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Design, manufacture and experiment of Axilens
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Abstract: In this paper, a methodology of producing a line focus by Axilens is presented. The
surface differential equation of an Axilens is generated and its approximate solutions are derived. The
diffraction properties of the Axilens are analyzed theoretically and numerically. The errors in the
approximate solutions are analyzed. A Fo series expansion of the solutions of the surface different ial
equation & given. Experiments are then performed on two Axilenses that are designed and manufactured
by a Taylor Hobson Nanoform 300 Ultra precision Lathe. The experimental results confirm that the
desired line focus by Axilens can be achieved by the developed met hod.
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2Mydy/dz = ¢ (2)
, s z= lo+ y(Li— lo)/R? (3)
¥ z
(3) ,Axilens ?
P(zp, yp), i, n, B,
1 : nsini = sini’ (4)
i-i=8 (5)
(5) (4) : nsini = sini * cosB+ cosi * sinB (6)
tani = sigB/( n— cosB) (7)
, 1 P @ P i, :
— dzp/dyp = tani= sinB/(n- cosB) (8)
(3) 1

sinB= yp/ [[- zp+ Lo+ (Li- lo)yp/ R+ ¥}
cosB= [— zp+ Lo+ (L= lo)yp/R]/ J[- zp+ lo+ (li- Lo)yP/R°]"+ yP
(9) (8)

_dap P (10)
dyrn = zp+ Lo+ (Li- Lo)yR/ R+ yb— [— zp+ lo+ (Li— lo)y3/ R?

(9)

s Axilens
(10) .
{sinB ~ yp/[lo+ yb(li— lo)/R?]
(11)
cosB = 1

CRE e (12)

d}’P (n— 1)[lo+ (l1— lo)yp/R]

s Axilens :

z2p=- RIn[1+ (Li- lo)yp/(LoR*)1/[2(n- 1)(li- Lo)] (13)
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2  Axilens
(13) ’ ( zp< 0)

CD(x7 y): k(n— l)zP (14)

L k= 2T/ A z1 s

E(zi,x1,y1) = eXp(lkZI) -FXp ik(n— 1)zp+ 1—[(x— xl) + (y- yl) Jdxdy  (15)

B

; R
E(zy, 1) = M‘L J?Iexp{ik(n— Dzp + izzil[r%+ ri- 2rricos( $- P/ )rdrd® (16

iX
(13) , ¢
B explikz 1+ ikr%/(2z1)] R ikR> Lo+ (11— ZO)rZ/R2
Efz1,m) = i 0 P 307, — gy Lo ]
+ iﬁrz} X 20 Jo( krri/z1)dr (17)
N (17) lo I
2
_ R lo+ (Li- lo)r/Rz} =
o )= 5 zo)h‘{ lo 2z e
2 2
o R . _2(li= lor/R T
fer) ’ = =00 Ior (Lie ) YR (19)
rp = 0
F=0 - (20)
re,= R §d - /(- 1)
, (17) TP TP, Ei E; ,
E(zi,r1) = E1+ E2 (21)
E1 E2 :
- 2 krp r1 exp[— W 4- ik (rp)]
B - exp[lkz1+. ikri/ (2z1)] | ”J'[ Wiy Jof — Lo (2)
iX N (re) T Tk
. 7.2 krp ri exp[— i/ 4— ikf(rp )]
o exp[lkz1+. ikri/(2z1)] | //II'[ My p Jof —2) 2 (23)
ik ,JZf (rpr,) 2 z1 Jk
., lo- (Li- lors/R> ,
’f(r‘Dz): [ = 2(10_21)/21 (24)

lo- (Li- lo)rp/RY] ™ =1

(23) CEa= ﬁjo(mle — ll0)exp[lkz1+ le—"l_ %_ i (re)] ()
I E ,
Iz r1)= (Er+ Ea)(Er+ Ea)" = LJO(’ﬂ 1= Loy (26)
M- lo) [1— Lo
,r1= 0,

I(21,0) o< (R*[ M1~ lo)] (27)
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Fig. 2 Results of diffraction intensity

along z axis
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= 28
(= D0+ [ 1y (0RD] ~ o [hs mare e (more £)
yp= R zp

B

R> (n- Uli+ n J(n- 1)213- (- YR?
[\=- om0 lo)ln(ll/lo)+ N (29)
I'\= 1y == R*¥[2(n- 1)lo]- nR*[2(n- 1)L] (30)
(13) @ .(13)
Axilens s , (10)
: (10) .
. (10) .
) yP :y%z i, (10)
dzp -1
- 31
At opn i+ [= zp+ Lo+ )= [- zp+ lo+ at]) (31)
,a= (lLi- lo)/R?
zp(t) : zp(t) = zp(0) + z/p(())t+ ZI;SO) 12+ z@é!(O) . (32)
, : zp(0) = 0 (33)
- _dep| 1
(31) 0 = 7 = T (34)
(31) , (33) (34
V4 122 —
Sr(0) = T L= n+411§(i(il(1’;2 y (35)
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zp(t) , M athem atica ,

B00) == (3(n° = 1)+ 8a 18- 4n(1+ n)+ (1+ 60+ n')]
+ 2alo/n(9- 130>+ (= 5+ 3n”+ 60"}/ [813(n- 1)7] (34)
2B00) == {15(n* = 1)°- 484°13[- 2n(3+ 10+ 3n*) + (1+ 15n%+ 14n*+ n%)]
— 8a’l§[ n(47- 50n*= 77n*) + (- 13- 40n*+ 115"+ 181°%)]

— 2alo[- 2n(3l- n’+ 51n*) + (35— 57n° = Tn'+ 45297}/ 1600(n - 1)7] (35)
28 00) = = {105(n” = 1)+ 3B4a’10[- 8n(1+ Tn°+ Tn*+ n%+ (1+ 2807+ 00+ 282°+ n%)]
+ 16’1 n(419+ 175n% = 2583n* = 763n% + (= 77— T17n*+ 1505n" + 1981n°+ 120n%)]
+ 161§~ n(303= 5%n>+ 152"+ 603n% + (85+ 168n”— 840n"+ 868n°+ 135nY)]
+ 6alo/ n(185— 6250+ 735n" = 327n°%) + (- 105+ 277n*— 155" = 125n°+ 140n%)])

/13219 n—
28700) = -
+

+

) (36)
(945(n”~ 1)° - 38404 [0[- 2n(5+ 60n°+ 126n" + 60n°+ 51°)

(1+ 457+ 210n*+ 210n°+ 45n°+ n'%)]

5764 18/ n( 211+ 636n° - 2646n"— 3156n°- 4211%)

(- 29— 594n%+ 546n*+ 3864n°+ 1539n%+ 50n'%)]

16a° 15[ n(- 8881+ 3668n”+ 34538n"- 68236n°— 208651 %)

2(826+ 7363n”— 19460n" + 11998n°+ 27568+ 15750'%)]

8a’15/ n(8681- 25844n*+ 19110n"+ 7532n°- 193351%

2(- 1225- 1116n24350n4— 22288n %+ 13107n%+ 2100n'%)]
6alo[- 2n(1015— 4441n*+ 7445n* = 5771n°+ 18801

+ (1155- 4207n°+ 4780n"- 400n° - 264710+ 15751'%)]}
/16416 (n= 1 (37)
, Axilens

Zp(0) 4 B0 o B0 5 2P0 4 2P0

a(y) = 2p(0)y*+ Tyt Tyt T e Ty e Ty P (38)

l(), l] R, n N s
4
T aylo= Hobson Pneumo Nanoform 300 ,
0. 1Mm, 9nm 1/3in CCD 1  Axilens
: R= 12mm, lo= 110mm, /1= 115mm
n= 1.49(Acrylic), (26) 24Hm, (n ,
36Mm; R = 12mm, [ o= 1460mm, [;= 1560mm

n= 1.49(Acrylic),

30Mm, (1) 5.7mm 3 4
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