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% 188 ¥ wne] Aol BE AP FU FAGL)E Be] Fi WWE @ Frwolt),
= 19¢ & 180 E=AlE A @3 AEA Y] dd 2 FAH R Ko

T 202 &= 190 E=AlE A g BAEA A ALY GAE BAIRE dE R

)
1..
mlo

AAa7] g FAE g

o W 54, 183 IASS YAt WS AREE w0 g A FaEel g A4
ZshW Bekld Aotk aeu, B owge olslelA AAEE xSl @4uE Aol ohe A
P WH AL Aolw, wH B ANdEL B o) ANt AAGES s, B wwo] &3}
ofol A Eare] AAL 74 AelAl wel MEE dheA FATI) A ATHE Ao, E wy

WFol ols) gold ol

ANl & Ada] g mad AN A, A7, wg, AE,

NE Al BHEE A otk wAA dAel 2A §

& Aol QolA, BEE BA %ol g A
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AT Hol AREE AE - wbol AEEA @ ol e R FbE & Aok, T4 84F v
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ANel AgelA, AL, A2 Fol BFF T exse Aze] 4 AgEAW, oF T4 o
golo] ols] ABHA Gth oF golEe WA shuel TH 24T thE Tk P
e Al meb, olaela] AEE AL T4 asE B wdel Aed A WA A2 PRk pu

sic.
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>

W owge) ofe] AT 77t BAEe] RR¥oR i AdHon AR A% wi xd Fsed, /144
o TR AF % FHol bssn], 2 AAeEol Azel st EYHoz A AE FE du AW

Tl [s]
A u 2 2 =4 AP
= f7] e FAEAC S HA al, B BES ¥E FUEd 3AEA O A8E ¢ dsol 79

o] AA g TAGA A HAET AoE FEHE v EWUALHES
A EWlX|AE+= 22 EAW@R] 2~ (Thin Film Transistor, ©]3F, “TIFT” & 3})
Bl Alo]E(gate), 22 (source) ¥ =d e (drain)S ¥33 3 A5 &xfo|t},
A z=Holl TF3te Aotk EWRALE WA AFoles £222HEH 527] A
A AEel7 R Urke d=oltk. =, MOSFETelA o] sfelofe] 3 22HYH EfRlew
= n EFY] MOSFET(NMOS)®] 7%-, 72lo7k @AF(electron)o]7] wlitol ZAzsoA oz A7 35
T UAET A HOLO] Tyl AgEt 9 dsks 7HIT. n EFS) MOSFETO A HA7F Ax~25EH =89l &
ow s27] WEd ARe] PFE Ao RRE s Fow BT p B1Y NOSFEI(PHOS)S] 7
22RE EYor AFol 5 F YT &2 Aol = AYEY =
22RE Byl For 527 wie] AFVE Ax2HE =9 For 5
? Aol oftEt= Flo| Folstofof ghrh. o], MOSFETS] A2~9F =913
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7b kel whel WA@E 5= vk, olste] Ao EMAILE S Assh =rdler Qlsto]l o] AFhEA] ok
=t}

= 13} o] OLEDO| w3k nlojoj Heto] <A7kd uw] OLEDE ¥4 (Light Emitting)®th. WhHol, = 29} 7
o] OLEDe %3 nlojo]j27} <17k w) OLEDe] Wlo] FALEW # dF-(photo current)7} g, 2 2
EAGA O] Ao FAH g AA(OLED) Q7bE= AYE iﬂé}oq HAs IE AAMER o]EeT)
wEha, B g o o] OLEDE X E AIA R o]f3towM T4 o]9

A de flo] oA A dAE AA G ZARAE A F Qli‘r. = a“jé% A ofgofo] Ei
TE AME FrFeA @il olnA AME FrEE] wiel HA AA, Ax 24 vxle S8 dRT 5 3
aL S E Skl wE A Aleke] gldt.

=32 B o] Al AAleel wE A g ZARAE Bol = 55Rot

= 3E FEehd, o) Aol whE dA 2 BAEAE ®BAEE(100), FARE e R(12, 13),
AA AE A 32(20), Bold FEE 1) & THIRH.

FAHE(100)E 98 JAS st A ojgolE EIF3lit},
dolg S (GL) T wxtE = v AlolE FAE(GL), 2 W)

A olgle]= thare] dloE 2HelE (D)3t
E hyA
% 3ol A "RL"S Vref 291 upERiT}. Vref #QIRL)ES AlA @

v
g ez wAHE GA5P)S TP
Sold A4 A& Ae Hz(2009] A A

of AAFt. FASP) A4S AW AL sl A4 AB FAR), ¥4 A8 HAG), 34 AR 4
B2 eld & 93 £, W AR BEHNS § £FS F Atk B FAE 424 % 4o 249 9

Al 3)29o] oo} Zro| OLEDE x33rt.

A B 27F = 49 ofe} Zo] FEHY, AClE #E(GL)E F J—J.‘*e“.;(P)OJ 7HE = AlOlE AEe = 40
A upep o] 270 A F(SCAN), EFAllxlE (o] "EM 4lE el $H(EM), 2713t AF(INI) To= ol
7N

[‘_

A 4 ok, o] A, ACE HAE(GL)S 27 AZ(SCANE 1 219 HAE(P)ol| FF3t7] A%k SCAN 291
(71), EM AS(EME 1 1] JAE(P)o FF37] A EM #1(72), =718 AS(INDE 1 Zle AL
(P)ell Fgst7] 98 INI 21(73) To=2 v ojzlct,  SCAN hQ1(71), EM 2kQ1(72) 2 INI 2FQ1(73)2 #A|
9 (100)] i 21w HHxlIﬂE}.

FAAE(100)E = 4o =AE wiep o] A e JAH(VDDEL) & A5 (P)ell 537 13k VDDEL =<l
(74), 71% HA&(ref)S J# Ao FF37] $1% Vref #FA(75), A9 A9 AQ(VSSEL) S HA S| 3353t
7] 918 VSSEL A=(76) & vl X3 4 Arh. Hd SAES EAEA &2 1Y 3= d4d=

A9 2= AF-A5F §‘r7](DC—DC converter)E o] &3lo] TAFEe FEod Fo3 AF AAS TAe},
A F-2 F tﬂi‘i‘rﬂb Z}A] H3E(Charge pump), zl=#|o]E (Regulator), ¥ W37](Buck Converter), H#2E W
3}+7] (Boost Converter) to:’% Z3et). AY I E2E 3¢ IC(Power Integrated Circuit, PIO)E F3E 4 9

th, A 3EE gAgde JASP)S FEe] Yte] "ed MY o2 So], VDDEL, VSSEL, VGH, VGL,
Vref, olg = Zn} A =& o),
A B EAAAA AAES] FE B Aol wAR) A% 0 Ane O w4 Az 0P wy
22 UHold 4= 9l U vA s gAS A7 axE U BA J2E o] 43ty

] =

Aors MEZFzle] A flolEle do]E Aote] TE AL rale] FAMES FEdogR FE S 7H
T8 A AAE 4 32 YWielA AEsor nAgdth. o By 3Ee s AAEY] W74 5A4E A
A(sensing)d}a, 2 WA AnES njgtoz 9z gale] A golEE WEsto N FAE Zhzto] Lk EA
Hats B ﬂﬁ‘r. FAHE(100)S B 4 Azke] JHE 5 2] £Y A, ol xEE AARE BAst
ToUR B 3R e oy By F2E 2 4 gl
4 ojgol= HaEdo] RuoA Y 4] dHolHE S sHoR &%, A ofgolE 43}
v IAE T 95 e dEe AA REoA AR, oA, HA 9¥ & AAdste oWA AAM=
At
HA e Hre HA AAES ol&ste] AdHAY JAES S8 AdE & dd. HA AES -4
(On cell type) & & & EFY(Add on type) o2 ZA|HE O] st Ao miX =AY Fd ojgo]d] WHE=
J-A(In-cell type) HA AMER FdE + Ak, FJAEP)o] AN REox HA JE& AT 5 Ao

nz HA AME2 gl &g
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FAME FEIR(12, 13)& vy FEHR(
E Eoly ZEEHDY Ao o] fiaZe
s AN BEAN NS TE A

12)8h slolE
o] Bzl ¢
Az FER

(12)+ fzEFee] RuoA FE5o]l g8 F49 deoly AYS deoly IS0 3%
(12)= YA g-olgdz1 W3] (Digital-to-Analog Converter, ©]3} "DAC"Z} )& ©]&3
HIDEFH FAE 98 G4 A4 dolgE ofdma vl Ao ® WEsie] folE
dloly Hehs dlolE #HE0MLE FHgtt. dHoly &5 (12)= AlA =4 deo

F(13)5 TR #A9E s R(12, 13)
K

E
o
e el delgE A9 E (10009 Hads 7]

__01300
O

=

B A4

o| %"ﬁé}oﬂ 1 ﬂ’“’«] Eﬂo]ﬁﬂ’ 7101541_ 1 E‘r"«] oA %% a9 ko)
E Alo]lE & H<9H(Gate On Voltage)™, TFT7F B-9 Z(turn-off)® & A& Ao
Voltage) AlolollA =3}, NMOSOl A Alo]E & LS AolE 3lo] H(Gate High Voltage, VGH) o] az,
AClE 23 HLL AolE =9 AU (Gate Low Voltage, VGL)oJTtl. PMOSo|A] Alo]E & A VGLolaz, Ao]
E o= k2 VGHeltt.

AOJE FE5H(13)E AEZE #HA2H(shift register)E X3, AZE #HA2H
9] ZHolAE(stage) S XTI Alo]E A|ZE 8 Elo|yo] "k
Holg 7t 7lds s JAES 2 g9E SxFoR Ausit, A hs]

EZH(11D)9 Alo] stell & 10ac] =Al€ wie} Zo] Wxd AlolE 4AsE AAEd 358 F 3

FAIHNE(100)9] 7)Holl= A ofge]e] TFT ofdlolet T Alo|E F-55-(13)8 AZE #2872} A4 +
Utk I ofgole} Ao|E FEH-Y AZE HALEE FASE EWRALHES AEE BHEAE EFE
TFT, WAZA A8 (a-Si)S X3 TFT, A2 &7 A& (Low Temperature Poly Silicon, LTPS)S 33sh
TFT = 3ty oldez F+d=E 4 v}, TFT+ MOSFET(Metal Oxide Semiconductor Field Effect Transistor)
T2 Fd9 4 k. TFTE n BFY EAXZHM0S) =& p BFY EAXZHPMS) T o= sy e I
2Fe= 7HE & AU

rlr
ol
&
2

(o]
S
@
i)
i,
v

Eloln] ZEE (1D T t&ZEe] HEdA] 32E AAH(300) 225 FAly e g4 949 J4 dolgHE
Hole T (12)E AE3tt. ol ZEZH(1D)E yAZgo] REoiA 32AE A ~AHI(host system)(30
0o ZHE o8 G4 A doly(DATA) 9 948 EolW MsES dEdernt. o9 oy Js5ES 4

2 .
E714 %5 (Vsyne), 9 §714 & (Hsyne), HlolE SloolE AS(DE), =E F(DCLK) 5= EF3ct.  Elolw
ZEZYH(1D)+= 98 949 4 dojg e A 21HE Eold A3 E (Vsync Hsync, DE, DCLK)S w®lE o=
tlolH ?%%'—(12), AelE F55(13), AA 25 A7 312(20)2 52 Elo]WS Ao3tr] flsk Ele]™ Ao
215.(DDC, GDO)E wAFTE.  Elolwy %—E%Eﬂ(n)oﬂ ofal #AFHE ?Eﬁi(lz 13)F AlA A5 A 3=
(20)7} B71€ch. oW ZEEH(IDE E2E A|AE(300) .25 FAEHE e AT (MODE) weh &2

3 Sk 2~
HEE B 5 9

Elol ZEZH (1D« 98 949 Zdd o] EXNNS 2 o] ¢Fe Xq”\) Hze] Fa42 LY ZoEE
Fo 3 FE 3212, 13)9 AA AE Al 322009 2 FaTE N v AujE Zs] golER A
ojgt £ vk, AY gGAe] = d #olE(frame rate)E= NTSC(National Television Standards Committee)
2o A4 60Hzo]™, PAL(Phase-Alternating Line) W2lollA4] 50Hz]T}.

F2E A|2~E(300)2 d#n] A (Television) A28, AEuk~  dnp|Aold A28 708 AFEH(PC), & A
oE A", wuld A|x=®H ojyE A|xH Y A A|xE F oon Y &
(300)2 tj=Fde] BEoA 48 dde dlolEle} eloly A& E ol FEZH(DE HFer).

2E A 2E(300)8 AlA AE A 3 Z(20)ZHE FAE A5 AAE o] Z Ao (Application)S A3
& 50, TAE AARN(300)2 AlA Ae AP 3Z(20)=5E A dde] dEHEw o AW sirla
AAE Az A2 9B goleE HlmEe] ALzl 9Z HE Adsr), m3, TAE A AEH(300)L AA
< Ay 3 2(200)2HFH 2% ojujA] dlo]E 7} FAHM 2 ojw|A] dlo]EE EolY TEEH(IDE AF
gkl A ofge] Aol AR, TAE /\liﬁé!(SOO)% A JIHH 0] 2(310)5 &3 AHEA ME e vy
AdE 2RO wet 32 Reg ddeta, 1 % REE AASe 2= AS(MDE)E RSt ol
ZEZH(DS AAM A5 A IZ(20)2 AFoh. FA4 dEHAABI0E s, J|HE, v

ri 2L ol
N L

o=

>
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AA t]2=EYo](On Screen Display, 0SD), BEE ZEZE|(Remote controller), 2T A <2Ag ol
(Graphic User Interface, GUI), B]lX] Ul(User Interface), &4 <12 UI, 3D Ul So& 3" 4 ru}.

15 A7 3R(20)% AA E=dA AL g vlolo]~E I7lsta JAEZHE FAH A4 A
Z#3}al, ADC(Analog to Digital Converter)E ©]83le] FTEH ofd2Za AT E tXd HolH((FS)E
o A AE A FZ(20)E A ZEoAM OLEDS A= AHE o] OLEDS] 94Hbek nlo]o]~Es Q)

Atk AA s AP IZ(20)= = 9 WA = 10B9 o] VSSELe] HFS o] I AEe] OLEDO| <
oloj~g I7FSE 4 9tk ADCERE £=¥E tAg dolHE vE AAE oA A dndEE T
A& ' dlolE, olmA] dHolE, HA Y4¥ HolHRE JAEHIL TAE AAH(300) 2 HEET. Al
N3E 27 3 Z(20)% ROIC(Read-out Integrated Circuit)e® &= 4 At olsh, "4 A5 g 3
2"E "ROIC"E A3l ROIC(20)= RE= AZ(MODE)e] uhg) -5 REZS #ddlt). ROIC(20)0E &= 99 =4
¥ onpe} o] tlaFyo] REMA VE At (Vref)S IAAEMP)O Q7beta, AA REelA 7]E At (Vrel) =
2abke 4= Q.
L4e A4 3w O HF s 3
=),

T 45 FAxspd, 94 2= oo TFTSEMI-ME), ATAIE(Cstg), 2 OLEDE M) 3tr}.
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Ho] F&= 3la%o|t), X dyol IdaA 3z & 4o IAER o

1 55 7]17H(1H) &9k 220 AS(SCAN), 2718k AE(IND, 2 EM AS(EW7F HAEP)el F3¥8c. 1 59
Z17HAH) SoF B4 7o) T %7)3) 7|7H(t2, t3)3, TEadw 7|7 (t4) o2 oA, 2713 7]
(t2, t3) =¢F, A 329 72+ ==5(nl, n2, n3)o] Z7|3dt. Z2aew 7]7+(t3) E<¢F, OLEDY % &
b =, A3 TFT(M3) o] w8 Ah(Vth)ol AZP ¥ 1 &9 AsH(Vth)o] dlelel d ¢k (Vdata)ol Tlsiz] o= A
T& 2AHM3) 9] 8 HeH(Vth) ¥ dlo]E] M ¢H(Vdata)o] HAFH T

OLEDE oft¢} sHA=S ETsith, OLEDS] o=t A5 2 A6 TFTE W5, Me)ol AZ®ET. AHY A9 A
9}(VSSEL)-& OLED®] 7HAtol el7tgtt.

A1 TFTMD = 270 AZ(SCAN) ol whe} B-25 0] 71 == (nl)ell dlolg =} (77) 2 HE]S] HolE] AZE <l
Zheteh. AL TRTMD & AlolE gA(7D)ell Add AelE, dlolg (7Nl dZd8 Al A=, € Al w=
(nDoll 9238 A2 A=FE ¥33

pal

ke

A2 TFT(M2)E EM AZ(EDo] wet '-25o] Al ==mD)E 239 71F Ag(ref) o2 %7318t A2
TFT(M2) & EM 2F1(72)ell A4 AlCE, Al =E=mD)e JdZ4% Al A=, F Vref #R1(75)d AAH 7
A (Vref)S a7 W= A2 A=2S Z3gth. A5 TFTMG)E EM AS (B wat 81-250) A3 w==(n3)=
712 Adref) o2 z713kgtch. A5 TFT(MS) &= EM 2491(72)e AZH AllE, A3 =E=(n3)dl JZ2d Al A
=, % OLEDY] ool dAd A2 A58 X33

A3 TFT(M3)+= Ale]E Aol wel OLEDe| 2% AFE ZHste] OLEDE F&sste & &Abolth. A3
TFT(M3)E A2 =E(nl)ol GAF AE, VDDEL }el(74)0] HAZH o] VDDELE &F e Al d=, 2@ A3 &=
Z(m3)el A9 A2 AFE ¥, AAANEHCst)E Al L A2 =E=(nl, n2) Akeldl AZAH A3
TFT(M3) 9] 8 ko] ozl dlole M-S 1 Zelsd 7| &<t fAgtt,

A4 TFT(M = A3 TFT(M3) Y] &8 #eto] MEHE = 717H13, t4) B¢k |H-2F o] 73 TFT(M3)<] Ao Eg}
A2 A& dAsk. A3 TFTM)E t3 2 t4 71ZF 5k A4 TFT(Md) ol 93] tole=x F&gtt. A4
TFT(M4) & SCAN 2}el(71)o] AZAF o] 27 MBS (SCAN)E 35 ¥ AlolE, A3 TFT(M3)2] Alo]Eol AZ= A1
A=, 2 A3 TFT(T3) Q) A2 AT dZdH A2 A58 L3},

A6 TETM6) = %713} A (INDel| uet BE-250o] OLEDY ox==E 7)F Ad(Vref)oz =7)3}sict. A6
TFT(M6) = INI 2+¢1(73)el 2% AolE, Vref @¢1(75)e] 249 A1 A=, % OLEDY ojx==o] dZd=E A2

o < aps
AN=S I3

N

HaZde] mEolA A gz B4 WA AYsY et 2o,

= 55 fgaZdge] REQ t1 7|gte] E 4] =AIE FA F R TAS Ho] FE EHoth, E 62 tAEd
of Bre} 12 B 13 7|gtel k4ol TAlE A4 SR g Mo F= Ewolrh. & 78 fAaT o] REl
td 7)1z T 4o EAIE FA 32 2L BHo FE Tdoltt, & 8L fjAZHo] BE t5 7|7k & 4
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% 59 EAE vle} o] t1 7)zkel o]d ZH e HlolHE FX gl tl1 7|7k Al =E(nl)9
(Vref)o] Cl7le .

65 Fxshd, 2718k AE(INDQ| AlelE & zte] t2 7|3ke] A=tz FAlo] A 3|2l A7hsa 1

270 AZ(SCAN) 9] Alo]E 2 HSte] JA 3|2 QI7bdTh. t2 B t3 7]xbel], A6 TFT(M6) 7} =
s} /di(INI)Ql AolE & Aste] wet B-29 5 Al 2 A4 TFTS0ML, M)S 270 AS(IND ] AolE &
Aol met d-2¥rh, 12 2 t3 713 S M AE (B = AClE & dAdS FA57] wiEel A2 2 A5 TFT
(M2, M5)e & *JEH—% A, o AT, t2 77k Al ==(nl), A2 =E=(n2), A3 ==(n3) % OLEDS]
of =7}t V& ALd(Vref) o2 %7]3 ¥},

T 7s FEEW, BN AS(EDE t4 7|3t AClE 2 dAgo® whddnt, wEbA, t4 7|7 FF A2 2 A5
TFTE (M2, M5)S ®l-9Htt.  t4 7]7be] Al TFTOMDE &3] dlo]

B A <A(DATA)o] A1 ==(nl)o] A=},
t4 7]1zF, A3 TFT(M3)2] Alo]E 2 A2 =7 7 <bo] VDDEL+Vtholl =& ] A3 TFT(M3)7}F ®l-e ¥, =2
A t4 717l A2 2 A3 =E(n2, n3)Y Ato] VDDEL+Vthe = ZdEch, o] w, AHAH (Cstg)d AgLe

VDDEL+VthtVdata®]th. VthE T& &AL A3 TFT(M3)<] 8 zgteltt.

T8 FxE, BN AZENE t5 71k A& A0 AlolE & Ao w wbddrk, t5 7|3+ OLEDZ} d)
ol ZStel whel whgw o] Al dlojEjo] Az whE Wgshe w3 v)gkelth. t5 7]Rkel 270 215 (SCAN) ©F
z2713} 2AS(INDE AlE & Aoz wbddnt. walbr, t5 717 &< A2 2 A5 TFT(M2, M5)+ '-35
o] OLEDS] AF #laE A3t wbdd thE 2903 2AHEWM1, M4, M6)S H-2ZF T},

t5 7]1Zto] OLEDO 52+& AF (1T oFele 2 2o, o] oA & 4= & wie} o], OLEDe] &2+ A
FE A3 TFT(M3)e] Vth 9GS wx form=z Vthel ZAA] W3y HAESZE Vth Ao 938 wx] et
ol o] AoAl Vgsi= A3 TFT(M3) L] Alo]E A 237F Hbolar, Vdst A3 TFT(M3) 9] =1 A3t Agtoln),

K
IoLep = > (Vgs — Vds)?

K
= 5 [(VDDEL + Vth — Vdata + Vref— VDDEL) — (VDDEL+ Vth-VDDEL)J*

K , K
5[(Vth— Vdata + Vref) — Vth]? = E(Vref— Vdata)?

o714, K= A3 TFT(M3) ] A8k ol ek, 714 ARAEd: 2 A &3 Fol os] AA == v ool

E 9 WA E 10bi A BEGA % 4o BAE F4 359 BHL GAN0E nel FE EREot. 9
B owge] AL Aol e A4 mEe] B4 Ao) WEe Uehit,

T 95 Fx3HH, ROIC(20)+ AlA EEOA t4 7]7F Bt 29X &SN E o] &3] Vref #R1(75)& A4
Aol Az, Al mEoA FHAEE] Vref #1(75)2 ROIC(20)1A4 A Ao SH7]o] AZ2dd. <
702 A BEoA HAREEH AN s Alsta o AlA Ame] HhE SEske] AR FHdAT. A6

—

TFT(M6) 7} t4 717F B¢t B-25o] 9l7] wl&o] ROIC(20)¢] A4 HEd& OLEDY] AAHTt. AHY A AY
(VSSEL)2 t4 7]Zkell 2 At #¥lo] OLEDS] o=z A9t MU}l olx] OLEDe] HARgk nlojojxg <lrisi), w
ZA, t4 713F SoF AL OLED] Ho] ZAMEW B AF(i)7F 22A FHo AA Azt dAdE,

ROIC(20)9] 2% AAHSW)E t2Zgo] REoA VrefZ Vref #ZF(75)0] F&F3dt= ¥k, AlA REoA
Vref 2}91(75)& ROIC(20)2] Al Agdo] Adst}, uwhebr, & dgo] ojux] Al dAE A &3 FTAH
A yaEdo] oA 48 J4S BASHE JAES AlA BEoA ojux] Az 83l A ofgo]
o ATE &4 glo] EAE ) olm A AMZS AT = Q).

= 10a B = 10b= 2 o] A2 Aol wE Al mEe] R Ao S vEbiit

T 10a @ % 10b2 Fxetd, JAE(P)Y OLEDY o= ASPAIE (Cint)7} G442 5 Ut

Bzol t2A AolE EelW Aola i(GDC)E' o]-g-3te] Aol
92 = 10bs} Z2 HPF oz Ao 4 k. Ao
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E JTER(13)EREH ZEHE AolE A5 33

OBL -
o
k1
S
)



[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

THSSI 10-2018-0059634
TER
o] E

3)= Erol ZEZHUD O Ao dtoll MM REoA t4 7IZF ellA 2715t AL (INDE LAH 2
A =

[e)
Aoz wAste] F HFel o8] AMAH(Cint) 7 SHHEEE S},
F 54 717 (t4-1), L AA AE AE 73 (14-2) 22 YF AR, t4-1 7]
2 ZFAsE 71gtoltk. t4-2 717 AAE (Cint)o] FHE AN NI

—

A BEGA t4 71k B
& ARNAE Cino)el
ROIC(20) 2 AF3sl= 7]1110]

™ r
>
.‘ﬁ RO
}01'

%2713} AS(INDE t4-1 717kl Alo]lE o= Aoz whddcrt, A6 TFT(ME) = Alo|E 3 Ao wat t4-1

717k |A-9. 2%, ARAE (Cint) & F AF(1)9] AstE SHdtt. %718k 2S(IND = t4-2 7|3kl Ale]
E 2 Aoz yvbddcnt. A6 TFTM6) & t4-2 7]3te] AlClE & Al o3l ©-2%o AMAIE(Cint)E
Vref HQI(75)e dAFT}. o] ] ROIC(20)2] A A2 29X A2HSHE B3 Vref (75)] AA =
AHAIE (Cint) o] A =, AA ASE 4%

AN REs A Al BE, A ojnA] Al BE, HA Y RE go® upHod 4 gy, RE A%

(MODE)ell &3 AlA m=r 325 4= 9},

112 A Al REdA sk o] A Al dH9E Bl T =wolt

T 1S Fxed, AT Al Rl WA, HAIFE(100) el &7F 57 SdEn. &b e E
Zo] BA AN Ee AN REdA HAgERE FAHE A Az AdE 5 3l E7kerol AT
(100) 7ol BHAH™, TAE AARI(300)2 E74F HA| Al A sl Bad ojEee]d e Fd=
(contents) <] OPO]f ol A/ o] A FEdE,  FAE AARN(300) E7kEhe] EBA] 9jEe]
AL ) AE dFeol Basd T A (A)sh 2ol AT A F411DS At 2 AT A 99
(11DolA w2l A4d s FA0. v dAd s AR Aol HHow dA4d stelr. &
o], Ae AW 901D 2 F9 W dF FAS(P)o] Fdom HAeHL v I FJAP)2 ofnA
AME Fzhsto] AL s A 5 vk, F 95 sk= JAEP)2 (B9 ¢t #@o] solE Axw
wagd g gley ol dAHA e, AR A 911D (O9F 2ol E7kel o8 A EE AR

Al AAHA =t

ki

12 olH|A] A REoA A 270 €& Ho F= Tt}

125 Fzshd, olvx] Al RroA wAdde HE (B)ol] =AlE upel ol i}?i(m)

Al W72 A5k, o w A3 IJAE(P)o] ‘?j_ ‘}04 J*"Jofn 5 Po}

Az FAT. (D omA A
s ouf gH(121)0] EA Az =

of FolH, HHAE(P)E onx] A=
g o] H X (131) 7} EAIH oflo|t).
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Arete] EA19] olmxE AP, (D)= ?i/\] H(100) °J ﬁ‘r‘?ﬂOﬂ

AL OLEDE oA ANE AHEF W F AFE FE 2
FEHE FaEe] 14 /10l F4 FuE fFA5e] o] o FgAn mﬁq 2
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A g
d A= AN BEEoM FAEP)E & 13 2 & 14 ZE wyer e S v

¥ 13& F2FE, A4 REd Hol® A% shue) wx
Julolo) 2z} Qs E e HAEP)A o) A

S G A AL ARl B4 olulAE A A DS W A0 A velol )
WA A A7 A A G AL, 1 AR 0 el AR § sl 199 ol 7
S el HAEY 94 ghele] Ao U vholoj s oat uolojast mulR QzbEe] A4 AA 7}

Holw 23] *ﬂ*&%ﬁk

AN BEAA BRHE BASE RO FANL F1 Ax EE FolE Az wdd & vk oA
ANES QU wtolojzrt ebeme AEEA 97 W] e AR o, A4 medd A4 9
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F Wl FYe AHehE FAS)S UG vrololzvt SbEE olulX AME BAE W, 1 Fue 9
Aste FASE)L wYs] Yo FARt. HAS)O] GU vholojast kHm, 1 Fue HAE
(ol % uholo 27k A7kETH ol M x N A IFE Aele FAEE B Az wAsn s
A HES B4 5 k. Nx N A4 IFES 927k &4 A B dan, 1 29 /b 99w Axe
HeA A AAE A

E 15 ¥ wwel Al AAlde] W A7 @Y BAGAE vl Fi BERoth ® 154 = 33 A4
o FAF T4 2250 dele] FUF mW 5 Lolu o] uld AT AU Al

= 158 B, WA UF LAY TARI00) Bl ABH B A5

: 1= A A (SLS)7F A e},
FA(SLS)= FAISNE(100) ol vzl 71 7AW 7] (200) 9k 77 71(CP) 2] 7HgAte]ol wjA] e
THIRS . aEan Ad Fd AASLS)= 7 718(CP) LHolH 3 AEE Aost= s
FHg. olE g FE AXELS & 16 A = 199 ZA|E] ST},

ot

By o
2B
i £ oole
to to o

ROIC(210)= Al REoA FA(LS)S s, dad wios Aug nlojo]xrt I7bH = 24 éx_ (P) =
B FAlE Al Azs S 2 OAd volHz wakete] AlA HlolHE Itk ROIC(210)= A9A] &t
(SHE ol&ste] HxEdo] R=dA 7E AsH(ref)s& JAS(P)ol QI7lstar, Al Rzda 7lE At

(Vref)S Apetdt 4= Sl

T 162 E wge] Axjoe] u}

= 1(SLS) S
EA]% = 713(CP) WolAe] %‘i—é

iae 1o
et diEelt. &= 18

168 BEHY, APY B PACYE HY JRPIA, R 1R AP B8 2954 A3
3 Aol A (LS, CHOE, VHOE)E -wW|gtc), ]60“3 G Aol A (LS, CHOE, VHOE)= A =4dZ(LR)S © FH]|
& & s

A Ay Fd AA(SLS)E Al E (collimated) WS F1 7|F(CP) WollX tiidxdoz hitsle 38 Ao},
FAWLS)E e g 8E AFss Ao ulagsitt.,  FUAWLS)+E HAAR) £ 7HAF g dolA &
913} AX}(CHOE) = ZA}sHT},

1=
w1

N

15(CP) o] &b ol &3 AA(VHOE) 9 438 AAF(CHOE)7F 2ol vk, &3 &AHVHOE)= &4t
F(300)e Alesh= Fet axfoltk.  EF3F AAF(VHOE) ofefell FAISHE(100)o14 F7dol FAE = HA ofo]

4F 2AHCHOE) = FU(LS)=2ZFHY Aled Ue £ 7#H(CP)oz 5""}0}““1 ANERE ZES AgsteE
Fe Aotk Y &A= (CHOE) ofwA] <l

ATF. 23 AA(CHOE) = FA(LS) T} thgkste]oF e},
=% AZH(VHOE) 9 9423 &AH(CHOE)+ 54¢

Holl &3 AAHVHOE) 9} 423 AAF(CHOE) 9] 4 9& vhrolA st 3lo] upgdlsitt. =%
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ol A (IP) ez ATt JARF(190) AP (IP) ] Rl tia) WA o w A= slo] kgt
ek, ahARE, ol SEEE A ok, Aad wEbdE JARIIP) wHe] Ml s ezl e

2 QAT FE g

433 2AHCHOE) = JARF(190)S S 2te AAF(200) 0.2 FdA 7 F9 7](CP)9] WH=2 Hdn,
o714, ArtAE Fr 713 (CP) o] WE A¥kAl A A Z(Internal Total Reflection Critical Angle)®t} & %t
zk= Zlo| upgrAlsitt. 1 AR, 2183(200)> FE O 71|(CP)o] YF-olA AWALE stdaA, £ 7]13(C
P)e] do] W3l XFo= g},

m1o

=3 AA(VHOE) &= 183(200) 9] o7 FFS FAPF(300) o= Hgste] F9 7]3(CP) o] A xHow =4
A (20009 WAl G T 718(CP) Wil dukAbE o] gtk EARF(300)2 £ 7
FH(CP) o] g oAM= ANRAEAIRE, & A= A =4S (RS FAH. =, SARF300)2 71
71(CP) ] g7 A HykatE of o}lﬂr FHE Faeks ASF(E2, A 400) 0] At

Yd AAHCHOE) ol A W dstA A, &3 AZHVHOE) ol o HAb2 o' ZARE(300) 0] W&+ o] W, &A}
(300) 9] F&F2 =% AANHE) O F = a8 o8 Z24dn. & &5, =% }\X}(VHOE)/] 3

So] 3%kl b, A WMAlE JPF(200)0] FF AA(VHOE) o 22 A3l A HA g FoA=
ARZ(190)] 3%l S FEh FEol EFARFG0)C®E FEFHET 97%9  FaAF(200) AL HAWALE
APk, 2 5, F AA G F9ol=, 97%0] 3%Q1 =71 JARF(190) ] 2.91%¢l allFehs FRFol
AFE(300) 02 FZHrt).

e
el

lel% WHOR T IW(CP)S B Ml LT whA FAFR00)0] FEEG. AAF200)0] D YSHAA
VAT FFL 2L FAFE0S AZH) ANAE, FF 2AOHD F FF Dfol AFFFHOR A7
FrhhE e 2ES AARE Aol v,

ABF00)S Ao WG H3} T WG FHo 2
(1909 AFHE A4S 22 BT, wvel, E Ue F3} do
B WOl E SZH9)S e Aol mEAeT.  olx ojnA 7
SEs Ahels] Aoty oZ Zo}, 2% AANHEE AEA, # )
Ashe Aol whgAsh, S, FAZH9)e AP AF AAHCHOE)S)

hAr) H o
Zue) £ BACL, PO 47 A F Aol ol£: US zmel @AY 2 Aol wigrd st
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o
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Z2AF(CHOE) 7F wil X9 Y

213 2 Y YATLINE AT + Ak EF, FF 2AGHEDE Y F9e
F FARWODE A8 + Ak, @A, F BARWODE Fol AP/ %

oh= 3 A F-o)7| = st

ol

a2 5o, FAWLS)oNA AFst= Aed e ddo] 0.5mm x 0.5mme! ALl A, 433 AAHCHR) &= &
W 7]3(CP)9] Zo &3t Zol9 3mm ~ snmE =] E& 7FE 4 vk, 4¥ AAHCHOE) &= %1 7]3(CP) <
Z ko g ytg2 A= wxE 4 ).

5178 Fxed, AN oA AFH Aled Yol £ 7|3 (CP) WellA Aus ARE AX, ovx] HE
AF&8= A3 (Directional) Wo 2 ASE] =% s

ER
FALS)ANA AFH GAF90) S AF AAHCHE) S FAAIP)S] Erlo] tish WA PFoz gargct. 9
S AR GAHI0 S AH0)E ZES FBA AAH00 R Astel 1 AR

2 ®Jlc},

28354(200)9] YAF(0)& EF AA(VHOE)SH A ZFAHZ(LR)2] Adelrel AuwAl A AZ(TVHOE_LR) Be} &
e ZE Aol uigAsith.  dE Bol, ¥ 7|®(P) ¥ FF AA(VHOE)9] ZdEo] 1.5¢0]a, A ZdT
(LR =dgo] 1.4¥ A, E% 2AHVHE)SF A 285 (LR)2] AW A2 dukAl AAIZHTVHOE_LR) & 2F 69
T2 ARbEn. weEbA, JAHe)S 69ERT F 3hs zte Zlo] niEAsith. oE o], YA (e)S 70
= UlA 75 F A= 3 e AEE 24T 5 .

T 713HCP) ] A 2 VIS AR Y HFsa glormR, 2183(200) T 7| ¥(CP)o] A EHAA
AA] AwAbgL, o, £9 7H(CP)Y F7IFAIR)S AdelAe] Hukal AAZ(TCP_AIR)S oF 41.4%0]7]
uFoltt, =, YA e)o]l E=F AA(VHOE)9F A =4dF(LR)e] AlWolA e AwtAl AAZ(TVHOE_LR) Ho} &2
we AW, ole 4 T 71H(CP) T F71F(AIR) ] Aol el Mukal A AZH(TCP_AIR) Rt} 2 Fkolt}.
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