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Alignment of off-axis TMA system by combining computer—

aided adjustment and traditional benchmark pass method
ZHU Shiyu ZHANG Xin LI Wei
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Chinese Academy of Sciences Changchun 130022 China)

Abstract: To meet the high precision requirement of complex space optical systems and to overcome the limi—
tations of traditional benchmark pass method and computer-aided adjustment technique individually for the
complex reflection optical systems with three or more mirrors a new alignment technique by combining above
two methods is proposed. An alignment experiment is performed on the optical system with multiple mirrors by
the proposed method. The results show that the alignment technique of combined two methods is effective and
reasonable. The misalignments of the mirror in the Y and Z directions have been decreased from 18. 651 mm
and 9. 879 mm to 1. 036 mm and 0. 102 mm respectively and the system wavefront aberration has reached
the average value of 1/14A( RMS) in a full field. The method is proved to be guidance capability and practi—

cal reference for complicated optical systems with multimirrors which can effectively reduce the alignment
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time and achieve higher system accuracy.
Key words: space optics; computer aided adjustment; off-axis Three-mirror Anastigmat( TMA) system; center—

ing; misalignment
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D( Ax) = T = 2, 3
0° .90° .. (80 =¢"-¢ =2 ¢ )
. D( Aw)
1 TMA Zernike Vd(Ax) = A"AAx —A"AF =0 (4)
Tab.1 Zernike cofficients of TMA system in Ax = (ATA) "ATAF . (5)
different view of fields
Z, Z, Z 7, 7,
1 —-1.853 2.688 -1.271 -1.58 1.287 (ATA)
0.7 -1.456 -1.18 0.856 -0.793 1.679 (ATA)
0 0.172 -0.052 -1.469 0.201 -1.623
-0.7 -1.324 -1.011 1.24 -0.474 1.691
1 -2.57 1.037 1.784 1.19 2.282
L =®(Ax) +p2 Ax? . (6)
CODEV i=1
5 D( Ax)
2 Ax; = Ax"Ax o
2 ( ) T i T
Tab.2 Values of misalignment VL =24'AAx -24°AF -2pAx =0 (7)
( primary mirror as the datum) (A'A +pl) Ax = A"AF (8)
DX/mm 0.752 0. 101 Ax = (A"A +pl) "ATAF (9)
DY/mm -0.908 —-18.651 p
DZ/mm -2.573 -9.879 .
TX/(") 72 14
TY/(") 43 _58
D( Ax) o
Y 18 mm
AF F A
(1)
7 (2)
AAx = AF. (1) °
o = Ahx - AF () 4
® A Ax
AF o
P



574 4
; ). 3 1/14A( RMS) .
3 (
) 6 | !
2 o
: 7
\ @20 | ;,9 > % i
THIGEE) ) &< I @ |
[Fv U333 wive v 0482 _wave |
rms 0069  wave ms 0.070  wave
1 0.785%
T U
® | |
1
N BV 0475 wave | [PV 0514 wave |
e f 5 0 = 7035 wave | Lgs [(];?,17?; wave ]
5 0fts —0.7¢k%
Fig.2 Sketch map of adjustment
Zernike
3.
3 TMA Zernike rms 0070 wave
Tab.3 Zernike cofficients of TMA system in — 1l
different view of fields
Zs Zg Z, Zy Z, 3
1 0.183 0.234 -0.333 -0.237 0.114 Fig.3  Wavefront interference patterns in different view
0.7 -0.075 0.342 -0.276 -0.228 0.12 of fields
0 0.06 -0.108 -0.132 -0.06  0.021
-0.7 -0.201 -0.495 -0.12 -0.204 0.066
1 0.156 0.189 -0.27 -0.291 0.09
CODEV TMA
4 o °
4 ( )
Tab.4 Values of misalignment .
( primary mirror as the datum) . .

DX/mm -0.074 -0.851
DY /mm 0.282 -1.036
DZ/mm 0.608 0.102

Zernike

Y Z

18.651 9.879 mm 1.036 0.102 mm



6 : 575

1/147 .
( RMS)

1 YANG HS KIM E D CHOI Y-W et al.. Alignment methods for cassegrain and RC telescope with field of view J .
SPIE 2004 5528:334-341.

2 FIGOSKI J W SHRODE T E MOORE G F. Computer-aided alignment of a widefield three mirror unobscured high—
resolution sensor J . SPIE 1989 1049:166-177.

3 . J. 2000 8(3) :273277.
ZHANG B ZHANG X H HAN CH Y. Algorithm for misalignmental determination in computer-aided alignment of optical
system J . Opt. Precision Eng. 2000 8(3) :273277. ( in Chinese)

4  KATUSMI S TETSUYA O MURAKAMI K et al.. Assembly and alignment of three aspherical mirror optics for extreme
ultraviolet projection lithography J . SPIE 2000 3997:751-958.

5  LEIGH D FREIMAN D. Computer aided optical system with CODE V™ J . SPIE 1988 1038:288-294.

6  Optical Research Associates Inc. CODE V Reference Manual M . Pasadena: Optical Research Associates Inc 2003.
FISCHER R E TADIC-GALEB B YODER P R. Optical System Design M . Phoenix: Phoenix Book Tech. 2000: 116-
118.

(1980—) o E-mail: dudu7777 @ sina. com



