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Abstract Ultra-precision measurement is the precondition for optics manufacturing. Null test is still the fundamental
principle for high-precision measurement of optical surfaces. Computer generated holograms are indispensible for null test
of complex surfaces including freeforms. Problems oriented to manufacturing are discussed with emphasis including the
principle of CGH null test and its ghost disturbance orders of diffraction, projection distortion correction, uncertainty, and
absolute test. The limit of CGH null test is also presented along with possible solutions. For challenges in measuring the
dynamically evolving local big errors generated during the manufacturing process, subaperture stitching test and adaptive
null test methods are discussed. The progress of in-situ interferometry for machining is then briefly introduced. Finally a

prospect of optical surface measurement is presented with focus on ultra-high precision measurement and traceability,

macro-micro multiscale measurement of hybrid optics,

metrology, and in-situ integration.
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Fig. 9 Subaperture stitching with CGHs for measuring large convex aspheres. (a) Near-null test™"; (b) null test™”

0312011-7



B3R,

IR AT T R A BN T B RR A — ARk U e DU
AT A AF 3K T B M R R PeE T CGH AT 9 AR Y 45 20
JE, B AR T2 LA A S BE A / 2k 0E 3Y
2 pm i CGH il & , 38 % H 4% 2 mm 42 47 38 8K 1 19 #h
ERE 1o B 10 AR B i CGH MK 58 JE =
B 3 A BR T Bl D T A ok AR BR T T il R AR
24 334 mm, B8 183. 73 mm , i )% 11448 42 300 mm
WKW IE e, AR BRI 204 3. 56 mm, 7843 % B
A CGH HA KA ZEHMERE T o SRT, CGH AMEKE KX}
e R BRI RN AEBR T AN AT RE R, anfEl 11(a)
fros, 042 3 m iy W AE Bk, 00 il R 2 RN
3.564 m, JEBR I A R 0.5 mm, 4 A ] 5 B Ayl
TR 2 1] 76 PE B B T 29 2. 44 m &b B AR 22, %5 % CGH &
T A2 A0 B I B T 2 ), HL CGH R & 3T o 0 45
MG T A A5 22 8N X A A B 2RI R K e
TS5 22 SR ) {H 25 5 2 CGH B AR ik KT o vk S2 3 .
A B, CGH MRS 56 X6 T & 11 () fir 7= K9 38 A9 =5 vk R
BRI AEAE TR E 3 R0 TR AF A6 il 38 R 1 0 45 A,
43 2k R R 43 T 5 300 G PR T 43 14 T T (] B Al 2k
58LX M AES MR . X 04k 10 mm
P IEA T AR UL S FOE T a gs S
TFLAR PR A 5 Bk, vl TR B 4R A5 4 11 AR 40 A 1 T T
RS R e A CRELRE B2 P4 A ) TR B, 18 R 1 T /4 X
RUAE Bk ARV AT S s S E A i 11 ()
FioR o FALAR I 1), % P B B O il i
R HE 5 FL AR 1 LA w3 1), B L AR R /N AN R
BB AR AR AE W B 1 S AR R REPR IR 22 N, T
LR FALER I = 4E 0B 50 . R IL, FE AR E 1Y OB T 3
I EER—NZ Al EREEG, wE 12(2) Frs, #

L)
s
{
o ’
S
& |/ } Seh
o , 35606
e
/
77O L
£3560 T
122984
\
%y |
89762002 "af%. |
L)

P10 RARBRT A (3. 56 mm) 25l YAk BRI 19 CGH AMa2 4G 56
Fig. 10 CGH null test of an even asphere with large aspheric
departure (3. 56 mm)

F£60%5 FE3H/2023 F2 A/HAESBFEHRE

intersection of marginal normal rays

test surface

P11 CGH MR 36 R ALY IEIE o () CGH N i k5 () Ry 3
TR BRTE ; (o) T 9 W D e
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CGH required; (b) gull-wing asphere; (c) stitching-based

interference microscopy'”
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Fig. 12 Comparative test of a gull-wing asphere. (a) Stitching interference microscopy; (b) CGH null test; (¢) null fringe interference

pattern for CGH null test; (d) full aperture surface error (RMS 60.9 nm) obtained by stitching interference microscopy;
(e) central convex part of stitched map (RMS 24. 9 nm); (f) central convex part of CGH null test (RMS 21. 8 nm)*’

| __primary pattern region
| __pattern overlapregion

':. s
KN
|'.

= '__"jl/teﬂiary patternregion
!

13 St CGH #MEE R 36 [8] B 00 & 2 45 L =85 . (a) 17 S IR B
AT S 5 (b) AT 3T & FE T &
Fig. 13 Sharing CGH null test for simultaneous measurement
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Fig. 14 Subaperture test enabling resolving local big error. (a) Irresolvable full aperture fringes; (b) data loss in full aperture

measurement; (c) reconstructed surface error by subaperture stitching
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Fig. 15 SLM-based adapuvc null interferometry. (a) Unknown surface reconstruction based on iterative close-loop control of the SLM
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turning machine. (a) System setup'™’; (b) simultaneous
measurement of mirror surfaces S1 and S3"*”; (¢) machined
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