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Fabrication of large aspheric mirror using multi-mode
polishing based on error separation
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Abstract: In order to improve material removal efficiency and error map convergence efficiency of large
aspheric mirror, a multi-mode technique was introduced based on the separation of high and low order
errors. First, the effect of tool size on period of surface error was analyzed. Then the convergence ef-
ficiency and dwell time between small and big polishing heads were compared. According to the error
features during the fabrication process of large aspheric mirror, the surface error map was divided to
low-order and high-order frequency errors. The dwell time of different tools was calculated. Accord-
ingly multi-mode polishing strategy was employed in terms of the low order and high order errors,
thus improving the processing efficiency. A large aspheric mirror with the aperture of 2. 04 m was pol-
ished by the multi-mode technique. The result shows that the convergence rate is 61. 2% in a single
polishing circle. The low-order and high-order frequency errors are well removed, and the material re-

moval efficiency and error map convergence efficiency are improved. Good processing results are a-
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chieved, which meet the demand of fabrication.

Key words: optical fabrication; error separation; multi-mode polishing; low order error; high order
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Fig.1 Tool sizes and fabrication error map on mirror
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, 1/3, Tab.1 Dwell time and convergence rates
/mm /% /h
100 93. 35 288.8
150 97. 35 85.7
200 97. 46 36.2
250 93.43 29.2
300 94. 33 10. 8
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Fig. 2 Convergence rates for different tool sizes 2.2
2
o b
600 mm , 100~300 mm ¢
90% ; ’
X o
650 mm R ,
4
o 3
, 1 o
3
Fig.3 Dwell time and convergence rates for different
tool sizes
3 1 ) 650 mm
b b 4
30 R s Fig. 4 Flow chart of multi-mode technique based on

error separation



284
2.3
o ’ €1 i T2 rv [h
nxX3 e; 21 Tz ToM | |1y
= s (6)
error, =X,y 2, @D)
1 X.Ys2 H (I,v ’ y,') 7 en N1 TNz *tt Nm Ly
3% Z ’ l € l s T J
o 7
Zernike o j )
o : E=RXT. (7
_ = (—D*(n—Fk) 2k
Ru ((0) - Zkzok (7l+7,}1_k> (ni?nk) p 3/:.
2 2 ’
) : ’ _
[14-15]
Zernike 36 , °
. . Z ke
i (x:sy:s2:)  Zernike
E;R
(Ii s Vi » Zzernike i) ’
I:x’y 9zzernike] o ’ ’
2.4
T o (6) ,
(CCOS) 1
b T|0W b
' chmikc
o Zremoval :
’ . Z removal :R >< Tlr)w . (8)
E(x,y)=R(x,y)* *D(x,y), (®))
Zini L remova
E(x,y) , 3 1
R(x,y) ,
sD(x,y) ’
“ ” Zmid — Rini ~ Rremoval » (9)
5 Kk ° )
Zmid ’ N
’ Tmid o
’ A (I(/ s Va ) ’ ’
B («T,‘ s Vi )
R(xy—as ya— i) A ’
D (l‘d ’ yd) ) B ’ °
. 3
e(xivy)=R(x,—xi»ys—y)D(xysy,). (4)
M,
No B (.T; 1) ’
2 040 mm
yi) :
M o
ECxiay) = 25, RGx—xiy — y) D). 300 mm

(5

15 mm X5 mm R



5 s
RMS=0.077x (A =632.8 nm),

7

Fig. 7 Calculated material removal
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Fig.5 Initial error map
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Fig. 6 Low order error of mirror
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Tab. 2 Contrast of fabrication properties among different methods
(RMS/0) (RMS/0 RMS /% /h
300 mm 0.077 0.046 0 40.0 11
0.077 0.0250 67.5 83
0.077 0.025 0 67.5 46(41+5)
0.077 0.029 9 61.2 46(41+5)
2 s s
s , o
s RMS ,
300 mm o , o
,
° 2 040 mm R
RMS 61.2%,
4 83 h 46 h,
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