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Achromatic Lens Based on Liquid Crystal Spatial Light Modulator
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Abstract: The scalar diffraction theory has carried on the analysis to eliminate the axial chromatic
aberration and the conditions of magnification chromatism. Using the programmable control features of
phase-only liquid spatial light modulator, the Fresnel lenses with three colors of red, green and blue are
inlaid with blazed gratings and programmed on a liquid crystal spatial light modulator by random equal
probability multiplexing. So that a common focal length of the three-color optical multiplexing lens is
achieved, and the axial chromatic aberration eliminated. At the same time, through the constraint of the
red, green, blue three-color light-modulated Fresnel lens aperture, the three-color light has the same size
and intensity of the focal spot radius at the focal plane, and the magnification chromatic aberration is
eliminated. The experimental results show that the axial chromatic aberration and the chromatic
aberration of the multiplexing lens are effectively corrected by this method, at three-color light, the
Airy's radius is 67 pixels, which is close to the Airy’s patch radius of 65 pixels produced by a
monochromatic lens with the same focal length and resolution.

Key words: Achromatic lens; Spatial light modulator; Random equal probability; Multi-wavelength
multiplexing; Aperture constraints
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Fig.2 Diffraction intensity distribution at the focal plane
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Fig.3 Three-color optical phase modulation

A= ol e A A I ] R 2 T LA, LC-SLM. X = Ff €20 5% 1) 457 K 97 51 8 42— B0, I ELAR A 98 61 14 318
BBl 5 10 0 B 5 2R = 6 0 Y 5 AR i 2 01 J2 58 A My AECR R UG Ml e mT DU AT AR LR i i 22
M AR A T 0 22 35 BE L R LA il 2k i Gk 2K BR B VA 1T B R RE A 5 AE 7 18 i S A9 X R %
o,
22 fTHRESRNMNEERER

LC-SLM Q&R G5 A0 4 T — 4> 458 M, 54107 S 900 0% i 2t A1 L Ry 4 w8 07 S 3008 38 2 fim 48 A
WM AR BB A% K o B 4 b B B T O 0K AR T A A S B L AR A B B 8 B+ 1 AT
SRR 9500 I, FE 7K FINRE D7 1) 43 il 0 28 ST 4850 8 AR R B9 B IN IO IS o L LC-SLM Hts S Ak b
D AR TR IR O3 B R 6 AR R T R R

2
L;uuy%=mmu{—ki.DAAV+(M)T#“§mmﬂk+Z£)} (8)
iJ 0
M M .
At~ e~ D 1= mody BRI 2x BB,

53— 5 T 38T B R /N 1C-SLME i ] 95 0 325 5 A 5 52 25 A 0 0 U 32 5 A/ 2
FEL 1 1 3¢ AR o e
MA 1
2.f0 28

NA<1

9

220 (0 24
WIFE LC-SLM I i # 3E Vi 7R 35 455 1Y) 5 /)N 5 BB N i A2
fm>fun=3%£§g%£ (10)

SCH R A E HOLOEYE ARl A P25 PLUTO-VIS B & 25 8] 6 08 6l #% . %165 R 5F 15,36 mm < 8.64 mm.,
ArHERA 1 920X 1 080 ARTCR TRy 8 e, WA 28 44 FE TR 7K 335 B 14 de /N 5 B 2 2% A f i =260 mm.
23 HBEZEEREKEEGE

R T SEBANE 2(b) BRI bR A 22 B 4 F R /A, = ¢ RGB = Fh 816 i 43 53 Xof iz AS [] ) B A% L
0l LC-SLM FTRE AR 2% 1 fe K oo (R b Hd KALBE A 7 SR M6 K 2Z L B o = R /A »
P 0L mT LATHE H RGB = @6 Xd R 38 55 - fLA2 7 o8 R; =4.32 mm.R,=3.96 mm,R, =3.73 mm.H I,
AR SCHRAEAS [ €2 56 X 115 355 B2 FL A8 F 29 BRE oK L F = b 2 6 Xk 07 Y 35 e AR A0 5 RN P A A R S B0 R
500 mm ., DA 52 FH 3 e FL AT 3 [R] A 45 B O L6 I /N 5 B PR ) % R AR 0 11 4 T 7 1) R R 4 B ik AT i A
TV B 52 FH 25 5 K B TR an 4] 5.

0422001-4



VB S5 5 T8 2 RO 18 i) 2% 9 (L 22 B B

Using matlab to generate random two-dimensional matrix a, b and ¢
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Ay Ay, A, randomly assigned the initial Ay, A, randomly assigned the initial A, randomly assigned
value to the matrix a value to the matrix b the initial value to the matrix ¢
1 ] 1
Set aperture function R<R, Set aperture function R, <<R<R, Set aperture function R, <R<R, |
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Calling the corresponding additive model based on wave length 4 and calculating

the phase modulation rate of every pixel
1
Generated the corresponding grayscale value according to the trichromatic

phase modulation curve and reassigned the value to the matrix a,b,c

| Using Imwrite function to generate grayscale l

1
| Generate multiplexed lens grayscale matrix by at+b+c |

End
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Fig.4 Flowchart of achromatic lens generation
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