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Effect of Cylindrical Mirror Rotation on the Far-Field Spot of a Shaping Beam
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Abstract In numerical and experimental analyses, we studied the effect of misaligning the cylindrical mirror
rotation in shaping system on the far-field spot and beam quality of the laser during beam shaping based on
Huygens—Fresnel diffraction theory. Increasing the rotation angle not only rotated and tilted the far-field spot of the
shaping beam, but also elongated and defocused the spot. This aberration derives from the superposition of
astigmatism and defocusing caused by rotating the cylindrical mirror. The results show that misaligned rotation also
defocuses the shaping system with cylindrical mirror. We then quantitatively analyzed the correlation among the
normalized phase coefficient and focal spot, in which the normalized phase coefficient is related with the center
wavelength of the laser, size of the shaping beam, distance of the cylindrical mirrors and magnification factor. From
the correlation coefficient, we can evaluate the sensitivity of the shaping system to the cylinder-mirror rotation
disorder. Finally, we verified our calculated results using a corresponding experimental device. The experimental
results agreed well with the calculated results.
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Fig. 1 Diagram of cylindrical mirrors for beam shaping along X direction. (a) Rectangular light beam passes through the

convex cylindrical mirror with rotation misalignment angle « along Y axis and the concave cylindrical mirror

successively to form a square light beam in XYZ direction; (b) shaping beam focusing into the charge coupled device

(CCD) by the circular lens in XZ direction
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Fig. 2 Numerical results of the far-field focal spot of shaping beam when the convex cylindrical mirror rotates

different angles. (a) 0°; (b) 0.06%; (¢) 0.09°; (d) 0.12°; (e) 0.15%;

3 JEBIE O T b £ B 0 S g 45 AR,
Bl 3Ca)~ () 48 5l & X J7 1) ™ A B iE % 0°,
0.06°,0.09°,0.12°,0. 15°,0. 18° I} X )i 32t 37 £& BE
B, LR R PEE ST ST B R —
L BEE LN OBERL = 0. 18°, BIE e R iz 37 42
BERFAE AU 28 17 T 3 Ca) T 7 (A FRABCIR S (B 3(b) Jir
NI EEBEE B L B 3 (o) BT 7 1 £5 B e A O K
Bl 3Cd) ~ (D) JT 7 14 45 BE 7 K I 1 20 g 48, o # o

(f) 0.18°

FERER BRI BERE B (5 LA WA, HE B RR
JEPETH K . RS AS R ENIE TR 2R TR &
BEMMEEIE . BR 1A 5 e 2 ok 1 1% 22 41, X
SRR THT S A5 T RS BRAE LA RO 2 A R 22 S R
R AME 22 BT LIRS L S2 B 25 SR AT a5 R L
S 2 A T R A AR RSO nT LAULER B G2
EREN 5 M Z

B2 LRI 3 25 1 o™ Ak T 5 e B A [ 32

1105001-4



i b

Y /mm

~0.4 -0.2 0 0.2 04
X /mm
04 far field (tilt 0.09°)

Y /mm

204 -02 0 0.2 0.4
X /mm
far field (tilt 0.15°)

Y /mm

-0.1
-0.2
-0.3
-04

-04 -0.2 0 0.2 04
X /mm

P 3 20 ™ 2 AN [ A I R O Ol TR 37 £ R 1Y S R 2

far field (tilt 0.06°)

0.4 )
0.3

0.2

Y /mm
(=]

-04
-0.4 -0.2 0 0.2 0.4

X /mm

e far field (tilt 0.12°)
(d)
0.3

0.2

Y /mm
(=}

b4 o2 0 0.2 0.4
X /mm

. (a) 0°(b) 0.06%;(c) 0.09°;(d) 0.12%;(e) 0.15%;(f) 0.18°

Fig. 3 Experimental results of the far-field focal spot of shaping beam when the convex cylindrical mirror

rotates different angles. (a) 0°; (b) 0.06%; (c) 0.09%; (d) 0.12°; (e) 0.15%;
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