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Abstract: An optical engine of the mini-projector suitable for the personal use is designed. It is a single panel
digital light processor (DLP) system by using LED as its illuminator and X prism as its mix-color device, which can
provide a 38.1~50.8 cm color projection display. The theoretical analysis shows that the design can satisfy the need
of the color projection display with the system efficiency 16.1% . The simulation by using the software is LightTools
made. After three million rays are traced, it shows that the efficiency of the optical engine is 14.6 % with flux 22.8
Im on the screen. The simulation results coincide with the theoretical analysis of the system efficiency. The ANSI
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nine-point uniformity of the screen is 91.55% , —93.36% , which can reach the specification of the design.
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Fig. 1 Optical engine of the mini-projector
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Color Dominant  Current Typical Radiation
wavelength  /mA lumens pattern
/nm /Im
Red 627 1400 140 Lambertian
Green 530 1000 80 Lambertian
Blue 470 1000 30 Lambertian
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Fig. 2 Design results of the projection lens. (a) Layout, (b) field curvature, (¢) distortion, (d) modulation transfer

function curves, (e) relative illumination
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Table 2 Colorimetric characters of the optical engine

Illumination system sRGB
y x y
Red (R) 0.69744 0. 30247 0. 64 0. 33
Green (G) 0. 2404 0.71406 0. 30 0. 60
Blue (B) 0.1439 0.034609 0.15 0. 06
White Chromaticity coordinate 0. 31064 0. 33126 0.3127 0. 3290
Field Correlated color temperature 6605 K 6500 K
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Fig. 3 Colorimetric character of the optical engine
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Table 3 Analysis of the efficiency of the optical engine

Etendue Maximum
/(mm? « sr) efficiency /%

Condense system 52
Input end of the rod 70. 83
Rod 100
Light beam outputting from the rod  13. 3 100
Object space of the relay system 21.76 100
Relay system 100
Light beam in image space of the 14,91 85. 68
relay system
Light illuminated on DMD 12.78 60
DMD 60
Projection lens and TIR prism 85
Total 16.1

RIFERRAGNEAREERSRAGHR
FREWELTHEEFRE6CTEE NG LED Rt &
52 RIFEIR . T e A Gt i A B R U SE 3R BB 4t
SRARG)G T B HETE A 5T v T8 A Y 6 B8 1 R
S5EANEECHEE R A, EMBERENSER
R ELA T TIEREN B T8 5 TIERBEMEHE
R R, SEPR R 5 MG R BE E /Y HAE
WEIZEAER 600, BEYEMEN R RE
BR300 6 2 2 1 3 L G TR Y 2% T S R R DA R B
TR AR B R U AR B, R AIE R 85 %,

MRHE LED |55 45 1 A9 I 45 2R vT 1, LED 7 ik
RIXSIF LU T Ho 5 Ot & 5 Kk R Z (A
R—MEgk X R . R\ —K KR, TLUBRE L
WK E G OLT . 15k 35 LED % i P 36l &
435124 101 1m,36 1m #1 19 Im, F b ¥ R ERE
ATLAFE 3] 25. 1 Im AY¥5) BB, BB W R IRTTEE R
3.3 XkEIEZEBEESHE

FI 62 05 B3 LightTools # 17 @8 5 5
B AP 4 B RGEERL, K LED SGiEA
HEHE A AP ISR &, P IRE LR &0 B A&
J& B DGR 43 A0 Hh 2R U Y- TH OB IR B A RO R
4t LED fotE &, 4 35 101 Im, 36 Im F
19 Im BUF B A AR O 16 XX 12 /Y T3 I 59 55 1
F, XF BRI 300 J7 Ak 6LR, 15 B 5 WY It
T DA K5 #E B B Ay A B 5 TR .

B 4 231 %7E LightTools 4K/ i REHLLE R
Fig. 4 Model of the optical engine in software LightTools
5 Ze 0 Sk e Wi ET b BROBE 4 40 A 1, o 2 Al
o7 B2 YR O (A BR B RR(E A A A B L . A A R
BESF AR E GLRT LAE 22 M T b A B BE 457 B AR
¥i5, o e Oy S S v T b Y 35 I B K bR HE P 2
MM LR IR S 98. 8% M —97. 85%0;
HEMEEERZWEDSRE N LEREZ SIS
91.55% 1 —93. 36 % , W £ KF 90 % I8 4% .
A AR BB R T AR RGBS EE S R
SREHCRREURRERBINR 4 Fin.



5 B R

BB ETI R 917

~~

X

=)

—

X

e

-2 ¢

s <@

==

= 3

SR
e 1

- Lo
-2 -1 0 1 : -
& /mm 0.0011 count

Tuminance /( X 10? Ix)

i’il’”i!n{ﬂ!l”l?l;”"
-

-200 0
& /mm 0.0011 count

B 5 1Bl 300 HANMKERME AT, (2) LA wE. (b5

Fig. 5 Illumination distribution by tracing 3 million rays. (a) Output end of the rod, (b) screen

x4 HAKEBBERBGIH

Table 4 Analysis of the ray-tracing results

Flux /Ilm  Maximum
efficiency /%

RGB LEDs 156
Condense system 41.5
Input end of the rod 64.8
Rod 83.3
Output end of the rod 54
Relay system 81.5
DMD 44
Input surface of TIR prism in 26.4 60
projection light path
Projection lens and TIR prism 86.4
Screen 22.8
Total 14.6
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