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Abstract: A thermal-assisted ultrasonic embossing method was proposed based on silicon molds to rep-
licate thermoplastic substrates in a low cost and high efficiency. The ultrasonic vibration was applied
to the mold-polymer interface to heat the polymer rapidly to the embossing temperature. To reduce
the risk of damaging the mold, the die was preheated to a temperature which is 35—50 ‘C below the
glass transition temperature (T,) of the polymer. Then, the influences of the ultrasonic amplitude,
ultrasonic force, ultrasonic time, and the thermal-assisted temperature were studied by orthogonal ar-
ray experiments to reveal the mechanism of ultrasonic embossing. The influence of the substrate
thickness was also investigated. The experimental results show that the most important parameter for
replication is the thermal-assisted temperature, follows by the ultrasonic amplitude. Moreover, the

ultrasonic force is the most important parameter for replication uniformity, while the thinner polymer
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sheets are more conducive to be replicated under the same circumstances. With the optimized parame-

ters, the replication accuracy has reached 99% on a Polymethyl Methacrylate(PMMA) substrate, and

the cycle time is less than 50 s. All theses studied show that thermal assisted ultrasonic embossing has

high replication efficiency and is a potential way to mass formation of polymer microstructures.

Key words: thermal-assisted ultrasonic embossing; polymeric microstructure; embossing parameter;

orthogonal array experiment
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Fig. 1 Ultrasonic embossing system and process se-

quences
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Fig. 2 Hot plate and its arrangement for ultrasonic em-

bossing
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Fig. 3 Schematic views of designed silicon micromolds
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Tab. 1 Orthogonal array experimental parameters for
thermal-assisted ultrasonic embossing
T L LR A
\E/C o W/ pm  BHE/s EJI/N
1 50 8.4 15 200
2 50 9.0 18 250
3 50 9.6 20 300
4 60 8.4 18 300
5 60 9.0 20 200
6 60 9.6 15 250
7 70 8.4 20 250
8 70 9.0 15 300
9 70 9.6 18 200
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Fig. 4 PMMA substrate

3.2 EWHER

1 mm A1 2 mm J& ) PMMA 3t J 1F 38 B 51)
S A2 R N 2 ANk 3 i, Xtk
2FE 3H, HETZZH T, 1 mm & PMMA
() 52 R I8 KT 2 mm JE R (9 52 IR

%2 1mm/EPMMAERMNEHRE
Tab. 2 Replication depths of 1 mm PMMA substrates

(pm)
DR B2
TRTE
A B C
1 0.002 0. 000 0. 001
2 0.053 0. 058 0. 065
3 2.167 1.073 19.092
4 0.025 0.019 0.027
B) 0.027 0.033 0.018
6 19. 755 19. 698 17. 605
7 19. 777 19. 830 19. 831
8 19. 607 14. 418 17.114
9 19. 869 19. 909 19. 817
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Tab. 3 Replication depths of 2 mm PMMA substrates

(pm)
LR B2
]

A B C
1 0. 040 0.018 0.010
2 8.971 0 0
3 0.033 0.068 0.018
4 0.299 0.164 0.217
5 0.022 0.016 0. 008
6 0.034 0.016 1. 696
7 2.586 0. 086 0.588
8 0.165 0. 088 0.116
9 17.705 5. 481 19. 656

F4 1 mmPMMAERIERESEEEHEH RN HH
Tab. 4 Analysis of mean repliation rate for orthogonal array

experiments for 1 mm PMMA substrate

IHBIERE  EAIRIE B RSE B E

M 0.125 0.331 0. 601 0.332
M, 0.318 0. 286 0.332 0. 648
M; 0. 945 0.772 0. 455 0. 409
R 0. 820 0. 486 0. 269 0.316
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Fig. 5 Mean square value of each ultrasonic parameter

influences on the replication accuracy
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Tab.5 Analysis of mean replication deviation for orthog-
onal array experiments for 1 mm PMMA sub-

strate

PRHINRE RS EARE AT

M, 3. 885 0.013 1. 348 0.017
M, 0.473 0. 879 0.019 0. 485
M; 0.904 4.370 3. 900 4.760
R 3.412 4,357 3. 881 4.743
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