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Abstract: Aiming at the problem that the ultra-thin light guide micro-die is difficult to process, com-
bined with the isothermal hot stamping method, a new “equivalent substitution” imprinting process is
proposed, which is to reduce the microstructure replication height by controlling the molding process pa-
rameters. The equivalent structure smaller than the microstructure of the mold is formed on the substrate ,
which breaks through the idea of completely replicating the microstructure of the mold during the hot
stamping process, reduces the difficulty of processing the microstructure mold, and thus innovates the
high quality super forming process of a thin light guide plate. The specific experiment was designed with
polymethyl methacrylate (PMMA) as the substrate, and the 0.25 mm thick light guide plate was pro-
cessed to verify the feasibility of this method. The experimental results show that this new “equivalent
substitution” imprint process can not only reduce the manufacturing difficulty and processing cost of the
mold, but also greatly improve the performance of the ultra-thin light guide plate. Compared with the
thermostatic upper and lower mold differential thermal imprint process, the uniformity was increased by

23% and the overall molding time was shortened to 20 s.
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Tab.1 Light guide plate quality test table after lowering the

upper mold temperature

A SRR/ Ix YIS/ %
1 2 701 52.56
2 2 840 53.35
3 2823 55.62
4 2916 61.25
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Fig. 1  Upper mold temperature and uniformity curve
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Fig.2 Reducing the microstructure of the upper mold tem-
perature. (a) Sampel 1. (b) Sampel 2. (c)
Sampel 3. (d) Sampel 4.
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Fig.3  Relationship between microstructure replication height

and uniformity after lowering the upper mold temper-

ature
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Tab.2  Light guide plate quality test table after reducing
pressure
i FEIRREE/1x B P
5 3011.6 61.52
6 3155.0 67.21
7 2 821.7 67.35
8 3407.3 70.14
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Fig.4  Microstructure microscope after reducing pressure.

(a) Sampel 5. (b) Sampel 6. (¢) Sampel 7. (d)

Sampel 8.
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Fig.5 Relationship between microstructure replication height

and uniformity after reducing pressure
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Tab.3  Light guide plate quality test table after reducing
time
i PR/ 1x B/ %
9 3550.7 70.22
10 3709.0 72.76
11 2241.1 58.82
12 3227.8 64.34
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Microstructural microscope image after time reduc-
tion. (a) Sample 9. (b) Sample 10. (c¢) Sample
11. (d) Sample 12.

FUREE TR, W5 WL, B Rl B 4 32 2
SR FEER Bl 4 (<20 ), BRI R A4S I Fop
L 2R AR R R I T s A B

FIRF 7 s Wi gg, 153 T & 6 FTR
SRR, 4G i) A ] i R G R O
7 AT LAR I, Y R BRI E] R 10 s B, 47 1A TF o 25 15
FERE AL, SE AR AR SRR, HREAE i 2RI T
—[RIEIR I, B BEA R 2.7 wm A A, a0 A
JE R B 4, 58 4 A TRl O AR, X Rl AU
KLU T AR 8 R o S AR R 28 5 B A i AR R B
S0 BT AR BRI E] S 10 s B, SOGhR i 5 i

Fig. 6

3.0
250\
2.0/
1.5¢

. (b) : J\M
1.5} 5 §

I I L 1 L L

10 20 30 4!0 50 60 70
m
K7 JEENIN R R A IR A . (a) TEEDIN[E] S
10 s;(b) FEEIRSTE] R 15 s,

Fig.7 Waveform of the microstructure when the imprint time

pm

pm
—_
=)

is too short. (a) Structure waveform diagram when
the imprint time is 10 s. (b) Structure waveform di-

agram when the imprint time is 15 s.
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Tab.4 Light guide plate quality inspection table after lower-

ing the lower mold temperature

FE A RE R/ Ix YW1/ %
13 3 505.8 75.52
14 3415.77 75.79
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Fig. 8  Microstructure waveform at 95 °C. (a) V-groove

structure waveform diagram. ('b) Microlens struc-

ture waveform diagram.
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