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Abstract: Subject to the restrictive relation between resolution and focal depth of traditional imaging
lens, a multi-focal Fresnel lens based on phase-spatial light modulator (PLUTO) was developed for
the extension of the depth of focus. Based on the analysis of the restrictions imposed by Spatial Light
Modulator (SLM) on principle, minimum focal length and diffraction efficiency of Fresnel lens, the
Fresnel lens of different focal lengths combined with the blazed grating were programmed in the pixel
region of Liquid Crystal Spatial Light Modulator (LC-SLLM) by Matlab. The pixel control characteris-
tics of PLUTO enabled the phases of multiple lenses equiprobably distributed in each pixel of PLU-
TO. In accordance with the overlapping principle for axial focuses of each lens, the multiplex lens
with a focal depth of 16 mm was obtained. Compared with a single lens with the same numerical aper-
ture, the focal depth achieved by the multiplex lens is increased by 5 times. In addition, the focal spot
remains in the same size, with approximate imaging resolution to single lens within the whole range of
depth of focus.

Key words: spatial light modulator; multiplexing multifocal lens; Fresnel lens; extended focal depth;

diffraction efficiency

Wi B H3:2016-05-28 ;11T H#1:2016-06-15.
EE£WMB:FXARBFIEETIT H (No. 61077086)



10 1 VERBOR 55 56 T30 25 (B DG I o) 2% 10 2 4R TR TR KB B 157

1 3 7

AR TR BUG & 10K 2506 T a2 0
JAG ) S A ek EL AT A N T R DR
TR F WO, Gttt T
RGN TR H R I/ FLAR 19 7 % L (X b
J5 2 LA /N 2R G0 00 O 3 L BRI OBUR R G HE R
HARH . 1987 AEFR U R I B SOERZ A,
AR BTG BR A R IR A B T AR K AR IR
BAG 53 AFL 3K 26 5 9k A7 AE 45 R AN B 4+l F
il SR R . AR X L BE RN 43 B SR A AR TR
PIAS T A5 fb S ol . 356 B o < 7 0 8 B A
SHEA RGE " e T B0 [ T 5 1 2ot
Gy A R A I R 3% 1 S AT A A AT S A
TR HLES A T S 1 R PH 3R G OG5 B L o
S AR TS 8 AT S 4 0 R R R R S8 06 4
Aiv 30 3 DA S #8400 7 AH R B R AR AR R T
LA OLRE R A P R Y e R R Y R
AR RGN H 8. A5 &N R E— 4o
R ST S AT S A D RE 5T Zemax (A AL 75
E3| NI D2 I R 701 R = SR Dt ST o

ARk B A T AR N TR R R
I Y i 308 0 5 A S B B2 R T B T R 5 A
AR AT S G, b2 R GO i oR BUE
Sy R T A 07 2o 5 A [R] 43 A, 5 = AH XN Y
W TAT 1) 325 38 38 25 8] 43 A, PR O 3 3o 38 3138 24 1Y)
D BRI KR RE 8 08 R AR G B AT B A A 38 B
BREHEYHRB.VEAGSERMWEN. T
AT AR R = A AR R i 30 D pR S, S B T
] R TR JR R ) ) 6 43 9 R . R H TR
18R G0 I T T Sk A o B AORR AR M 3K R vk
AR TR R R AR

AR SCHR T — Bl 3 R Al AH A 23 (8]
il #% (PLUTO B (1 2 £ 9 ¥ /K i3 B3 1€ #h £5 IR
Jrvk . it PLUTO MR R w4t o 2 4R
Ivi] £5 1) R K 3B B 5 DN R O B ek A — i
MR AR B A 33 B 1 Bl 1) £ SO B 3E S 0 TR A
PRFF o B R AR AR (1 5% 10 T 5 35 B 7 34 5
W HEM .

2 EERIAH BREIFERESRE

—NEI f AR TR 2R 1B BT AR 6 3 A bR R
AT LAZRAR N «

(s y) :—A—’}u%f), (D

Horp AFRRAGEAK, o,y R B O AR
M bR, IR — D HA BB R AW
PLUTO, Ha#R g M X N AR Z LN
d s LA PLUTO (4 rfats by A dw J5 5 6 28 (1) 251k
b J5 FEAH AR T R K

o(xsy) = mod,, —% [CRd)? + (Ld)?] ),

(2)

X M M
L E <
2. 2\k\2 5 5

N LA 2 ORARATE . AR 2 C2) v B R 37 A 2R T R
Wt P /0 ST O 2 38 B R 5 I R 090 S T A
R PLUTO A B A BB PEBR ) T8 2o
ZRPRIRE Y . W T A MX NRER WA
]G ) 4 3L sy T 10 B9 B R 2 T A A 3 S

7, % il NTd U B RAE PLUTO 3695 H 54

F14 5 i 2 A ARER T LSRR A

_ Md. _ Nd
2Aft T o

HRE 25 245 1 il R o8 B AT JE0 L il R A SR N 1%
KF R 2 4%, PLUTO HHhRE 551 3% B K
PLUTO WEZEEIR&E d, Frbh .

Md 1 Nd _ 1
vd -1 Nd - 1
2Af S 2d'2Af T 2d “

Al AR 2] PLUTO & 2%k JE 18 /R B 5 0,
e /I B B BRI A% A R

Fon = max(M, N) d*
min =" )\ .

PLUTO R E M AHYS T — 4 45 B Ok
Mt o BT LAATT S5 B e AT S ASORAG L BRIk 2 R
FHBCT NG MR S Rl e 42 b 21 B i 22 0 ik )
U b AT 8 7 59 2030 . AR s — o0 6 27 A1 S B
WL MBS 8 R R B INE M S, H -+ 1
9% B AT SRR AT LUK B 95 % 16 K 7 gk 7
B D RE DG IS TR R O B A AR A 455 U ] R

HJmax (3)

(5



158 b= W

5 24 &

NN
ﬂxw)zan'—%i%dy+(MV]+%H,

6)
£ PLUTO T B8 H T KA T OKE-
FADD) % 77 A 40 2%, (H HL AR 3] It — 2% 1 i) 5 2 %)
PLUTO #4705 487 (517, A SCR 28 2 -4 K
T & G4 PLUTO (4 A1 67 of 17 b5 0%, 78
0~ 255 [ 1 J32 3 FB 9 B3 B 10 AN K BE B b e — 3K
BT — R AN AR 8 43X S8 AR A 2 /)
TIRAUA S B0 IR 5 M A A B S R B AR
PLE M E 1 TR,

25
2
&
2 ; s
f=9
=
2 1 e
=5 ~
= : :
s et
05 / HI A 2]
frEs |
0 i i
0 50 100 150 200 250
Grey value

P12 IR 38 ) e e 1 i 2

Fig. 1 Characteristic curve of spatial light modulator
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Fig.2 Flow chart of multiplexing lens production
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Fig. 4 Optical setup for experiment
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Fig. 5 Results of lens load blazed grating experiment
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