.5
110-7 23.1 0.2 1168.4
110-9 23.0 0.3 1096.9
125-5 22.5 0.3 1121.3
125-7 224 0.3 1126.3
125-9 224 0.2 1204.9
140-5 21.9 0.2 1232.4
140-7 21.9 0.2 1232.4

140-9 21.6 0.2 1249.5
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Pre-Bake (Proximity type)

]

Vacuum desiccator 60 min

¥

Water 23 °C, 30 min

v

Exposure

¥

Development 15 min

1 U ERI e R s T a—

Fig. 1. Sample preparation process flow.
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(b) Bake Temp. 140 °C

Bake Time (min)

10.0 pm L/S

2.8 um L/S
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(c) Bake Temp. 110 °C

2.8 um L/S

10.0 um L/S

Bake Time (min)
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(d) Bake Temp. 95 and 80 °C

Temp. 80 °C, 10.0 um L/S

Bake Time (min) Temp. 95 °C, 10.0 um L/S
5
7
2 o M
le17es 1@.8kV xoee BE@.8Mm
9

M2 VYRR RF—2 0 SEM, BEMSEBEHR LY I 2L —va VR

_R—Z7REE : (a) 125 °C, (b) 140 °C, (c) 110 °C, (d) 95 & 80 °C

Fig. 2. SEM, Optical micrograph and Simulation data of the resist patterns.

Bake temp. : (a) 125 °C, (b) 140 °C, (c) 110 °C, (d) 95 and 80 °C
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Fig. 3. Arrhenius plot at (a) bake time 5 min, (b) bake time 7 min and (c) bake time 9 min

19



100 =
90 |
U Bake temp.=80°C
— 10 —— Bef expo Smin
& ok Bef expo Tmin
3 -~ Bef expo 9min
§ 50 —— Aft expo 5min
‘é o ~ — — Aft expo Tmin
] —-—- Aft expo 9min
& 30
'—
20
0L
0 =
400 500 600 700
Wavelength (nm)
(a)
100
90 |-
80 -
~ 10 Bake temp.=110°C
= =
= 60 — Bef expo Smin
o .
e ----- Bef expo Tmin
g soF &4 4 e Bef expo 9min
E a0 —— Aft expo 5m!n
2 - - - Aft expo Tmin
L N N T Aft expo 9min
'—
20
10
0 1 n 1
400 500 600 700
Wavelength (nm)
(©)
100
%0 |Bake temp.=140°C
80 | Bef expo 5min
oL [T Bef expo Tmin
£ [ Bef expo 9min
o 60} [—— Aft expo Smin
2 [ - - Aft expo Tmin 4
o 50+ . 4
B B pooec Aft expo 9min i
£ 40 14
@ L ¥
=
8 30
'_ b
20
10
0 1

500
Wavelength (nm)

©)

X4 BHAERO L VR MNEOFERFR ER R
N— 7R

700

Transmittance (%)

Transmittance (%)

90 |-
80 - .
70} - .
) e
g =TT
’ =
50/ . Bake temp.=95°C
—— Bef expo 5Smin
st ----- Bef expo Tmin
30 ---- Bef expo 9min
a0 —-—- Aft expo Smin
- = = Aft expo Tmin
ULl N Aft expo I9min
0 L 1 n 1
400 500 600 700
Wavelength (nm)
(b)
100
90
80
70
60
50 Bake temp.=125°C
Bef expo 5min
R I/ A Bef expo 7min
304 - Bef expo 9min
— Aft expo Smin
20 — — — Aft expo Tmin
10 —-—- Aft expo 9min
0 T T T
400 500 600 700
Wavelength (nm)
(d)
100 _’\/—M'Mﬁ_
~ 95
e
8
g
Z 90
&
E
=
a5 |
30 1 '} '}

400

Fig. 4. The transmittance of the resist film before and after exposure.

Bake temperature
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(a) 80 °C, (b) 95 °C, (c) 110 °C, (d) 125 °C, (¢) 140 °C and (f) PGMEA
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Concentration of PGMEA (um/mg)

Absorptivity (a.u.)
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Fig. 5. The amount of residual solvent after pre-baking.
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Fig. 6. Calculation data of absorptivity for the different Pre-Bake conditions.
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Bake Temp.
110°C
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Fig. 7. The FT-IR spectrum data during pre-baking at 110 °C.

Absorbance
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Fig. 8. Relationship between absorbance and pre-bake time for carbonic-bond absorption at

1736cm’™.
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Fig. 9. N, bubbling model.
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Fig. 10. Relationship between absorbance and pre-bake time for azo-bond absorption at

2143cm™.
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Bake conditions

80-7 (Temp. : 80 °C, Time : 7 min)

95-7 (Temp. : 95 °C, Time : 7 min)

110-7 (Temp. : 110 °C, Time : 7 min)

125-7 (Temp. : 125 °C, Time : 7 min)

140-7 (Temp. : 140 °C, Time : 7 min)
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Fig. 11. Micrograph of the surface of the residual resist film after development.
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