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Computer aided alignment for off-axis TMA system

Wang Bin'?, Wu Fan', Ye Yutang?
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2. School of Optoelectronic Information, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: To realize the fast, efficient alignment of off-axis three-mirror anastigmatic (TMA) system, a
computer aided alignment (CAA) method was proposed. First, the aberration characteristics in the
misaligned off-axis TMA system was theoretically analyzed to determine the evaluation parameters in
CAA. Second, the key alignment parameters to be adjusted were given by combining the misalignment
characteristics with the actual situation of the optical assembly. Finally, the magnitudes and orientation of
the alignment parameters were calculated with the measurement data and CAA model. In order to verify
the method, an off-axis TMA system was aligned according to this CAA method. The wave-front error
(WFE) of the center and extreme edge FOVs were measured by wave-front sensor. After only once
calculation and alignment, the measured root mean square (RMS) WFEs were reduced from 0.32A to
0.067A(A=632.8 nm). The experiment results demonstrate that this CAA method is feasible.
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Fig.1 Schematic layout of off-axis TMA system
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Tab.1 Zernike polynomial coefficient

Polar coordinates Meaning

Z; p’cos2® Astigmatism 0°or 90°
Zs p’sin2d Astigmatism 45°
Z; (3p*—2)pcos® X coma and tilt
Zs (3p*=2) psind® Y coma and tilt
Z, 6p'-6p™+1 Spherical and focus
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Fig.2 Pupil of TMA and off-axis TMA system
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Tab.2 Main parameters of off-axis TMA system

fh = S R G B

Name of parameter Value of parameter

Field of view/(°) 8°x1°
Focal length/mm 650
Diameter of entrance pupil/mm 100

Wavelength aberrations/(A=632.8nm) RMS <0.028x
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Fig.3 Simulation model of off-axis TMA system
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Fig.4 Relation between Dy, and 15 evaluating parameters (a) and relation between 11 alignment parameters and 15 evaluating parameters (b)
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Tab.3 Sensitivity matrix

Dy Dy, Dy Ty Ty, Dy, Dy, Dy, Ty Ty, Ty
7Z5(-1)  -0.694 0.310 -0.126 0.170 0.362 -0.359 0.172 -0.061 0.138 0.289 -0.018
Z6(-1)  -0.334  -0.687  -0.142  -0.362 0.169 -0.155  -0.364  -0.071  -0.293 0.124 0.037
Zi(-1)  -0.116  =0.001  —0.067 0 0.011 -0.028 0.001 -0.003 0 0.023 0
78(-1) 0 -0.115  -0.030  —0.011 0 0 -0.029  -0.001  -0.024 0 0.003
79(-1) 0 0 -0.005 0 0 0 0 0 0 0 0
75(0) -0.691 0 -0.158 0.001 0.359 -0.360  -0.005  -0.078  —0.004 0.290 0
76(0) 0 -0.673 0.004 -0.359 0.001 0.005 -0.374 0.001 -0.301  -0.004 0.038
Z1(0) -0.115 0 -0.066 0 0.011 -0.028 0 -0.003 0 0.023 0
78(0) 0 -0.114 09* -0.011 0 0 -0.029 0 -0.024 0 0.003
79(0) 0 0 -0.005 0 0 0 0 0 0 0 0
Z5(1) -0.694  =0.309  -0.122  -0.167 0.362 -0.359  -0.182  -0.060  -0.147 0.289 0.019
76(1) 0.334 -0.688 0.151 -0.362  -0.167 0.164 —0.364 0.073 -0.293  -0.132 0.037
Z1(1) -0.115 0 -0.066 0 0.011 -0.028 0 -0.003 0 0.023 0
78(1) 0 -0.114 0.031 -0.011 0 -0.001 -0.03 0.001 -0.024 0 0.003
79(1) 0 0 -0.005 0 0 0 0 0 0 0 0

XF RAGEHE B AT A B, RIARLLE 6 MRS E
BRI RE

(1) P88 5 s B L MR G R

(2) BB ARGl EE MG 2, HREEE, %
I B 0 R G Bk 28 R M AR D

(3) X ZR GeAZ 5% mi) A K BN /N HEFIK IR JZ: < Dy
Dy, Dy, Dy \Tyo Ty T3 Ty \Do Dy T
(4) Dy, 5 Ty M55, Dy, 5 Ty H15;
(5) D X RGE
(6) Ty X RGAR TR MR /N, H 5 Dy #HE

1118006-5

MR /N, H 5 Dy #853AH K



sk TR

% 11

www.irla.cn
xeh

% 45 &

AH O IR F8 A 7] 1 I 8% 1 6 3R e AR A A TR Y 52
Wi, JIT LR DG 1% 9] & i 22 (8] W) AH AR
33 BRAEWME

I 4 5 Ol A 2 VA Y S B I 0 B R 5, E
BALHE LV LA i

(1) K V8 B 55 2 X 6 2% T AR 470K 4l o 1 1 9
B A LR R PR R A S M, oA
e AL 45 A0 T B RS E M

(2) TEWI G, 45 625 o 1 0 I 3% ot i 25 . 7E X
X E R R G AT RIS, OGO HLROIN Tk
BE AP U A TR A AR e 22 PR IETE 0.03° LA
N, 18] B DR 22 R UE 7 0.3 mm LA PN, 1 7 75 0 25 L R
LEIETE 2mm DAY

(3) TERIH JG | £ 0627 JT A 04 ) 8 i 25 XF 2R 40
B R 4 B VIR G R 5 2 FE 2l T
M 22 BT 51 A B, AR K2 18] B A 22 i 5 1A B &R G2 AR
ZERN

KA4MPARRKRO MBAREBEAFERNGE
Tab.4 Aberrations induced by decenters, tilts and

D,; after preliminary alignment

Dec 2 mm Tilt 0.03° Dz 0.3 mm

RMS(A=632.8 nm) 0.59 A 0.027 A 0.008 A
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Tab.5 Results of simulation calculation

Targets 1 Solution 1~ Targets 2 Solution 2
Dy, 0.2 0.204 1 0.928
Dy, -0.2 -0.209 -1 -1.135
D, 0.2 0.208 -0.3 —-0.354
Ty 0.03 0.025 0.02 0.018
Ty —-0.03 —-0.332 -0.02 —-0.019
T» 0.2 0.41 1 0.84
Dy, -0.2 0.087 -1 -1.163
Dy, 0.2 0.204 -0.3 0.092
Dy 0.03 0.02
Ty, -0.03 -0.02
Ty 0.2 1

# 6 N AE D) FOBL AL R i8R 5 1T 4 R R AT
I RGG B, LA R J R,
B RGNS PR 22 ¥R BOHE . I B IER
W, SCr i A 9 R T SR AT AT
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Tab.6 Wave-front aberrations after being adjusted

Test 1 Test 2

RMS (A=632.8 nm) 0.030 A 0.031 A
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Fig.5 Wave-front error after the preliminary alignment
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Fig.6 Fine alignment of off-axis TMA system
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Fig.7 Wave-front aberration after fine adjustment
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