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1 GS HIERIEAD I
Fig. 1. The basic steps of the GS algorithm.
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Fig. 2. Configuration of the shaping elements.
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Fig. 3. Flow chart of our algorithm.
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Table 1. The ratio of the flat-top propagation distance to the Rayleigh length Zr, .

o(2)<5% o(2)<10% o(2)<15% o(2)<20%

U (2)>50% 0.363 0.645 0.862 1.097
U(z)>60% 0.209 0.322 0.505 0.642

U (2)>70% 0.101 0.165 0.223 0.33
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Fig. 4. Reshaped results of Gaussian beam at different longitudinal positions. (a) 2=-0.0842rn

(¥ =75.48%, 0=10.00%); (b) 2=0 (¥'=71.23%, 0=3.54%); (c) 2=0.081Zr,m (¥ =75.40%,



0=10.16%).
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Fig. 5. Three-dimensional intensity distribution of the reshaped Gaussian beam at z=0.

Floxt bt 1A 5 e A S BRART T ot R AE 2 =071 & BIOL 3 o0 A, Herb AT
O X s 7B ROt R S EART R LR =57 . WER BT, BIP 5
JC AU 2 8] T B AR PR B 2 (N, P IT0A G S tke, P TRIX Sk AR 15 35
275 RIE R RRE AR s IREE T Bk, By “HERATCRT X

5 B AR T et ' TR R AT e 1 2 m EAR UL

B 1 5
04 5 504
= o 502 =
=02 L =02
-~ e -
0 0 0
-2 0 2 -2 0 2 2 0 2
X/ mm X/ mm X/ mm
'0'221{‘[” 0 0'22.'(’,111 2
'O'SZﬁd.m '0'08216.111' 0'0821014' 0':)210”
1.5
15 04 o4
=) = i =
o1 =2 = 21
A =02 0.2 =
Eos =0 =0. Zos
= =z =z =
0 0 0 0
2 0 2 2 0 2 2 0 2 2 0 2
X/ mm X/ mm x/ mm x/ mm
— B — — “FIE e 5

6 B e A BT T R B SR AE 2 =0 AT i 20 A i b
Fig. 6. Comparison of intensity ‘distribution between the shaped beam and the ideal Flattened
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K7 kg . WA DOE MIAHAL G (0=10%, ¥,=70%) (a)DOE,;; (b) DOE;
Fig. 7. Optimization results: Phase distributions of the two DOEs (00=10%,%¥0=70%). (a) DOE;
(b) DOE-.
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Fig. 8. Reshaped results of different optimization targets at 2=0. (a) The result of our algorithm;

(b) The result of direct shaping into a Flattened Gaussian beam.

BT B DOE BRI 71 THAIRME 70417, AL A I XUDOE 454 703l PR
il B ARG ARIE A AR AL, b 55 ZIRDOESR M A AMR AR AL H1 5 L, 15
BT 6 ARAE 558 B AAR AL 70 ATy b #0 SE R BRAR TR O o, T REAS TR
(FF TR IR B . A9, 1 [ 0.225.0, 0. 225.,) A, T4 4 B.DOE
F & T O GSEIEMMRAFE ) R H bRV IAIAL AR HEATBR ],
JS B SF TR ' SRCCE B i A A oo AR RE T TRV, #E2=001 )5, o (2) 28| =T, P (2)
SURIBN , YEHRRIE AR T T AR R AR B DG RAE H v ] A IR W AAH A3 7
AT P AR T sy B 0 AR, R0kt SHL it e A% e 28t B 23~ T O TR £E2=0
i), o(DKERE, U)WIRAYEFRIEARTO%N I F. REE=0i, BIF
JEYCR P TSR AS K~ T e R, (EAEE TR e s R 2 Ja, HeF T
fet b Bk 1 BAE T s oG AR T 5 )3, 58I H b5 o (2) <10%- P (2)

>70%I0S , B 5 GO TR DR PR S A [RS8 2 AF 1 BARP Tl oG R 11345 (U

12



HN0.1462Rm) o ZEEREH], AREIEAUAETSLE H b Ab 4 i #AE - Tl

WO ADE IR A, I REAENFE 0L T B WA T BRAR T T oG R 1 T R

FEES,
(a) /% () — 7 —
Iy 120 1 ]
7?0 N “ t
' .r, TO?)r N " ! 60;;\
- I / \ 7 \
1 1 s Sd'
80K, ‘. r
\
[ (-0.073, 10 ) " 007310 f{), \
I 60y U0 ’,./‘ , \
‘‘‘‘‘ 1 .o J
0084, 10) ! y' ;30 \
409 (0.080, 10 ’ \
, 207 \
20 1 » ’ 10 - ' N
-0.2 -0.1 0 0.1 02 -02 -0.1 0 0.1 0.2
Z/zy zlzg

— A 5% = -MRAFSIE == P T i 0t e - B
K19 AH S 5 DOE ) MRAF BUEBIE A BT EL (a) N PEEo(2): (b) REEETEY (2)
Fig. 9. Comparison of reshaped results between our algorithm and the single-DOE MRAF
algorithm. (a) Non-uniformity o (2); (b) Energy concentration ¥ ().
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BN =40, wees (0)=1 mm B, 05777/, )2 W% RME Al Fi:

BAL g5, o)L M%ER

Table. Al. The relationship between 1 and "#7 ()

" Y s (0)
0.01 0.80
0.015 0.81
0.02 0.82
0.025 0.82
0.03 0.82
0.035 0.83
0.04 0.84
0.045 0.84
0.05 0.84

W AL, B, TR, o) BN, BRI %
N s . r N
HBHR, 2n=005 1, ", 0)Tik 0.84.

20=0.015+ wran (0)=1 mm I, N5 V2[5 R A2 fiw:
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Table. A2. The relationship between N and ' #7Z wras (0):

N " v (0)
20 0.74
e 0.77
30 0.78
35 0.80
40 0.81
4 0.82
>0 0.83

e A2, BEENBIER, T, o), HICER RN . 7R
HMBHCR, HBN=501F, "7, (0)TiE 083,

H0=0.015. N=40 1, wran (0)5777, ()2 IHIIIF M A3 i
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Table. A3. The relationship between wWrgp (0) and "FT wres (0)-

wreg (0)/ mm TF%UFGB 0)
01 0.79
0.25 0-80
0.5 0.81
1 0.81
) 0.81
4 0.81
6 0.81

W% A3 IR, B Fwras ORI, 77, o) BB, TEZABHT,
M (VKT 0.5 mm J&, 77, ) EIEAUELE 0.81.
ARSI CAIr e i Blwrs (0), HEMTA ST TIRGC R 72 . R,

‘_£|7"FT:(AJ,'”:O.58 mm Hﬂ‘y WraB (0):7‘/T—FT>TFT:O.58 mms, *Eﬁ%% A3, JH:T%%
FTWFGB(O)

TR, ) DR 0.81, BIERIIAY, Hm=0.015. N =40,

Trr = Wiu=0.58 mm B}, wpgp (0)=rer/0.81, XN A SC A 18 R
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Abstract

The Flat-top beam has a relatively uniform transverse intensity

distribution and is valuable in laser processing, high-energy laser

transmission, and other related applications. An extended axial

flat-top range can also improve the tolerance to focal-position drift

and axial displacement. However, most beam-shaping methods based

on diffractive optical elements (DOEs) optimize the field at a single

target plane, with limited control over the beam phase and axial

evolution. Consequently, the generated flat-top profile is usually

maintained only near the target plane. To address the difficulty of

phase retrieval and the limited flat-top holding distance at a large

working distance, a dual-DOE relay beam shaping method is
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proposed based on the Flattened Gaussian beam (FGB) model,

angular-spectrum propagation theory, and the Gerchberg-Saxton (GS)

algorithm in this paper. The target FGB is firstly back-propagated to a

relay plane to obtain a quasi-Gaussian target field closer to the

incident Gaussian beam. The first DOE is used to perform amplitude

shaping, and the second DOE, placed at the relay plane, is used to

compensate for the phase difference between the shaped and target

fields. After further free-space propagation, the quasi-Gaussian beam

evolves into an FGB and maintains its flat-top characteristics over an

extended axial range. We convert the far-field shaping problem into a

complex-amplitude optimization problem at the relay plane and

provide an additional degree of freedom for phase control in our study.

At a working distance of twice the input Rayleigh length, the flat-top

holding distance reaches 0.165 times the input Rayleigh length when

the non-uniformity is less than 10% and the energy concentration is

above 70%. When the criteria are relaxed to the non-uniformity less

than 20% and an energy concentration above 50%. the distance

increases to 1.097 times the input Rayleigh length. The axial

evolution of the shaped beam agrees well with that of an ideal FGB

model. Compared with direct optimization of the distant FGB, the

quasi-Gaussian relay target reduces the converged error by

approximately one order of magnitude. Under the 10%
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non-uniformity and 70% energy-concentration criteria, the flat-top

maintenance distance is approximately 1.13 times that of the ideal

FGB model. The proposed method provides a feasible approach for

generating FGB with an extended axial range at a large working

distance.
Ui U, = A,exp{i[phasel +0,,,,)} U= Asexp{i[60,' + phase2]} U,
0,' + phase2 = 0,4,y
DOE, DOE,(relay plane) target plane
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Keywords: Beam shaping, Flattened Gaussian beam, Gerchberg-Saxton algorithm, Relay

beam shaping
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