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Evaluation method of angular resolution for extreme ultraviolet telescope
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Abstract: The Extreme Ultraviolet Telescope(EUT)’s operational wavelength band is smaller nearly
two levels than that of the visible light and its in-band diffraction limit is very low,so it is very diffi-
culty to measure a angular resolution in extreme ultraviolet band. In this paper a new evaluation meth-
od using ZYGO interferometer to test the figure error and alignment error of the EUT in visible light
is introduced. Then, the Zernike coefficients independent of the operational wavelength are brought
into the optical design software, so that the point spread function and diffraction encircled energy in
operational wavelengths can be obtained by the optical software. Finally, the angular resolution of the
EUT in extreme ultraviolet band is calculated by the relative parameters. Experimental results show
that the evaluation method has the advantage of high speed and efficiency for an imaging apparatus in
extreme ultraviolet band.
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Tab.1 Optical parameters of EUT
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Fig. 1 Measured wavefront map of primary mirror
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Fig. 2 Measured wavefront map of secondary mirror
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Tab. 2 Zernike coefficients of primary mirror

B Z430 Zernike
Zemike Coefficients from 540543 data points

Order: 10th Terms: 36 rms:  0.00252

—1.45274 -0.18678 1.68921 —0.08531

0.04522  0.00937 0.01023 —0.00766 0.02218
—0.00328 —0.00659 —0.00346 0.00255 —0.00220 —-0.01489  0.01824
0.00007  0.00231  0.00331 0.00430 -0.00180 -0.00189  0.00234 -0.00951  0.02120
0.00264 —0.00431 —0.00123 —0.00024 0.00097 —0.00136  0.00266 —0.00084 —0.00088 0.00542 -0.00833
Order: 8th Terms: 25 rms:  0.00322
145687 -0.18680 168841 -0.07359
0.04510  0.00958 0.01022 —0.00556  0.00744
0.00318 -0.00635 -0.00412 0.00298 -0.00218 -0.01913  0.03389
0.00037  0.00224  0.00345 0.00457 -0.00150 -0.00160  0.00214 -0.00534 0.01039
Order: 6th Terms: 16 rms:  0.00413
1.46046 ~0.18680 1.68808 —0.06485
004522 0.00959 0.00980 -0.00348 -0.00516
—0.00373 —0.00691 -0.00426 0.00286 -0.00186 -0.02148 0.04414
Order: 4th Terms: 9 rms: 0.01135
-1.45043 -0.18593 1.69055 -0.09492
0.04546  0.00865 0.00912 -0.00817  0.02654
Order: Sphere Terms: 4 ms:  0.02470
-1.45575 —0.18623 169029 —0.08393
Center X: 491 Center Y: 491 Radius:  461.4
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Tab. 3 Zernike coefficients of secondary mirror

sl ZemikePolynomials
Zemike Coefficients from 363819 data points

Order: 10th Terms: 36 rms:  0.00295

068302 ~0.65543 079270 000705

000066 -0.00451  0.00053 -0.00554  0.00616

000532 000041 000187 -0.00160 -0.00114 -0.00276 ~0.01371

~0.00007 -0.00145 -0.00031  0.00026 -0.00177 -0.00036 -0.00111 -0.00060 -0.00963

~0.00056 000001 -0.00022  0.00027 -0.00070 -0.00023 -0.00090 -0.00036 -0.00171 -0.00213 0.00053
Order: 8th Terms: 25 mms:  0.00303

~0.68301 065538 079276 0.00706

000069 -0.00448 0.00062 -0.00542  0.00619

000529 000041 000192 0.00163 -0.00100 -0.00259 -0.01369

0.00007 -0.00145 ~0.00035  0.00026 ~0.00170 -0.00030 -0.00094 ~0.00047 -0.00960

Order: 6th Terms: 16 mms:  0.00432

068284 -0.65532 079297  0.00758

000078 -0.00444  0.00074 ~0.00503  0.00701

000535 000045 000206  0.00171 -0.00083 ~0.00205 -0.01260

Order: 4th Terms: 9 mms:  0.00660

068261 065531 079331 000825

000061 -0.00438 0.00074 ~0.00437  0.00000

Order:Sphere Terms: 4 m 85
068272 065531 0.79332
CenterX: 461 CenterY: 461 Radius: 3432
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ARICA T — Pl 58 A B % A HE R AT
W o7 % R 38 FH AT ' D B T T A 43 s S
B W 55 A0 ke BB 2 () A PH B 32 5% 1 43 B 2R 11 1 il
K A pE . SCERZS R W EUT JLf {5 22 7™ A4
) VR EREE ) M B AR R 0. 18", B EUT 7£ 17. 1 nm
Abfl A BEZ AT LK B 0. 18", % B — A bk
B A R 5 S B BOSAG A AR I VA T 15 TEAR
ANk B UG AXES I ol & AR

6 W
AR SO T AR A8 5 T AN R BB 5 B R

e 2 AR Y DR g SRR TR BN AT ) B 57
R 30 B B



1648 it K Y 515 %

S 23K

[1] COLLETTE ] P,STOCKMAN Y, TOCK J P,et al.. Performance of the XMM optical vertical test facility[ J].
SPIE, 1996,2808:350-361.

[2] BRAEUNINGER H,BURKERT W,HARTNER G D,et al. . Calibration of hard x-ray (15-50 keV) optics at the
MPE test facility PANTER[]J]. SPIE, 2004,5168:283-293.

[3] GORE D B,HADAWAY J B,HOOVER R B,et al. . Optical focusing and alignment of the multi-spectral solar tele-
scope array [| payload[J]. SPIE, 1995.,2515:532-542.

[4] KIM E D,CHIO Y W,KNAG M S,etal. . Lessons learned from the optics and focal plane alignment of a wide field
of view RC telescope[ J]. SPIE, 2005,5877:58770C-1.

[5] DEFISE J M,MOSES J D,CATURA R C. Calibration of EIT instrument for the SOHO mission[]J]. SPIE, 1995,
2517:29-39.

(6] PRk, BB R & akir, A (A X ST/ IS AN B E A ST I BEiE 58 ()], S 5 4% 42, 2003,11(4):315-319.
CHEN B, NI Q L, CAO J H. Development of a space soft X-ray and EUV normal incidence telescope [ J]. Opt.
Precision Eng. ,» 2003, 11(4):315-319. (in Chinese)

[7] MAHAJAN V N. Zernike polynomials aberration balancing[J]. SPIE, 2003,5173:1-17.

[8] Focus Software Incorporated. ZEMAX optical design program user’s guide, version 9. 0L M]. Tucson:Focus Soft-

ware Incorporated, 2000.

EERN B Q961 —) B EMKFEA L BRI OE 0 3 U5 4 BT JE BT AT 20 5% I I 2 4 e

R TAE . FEOR SN X S 4R -F 25 2840 0 BOG IR BRI 28 58 5 3 & S WOk 22 XA . E-mail:
bochen2000@ yahoo. com. cn



