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Abstract: The master, which contains the desired optical surface, is epoxied to the substrate. When the pieces are
separated, the epoxy resin layer is transferred to the substrate producing a replicated mirror. Epoxy replication is an
efficient and low-cost way to fabricate optical mirrors. The surface figure accuracy will decrease with the increase in
mirror size due to the characteristic of the epoxy resin, and there is no effective way to correct the surface figure
aberrations after replication. Finite element analysis was used to simulate the replication process and optimize the
thickness of the master for better surface figure accuracy. A multilayer film compatible with Magneto-Rheological Fi-
nishing was also developed. A parabolic replicated mirror with a diameter of 180 mm and a plane replicated mirror
with a diameter of 500 mm were fabricated within 5 and 10 days, respectively. The precision shape (RMS<20 nm)
and low surface roughness (Rg=0.6 nm) were both achieved.
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Fig. 1 Principle of epoxy replication!"!
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Fig. 2 Finite element grid division and boundary condition setting
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Fig. 3 The effect of the thickness and the shrinkage rate of adhesive on the surface figure accuracy
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Table 1 Measured results of the surface figure of different masters and substrates

i IR /mm B R /mm i SEIN A I EE RMS/nm
#1 D100x9.8 80.0x20.0 F131 -145.9
#2 $150.0x14.9 ®100x14.8 F131 -17.2
#3 ®100x14.8 ©80.0x8.9 F131 281.3
#4 D100x9.8 ®80.0x8.9 F131 78.4
#5 ®100x15 $80.0x8.9 F131 246.8
#6 ®100x10 $80.0x8.9 F131 111.5
#7 ®150.0x14.9 ®100x14.8 301 15.5
#3 $150.0x13.6 ®100x14.8 301 17.8
#9 ®150.0x19.5 ®100x14.8 301 61.6
#10 $150.0x19.8 ®100x14.8 301 71
#11 D100x15 ©80.0x20.0 301 -18.6
#12 $150.0x13.6 ©80.0x20.0 301 -34.2
#13 ®150.0x14.9 ®80.0x20.0 301 -29.7
#14 $150.0x19.5 $80.0x20.0 301 -11.4
#15 ®150.0x19.8 ©80.0x20.0 301 -6.4
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Fig. 4 Simulated and measured results of the surface figure under different combinations of substrates and masters
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Table 2 The masters and the substrates with different defocus deviations
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Fig. 5 The effect of the defocus error on the surface figure (simulation results). (a) #16; (b) #17; (c) #18
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Fig. 6 The effect of the defocus error on the surface figure (experimental results). (a) #16; (b) #17; (c) #18

100
@) L[ W EEs
oL Lo iz . mm onom
| |
| P
[ L ]
E 1001 .
a L
2 200} .
2 I
= L
= -300
g&( L
-400 -
F [ ]
-500 L L L L L
5 10 15 20 25
YA PR AR R BE fim

b .
(®) 50 = (i EAE
- . n [ ] [ ]
I Lo
0 L n
£
E L | |
g
;; -50 |+ .
=
E 100
™
50 F
5 10 15 20 25
RERFERE /mm

B 7 A4&E%2EekEHE (@) a4 (b) R E % h

Fig. 7 The effect of the thickness of fused quartz (a) and the silicon (b) masters on the surface figure accuracy
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Fig. 10 Simulated and measured results of the surface figure of ®180 mm parabolic mirror after replication
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Fig. 11 Measured results of the surface figure of ®180 mm parabolic mirror after magneto-rheological finishing
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Fig. 12 The surface roughness of ®180 mm parabolic mirror
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Fabrication of optical mirrors by epoxy replication
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Measured results of the surface figure of ®500 mm plane mirror fabricated by epoxy replication

Overview: Mirrors with high precision and high stability are one of the core elements in optical systems. Shorter optical
processing cycle, lower cost, better performance, and more diversified selection of mirror materials are required. Epoxy
replication is an efficient and low-cost way to fabricate optical mirrors, and even those materials which are hard to
polish can be used in this method. The master, which contains the desired optical surface, can be epoxied to the sub-
strate. The space between the master and the substrate can be filled with the epoxy resin. When the pieces are separated,
the epoxy resin layer is transferred to the substrate to produce a replicated mirror. However, the surface figure accuracy
will decrease rapidly with the increase of the mirror size due to the characteristics of the epoxy resin, and there is no
effective way to correct the surface figure aberrations after the replication. Besides, there are no reports on the simulated
replication process and the optimization procedure of master size. In this paper, we aim to solve those problems and
fabricate the mirrors with larger size and better accuracy. First, finite element analysis was used to simulate the replica-
tion process. Simulation results show that the RMS value of the surface figure after the replication has a linear relation-
ship with the thickness and the shrinkage rate of epoxy resin, and sizes and elastic modulus of the masters and the sub-
strates have significant impact on the surface figure accuracy. An optimized method was developed to determine the
thickness of the master and predict the surface figure after replication. Simulation results of the surface figure under
different combinations of substrates and masters are consistent with experimental results. Second, a multilayer film
compatible with Magneto-Rheological Finishing was also developed, which makes it possible to correct the figure after
the replication. Nickel layer with a thickness of several microns was deposited first and then nanolaminates were depo-
sited on the master. Nickel layer can be polished in Magneto-Rheological Finishing process and thus the accuracy of
surface figure will increase. Nanolaminates play an important role in preventing the print-through phenomenon. Last,
we have demonstrated our work on the parabolic replicated mirror with a diameter of ®180 mm and the plane repli-
cated mirror with a diameter of ®500 mm, which were fabricated within 5 and 10 days, respectively. The precision
shape (RMS<20 nm) and low surface roughness (Rq=0.6 nm) were both achieved. This replication technique might be
used to fabricate high-quality mirrors up to meter scale in the future.
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