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Injection molding using porous nano-scale patterned master
with Peltier devices

N. P. Hong, J. T. Kwon, H. G. Shin, Y. H. Seo and B. H. Kim

Abstract

We have replicated nanopillar arrays using injection molding process of active heating and cocling method by several
Peltier devices. The injection molding has a high accuracy and good reproducibility that are essential for mass production
at low cost. Conventional molding processes widely use the water-based mold heating and air cooling methods. However,
in case of replication for nano-patterned structures, it caused several defects such as air-flow mark, non-fill, sticking and
tearing. In this study, periodic nano-scale patterns are replicated by using injection molding with Peltier devices. Porous
nano-scale patterns, which have pore diameter range from 120nm to 150nm, were fabricated by using anodizing process.
Periodic nano-pore structures (20mm x 20mm) were used as a mold stamp of injection molding. Finally, PMMA with
nanopillar arrays was obtained by injection molding process. By using the Peltier devices, the temperature of locally
adiabatic molds can be dramatically controlled and the quality of the molded patterns can be slightly improved.

Key Words : Injection molding(A} %43 ), Peltier device(® €] ©] 222}, Active Heating and Cooling Method(-2 = A1 o1),
porous nano-patterns(Ch3-/d Z ¥)
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5% $&399 (Fig. 1 - stepl, Fig. 2(a)). ¢=1]
B 90V AL 289 FL Azto g 0.04M9)
TFitoxalic acid)el Al 12+ AFuE FFAsE 5
83FATE (Fig. 1 - step2, Fig. 2(b)). H= F=2 3=
3 A" HAPHEL FYddA Edn d-o
2717} 100nmel stz FAPHAT 13 FF44sto]
o B4€d EFUUYE AAs) dstd Az
(1.8W1%) 7 QAU2H6wt%)S A&t 65TCoA] 14
2 AT (Fig 1 - step3, Fig. 2(c)).

dFuE dFAgFHY ABITHE Eslo
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2+ A chFig. 1 - stepd). 2 24 FFAstEAH O
E Agd bdz34d %049 2o m7E g3
&7] 913 3822 0.1M 2 4k(phosphoric acid) o
30T, 2 A P8t HFHoz ALEA Y A}
€2 934 JY=dd vaHE AZEAT (Fig
1 — stepd, Fig. 2(d)).
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Stepl: Pure Alurminum

Step2: 1# AAO

Step3: AAO removal Step4: 27 AAO & widening

Fig. 1 Fabrication process of anodic aluminum oxidation

Fig. 2 (A) Surface of pure aluminum, (B) Surface of 1%
AAQ, (C) Result of AAO removal, (D) Surface
of 2™ AAO and pore widening
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Fig. 3 shchematic of nano-injection molding system
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Fig. 4 Variations of temperature and pressure with
respect to cycle time for injection molding

Table 1 Experimental conditions

Active temp. control
Mold master Porous nano-hole structures

Pattern Depth 320nm

size Diameter 150nm
Polymer temp.[C] 240

Passive mold temp. [C}] 60-140

Temp. variation| C] 10020
Pressure [MPa} 35
Total processing time [sec 43

Pure injection time [s] 3
Polymer PMMA
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i

thooEd Ux g 4ds AT
B F 43 27 AoEHon, AR
% 3 Zojth X 1 2 U3 Uk
A3 Ay z7Aoty oTA
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(A) 120C
Fig. 6 FE-SEM images of nano patterns replicated by nano-

(B) 100C

injection molding using porous nano-hole master
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