% 43% F THI/2023 £ 4 B/REER

Tk GS B DOE 45 42 Wb ik B 1% 4 2%
P51 9

7

BE, B, A6

ARSI, TR kil 528200

WE  FHATHOE 0 (DOE) X 5 AMEO G HE AT A7 I8 1, T A8 I S 17 S A HOR BRI 51 B . % r L sl -l R
BT AR BE AR ST BT B A RE S 45 B, 8 T 2RO . DOE B 9 o5 78 36l 55 fOK R 200k
BE A () I 00 48 A0 B G B RS bR . BT TR T DOE A2 i i 2 40 6 B ik 9 X BE B 78 AL G248, al A 20 H i 2
A Xk E N ARl A NRST S8 . A, FE Al Gerchberg-Saxton (GS ) 53 il 7 3K 24 F THOG R, I SR AN W
5B, 5] B TC T R N R o SR G S SR SIS SR S U GS SR BRI L AR AL, B GS B TE MR B R 5 X
FIE R DX, IF R A S R o0 A, AE e E LA AT . i TS AR R 2SS IR AT T SR I IR, R BRI A5 L S s

SR EA —EE

KR WOLL; DOERIE; BIEGSHE:,; FHOEHEIE: ot L

HESES 0436 XEARERS A

1 5 5

PO 2 G IR — B S v 0T SR B O A, LR A R Y
R FEBOEH LY MicroLED 8 & 558" Mok
A ORS I AU 2 S BORE K T RE 2 R
Hy g bR IR A ) B Ol TR T 1 F 9 R B
RS, BRI I S — R A Tk . Y
JUPF AR BB A, A5 BR AR ER T 2 T LD
B, O R B AR A B A R T A R
Al TR U, FLRE 5 0 i 3 A0 BE SRS I LA
SR E R OGSR T M 1/e*) 5 g 7E 1 B 1% fir N
TRAF - T0 20 A, by 2 (1) 32 s 1 i ) % oy DL 98 7K
JEH

7 5 7595 3 T A7 46 7 oo M (DOE) 30 4 6 i
B AR AL R AT 5 D' 2 To P i e SR AR A B 2, W i
S fR T b T ARAS A OGRS AR 1% T R ] R
BT 2 BRI AR ST BB A
L, AR SCHE T DOE il £ flOR 90349 206 B, AR 405 1 595 1
PR JRBH, 1 4% 55 S D Be AR R . il 5/ RO 3400
BEBI DOE B ME 078 T 45 213 1 BE Ul ¢ A 19 1 9% X
FIF- T XSk 2 59 BE /N T 500 BARPE SR Tt o7
LBt DOE, #3210 B ad 3% X A2 AL 2218, ] A 208 H]
18 24 50 DX 38R 10 9 E S AR A 22 BRI A ] A/ R

DOI: 10.3788/A0S221714

SEARBE  HOCR FEUE 43 B 7 2% 1 DOE. Sl 4%
BT 05 1 o A R S AR B BTk A0 4R Gerchberg-
Saxton(GS) B ik K H A&t Bk, Bl GS B
5 I 8 BT A 2 e R A e R A B S 1R 2
Al B A R ER R, R DOE &I AR T A

LA GS 38153 DOE K i 45 2 5 6 B,
T B AR 38 50 6 BE RS 22 30 A S A B, e T RO AN 1
WA B TCRE L S BER . I, AR SR A
GSEESMM GSE ML S, &k, R
fih GS B3 1 H 5 DOE 91 G A A 43 A, s A A7 7 S ek
HE GSBIE RN . SR)E R it GS B3k 78 4
1 AR DXORIM 75 X, I B i A0 A i 2 1, i Sl
RH R DOE S &AM 40 o e, BIRGAERAL T
4 B i THI/E DOE, H-#% i1 52 56 X DOE Jo {4 # 17
SEER B IF

2 BRI B

B 3559 6 BE VA — Ak OG5 TR 0. 95~1. 00 315 Bl N 1Y
XA AE R T IX 3k, 85 03 — Ak 6 3 T4E 0~0. 9575 [l
B X3 S o P DX Ak DXl 2 0 Rk R e
hoBE B &A%ﬁ%ﬂ;ﬁﬁ‘ﬁ%ﬁm(l,y):
eXp[*(12+y2)/‘w§J,,H\EP w, WA IR AR REEE
Jo 5 TED T B SIS AL B (e, v) , B2 T DOE il £ 39 51 G B

Wi BHE: 2022-09-16; EEHH: 2022-10-21; RABH: 2022-11-25; MEHLZBH: 2023-01-04

BEEmMB.: EZEESUELITR(2021YFB3602600)
BIEEE: 2s040148@163.com

0714004-1


https://dx.doi.org/10.3788/AOS221714
mailto:E-mail:zs040148@163.com
mailto:E-mail:zs040148@163.com

E(2,,y,) B R FE
Eum(\rz,yz):]—“{Einexp[igo(x,yﬂ}, (1)
Ko, y) N DOE ML 435 5 F (+) Ay e ol o 1L -7
e (FFT) A%
R e 30T pR B S E AR T TE A BE el
“”2) (2)

Eum(xz,yg): rect( 25, s, 2w;) exp( -
s w B BE AR AR s A BB s rect (- ) SR
W H REL 7 B R G SHE R ASHOEHROGIR K
i A=355 nm  HIE P 12 4 w,=1. 5 mm, ¥ 5] G BE R
W20 w=12 pm, 80 n=24. AL, REEHE
M F=100 mm.

BT RO 1 P 2 806 45 BE (Uni) F1E 5
i 22 (RMSE), & X H

(3)

435 ETH/2023 £ 4 B/ kSR

AP e L B ROG R 5 1 8 B /NG 58 s MOFT N 2Ry Ot i
B A B AT 5B 1, 0 AT — o B OGSR B s TN B ok
5 54 Y A4

MR Uni Al RMSE, X E 43 87 ff B s 3 ml GS 3
AT GS L B DOE B 304R .
2.1 MR

P A G = W s B S BB R sine BRI R, £ FFT 5
T S 5E R R V-1 )G . DOE M8 o 5

T — exp (ig,7), *qzwogwéqz‘wo’ (1)
0, else

Kz q il g, B, — 8 A s ot A KRS
NG X EPRE SR EhEPRE =
1.00.¢.:=1. 27 .DOE ¥ 3 1L il 2l L=12X 2w, Fl K #
F N=T7680, R IL 45 K& 1w o Beit, A2 %
0 3 4] 0% BE H % ok 21,8 pm, oF P X £k BE BE N
89. 36", F-T0 9 & Jy 10. 08 pm ( F AR 46. 24 %) , U, =
0.0945, Eqys=0. 1061, R AT DL o ek DOE % i
oK B R B 51 6 B0 Y B SR B R
SHOR R4 A G OEBE R ST MG 2E R 52 5 5000 1, AR
P

(€))
0.02

0.01

Y /mm
=}

-0.01

-0.02

-0.02 -0.01 0 0.01 0.02
X /mm

-0.02 -0.01 0 0.01 0.02

K1 b et DOE e R IB AR o (a) XY F DL — 4045 1815 (b) Y=0 P06 e 4% il 4

Fig. 1

Beam shaping effect of analytical designed DOE. (a) Two-dimensional distribution of light intensity in XY plane; (b) light

intensity envelope curve of Y=0 center line

2.2 EMGSHEZE

R HE Al GS 3 1% DOE M7, %) Ih #4723 5%
M) GS B2 118 32 AR W BRI AL 840k B, 25 5 B A\ Jmy 350 e
Pifit o F T 25 (0] U8 % S5 BT 3400 Uh AR A 1T R AR ARk
BT BRI HAR

TE 2R GH tHE— 8  WE AREN  IR IR 4
1 a(x,y) AL GEANE WA AL @, (2, y) , 455 5l 3T Bl 251

TR S B AR (u,,0,) W] RN
u:i.a%( )
2m dx ’ (5)
7i.8¢ﬂ(1,y)
2m dy

A AR (s y,) 278 35 B2 £ W, R R EROR 2 AT AT

(-rz*u;.F;{ s Vo U;\FA)T1?

F p.(x,y)
P " .
F dp.(a,y)
Eoay

s k=2n/2 N P XX (6) B3 BV AT A5 2 41 A7
o x, ) REX . % Bk, wE Al GS Bk
7321 DOE WA AR AL (6 T 0 BR800 1
BT R E SO

k

¢o=E(sz+yzy)o (7)

HERE FRRESE EFFTIHH RSB, N
T AE B RS B[R] B UG A S PR A O, 1 DOE A1 3L
B0 Bl i L=5X 2w, MR A 8 N=1024, 3 fil
GS B 2 WG B h 30, Bk W = fa 2 I 13 2 i

0714004-2



& 43 % 7 H1/2023 4 4 B /R

RE 86 BE 23 A AN 2 F o o
@

-0.025
-0.020
-0.015
-0.010
-0.005
0
0.005
0.010
0.015
0.020
0.025

Y /mm

-0.02 -0.01 0 0.01 0.02
X /mm

(b) 1.0

T 05
_N

T 2002 001 0 001 002
X /mm

K2 SRl GS T OB IE AR () XY PG 404 155 (b) Y=0 P02t a4 i 2k
Fig. 2 Beam shaping effect of basic GS algorithm. (a) Two-dimensional distribution of light intensity in XY plane; (b) light intensity

envelope curve of Y=0 center line

O B2 R, R 26l GS B35 DOE 75 2
[ 15 50 ' BRE A A 355 SR B AR S el A s 3T 5 3
ARG OISR W R SRR R . 2% Wyrowski () 3
WU B 2 DN R M AR 5 T VR K R B O
BISIBE, S Al GS B35 A5 2 1F 6 A5 07 19 1 X
AT CH AR AL B 38 ERRAFTERY o Btk B 7 A B
HY BE AN 38 I s 11 H Rk Bk GS Bkl T LR
HEHBIE AR .
2.3 MHEGSEHEE
W g2, v) B85 T HBRB AR E, (2.,,) ,
W 3159 6B P A8 e O B XS, A L E T
SRR X A 22 ] O R R B R A E 3 R
M XA RS, i
g2y, )= Epi (22— ¢, 3, — )t (s, y:), (8)
c(x3,:)=0, (22,y,)ES
(20, 3:)F 0, (25, 3,)€ S
oo e, o H B RN B SO REAE g (2, p,) TE TN
AT B A 5 AR WA ¢ (e, oy, ) 2 T 08 3 i T 10 B il o [
bR

(9)

S

E uni(xz_cl’y z_cz)

8@y,

B3 fES X5 BE X R ER
Fig. 3 Diagram of relationship between signal area and noise

area

g(l‘z,yz)QEum(l‘z— Cro Y2 ™ c)
(10)

9 o

2
~’Euni(12»y2)

(52

il 1 25 3 DOE #0457 explio (x, y) 15 58 i 1 PR
il 25 1 (2, ) FE R VRS2 BB HROEIE |, B Gl GS Bk
5t GS L B R BB E 4 FiR  JR IFFT K
PR L I AR

FFT E ’
8,5.)=18,@)explip, (x,0)] Gln-G Rl i)
satisfy frequency
3 spectrum constraints
| gk({v,y)l=IEi“I or modified
satisfy space frequency spectrum
constrains constraints
) IFFT
8@ y)=lg(x,y)lexplip,(x,y)] - basic GS: G|(u,v)=1F(u,)lexp[i®,(u,v)]

modified GS: G,(u,v)=IF }°%*d(u,v)lexp[i P, (u,v)]

4 Sl GS Tk 5ok GS Bk X L

Fig. 4 Comparison between basic GS algorithm and improved GS algorithm

0714004-3



LT A Pros i JEUHE S0k GS Bk v SR i FR
%[J[myy
Fk\/lodiﬁed<u, v) _

2¢(u, ) | Flu,0)|—|Gelu,0)|, (u,0)€ES (11)
|G, 0)], (1, 0)€S ’

A F () | HAR Y S 6B E58 5 c(u,v) BIRE LR

S Gt

clu,v)="F—, (u,v)ES, (12)

E‘F(u,v)

@
2
n
g
5
k=
Q .
N
'
g
=)
Z
7, o] -
/’"In 0.02 0.02 </
©
== X=0 plane
Z 10¢ ~o-Y=0 plane
n
IS
L 08}
5
= /
g 0.6
g
0.4
:
Z 0.2
0 : " X a g
-0.02 -0.01 0 0.01 0.02
Length /mm

E 435 F THI/2023 F 4 A/FEZFR

W 2. 271 v Bl GS BVA 15 B 9 A A VE 0 16 A
PR ABHE GS Bk, 2 4R 30 R 25 R 8, O i i
BRCRANE S5 PR IR TS ETFN S8 &
SER TR SR GS LS5 A el GS BRI
DOE 75 B /) ¥ 5 Y6 58 56 5 B2 e Pk A 35 20 B A AR KR
B, THMAYSRE, BRI K N
28.68 pm, Bk JE Ry 89. 527, - T0 X I % & Ok 17. 8 pm
(di BN 62.06%) , U,=0.0299, Eqs=0. 0567,
ELBE T 2 — B Tl i TR .

®)
0.02
0.01
E
5
-0.01
-0.02
-0.02 -0.01 0 0.01 0.02
X /mm
OFY
=—RMSE
-o-Uni
0.2
(]
3
&=
0.1
‘&
0 10 20 30
Number of iterations

K5 St GS AR IE ROR - () B 20 BE = 4E 058 20 A 5 (b) XY S DGR —4E 0415 5 (o) A AR Rl 58 A 2% i 2k 5 (d) Uni g
RMSE B AR R0 Sy ith 2
Fig. 5 Beam shaping effect of modified GS algorithm. (a) Three-dimensional light intensity distribution of uniform spot; (b) two-

dimensional distribution of light intensity in XY plane; (c) light intensity envelope curves of coordinate axes; (d) curves of Uni

and RMSE converging with number of iterations

TG RGEAR G| A DOE ST Z 11, 1% £ G AT 5
MR (DL) K

4F A
L,=M*—22 (13)

21w,

K MR BN Fo N SUERE(RISY F) o
P E M1, PP AR B9 DL K 22,6 um, i DOE H fig
Wil HAA KT 22.6 um B A GBE . S8R0, AR SCH) B
FROGEE R N 28 pm B9 7 T A6 5, T #ae B
BAAT M. RNoF#k$E DL, iRk, 32,
H bR A BE R 5 DL A 22 88 K, 1258 15 38 T8 RO B 4
W% 2 48 %1 45 AR 50 um (9 51 6B, F T 5 B 4%
R 75.68% , U,=0. 0258, Exs=0. 0428, It I} % JE
SR T £ B N 28 pm B AT

ZE bR LR GS Bk AE A i GS B £ 1
SIGBEA SR T IE T F L AAEREHE R i HARYY

SPEBERSE JER B RS 2= ] AT TE AR AR
Y5y e PR BE BE 35 5 1 A0 AE B A ARA B i Tt

3 S R 2K A3 A L S e Uk

fifi I 3% T BT 2 7 35 3% 31 B9 DOE B 75 A% 45 & 15
BB, HEAFy ow, =AASEEE M A Fy 5
B 5 AN oy B (ELER I 8 07 8 25 o B 22, K
T BT BT R DU 8 25 4 X I 5 R B B
3.1 BEENm

JEHREETE R G n B E AN 6 s o BO6 R 1 B
W, 20 P R ARG R HA N 2454 DOE i3
BOARECRAGH AR S5 A S, CCD ML #
6 A M AU B AR S BRI O (BE B R =) o 7EBFEAR
O ,x=F, AEEHLT , HEEENAr=2—
F, 2675 52 br iE B8 5 3 B8 P AH O 48 1 07 B0 22 (H .

0714004-4



435 ETH/2023 F 4 B/RFEEIR

DOE JG 1 3% 11 J&: i B N [R] A0 1ol 17 o 245 4 s 4 S B
T4 A B 3% 28 DOE M7 34T 64 & B JK i &
b, FAROL K B A 7 B o 36T Bk O B4
BT B £ X6 ' RO T R 1 5 )

DOE [Jlscanner

C laser D,

‘ CCD

K6 SeHUEIE R YR B

Fig. 6 Schematic diagram of beam shaping system

Kl 7 DOE AL 64 15 B 4t Ak K 14]
Fig. 7 64-step quantized grayscale of DOE phase

FEF KA DOE T B iR Z 0, BES S
HI AN BE R A TR AR IR T 2o U KR T X i A gy
B B D650 4 A, BCfE B AR BN TR PR 28k Uni M1
RMSE, HE41 506 a0 % 1 TR . X4[Az[i5 5] 0. 5 mm i,
BIS)eBE 4 A0 USR], TS M, BRIl
RAEL Lp . D ESSRWME SFR, Z2M A XY 48
(111D 18 o PO S 1 S R A LY 1 B e 2 S R BN
T 28 15 2 6 A% B O 1) 328 B8 LA 5 4 (A==>0) B, 1
A)GBEG 5 ) L AR v P TR IR /N rpols IX e B
JIT 5 HG B, S BE R S SIS AR R Y I AR S
DOE J7 [a] (Az<<0) B, BV 45800 17 78 JL AT £ 55 Z HiT A, B
ARG G AN T A AL T T B B0
SR H IR BE AR . K R 28 pm (1 07 TE H 5] BE
XoF B AR R 25 O BEURK 2| A]<C20 pm B, i S5 F AT fig
Y P IR 454, Uni FFEE 7. 31% &£ 4 ,RMSE F
R 25 10. 625 A2 47 s 24 B A5 i A 4R S i, JE5R 3y
SIS A E, To kR R . A SEBR N R N
SR R A IR 25 1% 25 5 W), CAE {8 DOE Z i 5 22
AT R AL E TAE .

3.2 ELWIGIF
HAE & 7 B s DOE JK B A0 J5 BB 36 53 Al , = 4E

1 B EXT DR R

Table 1 Influence of defocus on uniform spot

Az /mm Uni RMSE
—0.20 0.3933 0.5308
—0.10 0.2294 0.3639
—0.03 0. 1285 0.2154
0 0.4999 0.7196
0.03 0. 1900 0.3162
0. 10 0.3523 0.5518
0.20 0.6451 0.9339

AH S A AE B AT i T 4 1% B R O K B B
B0 T ARG E T 8 SE PR IC A2 R G b
TFSC S0 UE o o 1148 A0 Bz B Bk o oa 284 R e U, 16
FECRAE BN 1~3 W 2B A5 9 H 4% , L e JENar 24 & 1)
B 78 . B OK GO BEXT AL 7 P R 4
TR R TR 2 UL 3, ) T ¥ 20 6 B e bl Rk i R T
Sk T BB AR B i TR B AR [ (D RS shRE O A RE
U B R BE S HEAR BB ik T, P AR LSRR
Fmbehah B, L EF R G S S0 B e M,
W CCD il B A8 AS TRl 437 ok WL8E B 4517 B0 1 52 96 &5 1
TE 5 S A BGRE r JE B, W 9 B o

e X 62 R G AT OE , R A DOE JofF 2
I, AR 2R AR B BE R e Ll £ T 4 & L DOE oo
PR A ES T S B E DOE 04457 B VA% 45 2 ) A5
i WA R E] U A (Ax=0) 1 M, ¥ 5
FEEE I IR ST A 28. 59 pm ;b8 il 28 1 A Ry - 24 AT
RFECHEERBERY S MEHSNE N U~
10. 56 % Fl Ews==12. 48% 5 i 3 25 J¢ (1 L A 1T 6 J2&
DOE TG4 5 31 5% ) (9 437 55V FH 0 f5e 2 A0 A7 98 il 7
HRE 5 AR A R — 2 R LR B S N £
SCU B AR RN Ax<TO B, 6 A AR 44 TS A
BB RN A0, S5 AR K, gk ek ok
Az, JEBERSHHE R, FIAE R L P . LR K UE 15 5
P14 5 5 6 D TR K T 1) 5% i 4 38 5 {7 B T 45 AR 3 AR —
o IR TAEP ARSI LR 505 BAAfE 22 5 1
J7 BB G024 Ax<TO I, 44N T 5 A2 B 5 05 BL PO TR .
BritZ 4h , DOE JCi Ak Jin THIVESI A MR 2, DL K&
ZE BT B B AR R S 1R A A
LR R W, GRS A ER .

4 4 1w

PLILRE GS Bk 5k oF GS B 45 & 19 5 ik
T DOE AL 4> A5 8 B4R R 3 mm (158 78 56 5 & ot
WA KN 28 pm B 5 #5165, O i 5 B
SR U0 E T BT 4 07 75 A st mT Sk . 78— iR
RN, LR RS HEA -8B, Fek
JF R4 = DOE 78 T8 5 FH ol o8 8 2008 1 BiF 58 T
fE o ABE5E AT R 321 6 3 E DOE /Y 15 11 )5 3% M

0714004-5



& 43 % 7 H1/2023 4 4 B /R

@ (d

1.2 1.2
~0.04 s ~0.04 Y
~0.03 gL0 o pne ~0.03 10 R
0 =
~0.02 % 0s -0.02 é -
£-0.01 E £-0.01 g
E o T 06 E o T 06
> 0.01 = o > 0.01 3
0.02 E : 0.02 g 0.4
0.03 0.2 0.03 “ 02
0.04 0.04
0
~0.04-0.02 0 002 0.04 20.04-0.02 0 0.02 0.04 ~0.04-002 0 0.02 0.04 O 0i 002 0 0.02 004
X /mm Length /mm X /mm Length /mm
®) 1.2 (© 1.2
-0.04 _)Y(=8 plla‘ne ~0.04 — X=0 plane
= Y=0 plane : - Y=
2 Z
~0.02 508 ~0.02 Hos
£-0.01 = £-0.01 &
E 0 206 g T 06
& 5 N S
0.01 2 04 0.01 [
o S 0.02 £ 04
0.03 02 0.03 “02
0.04 0.04
i )
X /mm Length /mm X /mm Length /mm
© 1.2 ®
-0.04 . X=0plane 1.2 — X=0 plane
L0 Y=0 plane -0.04] - V=0
-0.03 &t o o 1.0 Y=0 plane
~0.02 £ 08 _0'02 g
-0.01 £ o £08
g p o E-0.01 8
& @ 0.6 £ 3 0.6
> 001 3 I =
— % 0.4 0.01 E 04
0.03 2 02 0.02 S
0.04 0.03 bz
0.04-0.02 0 0.02 0.04 0004002 0 002 004 o 0
X /mm Length /mm 2004002 0 002 0.04 -o4-0.02 O 002 0.04
X /mm g

K8 AzXEHBEILH N, (a) Az=—0.5mm;(b) Az=0.5mm;(c) Az=—0.2mm;(d) Az=0.2mm;(e) Az=—0.1 mm;
(f) Az=0.1mm
Fig. 8 [Influence of Az on beam shaping. (a) Az=—0.5 mm; (b) Az=0.5 mm; (c) Az=—0.2 mm; (d) Az=0.2 mm; (e) Az=
—0.1mm; (f) Az=0.1 mm

K9 DOEJCHBEAELELER (a) Az=—0.5mm;(b) Az=—0.1 mm;(c) Az=0;(d) Az=0.1 mm;(e) Az=0.5mm
Fig. 9 Experiment results of DOE element defocusing. (a) Az=—0.5 mm; (b) Az=—0. 1 mm; (c) Az=0; (d) Az=0. 1 mm;

(e) Az=0.5mm

0714004-6



F 435 F7H/2023 F£4 B/ XZFER

DOE 75 T2 458 v /9 7 $2 B8 s 2%

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

display system[J]. Acta Optica Sinica, 2015, 35(8): 0805001.

[10] Z=Wrs, BRWE AL, w e . SCA BRIV AT 4L % oo M iy AL 3 1
5 % X W [J]. 2448, 2019, 39(11): 1105003,
Li X Y, Qian X F, Meng N N. Optimization algorithm of
Geiger M, Popp U, Engel U. Excimer laser micro texturing of diffractive optical elements for beam shaping[J]. Acta Optica
cold forging tool surfaces: influence on tool life[J]. CIRP Sinica, 2019, 39(11): 1105003.
Annals, 2002, 51(1): 231-234. (111 #kB3, WIZRTE, Ry —Fi T LR IE AT 81t oo i
INTT I, B, S BORHI B MicroLED 5 &5 4 A FETLT]. Je 24, 2007, 27(9): 1682-1686.
HERRT]. s ERE HARIS, 2022, 52(4): 513-528. LinY, HuJ S, Wu K N. Algorithm for the design of diffractive
Sun N N, Yang B, Chen F R, et al. Advances in laser-assisted optical elements for laser beam shaping[J]. Acta Optica Sinica,
mass transfer of MicroLED[J]. Scientia Sinica: Technologica, 2007, 27(9): 1682-1686.
2022, 52(4): 513-528. (12]  GRfE, BRI, JOT - . A7 BEUE KA AL AT e T 1F
Gauch R, Mikhaylov D, Gral T. Method and device for shaping BHT]. a4k, 2010, 30(9): 2544-2548.
radiation for laser processing: US20200070280[P]. 2020-03-05. Wu R, Zhao D F, Dai Y P. Optimize design of diffractive optics
Voelkel R, Weible K J. Laser beam homogenizing: limitations elements by parallel simulated annealing[J]. Acta Optica Sinica,
and constraints[J]. Proceedings of SPIE, 2008, 7102: 71020]. 2010, 30(9): 2544-2548.
W5, 7 T AR AR IE A A ol s s i [13] Laskin A, Laskin V. Method and apparatus for shaping focused
[J]. Y224, 2016, 36(5): 0522003. laser beams: US09285593B1[P]. 2016-03-15.
Peng Y M, Su Z P. Design of freeform surface lens for shaping [14] Liu J S, Thomson M J, Taghizadeh M R. Automatic
divergent laser beam[J]. Acta Optica Sinica, 2016, 36(5): symmetrical iterative Fourier-transform algorithm for the design
0522003. of diffractive optical elements for highly precise laser beam
1 13, AL . R ST B B 4 S PR O TR g [ R [T, ) shaping[J]. Journal of Modern Optics, 2006, 53(4): 461-471.
2224 2006, 26(11): 1698-1704. [15] Bryngdahl O. Optical map transformations[J].  Optics
Yang X T, Fan W. Spatial laser beam shaping using birefringent Communications, 1974, 10(2): 164-168.
lenses[J]. Acta Optica Sinica, 2006, 26(11): 1698-1704. [16] Wyrowski F. Diffractive optical elements: iterative calculation of
Laskin A, Laskin V. Imaging techniques with refractive beam quantized, blazed phase structures[J]. Journal of the Optical
shaping optics[J]. Proceedings of SPIE, 2012, 8490: 84900J. Society of America A, 1990, 7(6): 961-969.
Voelkel R, Herzig H P, Nussbaum P, et al. Microlens array [17] LiuJ S, Taghizadeh M R. Iterative algorithm for the design of
imaging system for photolithography[J]. Optical Engineering, diffractive phase elements for laser beam shaping[J]. Optics
1996, 35(11): 3323-3330. Letters, 2002, 27(16): 1463-1465.
e LR B4 L HTHOCKRER Y R R NEE [18] LiuJ S, Caley A J, Taghizadeh M R. Symmetrical iterative
SBIE TE R TTT]. Y244k, 2015, 35(8): 0805001. Fourier-transform algorithm using both phase and amplitude
Zhang W, Liang C Y, LiJ, et al. Design of optical elements for freedoms[J]. Optics Communications, 2006, 267(2): 347-355.
beam shaping and uniform illumination in laser digital projection
Design of DOE Based on Modified GS Algorithm for Preparation of
Micron-Scale Uniform Light Spot in Ultraviolet Band
Zhang Yuying, Zhao Shuai’, Zheng Xin
Ji Hua Laboratory, Foshan 528200, Guangdong, China
Abstract
Objective The laser light source is generally Gaussian intensity distribution, and its energy concentration features uneven

surface energy density of the sample, material damage, and other problems in the fields of micro-precision machining such
as laser drilling, MicroLED repair and transfer, and laser cutting. In this paper, the micron-scale uniform light spot is
prepared based on diffractive optical elements (DOEs), and the shape and size of the uniform light spot can be flexibly
designed with a high degree of freedom. The difficulty in DOE design for preparing small-sized uniform light spots is to
achieve steep and sharp transition areas and characteristic parameters with uniformity of less than 5% in the flat-top area. If
the DOE is designed based on the analytical method, the transition area of the uniform light spot changes slowly, and the
uniform area effectively used is quite smaller than the diameter. The analytical method is not suitable for preparing small-
sized uniform light spots. Therefore, the numerical analysis method is used to design the DOEs. The most effective one is
the iterative Fourier algorithm, including the Gerchberg-Saxton (GS) algorithm and its various improved algorithms,
which are effective tools in DOE design. Usually, the parameters of the optical system are not easily changed after being
determined, but the detector position is prone to deviation. In order to analyze the application of this DOE in the

engineering environment, the influence of the defocus on the beam shaping is analyzed through simulation and experiments.
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Methods Before the DOE element is introduced into the optical system, the diffraction limit of the system should be

calculated, and the DOE can only prepare a uniform light spot larger than the diffraction limit. Based on diffraction limit
constraints, an ultraviolet (UV) short wavelength light source is used. This paper combines the basic GS algorithm and the
modified GS algorithm. Firstly, the basic GS algorithm is used to calculate the primary phase distribution of DOE. The
initial phase will affect the number of iterations and the convergence speed of the GS algorithm. Moreover, it is easy to fall
into the local optimal solution. Based on the principle of spatial filtering, the initial phase is calculated, which can reduce
the number of iterations. Secondly, this phase is used as the initial phase of the modified GS algorithm. In the frequency
spectrum range, the range of the uniform light spot is defined as the signal area S, and the rest of the range is defined as the
noise area. The frequency domain amplitudes both in the signal area and the noise area are limited [Eq. (11)]. The beam
shaping is realized through the spatial DOE phase and frequency domain amplitude constraints. The schematic diagram of
the comparison between the basic GS algorithm and the improved GS algorithm is shown in Fig. 4. According to the beam
shaping system (Fig. 6), the analytical method, the basic GS algorithm, and the basic GS algorithm combined with the

modified GS algorithm are compared to analyze their effects of beam shaping.

Results and Discussions The size of the uniform light spot prepared based on the analytical method is limited by that of
the incident light spot, the parameters of the optical system, etc., and it has strong constraints and can only prepare
regular shapes, and simulation results are shown in Fig. 1. Because the size of the uniform spot is close to the diffraction
limit, the basic GS algorithm has an unsatisfactory shaping effect and does not change the Gaussian intensity distribution.
As a result, it cannot meet the parameter requirements, and the Gaussian beam cannot be shaped into a uniform spot only
by the phase of the blazed grating. Therefore, in addition to the phase degree of freedom, the amplitude degree of freedom
is added to modify the GS algorithm and improve the beam shaping effect. The basic GS algorithm combined with the
modified GS algorithm designs the uniform light spot by DOE, and the light intensity stability and uniformity are greatly
improved and tend to become the ideal uniformity (Fig. 5). According to the simulation and experimental results, it is
concluded that the defocus leads to the deformation of the uniform spot, which destroys the well-defined light intensity
distribution in the transition area and the flat-top area. When the detector is far away from the geometric focus along the
beam transmission direction, the spot size becomes slightly larger. The f{lat-top area shrinks, and the energy in the central
area accounts for a large proportion. When the detector is close to the DOE direction, or in other words, the detection
surface is in front of the geometric focus, the energy is concentrated in the four corners of the square edge, and the
collapsed structure with weak light intensity is in the flat-top area (Fig. 8 and Fig. 9). The square uniform spot with a side
length of 28 pm is more sensitive to defocus error. When [Az|<Z20 pm, the {lat-top beam structure can still be maintained,
uniformity (Uni) drops to about 7.31%, and root-mean-square error (RMSE) drops to about 10.62%. The strength
uniformity is seriously deteriorated and cannot meet the requirements of use. In practical applications, the influence of
detector errors should be reduced as much as possible, and focal plane calibration should be performed before the DOE is

used.

Conclusions In this paper, the DOE phase distribution is designed by combining the basic GS algorithm and the modified
GS algorithm, and the Gaussian beam of UV light source with a diameter of 3 mm is shaped into a square uniform spot
with a side length of 28 pm. The effectiveness and reliability of the method are verified by simulation and experiments.
Within a certain error range, the experimental results are consistent with the theoretical simulations. In the follow-up,
research work to improve the beam shaping effect of DOE in engineering applications will be carried out. This paper
provides data reference for the design method of uniform spot shaping DOE and the application of DOE in an engineering

environment.

Key words laser optics; DOE design; modified GS algorithm; flat-top beam shaping; laser processing
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