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Overview of Failure Mechanisms on Lens for Optical Engine

Jong—bum Cha’, Gwang—sub Kim’

‘Department of Industrial Engineering, Graduate School, Ajou University

Abstract

This paper presents a study on the failure mechanism for optical engine of
Projection TV. The lenses of which optical engine composes are failed by various
environmental conditions, that is, thermal effect, moisture effect, mechanical shock
or chemical effect. By surveying on actual TV working condition, the major factor of
failure was turned out the thermal effect. Because the actual surface temperature of
optical engine rose at max. 51°C during it worked, the relative humidity around
optical engine was kept at less than 20% that is difficult to do chemical reaction
with humidity. Therefore we can make a conclusion that the major failure of optical
engine resulted from thermal effect.

Key Words : optical engine (338-<1A), failure mechanism (A9 AW F),
environmental conditions (873 2&7), thermal effect(838.3})
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1.4 &

53] BAI e FR3 Al tFe] FRE HAYsty] Yshe] nige FAFE of
Yzt 288, 4 A 2 Z4F dlolE &S XAIEHE A A& ol digt 27 §53
Aok Az gaFaols M-S TV, xER ASE, 8§ AF7), 245 A4 & A3
g, 3 2F, 3T, 5 L FA o277 FH S BopdlAq AHEH T glod, F
A 73} 5475‘7” EE A AAMNAT BASA AL £ e 3AY dAYGE TV
TAstE T AFHT AVle AUE 2ol Uk T3 M T FowA YR FHol
2 ol E}ﬁ A717F 4 mel o]2& W3 A7IA AFE & U= N2 T FF BAF
MEE AJZAA] 273ty Aot 34, dXY YA E Doldte] A= AL ol
2 el vste] ouf) o) B ARE VN1 glon wetA ¢ & JlHez Ay °§’%
S ®E Ao 7hEstA ot wEkAd TVE 409014 609X oA tid sddA 1 s
7 BFy 5 .4 71AE& 278 A I3 wetA microdisplayE o] €3 oiXg TVIl 8
By glow 3 F AOEHY BFo R 7]& CRT TVZF L2 A A (projection) A o2 uh
2A dAET Yt &A1 dA7tA Z2A8 AARS FAsHE W2lo] =38 LCD, DLP,
BALE LCD § vhekstal 7hze] visr] W o) microdisplay As7/M4 U 717 31go] ol &
o AL 5&—?’— ES AR ARES AANY RoRE AYHY, =5 o] HAA ekt
microdisplay & 719 7]& ZAAe] A32d Ro=Z g€t [14]1[15][17]

o] &} Zo] o3t §EE A ¥ dolE BAIAAY Wig 2T E BEA7]7] Y8 4l
A gAEg o] fdo] AlEEe] gtod, O F FUR HB vy AZ ¥ o] (FPD; Flat Panel
Display) 7} /i itk FPDE ofg] 744 o] glon oju] PC Fofoll A FZ YA AL =
Ql& LCDU(iquid crystal display)® ®]£3}e] PDP(plasma display panel),
OLED (organic light emitting diode), FED(field emission display) 5°] A5 1 glt}
FPDE F77F &Fx 7PE7] W& HEjvgo] Al &4 tule]A2 7dlE 223 Qo

OaZgo] A= 34 78 Wao ulel 24 3A4E wEE 23 3= Fo] gx3tE 3
ABT A7A A3 S BEs XY ZAg il & ]31.0_3 o] Qe 22 A g
Poz 73 & Qlvh dntdor TZAM g AANE B & 342 78T F o
m2}x] CRT, LCD7 T837] o8l 407 o)) digtd tAZeo]E X3y T2 A4
TVAA A== 3 BA] &2 AAR W338E= CRT(Cathode Ray Tube), #o]A, 1
311 F Fgo] BRF Light Valve(533 LCD, wAlE LCD, DMD) & AM&-3t9] 34&

gstrh[16].

A ZA (Reliability) & TAE AlEZANA AaA 717 Tt AFo Hx EAIY A S
UFAYA FAste FHALE, A&, 74 4 AFAE Y 7le A S Ay A 2
L% 84 ettt HZ 22 FAo] AsHEA ALY D FHEFII GEHT T,
ANed FEss AF Aol Fotetel wet 7ler E8dgol §53] FokAx Jivh 1
23 27 g FetE A S e ARHCE BRFY & Qe A& gVt RE
A, 53] B Aol ALE AL 7] EokelA s AlZelA g ﬁzga gHE oujsts Aozt
A
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@/® UV/IR filtere 1ampoﬂxi 3l oﬂLﬂXH UVE} 229 [Ro] WEHM o] T2 AM
system®]l 0360% FA Hol 7 Ao dde] At wEbA UVEH IRS WA 7)1 3L 7FA1 5
At ag&A0F EHAL £ & filter?] F&o|th @ Color wheel& 1 chip 72 A&
DLPellA A& F83tr] fsto] AL ARt o E 348 go] A3t ghovt dal: o
gt Fx7b A Qo

R H/ : @/® W/IR filter
. H’ _; @® Color Wheel
‘ L ® Light tunnel
® Fold Mirror
@TIR(total internal
reflection)
DMD

® Projection fens

<1¥ 2. DLP Z23d TVY #Fgdz>

® Light tunnelZ lampelA H&EF WS lamp7Re wel AASFEE A FHo DMD
chipd] HAd Hgte] 7 W& W] HHo| A8 F FEHo] 34 "ot uetA] F& HH
sto] & 98-S st Fo AA L fulolAe] WA Awrc) 2] st Zlo] dwrA ol
® Folding mirrore T2 AM systemS 7837 Yaljas de dst= Azs dAsiAZd
Fav) dom o]l5 Ydto] AL H+= mirrorelth. mirrord] L7 EHE AL 37 #HIldx
I8 BAE A gt A spAFAGGelA F1 FAE AN S Bojol gt
@ TIRZ FZ rear L2 A M systemollA AHEH™ F FE2E H3A717] H3to] AL
lampol A W4& "o] TIRE E338to] DMDE &85 5ol on DMD7} on AEiolA ut
AbE 92 oAl TIRS 574319 imageE #AstA Attt ® TIelA v BAksa 9l DMD
chip2 CMOS SRAM Memory Yol Wafer ProcessE EUE Micro Machine 7] &¢ 2] sj
FAHT A7/71A/88 715E 1708 ¥t A Chipioll &S F Wxrjojg, 52 iix
A A el 13me) Al Mirror7} 14um pitch® FAT /M) &Fo]E (AD) vt wWlz2e] £9
of el WE F B (+10° , -10° ) F I LFoF WA dEgE Ho Uth



554 AR/ FH

D L1 Glass

@ L2 Plastic (TAH28 %)
® L3 Glass

@ 14 Glass

® L5 Glass

® L6 Plastic (7327 §)
@ L7 Glass

L3 Glass

@ L9 Glass

© 717+=A PC + 20%Galss
@ 7]7™EB Al

(29 3. DLP ¥eAAEEY F29 74 ¥F]

1790d G.L. Guinando] Z#} F&ld PbOES H7sle] 2288 4AZ Flint #3&
Hx2 Azt 22 A5 FEHeEs 22E F7F AX AFAE AR 20
e wdol 9lon Flint A% Fefles =2 &L IAXT Abbe F7F Al 188549
Ernest Abbe, Otto Schotts= Flint f& ol BaOS H7}3 38 F2& Ax3te] 2HES
FAAAIATH 19309 o]EelE La203, Zr02, ThO2, Ta205, Ti02 To] Hr7td B A=
7F AArEl L 9lc),

1936 f71A=2A Faog AAE A= of2UAA A WA, dEetaddelE
(methyl methacrylate ; MMA) 7} A71Elon, o] F£X& 2&5Yd Fetg ZIAEHAZZA
tfFgAle] 7bsd Q% W=AA ot 19383 AP ZetAEHAZE o] 457 A&
Z g ~El 4 (polystylene ; P.S)o] At 1957374 E2]7R |0l E <XA] (polycarbonate
resin) 7} 7N E QT ZtAHAZE FAABEZA dEHQA RS 19424 v|=9] f-2A XA
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Ql ‘=¥ Ed¥olE ZFakA (Pittzzburg Plate Glass Co., P.P.G)AY] F&u]o}(Columbia)
AFAoA  MPdE AHo=Z  Ally—di—glicol—carbonate (A.D.C) 8 Poly—metyl—meth—
actylate (P.M.M.A), Polycarbonate(PC) ¥ Polystyrene (PS)%°] 1t}

2 doMe FAARES 7% Ue =9 1HAAYUSES 4T,

3.1 25 9% 1% #HAYSE

2Ex ARY 93 JUE Jehie Hxolth WO uANN xE ARY @ 2
o2 Ushtz, 257} £35S AFe] Axn, 215 WHE AZTHY AR Ue
A Gek old AR ¥H, QUEE, 3 FHY 5 T4o] W, ol @ Was Anw
B ohiet Als® AAel L vlNA Dok B3], AR AolahA FEHE LEE 29
M2 ge 2EdAE 288 I3 olfd AU Aol E OB ARHAS FUEA
Atk 5, 993 A5 Aot B ARTol AW TIE ABF WFF Aoz A

ZIAH 2EUAT 2E31A Bt [24]

ZZAN TVE F4 AT BQS do] F3RE 9] color wheel, DMD #d & 3¢
% (housing), F&F& T3 A= Fo2 g0 51‘3} Y =9 A2 HTEY 5
3 FAE FolstA AFE F Q3 Mol A FE & F oY, FHRE, §5 )l
et s WE Fol i Avk= @ilol Sl “3}"4'/\1 Azo) Fetgsol vl IFH AHE
ZzANM Y o tgk bg/de] o of Fr

2E Aol ot FehA o dAWS AR ?sﬂ o] 2HE Wt ABZA T AT =
g, 77 9 v7E AF9 ¥t ook EetaE d=E % —4 Aste] WE 248 9 JE
W37} 72 (glass) ol H]8}of ”H—?— sz EE}/‘EJ A=of FeA 2Zd5HS JFAI=
AL vt AE A ot <X 1> T2 AM A=A A AHEHE A v E (mount) &) Al
BgATs 2HE WS E "}E}‘d‘. 7)\101‘:}. (23]

]

ol

<% 1. AFZ SAo) W& ABFAFY 2ol 2HEY W
A4 ABAAS (X10-7 m/T) 22§93 (dn/dT) (X10-6/C)
BK7 71 1.7
Bacd5 54 2.4
Coolant 5000 ~300
PMMA 630 | -100

L nedl x2¥ BeaY TaRAL U B EE e $AeA A5Lart dojut
%

Ao T #H 3 (brittleness)7F G4 dojddtn <& A
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A% A2 PCsl EetrE =9 HQQPMMA;RGM$;@14‘4%§3(3%SPC
PMMAZS ¢o 7 743y, PCe UEAd 2 4

delx UArt. [28] <E 2> A|FHIT Q= FerEeAy g ‘ﬁ“j/]-’] l—Er*é‘E 35/\}, H]JL??} 3101
o} [27]

2 | PMMA PC =.7]-6-2] A
= o (ASTM)
H) 5 1.19 1.20 2.53 D792
A7} % (kg—cm/cm2) 1.6~4.8 100~120 - D256
AT (2a24dM) 68~100 153 -
dHg LT 70-91 134-138 D648 (18.5kg)
3.2 5 93 & dAYUYSE

Fic W= 39 5 drglgl 2l Qo7 Afsty FshE AFE& AAI= AHE
ZH3t, 53] 29t Faago oJdte] d3E Jh&sketr] . =2 Bl E717)
dol = AeoA nExA B9, 28 Ao Folqdw FEo] AAzte] AH AR
HHA & 59 ¢4ZEE WElEo] Bd RS xgsid, vAd QAU E WA
drt ol st d3les 7Y F9 A tdEe] f8 D 28 A kgl AHHQA I
S v|AA Ho[10 [2¥ 5] A= 78 Zo] dgd AL Jehdin)

ARt o 7 foles WA AZolA gt Zolit gererEe didte] s YAgd S 2z 9l
T AL oty 53] &zt st} 3 FElve oW Alge] Xud diy] F9 FU= ¢
A FEoh B9 F3E FEo] UREE s EA] o]itste A, 4R Yol o]AitsiE F
7 2Zrg-stel f2] AR S ST} ool Fe Tyl WojRj A B, o] g3 F 3L ofF A
3HA] A#@E A, EHo] A Fo] vty (delamination) HI E3F MAYE o mog gI|A
ol gk 54 o AE et [13]
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N

gt &, w8 W= 3" B AW ofye} AFgEAS] BEHEQA AE
E}(degradatlon)ﬂrz% ouElAl Ho, o]E £238t= AR} FolM 7

A AAE n2uEZ2AR 38t oddolgty BdHE) W= o detH whgof o3t
Z MAYSE Festd &3 2ot

1) Dimming

2) Leaching & Disintegration

F29 W Ede) dAA o] AFESFH, e &34 o2 &8 (leaching) Lol
Fo]& Bt o} lR o 9 ste] Si02, B203 AT w7t A dvt. old &
SH‘/} ATz '5J—] (disintegration) o] it 2l WAL 2o it shsbd WA 2
2 #@#ol k. =2 YA (water durability) & Powdered method el o3& F3H+=
g A gl o3 6 Swvow A

3) Staining
FE HAEL 8 £ FAYEH 89 ol 79 o2 uFe] met 383 vheS
w3lo] EuHZo Ay 2R A Hot o) %%% ZH41 4 (interference color) S ©F7] 3t

o]

i

o, o]& “staining” °l2tal FEt} olg 2L 2 gt YA HEFeR THS Aol
acid durability by the powdered methodo]th.

(28] 7. Stainingd] <]
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4) A A 2

A= Avkg g oA w‘-’ral Ede stsiRl A YAz AFRA L] Fr1A AN wE2HE &
o #Add £ Qe AR AR LAY 7] AF7E wl§ folstA Boh.(e]EA A
gt A3 WA E  latent scratchi‘ri FEr}) olu, SEME ol g3ste Y & #FeH
B2 fddo] &ty gloy, o]y d dEEL FAECY £l g Yr FHFse= A
S - folatA ot #2E B8 A R IAFS S-S AANE LS AXA Ao Us
T WA A= 2L Ated st 29 S8 43I £¥, S8/ /3 S
HESEA F7] Fold FUEE Fa AR o3 Bajel T4 (pit)o] BT £x St}

g, fEle AHExdel bk ZhE Algel A H7IE s, wFelrt Ao fE 23l
A7 e o Y2 Alg B £ 230] HY, HEL o] AElel =3 olatstea
E 2 A o F3E FAAMA o[ WS L2l sto] F- 4 Qi £
A 12-31F 2PAM B3 39 T dele oS stgd £ o S3E 92 53
el A 4L Led, TF 434 A9AZE 0.01~0.1 eV AER ¢ Z7] Wil
Holl A FA{UALe o] FETt ol ARFA olFskA] Hstx, Wl FE EFsE tEA
1% vlATFE2E AT o] 7% vlATRY 9Fer Yolg 24l nla) viete U=
T WolAA Hi A Eo] Zolth 2 F9 JeviATEE T8, € Tl J3 #HE S
FaA7NI g2 4ol Hof gF &3 dg TS FAA Fh0] @FHE 2H4E
Y% mepA 25, FE 59 FFRs T % 51 A, 714 549 245k Aol
LT7E o, olgt 2 A fdEy] A5 Y HHY 2EF Folc oW B T
R0l AMEH I AT

FedHe AAMAE= BHF 30T, 760mHg.l AL zAS JHAstT AWEHA 9 AlA
Projection TV-J A% powerE ONAJZI & 3A]7F A5 o]z FY&= abmet-J 25
= 9 43C £25t1, FEAXY A=FEH £57F 2 51C FHEE AHE Foto] gl

2+ At
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<% 8 . Full white YAMIEIIA Y W7 2R3 S4>

(7138 9] Projection TVS thsh Fulll white BAM}E) o] A

BEFATL FARIZ
o & EXE vedz dd. FARZY HuLEE o 50.24TE ——2451214
Projection TVE 39l LampollA] o] WAsl1, o] 42 F&EEE color wheel®

housing® F&& Fsto] A=A Hoz Ao} %‘_E}.
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