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Abstract: For the special requirements of the liquid crystal image source of a Helmet-Mounted Display
(HMD), this paper chooses a smaller size and higher effective Light Emitting Diode (LED) as the
backlight source. On the light intensity distribution curve of the LED, a double-freeform-surface lens
array was designed based on the no-imaging optical theory to improve the backlight efficiency of the
source. Three lens arrays with different radii were firstly designed to form a round light spot with uni-
form lightness. Then single round lens was cut to become a rectangular light spot and 4 lenses were
combined to become a lens array. One lens with the best simulation results was selected to be fabrica-
ted and the backlight unit with such lens array was tested. The measurement results show that com-

pared with the common backlight source, the luminous efficiency of the backlight source with 2 diffus-
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ers and the lens array increases by 13.94%, the luminance increases by 96. 4%, the non-uniformity is

slightly improved from 23. 8% to 23.1%, and the viewing angle of full width of half maximum decrea-

ses from 37 degree to 19 degree. The designed lens array was used to collimate the light from LED

sources, satisfying the requirements of the LED backlight in LLC imaging engine of the HMD.
Key words: Helmet-mounted Display(HMD) ; Light Emitting Diode(LED) ; LED backlight; non-ima-

ging optics; freeform surface lens
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Fig. 2 Design principle of freeform surface lens

55 B 042 19 LED O 48 19 A 5T /1 B
[0°,60° ], AGT £ 60° 162k &5 5 5 IG5 S,
R r &b, T LED RN 6 otk
ARl E A H RS, WA oy kb, BT S, @R
(1 RE I 5 A 1 PR T S b R 1Y B B
555 Ry K B B L BAR A L il an T 2 o A BERT BB
AR LU 5 AB BEO9KBE LA [R] L BIA

i1 M, (1)
r JO 1C0)do
HY AT A (5D . B L TE A 3 09 0 5 43 A R
RACAK ), AT LA R A A 0, F1 H
PRl i LB v BIXTIE G R

61 ¢
J (—0.000 204¢° — 0. 004 60+ 1.004 0)do
0

Y

0

(0 << 0 <539

53°

0

6
(—0.000 2046 —0.004 60+ 1.004 O)d0+J

0° ’
(—0.000 267¢°F —0.008 40+ 0. 559 4)do
g

5

0, :
(—0.000 2046 — 0. 004 66+ 1. 004 O)d0+J (—0.000 2676 —0.008 404 0. 559 4)d0
5

5

(53°<C 0, << 607

e 607 ,
J (—0.000 2046 — 0. 004 60+ 1.004 o)d6+J (—0.000 267 —0.008 40+ 0.559 4)d0
0 53°

(5)



5 8 ]

P REK A5 BE T RO TR I OE M & BT B el i 7 1887

Bt NG 210 %1 120 A IXE]L 26 4
FOCLRBIAGT AL 0, 4
0;=0.51,1=0,1,2,"- . (6)
454 Snell & 57 JF R A2 (7) B AT 75 2
LED % i By 0°~60° AL 4%t B iy B i i 2% B
HIRT S, AR S, b AR R AR AR £
msin(0 4+ o) =nsin(, + ;)

My sin(az _62 ) =mn sin 67

tan 0, R
X1 Xo 11
Y21 Vi1
tan @ =——"—
’ X21 T A1 ’ 7

tan (90*0{1):u
X1 T X

Y21 7 Y20
X1~ X20

tan (90— @) =—

Y21 — Y31
Horp, Cagy yo)I0FR LED SGIRAIN B 5 Caao s yi0)
(g s yoo SR IBE BTG PSR (S, AL S) ) IR
B (s i) /N S, BRI A5 Cany s v ) 2
A CLAN Sy T B8 55 Corr s yo0) AT OGN
Sy MBS s Caoy s ya) S RSO S S, Tl 19 28
R0 BRI AS s  JE ASTIELR S, TH 1Y)
R EL T W 5KV m e S 0, )2 S M
AL 5KV I m I s o S S, TS
S, TAS M ELTT [ B s m Aoy 5353
Sy a5 SRS AR B AT AR

T 4R At % B T AR % e KT B T
BT 9.9 mm X 13, 2 mm B &R AR L 1 O6
%t A 100 1 mm X 13, 4 mm, fi & 2 X 2 Y
LED 451, &4 LED X% i 19 % B8 K /N 8 5. 05
mm X 6. 7 mm, Kk, A5 5 2 DN % E 5
5.05 mm X 6. 7 mm (¥ 5B, KN 2 2 AR
==4.195 mm, ¥F 34 PR (=42 mm,rn=
4,25 mm,rs=4.3 mm) T 3 HBEF. Ca, )
FCxso s y30) B E R (0,0) F1(10,0) , 3 3 MAT-
LAB 3R fif 75 #R2H (7) 19 B8 A B AT 45 3] 275 WA
phy ot A ) 2 A AR AR A O BRI IR 3 (a) BT
RS ANE ST EINE 3(h) iR L3 GBS B2
a1 piw,

Y/mm

X/mm

(a) W1 4R 75 B2 06 % 7R T2 1A
(a) Optical path of original lens

5 v
lensl
4 L
3t
E
=1
s 2}
1}
0 .
1 3
X/mm
(b)3 3 3& BEAME X LE K
(b) Outlines of 3 lenses
3 FlhhiEs
Fig. 3 Original lenses
F£1 3REENEITSH
Tab.1 Design parameters of 3 lenses (mm)
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Tab. 2 Luminance simulation results at 5 points
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Tab.3 Measured luminances of 9 points
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