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Fabrication of Wolter-1 grazing mirror
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Abstract. For the special structure of cylindrical inner surface of a Wolter-1 grazing mirror, the remov-
al function of an elastic ball tool with deflected rotation motion was researched, and the relations be-
tween the max removal depth of removal function, dwell time and other parameters obtained by exper-
iments were demonstrated. By using a 2-step method for polishing, it shows that when the ratio of ro-
tating angle velocity to tool-workpiece is 1. 41, the surface quality is in the best state. Furthermore,
the fabrication of Wolter-1 grazing mirror base on Computer Control Optical Surface(CCOS) was in-
troduced. In the research, Zerodur glass was selected as mirror substrates and it was polished by CeO
abrasive on a Digital Control(NC) platform developed by ourselves. By changing the distance between
the tool and the workpiece, the removal functions in different contact areas were determined in the ex-
periments, and the residual error from previous polishing process was corrected effectively. Using two
kinds of measurement devices to outline the surface profile, it shows that the final surface figure of the

mirror is 1. 39 ym (PV), 0. 34 pm (RMS) and the error of circularity is less than 0.1 pm (RMS).
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These results demonstrate the feasibility of fabricating Wolter-1 grazing mirror with the 2-step deflec-

ted rotation method.

Key words: grazing mirror; cylindrical inner surface; elastic ball tool; 2-step polishing method, sur-

face quality

1 7]

Uu\«

A2 ]S AR O b 2S (8] PR B 5N 2R B A T
SRR G T s ) P8 55 R A 2 52 K PR T Sh 11 5
M R ) o 24 A PHORE B A 2 B, L XS R Dk B R
TEAE A6 J3 2 2, PR MOOR I K BH X 45 £ 11 A4 Ak X
F 58 K BA & sl T8 A & A R R e B TS0 (E .
HAl . 2 E R M ERFIL LR LR T K
BH X5 2 B AR ASORT A BH 336 2l 0 47 5 Bt it

XHEEFHEKE. BRERK.ZEDFEYR
(AR A T EL S T A AR A X D BE I I A S R
BRARABAR B SR FH 22 )2 R R T 32 1 A2 5
ISR, S T SR BIRE XA R A R, A AT
ORI S S5 B AR R e A KB X 4
LM AN (EUV) W B &2 A R B S5 5 ik v, X
T 0.4~6 nm B BAZ R H T Wolter-1 45
NS5 AR BV ER — A T 2 4 1 R — A i e X
T £H A I A e R Ot S T R R SR
X X HTR ) B A R . e F AT ARG R Y AR
Bor R,

1% G2 1 062 T 3R 18— ik T T B /)N it
P ER AR Bk . BE Sk — R P shsiAT is
s Aok Tax e m . AxFF Wolter [
TR0 A S S B R ok 10 30 AR 1R 25 4 L B Sk o1 B
AT Bissh LB N NS AL B R AT E
2 b 2 R R Ok i TR e iy F e, A
SCEEAGIR TR AL G R T BB (CCOS)
F AN T Wolter-T 450 A S f2 55 85 19 3 2 Fi1 T
. TEAMFR B 3 L, DAAS [RDRL AR 1 48 Ak il
A R 6 % 4 WD 120 48 RS i ) A AT 4
. A AR B Sk AR X TR B AR B L AR AR R
[ R/ B4 s Sk 2 B DXl S BT B — A4 0
JEERERR ZE A S AR, SR E T TR G
B TET T AL I 1) A s EAT T A 0 RS I 5 Ay
— N TR BT BRI A S R B B B5 e T kA

2 Wolter-1 BIgANH R 4509 m T

R Fl S S 4 A TG P 2 T A R R 25, AL T
— SR, W 1 TR VLR B e
B T AR UL L Sk 4R LA L Sk
Te 5 HLA TR FE LA R 5 T R LR i R S A
B

BANRGERAMKETEERNLES, D
SRR IE Ry TR 54 R RS HEL S5
PE A Jin T 8% 3k iz s 3K sh %€ & . LA PC1000 1B b #
Wl RS0 . 25 A Rl R i) il i) o Bk 2 1% 22 0
3 pm, 405 9K Bl BVR B L B 8 RS T N
5 pm,

1 Wolter | B0 A S B2 S5 58 $ic % I 4 AL
Fig.1 NC platform for polishing Wolter | grazing mirror

3 JmxT Wolter-1 & R A4t 50 69 & R R 2K

3.1 ZBMEHHEE

PN B 5 2 i — T 4l 49y i A — A e
Bt XSy T L i T e R L OGBS Sk O LR
BRI Sk o W i B B S B A (B B Y 15 22 G
SR ZETR AT RMS 2 0.1 g, AT LYY 4l ] 3%
WA 118 I Wolter T I i Bi iy | B . Jin B



Hal

F AR, %5 Wolter-T B 50 A Gt 52 5 8% 19 T 745

VB Sk AR PR A 3 0 O BT — E TR BEE L B =k LA
HEN o B¥izdl. TIUMAEE o 3, e
Bl v - 2l TR R 3 1) TR ER S — R B A
JE CRIVHE I A1) o Sk 55 T A7 10 42 o i gy v
Bl 2 FiR.

(6]

B2 B SR AR AR U s 2

Fig. 2 Sketch of tool contacting with workpiece

B3 fh i b A — s S R B

Fig. 3 Velocity components overlaid on polishing spot

BT LA i 3 0 2 2 1T 25 BR BB P Y Pres-
ton J5 BN B IE Ry = 4B
AR(x,y,2)=K * p(x,y,2) * v(x,y,2) @)
P K RHELBGAR e,y ) HEE RS TR IX
BT R A (s > ) BRLE R[] DA b0 R 2 o o5
(s ys2) g T b TR T3 0 A1 B 0 (s s 20 il T
b RE A eR R
N TR TTE K Wolter-1 %125 ¥ 1 2 5t 55
] A JICATE TR AR TR S Sk T A Dy BR TR R SR A
TR
B A -
2Py (e DE = (2)
FETH J5 A -
v+ =R*, (®))

Horbor RSB R AR HEAR L N BERO S A
T Hp O B B

M4 Hertz $2 filt 316 o 0 IE 42 fi 187 B 09 Hs )
I3 p 5 Sk DR e i s i LA R S R T
M4 R — 4 XTEMEE Z i TAEh B &0 i

TR

(P g py =1, @
0

AP n RT3 A48 GE A 1 AR AN [8) 1 B4 R 4
P Al LUl SEER 3R AT s po AL ETT; f(aay. ) H
2 fol g 7

T SR A A B Sk A i SR TR XY AR AR
F VG R IT M AR R A A Sk BB IX
SRy — W B8] DX R, T B Sl T LA R Sk
TER S F U & Y Bl DL Ry 05) 3 B4R
izg, WK 3 Fim .

o T LA S A A R T L TE TS R XCY AR
B 2 v 2 PR B A N [ 5 B . A B Y
EHATELL p SN ELO B IR E X TAEE A A
VB Sk B 0y 2% I A Bl ) R RE AR
v=y/v. + v, =/R’w +h*w; + 2Rhw w:sin B 5 (5)
Horp

(6)

tan 3=

X
y+/R* —1~§/tan $
LI Ry =V = S 7 BT i e
12 R VR

Yy

A= /cfp"udt = /cjpo«'/llff(x,y,z) .

y
Yy

2
,Jy+%wﬁ+%%mn&u, )

o p:%,%‘%ﬁ@%?ﬁﬂiﬁﬁ%ﬁ%ﬁfﬁtb sy, X

BT AR o B S - TR 4 b DX IR Y b 9 2 9
JE.

H I T LB 2 S Sk AE o A B R AE 2 B R B
RV B IR ) P 2 BR IR P B o 1) 0 A A

Yo

x

AR(x;yx) = A+ w = kw me’/ll—f'(x,y,z) .

2
J1+%wﬁ+%%m5®“ (8)

s CaLprfE i I n=1.6,[=60. 5 mm,
r=20 mm,R=80 mm,w, =120 r/min,w, =80 r/




746 e K TR

519 &

min, @=25%, p, K 22 IS BAL FIH )
BEADL R 7E L3R 25 AF T B Sk 25 B e K. AN 18T 4 T
R

0
~(.5
2
5
=]
£  -1.5
54
=
e
S
M5
_3_ " i L " n " L N ]
=5 4 -3 2 -1 0 1 2 3 4 5

x/mm

B4 5 EREE R LA

Fig. 4 Simulated removal contour
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