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Numerical Simulation for Computer-Aided Precise Alignment
of Unstable Resonator

Zhang Wenjing Zhang Liu Wenguang Liu Zejin
(College of Optoelectric Science and Engineering, National University of Defense Technology ,

Changsha . Hunan 410073, China)

Abstract The automatic alignment of resonator is one of the critical techniques in high-power laser technology. The
method of computer-aided alignment of unstable resonator is presented and its numerical simulation results are given.
The relation between mirror misalignments and its phase aberration coefficients is regarded as linear to some extent,
especially under the condition of small misalignments. After getting a series of aberrations representing a misaligned
system, we get the data of each misalignment by solving linear equations. Then the misaligned resonator is modified
according to these results. The whole process is simulated numerically. Presently, multi-misalignments including
both tilt and decentration can be calculated in this way. The numerical analysis shows that it is easy to figure out a
single misalignment. Complex misaligned condition needs iteration. Tilt misalignments that can be figured out is 10~
10* prad and the decentration range is 107> ~1 mm. This method can be used to guide resonator’s alignment
effectively and provide another way for laser resonator’s automatic alignment in practical use.

Key words lasers; unstable resonator; computer-aided alignment; optical test and measurement; numerical
calculation
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Table 1 Numerical simulation results when Ty, =100 prad,

T,,=200 prad are set in advance

Real
Axy Ay Z AX; -
misalignment
T../prad 90. 0 8.9 98.9 100
T,/ prad 184.8 14.0 198. 8 200

RK1GHTREAWABR . T,, =100 prad,
T,, =200 prad BFEAGK AR AI45 0
R24M T 3 AMEAE T,, =100 prad, Ty, =
200 prad, T, =200 prad F1 1 4> y J5 RO & D, =
0. 1 mm B iy 3% AR R 25
%2 M, %y BT 100 pradsy F5 R 100 um, M, Al
RS BT S 58 o MERBIR 200 prad I % 4R SR A7 45 R
Table 2 Numerical simulation results when Ty, =100 prad,

D,, =100 pm, T;, =200 prad, T, =200 prad are set in advance

Ax Ax; 2 AX; . ?eal

misalignment
T, / prad 92.3 7.2 99.5 100
D.,/yum 0 0 0 100
T,/ prad 0 0 0 200
T /prad 109. 6 18.5 128.1 200
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Table 4 Numerical simulation results when D,, =1 mm, D;,=1 mm. D,. =1 mm are set in advance

Real
AX, AX, AX, AX, AX; >Iax, o
misalignment
D, /pm 589. 8 274.2 30.7 59. 2 31.3 985. 2 1000
D,,/pm 1530. 7 —292.6 —183.9 23.1 —39.6 1037.7 1000
D,./pm 988. 9 8 —0.5 1.4 1.7 999.5 1000
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SR gl R
Table 5 Numerical simulation results with iteration algorithm when T,, =150 prad, T;, =150 prad, T, =150 prad, D,, =50 prad,

D,. =50 prad are set in advance

AX; AX, AX; Z AX; Real misalignment
T, /y.rad 110.5 35.1 3.1 148.7 150
Dz;-/um 0 0 49. 3 49. 3 50
D,. pm 49.9 0.1 0 50.0 50
T;, prad 121.6 4.2 36.8 162.7 150
T, prad 136. 3 0.5 19.5 156. 4 150
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