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Fig. 1. (a) Schematic diagram of diffraction mask for generating horizontal flat-topped beams; (b) structural

of butterfly-shaped holes.
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Fig. 2. Structural parameters of the cylindrical lens.

WRAE) SCEE - SRR BATH AR 2K, Bk
NAKDGIAE 2z = 0PI RTEDEIA TS A

Z// Umo (0, Yo, A exp{ 2A [ndo+(n—1)( R2x%R)”

y0)?] } daodyo, (4)

A m RIS m AL HIT, wmo (0, yo, A) AT RV 106 L IRME 70 A0 bR, 1T AT R 7 5

LCD W ICIRE 21 RG], Al I AT S A 5 e diAE [

ANV, AT R B T AR IR e AR A 1

A, Bk (4) P EFR T daodyo FIFR TR S, WA Eid 20 = —h/2, zo = h/2 A4 DR you,

Yo2, Y03, Yoa FBICHTIIAR, 2 FR 43 5 H:

a a
Ym01 = T$O+§ + mh,
h—a a
Ymo2 = — 3 $0+§+mh7
h—a a
Ym03 = A o — 5 + mh,
h—a a
Ymoa = — i $0*§+mha

o
N

SIS Y ey
/N

o

N
o>

Zo

/N
8
S
VA
o

m=0,21,42-- . (5)

N
o

Zo

N
g
N

| >

144202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 144202

ZEFLCDH
H Sellmeier (A HEUA R R A

PR FOEGE 58 LK, HEIE B AR 3T 5 AR W, TR BK AR K n = n(\), T

Bo)? B\
(6)

By )\?
n()\):\/l+)\2_c

—C2+ X2 _(Cy

I By, By, Bs M1 Cy, Cy, C3 NFEIEHA B R B KRB IUEAE 2 = 2 A, ATASHRUCSE L A S AT

TN

u2($27y27227

=S 5 [T wnatznn e {128 s+ ) - i/ =1 ]}

1TC

><exp[—)\d0

H1 T LCD # 6y F 66, AR
NAERETG, P AR5 b A SR R 20 A 55 T
KATH G BE A 2R v 8 I DO, 3@ i W 2 o6 U 1 o
WEBR M, % — 2 P BN R A AR
(7) Xt HATHOC R A, A3 BRI LR
JesR AN

L
)= ali(wa,y, 22, M), (8)

=1
I ¢ EDEGIED GG Ay IR X 5 B AR
B E B 1R 55 73 A A 17 1 TR 28 AT R P 10
7 Fokefis i 2O, AU

K—
Zl Ij + Ij+1
2

Pt 9
Kk 9)

Horp I R T8 BB R OGSR, Tp NIEEYEE, K
R T BRI 73 0 H, R I8 B VA =
FE. FAEK (0 < F < 1), ARSI R
T FE 4t

Itotal(fEQa Y2, 22

HAEE

T 2 SR O 1S A B SR 5 BT OE AR R 6
T AE (LED) D6 U 56 185 AH X 58 B2, a0 3 B .
LED A RENTELL G BB e 5 e it
% AN = 10 nm P SE A FRECRE, B 3 i e s
T4 1) 25 35k K0T 7 AR T 58 B A .

HUE AR FH I AR S O Y BT 96
h =50 pm, NLEEZMEE 8 = 0.4; FF 17 5 9% %
b= 1411 mm, HHIEH M ZEFLE R = 2.67 mm,
FET B E S dy = 8 mm (10L& TR T B 48 1

e (@ =0+ n = )?) | exp |

—;—T(<(x2—x1) + (y2 — 1) )]dl‘odyodl’ldyL (7)

z2

PR ; A THE B AR N 5 F R TN 45 R H S (PMMA),
FRAE SCRR [19] 11515 2 PMMA f Sellmeier 582
MR REN AR 1 JEUR B N BUE T8 400—
700 nm, 1% (8) T AT EUE .

1.0

AHXFHREE /arb. units
z

0
380 480 580 680 780

Pk /nm

K3t LED HIGHEARRT 358 AL 0 A7 h 25
Fig. 3. Relative spectral strength distribution curve of
white LED.

#1 PMMA [ Sellmeier &5 AR R %
Table 1. PMMA material coefficient of Sellmeier dis-

persion formula.

B1 B2 B3 C1 Cc2 C3
0.25209 0.25209 0.17284 0.00992 0.17284 0.00992

SO WP S AR T B S T BE BN 20 =
500, 1000, 1500 mm 12000 mm, #8175 54
WO A 1) 6 5 40 A il 2R 0 P 4 s, T\ LG
EATRI G AT 2RI A — B, R (9) it
FOPTRR - F, 45 53 B A% 3R 55 B A O A ) 1
6585 A BIF TRFE (F ~ 0.89), @i 6 (a) 7~ Fili
%%%ﬁ%mmﬁ‘¥m%%mﬁﬁiﬁkﬁm
K. IR TR R N LA — 585, ik
¢%$%%%%ﬁﬁﬁ%EﬁETE@EM%m
WEBE W, fAE— KA. W T FIO6R, e m

144202-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 67, No. 14 (2018) 144202

2 1.0F @ 10F
ER RS E (b)
5 5
o 08 S 08¢
- -
3 3
= >
£ 06t F 06f
2 g
3 g
g R
g 04r = 04r
Q (]
B N
E ]
£ 02t £ o02f
o o
o =}
Z Z
O T 1 1 1 T 0 1 1 1 1 1 1
—50 —40 —30 —20 —10 0 10 20 30 40 50 —50 —40 —30 —20 —10 0 10 20 30 40 50
X5/mm X5/mm
s 1.0 2 1.0
R =
g 5
5 .
5 08 < 0.8
= <
3 <
= z
.*% 0.6 2 0.6
5 £
< £
2 0.4 = 0.4
] ©
Q N
N =
= S
g 0.2 £ 0.2
—
: :
4
0 0 =3 1 1 1 1 1 1 1 1 1
—50 —40 —30 —20 —10 0 10 20 30 40 50 —50 —40 —30 —20 —10 0 10 20 30 40 50
X/mm X>/mm

B4 B B B 5 8 ) 1 ' ot w0 A M 2R BEBE B 20 UL (a) 22 = 500 mm; (b) z2 = 1000 mm;
(¢) z2 = 1500 mm; (d) z2 = 2000 mm.

Fig. 4. Simulated distribution curves of the horizontal white light intensity on the receiving screen vs. the
distance z2: (a) z2 = 500 mm; (b) z2 = 1000 mm; (¢) z2 = 1500 mm; (d) z2 = 2000 mm.
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Horizontal white light flat-topped beams produced by
the diffraction mask”

Chen Fang-Ping Zhang Xiao-Ting Liu Chu-Jia Qi Yu Zhuang Qi-Ren'

(Fujian Key Laboratory of Light Propagation and Transformation, College of Information Science and Engineering,
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Abstract

The flat-topped beam is a special beam with wide applications in the directional backlight autostereoscopic display,
and it is used as a directional backlight in the horizontal direction. However, it is still challenge to white light flat-topped
beams with the traditional flat-topped beam shaper. In this paper, it is proposed that diffraction mask with butterfly-
shaped hole arrays and cylindrical lens be used to produce the horizontal flat-topped white beams. The surface of the
LCD backlight mask is covered by a layer of diffraction mask, where the butterfly-shaped holes are arranged in line along
the vertical direction. Simultaneously, the height and width, hole center height are kept identical, and the ratio between
the center depth and the perimeter of butterfly-shape hole is defined as the concavity. A flat convex cylindrical lens is
placed in front of diffraction mask gaplessly. The uniform light field from LCD backlight is transformed into the white
light flat-topped beams and projected on the receiving screen by the diffraction mask and cylindrical lens. Based on the
Huygens-Fresnel diffraction integral, the intensity distribution formula of diffraction of the single wavelength light source
on the receiving screen is derived. Furthermore, the intensity distribution formula on the screen is derived by super
positioning the multiple wavelengths. The proposed method is verified by both numerical simulation and experimental
validation. Numerical simulations elucidate the effects of the different transmission distance and butterfly hole concavity
on the white light flat-topped beam flat-topped factor. The stimulated results show that the propagation distance does
not influence the white light beam transverse intensity distribution characteristics of flat top. With the beam propagation
distance increasing, the horizontal width of flat-topped beam becomes larger. When the concavity of the butterfly hole
decreases, light intensity distribution shifts from Gaussian to flat type. However, the flat-topped factor decreases when
the butterfly concavity is too small. The optimal concavity varies from 0.4 to 0.6, where the flattened factor of the
transverse flat-topped beams reaches 0.89. In the experiments, films are produced with the diffraction of butterfly hole
array mask. The height and width of butterfly are both 48 pm, and the concavities of the butterfly are 1, 0.83, 0.66 and
0.83 respectively. The cylindrical lens adopts PMMA cylindrical lens grating plate, with a thickness of 8 mm, a grating
density for 18 line/inch, and the cylindrical lens curvature radius R is 2.67 mm. The experimental results show that
the beam transmission is consistent with the result of numerical simulation. When concavity of the butterfly is 0.5, the
flat factors of the white light horizontal of flat-topped beams are higher than 0.89 in a range from 500 mm to 2000 mm.
Moreover, we also discuss the dispersion effects of shaft flat-topped beams and off-axis flat-topped beams, showing that
the refraction and dispersion of the cylindrical lens can cancel out each other, so that the horizontal flat-toped white

beams is basically dispersionless.

Keywords: horizontal flat-topped white beams, diffraction mask, generalized Huygens-Fresnel diffraction

integral, cylindrical lens
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