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Abstract The pure phase modulation characteristics of a liquid crystal spatial light modulator are measured at
oblique incidence using Zygo interferometer. The establishment of a mathematical model of pure phase modulation
of liquid crystal spatial light modulator at oblique incidence, the effects of oblique incident angle of the phase
modulation characteristics, structures based Zygo interferometer measurement system, and phase modulation
characteristics under various incident angles are measured. The measurement results show that, at various incident
angles, phase modulation increases approximately linearly, and the larger the incident angle, the smaller the
increasing slope. With the same gray scale value the phase modulation amount decreases when the incident angle
increases. When the incident angle is less than 5°, phase modulation curves almost coincide, and the maximum phase
difference of the phase modulation amount is 0.0324 with the same grayscale value.
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Fig.1 Modulation schematic of LCSLM pure phase. (a) Vertical incident at the same voltage; (b) vertical incident at different voltages;
(c) oblique incident at the same voltage
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Fig.2 Correlation between phase modulation and incident angle
M 207 LA H A TR B B2 AL Bt A S5 A T2 B0 38 o AR A7 80 ] 328 8 22 /0 5 A [R) S A 2T AR 9
5 0 B BT AN A 99 O 5 K E (B2 T O I, 2% A SRS A B2 RS 91 ol B AR S S AR R K BE (LR, A BT A BE /N T
0.025 v A A 98] ] i FEAS AL o MR 7 6 A TSR AR RE A R O Z AR W B I S A e
o, = arcsin—2o 0 s:'Ln Sl . (6)
RS A /N T 5OmE AR (6)3 A5 B o, << 2.74° LI

n.(0, —aJ;”e(m te) L), v

fRA(5) 15 5]
8( | <5~ (e, = 0°) . (8)

30 W7k

BT Zygo TWALIE & T 40 &1 3 B 7 (9 S35 I 4 56 % o i T 95 A2 Dynafiz 2h 28 T340, i
632.8 nm, il & (1424 4 inch(1 inch=2.54 cm), % & 1024 pixelx 1024 pixel, il &A% B 4L T 0.01A . H 532
W T V5 A0 S S AR A B LCSLM, I — 3 S S B8 1 569 D 4 J5 B 181 T 95 43, T BT 95 % 80 5 B 4l 4 or
Wi, BT HOGTE LCSLM Ao i i 2 02 S BR A FH o i 2 4%, i 2t B Zygo T WAL R BN 115 SR 1 —
e M Holoeye 24 F)AE 7= 1) PLUTO-NIR-015-C 8 5 5 S0 5 25 [BDG IR 1 25 1% 0 1920 pixelx 1080 pixel,

0112001-3



hOE W ok
15K/ 8 pm, AT 3K X R 15.36 mmx8.64 mm
VB AR S 0 o B UON B0 38 R o ST R TP S 43 BUE 5 43, — B0 43 6 28 3k A v T T4 S B S ] T AR
WA, o5 — B4 G iE G i R BE IR B PR AR B PR T3 AR 00 6 IR A B 2 A Bk O L D Ik 7 ) 4T T LC-
SLM ¥ f 43l 75 1], LCSLM X i A I - POASF 190 2 i B 016 77 25 Bl AH 057 38 1), I A S 28 i 41 D' 52 5 39 s o
ST 45 TP2 , - T 85 TP2 BF A SOG4 J5 % 3R [], P50 45 5 LCSLM 2 569 F 0 % - 375 569 3 0] A%, 5 285
% S5 1R 1) 350 3 S WS B 9 2% 0 S A 8 0 o
SO R0 AR NP 4 TR o X LCSLM it il 42 085 h=0 (14 5 B Tl 00 45 0 28 5 2 04 e 25 W A AR A7 1T 1, R S
W AR SALE LCSLM H B Si A AT 51 14 07 228, A Iz F 51 A I AR A 2280 LA S 8 2R 855 51 9 41 4 256, —
A3 o TV 5 2 AN ] e A [ el 0 e AR v S s ) %% A A A R X AR, DN i ] R A [ AR
BN SR BT

§=368  (i=L.0.E). 9)

full-size grayscale h=0 grayscale grad@ent modulation
(reference wave surface) (modulation phase)

PC measured by
CTTTTTTT T Zygo interferometer

phase diagram 1
modulation phase+
wavefront distortion

wavefront subtraction functio
2-1
iminate distortion wavefro;

under oblique incident
modulation phase diagram

K3 Zygo T 1 2% & 14 &4 D37 vk i AR
Fig.3 Experimental setup of Zygo interferometer Fig.4 Flowchart of test method
X 223 161 5l 98] ] 45 6 0 A P21 5 (a) BT 78 B9 K B8 BT, R BE T o3 Sl 7 rp A =y e 10310 ZE R AR K
JEEAELAR S O, v [] 08 7 K BE AR D 0~255 2 P 3 3, A7 i1 350 23 I JSEAEL AT O 255, 4G e st By 4L 32 161 2, An 18T 6 i
7N o DU AT B RE AL BT 2 6 A5 b K RE TR A 0 A AL e R b T I A Y i S e S . A T
0.5931

phase diagram 1
wavefront distortion

Zygo
interferometer

0.4

00
X : 491 pix -0.577A
E5 REAST ARSI E o (a) BREEEL (b) —4EMA7 I (o) = 4EH 7 1K

Fig.5 Phase modulation image at oblique incidence. (a) Grayscale; (b) dimensional phase diagram; (c) three—dimensional phase diagram
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Fig.6 Composition schematic of phase figure 2. (a) Phase diagram 2; (b) modulation phase diagram; (c) distortion phase diagram
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Table 1 Pure phase modulation curve fitting value at various incident angles

Incident angle a b R-square
0° 0.03176 0.00407 0.99814
10° 0.02404 0.00403 0.99807
20° 0.03176 0.00386 0.99875
30° 0.02377 0.00344 0.998
40° 0.01889 0.00309 0.9985
45° 0.01485 0.00290 0.99881
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