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Generating a bi-annular utilizing coherent superposition of two
radially shifted zones

Arash Sabatyan, Fatemeh Seifi

The Physics Department, Faculty of Sciences, Urmia University

Abstract-In this paper, by coherent superposition of two positive and negative radially phase shifted zone plates
a novel diffractive element is achieved. It is demonstrated that the element can turn an incident plane wave into
a bi-annular optical beam under. In addition, having two manageable axial foci is the other important feature
of the element, . As a result this element is able to generate a bottle beam. Finally, the results of the theoretical
and experimental works are shown to be well consistent.

Keywords: Diffractive lens, Fresnel zone plate, Beam Shaping Bifocal lens

Yay
il o s B WWW.OPSLIT Colu jo a5 cul jlael glls g0 50 allie oy


http://www.opsi.ir/

Olpl Sigisd (6 5lid g (wdige Luil yiiS aadd il g ol ] Sigied g Sl uil S ezl g Gy
WAV ot M-8 ol i il oSl

3 JUl b 5% 4 g0 cuS 5 b el 0 < a0 < 1
A1 oo Cawd L (1) G wax jgee @b Ao g Ca
] S0 ol 00l ‘f‘).‘o Q> (gaxd jee U

+00

1 2
t(r") =212 LA, {exp [—iZnn%} +

14 2
exp [—iZnn (r-Fr_c;R)]} Ay

Toe & anels cig S by LSSl 5l eslinul b s

..\.:" < Cawd
, _ —iexp(ikz) ikr?
u@r) = Az exp< 2z
. 12 1]
*f:t(r’)exp ('k;z ) Jo (k%) r'dr’ )

2_11’
y!
Soolaiwl b culys joe (g3lw ool o (F) (o alaly jo (V)

6 il o5l LFZP glesa g zge sac k =

G olFee ) 0Pl 0 Gal mie 4,68 o s,
g gy O yg0

2
| ©)

I(r) = |[F7H{F[t()}{F[R@)]
- a2 g 1) = oxp(B) 4 s F s
22 o lis (g5l a3l Jols ol . cal ol glas
JEsl g3l e 350 095 0 ol my &S
9 9 a8l olS (6 ,Saiar job 4 olad -5l il
OP 5l oAb 50 b aS 098 ge LSS (5l (5 aSy )L
aladi g5 ;0 5 asl ualS gz w4 b ddls glad Lo
b 6 48 S8 ol oz sl Wsdoe S5
s REmm (LS glad L aiged (golawd ¢ oo
40035 50=0.015 Gkeee ylie 615l & s F=500mm

Ya¥

dodlo
S @i b Bln owie (i ol dihie o asS
SPE Al G o1y (9998 LSS 55 AT Cewl (S50
S35 e o sle adle lnl JSatte (pwse (ol 0S8 (o0
o [ ]awen 5,6 5 (rdg) Gloe 0 S Djg0 a8
ool )l 555 0 g5 P s slas )5 o e |
S 0Pl &l 5 GPn ol g SO
Sl azl cpl jo g canl oo 4 Soop Gals g1yl g5
$loped $in adg sln ablioo JS3 (s9il> caSo L
52 [2,3] el oo eoliiwl il sl g, 5l 1S
90 gted sty 3l Lo iz g oad (b (5 ass
solatul (b g Cue) (elad gaBl cal o ans
slaiel jo eS8 > bz, 0 4 048 o0 0dline ol 005
P e seil> gld aSGL Jad (e jeme
0P 90 o ¢ Aold o Sl sald uesauS

.w..:.-.)a.g AW OL?U‘

Gl Al 9 (6,955

ool a5 (FZP) b5 ol aiaie s s
g gy Syge 4y and opl jae &b Olgi el
t(r) =

e A, [exp (—iZnn rr’—:)] M)

Al gl g e elad Slake 71 g T il o a5
o5l £5 250 Jsb A v by uyo Ap 12 = 20f
a5 5B sy il Sl 0 90 (pwae Ak sl ol
a5 518 aes )0 950 (o0 Jlosl (65l pelad Jlasil e k)3

WS (o0 et ) Ojge &

2
t(r) = k-

2z

™)
1 cod Jpos gl a3 FZP ¢ls R

il o s B WWW.OPSLIT Colu jo a5 cul jlael glls g0 50 allie oy


http://www.opsi.ir/

Olpl Sigisd (6 5lid g (wdige Luil yiiS aadd il g ol ] Sigied g Sl uil S ezl g Gy
WAV ot M-8 ol i il oSl

490 495 500 505 510
Fropagation plane{mrm)

slp hel 09 0 Shy el ¢ 4 lgs JeSis Y S
. £=500mm, 0=0.05

|III 'II'u
(a) 05 TR
J ¥ I.
:'i J-EI. 350 4100 450 500 550 600 B50 o0
= ' T
= f\
@ Bos .
[ .
it} i _
— 1] == L
= 300 ¥ Lt 450 SO0 L= B0 =] 70
o ™
ik} 1 -
E c) 05 | ', .
m I l I. ¥ A [
E Ry 1., N LA VA N |
S qEfll i ] LY i 80 B0 BED b
= 1 T . o r . . -
Iy
I b 1
(d) 05 I 7
L “ A l\' .
g Lo s fn VAR A ;- 5
1L £21] am A0 S0 L BN BED Ll

Ohservation plane (mm)

Sl omb Vb 3l s a Job was Loy p:f s
el 03lolis 0 = 0.015,0.035 ,0.05, 0.1

55 s alols Olade al33l b g oo odwlice
o 4 ol e Sad 5 g Gl e ead wlg
S (Pl 5l am SasS sl 0 sl 4 Al iz (slo 05

A9 )y50 sle aigad (53l ad @S talojl el (sl
Hef ca=0.015,0.035, 0.05, 0.1 sR=5mm L
was oz 3600 dpl Ol pigle), a3 500mm

Jj—" L’ Q}i-;“w-.':l-a’ o g il ot jeS e Lily sla diges

&g« (V) JSo . ad gle 4t 0) ¢ b)) by
olis el yo o alizes yolas il 1) oo,e ol
Ol Dol 0 Lol b oaS 09l co cdalie . a2 o
Soil> (6 a5l 93 Al g 0ud SGo5 ho 4 35
izt i IS Jlo 5 (sl j5bo a0 a5
Joe (IS 5 Job ool jei « (V) S5 @ az gy
(F) IS 5 (ol (5" 10) (g5l (6 4oL g0 JuSiis
ad Ol o0 albise polie sl (Job oud Ll
& alol Rl Slis 5l and mls 5 el g5l

0 polie slpy RESMM ljl 4 lo,e ol aoje ) JSB
obiw dycbiapcssa 0.1.0.05.0.035 0.015 1,

. Gl 00l 00lo

300 350 400 450 500 550 500 650 700
Propagation plane(mm)

).’|)'.’ a )“)‘5‘Q 6‘}‘ 4 ()L"’“‘" 6L;*""‘) ) g_sJ9‘]° S @)PY S
Ll 00 o0l ul...u f=500mm 9 0.05

Yao

il o s B WWW.OPSLIT Colu jo a5 cul jlael glls g0 50 allie oy


http://www.opsi.ir/

Olpl Sigisd (6 5lid g (wdige Luil yiiS aadd il g ol ] Sigied g Sl uil S ezl g Gy
WWAY o V-2 olnl gl 5l oKl

5O 0dd b pglal WS o cdslie a5 jghiles
b wae olad g5l Jasl Silis js oKiles]
GelS ized g Gl 5451 g0 glads ralidl g oas
O oS eyl Hlade lB1 L 1) (635 50 (els wal

Sl gilw ad o b oYL )5 5ke a5 aes oo LS

e by lsiee a5 sl o aols lis llio ol o
et _sl s sl Jll B8 g axd 90 ugies
olgzds glad L (g5l (5 480k 59 Olg (o0 (Shie 9 e
90 gl (JyS el )b) @ jlade pai b aS 0,5 0dg
o915 55 (s Alols 5 g oad S5 g (ol 4l
b Joe Cuge b (o et ;R0 load fSeis
J5iS s g g osladim o5l Jimil sbwyl Solu s oas
$n Mg g 0ol oy gehl> (6 Ak g0 gled B80

ol o‘g}’Jo LS‘ 0 o>

&y

[1] A.Sabatyan, and B.Meshgingalam, 2014,
Generation of annular beam by a novel class of
Fresnel zone plate, Applied Optics, 53, 5995-6000 .

[2] A.sabatyan and M. Golbandi, 2018, Petal-like
zone plate: Long depth bifocal diffractive lens and
star-like beam generator, Journal of the Optical
Society of America A, 35., 1243-1253.

[3] A. Turpin, V. Shvedov, C. Hnatovsky, Yu. V.
Loiko, J. Mompart, and W. Krolikowski,2013 Optical
vault: A reconfigurable bottle beam based on conical
refraction of light ,Optics Express ,22,26335-26340

Yas

colidolgd o s ail> e ¢ ond adgh ol g0, o
ol 1y GialesT pleas ¥ S o eod CCD dawys

.Mésn

sample

laser He-Ne&32.8nm

08l 50 sl (5 a5k 99 0 Slalejl Glesez B USS

275 55k 4 oV V) (sla S )0 oaal ews 4 il

YL cdllas £ JSS (o ool Cowd 4 gl 5 0D s

{a) b ich
id) fe) {f)
(g) (h) (i)
0 (k) (1)

Sag sg7m0 Slael )0 geile b a0 )b Sl wigy 1 7 S
0P Jusid o5 J 98ed A iy 4. 025 O30 41 (2)
Tofoc g ol (5 )b 99 Jusid S kshee ¢ b g Jsf
Ao 0 gl gly iy a1, g0 el Sl (S 1

coed 0 olis 0.1 ,50.05.0.035<0.015

il o s B WWW.OPSLIT Colu jo a5 cul jlael glls g0 50 allie oy


http://www.opsi.ir/



