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Abstract: The aspheric surface can correct the system aberration and improve the image quality in the optical im-
aging system, in addition to that it can simplify the system structure significantly; On the other hand, the resolution of
imaging system can be increased by improving the system aperture. Therefore, in the domain of basic scientific re-
search, astronomical cosmological exploration and military defense security the large-aperture aspheric mirrors are
all highly required. The manufacturing of large-aperture aspheric mirrors plays a critical role in modern optical en-
gineering. This paper focuses on the advanced manufacturing techniques of large-aperture aspheric mirrors. The
optical manufacturing technologies, especially the grinding and polishing techniques of large-aperture aspheric
mirrors in the past half century and the surface shape testing methods during the grinding and polishing process, are
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reviewed. In particular, it summarizes the technical characteristics of advanced (new generation) optical manufac-

turing, and looks forward to the future manufacturing strategy of large-diameter aspheric mirrors.
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Fig. 1 James Webb space telescope®®
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Fig. 2 High-resolution earth observation camera'®
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Fig. 4 Inertial confinement fusion (ICF) and the large-aperture optic!""

Fig. 5 (a) ASML EUV Lithography machine; (b) Projection objective lens system!™®!
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Fig. 6 Traditional mechanical polishing machine and petal polishing lab!"®
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Fig. 12 (a) The MRF equipment manufactured by National University of Defense Technology; (b) The working diagram
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Fig. 17 (a) Schematic of swimming-arm profilometry;
(b) Swimming-arm profilometer by Arizona university*!
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Fig. 18 Schematic of laser track metrology!*®!
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B 19 FAHRARAT 1.3 m A EE N BRI IR BUE 40 )
Fig. 19 The surface testing of ®1.3 m primary mirror using laser track in IOE, CAS
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B 20 (a) MOERIFUHEMLER; (b) ZAFNEBLE; (¢) —FaEHBXE
Fig. 20 (a) The surface measured by laser track; (b) The surface measured by CMM; (c) The difference between laser track and CMM
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Fig. 21 The LUPHOScan260 HD by Taylor-Hobson*"!
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B 22 (a) 71 2k REFEE; (b) 7o
Fig. 22 (a) The schematic of knife-edge method; (b) Knife-edge instrument!®!
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Fig. 23 (a) The schematic of Hartmann method; (b) Hartmann radial diaphragm*®!

200203-12



YT https://doi.org/10.12086/0ee.2020.200203

PSR A ER v RGN, Ll A AR R
) Yang FI| FMFRE AL IRERAT 1420 0.9 m ARER L
11T FApA -4,

] P PR ' L JIT X B T - M AR U A SRR 1Y
WFFE AL e [ 38 N G4 F I R IE 7 T, L aniR
FHEWI!, S IB e, R B K A AR A FF
B ALRAC I T — e B AR ER T BT MRS 5 24 F 10
AR A7), s SRR I T R A ek
RS R0 BUBIF IS B B 40 I et 3 i BEmT T
WA Z RS FETE 4, A 24 iRBs,

2.22.3 ERPIEARBU AR

it ARG, Tz N TG AR
Wik, AR G A E IR, DARICH 2 18 il i
MR BIFRALEHDEBEAR, R T A,
0 S AR AR 36 () AR S T Y2 R ) = A e
B, AR FH RS 3G e S i R B K. A
Wb BEVE N IR, X S S T 1A T e R BR S 2
FREURHAR . RIS )G RS B B, 4

RO Te I i S B AREBIL, R T ) TR R 22
I AT LATE 1 3RS PR USROG S BRAR RO 2k 1 i
2433, RICWARA AR AR . SRS SSHE TR 5
FIASTEEBOR . MW IR, TR
(RECIES RS DN RESE| Sk Ay Al SR S ES R A
FIFIBA2F Su 25 N7 2009 442 H ) SCOTS (soft-
ware configurable optical test system) I & 3% T 280
BOR, FFEIAE 25) TR, FrRReRRE i s REAR s s
FEREGETE R ASHFLAIPL, SR SRS AL & T 9
B T TEDE A5 8. SCOTS AT 8.4 m FI4% GMT
FAHEALN , FZAG IR 0.4 pm RMSE, it
Bt 't HL BT S ) 1 2R SR SR X 25 T &R
gt, & 25(b) i hxt F 422k 1.3 m g AEBRI F 5K ]
SEREIN . SR EIIREE AN E 26(a), 5 TGN
IRZE R (A 26(b)) % LL AT LA H A5 F 6 AAS (G K
FIASTEEIR, MHAR RS TR AR . At
B G H BT S D A5 A D S SO AR T H AR R
4 m AEBKTA F 45 A EIE A5

B 24 (a) HEAL-b4% SN E Bt E; (b) Anlgs R LT st kb
Fig. 24 (a) The surface testing of off-axis paraboloid using a Shack-Hartmann sensor;
(b) Results comparation between Shack-Hartmann sensor and interferometer'®’!
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< Screen
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Fig. 25 (a) The schematic of SCOTSP?; (b) The testing of a ®1.3 m primary mirror using structured light system in IOE,CAS
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B 26 (a) &HMAMKLER; (b) Zygo T AUmM KL R

Fig. 26 (a) Surface error measured by structured light system; (b) Surface error map measured by Zygo interferometer
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B 27 (a) ESDI H2000 ) & F #54%% (b) 4D h & PhaseCam 6000 3 4 F #5"
Fig. 27 (a) H2000 dynamic interferometer by ESDI®?; (b) PhaseCam6000 dynamic interferometer by 4D®"
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(a) Stitching interferometer by QED; (b) The schematic of sub-apertur:
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Fig. 29
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(a) The schematic of tilted wavefront interferometer; (b) Inteferogram
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Fig. 30 The MarOpto TWI 60 by Mahr®”!
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B 31 (a) PARELHAFGLINTHIUEMIGE; (b) LLIMEMZALLER
Fig. 31 (a) Asphere testing using the infrared interferometer manufactured by IOE, CAS;
(b) The final testing results of infrared interferometer
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Fig. 32 The sub-Nyquist technique for asphere testing!®®. (a) The non-null inteferogram;
(b) The computing generated reference (CGR); (c) The combined Moiré fringe; (d) The wrapped phase of Moiré fringe
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Fig. 33 (a) The schematic of transverse shear®®”; (b) The schematic of radial shear’®”!
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Fig. 34 The quadratic aspheric surface and the geometric focus point™.
(a) Ellipsoid surface; (b) Parabolic surface; (c) Hyperboloid surface
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The diagram of null test of ®1.3 m aspheric surface using Offner corrector

Overview: In optical imaging system, the aspheric surfaces possess outstanding aberration correction capability com-
paring to traditional spherical surfaces. Using asphere in optic design can simplify the optical system dramatically,
which is especially beneficial to many space-based optical systems. Therefore, aspheric optics are playing an increasingly
important role in modern optical system. It is known to us the system aperture determines the system’s resolution based
on Rayleigh criterion, therefore, the system aperture is getting larger and larger to obtain a keener resolution. In this
paper we first introduced the rushing needs of large-aperture aspheric mirrors in modern optical engineering, e.g.
high-resolution earth observation camera, high-power laser weapon, large ground- or space-based telescope, inertial
confinement fusion (ICF), and also modern EUV lithography machine. There’s no doubt that the manufacturing of
large-aperture aspheric mirror is of great interest in modern optical engineering. Over the past century, lots of manu-
facturing techniques are developed, and we summarized the optical manufacturing and optical testing techniques of
large-aperture aspheric mirror based on our practical optical manufacturing experience in our institute. In optical man-
ufacturing, the grinding and polishing process are of critical importance, therefore we mainly focus on the representa-
tive polishing and testing techniques. For optical polishing, we classified the techniques into three generations, the first
generation is traditional mechanical polishing which is an indeterministic processing tool; the second generation is
computer controlled optical surfacing (CCOS) which is deterministic and already widely used for large-aperture mirror
manufacturing in our country; the third generation is called controllable adaptive polishing, e.g. stressed/active lap po-
lishing, bonnet polishing, magnetorheological finishing (MRF) polishing, ion beam figuring (IBF), et al. The controlla-
ble adaptive polishing techniques are advanced and are necessary for high accuracy large-aperture aspheric mirrors.
Optical testing techniques are also reviewed. They are classified by different principles, e.g. coordinate measurement
techniques, geometric light methods and physical optics methods (interferometry). Different methods can serve for dif-
ferent procedures during the grinding and polishing process. Generally speaking, large dynamic range, high accuracy,
and also more adaptive testing techniques is the trend of optical testing. But one should bear in mind that the manufac-
ture of large-aperture aspheric mirror is a complex and long process, no testing methods can cover the whole process,
typically more than three testing methods are needed to ensure the optical manufacturing. In the third part we summa-
rized the technical characteristics of advanced (new generation) optical manufacturing, and looked forward to the future
manufacturing strategy of large-diameter aspheric mirrors.
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