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Calibration of measuring error caused by interferometric imaging distortion
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Abstract: Based on the wavefront aberration theory and interferometric theory, the influences of ima-
ging distortion in an interferometer on measuring results are analyzed and calibration and correction
methods for the imaging distortion are proposed. The measurement errors caused by misalignments of
the test surface (tip/tilt and disfocus) are discussed mainly. An experiment is carried out to measure
the same surface under different number of fringes. The test results show that the surface shapes are
30. 96 nm PV and 6. 32 nm RMS for 3 {ringes, and 41. 25 nm PV and 8. 22 nm RMS for 10 {ringes,re-
spectively. After the calibration, the difference of the results are declined to 1. 42 nm PV and 0.4 nm
RMS. The experiment proves that the calibration solution referred in this paper can improve the meas-
urement accuracy.
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Fig. 1 Framework of Fizeau inferferometer

R oo J T35 EIRE R AR 16 BB AR . o 9 #5035
T H) AR 1] AL AR o R R GEICR R pe s po Z LA LU
SIS
0c =mp 5 (D
U SR T AR 2R GE A W 78 33X T 0 0 O AR 22
PRI AR B R HE B Sk W A8 2R BN e o JU) 0l 00 2 T
590 1R RE Z 18] A X I 56 2R A8

pc/:mpt(lJrspf) ) (2)
T i F AR 5| & (A2 0] AL R L RS ] R A
Ap:‘ocf—p(.:mepf. (3

I T AT E — AR A OE A2 2 I 2 AR R
Wk (D PR .
W(p.0) = D aup"cos k) +bup"sin k9 . (4)
nsk

B TR 220 R GG BT B AR Y R L A4 1)
HERR p 7 T AR AL o Ap IRAZ (D),
P (O AT I T T WAL R G AR & — 1
INE(—BE AT RERAERNKF 12, 1
Ble B —RI: (1+e)"~1+ne, A[fF NI F X F .

a0 >a,p" +anep (5)
MG G Al ifE— 25 F
" Nawtao o (n—2)e n=2,3
ML C6) AT LA HY o T W 28 19 5 7 A I B i
16 2% (B I T 8 00 2 R G IS AT A R IR
2 H RN E WA K /NSIE L

B0 5 2 3000 T 0 AR 2 2 i g DN 8 T 3k =X
HW () = arpsin 0. 23 505 « 0 3 1125
W (o0 =aipsin 0+ aiep’sin 0, MELERGIAT
HOEI, [ Y0 A e R 2 L B

n=0,1
(6)



% 10 34

XU & 45 2 7 W S0 A5 Wy 2 5 | A 00 e 15 2 1) A I 7 2k 2351

T B A 25 A BRI,
3 FHMAARBH TARE

R AR T 0 A3 28 8 80450 Wiy 72 0 0 K 8 52 Wil 1Y)
— IR R R R AEF T W AR ST AT A
ELE v 4 B 00 = B 5] G 0 2 RS B 225K 3K #)) nm
BRGNS 1 T BT SR A S b B S BLL BY
DL AT e AR AL OE

IR T WALR G B MO S %80, W L
T G E T AR G R R I B R 2 . TR
FHR M T #5430 T B 8 RO 2 3 48 AR 2 80 1
DUT o AT L g W A28 SRR I A T W 722 o )
JEE 452 1]

MG (4D ~ (6) m] 1, T WA R G AR W A%
R I R 22 5 T VAR G AR 2 T L B
LA G 2 5 T HL 5 B I8 T 1Y 1R 22 U TG .

BT AR GEAFAE 100 AR W A8, 224 Bl
T AR 1A SR BUmf gk i I & iR 25 2 12 nm,
M —ANTEAGEE PV AH Ry A/40 (900 8 . by 1
ARG SR B IR 2ETE 1 nm LAR .

T e R R D S o e T DU T R B D AR 2 A
AR /IS o g 728 15 S 000 15 2 S I Ay k) T
ARERIT S £ T S B ) R 22 L T DATE MR AR A IE I
F BRI B TR R B AR T R A R 2

D] g 7 | A g 0 15 22 W]y (7)) RO
AW=C, (x+3) 7 . M+C, (x23) 7 M+S(ze3) VM .

7
TR My 5 25 R 1 J5 s B s s V.M (e,
RV M (s y) g 45 0 5 T8 BB BE A o Ry )
Sy, VM ey ) O 5 I THT Y R A R G
C.(x5y)C, (s y) F S (s y) 43 51 Ay 4 00 385 v 6
BE oy J7 1) 43 1Y 1 26 BIORR R I R A0 T B A
(5 2 UG I . V.M. M T 2 M OR] DR 4
) )5 A6 e MOTE A L RS R T R
ATDAEERM, C.(2,y),Cy (2, y) il S(x,y) H]
L] Zernike #0507 245 2, i (&) P .

Claay) = Dlei» Zilaay) . (8)

(/R uy iy (I

(1) 0] o Aol 00 e JFG RS 38 B R 0, AT
S — U L S5 R M PR R D T A o T 1] Y
ARk i, 75 AN [R]85 45 SOBUR 15 00 T A 22 kil 4
MEZR N M, 5

(2) FAEZ 800 5 i 25 2R M, 1805 & 5k 8L
D25 ] M A5 Bl & 1) 2218 D, . ¥ D,
{E Zernike 145D, =2 a, * Z:(xsy),

(3) MRAE a, 1728 Ak 1 F v B30 s Rk P
SRR RUARYE @, 00 G o J7 18] 1 3 Y SRR
HWC. (x, B i W Zernike 2H ¢ o [RIFET LA
133 v J7 1) 6 BE BBURHE B €, (oo s ) TS 45 10 LR
HRE S(xsy),

153 R 58 110158 22 WU I I il =X (7D B30 H
FH A28 T 5 g 0 152 25 AW, DT AT LA X )
GPRBATRIE

4 EBB54R

4.1 WEIRE

A 5 A3 300 [] — 4 0 T 2 —
S R ] A TS I AR 0 S R
I 5 ] A N TR P e A 0l 1) B8 8l L T AR
BURZ BN oL T AT DN MR S N T A A
8 BT AOR AR M AL 52 2 I 2 R
S — M L . 2 B BN BR 2 T EE 2

Seu P T WA Zygo GPL B AT
1. 2% 53kl Zygo F/0. 65 bRl Sk . il i
L F/0.7T rfEB RS Hm. AR ES 2
5 T TR AR PRSPV R /20, S50 %% 4N
K 2 Pis s

[ Zz0 |t

= 110

M2 S8 RGN R

Fig. 2 Framework of experimental setup
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Original data with

Inerferogram Original data Pixel-to-pixel difference
tilt/ power removed
PV 30.96 nm
3 Fringes PV 925 nm RMS 6. 32 nm
A PV 19.48
RMS 3.8 nm

PV 41. 25 nm
10 Fringes PV 2643 nm RMS 8. 22 nm
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Fig. 3 Measuring errors caused by imaging distortion
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Fig.5 Measurement results after calibration
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