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Abstract: The method of simulating cone lens with spatial light modulator is the most widely used
method to generate perfect vortex beams at present. However, the ring width of the generated beam
can not be controlled in real time by this method. Here, we propose an approach to generate and
control the perfect vortex beams based on computer-generated phase holography in Fourier space.
Through theoretical analysis and experimental measurements, We demonstrate that the method

presented in this paper enables real-time control of topological charge, radius, and thickness of the
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generated ring beam by using a coded phase mask. The method offers simple optical path, high

beam quality, and simple operation with only one of optical path ajustment. Furthermore, the

proposed method can also be used to generate and control other abnormal perfect vortex beams,

such as elliptic perfect vortex beams. The experimental results are in good agreement with the

theoretical results. Thus, the proposed method based on phase-only computer-generated hologram

presents a versatile and simple way of generating and controlling perfect vortex beams.

Keywords: perfect vortex beam; Fourier transform; phase-only computer-generated hologram;

spatial light modulator

51

][

TATIE S R — b EL AT e I A AR R R
H, H 75 Ul £ 3h & (orbital angular
momentum, OAM ), 5o IIFHFMTEURE
TR EE E T ok e
BN AT R YR B (L
GG A R — R G 2 A KORE G 8 88 Y iF 5
P

FU A A9 2 B4 v TR s R — 1 B T et
HOR DL ZE IR —m TR G oR, (EAFSEE A, Y
XL FEE A AR M BUR A MU, 2351
IR LA RO SE B AR 4k, T I 25 K 1 55 %
TRFE RO B 4 LA K S 21 4% B 45 T T A9 . A0
ZB R, Ostrovsky 241 49013
AR T —FPIRIE R 6 PRERY 78 S5 I IE'E ( perfect
vortex beam, PVB)#E2, PVB a1 %,
HIRPREE, AR Mg el st .
U, Forbes 25" 3 i BRI AN HTIER , $HHMT 5L
X SR AR AR a8 A3 A B s AN AT T B

PVB Hy 4 th 51 1 W50 # By 2%k, SEPRIC
BRI N o PRELY AR PVB, e[ = 2 6
PR INIE S o A o F R i 2 —, HATA
PFN A D, — PR Ostrovsky 5 '™ 45ty
(A FH DT ZE R pR AR etk 4 Bk LG o pR R, O
FIH =S ]G %% (spatial light modulator, SLM)
SR AR 3k 2 D1 FE IR pRE AR, HIX —
TS A AN TUAREH, FAR T ORI & .
2016 4, Porfirev 45" | Al i i1 1531 77 Bk e
BT Ostrovsky E MRV TSR, KIEFRTE T AHS
e IR B AR . S — Fh & i Chen 451 78

2013 AR, M AT T AR A A B AR
i) vk = A4 PVB, [H B AR Y6 R IR 48 B 75
SO A T A R, IR EE BT IE BB
2015 4, Vaity 255 ek T B T, $RILA
AR SLM B 3 55 i A o0 A, I
T EHRAE M A SR, SRR T DL i AR
SLM (AR 23 A AL R TR 1 HEB 3, X
I 1 B ' RO DL ZE R eR AU T Gh U0 ik Ak
PR, b T G R R B R I AT, K
IR T TR

Bt 5 A58 PR i T 4 AP O & PVB AR B
PVB, JHEH T ZFEARFEM T HHT PVB
7 2015 4R, Hr R R At g Y
FFHECF B0 SLM, 724 T KRIaFMar B
PVB; 2016 4F, PHAb Tl K27 A% X Ak i
PP T O i PVBEY 7 A G R 4 5 1
2017 4%, Karahroudi 2™ 45 H 7] F9E SO
W — U = A Z R M 0 PV, {HSEBR
R TR %; 2018 4F, Li 457" sz A T
KEMREDIE PVB IEWE5E TR T 2019 4F,
o E Bl BE P8 2 RS AU T i Wk AR AR
2H P Sz 7 e T R PYB I RFSE T O
Ji; 2020 4F, Guo ZE™ $ HiT LU f ISR & HAH
PR SLM 774 PVB, HARGIAR AR % 7] ik
Tk ; 2021 4F, Dai 2577 Fi FH 75 56 98 i 19
I AT O 5 B0 1 PVB. Bl A
EnE (R = Pancharatnam-Berry #H1v/ 8 2% [
PE—2 7 A T 4 PVB L K PVB 441, BUR
PVB /=i I 2 R R, {H PVB F¢f
M2 5 AN IRIE 7= A AR IR R T Bk
AR DL FE IR PRI L PR L A TR AN B B ARV A5
U, BRI A X FIRIE I B3R5 — [n)



5% 4 I, A BEFAOOT R A R IS S A MR ©49 .
FBA S Rk b wg At At s X EC03) M L As s, ]

M FHE BB AR O A SC OB T, B AR
R, PR BT 2 R . B
SR Vaity 55 $2 H 9 i E 4 35 85 7 T LA i SLM
FEJEEE PVB IR 48 D K Mg, {H 2498
e A AT 5 AR A S e BB VR A BB N el B
AR AERE A A R B e . Bk AT LLE A A
FANFEEIE R R 4 BB AR R A B Y B
WeiBEE, (HIXREL S A i B TR,
FAFR AR 4 BB B n AR I S TSR T R A e 4
I w1 FH G RO B, (A R R e S
B, ELHEIN T S R ENME RS, O ROk R
ST B SRR EOG R S N R B2 T 3 A F]
(o N T SO —FRIME, A SCHE H ]l e L
ZEMEAR O A Bk e PVB, st T ORI
RS, MR TSRO, MY
INAR L IRGE L SR MBS T (5 ) 3E i 2k
F SLM Wyt AHA AT 4% , HAE AR T
PR A] [E B G EE HEAT S0, BEAR T SRR AR A
B IR, 07k B MR L, AT
Al F A H B PVB, ] T AR R
PVB™! DL K W PVBP Y AR PVB, i
J&i , ASSC IS T RSBy ELAE AT T 00
BHIE, SLIRZER S HISLE A A .

1 EBigoHth

HAE PVB 1] 5 !
Epyp (,0) o< 6 (r —R)exp (il0) (N

e (o) HWHIRTEAR AL AR s 6(r) A AL 58 R
B RO PVBSEIRPAL; dhbrrsl, Hotig
CIpYSiEuk Cil S/ E/RES

F(p,¢) o J; (krp) exp (il) 2

KH: (o, ¢) WATEWALAR; (0 HEE—ZK B
VUSEIRBRE; ke MR R ER . Hh DU R bR 4K
TCRRAERE , Firds Rt JCg5 K, 8 filT A v i R 4k
BN, R (2) T RS Ry

2

Fg (p.¢) o< Jy (krp) exp (— %] exp (ilg) A3)

g

[20]

155CPR PVB 1Y% R IE

2+R*\ (2R
E (r,0) < exp (— d ;2 )Il (T—zr)exp(ilG) 4
Hirr
R=k.flk (%)
T =2f/kw,g (6)

K fRARMEMMBERENER; .
L () TR FE—IE I BB IE D S8R PR, IEJEH T
WIRAAEAE, H1552PR PVB BG4 i 2%
B H FMar £ LR T C IR TEBR . M R > THY,
ALK RN T BN PVB R AR A ER 55T, M
SERR PVB 1 3 D EESECHRFMTE . 3R
BRFIITET .
Hh T 3RAS R (3) FToR 1 D128 R = R,
A HEAR R we (R O RS HE B 5T, S A
FH SLM 1R #E B BE it , SLM (1 AH A7 43 A nl &
RN
W = exp(iar +1l6) (7

Arfra RSB, Sk, MR (5)FI(6)
AL, g A R (7) PSR a R T R A
PVB 248 R AR Mg L, (BTG REIATE T o

M (6) A, WM BN 7, sk
A8 NI TS T 1242 g T EEL IV 325 5 1 6
o TS R FEL IV 8 A 4 B AT LSt AE SLML L
BMINEA I B HE AR R 4 Bk e 3.
(PR B AN A = A B R,
T L3 3o RS 43 BSOS 4 B 5 ) £ B I 159
O S BRIV T P B -V 3 i
JE AT A B, TCA L S B A TR
VaE O TR S T SR RO RS
(OTAR I 178 B o7 I < B P AR E 0N - Ec- R
IO %8 3k SLM AR 43 A B 25 2K (6) o 11 5
T BRBCEAR wy

BT S FbR, ASCHIA T ARG A
BT IR IR SRR, B
OFE R AnxT %, SRR SCHk P Y 4 R 55
T 2f Z50, WA S B8 X B 45080 5 B 2
] G (3) IS ke LR wy AT



« 50 . i #

% 2% 545 3

ity BRI BRI A, XL w AR SEBR A
WA AR, R — a] B A R A 2 2
o HLG)WEH

Fg(p,¢) = c(p)explip(¢)] 3
o

c(p) = Al;(k,p)exp [— —2] ©
We

p(¢) =il (10)

P A FARIEHLBIRAL, (% cel0,11, pel0,2m).
BT SLM (94 B AT sRECN  (c,p) AR
CATHYEIR ST, AT o SAFROCR".
i W, AR SO TR G R A i A 37
HREL

Y(c,p)=9p+M(c)sing (1)

Jo[M()]=c
1 Jo (o) M — I D ZEIR R
R TR A AT S AR B S B e R T 43
[T e 2 2 B VA R 1 = VA I
LR ERH

¥ (x0,y0) =@ +2n(pxo +qyo)] +
M (c)sin[p +2m(pxo +gyo)]

(12)

(13)

o (xo,y0) R G- TR AR A o XA REEA 38 1Y
P g S8, BT DATEAH B A R Y S AR T AR AR
SEASTEMIE . 1 RATHHOEH, HAR M
BR LRI

2 HESXBRER

TEOCEE R ENE 1 R, ARSCfE R TR

58 DH-HN250P, LR 25k 2.4 mv, JHEK N
632.8 nm M HUBOGEAE G, SelR g ik
¥ PR 75 1 )R % 31 5 SLM(Holoeye GAEA-2)
B TAE 84T, SLM B3 382k 3840x2 160,
GE RS0 3.74 um, AHEIRGT 15.32mm*9.22 mm,
RIFHERASHILEE . ¥ )G A4 5
SLM . SLM fv T Lt e (a1, &
15 4% J& 4% ( charge-coupled, CCD )i T-{# HL i %
R JE R b, MR IE 1 BATHHER . 5K
i T AR £= 300 mm B E B, IR
FERAE, AR & — WM B R e T A
B, ARSI R T [ A TS

E1 XErETEE
Fig.1 Diagram of experimental setup
I ke C10) Py 1, fHER] D7 b e 47
FAADER BRI T SRR AR R Y

PN R, A TR AL R, L
TET IR AE TGRS HA R ., T 7E g 2
A1), BIEERC13) Hris hn il 28 AR A2 34
W, BEIEIE 1 AT R SR B S
MR ERI S ESIF R AT, TWRSCRN N
MR PR, T 2 4 T S T A
R, X HREH O B TR IR T
i, WEFRATLIER], SCEEPRE TS BE

(a) I=6

(b) =9

(c) =12

B2 S8 R=08mm, T =0.05mmAE, HIEGEHIAEME. A 1RGTHENTFIIENESR
Fig. 2 Experimental results of the interference of +1 and —1 diffraction orders with R = 0.8 mm,
T =0.05 mm and different [



% 4

J el S FETRIAOT S A B e S RBOL A AR DT

e 5]

B, UEMT TSR MR TR

M (S AT, At e =X (9) o i &, (8
AR P AR s AR, R 1A T
FHR BT =005mm, =10 RAER;, KREP
£ PVB I BIRLoR 0 A AL B 25 2R, R [m]

2 T AN R GRS AR LA . ER AT TS AE M
B RIS AR RE R A AR O A AE 1, H S5
AR SIS HIAMYI G, IR TR AR R]
%‘r@k o

F1 ST =005mm, [=10AR%E, EFRFEZERAREN PVBHERNESHILHRUNELR,
KB R B9 EF SLM BRI 57
Tab.1 Phase masks on the SLM, simulation and experimental results of intensity distributions of PVB with
T =0.05mm, /=10 and different R

AR SLMJM#R A 73 A LV eIl Duinllisest S
R/ mm (1.5 mmx1.5 mm) (1.5 mmx1.5 mm) (1.5 mmx1.5 mm)
0.6
1.0

I C6) Al B (9) H Y wy {5 AT 45
PAECHR PSR TEE o T AT we A PR SEBR
ARG A AR TSR] B R ) 4
28, DRI n {6 b 308 2ok i B A 457 bR ESOR 1
2 PVB U358, 3R 2 45 TOEHRSE R =0.8 mm,

*£2 BHR=08mm, [=10A 7,

1=10AEEF, REFASE PVB YRS GIE 541 il
SCURAE I, R R 25 T AR A G AR 7 43
Mo SHENESTUN—F, SCECH AR5 Rl S i AH
AR AR, HSCH A A S R 25 A
A, R T ORI AT R M

TIREE T ARA PVB HIB IR B AN ELE R,

KB R B9 & F SLM BRI 7
Tab.2 Phase masks on the SLM, simulation and experimental results of intensity
distributions of PVB width R = 0.8 mm, /=10 and different 7

SLMJINZk A AR 51
)

W5 T/mm

BB A

(1.5 mmx1.5 mm)

SO 2 R
(1.5 mmx1.5 mm)

(1.5 mm

0.04

0.06

0.08

IRSCYGEE A, A s TR A
Bk T LA fe e 2ok 2t 6 R 7 PROSOR R4 L 5 3
YT AEN 3 D EEDCRSH, SLRd o
Bl5E, BAERIS . SO, HIE ™ R
B, WP AICRSEIE

TR BATE YR A, Rt
BE 2 (3) B 7AZ 2 PVB R, skl FH it
A AR PVB, HICTHAAE . K 3 4
H T ARREIZERTE PVB AY BRSO G538 5045 Fl
SCEI SR, R SHEER T =0.05mm, 1=



¢ 52 . i #

@

545 %

(a) m=0.7 (b) m=0.9

(e) m=0.7 (f) m=0.9

(c)ym=1.1 (d) m=1.3

(g) m=1.1 (h) m=1.3

B3 XRSE m FEMHER PVB HIBIEX B HMLEMELE R, (a)~(d) BILHIBST; (e)~(h) KIMELER

Fig.3 Simulation and experimental results of intensity distributions of elliptic PVB with different m.(a)-(d)simulation results;(e)-

(h)experimental results
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