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Toric-Wavefront Holographic Interferometry for Testing Concave Gratings:

Error Analysis

Shushiro MOROZUMI

Department of Mechanical Systems Engineering, Faculty of Engineering, Shinshu University,

4-17-1, Wakasato, Nagano 380-8553

Error analysis is made of an interferometric system consisting of a test concave grating, a
reference hologram, and its recording and their illuminating point sources. The interferometric
system is considered in which grating and hologram, their point sources being fixed in erroneous
positions, are aligned so that the test and reference wavefronts fit together. Analytical expressions
are given for aberrations resulting from point source positioning errors and from grating and
hologram misalignments, being represented by the wavefront fitting itself and by fitting errors. A
numerical example of the interferometric system is shown, and influences are discussed which the
system error aberration has on the precision of aberration measurement of the concave grating.
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Fig. 1.

Interferometric system for testing a concave grating with a lensless-Fourier-transform-type hologram.

The test concave grating, the reference hologram, and their point sources are in a designed configuration.
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Fig. 2. The perfect grating and hologram systems and their diffracted wavefronts, ¢ and 2y (Zuc) . 2u is distant
from 2uc by D =0uOp=p,+ n=p, + 7, where the two wavefronts belong to the same diffracted beam.
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Fig. 3. A shear of the reference wavefront 2u. 2§ is 2y in
fitting the test wavefront X, and 2f is Xy after shearing
along itself from 2§. The shear of Xy from 2§ to X% is
approximated by two successive rotations of Xy through =,
(z,) about the focal line 4(4) and of the first rotated
wavefront through z, (z,) about the focal line £ (4).
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Fig. 4. Test wavefront Xg« with aberrations due to con-
cave grating imperfections and due to illuminating point
source positioning errors.
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75 AR OBEEIESE Y 7, =498 . 1mm & T2 &, ¥R
DEEENT A =7 —DIEIZRD L 5127 %, ¢=49.408,
p=614.75 mm, pv =R =400.00 mm,
6,=—5.152°, 6,=—20.154", 6.=14.759°, n,=604.16 mm,
7 =498.10 mm, AR B & OFF: HE P S Bk 9 s o
~2601 DIRZE%Z b b, EHNEOREKS, O # 3B
B2 LRDE51C%5, Siy=2.517, S5,=0.284, S;=
—0.113, S3;=—0.012, 22T, S;;=(a'b’/1)S,;. JERD

£ =293.94 mm,

T35, |op|<1.5mm, |0p|<6, |8y|<6’, |on|<1.3 mm,
[67,]<1.0mm, [86:]<4’(i=1,2,¢). 22T, |on| DFEFR
fEix, X (da) ZAVWKEEDOZFENOFHRTE 2 7.

Table 1.

WAl i O FE AUIEME D BEFE 1T [ope | <1.2 mm, % DEFEF
EH &M 2T 3 |w|<8 &35, 22T, INERE
Woo & Wiy IZEBRICHMNEWERZEL E LT, Wp=
0, Wa=0&tB%, |op & || ORFERZ, Zhzh, =K
(11a) & (12) (pr=pn,pv=p,) ZRAVTKD T, BER
FEIZOWTIL, [s]/<1.0mm, [s]/<1.0mm & L, flio/hE
BREEEITELE T,

Table 1 1&, YGERE 0,5 (i+7=2) GR(18b)) ZH A<
EORFEEZH VTR o eERE2RT. 22T, &E
DB T RTHBEE NS DTH S, & TlI, FRICHEE
Opvs Oty 07y WIRTET BIEMKE W, 3 KU LD 6,; DEIAE
1 S DB THYE /N W, & & 6o TlE, #|FE
vy Oy Oy O, O IHKIFT 2HENKE L, KRBT T A
HIRDEZEE 67, 00, DENEDLNT WD, & TIE, RE
s ICHRET 2HE R D K& L, ERICE, ZoRER,
WHEE S OB 2TV, BETORRZ VT2 2
LIk TERME 2 2 ENTE B, 6 XU LEOREHI
FEOKE S, BHEAHE» S H/K 00174 £ +45/h&
(A,

ZOFMEHITIE, MEKETO 3 KU LEOWNEED S 5,
Wao&® THIX, 7% s OFEREE T, 031 O, W&

A numerical example of evaluation of the coefficients 6;; of the system error aberration. The components of d,, are

evaluated from the error limits, and their values normalized by ¢;;=a?b’/A are shown, where 2a and 2b are the grating width and

length, respectively, and A is the wavelength.

c;=ab’/A S, Sv X, w p,dp, 9y v 9pv ., 8%, 07+, 9;
1
Cao X |3H303h|max ‘ Zbgf‘, lg20|max 2'0}21 (8pv_ Srnt O7v) max
0.708 * 0.629 11.555
11 ) \
cn X ‘( On Ov X
*
Co2 X ”2%3*
*
C30 X 14SSh1m8x ‘gsolmax |d150v+ 2070+ dsbrv+ @1|max
0.394 0.030 0.310
Ca X |2 TvSv‘max |921|max |3H30¢Imax
0.042 0.069 0.024
Ciz2 X |2 TnShImax |glz|max
0.051 0.032
Ca0 X |5 USh|max |g4o|mx |d450v+ d567h+ a’eé‘?’v+ @zlmax
0.029 0.001 0.112
a1 X |2 VSv|max ‘galimax '2 (2H407 HZZ) W'max
0.002 <0.001 0.008
Ca X ]3 VShimax ‘gzz}max |d730v+ ds8rh + d967’v+ @atmax
0.002 0.002 0.015
Cc1a X |2H221b|max
<0.001
Coa X | Goa| max Tié (8ov+267) .
<0.001 0.002

* The values to be obtained from interferogram analysis.
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BI# T 2 00—z T L,

5. ¥ & o
MEMETREMR b=V v 7R 0 757 4 v 7 Tk
DEZEMATEITV, THBXERCB T 2 SMORERED
MITES T O WENZERE ORI RIZTHE TS I L
7z, COFHBETE, B —Y v 7 FEAERERE 5
KELMREL TV BBATY, 3K LOWEINEE I
B EETHETE S L w2 b, ZhsDHIERE
ZRLT 2121}, Bioko T AFHEORERE /& <
THIELNEETH S,
AFRIZBNT, HLOE LB E W2 vz, Hik
RF WA RALERE, REBREAERR, o U,
TR FATER I, BUEGIC w7z MEREF 2 82H L T
{I2& oz, HEENAZEFHZEREIZ & H e
WA, 70, ARMEFTACER ML L T2
> 7z, KERFFSLRFAHEP—BIRICH#HA TR#HOE ERL
S
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