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Abstract: Illumination system is a main part in liquid crystal projection display system, and is
important to color fidelity and other performance of a projector. As for fly eye illumination system,
the light efficiency would be dramatically increased, if the fly eyes lenses are well designed. Two
designs of the fly eye lenses are introduced on basis of the analysis on liquid crystal projection
displays. The sub-fly eyes in both designs are all rectangular, so they are easy to design and
manufacture. The light efficiency could be increased by decentering the sub-fly eyes and changing
their shapes. By simulation, the light efficiencies of these two designs are increased by 16.5% and
26.3% respectively. The illuminating light on liquid crystal panel has good uniformity. In the end,
two designs are compared with each other.
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Fig. 1 Illustration of fly eye lens array illumination system
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Fig. 2 Light distribution in angular profile
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Fig. 3 Light distribution in space profile

3 Wit
3.1 fEgigit

B 5 MBI B /N BRI R G FLAE A i e
RRBEWOBMEE, BRELZBRBHEH/NIR
RYFE T FLAE DA B BB S S MR i e B IR A R/
BEMHS] . LRI, R ERESR K PMER
SEAtHE B8 10 17 8 51, L FE A 4SS, B IR B S 1T Ak



53 A P EREFRRREEEEU RGN FFHE 589

HERBR I WELE L. WRERYLHL, B
BNMERGJLAPOY 5P OES. BYHE
MUK B B L B UR & H A9 1000 Im Ak &0t Yo 2
REBFAEERBES T _EFART746. 91 lm, FH 253 W
P4 B 285 R F587. 65 Im, BAFE R A4k b
RURE & 544, 79 1lm, & 4 & IRBE 1T _E A i
P B 45 5 MG TE 43 A5 LB L S O (8 b, B
A NRRBES T LS fi, AL
WIS RIS EREW RS, T, 2348
WG, JLREm AR E A E R ES [ LA JeREL
SRERMANELDRKR. RAXZEERBER

CANSD FRE JU s 20 T PEAN SR B DL BE A9 39 53 1 B
W B34 50 AR 30X 3 4y BERUH B A 80 0 A O B TR
BEAE USSR S BRI 1 Bs . 365 R BUE N %
REFLARENREZE. GRERN. EREIT
WA LR B IR RMER—9. 7%, &
HR R B 9 39 23 E BB T 7 R IR A9 Bl A LR
/NCA B BB B, FATTAE T T 4R B P A 3R R RE B A A
R R AR BT R o AE T SR AR B9 A B HE AR R/
B BUE R RA T REIREEE O, T USSR
e P N

Table 1 Nine-point illuminance data on liquid crystal panel in traditional design (lux)

11.4X10°  (+7.5%) 11.2X10°  (+5.7%) 10.2X10° (—3.8%)
9.7X10° (—9.2%) 10.6X10°  (0.0%) 10. 7X10°  (40.9%)
10.6X10°  (0.0%) 11.1X10°  (4+4.7%) 10.4X10° (—1.9%)
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Fig.4 Light spots on fly-eye lens [ (left part) and those
after PBS in the initial design (right part)
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Fig. 5 Light spots on fly-eye lens [ (left part) and those
after PBS (right part) in Design 1
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Fig. 6 (a) One quarter structure of fly eye lens array I
in Design 1; (b) One quarter structure of fly eye
lens array Il in Design 1. A: Optical centers of
the first column fly eye lens; (O: Optical centers
of the second column fly eye lens; <>: Optical
centers of the third column fly eye lens; +:

Optical centers of the fourth column fly eye lens
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Table 2 Nine-point illuminance data on liquid crystal panel in design 1 (lux)

12.2X10° (+2.5%) 12.2X10°
12.6X10°  (+5.9%) 11.9X 10°
12.4X10°  (+4.2%) 11.9X 10°

(+2.5%) 12.1X10° (+1.7%)
0.0%) 12, 9X10°  (+8.4%)
0.0%) 12.6X10° (+5.9%)
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Fig. 7 Light spots on fly-eye lens [l (left part) and those
after PBS (right part) in Design 2

FIS, MR- FEEARR, B ERERE T P
R, LR IRBES [ LR BRI WA
JepEdh 8 SN 6 5, BRIRFEE I FRERAYJL
I AR AR 5 AR B 6 BE R R AT 0 . RIRESR
I A2 i 3% 0 23 15 e J B LB 43 A L&D 7.

X B B R AR AR L B G RE A 687. 87 lm, OB RE
FIRAREERRITRE T 26.3%. WREREH
BF TS B AN A 8 BT s . A B HLIT B WA AR
JURCRFE G LR 3, RS2 —5. 2%,
] DL 75 5 AR B R e A 3 ST

A < +
Q N +
N
e} —a—— O +
F
IS
a o +
Q
N < + A o +
A <& + A o +
(@) ©)

Fig. 8 (a) One quarter structure of fly eye lens array [
in Design 2; (b) One quarter structure of fly eye
lens array Il in Design 2. A: Optical centers of
the first column fly eye lens; (O: Optical centers
of the second column fly eye lens; <>: Optical

+ .

Optical centers of the fourth column fly eye lens

centers of the third column fly eye lens;

Table 3 Nine-point illuminance data on liquid crystal panel in Design 2 (lux)

13.2X10° (—2.2%) 13.6X10°  (40.7%) 12.8X10° (—5.2%)
13.4X10° (—0.7%) 13.5X10°  (0.0%) 13.7X10° (—1.5%)
13.0X10° (—3.7%) 14.0X10°  (+3.7%) 13.0X10° (—3.7%)
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