44 9 Vol. 44, No. 9

2017 9 CHINESE JOURNAL OF LASERS September, 2017
1,2 1 1 1 1 1
Y b Y ’ Y
: , 130033;
: ) 100049
80 mm X100 mm., 79 groove/mm
o s s — 36 0. 5292 0. 1592
(A=632.8 nm), o

TH113.2 A
doi: 10.3788/CJL201744. 0904001

Influence and Revising Method of Grating Ruling Engine’s Abbe Error on
Quality of Grating Wavefront
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Abstract Diffracted wavefront quality is one of the important performance indexes of gratings. If there is Abbe
error in the grating ruling engine, it will directly affect the positioning accuracy of grooves, thus affecting wavefront
quality of gratings. The physical models of the Abbe error and the quality of the grating diffraction wave are
established, to analyze the influence of the error on the wavefront quality. Aiming at the Abbe error. a kind of
measurement optical path is designed based on dual-frequency laser interferometry, and the influence of Abbe error
on diffracted wavefront of the grating is measured and simulated. Furthermore, the error control method based on
double-layer grating table structure is proposed. Before and after revising Abbe error, the ruling experiments for
two echelle gratings with the size of 80 mm X 100 mm and groove density of 79 groove/mm are carried out. The
results show that the diffracted wavefront error of the gratings in — 36 blaze order is reduced from 0. 529 to 0. 159
(A=632. 8 nm) by the measurement and correction of the Abbe error, which effectively reduces the influence of

Abbe error on the quality of grating’s diffracted wavefront.

: 2017-03-29; : 2017-05-21
: 973 (2014CB049500) (61605204 )
(2016 YFF0103304)
(1988—) . s ,

E-mail: mixiaotao ciomp@126. com
(1962—),

E-mail: wangh(@ ciomp. ac. cn

0904001-1



Key words
OCIS codes

[1-3]
’

[13]

[15-16]

400 mm X500 mm

b

2
2.1
Ciomp-6
4
3(
Ciomp-6

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved.

050.1950;050. 1940; 050. 27705 120. 5050

[49]

[10-12]

b

b

Hitachi s

s 5 nm.,

Ciomp-6(

80 mm X100 mm,

79 groove/mm

diffraction gratings; Abbe error; diffracted wavefront; error of groove position; ruling engine

bl MIT-C
A/3 350 ;nm>< 450 mm
’ , Lrasd °
Ciomp-6)
, , 2
s 3 ,
2 . 1 50%

1 outside carriage
2 inside carriage
3PZT

4 pull spring

5 spring piece

Fig. 1 Three-dimensional model of table structure

0904001-2

http://www.cnki.net



’ b 6 7
Af ,
N,
A", NA
L=A [ apa =R, (D
4 )0 f 4
ruling direction
B e ——
<<——Tx
Y 8¢
T— B g.%
_ I ||| €& 1dual-frequency laser
6 5©°  250%beam splitter
3 splitter mirror
4 interferometer
4 4 5
receptor
6 mirror
9 7 inside carriage
5 3 5
1
2
Fig. 2 Optical path for measurement
3 ’ y a,
Ly ligs
ideal line
actual line
3
Fig. 3 Schematic of revising on error of grooves
[ _ [[1(261—’_[))*[{2(2@*[))
=zl 4[)
(2)
[,‘2 (20, + b) - [1’1 (Za - b)
lzZ =
4b
. . y
7 ,
’ < L o ’ 5
7 . P4 5 1)
N , 5 .
( ) ( ) = L,
) X Qi
L liz » /il Niz s
0= 7]1’1*11’1 = 77;’2*11’2 = [Xtana;, (€))

0904001-3



7 [
\ / 1 dual-frequency laser

o 2 50% beam splitter
3 interferometer
5 6\ I: | A L 8 4 inside carriage
I 5 mirror
-1- 6 grating blank
L 7 aerostatic guideway

/ 2 8 diamond knife

1 2 3 4T P
[

graduation direction

4 y

Fig. 4 Schematic of measuring system in y direction

7, 007, A

I
l

I

lyorl, '
I
| .

2 ideal
a.
x p?)(;?tli?)ln i position
0
5

Fig. 5 Schematic of Abbe error

2.3
) n, m(m>n) ,
on 021 ot On
5,,,,, o 012 022 5712 ’
Otw Oz *** Owm
& = (sinf, + sin 6y )d.. 5
On Fk N 4 vk o
d X (sinfy +sindy) = kA,
d A o
(6) (5)
on 021 O
_k _k 012 O O
A= d6,,m a | . . e
é\1 m 8 2m o anm
Ciomp-6 ,

011 = 012 = *** = On
J521 = 0y = *** = Ou,

:
}anl = B = = B

0904001-4

4

(5

(6)

(7

8



® .,
O O Oun
A = 56,,,,, - § o0 . 9
O Ow Oum
(" )] , Oum , , o
~
2 ,Ciomp-6 s ,
s s °
3.1
6 o 2 ) A4
, A4 ) ,
B5 ; z Lo
(@) ruling direction )
—_— 5 ?zé
—tE | | &%
5 4
graduation
2 direction
3
6 6 6 !
1 dual-frequency laser; 2 50% beam splitter; 3 splitter mirror; 4 interferometer A with angle measuring function;
5 interferometer B with displacement measuring function; 6 receptor; 7 mirror; 8 inside carriage
6 . (a) 5 (b)
Fig. 6 Measuring optical path with a function of Abbe error measurement. (a) Top view; (b) side view
i, ) Q; 7 s A
N Liz Lis s Q;
a; = arctan[ (L, — 1) /1, ], aon
(3) (10)
&= 1[Uy—1:)/1], (1D
, 4 500 mm
, 8 o
, 8 ,
dpy 363 nm,
Ciomp-6 , s 015025 50,0
m(m>n) ) s 0 ,
01 0 O
S 8 v 0,
0 = | . . e 12
o0 O O

0904001-5



100
l

2 ! MJ
E 0 L!Hﬂ‘!" v_h 1 i
= TV LNV TT LT
lo g ~100 kll‘m ““l ““ “ m ”w”” ' M] M"”"I” ﬂ Ju
2 B A LI ]‘Wf’““m}
R : £ -200 “ 4
" ac‘gqal a, | idgatgl <
0L> e postHon ~300, 100 200 300 400 500
Displacement /mm
7 a; 8
Fig. 7 Schematic of measuring angle a; Fig. 8 Abbe error of indexing system
(12) 9 ,
8 & e 0,
k k 61 82 b 871
= — = — ) 1

Ay pi 0. 4| : : (13)
L S

(13) s k , d o

4 (13) , 600 groove/mm .

79 groove/mm 6000 groove/mm , 9
1 dpy .
() (b)

Wavefront /A

Wavefront /A

Grating width /mm,

20 40 607

80 100 100.
o4 Grating width /mm

Wavefront /A
[
1

Grating width /mm

. (a) 600 groove/mm; (b) 79 groove/mm; (c) 6000 groove/mm
Fig. 9 Impact of Abbe error on grating wavefront quality of different groove densities.

(a) 600 groove/mm; (b) 79 groove/mm; (c) 6000 groove/mm
1

dpy
Table 1 Wavefront error value dpy of Abbe error on grating wavefront quality of different groove densities
Density /(groove/mm) Diffraction order dey /A
600 —1 0.13371
79 —36 0.6127
6000 —1 1.3371
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