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Development of Achromatic Waveplate with Large Aperture
Wang Dongguang Deng Yuanyong Zhang Zhiyong Sun Yingzi Xuan Weijia
(Key Laboratory of Solar Activity, National Astronomical Observatories, Chinese Academy

of Sciences , Beijing 100012, China)

Abstract Observed Fraunhofer spectrums are limited by achromatic performance of waveplates in solar magnetic
field telescope. Comparing to the different kinds of achromatic waveplates. one which composes of five-element of
polyvinyl alcohol film is chosen due to its good performance in whole scope of visible wavelength. Analyzing the
measurement datum from 486.1 nm to 656.3 nm, it is found that the maximum error of retardance is in the orders of
A /350 and A /160 for half wave plate and quarter wave plate respectively, and the maximum error of axis azimuth is
in the orders of 0.2° and 0. 6° for half wave plate and quarter wave plate respectively. From the measurement data,
this kind of waveplate made of polyvinyl alcohol film can be used in the whole visible spectrum, and has good

performance comparing to that of birefringent crystal which is insensitive to temperature and incident angle.
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Fig. 1 Schematic of five-element achromatic
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Table 1 Thickness of crystals in two-element

achromatic waveplate

Element Quarter waveplate /mm Half waveplate /mm
MgF,"/Quartz? 0. 215™ 0. 263% 0. 43" 0. 526%
MgF,M/ADP* 0. 115" 0. 027% 0.234 0. 054"
Mg /KDP® 0. 096" 0. 024" 0.192M 0. 048"
ADP*/KDP*  0.13" 0. 139% 0. 26" 0. 278"
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Table 2 Parameters in three-element achromatic waveplate

L8 o

Retardance Azimuth Retardance Azimuth

waveplate structure AA(@=0")  115°32' —30°45' 180° 39°28'
1 FT7R Rl R B 22 45 5 4l A BT £ A/2(@=0")  180° —30°50' 180° 28°20’
#3 5 R RHAEW A IR BT S
Table 3 Parameters in five-element achromatic waveplate
r rl o

Retardance Azimuth Retardance Azimuth Retardance Azimuth

A/4(DP=0") 81° —49°34' 180° 57 180° 73°36'

A/2(P=0") 180° —38°57' 180° —10°18’ 180° 57°17"
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Fig. 2 Retardance comparison of different achromatic waveplates. (a) A/4 waveplate;

(b) A/2 waveplate
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Fig. 3 Comparison of azimuth between three-element and five-element achromatic waveplates.

(a) A/4 waveplate; (b) A/2 waveplate
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Fig. 4 Effects of errors to retardance of A/2 waveplate. (a) retardance errors; (b) azimuth errors; (c¢) both errors

(three-element) ; (d) both errors (five-element); (e) after retardance errors adjusted
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Effects of errors to azimuth of /2 waveplate. (a) retardance errors; (b) azimuth errors; (c¢) both errors

(three-element) ; (d) both errors (five-element)
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Table 4 Measuring result of retardance and azimuth

of achromatic waveplate

Half waveplate Quarter waveplate

Wavelength Retardance  Azimuth Retardance  Azimuth
/nm /(O /() /() /()
393.3 173 —2.37 88.7 +0. 86
422.6 176.22 —0.37 90. 75 +0. 35
486. 1 179.53 —0.15 91.1 +0. 43
517.3 181.69  +0.05 92 +0.03
525.0 181.00 +0.05 90. 36 0. 00
532.4 181. 08 0. 00 90. 21 —0.116
587.6 181.77  +0.017 92.23 —0.56
610. 3 181.89  —0.017 91. 94 —0.48
630. 2 181. 4 —0.05 91. 46 —0.52

656. 3 181.62 +0.017 91.8 —0.5
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Table 5 Variation of retardance of achromatic waveplate

with temperature

Temperature  Retardance  Temperature Retardance
/C /A /C /A
20 0.5016 34 0.5024
21 0.5020 35 0.50233
22 0.5022 36 0.5021
23 0.5023 37 0.5022
24 0.5022 40 0.50179
25 0.5022 45 0.5017
26 0.5024 50 0.50179
27 0.5023 53 0.5016
28 0.50225 55 0.5016
29 0.50233 60 0.5015
30 0.50237 65 0.5016
31 0.50245 70 0. 5049
32 0.50225 80 0.5067
33 0.5023 100 0.5192
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Fig. 8 Variation of retardance with temperature
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with incidence angle
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