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Fig. 1. (a) Basic scheme for the measurement of optical components using CMI; (b) photo of the experimental setup; (c¢) amplitude

and (d) phase of the center part of the random phase plate reconstructed by ePIE. The scale bar of (c) is 0.198 mm.
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Fig. 2. Flowchart of iterative process.
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BEALIE S — 2 M IS EE M T 10 WK, Rk E g
BRI AR A AN [ BEALEL. TR A RS R
O 3072 x 3072, MAEFIFEEE, R -
NVIDIA Tesla 75 R #EAT I, BREAL
0.2 s, 1L 500 K.

Sy = Zu,n:m. (3)
i=1

1.1 mm

(b)

K3 (a) fEMHCNY A3 E H; (b) CCD AL 3% M AiT 3
JEHE; (c) 383 AR AL AR IR 2 B9 A7 95T OAR L, o i R
R R AR L I XU B AR 79.1 mm

Fig. 3. (a) Photo of the plate glasses used in experiments;
(b) diffraction pattern recorded by CCD; (c) phase map of
plate glass obtained directly by phase subtraction. The sec-
tion marked by the black dashed circle with a diameter of
79.1 mm is used for the analysis of PV and RMS. The con-

stant phase slope is not removed for these calculations.

bRtz Ah, &R AP O RIEER ] Zygo T¥
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ZhRUE. AT CMI U ki a2 R R
P, F 08 (3) 204 AT 10 v & 45 SR A bR oy
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RMS {8, FfMikr i &8 CMIE i 4558, mr
SEAE R A g DR 10 YRR, Sz
WA 10 ARG IR DR ZE Rk 1 frs. i
CMI AR 25 PV Al RMS [-F 2 1E, 4351
PVowm Il RMSevy 278, 43 HE R A& 56 2 51 F15E
551, i Zygo TG EAIAHIE PV il RMS {H
Oy TR AR 4 BIANEE 7 HIR A IR ARG 2 1
TSR B, 72 4(a) FTE 4(b) &6 T 10 A
AU T PV I RMS A fe /N — e 26 v [T il &
Hrppg AR BR S CMI & 255, PN bl Zygo T
WA R 25, B 5 0 T 10 FAge g HX R
CMI(CH: A —R A5 R Fl Zygo TN L4,

Wk 1Al A CMI LD PV 19y
7 EAE 103N 4%, RMS B35 2278 104\ 2 4,
HRIE/NT PV I RMS |, 245 22 FF- S {E A 25
NG, R EA R & ESREE, @i 41
] 2R AT, 2 2L Zygo T H 45 S5l Ke vz,
CMI Bk & 1 PV 4 77 il iR 2% (Root-MSE) &
0.0305X\ (0.019 pum), RMS A9 7 # iR 2 (Root-
MSE) J& 0.0052A(0.0033 um), K it PV #l RMS
X 7 P AR BE AT LA T 0.1\ F10.010, BRitkZ
Gb, KRE B 5 BT 1 23 18] AH A 43 A kB T g
CMI H1 Zygo T ¥#5 AN I 2 5 R AF 23 8] L gES
13 EARGF XS, WAL AR 25 5 F 22 fh il i
A A S 1 ) BE R RT3, SR, A

£ 1 CMIAFFHAIEER (V)
Table 1.  CMI and interferometer results (A).

No. PVemr Spv PVzyeo RMScm SRMS RMSzye0
1 0.178 2.40 x 103 0.148 0.054 6.40 x 104 0.042
2 0.118 1.20 x 1073 0.169 0.028 4.60 x 10 0.021
3 0.180 2.40 x 103 0.179 0.038 4.80 x 10 0.030
4 0.159 6.90 x 10 0.206 0.023 2.20 x 10 0.025
5 0.260 1.50 x 10°% 0.221 0.075 3.00 x 10 0.068
[ 0.254 2.30 x 107 0.243 0.074 5.90 x 10 0.072
7 0.278 3.30 x 103 0.252 0.071 7.60 x 10 0.061
8 0.331 2.10 x 103 0.358 0.099 5.50 x 10 0.099
9 0.433 2.60 x 1073 0.400 0.114 8.10 x 10 0.102
10 0.475 2.10 x 103 0.445 0.138 3.90 x 10 0.124
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Fig. 4. Least-squares linear regressions of PV (a) and RMS (b) comparing the measurements from the CMI and Zygo interferometer.
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Fig. 5. Phase maps of ten different plate glasses measured by CMI and inteferometer.
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Fig. 6. (a) Photograph of an optical flat with PV = A\/20; phase maps of the optical flat, measured by the Zygo interferometer

(b) and (c¢) by CMI. A = 632.8 nm.
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Abstract

As one of the coherent diffractive imaging (CDI) techniques, coherent modulation imaging (CMI) is a
lensless phase imaging technology with diffraction limited resolution in theory. Unlike multiple measurement
phase retrieval algorithms, the CMI can achieve fast convergence speed with single-shot measurement by
introducing a pre-characterized random phase modulator. Besides, it has simple structure without reference
wave based on iterative engine. Despite the fact that the matured phase imaging can be used to implement the
on-line wave diagnostics of laser pulse, in this work we accurately measure the face-type of optical component
with peak-to-valley value below 0.5\ (A = 632.8 nm) by using the CMI for the first time. In order to verify its
measurement capability, 10 quartz windows with a diameter of 80 mm and PV value between 0.1\ and 0.5\ are
repeatedly measured. Compared with the results of commercial interferometer, the root mean square error (Root
MSE) of the peak-to-valley (PV) ratio of the results of the CMI is 0.0305), and the Root MSE of the root mean
square (RMS) is 0.00522X. The measurement accuracy of PV ratio and RMS can reach 0.1\ and 0.01X
respectively. In addition, the parallel flat with PV ratio = A/20 is measured and analyzed with CMI, and its
noise level is also analyzed. Considering that the potential improvement of CMI is available in the future, the
CMI is expected to become a new technique for optical metrology with high precision, which is different from

interferometry.
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