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Abstract Co-phasing mosaic grating technology is an important method of manufacturing meter-sized echelle gratings,
and the precision of piston error adjustment has a decisive influence on the mosaicking precision. To eliminate the periodic
piston error in mosaic gratings and achieve the co-phasing mosaicking of large-size echelle gratings, the specific influence of
the piston error on the point spread function of the mosaic gratings is analyzed theoretically. A piston error detection and
adjustment method for grating mosaicking is proposed in light of the principle of interferometry. For this purpose, the
Michelson interferometry system is utilized, and white light and two-wavelength measurement technologies are combined.
Simulation calculation results of the piston change of interference fringes under different adjustment amounts are compared
with the results of tests on the nano-translation stage. The calculation precision of the Fourier analysis algorithm is
analyzed, and the precise piston error adjustment is achieved. The experimental results show that the piston error Az of
mosaic gratings achieved by the white light and two-wavelength measurement technologies is smaller than 6 nm, which
means the proposed technology can meet the requirements of co-phasing detection of large-size mosaic gratings.

Key words measurement; mosaic grating; co-phasing adjustment; longitudinal piston error; adjustment precision

Wi B ER. 2022-01-14; €E BH. 2022-03-31; FHABH: 2022-04-15
ELmB. EXEARF#IE4(11873071,11903060,11973066) [F % H AR FF #3444 54 8 59 H (U2031211)
#EE1EE . Jhan@niaot. ac. cn

1812006-1


https://dx.doi.org/10.3788/AOS202242.1812006
mailto:E-mail:jhan@niaot.ac.cn
mailto:E-mail:jhan@niaot.ac.cn

1 5 El

KR A7 5 et e K SO b O A% R AR
ETE R A IR (DG STV L N 2 NS 16 A LN i E SN
SCEE ) PR R R R ARV W T i — R R
KI5 42 (D>4 m) R & 165 53 98 % (R>
100000) J I AT M FH W R EEZHE R FB
i S I BE A AR AT 2 10 m B = R R F
T BE A2 K, 1R 43 B 3R OGS T SR Y B AR S R
SRR, AT oK GRS B R G M A R oK
SER7I8

i B b ] I S 3 0 BB A B RSy
200 mm X 400 mm , B UL ROGHE R ST R XEEF] 1 m
DA g Wk T 3R AS B A T B R RS R
SRR RS LT 3~4 m D AR AR P RO
AR BETE PR T AL PR 45 #9120 48 SO 4EAR,
AR E SN T R ST A 214 mmX
415 mm B B RS A PF Y 3R AT XAy R LR
SEILPFERR 22 0 A BB . AE PR T PF
TR 2ZEX[ (A, A0,) Fl (Ax, Az) 171 35 = 22 #M 3K
N, FE HAE AR JH R 67 A% 1R 25 A AE TR M L SO D) 3E
I TSRS W M B S RS iR 25 . H e PF R R
F B EEQHE W RSOE M SO EEE . X EPR L
S PF 4 R B9 & R Harimoto %51 ] 9 3K 2%
R 7 i adt Sr T PRE B MR 22 5 0 1 ' B 1k 1 1 B2
B 2 A R T35 20 1 PR P G M B 067 B8 1R 25 A TR
K A/13. P B R E LR UR 2 Ax Il Az 23 5% T Pf
FEOCM A S B , E T 7 AR G ) AR B, AE I SR X A
{7 B 15 22 43 B HEAT WF 5F s Kessler &7 3L F OMEGA
EP &4 il = HOUMH DR 42 0 81 1410 mm X 430 mm
FUAR A M, BB 2 T R 8 DR 42 D Al Tc X 15 25 ¢
SO R SR T S 4E s ) [ R R D AT 58 O ' A
B PFEE  IE R T U R DU A A AT sl e 378 37 0 BE AR
RS AR 22 ()L, 18 AT 3kt A P4 45 DR 2R G R R 45 1
R H X i 22 22 0 R 2 5 IR R Al PR S
N B B 6 ' Mt Y DF 12 94 %% Hornung 2619 1 3 T

£ 4245 F 18 H1/2022 £ 9 B/ RFFHR

Polaris & 4t 'h #| H ik 4 ¢ B 2k b 79 # R ~F o8
350 mm X 190 mm 1 G AT PR3 0F 55, 40 B 161 B 1R
2 Az YRR BOC R B L LA Az 7E = T Ak (1 £ 6
SCER T ARG E R AL nm OEEPREE . XF T EINET
TH B DF 122 ' M 0% J 300 e 7 % 10 2, 86 KO 8 %) R 1
FBL A 52« Hu 28R T — 3 T 6 XU KR = b
T8 3 A 559 5 B TR A i AR AL B 7 L O R ok
WP 2 R0 A 8 15 22 K5 o o, R XD K B — B i
PG R 4 B R 1) R A [ 10 A2 152 2 |, B I S 560 40 A A4
B 7 B K MK BE /N T 14 nm, S0P K 5 R B S0 43 55
TR (RIS PR 5 Lu A5 RS TR T 0 IR R
T PFEEMR 22 K IE bR R A, i A BB BB, K
ST A A ' B A SR AR BE L B OR T AR R 2 Y R
R DN T R T 078 9 1) 9 422 08 25 0 AN Hff o 1k .
TE BB ASE I T RG22, R8N T s )
b7 A SO B R U A A N 7 5 N S DA e

R T R P i 7 B 1R 2 R RS T L 7E
SR F AU UK (] 25 A D0 552 30 56 A 0 42 3ok e v 58 25 40 B
Yoo B, IR AEKS o R 3 PR3 AR B R 25 W R Al b AR SO A
XFGN T A7 A% 158 22 A 4S9 Bk | A2 2 2 A N ' B o 42
WT —METFERENTFHRNE RS, TAakS
XU AR 45 A 7 B I i S B, EE ST T O P4 4R
E TSI B T AN B 1R 22 X PO T 85 RS i
Wil FEEE 7RSS AR I SE 00 R G, SR ORI 5 U
KA WA TR A 45 A 10 7 3K, R A S G 0 R B TS
Ivi) YU L A o7 B 1 22 , e SR B b fg e T A 1 22 A ] 3
Ao %7 AR TS T AR S 80 R AH B
G545 ST PR By ok B AR B R BRSO GH
TE R SCOGIEA  TARE R L T B AR F B

2 L

2.1 Mpiisi R EEIRER

W TR T PR R, LA E T 6 h ],
G1 M 3EAESCME, G2 R BBt B G1 AR e 7F 18 =2
2L R AONAR l ahR B R A G2 0ROk S
TIEMt G2 5 G1 g ™% IL A0 PF 2 .

light spot

BT LB ReiR 22 A b e X

Fig. 1 Coordinate definition of grating mosaic error
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Fig. 2 PSF variation under different piston errors
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Fig. 3 Interference of monochromatic light and white light under different mosaic errors. (a) x-axis tilt error of monochromatic light;

(b) y-axis tilt error of monochromatic light; (c) piston error of monochromatic light; (d) z-axis tilt error of white light; (e) y-axis

tilt error of white light; (f) piston error of white light
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Fig. 4 Adjustment of piston error of mosaic grating by two-step method. (a) White light interferogram when Az=1 pm; (b) two-

wavelength interferogram when Az=240 nm; (c) single-wavelength interferogram when Az=10 nm
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Table 1 Four repeated piston tests and Fourier calculation data analysis unit: nm
Measuring _

fime Type Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8
Reference grating pistonc, —0.04 11.15 30. 67 30.09 15. 86 18.24 21.14 24.30
Ist Adjusting grating piston ¢, 3.64 51.40  109.16 150. 36 190.85  236.15  282.29  334.82
Piston Az 3.68 40. 25 78.49 120. 27 175.00 217.91 261.16 310. 52
Reference grating pistonc, 0.01 12. 34 14.01 8.62 4.24 7.03 4.45 9.65
2nd Adjusting grating piston c¢, 1.68  46.36 94.24 127. 26 184.19  221.15  248.50  297.97
Piston Az 1.67  34.01 80.23 118.63 179.95  214.12  244.06  288.32
Reference grating pistonc, 14.00  24.14 21.44 26.11 15.29 6.49 18.45 —8.72
3rd Adjusting grating piston c, 18.44  70.96  113.17 170. 84 197.57 235.40 294.11 301.69
Piston Az 4.44  46.82 91.73 144.73 182.28  228.91  275.66  310.69
Reference grating pistonc, 4.14 5.51 9.99 8. 60 13.23 15.57 11.98 15.75
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Fig. 7

Relationship between control piston of PI nano-translation stage and calculated piston value. (a) Piston calculation accuracy

analysis; (b) analysis of piston change caused by environment
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Fig. 8 Schematic diagram of fringe alignment under white light interference. (a) Interference fringes and intensity comparison diagram

of tungsten-halogen light source with wavelength of 360-2600 nm; (b) interference fringes and intensity comparison diagram at

bandwidth of 50 nm and wavelength of 607-657 nm; (c) interference {ringes and intensity comparison diagram at bandwidth of
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Fig. 9 Piston precision adjustment detection results. (a) Interference fringe and wavefront fitting at wavelength of 532 nm;

(b) interference fringe and wavefront fitting at wavelength of 632. 8 nm
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