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Binary Annular Phase Plate Used to Generate Hollow Focal Field

Wang Wei”, Wu Jianguang, Mo Xutao, Huang Xianshan
School of Mathematics and Physics, Anhui University of Technology, Maanshan, Anhui 243032, China

Abstract Based on the scalar diffraction theory, a binary annular phase plate is studied by means of the coherent
superposition method, which is used for the generation of a hollow focal field. The analytical expression of the
radius for each ring is derived. The influence law of the ring radius on the hollow focal field is also investigated by
the numerical calculation method. The research results show that, in the focal plane, the ring radius of this phase
plate has a great influence on the side lobe ratio and the maximum light intensity ratio, but has a little influence on
the radius of the hollow focal field. The increase in the number of rings reduces the side lobe radio, but increases the
maximum light intensity ratio. In contrast, in the axial direction, the increase in the number of rings cannot increase
the maximum light intensity ratio. Both the number of rings and the ring radius have relatively great influence on
the side lobe ratio and the maximum light intensity ratio. For a binary annular phase structure, the side lobe ratio
and the maximum light intensity ratio only depend on the ring radius and are independent of numerical aperture. In
the focal plane, the radius of the hollow focal field is inversely proportional to the numerical aperture. In the axial
direction, the radius of the hollow focal field is inversely proportional to the square of numerical aperture.
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Fig. 1 Schematic for calculation of focal field
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Fig. 2 Light intensity distribution in focal
plane for two-ring structure
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Table 2 Optimized three-ring structure

1 P2 R /A S M
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Fig. 3 Light intensity distributions in focal plane for
three-ring structure. (a) R=5.651; (b) R=2.852
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Table 3 Optimized four-ring structure

01 02 03 R /A S M
0.6 0.73 0.82 2.88 0.07 0.12
0.58 0.69 0.80 2.84 0.07 0.12
0.57 0.70 0.816 2.88 0.065 0.12
0.55 0.65 0.787 2.84 0.07 0.11
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Optimized five-ring structure

Optimized six-ring structure
e P ps ps ps R S M
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Fig. 4 Light intensity distributions in focal plane for
different ring structures. (a) 2-ring; (b) 3-ring;
(¢) 4-ring; (d) 5-ring; (e) 6-ring
T AE B BB AL AR X A 0 £ R M Y
W, o3 2 PR E) 6 PR AL A5, DFST NA K
0.1 ¥Rk 0.6 Bt R.S.M AL B, L 4 351 5
IEEH P, = F B NA A2 5 fis .,

5\@) 5N\.(0)
< <
5 5
0 0
0.2 04 0.6 0.2 04 0.6
NA NA
2 g
7;05 © S §0.5 (@ -8
= L - M
E E
[EEEEnesnma et e
@ 0.2 0.4 06~ 0.2 0.4 0.6
NA NA

Bl 5 fEm R.M S M NA B, () 4 3R {H;
(b) 5 R {f;(c) 4 5 S.M {H;(d) 5 3 S M i
Fig. 5 R, M, S in focal plane versus NA. (a) R value for
4-ring; (b) R value for 5-ring; (¢) S and M values

for 4-ring; (d) S and M values for 5-ring

K5 XY 4 RE5H Z8N 00 =0.60,p0, =
0.73,05=0.82,5 &5 ZHH 01 =0.57,0,=0.65,
0:=0.76,0,=0.99, AJLLFE .S FIM HAFE NA
AR AR fk R (B RE NA (38 i 9/ . 38 28 4
A R &, mTLAFE] R Al NA BIER .

R =mA/(NA), (10)

Kl 5 Ca) FIIE 5 (b)) ot om 433l 2 0.5768 Fi
0.5856, 43 BT Al B 47 45 #4 b g 45 th AH W] 25 18, RP
R FI NA B M, m FEAR B Z58) 2806 % S
FIM EANBE NA 246, 30 5 5

070501-4



Wt 5ot T o R

3.2 HHmEEESN

NS 3 T A R A ASO AT DA AR £ T G 5 43 AR
U023 52 W - AF T PN B OG5 20 A, i OB 2 fE K
FWERYIHE., (DRXH L v=0, WA F| £ (&
RGP SR Bl b i e oA . HE R B R Ak
FETHI 25 K45 20 04 115 A 07 Al 25 48 B 5l e 1
JEHR A . T A R A 3 RN AR 1A L OG5 4 A
RISt 37 g 2, G ) L 8 v ik BE 19 06 3%, [ Ut
TR AL, FFERH RS M (H R AR 7] 250
Rt . Wit E RS M RSB . AT DL
FAIGEN R ZOR S5 8. K6 450 T 2~6 ¥
AN (R 235 ) 8 T Sl i 69 O R A3 A HRE R B AR A AR
S S EN R 6 PR, Xl - MU/ IME R 1
. MWK 6 AT LAE . el A8 25 AN R i AR, i T
Wi Z AN T AR T A6 R AL G5 0, 14— B

B i Bl 1) Dl ik B R, HAT BN MEE

=10

@ £ ®
; . £
§ 05 £05
= k=

0 100 200 300 0 100 200 300

18 2 /A 1.0 2/

>1. 21
7 © 7 (@
£05 £05
£ |

0 100 200 300 0 100 200 300
10 2 /A 2 /A
= (e)
£05
£

0 100 200 300

2 /A

P 6 AN [ B o Rz ) il 1) Y 5 43 A
(a) 2 ¥ ;5(b) 3¥;(0) 4 3F;(d) 5 3F;(e) 6 3
Fig. 6 Light intensity distributions in axial direction for
different ring structures. (a) 2-ring; (b) 3-ring;

(¢) 4-ring; (d) 5-ring; (e) 6-ring

K6 1B 6 PSRRI LR RS M {H
Table 6 Ring radii and R, S, M values corresponding to Fig. 6
Number of rings 01 02 03 01 05 R /A S M
2 0.707 37.046 0.525 0.088
3 0.01 0.707 37.036 0.525 0.088
4 0.59 0.65 0.758 35.034 0.392 0.153
5 0.56 0.62 0.73 0.981 38.037 0.332 0.174
6 0.5 0.54 0.69 0.73 0.774 35.284 0.376 0.079
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