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Abstract: A gradient-index lens with a diameter of 1.8 mm, a cylindrical lens with a diameter of 2.5 mm
and a volume Bragg grating are designed and fabricated as an optical system for a commercial blue single-
tube semiconductor laser with a fast axis full width at half maxima of 23°. The experimental results show
that this scheme can achieve a beam width of 0.48 mm at a distance of 5.5 m from the system, and the
beam width is less than 0.60 mm in 5.540.5 m nearly, which can provide a new solution for the selection
of the measurement scheme of line structured light.
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Table 1 Gradient-index lens with different parameters in simulation

Gradient index lens Diameter/mm Period/mm r,/mm Length/mm
1 0.50 11.51 0.235 1.785
2 1.80 19.04 0.570 3.410
3 2.50 34.85 0.620 6.672
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Fig. 6 Beam shaping by cylindrical lens

AR LA 5 28 5 7 3 5 T ] RUAR B 10 SO A A 0,19 A BRI 0,19 58 R N

. ds-+R"(9;n . dﬁ+R"6m
(90u1 - 0in + 2 arCSln% — ZarCSIH(‘% (6)

P R AR B BB BE PT 1.525 (KO Y # BE B , 450 nm ) , R 40 0 HE 5 B 19 78 F 2 X B a8 b 15 9 3,
S0 3 AR AN TR A 5 R AR VU L O 0.25~5.00 mm. 43 A 2 AT A 7 5 AT DA ROR BB ALAR L R
KT A REE B FLAR X FE Al DU AT ROt e 8 e 2, BORE B B A9 ELAR 8 2.5 mm, 15 31 0 IR A o2 45 10
FI 2R #5375 5 ) it TR0 19 P B e RO 15.2 e, T304 B (B A 38 45t DG A9 2K 3K A R 15.9°.

0814002-5



3 XWEN=E

31 A REEMEER

F G0 v A T % 37 5 A AT B G i TG I AR SRS BT Y, X AR 2R AL B G MR B R O LK,
WCAR A B B A Y AR B BRI AE 0.08° 2 N ZE Ak, e /Nik B 5 AN KR R, X A (R0 R ) B2 K LA £k
B, 6 R () R R R /N T 0.07° Y S 56 dh OB FWEZ R 0.05°, 80 56 ok A A 1 ks G Al 14 £ B8 A8 Gt
HY) #R BT e 1k LAS BB 240 5 BRGSO 52 3]

RGP B E AR — € B ER2E Q0 2R3 o FRARA 3 B, IR 445 21 0 6 N 1 50 98 B ) — SR I 2k
ML PR 1A 3 B8 3K 22 2 S BOG I S8 BE A 5], AR B0 A v (] 4l 35 43 149 o6 oS5 58 1T 9 i 3 Al 3 4 1)
O TR 2 T A 2 A FH e g > 3R A {9 320 A ' oA T e FH b TR il R 43 34 ST DR

PHAR T 5 400 R 1E R0 40 A0 ) 19 B RS 50T DLSE 56 AR WA R 22, T SEBR il /E B 2R AR B X LA
B Ai 33 BT ST R 40 A0 O 25 BRARURR B I 51\ A 3K 25 2 e 4 3RO AR UE B A R B B AR(E Y R A
32 AREENE

TEBA GRS LR, 2 O A 09 & O AR B H SRR i T AT BE 2 4 40 1 o 1.9 mm 0.9 mm Hif
AT RIS B HOE B A B RS B SR A&l 7(a) R (b) BR

=

(a) d=1.9 mm (¢) d=0.9 mm (with stop)

grating

A e e o o iy The e s et e e Y

L]
.
.
*
.
.

S ERRL I el m e et

(d) d=0.9 mm (linear structured light produced in the experiment) (e) Light path

H7 BMAE_BMELREAEREERAR
Fig. 7 Image of laser diode beam emitted from GRIN lens

Bt 35 O T 0 S G o B 1 SR o O I 1 B S DD O B B O SRR T R A R KT
LR S SRR B R B B O AR T R T IO E AR R ARSOR HE B R BN R A B SR
A TR AT A5 TR B I T RO, B 7 (o) R TE A R E B S 5 b — A ELAR R 0.6 mm By % BRI AR Y O SRAL
AT DAOWLER B o T B AR 3 TR s

T AR B H ARG AL, I T AT 25 5% X il O ) B9 6 AR AT TR K AR R 2.5 mm, K2 100 mm

08140026



IR, AF < DR A R ' I R S AR AL B 5

14 A 375 A 0 TE = A VR VT 2R A T O L R AR B R S 1 R B v 1 B B, A B R o AR A AR i Ok
SR 7(d) FEoR kB BE Y 7 10 6 Y T BT EOE R N bRk O R T T RO A A
4 By AT — A /N MU AR R R

R T (o RO A 6 SR TE B T e R G 0 R IR AL T BOG S T R R S0 o e A B R
S5 K6 638 33 P43 RS O R G R4 — HE O B L B B R CCD AAILEZE I, W P 5 T K A9 1) 0 2k 45
4 5 3 R B0 AE 5.5 m &b 3k B ARAE , B 8 Ay bk b 3 4 4 45 4 ' 7 A AL b0 8 B 1Y TR 7E T IR A B A
S A ' i B e AR 2R 4 A DO R BE O 0.5240.05 mm, & 8(a) AT AR B i T H R BB
BR AR B ARSI ME B BUN 4 O R 2 K A A S0 R R O I A R WA A A A A I e R
B BE Ry 0.48£0.05 mm, M 2 BOG LTI 26, BRI AR A Bk G Mt 78 28 46 vl Y6 o 5 BE B AIR 7.7 0, [] B 9 B
TR S W 24 O I R S S A AL A AL B % o AU TR AR T 9 o ol R e AR AR 7R R
BRSO RSB E S 5.500.5 m WS4 /N T 0.60 mm, A5 FE K G M X G TR TE B 6 AR AR AE 6 %6~
9% Z I, [ IF 0 75 3% 2 S5t dl 97 16] B4 38 3% %% A D 0.01°. B2 52 B Ak o i G TR 56 3 B 4% 0 K i B R 46 1
R G, A RAEER NS B R RGP e o T A R T RO AR 00 1 5 AR B B ) T A kL
B A R AR BT, Il A 35 5% 1) o8 0 i 1) 28 K | 50 ff s Al LA s 1, 328 B 00 497 S 3R 43 A i 42 15 ALl 2 A 22
BRI B R BORGE A RA5 K6 0 5 QR R AR R A i B, OB AR S AR N PR AR I R S R

14 BE 8 LA RN 22 28 /)N

||I|I|I|II|IIII ||II|I|II|II|I| ‘ III|II|I|I|I| IIII|II|I|I
1 2 3 b2 —1 1 2

. 2 1
0 0
| | |
! 0.52mm I ! 0.48mm
(a) Direct (b) With VBG

B8 ot #E — I 4E & Ot SR S E (2 Z B4 % 0.1 mm)

Fig. 8 Measurement of beam width by second intensity moments method (precision of unit is 0.1 mm)

0.64
—=— Width(direct)
—e— Width(with VBG)
E o060
5 056
=
=
2 052t
048 [ 1 1 E L 1
5.0 5.4 5.8
Postion/m

B9 FRAMEL RSN EEFE
Fig9 Beam width of the system at different positions

4 28

FOR B 1 h T 45 h 1) 5 R BRI i T P 8 2 R 5 LR SO i R B OB IR TR 4R BOE T AR
0814002-7



DI

P, A SCHE G B A 375 5 04 R R AT S A SIS 2 BOG T BRAOCR W3 L& Bt it 7 — &2
JeA I A WG R R GE LA™ A R ARG B ST 4 SRR T R AT 1A% S REFF B 2R R 3 5 A0 50 o 4 I
Je B ER Z5 A8 D B L AR SE FE R AR 600 ~9 00, I R &5 K Dl 7™ A2 Ty S8 T LS BIAE 5.5 m AR R B8 0.48 mm (7E 5.5+
0.5 m i [l A SR GE K T 0.60 mm AL 2544 56 Hai th , FU9) T AR FH A6 AR 22 3 el A2t mp AR LD 2 2 Ol O 6
DA iy 00 L

5% 3k
[1] BARONE S,NERI P,PAOLI A, et al. 3D acquisition and stereo—camera calibration by active devices: a unique structured

[2]

[5]

[6]

[14]

[15]

light encoding framework[J]. Optics and Lasers in Engineering,2020,127:105989.
LI Guan—nan, TAN Qiang—chang, KOU Ying, et al. A new method for calibrating line structured-light 3D measurement
model [J]. Acta Photonica Sinica, 2013, 42(11):1334-1339.
ZETEAE WK B ERR A . — P ARATHE = AR IR AR AR AR ik [T ] 0T A, 2013, 42(11) :1334-1339.
HAO Tian-yu, YU Huang, DONG Liang-zheng, e a/. Three-dimensional shape measurement technique for large—scale
objects based on line structured light combined with industrial robot[ J]. Optik,2020,202: 163656.
YU He, MA Xiao~hui, ZOU Yong-gang , et al/. Beam shaping design for fiber-coupled laser-diode system based on a
building block trapezoid prism[J]. Optics & Laser Technology, 2019, 109: 366-369.
TARASOV P A, IVANOV B B. Optical system for collimation of radiation from semiconductor lasers [J]. Journal of
Optical Technology,2017,84(4): 231-232.
XU Qiang, ZENG Xiao-dong, AN Yu-min, ez al. Propagation of laser diodes beams through a gradient index lens[J].
Acta Photonica Sinica, 2007,36(S): 72-74.
iR, WK, ZEE, 4 LDJSWTE B RAEBHE DAL RELT]. 0674k, 2007,36(S) : 72-74.
FORBES A. Common elements for uncommon light: vector beams with GRIN lenses[J]. Light: Science & Applications,
2019,8: 111.
WU Zhi-wei. Novel prism generating non—diffracting=like linear structured beam[J]. Acta Photonica Sinica,2012,41(8) :
956-961.
AR BB B AR L AT TR A [T T oA, 2012,41(8) ¢ 956-961
WU Peng, LIU Yuan-yuan, WANG Xiao-wei, et al. Study on collimating of semiconductor diode laser [J].
Semiconductor Technology, 2009, 34(5) : 423-426.
RIC, KRR, FWep, % . 2k FEBOCRAEHEE TRITT[I]. B RIEBAR, 2009, 34(5): 423-426.
QIN Guan-yu, WANG Xiang—jun, YIN Lei. Calibration method for multi-line structured light vision sensor based on
Plicker line [ J].Journal of Measurement Science and Instrumentation,2020,11(2): 103-111.
LI Yue-hua, ZHOU Jing-bo, LIU Li-jian. Research progress of the line structured light measurement technique [J].
Journal of Hebei University of Science and Technology, 2018, 39(2): 115-124.
B, ST, XA &) 2S5O R LT] LR R = 4, 2018, 39(2) : 115-124.
KOGAN V E, SHAKHPARONOVA T S. Gradient optical elements: methods of obtaining and measuring refractive
index distribution profiles[ J]. Glass and Ceramics, 2017, 74(5-6) :193-195.
LIU Jiao, HUANG Zhi-qiang, LIU De-sen, et a/. Experimental study of the optimal ion exchange time for producing self
focusing lenses[J]. Journal of South west University( Natural Science Edition) ,2008,30(9) : 29-32.
XS, BRI, XA A5 . A SR A A e B T S R I ) Y S B WIS LT ] P R R e i CF AR B RD L 2008, 30(9)
29-32.
WU Qing-qing, ZHANG Xiang, FENG Jian-sheng, ez a/. Study on angular selectivity of transmitting volume Bragg
gratings in photo—thermo-refractive glass[J]. Acta Optica Sinica, 2012, 32(12): 1205001
B B, AF S T Ol PR A T A S AT B e R R PR AT SEL T ] O, 2012, 32(12)
1205001.
BIENVENU N, HEND S, MELANIE M, et al. Beam quality measure for vector beams [J]. Optics Letters, 2016, 41
(15): 3407-3410.

Foundation item: National Key Research and Development Program of China (No.2016YFF0100902) , Project Funded by the Priority

Academic Program Development of Jiangsu Higher Education Institutions (PAPD)

0814002-8



