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Abstract: A system of three mirrors was proposed for beam shaping. This assembly of mirrors can
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convert a Gaussian distribution spot into a uniform linear distributed toroidal surface with conic and

high order terms. Standard surfaces were utilized to control the beam propagation direction and energy

distribution. The default merit function and optical modeling were combined to incorporate operands

to optimize the system’s efficiency. Rectangular and line fields with uniform energy distribution in one

direction were successfully demonstrated. This has direct application to illumination or scanning in

optical coherence tomography. In the case of the latter, the line is linear within a specific scanning

range of 10 mm X 11 mm of the first mirror. It can be concluded that this system can facilitate a

simpler CT setup and is effective over a wide range of wavelengths.
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Illumination diagrams in X, Y directions of mirrors system



R

20
I,
Ko

5 26 &

Relative illumination
|99 900000000~
\IO-—‘I\)W#UIC\\IOO\DO

T T N N B

L L L L L

Relative illumination
|19 LOO0O0O00 0o
\.o-—l\:w&ma\qm\oo

P T ST ST SN N T T

S5 -6 -45 3—15 0 15 3 45 6 75
Image coordinate in millimeters

5 -6 —45 3—15 0 1.5 3 45 6 75
Image coordinate in millimeters

INA:0.000,0.015 mm

Relative illumination, X~-SCAN

Relative illumination, Y-SCAN

Spot diagram

Bl 6 817 Macros JG W =R R G X, Y J7 In) B K63 &

Fig. 6 Illumination diagrams in X, Y directions and spot diagram of mirrors system after running macros

ZIEWINE— SR B AR e R
Mi#E 8 78 &, 7€ Merit Function H #E £ DU
RMS., Spot X i BRIA AL B8 %L, Spot Diagram H1
JeL BB R 16, BRI L, B 7.8 8 435 &AL
fb—R L =REe XY BRI OEBER, T LUE 3,
oAl — Bl SCBEAT A Ry HE © B Jm — A RS B
FULH IIE B 298 27 mm, FIE K 2% 10 mm,

JEHN 7.5 mm. KGN 135 Al = [l AR
ARG AR AW R KA, 20 5 mm,
KIS 2. d5 Jm — 4> B 8 2 1500 i) B 28 249 O
56 mm, PRUHLAL L B A, O BE d AR 1 — 4> J7
I] RE B A9 1 234k, O3 — A>T 1) BE ik 5 v 0 o0 A X
55 B8 3 A o A — A B T RE A B — > T 1)
FEHIBOR — 2

L

Relative illumination

socoocoooo—

Relative illumination
[=lelololololeel=R=0

A

\.o;iub)lh'u:'a\'\lboio'o
\IO:—AI\)W-&U!G\\]E)O\DO

5 6—45 3—15 0 15 3 45 6 175
Image coordinate in millimeters

5 6 -4.5 3—15 0 1.5 3 45 6 75
Image coordinate in millimeters

INA:0.000,0.015 mm

Relative illumination, X-SCAN

Relative illumination, Y-SCAN

Spot diagram

B 7 thib—REm X, Y AR KObBE R

Fig. 7 Tllumination diagrams in X, Y directions and spot diagram after optimizing 1 cycle

I Y YT S S SN S

Relative illumination

socoocoooo—

Relative illumination
[=lelololololeel=R=0

\.o;iub)lh'u:'a\'\lboio'o
\IO:—AI\)W-&U!G\\]E)O\DO

5 6—45 3—15 0 15 3 45 6 75
Image coordinate in millimeters

5 6 —45 3—15 0 1.5 3 45 6 75
Image coordinate in millimeters

INA:0.000,0.015 mm

Relative illumination, Y-SCAN

Relative illumination, X~-SCAN

Spot diagram

K8 ik =R X, Y B E KOLEE

Fig. 8 Illumination diagrams in X, Y directions and spot diagram after optimizing 3 cycles



114

FEHW LA T EF A TR N R G0 = R 56 AU S LR 16 A= 8 2659

4 FRFMERAR A% TR

TERH—A>T7 [ - TR JE B A S At B, 5¢
BAR BOCF TR BERY e R gL it . &t Z AL
LA i Jm — T BAR T AYFE S C 22 46 4260 mm,
PG — S RO A O AL o, [ HAH, REHE
SREOR I 1,

®1 EBERRFEIHER

Parameters of beam shaping system

Tab. 1

Ve A Sk, A 1 0 B . EL R A A s
1B e AR A S B B9 R B8 S XY J7 1] 1Y B
K9 firm, EIp RBERKEZ R 11 mm, % JE 1R
2R <200 pm MER VAT AR KL E 4
RK L F G i — A 3 Ba -5 5w a] Y R
56 mm, T A SEIFF &R 1 hRIEAR 2R, T8
AE 70 A0 75 T FRAR VAT 3K B AR = 1Y 7 TS (B gl
—AHIBEME HBESCREC &R . R
LA A 10 Jros .

g 7 AE OCT RGERE i i vh L P 45 321 19 28
TR 58 J 0 A it 2 T Y /N0 B A AL RGN R
— RSB Y Bt sh 20, A RS —NE
D7t B DUGR UE AR T R E (1 £ A M T A
SCHT BT AR G B A5 A K g Bl L
I ARG TT I OO BE X R G IRE R A R, T
R RGTER KR AMMAET , 5B kLK MY
H A RIERBE AN E= Eycos' w, HH E, A H
OBRE, o B S BRIEELWN KA TR E 280

ZH 1A
Wavelength range/pm 1.26~1. 36
Entrance pupil diameter(D)/mm 8.6
Output beam radius(R;)/mm 5.3
Beam waist radius(an)/mm 3.9
Line width/pm <200
. . <
The thickness between last surface and image/mm <60 W RE 1Y 99 % i
10F S S m—— 1.0F
£09¢ //—V\\ £09F
= 0.8 =081
07t \\ ENRAS
£0.6F £0.6
_‘—? 0.5 5 05F
2041 2045
203} 203}
©0.2F1 021
“oat Foat
i) I S S B N B B . oob— . . .
-75 -6 -45 -3 -15 0 15 3 45 6 75 -75 -6 -45 -3 -15 0 1.5 3 45 6 175

Image coordinate in millimeters

Image coordinate in millimeters

INA:0.000,-0.061 mm

Relative illumination, Y-SCAN

Relative illumination, X~-SCAN

Spot diagram

B9 B XY J7 i I &

Fig. 9 Illumination diagrams in X. Y directions and spot diagram

¢
w

3D LAYOUT

3D LAYOUT

[ 10 el R G A A

Fig. 10

Layout of beam shaping system



2660 b

K % TR

5 26 &

0.6

0.5F ey
0.4f e

03} A

£
02k /

0.1F

0053 10 s 20 25 30
0/(°)
11 B SRR mSAMmEN LRI L
Fig. 11

Relations of scanning angle with ideal, real image

heights respectively

I3 —J7 T, 40 R GE T B AR B — o W AL B LA
PRAEAR 55 5 4240 AR A5G 38 o 2 bk L B A B2 F R
20 i 0O Y R R R T L B9 ' RS

INA:-0.000.-0.167 mm

85 A By DT 98 BLA) AR M . B TR AR
W RGLE v = [tan 0, £ B AR5 5L BRAG
my =0 Ed i SB A E 0N T
I, “HBAMCR" K 11 PR, Blha
WeE TR, HELK T 0 K tan O ES . NS
bR E SR E RS AL T
B R G0 A /N T LR DLAS 25 e A b
o [ L, B AT L SR 2 4

Bl 12 Ry BT et i 4 R Ge b i 1 S 2k B
A LLE BRI 45 R 5B M A th T
SR/ B SRR T At B R
A R—2°,—1°,0°,1°,2° F AR 2 i, T B\ 4544
B b al LUA Y B3R 7 0ok . kR
B BT = O B R OGRROE KA R G et e
5 R BT A I (B ) b A R BE R Y50 40 A
ML BE, I AT F /NS B 4

Spot diagram

3D LAYOUT

3D LAYOUT

K12 RS 2 B K

Fig. 12 Layout of scanning system and spot diagram

ARSCBA T — Bl T = R i s R
B RGBT OER AR B 5 I o0 A B0 (8 B 1)
AE R 7E — N7 1) 2 2] o A 9 JE R D6 B LA K ¥ 2) 73
i L PR FE Ak . it J7 5856 T 008 W W A1
53 FLT 1) Y L AE A [A] L A o 2R IR A e e
XK 5 AT LA 't A 48 A J5 1) BEA T 4 7] A 2 3
B LUK o AR K AR Bk AR Bon] LS B e

Oy A EEA S T0o A 1 B, DL S ZPL iR &
A AL AHSS & 0 7 58 T ARGk,
FEAHT T A AR G BE 2k B TE LL O T00 R AR
Mo FERCEERE b, — @ N (£ 2°) e 5 — A
BT R G BE 50 A T 4R BE Y A A R R 2y
10 mm X 11 mm) , %2 IE R 58] DL H 7862
AT ZHT COCT) A 5 e S 306 A= 4 20 23155 D A
A IR BH B . PR i RGAGE B R G R0
8, BN Z Ul BUAR R sE i 45 5 AT — e b



511 ) T LA H TR TR R G = R 6 A F LA B 6 2661
[8] OLIKER V. Optical design of freeform two-mirror
S X .
beam-shaping systems [J]. J. Opt. Soc. Am. A,

[0 2 45 T a2 1 0 o A1 T 2 BT 1A 00 2007,24(12) :3741-3752.

[J]. 564 #5 £42,2017,25(5):1142-1148. (9] A, X453, M 4e, 5. RO =M B e 70t o F
QIN Y W. Thickness measurement of lubricant film BURIE RS0 [J]. AR 41.2013,34(7) :940-947.

by optical coherence tomography [J]. Opt. Preci- MENG X X.LIU W Q.LIU H. et al.. A reflective
sion Eng. » 2017.25(5) :1142-1148. (in Chinese) optical system for converting elliptical Gaussian la-

[2] x4, F B8 IR AR 035 1 25 307 O ok 4 W 137 5 58 1 ser beam to flat-top beam [J]. Chinese Journal of
g FRESE (7], & B4 %.2016,9(2) : 277-283. Luminescence2013,34(7):940-947. (in Chinese)
LIU H. Gaussian beam shaping diffractive optical [0 ARAE, TR E S, R R BRI B FE 8 76 O U]
element designed by Hankel transformation [JJ]. g L] o sh 5 sk 42, 2014, 43 (4)
Chinese Optics. 2016, 9(2):277-283. (in Chinese) 1210-1214.

(3] Fue. o RA, T ik i 5T W2 LA 1 25 DUM. XING T W. YUAN J H. Application of
BOEHRIE [T]. %2 24R.2012,32(5):0514001. micromirror array in beam shaping [J]. Infrared
YU X CH, HU ] SH, WANG L B. Laser beam sha- and Laser Engineering, 2014,43(4):1210-1214.
ping based on liquid-crystal spatial light modulator [J]. (in Chinese)

Acta Optica Sinca» 2012.32(5); 0514001, Cin Chi-  L11J %80 0. Fe T BRI -AE BRI H: % B8 09 5 6 5E 5
nese) Bt sy [J]. #k5 k& F 5 &, 2018, 55

(4] e, 5 . ) FOUHT 359 45 B8 201 5 B OKG 3R 25 1l (6) 060801,

I [J]. b2 2 3R,2006(11) :1698-1704. CHANG Y, WANG SH L. Spot Gaussian beam
YANG X T.FAN W. Spatial laser beam shaping u- shaping based on spheric-aspheric cylindrical lens
sing birefringent lenses [J]. Acta Optica Sinica, [J]. Laser & Optoelectronics Progress, 2018, 55
2006,26(11): 1698-1704. (in Chinese) (67:060801. (in Chinese)

[5] MA H T.LIU Z J.JIANG P Z Improvement of  L12] @& . %&F  FWm, 5. wHOCREE RGN
Galilean refractive beam shaping system for accu- B [R5 4% o42, 2011,19(7) ; 1464-
rately generating near-diffraction-limited flattop 1471
beam with arbitrary beam size [J]. Optics Express, GAO Y H.ANZH Y.LI N N. et al.. Optical de-
2011,19(14):13105-13117. sign of Gaussian beam shaping [J]. Opt. Precision

(6] &2, 3 4eme, 3l mg, 4. 00 F 50 80 8 @ LCOS Eng. . 2011,19(7):1464-1471. (in Chinese)
BRI R g it (1) ke T 2,2011,88(3),  [13] AR A TR [M] Jw. ALK Tk ki
100-104. #2011
GAO H F,LIU Q X,LIU P, el al.. Illuminating YU D Y. Engineering Optics [ M]. Beijing: China
system for single color filter LCOS panel micro-pro- Machine Press,2011. (in Chinese)
jector [J]. Opto-Electronic Engineering, 2011, 38 [14] ZF&#. K T{EH F-Theta 8 % (9% 10 [D].
(3):100-104. (in Chinese) M < M KA L2006,

[7] MALYAK P W. Two-mirror unobscured optical sys- JI'Y Q. Study on Optical Design of Large Work-
tem for reshaping the irradiance distribution of a laser ing Area F-Theta Lens [D]. Suzhou: Suzhou Uni-
beam [J1. Appl. Opt.1992,31(22) ; 4377-4383. versity»2006. (in Chinese)

EZE T :

FATA85—) . H L INRE A By
W5 B2 - BF 5T 45 L 2008 4F F A JL U
WRF ARG = 2 A, 2011 48 T &
2B G =K LS P B Y
iR e e Y (VAN o - =59 B A ER
PEM WF 5% . E-mail: 270305453 @ qq.

com

OB A971—) . WL BIRTLER AL BT
Y5 AR F W, 2003 4E TR I R
IRAG A 2407 BN 2E R I TF

#il . E-mail: sunq@ciomp. ac. cn



