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We propose a new type of visual information security device (VISD) consists of higher-order
birefringence elements. When a higher-order birefringence film which is sandwiched between a pair of
polarizer is illuminated by white light from one side, the image with white color is observed. On the other
hand, when the film is illuminated by monochromatic light, the brightness of transmitted light depends
on its wavelength. The VISD is fabricated by controlling the amount of higher order birefringence which
gives a high contrast at the only certain wavelength under polarized illumination. The device can be
decoded by the illumination of specific reading wavelength. In this paper, we have simulated and
demonstrated observation images of the device under white and monochromatic illuminations.
Furthermore, stored information can be easily distributed to multiple physical keys which show arbitrary
images. In this case, since the image is decoded by XOR operation of each pixel of physical keys, the

decoded result is obtained by superimposing them.
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Fig. 1 Design of experimental device. Number and color in
each pixel indicate order number and phase of birefringence,
respectively. Gray corresponds to 7z and white corresponds to 0.

nbbt, ANLEEZ2ES X —L LW
TA—TNA ALK D, MEBHROGEATLICE, O
AW LERESbLo> TR IR RV E, @ —xt
DIRAFDHIETH D, WEOBEEREICE VLTI, Hl
FEGLIhTws, £, HAHLEER RGO
MZHHEVIRD, FROTEAH LI TE R\,

WX 2

3. ¥IalL—aEtE
FRLOFEBICHEED E, BREROZNUE 2 MEE T 5 720
PIal—vaviltE#®fio7, Fig LB ICHWET
NA ZADEIITRIN & ¢ DRELIEZ AT, K, KENIZ
BT, ¢ B3O TRHLTH S, KOliEP o=, H
BHEFEIZ 9=0TH 3, ZDFNA ZAZFT=a)LIcilE
L7 i Ic i Bt TR L 72 & & 0, KR 0B
G L, 2R (2) ZHVCEHREL 2. U0 8 BTk
EOWMoMEZEEL TRy, ¥ —3E I 560 nm 123
EL7 ¢ flld, ¥F—WEICBLWTTLZ7 7y FDOTOD
XFEPRRIND L) ICHEIN TS, @EITXEN

1%, 2~8 DIITHHAINEZ & 78 \w» X ) ICHLE L 7.
Fig. 2 1%, EFioD 734 2 %R 400~700 nm DT 10
nm ¥ XA THEGH L 72 & 2SI N3 EREmE
SERLTWVS, HEOMm ICBWTHRbE VIV b
AP THRERBTETRB I b3, ZRUUSNDKK
BT, BBUQXFHERE L TORBITEBVHLE
oTw3, Lo L, 550 nm & & 8570 nm W6 T
DAVEIFIALDENHLbDOD, XFTELTHFHRT
&5, Jiud, EEITRBMER OO, RIS 2 E)E
TOEMEWNE L av b 7 A PEBLBERICE->T0D
ZiickrtEZONS, 2T, XFEDaAVFIR LM%
ko, BPTRBE ERERD R T & 2 R RHFH & DB
Ra TNz,

HRDa > b5 2 MECIX, XF2HRT 3E#EDE

S

g



.

400nm 410nm

420nm 430nm

e e e

440nm

i

TT™E

500nm 510nm 520nm 530nm

600nm 610nm 620nm 630nm

540nm

" o i i -

640nm

450nm 460nm 470nm 480nm 490nm

550nm 560nm 570nm 580nm 590nm

650nm 660nm 670nm  680nm 690nm

Fig. 2 Simulation results of observed image of information hiding device. The mosaic pattern

is changed by illuminated wavelength.
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Fig. 3 Simulation result of image contrast.
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Fig. 4 Variation of full width at half maximum of image con-
trast as a function of averaged order number.
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Fig. 6 Design of experimental device. Number and color in
each pixel indicate order number and phase of birefringence,
respectively. Gray corresponds to 7 and white corresponds to 0.
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Fig. 7 Simulation results of optimized device; (a) image contrast and (b) observed image.
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Table 1 Optical characteristics of band-pass-filters for

illumination.
Filter No. Peak wavelength (nm) FWHM (nm)
#1 497 14.0
#2 513 10.4
#3 534 9.3
#4 556 13.4
#5 599 12.5
#6 635 10.3
#7 643 17.0
#8 670 14.5
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Fig. 9 Observation results of the information hiding device for changing the wavelength of illumination.
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Fig. 10 Design of experimental device for application of visual
cryptography. Number and color in each pixel indicate order
number and phase of birefringence, respectively. Gray corre-
sponds to 7 and white corresponds to 0. (a) Secret key, (b)
decode mask and (c) decoded image.
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Fig. 11 Experimental results of viewing image in visual cryptography.
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