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Optical Design of Large Working Area F-Theta Lens

Shen Weimin''2

(1 Institute of Modern Optical Technology, Soochow University, Suzhou 215006)

Ji Yiqun'-?
2 Jiangsu Key Laboratory of Modern Optical Technology, Suzhow 215006

Abstract .
in laser marking system. F-Theta lenses with larger working areas overseas are of complicated structures. F-Theta
lens with its working area as large as 680 mm in diameter is obtained by determining the parameters of initial

The working area of F-Theta lens is generally not larger than 420 mm in diameter interiorly when used

structure through analysis of the primary aberration and optimizing the initial structure with optical design software.
The designed system is compact and composed of only four spherical lenses made up of two kinds of common optical
glasses. Its tube length is less than 100 mm. But its focusing performance is diffraction-limited and its distortion
relative to the F-Theta linear relation is small. The system satisfies the requirements of marking on a large area.

Key words: optical design; F-theta lens; primary aberration theory; laser marking

1 5 75

HEY BB RS0 M EYDRIE L, T F-
Theta i3k WB R S WHMARIEL, ¥ H F&4H
ARG MBOER Z B, BOLR & F-Theta ik H
L BE v SCHRIMAS A 0 BIEL™ . AR
ARG Z T HIAEBOEES Phn i %) 7 3% 185415
SR T  REK R T MM AR %, B
AHEHR I PRRE AR ARIC R A RS AR
PR 2 MBI R 2 R

BEE BOLIT e B A TE B #E— 29 8, K AR
T ZE SRR B8 Y. H AT E BT AR ML AR

H— A 300 mm X 300 mm™* , @A B A TIE
4 KM F-Theta 853k, (B W E 2, ik B 5, A
& W PEAHIR S

AR T K TAETE F-Theta 453k 622 3 1t
B, NI R 2B R B E B AR A4, R )5 A
ZEMAX #4 R4t B 2 TR ZI E %k $680 mm
(¥ F-Theta 8%k , B 454 6] 50 Bk R AEMRRIF &M
WS /N WL T H BTR TARE T4 6 FHER .

2 BItEE
FAFROCHT AR HLIY F-Theta 3%, TAE T 5.9

* JLFRE RO B AR E R L = R 4 (KJS01004) ¥t Bh LR,
TEH /A BHRBE980~), &, MHENXA, HH KFIRICER AR LR E, TENFER T MRS b

MIFFFE ., E-mail; jiyiqunl980@163. com
W B 3. 2005-01-31; W BB H . 2005-04-01



1540 Xt &4

1% 25 &

K, T A& % 8-, SFBOERALT X SR
AECIE 1 B, b D RE TROLRER. ER
FTRUG XM ABRAERSE. ARE RGN
IR — BCEORBE L B AT AT 2 BRI PR BE

X oscillating scanning mirror

|
I

—— Laser
i

Y oscillating

/ / scanning mirror

F-Theta lens @
? J:Back focal length

Focusing plane

B 1 BOLHR 2T bR R

Fig.1 Principle of online-laser marking system
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Table 1 Initial structure solutions and their corresponding aberration coefficients when focal powers are listed in group B

Initial SPHE COMA ASTI
) Q Q: 1 2 791 792 _ _ _
solutions /107* /107° 10°°
1 —1.190080 —0. 678907 —110. 8760 —8534.480 144,275 —5794.560 0. 58 0.7 0.1
2 0.018575 1,169820 —120.8560 1593.420 168.419 —857. 487 2.95 2.1 0.1
3 —2.521600 1.073760 —101, 6270 —1066. 110 166. 967 —897. 207 2. 87 2.2 0.1
4 0.397255  2.069550 —124.3690 1160.980 183.352 —606. 145 2. 60 1.8 0.1
5 —6.996980 0.448593 —79.3730 —270.502 158.098 —1284.410 2.64 2.6 0.1
6 —5.937570 —2.592130 —83.7123 —328.541 125,636 1168. 620 4. 60 3.7 0.2
7 —1.195350 —3. 674760 —110. 8360 —8303.930 117,078 695. 610 5. 84 3.4 0.2
8 0.866743 2, 243860 —129,0130 868.996 186,556 —573.573 2.54 1.8 0.1
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Fig.2 Lens obtained from initial optimization
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Fig. 3 Lens obtained from final optimization
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Fig.4 Evaluation of focusing performances. (a) Spot diagram, (b) encircled energy, (¢) relative illumination,

(d) distortion relative to F—@ linearity, (e) field curvature
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