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Development of UV nanoimprint process in mixed condensable gas
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Ultraviolet nanoimprint lithography (UV-NIL) in mixed gas of 1-chloro-3,3,
3-trifluoropropene (CTFP) and trans-1,3,3,3-tetrafluoro-propene (TFP) gases has enabled bubble-free
UV-NIL without a vacuum. We evaluate the amount of gas dissolution of 24 organic solvents, which was

measured using an electronic balance in a glove box with saturated gases of CTFP and TFP, and use
the Hansen solubility parameters (HSP) for analysis. Although the HSP teas graph indicated the same
solubility trend in TFP and CTFP atmospheres, the amount of TFP gas dissolution was lower than that
of CTFP. The pattern quality of acrylate Uv-curable resins, which absorb well the condensable gases,
was also demonstrated by altering the fraction of the introduced condensable gas mixture of
TFP/CTFP. Fine line patterns with a width of 16 nm were obtained by UV-NIL with a high TFP fraction
(>66%) in the TFP/CTFP mixed gas atmosphere.
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Amount of condensable gas
dissolution g Molar concentration HSP
No. Solvent Molecular per solvent g mol/L [J/cm3]“2
formula %
inPFP [inCTFP| inTFP | in PFP |in CTFP| in TFP od op oh
1 Acetone C3HsO 69.4 59.9 154 2.9 2.6 1.0 155 10.4 7.0
2 | Dimethyl Formamide | C;H,NO | 66.5 53.9 12.6 3.2 2.8 0.9 17.4 13.7 11.3
3 Tetrahydrofuran C4HgO 53.2 51.6 11.9 2.6 2.6 0.8 16.8 5.7 8.0
4 1,4-Dioxane CHgO, | 45.4 48.9 7.7 2.6 2.8 0.7 175 1.8 9.0
5 | N-Methyl-2-Pyrrolidone | CsHgNO | 46.3 31.7 8.6 2.6 2.0 0.7 18.0 12.3 7.2
6 Dimethyl Sulfoxide C,Hs0S 415 295 2.9 2.5 2.0 0.3 18.4 16.4 10.2
7 y-Butyrolactone C,HsO, 34.6 23.8 25 2.2 1.7 0.2 18.0 16.6 7.4
8 | 1-Methoxy-2-propanol | C,H,,0, | 27.3 29.3 5.3 1.6 1.7 0.4 15.6 6.3 11.6
9 Anisole C,HgO 24.1 38.3 3.2 15 2.2 0.3 17.8 4.4 6.9
10 Ethanol C,HsO 20.2 24.8 8.0 11 1.3 0.5 15.8 8.8 19.4
11| Propylene Carbonate | C,H¢O3 20.2 11.9 1.3 15 1.0 0.1 20.0 18.0 4.1
12 1-Chlorohexane CgH3Cl 15.0 33.7 5.9 0.9 1.8 0.4 16.1 6.2 1.7
13 2-Propanol C3HgO 13.9 20.1 5.8 0.8 1.1 0.4 15.8 6.1 16.4
14 Hexane CeHyy 8.0 35.6 31 0.4 1.5 0.2 14.9 0.0 0.0
15 | Methy! Ng‘s;'r“omb“‘y' CHFO| 63 | 63 | 14 | 07 | 07 | 02 | 137 | 22 | 10
16 Dichloromethane CH,Cl, 5.9 -0.1 -6.3 0.5 0.0 -0.8 17.0 7.3 7.1
17 Cyclohexane CgHy, 1.9 27.3 1.7 0.1 1.4 0.1 16.8 0.0 0.2
18 1-Octanol CgHyg0 1.6 7.2 0.4 0.1 0.4 0.0 16.0 5.0 11.2
19| Tetrachloroethylene C,Cl, 1.0 4.4 0.3 0.1 0.5 0.0 18.3 5.7 0.0
20 | 2-Phenoxy Ethanol CgH10, 1.0 1.8 0.0 0.1 0.1 0.0 17.8 5.7 14.3
21| 1-Bromonaphthalene | C,,H,Br 0.5 14 0.1 0.1 0.2 0.0 15.0 1.7 6.2
22 Ethylen Glycol C,HsO, | 0.4 0.2 0.0 0.0 0.0 0.0 17.0 11.0 26.0
23 Diiodomethane CH,l, 0.3 0.2 0.1 0.1 0.1 0.0 22.0 3.9 5.5
24 Water H,O 0.0 0.0 0.0 0.0 0.0 0.0 155 16.0 423
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2. SEM (8) PFP 1.5 L/min, (b) CTFPL.5 L/min, (c) TFP 1.5 L/min, (d) TFP/CTFP = 1.25/0.25
L/min, (€) TFPICTFP = 1.0/0.5 L/min, (f) TFPICTFP = 0.75/0.75 L/min, (g) TFP/CTFP = 0.5/1.0 L/min,
and (h) TFP/CTFP = 0.25/1.25 L/min.
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