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Fig. 1. The principle of laser beam shaping by pure

phase modulation.
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Table 1. System parameters.

Parameters Value
Wavelength A 0.65 um

Wrist radius wg 5 mm
Focal length f 200 mm
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Fig. 2. The curves of PV and RMS of near field phase at various pupil radius: (a) PV for rectangular
target; (b) RMS for rectangular target; (¢c) PV for circle target; (d) RMS for circle target.
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Fig. 3. The results of far field intensity at various pupil radius: (a) Rectangular target intensity; (b) circle

target intensity; (c) the curves of metric functions at various pupil radius for rectangular target intensity;

(d) the curves of metric functions at various radius for circle target intensity.
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Table 2. The results of mathematic model fitting into metric functions.

a b SSE RMSE R-square
Chrect —0.4895 1.231 0.0065 0.0055 0.0044 0.9937
M S Drect 0.4740 0.7296 0.0017 0.07051 0.0157 0.9890
Ceircle —2.072 2.148 0.0270 0.0054 0.0043 0.9700
M SDeircle —1.317 1.852 0.0250 0.0146 0.0071 0.9702
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JGRKR/ANSHL. TTTE H ARG BRI 25 RN S HOUE
L = 100, 200, 300 um FEE H b oS KNS
HHUE N Ry = 100, 200, 300 um. BB, REVEH
B H R T R, — Bt 1 4 B,

1 4 AT, X5 % H bRt RGN R 3
THIR S, — B mii s #a T 20, R, IUEFE [2 3]
Z B 6 BT H ARG 5R, R G0V iR T AR I
S, H—Mr w20, R, BUETE[2.5 3.5] 2

s A ). A T B ' M T I 6 R B T M R 10 B
Ry — a2 WS T /N (R ERE 4%, T — B4 R,y (IR

e [‘( b ) } (@9 g, B, A7 H AR, 4 L = 100, 200,

OMSD _ 2(Rnp —a) exp (_kT,) 300 pm iy, Ry, = 2, 2.5, 3, RGN EECH
ORnp b? MSD BT R,y MK wigs ¢’ 5 MSD' B

2
X exp [— (Rnpb_a) } (30)
RHE RGP ok B A (24) 5 (25) 2B
J 3% 2 v E ZHUUA, W AT TR EURE H bRt ik
ARGV BRECECE A 230 (31)—(34) ZFs:
Creet = 1 — exp (—0.0065T},)
[ [ Rup + 0.4895\
X exp |— <p1+231> ], (31)
MSDyeet = exp (—0.0017T,)
[ [ Rpnp — 0474\ 7]
X exp __< 0.7296 ) | @2
Ccirclc =1- exp (_0027Tn)

(R, +2.072\ 7]
XeXp — <p2148> s (33)

MSDeircre = exp (—0.025T,)

fH AN 3 prail; SFRDE HbrJts, 24 Ry = 100, 200,
300 um i, R,, = 2.5, 3, 3.5, RGN K C 5
MSD KIFKT Ry I — Wi 7> C' 5 MSD' i
F AP,
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AR ALE 0.05 /£ 47, 1 MSD BUELE 0.012 B,
A F L8 0.07, LB RGEVEN RTS8 LA
—EMBEE Ratmkril— P nE 4
R,p, = 250, CHUE KT 0.997, H A8 FAE
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Table 3. The results of mathematic model for rectangular target intensity.

Rup =2

Rpp = 2.5

Rnp =3

L =100 L =200 L =300

L =100 L =200 L =300

L =100 L =200 L =300

C 0.9839 0.9846 0.9852 0.9974 0.9975 0.9976 0.9997 0.9997 0.9997
c’ 0.0528 0.0507 0.0487 0.0104 0.0100 0.0096 0.0014 0.0014 0.0013
MSD  0.0125 0.0123 0.0122 0.0004 0.0004 0.0004 0.0000 0.0000 0.0000
MSD' —-0.0714 —0.0707 —0.0699 —0.0034 —0.0033 —0.0033 —0.0001 —0.0001 —0.0001

048701-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 4 (2016) 048701

1.0
0.9 m{ect metric function
0.8
g
':3 0~7
Z 06
£
g 05 —C  L=100
£ 04 ——MSD L =100
= \ —C  L=200
0.3 —MSD L =200
0.2 —C  L=300
’ \ ——MSD L =300
0.1
0 1 \ R S T S D 1
1 2 3 4 5
Rop
1.0¢
0.9 /-(:)Ercle metric function
0.8}
g
= 0.7f
°
£ 06f
= —C Ry =100
2 05 — MSD Ry =100
2 0.4t —cC Ry = 200
03l — MSD Ry =200
0.2 —cC Ry =300
‘ \ — MSD Ry =300
0.1 \
ol S
1 2 3 4 5
Rn])
4

Derivative

Derivative

RGN R B R T Rp B2 (BALARNZE wo IH— LIS HIDGIE £ 1%)

0.6

0.4 (b) Derivative of rect metric function
0.2

(=)

o
N
o o »

Lol
v o
\'

(d) Derivative of circle metric function

—0.05}

7
///
7/

—0.10
—0.15}

—0.20 /

—0.25
1

2 3 4 5
Ry,

(a) J7T% A br 2 G R

B (b) T HAR RGN BB B oy (o) K A bR RGO e B (d) DR F AR RGEPRAT 080 i fi 623

Fig. 4. The metric functions and their partial-differentials about Ry (the lateral coordinate is the pupil

radius normalized by wp): (a) Metric functions for rectangular target; (b) partial differentials of metric

functions for rectangular target; (c) metric functions for circle target; (d) partial differentials of metric

functions for circle target.

*4 BE B PO g R

Table 4. The results of mathematic model for circle target intensity.

Rpp = 2.5 Rnp =3 Rup = 3.5

Ro =100 Rp =200 Ro=300 Ro=100 Ro=200 Rop=300 Ro=100 Ro=200 Ry =300
C 09909 09923  0.9935 0.9968  0.9973  0.9977 0.9990  0.9991  0.9993
C’ 00180 00152  0.0128 0.0070  0.0059  0.0050 0.0024  0.0021  0.0017
MSD 00122  0.0104  0.0089 0.0037  0.0032  0.0027 0.0010  0.0008  0.0007
MSD' —0.0272 —0.0232 —0.0198  —0.0094 —0.0080 —0.0069  —0.0028 —0.0024 —0.0020

HEATH, YR, = 250, C5 MSD 4
IR EE S AE 1072 220, BB L 28K, 2
R., = 3, C'5 MSD )28 44 8 % fE AL 3] 103
B, CHUEZ)90.997, MSD EUE ) 0.003,
T R AR R, ok i 4R gk 42 4 K
Rup = 3.5 W, C5 MSD 78 fb 38 2 A7 {7 5 12
1073 &4, WM R, = 30, REVEH K H L
EFCETFHETE, KRETFNHRBEITHET
/8

gk b dr, X7 HAR G, MR, 425

B, &40 R 0 T Uk, CEIA $)0.997 2
A, MSDE A $]0.0004 72 A4; xF B & H bR % 58,
M Ry 219 30, RGP R EOE TS, CEIA
#0.997 /£ 41, MSDHIE#]0.003 £ 4. IE, &
GEVP M BR A R OB B AE, ' B AT 1R T X &R
Gt HE TR RE IR BE MR T dR /N, A AR G RO i
A2, RG VP R B T R, BT b
KA PV 5 RM S AE AT Bifi 't et ~F= 478 30 AL 2k 14 38 i,
BINRG A, B RARGLIMERE, FIKRFRN
& .
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Abstract

In this paper, we propose a quantitative approach to analyze the influence of pupil truncation on the phase-only
modulation laser beam shaping system, based on the near-field phase and the far-field metric functions. First, the
relationship between near-field phase and pupil radius is studied by Lagrange multiplier method. Result indicates that
both the peak-to-valley and the root-mean-square of the near-field phase increase approximately linearly with the pupil
radius. Second, the influence of pupil radius on a beam shaping system is investigated. To quantify the performance of
the beam shaping system, the correlation coefficient (C') and the mean square difference (MSD) are introduced as the
metric functions. Then, by comparing the metric functions at different pupil radius, it is shown that the pupil radius
influences the performance of focal beam shaping distinctly at the lower pupil radius, whereas the influence trails off,
and both the C' and the M SD get close to the theoretical limit as the pupil radius continuously increases. Third, the
mathematical models of the C' and the M.SD are proposed to reveal the relationship among the metric functions, pupil
radius and target intensity’s size, as it is difficult to obtain the explicit expressions on the basis of metric functions’
definition. And the three coefficients in each model are ascertained by surface fitting method based on the sampling
data. In addition, SSE (sum of square due to error), RMSE (root mean square error) and R-square (coefficient of
determination) are adopted to determine the fitting precision. For both the metric functions, the precision of SSE and
RMSE can reach 1072 and the R-square is shown to be more than 97%. The SSE, RMSE and R-square verify the
proposed mathematical models. Finally, according to the models, we analyze when the influence of pupil truncation
becomes negligible for the rectangle or circle target intensity. In practice, the size of target intensity is determined first.
Sequentially, by combining the mathematical models and their first-order partial differentials, the changing regularity of
metric functions with respect to pupil radius is studied. Meanwhile, the regularity helps us to find the beginning points
for rectangle target and circle target intensities respectively. For the rectangle target intensity, when the pupil radius is
2.5 times that of the Gaussian waist radius, the metric functions become stable. The C' with a value of 0.997 and the
M SD with a value of 4 x 10™* are both close to the theoretical limit. In the meantime, the influence of pupil truncation
tends to be minimal as expected. For circle target intensity, when the pupil radius is 3 times that of the Gaussian waist
radius, the first-order partial differentials of the C' and the M SD decrease to about 1073, This means that the metric
functions begin to converge and that the influence of pupil truncation tends to be minimal at this point. Consequently,
it is effective and meaningful to determine the best pupil radius using the proposed models in the article when designing
a beam shaping system. Moreover, the models can also be used to evaluate the performance of a laser beam shaping

system.
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