
RESEARCH ARTICLE

Design of objective lens with reflective spherical Fresnel
zone plate
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Abstract An objective lens composed of a spherical Fres-

nel zone plate mirror and aspheric mirrors is designed.

The Fresnel zone plate with a spherical shape is ana-

lyzed, and the method to approximately replace the

aspherical mirror with spherical Fresnel zone plate is

deduced. The objective lens is designed with a single

spherical Fresnel zone plate mirror and three aspherical

mirrors. Under the condition of 1006magnification,

2.5 Fresnel number and 120u field angle, the modulation

transfer function can reach above 40% at 0.6 line pairs/mm

on the magnification side, and the distortion is less than

2.2%. This method can provide a reference for the applica-

tion of Fresnel zone plate in visible light imaging, and has

a bright future with the continuous development of the

fabrication technique of Fresnel devices.

Keywords optical design, spherical Fresnel zone plate,

objective lens, reflection

1 Introduction

The objective lens is one of the most important parts in an

optical system. The performance of the objective lens has

great influence on the performance of the system. Since

the mid and late 1990s, the development trend of the

objective lens has been towards short focus, wide angle

of view, large Fresnel number and high definition [1], thus

the design and production of the objective lens become

more and more difficult. Generally, the objective lens is

designed by a refraction lens; however, when the refrac-

tion objective lens is used in the condition of short focus

and wide field angle, various kinds of aberration are dif-

ficult to reduce because of the rapid increase of the chro-

matic aberration and axial coma aberration owing to the

large field of view and Fresnel number. To achieve high

performance, it is necessary to optimize the structure of
the objective lens. However, the refraction objective lens
has its original weak point [2]. At present, the design con-
cept of the reflective objective lens is accepted bymore and
more lens designers. Many reflective objective lens designs
are reported [3–5], for example, Ogawa J has studied the
objective lens layout with four aspheric mirrors [6], and
the detailed design and manufacture performance were
put forward. However, the manufacture and measure-
ment of large aspheric surfaces are difficult.

The Fresnel zone plate has received more and more
interest [7–10] for the simplification of the objective lens
and reduction of the cost. In this paper, an aspherical
mirror is replaced by spherical Fresnel zone plate mirrors.
An objective lens which consists of a Fresnel zone plate
and three aspherical mirrors is designed. Under the con-
dition of 1006magnification, 2.5 Fresnel number and
120u field angle, the modulation transfer function can
reach above 40% at 0.6 line pairs/mm on the magnifica-
tion side, with a distortion less than 2.2%.

2 Design of reflective Fresnel zone plate
with spherical shape

Figure 1 shows the layout of the objective lens composed

of four even aspheric mirrors. The light starts to flux from

the object plane, and then it is reflected by four even

aspheric mirrors M1, M2, M3, and M4, projected on the

screen. In this design,M1 andM3 are concave mirrors;M2

and M4 are convex mirrors. The parameters of the four

even aspheric surfaces are given in Table 1. Magnification

of this design shown in Fig. 1 can reach 1006 when the

projection distance is 250 mm.

As shown in Fig. 1, the aspheric mirrors M3 and M4

have large areas. Since large-area aspheric mirrors with

high precision are hard to be manufactured andmeasured,

the spherical Fresnel zone plate mirror is adopted to

replace the aspherical mirror in this paper.

The design idea is to replace the even aspheric mirror by

a spherical Fresnel zone plate, and Eq. (1) shows the
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expression of the even aspheric:
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where, c is the curvature of the reflective surface, k is the

conic constant, and a2, a3, a4, a5, … are the even aspheric

coefficients, respectively.

Figure 2 is the schematic diagram in which the reflec-

tive even aspheric surface is replaced by the reflective

Fresnel zone plate with spherical shape, and Fig. 3 is the

enlarged view of a single Fresnel surface shown in Fig. 2.

In Fig. 3, there are
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Table 1 Structure data of objective lens with four aspheric mirrors

type c k a2 a3 a4 a5

M1 aspheric 83.902 0.589 21.3876 1027 7.1686 10210 21.8246 10212 2.1336 10216

M2 aspheric 63.585 210.972 4.0006 1028 23.0606 1029 2.4606 10210 7.1106 10216

M3 aspheric 138.041 20.169 23.0306 1027 2.1666 10211 21.3846 10215 4.6306 10220

M4 aspheric 27.797 23.423 28.0186 1028 5.9196 10212 22.9186 10216 8.9366 10221

Fig. 1 Layout of objective lens with four even aspheric mirrors

Fig. 2 Reflective Fresnel zone plate with spherical shape

Fig. 3 One of the reflective Fresnel zone plate with spherical
shape
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The meanings of all the parameters in Eq. (2) are shown in

Fig. 3, and Eq. (2) can be solved and obtained as

xi{ li=2ð Þ½ � tan2 yiz2 f{tið Þ tanyi{ xiz li=2ð Þ½ �~0: ð3Þ

Thus, the parameters of a single reflective Fresnel surface

can be obtained as

tanyi~
{2(f{ti)z
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and the parameters of initial structure are

x1~0, t1~0, xiz1~xizli: ð5Þ

If the radius of the reference spherical surface is set, the

structure parameters of the reflective Fresnel surface can

be obtained according to Eqs. (2), (4) and (5) with differ-
ent li, and the reflective Fresnel surface can be designed to

have the same focal power with aspheric surface.

The set of R and li should make the aberration of the

reflective Fresnel surface close to that of the replaced

aspheric surface. The spot diagram of the aspheric surface

at a specified location can be obtained by ray tracing, and

the spot diagram of the reflective Fresnel zone plate

with spherical surface can be calculated by amplitude

transmittance.

According to the optical path difference (OPD) of rays

reflected by the Fresnel zone plate, the phase shift between

pre and post of the reflective Fresnel zone plate can be

expressed as

c(x)~2k hi(x)zdi(x)zti(x)½ �, ð6Þ

where k5 2p/l, and the function of the amplitude trans-

mittance for reflective Fresnel surface can be expressed as
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where xi~
Pi{1

k~0

lk, Eq. (7) can be expressed as
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The light intensity distribution on the focus plane can be obtained by Fourier transformation for the function of

amplitude transmittance:
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Therefore, the distribution on the Z offset plane against focus plane can be acquired by Fresnel diffraction as

U(Z)~
1

jlZ
exp jkZð ÞF T(x) exp jkx2

�
2Zð Þ� �� �

: ð10Þ

The light intensity distribution of the ray spots reflected by the Fresnel zone plate with spherical surface can be obtained

by Eq. (10), according to the known parametersR and li. The reflective Fresnel surface can achieve the same focal power
as the replaced aspheric surface by continuous correction for parameters R and li.

3 Design of new objective lens

In the reflective objective lens shown in Fig. 1, the major

function of the aspheric mirror M3 is to correct the

astigmatism and distortion. The focus value of M3 is

279.8 mm and the dimension is 80 mm6 60 mm. If M3

is replaced by the reflective Fresnel zone plate with a

spherical shape, the radius of the reference spherical

surface R can be assumed as 150 mm and 0.02 mm for

the reference pitch. According to Eqs. (4) and (5), the

structure parameters which will satisfy the requirement

of the focal power can be calculated. The structure of

the reflective Fresnel mirror is shown in Fig. 4.

Meanwhile, the reflective surface of the basic structure

will be corrected by being divided into surface unit by n

(n5 8–12). The light intensity of the reflective Fresnel
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zone plate with spherical shape can be calculated by

amplitude transmittance, and the reference pitch and

angle of the reflecting surface should be modified to have

the similar aberration as the aspheric mirror. Figure 5 is

the comparison diagram of the spot distribution of the

reflective Fresnel zone plate and the aspheric mirror at

the center of the imaging plane.

Figure 5(a) is the spot diagram for the aspheric mirror

at the centre of the imaging plane and Fig. 5(b) for the

spheric Fresnel mirror. Figure 5 shows the difference in

aberration between these two types of mirrors. Table 2

shows the structure parameters of the final design.

Compared with Table 1, it can be inferred that the resid-

ual aberrations which cannot be corrected by using

spheric Fresnel mirror has to be corrected by other asphe-

ric mirrors.

Figure 6 is the layout and modulation transfer function

(MTF) results of the objective lens, which are calculated

by the ZEMAX software. Figure 6(a) is the structure lay-

out with three aspheric mirrors and a piece of spheric

Fresnel mirror, under the condition of magnification of

1006, Fresnel number of 2.5, projection distance of

250 mm and field angle of 120u, and the MTF reaches

above 40% at 0.6 line pairs/mm on the magnification side

shown in Fig. 6(b). MTF of the other side can reach above

60 line pairs/mm, considering the magnification 1006 of

the objective lens, which will satisfy the definition require-

ment of the objective lens.

Fig. 4 Structure of reflective Fresnel mirror

Fig. 5 Spot diagram for aspheric mirror (a) and spheric
Fresnel mirror (b)

Table 2 Structure data of objective lens with Fresnel mirror and three aspheric mirrors

type c k a1 a2 a3 a4

M1 aspheric 83.902 0.589 21.3876 1027 7.1686 10210 21.8246 10212 2.1336 10215

M2 aspheric 65.373 29.232 4.0006 1028 21.8286 1028 1.3986 10210 6.3116 10216

M3 Fresnel Fresnel mirror: R5 150 mm, li5 0.02 mm

M4 aspheric 27.797 23.837 26.3026 1028 7.5236 10212 23.5496 10216 8.8356 10221

Fig. 6 Structure (a) and MTF of the 3-aspheric and 1-reflective Fresnel lens (b)
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Figure 7 shows the field curvature and distortion

results. It can be seen that the distortion is less than

2.2% in field and the design can satisfy the imaging

requirement within a narrow band of 550 to 600 nm.

4 Conclusion

In this paper, a newmethod using a reflective Fresnel zone

plate with spherical shape to replace the aspheric mirror

is put forward. An objective lens with a spheric Fresnel

mirror is designed. The Fresnel zone plate is concerned
due to its light structure and low replication cost; how-

ever, the application of the Fresnel zone plate is restricted

by current technological condition. The Fresnel zone plate

manufactured now has low diffraction efficiency with

harmful interference grade, meanwhile, the chromatic

aberration is hard to correct owning to the diffraction

grade of the Fresnel zone plate. The objective lens pro-

posed in this paper can only perform within a narrow

band (500–600 nm) of the invisible light, so there is still

certain difficulty for this kind of reflective Fresnel zone

plate working at a broader band in imaging design.
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