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Fig. 1 Design structure of thick unit zero-order wave plate
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Fig. 2 Optical path of e-ray in wave plate
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Fig. 3 Relation curve between crystal optical axis angle and

wave plate thickness for 0.633 um 1/4 wave plate
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Fig. 4 Performance comparison of conventional wave plate and thick unit zero-order wave plate
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Table 1 Influence of temperature on retardation of three kinds of wave plates
t/C —38 —6 —4 —2 0 2 4 6 8
NS, /() 0. 0809 0.0691 0. 0457 0.0223 0 —0.0216 —0. 0421 —0.0626 —0.0831
NS, /() 2.4407 1.9155 1.2214 0.6116 0 —0.6091 —1.2182 —1.8277 —2.4376
A8/ () 0.0789 0. 0592 0.0395 0.0198 0 —0.0197 —0.0394 —0.0591 —0.0788

MR 1 T s T LU 2 R R X 8 B 0 & gk
AL SE 3R Y 5 ) R R )RR B LR T 2 A
UE1/308 K EN T 5 T RGO LT Y
4 RE AR A AR

il G AR R X SR sl ASOKS s e
MORERZE/NT 1D AR EMACHERZENF 1)
Jf3E o R BB RN ST B OG0, W AE T
0.532 pm P K MY 1/4 U B BB A o 127450
0.6328 pm W& K MY 1/4 B A O6H M A 14720

o oy

»(%»

P, P>

0. 650 pm PR 1/2 B 7 O6H AR 20°57) By L AR
mh o XT BT A RE S BE AT RO O, B R RE
(300.040.5) pm,

K F O AR A7 4 3R 5t 1 U3 — £k O i 8 1) D0 S Ty vk
TR A HE AR BT R e K 5 Bros .,
oL PP, SRR 2217 B B R I R . R O 506
PR XN A 1/4 W R.Rs HFEW WK R, W R
Wollaston # 58, D, . D, 2 W 4> iy oy [ 31 5= B 2% B B
HEAR I LM-5 SOG4t Ml R85 e B A A
TRIIRERY T & b AT DUTE — 5 09 I BE 0 B P9 % D
JrPEREHEAT I

Rx

P 5 A il '

Fig. 5

MY 4 SCik [17 ] 0% D3 T 38, 3 00 K
0.5320,0. 6328.0. 6500 pm FYIEIEEIR, #F 18.23.28 °C
AU E FORT AR IR S I 8 AR 7 S SR AT T
DU, AR i B RS [) | I 3 e 2 AT 5 ol ik

Optical path in sample test

WO A5 R 3k 2 Bros . o O T Sk a4
RE Y A0 € Tk, B P AR SO I AE T B, AR 1.2
0.532 pm 1/4 P H 3.4~ 0. 6328 um 1/4 P& F.5.6
0,650 pm 1/2 PEH

2 R AL AE 3R e B I B R A Y ) 45

Table 2

Measured phase delay of sample wave plate as a function of temperature

Phase delay /(°)

Temperature /°C

1 2 3 4 5 6
18 90. 02+0. 002 89.5540. 002 90. 30£0. 004 89.760.002 180.18+0.004  180.6240.002
23 89.9540. 002 89.48+0. 004 90.23%£0.002 89.7040. 004 180.10+0.004  180.53740.004
28 89.9040. 004 89.4440.002 90.192£0. 002 89.66+0.002 180.04=40.004  180.46=0.002
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Design Principle and Performance Analysis of Thick Unit Zero-Order
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Abstract

Objective Phase retarders are vital optical devices used in various optical polarization applications. Phase retarders are
constructed using uniaxial birefringent crystals called wave plates. In theory, all birefringent crystals can be used to
manufacture wave plates. However, the corresponding thickness of a zero-order 1/4 wave plate in the visible spectrum is
only a dozen microns, even if it is constructed from a quartz crystal with low birefringence, making manufacturing
difficult. Therefore, the plates are often manufactured with a thickness exceeding 300 pm, called multi-order wave
plates. The retardation of a multi-order wave plate is significantly influenced by the temperature of the application
environment, which is unfavorable in the natural environment. The design principle and structure of a thick-unit zero-
order wave plate that overcome the difficulty in manufacturing zero-order wave plates and the adverse effects of ambient
temperature on the retardation of multi-order wave plates are proposed in this study. The design principle and
performance parameters of thick-unit zero-order wave plates are analyzed to realize the production of multi-order wave
plates, with a retardation accuracy higher than those of the existing zero-order wave plates, whose retardation is less
sensitive to temperature than those for multi-order wave plates with the same thickness.

Methods First, the relationship between the optical axis angle and the thickness of the thick-unit zero-order wave plate
was determined based on the optical properties of uniaxial birefringent crystals after obtaining the required retardation for
the designed wavelength using equations of refraction and the refractive index of the e-ray [ Eqgs. (9) and (10)]. Second,
the effects of the wave plate thickness accuracy and temperature variation on the phase retardation of thick-unit zero-order
wave plates were analyzed. The proposed design was compared with a conventional design in an actual design case. Third,
experimental samples were fabricated using optical quartz crystals in the proposed design, and their phase retardation was
examined using normalized polarization measurements (Fig. 5).

Results and Discussions The fundamental design equations [ Eqs. (9) and (10)] of a thick-unit zero-order wave plate
can be used to design zero-order wave plates with a selectable thickness for any uniaxial birefringent crystal (Fig. 3).
Furthermore, the effects of the thickness accuracy and temperature variation on the phase retardation are investigated
based on a design case using optical quartz crystals. The results are as follows: 1) A thickness difference of 1 pm has an
influence of less than 0.3° on the phase retardation of the thick-unit zero-order wave plate, which is less than 6% of that
of the conventionally designed zero-order wave plate or the multi-order wave plate with the same thickness difference
(Fig. 4). This indicates that, by using the same manufacturing technology, the thick-unit zero-order wave plate design
can achieve higher precision of phase retardation. 2) The effect of temperature variations on the phase retardation of the
thick-unit zero-order wave plate is similar to that for the conventional zero-order wave plate and is only 1/30 of that for a
conventional multi-order wave plate ( Table 1). 3) Tests on the samples verified the feasibility of designing and
manufacturing thick-unit zero-order wave plates. When the ambient temperature is varied within a range of +5 °C, the
variation in the phase retardation is within 0.15° (Table 2).

Conclusions In this study, a design principle and method for thick-unit wave plates are proposed and any uniaxial
birefringent crystal can be used to manufacture a zero-order wave plate with a selectable thickness. This overcomes the
manufacturing difficulty in conventionally designed zero-order wave plates owing to the minimal thickness and adverse
effects of temperature variations on the phase retardation of multi-order wave plates. Given the significant advantages of
highly precise retardation, stable temperature, flexible thickness, and ease of manufacturing, the proposed design
provides a novel approach for designing and fabricating high-performance zero-order wave plates.

Key words laser optics; polarization optics; zero-order wave plate; accuracy of phase retardation; temperature effect
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