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Laser oscillator scanning grating error analysis and correction method

REN Dong-xu,ZHOU Meng-yuan,NIU Xi, LI Bin

(School of Mechatronics Engineering,Zhongyuan university of Technology,Key Laboratory of Optical Sensing
and Testing Technology in the Mechanical Industry,,Zhengzhou 451191, China)

Abstract: A correction method combining internal corner optimization and external scanning error compensation is
proposed to address the scanning distortion problem in the oscillator-type laser direct-writing grating system. The geo-
metrical optical model of the oscillating mirror system is established with the grating grid distance of 10 pum as the tar-
get. The scanning error is analyzed, then the oscillating mirror turning angle is optimized , and further curve fitting com-
pensation is performed for the oscillating mirror, with the error at the coordinate point( 100,10 ) reduced from 0. 936
mm,1. 912 mm to 0. 148 pm,0. 0296 pm. The results show that this method can meet the accuracy requirements of

vibrating mirror type laser direct writing grating in short distance.
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1 51 &
WOEHS (SBIL) SEHIH A Z A T RE % &
1o S AR RO X i AT 14 0 20 JE R A T IR Ol 20 fe
25 I W 2 o T TV I A ] R e 2R B AR
MBYEMER A, BOE S HA AR ZeR s A
TRGFRER R o BOBIR B A A A 1

LR EE L ATL A R i e 1 3 SO B A T A 0
e IR RN, B R B S

JCE S I ARG EI W R AR T (EIRBEAR
GAEAEE LA AR AR S 2 R
RoRMRE,

TEPA JRGEIR 2 AME T i, RAERIE A
PR T — UL i B B e AR AL I 5 3%, AL LT
PR N TR IR 5 28 G0 1R 22 9 R 1 22 AT 40 & 4
ot XRPIIERCRAR T, Jo ik PR % 5T 2040
MR B R S KRBT R 22 4 A T B R

EEWH: BRHRPB2AFE 4 (No. 51905558 ;No. 51975599 ) ¥ B,

EEE I AR, 5 1,
218738504170@ 163. com

Rl A 0, TR BRI SE T 15 R I AS A St B Bl B IR . E-mail .

BIEE AR, 5 TR, T EETETT 15 A A2 AL AR B S i 4R . E-mail :2833835633@ qq. com

e F #8:2023-03-03 ; &1 H #:2023-04-10



oot 5 40 4b No.12 2023

TEAIRAE FOEIREE S YRR 22704 MALIETr ik 1841

2 MR Z L RACIE 3 22 , 70 00 H BT T4
PR A2, AH T 35 BRI, A E & Tk .
AT A O R A 1 25 1A A JEE TR 22 AT T AR 4
M2 877 XA o AR ROCRAE R R E
Bl P9 158 2 R IR R O AN T, SORIP Y 4 A
N7 T T TG A AR AR 4 LA B I B 1 AR A
MR T RGERE  HIX R Ik R G RK,
BEARR T RI0R . BT S I 7 i ARE AT
WOt E 5 e

EEX O B et AR R AR SOHIR B B A Y
At B U 7O, B XD SR SO R, i —
AR ZZ VAT T MR FRAR T B 6
ORI, R THOCES R LRI
T
2 IREAWMIRESTSIME
2.1 {ELHREZ T

WG R BE AR S8 AT 43 D i A O X0 48 5
2 ASCR A F 7 30, W 1 B

ax

X mirror

incident light

K1 BotdRBa# X
Fig. 1 Laser oscillator front scan method
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Fig. 2 laser oscillator scanning error three-dimensional distributiona
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Tab. 1 Vibrator inscription error
x/mm y/mm Ax/mm Ay/mm
20 10 0.00188 0. 07560
40 10 0. 00377 0. 03025
60 10 0. 00564 0. 06812
80 10 0. 00840 0. 15354
100 10 0. 00931 0. 18970

2.2 WOLIRGE M fh A

Zeid RN, P IARBER G HE R R G R%E T
BRI RIS SR, BT LT IR % 3
HEATOUA, N2 (T) AT A R TE A )5 3l A B -
~ 1 ] xsin(ivxz"'yz)
« ?arcsm f

xtan( 7vxz+9’2)
/

VAl ey
Horh, (0, 1~ JREEIIIIEHE M50, 12 v IREEMO BN
A,

BAEAK(2) A (4) I REE R MRk
HHEA N

joi)
1l

(4)

o5}
1l

——arctan

xtan( 7sz+y2)

Ao, = g) -d, = %arctan f - %{
(5)

MA(S) 25 Ao, HEy y o 0 IF2Z{EN 0,
PR ASABE DR 2K IR T y 0948 W, I AR SC5TA
S XF o, ATULAALIE,, RIBEXS o, 5IA fC HEATIL
b, ARSI IR ZBOE S W E -

Ao, =9, — 0,
. xsin(ivxz"'yz) x
= —arcsin f - Z[
_* .
6
A9, =d, -9,
xtan(ivxz"'yz)
= —arctan f - %,
N
_ X,

HRIGA(6) R — RIVFFAL AT, THH AN 1Y
IRBEE ML R R, e 2 s,
x2 REKARLRK

Tab. 2 Vibrator angle optimization factor

x/mm y/mm f(x) /mm A(y) /mm
10 10 0. 18899 —0. 00009450
20 20 0. 75620 —0.00037823
30 30 1.70241 —-0. 00085186
40 40 0. 00302889 -0.00151653
50 50 0. 00473743 —0.00237382
60 60 0. 00683029 —0.00342574
70 70 0. 00931020 —0. 00467485
80 80 0.01218037 -0.00612411
90 90 0. 01544442 —-0.00776982
100 100 0. 01910634 —0. 00963742
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Fig. 3 The error of the oscillator system after angle optimization
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Fig. 4 Vibrating mirror scanning error collection point
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Tab. 3 Collection point error table
x/mm ¥ /mm Ax/pm Ay /um
10 20 0. 023569765 0. 004836604
20 20 0. 048433933 0. 024698141
30 20 0. 075888454 0. 050043847
40 20 0. 107223984 0. 058167536
50 20 0. 143721009 0. 014985201
60 20 0. 186645308 -0. 124564237
70 20 0.237243378 -0.416389148
80 20 0. 296737669 -0.927218925
90 20 0. 366321526 -1.734631354
100 20 0. 447153780 —-2.927114367
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Tab. 4 The error of the oscillator after optimization

compensation
X/mm y/mm Ax/ pm Ay/ pm
20 10 0. 00998 0.00147
40 10 0.0115 0. 00337
60 10 0. 00769 0. 00700
80 10 0. 0575 0.0144
100 10 0. 148 0. 0296
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Fig. 5 Scanning error of the oscillator after optimization compensation
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