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ZFAlo] : Micro display, Light engine, Projection lens, Relay lens, Fly-eye lens.

L A =2

AA HAE TV AL fAE 35 243 W v o
W B4l I¥3IFCC)7E 2007 A7HA] HAE FH el WA 9
2315 38k 5 2239 4% ©A ] x3je= PDP,
LCD, Z2AA TVY A% gdi7} oL 7143t 51 ok
PDP TV} LCD TVol H|a| 244 TVE| ¢ W& 714
22 50%1%] o4e] diFtH S TS| HA A &9
sle} mshAof thgt Heto] @ EI Qith
2 =2d4e 3e 9@ u3kd, T2a gtEs 3
ntola 2 tjAZgjo] AXHmicro-display, MD)?] LCOSE ¢
|3 Z2AMA TVE JHAE AASHATE 229 a4 E
AAsl7 e Hadt Z2A4H TV 4HFE Fshizl
of 7ol thigt 7|22 dejof sl =olstalet. E3L
A9 A d Sl AR EE 250 U 3t &
HFE o] §sto] 27 FaHA 9] S0 YT A7 e
first ordersof o3l thEAch
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7181 AQl F2e EAE UFAIEE HF A
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HAEgom, MTF 2+ HA| fieldolA] F2Heats 60 1p/
mmof| B3] 35 % o|de g fullHDg LR =E 7513
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2 FUsA BEL fly-eye
lense} mlol22 CjAZeolo] 5] 23] A ALgE
L relay lens2 PHETE 2FE G FARFIA] s
szdo] SehEAste] Shake] TV g4e 7@ Hck
Bee PAL L FHUR), BUGC) T FPUB)©
2 Belsta wlolaz tjaZeolo] 42 2@ste] dojzl
G Th TR GBe B |

& @k 2EYHAE 2= B2E ¢

22 MZa| g

upo]3E tAEHe] 7|¥re] TRAH TVE FEAHL
13%E, =S 3 HzO] Y-S RGBE #2sto] 3719
panelof YAMA|ZIT} 17]9] panel2 WSXGAo| siFE=
1920x1024719] 345 7FXE2Z 3-panelS AREE AL 3
9] H=E 7HX A "k EI ZF 347 RGBE £ EA
gome JRPEE AAH LIEF de Aol 7Hssirt

3-panel AHEE HE HZoA ves WA JFYES
dichroic filterE A}E§o 24 RGBE 7z H2l3le] panel
of JARA AL F4E mirror I T TE|ES AMRSE
o RGB ¥4< A ZAgsHAl Hot olzfst AlA”lS AE
g AR ohe, FERlzle] AT} vto]AE tAEY
oj9] B wet oy 744 F2E 71t

£y LCDS} 22 7|&£9] no|ag fAEY o] AL o
717 |2 ZfE0] Wot ZF 3hahe] 7k o] wof] Ko,
YA DLP= A&9] WSS o838t 3 a8 $4
Tk 7tAo] & 40 F7)of sFE= A& A7)0 gt
Agta} er3EErt =8 fulll HDES waiid= F3o) oy
t}h 1of whsj WAL LCOSQ| -9 F &EE&o| F3L 9423
hE&3 B2 3 = AT FEE 7HssHA gk

durz el MEe A e - RGB ZHzte| F2Ao] §
UstA] 7] W&ol relay lens®] 1Ado] th2A Ed, whAb
3y nlo]a 2 tyAEH0]|9] BE Z} panelo]| ZE|EE AME-SH
3 A fE F7HHe R XprismE ARESHA HER
/Aol BRIt

B FJpois 3709 color-select wave-plate?} dichroic
filter, 18] PBS(Polarized Beam Spritter)2 Z§3l 2 a]&
ANE At M FAE T8 29 2ol S &
=2 F43IAcEY PolarizerS ARgsto] WAiF-S WHFA|F)
I =ZgZo] YASHA EHH color-select wave-plateo]] 23]
RGB 5 3}12] HFEAS ¥3tAA PBSe| 93 EajAl7]
o} AE2E RGBE 2249 panelof] YAMET F4E oA
HRAAIZD 35U 4o 93 RGB P4t FAsHA €
o} o) A8 A AT MEE 242+ 9) RGBO) ntoja =2
tAEH 0|71 o] FEA o] ZOBR relay lens9] 4ol &
o3t ZEjE oA AEe W o] rMedtEE Mg
FAA F FAol 71 Dedto] FElxle Hu W FAE
34 &4 5 Uk
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ool 22 T AZHo]2 AHGEIL LCOS pancl& 9] 5
QA AR BohselEE pRE GAS Aade] F
AP SIS Beo] ashl Bk Fakae] Fo

= 210Y S2(HD)HZE AMSHE FZoA Yes &
U3 WE panel®] HHo|| Yfal FASHA 2ot 2HF
A7 a73Dct B A3o)A A3t Kohler illumination
system2 Felo] LHES A FARIZA S YaMzol
AAANA FFgas D e BE 44=E F7HII 9
Lo Lt = WO intensity= T tE] FUsHA] L,
ol Wol njol22 TASO|LCOS) A} Lhew
2z Aol W7t FYskA ol FlDE RUES 5
7FA17171 9130 fly-eye lens(FEL)S AR§-3tch Z738HA9
4] FEL¥} panel®] F7}of] A&E| ZHI=Z relay lensE T+
Aot 21 F=2o gk 271 AASHA, Tof 9A 71E
A Al ZolA 25 ARS8 oS 23 AT
& 54 zuYsAE AAsian g

29 2748 BEAGES 2o 1S 23]
AeiAs AT W vjolaz HaSdle] A7), T8 FA
FotAo] Fnumbersh 23471218 WA 2sloret sk Y
nE 2AZ B PR 49 9L SARIZ
Aol o] B2 ZRA YAE U volaR JAS
Yol Foi2l B4 H(conjugate point)ol A FLwel S
< 3A =Hroh old A BolHe ol8dto FFAdut
HzgAe] F4 24E B3 FEAY 1S FAs
= Fly-eye lens®] beta angleT} relay lens®] AL 5
shol, ol et Buek Ao 2R T 4 ok ol
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ojtk. 71M, n'E FH9 =2-E, n2 43A7), 28R v
2 AEolAe 257t B hwp & UholAR2 HAEY
o] BRI g, fr & FARIZO 237 otk 459 33t

o]
2O ke FARIz 2872 L YAEY 3718 ol%
stof 447 T, olzrE BAZY BzaT()E HY

ato] JAbzE uol BjEsh= fly-eye lens®] beta angles 3
d 4= 9lck ol#gt xHzAT 1Y 39 2HFEA Y 4
O RBE relay lens®] 2FAZ(fr)oll HI A2 ok 2
o] Fojzlch

ham
tanu

fr= (3)

Fly-cye lensi= F=RES #USHA diF= 4L ot 2
WA FEL-S ARzt A o] QJatEls FAE HolFER relay
lens®] QAMZrol| FFE FA| Y=tk wWEbA relay lense
FEL] beta angle(w)® Y3 YAZHE 71X B & nlo]a &
faZdol @7|e} 4 B 2RE 2¥7ARE 24Ut B
12 B Aol ARSE = =27, LCOS panel®] At 1
21 BARZO BEANFS 7| GO R B, 2E5FA £
A 9 P B o8t dojd 2gFEA 13
K(first orders) o]t}

3.2 Hy-eye lens A7

Fly-eye lensi= o8] /9] lens cell2 FAE]o] Qlow, ¢
cellZ A= P& 7H7t)h & =2o)A= 169 2fo]E(wide)
o] alo]2R A ZH o|(MD)E ARE3}7] W&ol FEL cell
o] Hel= 16:92] |8 Zh= rectangular -8 AMESIATH
Rectangular 32 QRHz{Q] F3tA HA JARYEE 2

B 1 z29Rso] AR A

NO % 5 a4 g s
D : 60.02
1 YE 77 mm
H:5 | V:30
2 LCOS Panel =7| 0.7 inch, D/2 : 893 | mm
) YArE A7 4 mm
3 | BEAHEIA _ 9.58(in air)
b X
472 14.5Gn LCOS) | ™
4 | Fly-eye lens beta angle (u) 3.56 deg.
- 143.88(in air),
5 Relay lens®] %%
clay lens2} 272 218(in LCOS) |

A gong x2(IR)T y-2(HD) APt 2zte] 7
Z(aperture) 7|9 YA Z=F T3 fly-eye lensE A
A5k

Fly-eye lens= ARJo|lA 818t= Lol 27] W F=f
2o #YdT=E st A aray +5 ZA3ch FEL9|
cell 277} Zo}AE lens array = 2715k MDoj| A €]
FUEE F7PA e, E3 2R} FolA e &
szl A0l hesich e AR 3 TRl
ZRlo|4] WA 27 FROINE Tl B w
ST W celle] 47k YR A A9 FRU TS
WA BHEE 2540789 cell & ALGSHe Flo| ETkHolL),

ZA%H FELY array 420 YZ =7]of| sjgsh= W& 1L
2ot ZH2kel cell 27)7F AsjXch AR cell 7=
FELS] QAbsol 833t relay lens®] 79 MDo} 27|17}
UAFES] W7ol A 2EBTHAL] 5L Il =
H2AE WEAF)7] Y8 FEL9} relay lens®) F-number7}
SUst=S FELY) 237428 2Rt

Fly-eye lens®] 7} cellol]l thgt 2-A (e o3 2ol
Folxir}.

f of relay lens

"of FEL= FEL jze X
fof cell size Micro display size

1Y 4% FELS| FAES relay Hxo o3t ZHAYE
Hojzoh FH=E EH FELY cello] YAbs &S st
relay lenso A= MD7} QA 98-S gith + FEHA= &
U3t F-numberE 7HAoF FE2 Al(4)of &Jsj4] FELS| 24
A7t AR Eh MD9| =719} relay lens®] 2FH A= o]
o] AN 2RE & 104 FP o, FELY array 8 2
A cell 27] @ 2HAYE ARt

2 dFoAs LCose Fe| 2 ARH7LE st
FEL9) Z} cell& FAIZE o2 16:9 v]-&-S 7}A 0 5%5 array
(257H2 449 FELE A8kt FELZ E93(molding)
B o 2 A AS 5|22 convex-plano FAOZ HAF oo,
A A FELe] 3o & ®¥A FELE 9XAIA A
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1% 4. Fly-eye lens X relay lenso] &J3t =7 =]

# 2. Fly-eye lens®] A AN

NO ¥ = B4 4 o)
1 Fly-eye lens2] A A7) D: 1262 =
H:1 |[v:619| mm
2 | Fly-eye lens®] beta angle D : 336 deg.
H:3.09[V: 174
3 | Fly-eye lens array2] 7<= 5 x 5(=257H) EA
4 Fly-eye lens®] 2477 101.8 mm
5 Fly-eye lens2] &7 2.5 mm
6 | Fly-eye lens9] =& 53.0831 mm
7 Fly-eye lens 7+ A=) 99.7 mm

2472 WA 2T, HAFo] ohd AZtolA U}
He AL mlo]a 2 fAaEde] Al BE PEHES
gto] 2R aE&S Hoist stch ol3t =HEALS st
1, A@eh B 14 Fold £BBIAY 1o myH
&9 fly-eye lensE HA3}F L & 2+ fly-eye lens9] A
A dole] R 48 Hel A ek

33 Relay lensS| A7

25FeA1e] 2 AA ®¥go] S relay lens€
F-numberi= FARFEACL FUsHA AAste] 2% 240&
HEAIZCE F-number7t Zolx|H FaHA|e] Hrj= S718H
A YARsoll 3liFsH= LCOS panel Z171€} A4 7Hs35 &
At A S AlFS Tefste] AEE @& Al

£ AFolAl relay lens®] AAIAISFS F/2.4, 9342 3.56°,
agjal FiEolA 2-dAs 143.88 mmE FASG]
Relay lensi= 381419 AUytZAQ] A5 Erh= LCOS panel 2]
A7]ol| 2HA 2t IS GIEE /MY FHo He
f2LE Ao JILxte}l a4l E (telecentric) AL WS
& AAIShs Aolth o7|A gl A4 A7IE W
3} AlA A= 2Yo] HE WA vHE £ loEE Uvky
o= 0.5 % ugez MASor gk aein diEy
FHL FEAY SAENARE =S ST FYsHA
ZAF5to] panelof|A1Q] YARZIEZE 000 7PEEE HAIS=
Foltt. Z2AM TVE FsHA= e 44 2

SHE o 8FuE phe Yot FES ASUT) 2 FARE

3.5 M
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a3 5. A AAF relay lense] FAE

o YAk ZHETt 4258 B2E FY & 2lom 29
FRoIN FA) e LU Fast & 4 Stk T 2
JAES 218 WESHe FEPE panelo] o Fo] uE
B2719) HSRE €Y 5 Ul AR ZEol JAshE
=g ZA & 4= ekl

olgldt aF2AEL ust FHZ HAH 2HEIAE
relay lens7} 18 50|t} A|ZR2 1123}e] bi-convex, convex-
plano®] FEZ HAEG o Mg xejE 9 7|e F3t
HEo| YT 4 =S F2HAUMBFL)E 96 mmEA F
23] 24 stk YTk A fieldofA -0.5 %n|vto]w,
AbAo A F33419] AOI(Angle of Incidence)x= 0.3°u|gto &
dejiles] 24E TEAZY. # 32 A HAE relay
lens®] d= dojgolct I 304 F0JF relay lense] YA}
T 7L 60 mm ©]i1, LCOS wjAuUollA 2HA = 218
mm ©°|c}

P

X

V. EAEE M7 2 MsEt

4.1 FARZSAe| HA SH MY

& AFelA dAstaA sk FAREEHAIE 6094 o4
o] iy B, ore FA g ushE 2R AlL"o
2% HeRde SFAIEAE I F2FARE #2
FZtolw HMEY 7S BEATE POl ol
55 1Sty FA 9] dAFE, gAYl 4, 1
AT B771ES 2R vlelag fAE el 7wt
ARFEA M B 52 Q& first order 5412 2| 3let
Lze2 ARt
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£ lo M i
_‘J,{mlﬂoﬁ



244 F=FstEA) A17E ABE, 20061 69

F 3. Relay lens2] AA do]g

NO Radius (mm) Thickness (mm) Glass
OBJ INFINITY INFINITY
STO INFINITY 0.5
2 335.50 8.0 BSC7
3 -335.50 130.95
4 78.487 8.0 BSC7
5 INFINITY 42.52
6 INFINITY 25.0 BSC7
7 INFINITY 250 BSC7
8 INFINITY 2.0
9 INFINITY 1.5 BSC7
IMG INFINITY 0.0

FAEA o zagstA aeln gaZgo] 4, o
Al 7ER)9] AaaAE HAs| 1este] dAEE ARFS
Felof BAE0] e FAE FEY S Utk E 4=
AREEHA O AAEE A 2 A5E7t 71ES EAstn
th ox"d Z2AH TVE 0.7¢1% LCOS wtola 2 tjAZ
#olg ARskglaL, uto]a 2 T AEF 0|9 A7|et A3
271§ n2jste] FARFsHA| 9] 3HZHFOV) 9 SAMAE S 2
otk Falxe] FAE Zol7] oA FAREHA <
3H7ke gocolte R dAetla, mEbd 2FAEE 102
mmA 7} A3, o] LCOS We] tjAe Z2HES 1
g o 15.5 mmof sFEch LCOS panel®] 739 WAL
dageo] £ztolBg FHES Iefsto] 2¥AE 2F
jof gtk

P B2k AA 7198 T HjAE retro-focus
ol Hdsttt. Retro-focus FEE 27 FHARM 122
(-)power, 27-& (+)power HIX|E B3l & 2JA7 2
AAY R 2 FEAE Wotn, FARgsA ] Y2 &
AAE A7l At Fejolck!'™ HDTVE B4}
FAE AAS] A8l FaAlsord Fe B4 WL 3t
7y, ¥\ A ZR2- F-number, W2 uh¢] Bulf, wig, A%,
Z87) 92 oty AA FERIZY FA= FAREEA L
folding & o A ¥y WREH QWAEAR L] Az o
q.[ll,IZ]

30 4w

4.2 AA i o Hxs opy

2}, F-number, 22}, 2872 59| FsHA9 4 27,
A & IEste] JEAY FdHS HES §F 27 F
A diT 2HE BAF  A=ES A5} YL Y
ot 27] FetAle] Aol wEh HIE = e AAW
ot eapghe 9 O 7R A7E FRIA =Y ol A A
ol stA| 23| dAste] Yt FA 452 st #
& T e & Uk & =2olA= F24, 8 810, 1
glal 2¥A27F 102 mmQ) FAS Ex=2 HASIcE

Z 4 BAPAL YARE AF B 45 7lE

NO|  PARAMETERS FIRST ORDERS  [%H¢]
type 0.7” LCOS inch
. resolution| WSXGA(1920x1024)
1 Micro , 17.86(D) x 15.32(H) x
display size mm
9.18(V)
unit pixel 8.5x8.5 um
2 Screen size 62", 71" inch
3 F-number 2.4
4 Field of View 80~85 deg.
10.2 (in air
5| Effective Focal Length 15.5 (ir(l LC O)S) mm
6 Back Focal Length 60 mm
7 Over All Length 300 ©|3} mm
8 Wavelength 620, 550, 460 nm
9 Relative Illumination 80~90 %
10 Angle of Incidence 0.5 =gt deg.
11 Optical Distortion 0.5 o} %
12 TV-Distortion 0.5 o9t %
. 0.0F | 70%°]4 at 60 Ip/mm
j3| Image g;f‘;ty 0.7F | 50%014F at 60 lp/mm | %
¢ ) 1.0F | 30%0©}4}F at 60 lp/mm

Retro-focus ejQ] FARGEIAQ] H - skzto| Ao wet
Q27 2A HAEHA HeR2 ()78 AAE meniscus
FHE Pk Aol Anpold, 3 WK A== v|7LES

Hgs1oict. 2719) power W7} AW A== s
HgE F3t] FBA Y error F9) g Fo] Uit F
Haha] Tofaol & Kok R0 BAZ vTE A=2
A, stop] HA, FHFFUGoIH, 53] FAdo] FaHHo|
AL 7o} 2 A A B F A5Askel 2ol
2 5 e AN Fosjof it At BAES 9
o ul7E dx Fgde] YA B A0 458D,
FRRAE B dAHE 2] St o] uT
B sk Zo] Enaole
¥ ATol4 AgE uTE WAL hewt 2ok
h2/r

Z= + AR+ B+ QB+ DR+ (5)
1+ V1—-(1+kh 2/r 2

A7IM, h=Val+yE z—y FHEN FHPozRE]
R AT, k=—e’E= conic A, I8 e o] AE(eccentr-
icity)o|th.

3-panel@ ALESHE SARRSIAS Aol ARel Hol
A 2 panele] YAl W) SO} chaAl Bk 2
paneloj| A ARNE-E]= 2 HATRE 1125ty 3 M

4712t 7 panel 7+9] tAE zoom W= AAEC A
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Positicen: 3
Scale: 0.71

LIS projection lens LY 21-Dec05

I™ 6. HH AAE BARISAY] He Hele A=

WA & YX](zoom position)of A= Red (650~590 nm)o| 3|
Tt o M VRS a1, F AL A Hh &
Lx)9] AL Z}Z} Green (580~520 nm), Blue (485~440 nm)
o siFste T MY 7HERE Uk Zoom Yoz
M52 S4A panel 1] 7HEE AT MEANE Ha
siRte2x BANGEHA AR ultE Zoln A5S =Y
T Atk ZE F RN HE A5E U= ¢ JEE
7+ & X 3 HAES 7HEAE AAYsln 243 e
Bt BAGSA S A S

43 87 Z2 2 W

Z2AH TV-E FAREEA 7} ThEsjof = EA 9 222
2 DSl A WS, E S 42 AAE A
SA1e) A dlolgoltt. 19 62 A HAE FASEEHA
& WEE Agelol He(folding Hejo] THEolT: 4
o Fehe] EAEACIA 3 WA wolAl wajeiziAe) A
27} 122 mmolH, o= ZR2AM TV TAE 2AsHA =
ok 39 72 3H AAE FARSSHAS] & 91A] 2(Green) o
A9 PAEALE Bk DA B 5 gl%o] Mo
E 2 0] eHgF o) FAAHE 243 U fTs
AE #2315k 39 89 (a), (b), (0= 2472 & $A
oA 2H HAHEH FARZEA L MTF E4Jo|t) I8 9= &
HA] 29]4] Through Focus MTF9| EXJo|of AFwo| F7F o]
FEoE BARNZE PFAQ %S FETS o 4 ot
TR AZHY] F AAoM= %Al AOI (Angle of
Incidence)= F fieldof|A] 0.3°w|vto g HA BF ZHS =
g},

Ai}Ao g A AW FAEEAE fullHDG Z224

245

B 5 34 A" EAREAY 44 glolg (39 mm)

NO | Radius { Thickness Glass NO | Radius | Thickness | Glass
OBJ [INFINITY | 850.0 15 | 486.325 9.0 FC5
'E4SR’ 16 | -22225 3.0 LAF2
127.273 ng=1.5299
. .883 .
1 (o) 45 o= 15365 | V7 49 05
ne=1.5270 1 18 | 465.745 6.0 BSC7
400 19 | -32038 30 | EADF50
2 12.261
(W) 20 | 64743 8.5 FCs
3| 83.120 7.0 BSC7 21 | -54721 | 2729
4 167.230 3.176 22 133.492 6.0 EB/;:;ED
5 105.023 50 EFD4 23 | -133.492 0.5
6 350 12.0 24 127.650 6.0 BACD14
7 80.926 4.0 BACDI16 25 | -127.650 2285
8 29.119 14.118 26 | INFINITY 25.0 BSC7
9 -31.379 4,042 BACD16 27 | INFINITY 25.0 BSC7
10 | -250.90 9.250 EFD5 28 [ INFINITY 1.0
11 -54.156 3.653 29 | INFINITY 125 BSC7
12 113.746 8.0 EFD15 30 | INFINITY 0.534
13 | -113.746 70.5 31 | INFINITY 0.7 BSC7
STO [ INFINITY | 12.207 IMG | INFINITY 0.0
—-— !-ZB.\‘KDJ{M
U e
LONGTTUDINEL, ASTIQATIC
SPHERTCEL AFFR, FIELD ORES DISTORTICN
IM5 HT IM5 HT
T &,93 - 8.3
/ /
[ /
1 ’-f;',-,g ,{ | .10
B |
“,7' \\_ 4.47
|
lon lozm
%
| T T ] f T T 1
-0.20 -0.100 0.0 0.100 0.200 -0.10 0.6 00 005 0.10 .10 0.6 00 005 010
FOOB MILLIMETERS) FOOS (MILLIMETERS) % DISTCRTICN
IOCS projection lens EBITIN 3 LI  20-Jan06

7Y 7. AA AAE FABEAY 23} SHE 93] 2, Green).

—

TVE B3A 2724 Sdsls 458 2E ®
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Optical System Design for Projection TV using Micro Display
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This paper discusses the optical system design for projection TV using LCOS type micro display, which provides the high
resolution, slim depth, and a large screen of more than 60 inches. We analyzed the relationship between the illumination system,
projection lens, color separation & recombination system, and micro display. From this quantitative analysis, the starting data for
the optimum light engine was defined, and all optical systems were designed by an optimization process. Three RGB panels were
proposed for a high luminence system, and the four prisms symmetrically located make equal optical path lengths for the RGB
rays. This color separation & recombination system enables the a compact illumination system. Also, in order to the slim light
engine with high resolution, the folded projection lens system was designed by inserting a mirror between projection lenses.

OCIS Codes : 080.2740. 080.3620, 220.2740, 220.4830.



