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High Efficiency lllumination Light Path Design of Projection
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Abstract: In projection display technology, optical engine is an important component, and its key
parameters of light efficiency and homogenization, etc. could directly affect the final performance of the
projection display system. In this paper, LED was used as the lighting source and Fresnel lens was
used as the uniform light device. The illumination light path with high light efficiency and high homog-

enization was designed , providing a reference of the follow-up research.
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Fig.1 Luminous intensity distribution of LED
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Fig.2 Sketch map of Fresnel lens
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Fig.4 Collimation optical path of three piece lens group
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Fig.5 Light intensity distribution after collimation
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Fig.6 Lighting light path of LED projection display
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Fig.7 Simulation diagram of illuminance distribution on re-
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N ST/T 11298-2003 Ay ¥ &) 1k 3 & 2% =X
(2), AT BE A 34 2 1 R 90.34 %6 , A Eb F R4 i
SRS 81 % B s AT Fr it

1
K_{Wmm/(g fW,,)}XlOO%

(2)

Aof KA, W 10~13 S /M, W,
1~9 A5 (1

B I, >R FE R 43 ROk Tt B8 1 28 4 A > 24 R
R MW LED BB, =8 LED W# EH IR N6
A Ho A 0% % R L IR R S0 G
F2HR  HOCRER FH R N 64.20% 247 Al EL T AL
Gy NEHESIE R GE 45 % MG RER 3R T4

#*2 BARZAEFARUKLEE
Tab.2 Test data of light energy utilization of lighting sys-

tem
i I RGG SLRERI TR/
LED LED i & /Im

YOG i /Im (%)

2140 LED 3 900 2 504 64.20

40 LED 13 000 8 350 64.23

% LED 1660 1065 64.15

3 Z# #®

KIPRLED B &AL # T LED SR 5% 1 &

J& , Hor 2100 2 G0 B AL O RE A T R0 20 B RUCR
HARBEREW ., SCOHURIR LED /AL, JF
TRIRBEBAE 2D e de F it Tl T R AR s i 2
BT B ROCR B DG F OB 2] 1
BE T 90.340% , JERE M I RIB B T 64.206 £ A1 o
AR EE T RE I AR B i B e b BRI D %, S
VA TRORIPERE ST, IR SRS R it T =
% B —EME.

2 % x #

(1] X Ju, 2= g BEARE S ¢
#t,2009.
Kessel P V. A MENS based on projection display[J]. Proceed-

ings of the IEEE,1998,86(8) :1687-1704.

ARBER M. BTN < W7 TR 2% A

[2]

[3] Huang A L, Florence J M. Liquid crystal projection display sys-
tem: US6309071 [P/OL]. https://www. freepatentsonline.

com/6309071.htm1.1999-08-04[ 2001-10-30].



2

i Pl 45 JE T AR IR OB BT A e R AR IR WD % i 137

(4] Z4EMS BRI LCOS#3 Won B R [T]. DU REM AL 5 85 12
1,2014,20(6) :194-198.

[5] #AEN . DLP—H85 B H AR 0 ay [J]. 4 FHT R 2% ),
2007,16(2):98-100.

[6] 2= M.HERRAECEEARFRID]. L8 b EB 5
AK2E,2018.

(7] M Mg, e BRHJ,5 . T LED /Y DLP 45 B oR b2
SR [T]. AR BN ,2012,4:49-53.

[8] #hnfd . ORI 5% WoR 2R 40 b TR At TR B I 52 AR RO Bl s
THBRBAR MATFSE (D . BUM « VLK 2, 2010.

(9] PMHEZE VR IREVK, R 45,55 . RESE A mr il m G 24 505 B 1 41
PE R G2A TR 5 [T ], 404N AR ,2012,34(1) :44-47.

[10] X7k i . 57 BOG AR /R i3 55 5 Ktk e 58 (D], 1A RV
M 7R Tl K2, 2012.

[11] EWee, &8, Eali, 25 . 0T LED G 1 56 AR v 1%
RHFFET]. B TR 2R, 2021,32(1) : 14, 11.

[12] #2222 JET LED MW DLP 5% BR RS W5 [D]. b
WL R 2, 2008.

[13] X0 5 . A5 A0 00 B BT S B 03[ D ] AR « B R K%,
2012.

IR 1IE 2118 <11 J11E 2HIR SNIE 2UIR <11 JTIE <UIE SHIE 2UIE <1IR ANIE 21IR SHIR JUIE <1IR JNIE 2UIR SHIR J1IE <1IR VIR 4TIR SUIR JNIE SUIE VIR JTIR SUIR JHIE <HIR VIS JTIE 2R SNIE 2UIE SNIE JTIE 211 SUIE SHIE 211 JTIE <1IE SUIE JHIE SHIR VIR 2118 <1IE J11E 2]

(E&FE122])

WIAT 5 i 0 AR i A7 4 B U, DARES S A 4 Ol
S FRARAN B S O 25 52 e iR i &
T 2H EAE TE SR FH SCH A i A 4 2O Y I
SRG, LLVEE #E v BRI VERE 4SS 1Y)
% % .

4 %

BEXTBLIE B 3 R i Ml & T B S AT
BRI K AR BE T R R e RO, BT
Kogelnik BIS I 18 110 5% F B AT S 2005 =2 8] 19 56
LR ILAM RS R A E A S R
J5 53 BT X S 4 A Y A A E L B 8 0 SRR Rt S
B 43 BT T R ' iR R R B S IS [) X6 AT S RO A S e
B2 1 BRGS0, TR A R 4 EOGMEEAT Tk
KABIE o W 45 2 3% B 3 ok A & B R 4 56 g
AT SRR IB B 900, il S8 Ik B 247, HA B Y
S bR g A A -

& £ X W

[1] Chang Chenliang, Kiseung Bang, Wetzstein Gordon, et al. To-
ward the next-generation VR/AR optics: A review of holo-
graphic near-eye displays from a human-centric perspective [J].
Optica, 2020, 7(11): 1563-1578.

[2] Maimone A, Georgiou A, Kollin J S. Holographic near-eye dis-
plays for virtual and augmented reality [J]. ACM Transactions
on Graphics,2017, 36(4): 1-16.

[3] Wu Z, Liu J, Wang Y. A high-efficiency holographic wave-
guide display system with a prism in-coupler[J]. Journal of the
Society for Information Display, 2013, 21(12): 524-528.

[4] CaoC, Liao S, Liao Z Y, et al. Design of large field off-axis re-

flection optical system based on free-form surface[J]. Acta Op-

tica Sinica, 2020, 40(8): 0808001-0808007.

[5] Zheng Z Z, Yang Z, Xiu L. C, et al. Development and applica-
tion of high diffraction efficiency short-wave infrared convex
shining grating [J]. Acta Optica Sinica, 2020, 40 (12) :
1205002-1205010.

[6] Amitai Y, Friesem A A, Weiss V. Holographic elements with
high efficiency and low aberrations for helmet displays[J]. Ap-
plied Optics, 1986, 28(16): 3405-3416.

[7] Murakami E, Oguro Y, Sakamoto Y. Study on compact head-
mounted display system using electro-holography for augment-
ed reality [J]. IEICE Transactions on Electronics, 2017, 100
(11): 965-971.

[8] Duan X, LiuJ, ShiX, et al. Full-color see-through near-eye ho-
lographic display with 80° field of view and an expanded eye-box
[J]. Optics Express, 2020, 28(21): 31316-31329.

[9] ShiR, LiulJ, Zhao H, et al. Chromatic dispersion correction in
planar waveguide using one-layer volume holograms based on
three-step exposure[J]. Applied Optics, 2012, 51(20) : 4703-
4708.

[10] Han J, LiuJ, Yao X, et al. Portable waveguide display system
with a large field of view by integrating freeform elements and
volume holograms [J]. Optics Express, 2015, 23 (3) : 3534~
3549.

[11] Mukawa H, Akutsu K, Matsumura I, et al. A full-color eye-
wear display using planar waveguides with reflection volume ho-
lograms [J]. Journal of the Society for Information Display,
2009, 17(3): 185-193.

[12] Piao M L, Kim N. Achieving high levels of color uniformity
and optical efficiency for a wedge-shaped waveguide head-
mounted display using a photopolymer [J]. Applied Optics,
2014, 53(10): 2180-2186.

[13] Kogelnik H. Coupled wave theory for thick hologram gratings
[M].Singapore: Landmark Papers on Photorefractive Nonlinear
Optics, 1995: 133-171.

[14] Guo J, Tu Y, Yang L, et al. Holographic waveguide display
with a combined- grating in-coupler[J]. Applied Optics, 2016,
55(32): 9293-9298.



