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Side-Glowing Optical Fiber as Directional Backlight in Autostereoscopic Display
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Abstract A kind of uniformly-side-glowing optical fiber is designed and studied, which is obtained by scattering
points graved on the plastic optical fiber (POF) by laser marking. This new fiber can be used as a directional
backlight source for the autostereoscopic display. The model for a uniform side-glowing POF with laser marking
engraved concave scattering points is established and used to derive the formula for calculating the scattering point
coordinates. With the designed concave scattering point parameters, the model of side-glowing plastic optical fiber is
established by the SolidWorks software, and the light ray tracing simulation is carried out based on the TracePro
software. The results show that the tiny length semicircular angle change of scattering points, used for the
characterization of depth and horizontal length of concave scattering points, has a large impact on the luminance
uniformity. In contrast, the tiny axial width change of concave scattering points has a little impact on the side-
glowing luminance uniformity. When the parameters are optimized, one can get the POF radius of R=0.25 mm,
the concave scattering point width of d =0.15 mm, the scattering point length semicircular angle of § =15°, the
POF length of L =600 mm and the POF side-glowing luminance uniformity of 87.5% obtained by the TracePro
simulation. According to the optimized design parameters, laser marking is used for graving scattering points on the
POF surface and the obtained side-glowing luminance uniformity of single POF is 80. 90%. Furthermore, a
luminescence uniformity of 88.91% can be realized if the surface light source is composed of 100 side-glowing
POFs. The experimental results show that the proposed design method and the fabricated POF surface light sources
can meet the requirements of the directional backlight source design for 3D autostereoscopic display.
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Fig. 2 Schematic of scattering point distribution in side-glowing plastic optical fiber
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Table 1 Parameters of POF

Item Specification

Core material Polymetyl-methacrylate resin

Cladding material Fluorinated polymer

Core refractive index 1.496
Cladding refractive index 1.363
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Refractive index profile Step index

Core diameter /pm 486
Cladding diameter /pm 500

K5, B B S, POT i i ol 3
AR AR i it & L 1 2 POF L HA —AN P
CRETE FE L) 8050 A B o BRI o R 3 i i 50 2F
H O 8 i Y L fE Rk W] AR S B R K, R A
TracePro - B IFTHE T HUN S5 BE d 43518
0.05,0.10,0.15,0.20 mm I, B R K BEHUR S K
JEALR LA 0 B A 2, EL 6 BT . AL B
SRR YA — B T BUN R K 58U AR
JE 2 (B0 F 0T L OE BB G &R L O A T d
B, B R K W Z K. BB 6 K. AR AR
(DTG, AT A5 L6 R 7 2928 0.006,

BRI RS8N d =0.15 mm,0=16",
HIEE 6 AT R K 425 7X<10°, POF 4%

B b/
0.0005+ —=— d=0.05 mm
—+- d=0.10 mm g
| —a— d=0.15 mm it
E 0.0004F __— ~=0'50 mm /
& 0.0003} st
= -
£ 00002 P ——
~— “/A/_/A/
;)3 0.0001 ‘/><2/./.7-<-:8—-";=-—‘|—-I
O -

14 16 18 20 22 24 26
Scatting points length semicircular angle 6/(°)
&l 6 R 2R B IO s B R0 0 1A Ak
Fig. 6 Scattering ratio versus length semicircular angle

0 of scattering points

R=0.25 mm, K JEHCH 54 5 LCD F W& E, 4N
L =600 mm, ¥ (1)~ 3K, B x, =0.3 mm, il
SR ISR A5 T) B R B I TR A A A, RS A5 40
A L an & 7 B

0.30 A 600

0.25} —<___4500G
latti i e

0201 attice spacing P _400

0.15+ \ {300

Center coordinate of
laser marking /mm

Lattice spacing /mm

0.10F B -~ center coordinate 1200
0.05L /'/v of laser marking 1100
(S : : o
0 500 1000 1500 2000

Number of points 2

Vel 7 R o (R BE U AR AR RO RO R A
Fig. 7 Relationship among center spacing, center

coordinate and number of scattering points

2.3 WESHWNHEENEWINSSHMRL

BOGITARIIR & 5% POF MUE #5102 B0k
THI& A IE . 7] DL 33 5622 3K 4 TracePro B30 B
POF il i & )6 52 B8 35 50 B e A7 JI W, #3835
BEBE  POF BUN S SO G 3, ROt
¥ oy Ml IR R

L min

M= % 100% , (7

~ max

AL Lo 23 B 7R POF M G %2 56 5% /N 1 i
REEEAE
2.3.1 BHEELKEFERCASTAAY QBN A
HRAEE 5 frR POF il i & 6 Y5 B A AL, 7E
SolidWorks k{4 H #% BR [&] 7 B4k 158 1L 80 b i) =
OB UEB A By b K R 546 nm 1K H 1 mm
fIIEJTIE LED M E 4K 30 mm AR 10 mm )
BEEA N, BEM T LED BiJ7 50 mm At . ¥ LED
RHOCR SR REACHE SR, A SRR
(G 2R B R AR B KT POF S0l fLAR (29 0.5) X 1

1106003-4



H |

i ot

fF BE 30° 4 HE 2 POF Y 1 A S50 L T 76Ok
ﬁ*‘?&@ﬁ]ﬁ@?ﬁﬁl‘fl‘*ﬁo i 1 TracePro 4K {445 4
U5 BT SR B B0 A 0 1 RN AR 4B X POF il
T & J65E BE Y AT EE S, POF T &t S
G A XoF A A R ORE G L L R O S B Y A
BN AT 3 A AE B POF B4 00 g 1% & — > 6 B
G0 A o A B ARG T AL A R A AR B 0 Y B
B39 14.0°,14.5°,15.0°,15.5°, 16.0° ¢ B & 46 )
M - B B R A R AN R 8 (a) ~ () s, Hi &l 8 T
DL B L 50 A5 A BE 2 R0 f 0= 15.0° R L S £F il 1
P BE R R e 2 50 L R L 8 (o) YA L L I B & O
SERERILIE M~87.5% . &l 8(a) MIE 8(e) 7R 41
RO S B B A 0=14.0°F1 0 =16.0"R 1Y
WERE oA B . XF HemT 0L /] 8 Ca) & 3 O R g (& rp
) iR EE B AR T A RO R Y IR, T
Pl 8 Ce) & 30T ' VR i A9 HEFRE WD 48 v T 32 8 O VR iy 14
MR, W@XT#&%EW&’?F%%M M=66% Fl
M==65Y% , 5% B 24 50 BE I R R . 302 T R 2

Normalized luminance

Normalized luminance

2 [ 7 1 D/ B DA 2 fel FECE R TR ARUR S
BRI 9] 2t /> B R CIL &L 4 FIEL 6) L FE 3T
U5 i 1) FRCRT A5 E T TR B A BT A B 0N R AR
T AR R ISR 2503 18 728 A 0] S 249 S o 5 JEE 52 i 857D 5
M7 328 125 6 U5 i 1) D' 2T 1805 o) B /N TS 7
R HICSRS T R B3 5 28803 1) 28 A %o - 2 R Dl 5 2
SO R ARG 1 RO BE S R R, BEE
BT 5 B 2 IR0 1 23 15.0°, RS FE 5 %
B v A [R) RS A 2 IR0 A Y RO X 20 B
2P, LIS Y HCE SO R RO M o 0 =
15.0%, Fe AL s 1 B 2 O/ 5 90 R BT B AF
TE2E 5 F R R BN R K (IBE R 2. T
TracePro JG2& 38 70 {7 LB HUAY G4 80A BR . AN fig 58
4 W O R B O 2 B, A, 3R 2 b T
LU B, B0 A B 2 IR0 X 0658 FE 3 5 3
Wi 858, BT B POF 80T 50 I 5 B2 A8 O 06 2
ORI AR G B DARRE MR 1A A TR B
I 9 BV R B LG A 0

Normalized lummance

1.0 1.0 1. 0
o (b) 0 (< )
. 088 150 150
0.6 £ 0.6 & 0. 6 |
£ 300 E 300 300 E 300
048 0.4
0.2 0.2 450 450
0 60 0 600 600
-300-150 0 150 300 -300-150 0 150 300 —300 150 0 150 300
X /mm X /mm X /mm
Normalized luminance Normalized luminance
1. 1.
0 0 @ 0
0.8 150 0.8
0.6+ £ 0.6
£ 300 &
045 0.4
ozl 40 0.2
0 0 600

600
-300 -150 0 150 300
X /mm

-300 -150 0 150 300
X /mm

8 AT A KK B 2 L £ X POF M1 & VG IR EE AR B RE R . (a) 0=14.0°;(b) §=14.5";(c) §=15.0";
(d) 0=15.5°;(e) 0=16.0°

Fig. 8 Influence of length semicircular angle of scattering points on side-glowing luminance distribution of POF.

(a) 0=14.0%; (b) 6=14.5";

2.3.2 BHELESFE R G EG TR

TE SolidWorks B4 H 37 #5578 i), [& 22 0 Ky
15,07 HiCSF A5 a) B[] P 7 gl e 540 vl 728 0 o 5
BE d 43 3h 0.140,0.145,0.150,0.155,0.160 mm,
HEAT RS AT EL, TracePro i 2L T 15 By #5645 5%
FEXT POF 17 & 't REBE 43 A5 (5 i ] 9 R .

K9 Ca) ~ Ced 43 3l HILSR A505E B d = 0.140,
0.145,0.150,0.155,0.160 mm W} &y I8 B 7 A5 &,
ANTRVBC ST S B R R S R 3 s, i

(c) 6=15.0%;

(d) 6=15.5%; (e) 0=16.0°

BO AT UL, 418 B0 F & 6 5a B ¥ 51 B /A N
M=86% ,F KM M=287.5% L A K, X&
T L poe ek £ 2RI E 5L Mk V17 R
ANTe f I O 1) HE AT AL S WS S BE B i AR R FE R
28 ALy 1) B R D A B A N T, R X
SR IO SR e A KL AT L, R T AR R Y
TR B B 2 2 B AT BOE REZ] POF K1
ﬁ%ﬁﬁ%%%mmw¢§%ﬁmmmﬁﬁﬁ
Y5y R AR K

1106003-5



Hh =] 4 it
Normalized luminance Normalized luminance Normalized luminance
1.0 1.0 1.0
o (2) Y () . ! ‘1@
088 150 085 150 88 150
0.6+ £ 0.6F £ 0.6+ £
£300 £ 300 £ 300
048 048 048 Q
ool 450 0ol 450 02f 450
0 600 0 600 0 600
-300 -150 0 150 300 -300 -150 0 150 300 -300 -150 0 150 300
X /mm X /mm X /mm
Normalized luminance Normalized luminance
om 1.0 0
0.8 @ 0.8 i
’ 150 ’ 150
0.61 £ 0.6F £
£ 300 £ 300
048 048 Q
02 450 0.2 450
0 600 0 600
-300 -150 0 150 300 -300 -150 0 150 300
X /mm X /mm
9 O S e FE X POF M T % 6 BEEE 20 A Y520 . (a) 0.140 mm; (b) 0.145 mm;(c) 0.150 mm;(d) 0.155 mm;(e) 0.160 mm

Fig. 9 Influence of scattering point width on side-glowing illuminance distribution of POF. (a) 0.140 mm;

(b) 0.145 mm; (c) 0.150 mm;

F 2 ASIRVECS S B B0 A 2 A
Table 2

Luminance uniformity under different length

semicircular angles of scattering points

Length semicircular angle of ~ Luminance uniformity of

scattering points /(%) scattering points M /%

14.0 66.0
14.5 80.0
15.0 87.5
15.5 72.0
16.0 65.0
3 AU s9E ) RO 2 8

Table 3

Luminance uniformity of scattering points with

different widths
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d /mm scattering points M /%
0.140 86.0
0.145 87.0
0.150 87.5
0.155 87.0
0.160 86.5
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Table 5 Measurement results of luminance uniformity for six-point side-glowing POF light area sources

Measurement results /(cdem™?)

Ne- 50 mm 15 mm 25 mm 35 mm 45 mm 55 mm
1 16.715 16.077 14.933 15.363 15.076 15.033
2 16.353 15.934 14.479 14.741 14.551 14.761
3 16.674 16.055 14.985 15.667 14.603 15.324
Average 16.581 16.022 14.799 15.257 14.743 15.039
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