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AR

A id. BBB#RE (Cathode Ray Tube . CRT) ZHW/ATFT A AT VA E=Y —D
FrtEEE R M LS D DI UE R, FEFB X OB ICE T AR RE L T L O
ZhDTHY, 6BRLERIN T\ 5,

1 ETIE, AFROFZLEHMHIIODOWTHERTWV S, KFEDONRTH S 71 R
TVAEZF —iZ, IVE2—FDRRMKELTXFRITI 74 v 7, BREZTH
e LzEEEPEE A2 RN T 57008 TH Y. BIRTIX CRT & LCD (Liquid
Crystal Display : LCD) 2R STV %, LCD 3Hl DHAMIESIC & ) inEEE
R LD, 20 4 Y FULEOKRBIBED 7 5 A TR E LT CRT L DI R FEDS
K&, BRIZEE> TV, CRTIZLCD LB L T, - By a2 b 2524
THHI L, BERAMCHERENER CORTRERICERD 2 L, BTE—20kE
X BERRFROLDERBERDOVI VB Z ZEEDOHIRLTZ I LR EDE
BEET B, LPLERESZFO—FT, E7L, IRaUyN—F¥rR2 (BFh), X
FORTFEE, VX FURRIZRTN—F 2 7))V EOEBNBE LD Tk
ROBBIZERST A REE2ET S, TAATVAEZ Y —OEBHLISEL BT, Z
NODREIZEVBEZEIIRLHHICH S,
E2BPDBRTIILLEOERLET 2. CRT OBREJNBEICL L7 5-FRROEHE
FARTEEEETH HET VOFHEFEL . CRT OSREEFEORBEE 2 5 ETE
— A ZEY MEESADBEFEICIODWTREL TWDS, &5\, BEJNEED 4
CABESLEHRET HODOFRRFRICOVTREL T 5,

2 ETIIEEMHELEGS I 2L —T 3 ilL 55X ET LOFHMEFEICD
WTHLEL TS, BFE—AGMETAZRAOSKD 1 RLET VRO TIATET L
Dav IR EFEPEEFEL, SHEERICOVWTEBFMERICI 2R E D LI
R (Visible or Invisible) ZHETH L L BT, EFAREEMNT— ¥ SHEY
I2b—=TavEAIFEEREL TS, ThICLY), BFE—L59/MPTAZH
OB TAYET VOFREICEG 258 %, TTNVEIHELEZRY I 2L - a Yy
WKEoTEHMBET A ENTELILEEZRL TS,



HEIBETIE, FHIRAFET VLTINS E 2ETHRRFEICL > THYRZ %
WHEEERROIAYET LIZOWT, BFE—ARY R 7 RODGAIZOHBHEI
RIZTEEIIOVW T L TW5, BEFE—LGMETAT FITER SO 2k
TSMET VL o THEELOBEFMZEEL, SNEHEROI Y IR MRE
DZERERBIFHREIC L o TEANT, HHIRAIET VOANEBEDET VA E
BELTWS, 2LT, AEEEICHTA2ETE LA LA 7HEODOSHOFELR
RBEEDIC, YIalb—Ta VERICE D EBFEMERZIT) L ICL VEERR
T EBMICHERL TWE, ZOFKEFRLLT, JRAIET LIIDWTHREREE ST
o I2KERDINT 2 — 7 2 U THEBENELT5Z L ERLTWA,

% 4 ETIX, CRT OFBERFFMORE L L 2BEFE—L ARy NEESAHOHIE
FHEIIODVWTHLE TS, £F. BREFIFOREL VA FIv IV VRERTS
72912, ICCD A T V- “BREREICI 2BEBELREL TS, FO/KE,
# Y — FERRD THES % BB, b R E OIS L7 KERBICES £ TOIA
WERHEHICBWTETE— ARy MEESMOWENTREL Lo/ L ERLT
Wb, 6T, fEROBEBUEFEIZL 5 ARy MEROBBRICBW I vy —/
A XIRERR L-HEEROIZIOLDODEVTELLIMEI L, Y7 EORELMHBEL
FHERT7TVI)XL2REL, YV ELHEOBEEI M LET2Z L 2RL TS,

5 ETIX, ET LT, BHESILE ERERO CRT SO ®REE IR
R 2BEHLEBETE200ARE LT, 74—V FIEARY T —FRICL B~
A7 VA CRT IZOWTH L TWE, 22 TiX, BHFEUETTFRRBICIBBED S
—Yx v ¥ —%HVET 4=V FIEXRR CRT 12X ), KEHEEHHT1 A 7L 4
PEBARTHLIEERLTVE, WETT—T v v ¥ —DBREFHELETF NV
L. THRICHEREICL 260ME0FMER T HAebE. AFHRERPEREL LD
R GFREEE Y I 2L —v a Vil E o TEHEiT 2 FHECOVTHERTV S, &
BT, AV ITAVRETHICE B3 V- AFKEEARICBIT S -2 EESAITS
DEDFEHULFEEZREL TVE, ZOKRE LT, fERD CRT & FFEOLEHNE
LEEREDLOD, ERESHEULEOI Y P I A MESBELR, ET LOREERPZR
BOmBTI, BRECHILZ EXBE LY AY VA CRT PERTRTHLII L
RLTW5,

EeETIL, AFETHLNLBERIZOVWTRIEL T3,
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1.1 MENDTER B/

AT, BBHE (Cathode Ray Tube : CRT) ZHW/TF A AT VA E=F—D
R E M E SO ER, &ETB L UTHESM ICBE T AERREEr T LD
72bDTH5b,

T4 ATV A REDRBPERKILL, BADEFERPHEDD LW 5 FEIZBWT,
BEEERICE A2 —2a v 2fT) 120OBBERL VAT LAICHVLRE LIS
oo KEIZBITLTVYE, F—of&F. T 74 AXBITETVEYT—a i

FELF T A AW TEROELNN—VF VA Ea—F, Ak TE%

kkﬁ%ﬁiiT%ﬁ HAHVIIREZEIIAEROMUELRL TV AETHES L L.
FLIIBEIZTAATVAEELTWE LS THBESTER VY,

INFTIHALTAATVABEHREN, BEDIF LT A ATV, R EART
TeODOMEDSEAATON TS, FRbHid, 7351 ZEE, BEHR. BFHRAR
ElCIDVFETEIENTEDL[] TN AFEHEICBVTIZ, BOBENTLHE
BEXBERXETERAT AIERBRICHE I N, B ICIT CRT. PDP (Plasma Display
Panel). EL (Electro Luminescence) 7°4 A 7L 4, LED (Light Emitting Diode), FED
(Field Emission Display) 7 &5, & I12I3W& 7T 1 A 7L A4 (Liquid Crystal Display :
LCD). ECD (Electro Chromic Display) 7% &S %, BREIFRICBVWTIX, €—24
EEhs ¢ BREREIRICOE S, EOBITIE CRT RiFICB L. #hlsfiz< Y
7 ABBERENC L o TERREIT) o BFANIIBWTIZ, EHER, RHHE, ZHEgR
WHEENS, BHEIETNA A LIRS N-EREZERBHRTLHOT, Lofl
BT RTHEINIZBET 5, HERIETNNA R LICER SN EEE RERICE > TR
7)) = VKR ET A HETHY, CRT R LCD & EOERI D 7/54 X%, DMD
(Digital Micro-mirror Device) 7 & MEMS (Micro Electro Mechanical Systems) 47 {2



$ B RERIZERINRER T /NA ABERHEN S, 72, ZEGRIZFT NS A LR A7)
=V ETIE% <, ZRICERSN-EEREZBIE TS HET, Ny PRV T4 RS
L4 (HMD) RFOT T TATART VAL ENINIZET 5,

DEICBRZE ) CELOBEEDO T4 AT VA DBHEETHH, FE, HHRE B
RENBBUEIELLFRAPEEZNS DOFRLBIREN TS, RFEOHRTH ST
A ATVAEZY—3aYEa—FDORNBERZERT 5HETH), ThEITOX
FRTITA Y ZDERIIMAT, VI IIZTDTNVTF AT 4 TR BRE %
Bl L-BEBREEASRRIND L )10k o7z, HERIT VGA (KF 640 Fv
N XEEE 480 Fv ) 5 UXGA (KF 1600 Fv b XEE 1200 Fv M) 25, HEH
FA XX 144 VFBREDPD 224 VFRENSVLESE S, B TIE CRT & LCD %F
HEnTwb,

14, 15 £ ¥ FOBREZ 5 X TiE. LCD 25 HEE I X TR, ¥fn 7
V=2 AN — X 2PRFARCINEDEBI L EDORBOTRICE Y, AFEEERIER
L7z L2L%HH, 204 Y FUEDREES 5 ATIIHARE LT CRT DI R}
EZHPREL, ERIZEE> Tz,

CRT I3 LCD & HEIL T, #H - o X M EMTH 5 Z &, BEIA%CREE
EMG EOFRTFERICENS 2L, E-2HBEHIC X 2R RO 72OFTREREDOLD
BXZBEDHFRATRAB LR EORBEE TS, €D—HT, Y¥Y FU<X
PRTIN—F % S NG EOEENEECL DN T —FROBEBIGERLET L,
IRTAYN-EVR (BTR), XFORT 2 EDE R EOMELZET 5, 71
ATVA =Y — I8 LR ERBHEPEREINEHF T, ThODOREIZX DEEEL
RAHHENCH Y, TNOLEBRT H-ODHEMBAROERITKEZ V,

ETVIE, BEFE-LAFY Y FIRRAIRLT7/—F ¥ 7YV (UFTRIALER
LTI RZ LIRE) & EOEEBEDORD 788 UERE IR S U TERPE
BRENBEEIC, BFE—LA05MPROEME L HOOSA»FROoBIENZEICZL -
THE U AEFEROEELILTH 2] E7 LOERIZ., CRT DY AT REFHDF
FHCBI2EELRBEL LTIAEI TITAEINTE A, £D X 1 =X AL Robbins
5B1D 1 XTLEFNMIZL 2ERILR Iwamoto[4]iZ & % 2 RIL7 — V) THFRICE B
HELZEICLoTHLRIZEINz, 72, Witke[SIIIY X 7 ORFEOSHRETFE— A



DFAHNET VOB RBEICFET LI L E2/R LT, $72. Myodo S[6]IXZ2/B
S UBBEEBEBTONG A—F5HEEZIRE L, Chen HITNIINEFERTENTTS
SHEY - VR L,

ET7 VOFEAIL CRT OFREE EATHOBERTHY, BELLZET VLETAEL
NOVELTFICPIE$ 5 Z & A5 CRT DERETICBIT 5 BETH 5, Myodo H[8IZL BT X
YETVICHETA BT 260 E L, TNETIZEOHRBHICE T A HE LI
bNTE7, FAFETVIIKFEFEOBIRD / 4 X & LTHE SIS A, Myodo
LR>ERBITYIaL—va VEBRZER L-EHFHERICEI T, SXAFET
LOEMBINLEPE Y P A M EHLRPIZ L 72,

F/2. FAYETVICIIMEN L 2 RTOBEMEETAHEMI A7 ET L TN
HEEDPHELET S Z LA S[9]. Tanigawa H[I0IZ & » THE SNz, HHET R
¥ ET VIZERDBHM PRGN/ — 2 L UCTIIEHMENTE ., BhBEF Y FoFY
HESEZE (MSE 2~ FJ A M) [1L12]1R 4 7 ABABE AMHT (13,1411 X 2 E&1t
PREENTV S, X 5T, Sawahata H[ISIIFETFAETLIZOWTH T AFET L
ERFRICEAEBDPHFRET A2 2 HE L

BT —A0GMITET VORBHICEET S LERIIC, A AT VAEZF—D
MEEEZRETHHRFTHB[16,17]0 BEFE—LARY MARIIGREDIBIETH 5
MTF (Modulation Transfer Function) & 7— 1) TR OBRIZH D [18]. FDHHED
HEEIZSHEE (FRTEER Ky M) O BEEMED S MTF % /- L TRE S 1L 5[19,20],
% 72, CRT O MTF & $EDOZEEFHEESE 2 A G b -0 @il & & L <.
MTFA (Modulation Transfer Function Area) [21]%° SQRI (Square-root Integral) [22-26]
e EHREEN, CRT OGRESHERELE P -V TER SN TS, LLi
o, BFE—LAARY MIF T AH5HERLEOMOBERTHE S NBIRE L TR
X, ERFT— 5 ICET ALV, COBHEELTEFEY—L2XKy FEEE
BLHIET AEMIHEY. ShThuhnZ edbiFohs,

IHECTICEFE—L ARy FOFHEFRE LT, BEUHEZICH LB MO
BIEFEIRITEINTEL, ThHIE, TRAZIZL o TH Y TN ENED HLKE0
ERE2B25-ODFEICBWT, (1) #ELEICX 2 HE. 2) BFY—2%2BH
T CEHErBETLIHE, Q) ChotfllAGbEFEICHEINS, (1) 12



Austin 5[27] . Veron 5[28], Atwood[29]% &' DL 5 H, WENBESH THLHK
. M RIEIROBRICIZIRAIH 5, (2) 1ZiE Baur[30]. Bortfeld 5[31]D. (3)
IZIERE 5[32], Bukal H5[33108EVH LA, Vv I —IZIBBFE—LAKRY bD
BOEZIGERTAHETSDEDEFEL, BRICKZBELFASOREL Y13y
7V VOEBRIPBETREFEL LTHRINTW S,

FARATVUVAFZ Y —3NN—VF NI ¥a—FORDEEL LTOREEE LIS
LR L7AS, FzhAE2BEL T O ERMMEPERSN TV, BERLKE
ETATVINT =S L LTRE -FRTDBTATVINT —HA TR, BEOEFT—
FALDHEIT L TV BEE Y AT LB WT, KFEFEEAS 2000 Fv PULE, EEmY
A4 X 20 4 VFULOBERBMT 1+ A 7L A OEBRITHTT 2 BRI [34], LAL
BIKD CRT DHEEDT T TIX. BEMEENLIIH-TET L, IXIUN—HEVX
(BTh), XFORITZEDERBEIC L 2FREBICERTARASEE L &
%o BERMT A AT LA TE7 70 —FL LT, BT 210 mDT7/8—F % &
YNVE Y F & 110 p miTHEEHIME L 726815 s S 7zh335]. BEFIEEIC X AR eI
FEWITHHE I v,
BRIEELTFRALLZY CRT O F—FRRARE LTI, E—Aaf Ty I RE
RBOIR T 4 — N FIERARBN 2 EFAOLNTWS, LrL, WihbAkBOES
T4 AT VAICERAINS EFTICEEL o/, TOEHBLE LT, WHIIBW
Tid. NTSC L LOBSESOREEBTEE - BRASNIBEFE—L2 A VTV IR
BHICE D204 Y FLUEOEE LICEERSAERDT S Z EOEMYZRES .,
BEIBVWTIE, 20 4 Y FLULOBHEY A XTET 4 — IV FOEERT Y HZ 2179
CEWNTELTINAADBGE L P27l 2 BITH LN TE S,

KwLiE, D EICBRZ-ERZE T X, CRT OBREFFEEICL D77 —FROE

BERTRZEETHSET VOFHMETE L. CRT O ERSHRORXREL 25 EF

E— 22Xy POWEFELIOVTRET S, 3610, BRJIBENOELLEES

LR IRET B 72 DDOFRFRICOVTIRET B, Thbb, KHLIE,

() EFE—L5MEAIRAOGHDPOIASET VOB LEE L. ABOHR
BRI T 2mA 7 d LI LAHRBEHE 217 ) SHMEFEORE



Q) FHIAFET LV EFHINEW) TP IZZ ZVE—FDET LOHMEEED
55 TWVICHEY 5 ETVEE & THEMEERIC X S

Q) BHBIRLFAISEORELIAFIv 7Ly PRERL, Mo 2xndn
BFE—2AKRy MHOREFEORE

@ BERBETCEE R CORREETREL LY A7 VA CRT OF%Ete 7o b
¥ A 72X BHREE

KOWTOMFERREEZ T LODDTH B,



1.2 KRR DB

ML 6EDPOBEIND, F1EDF@wmICHEVT, F2ETIIHRBEENELEH
B I2b— a3 VIlEBTAYET VOFHEFEIIODWTH L A[38,39], EFE—
LGHERAZRAOSHD 1 RTLET VPO T AZET LD PSR EEPEE
BL, FHEHRICDWVT Myodo H[8]DEEFER % D L ICHHEM (Visible or Invisible)
PHETSLEEDIC, EFAVREEMF— I AOEEL I 2 b— 3 v 379 FEd
BETL, CHCLY, BFC—A0HAP~ A ZBEO5HAN T AT ET7 L DIEIMHIC
B AEBYy, EFVEELEBZYI2L— T a3 i o TEHMET AT EDSTEL S
EERT,

3BT, FHIAFETLVEREINDE 2B THELFEICL > TV ELE

WEBEEDO I XS ETLICDOWT, BFEY— AR 7 BOOSH % OB
BIZTRHBIZOWTEH LH[4041), BFE—L5mE~Y AT EITEERINZRHOO 2
RIEAFAET VL o CHEHEOEESAZETHE L, ThEHEROI > TR MK
BEOZBERBIFERERIC L o TEARFIT, FHHI R Y ET LOAMEBEDET LN
PHETL, 2L T AEBREICHTABT Y- ALY A 7HAOOSMADHEL AN
HEEBIT, YIal—Ya VERICE A EBFMEERYIT) CLICX DETEERE
EEBMICHED TS, FOEREL T, FAFETLIIDWTIRERER SR T ho
P2KFRMDINT A —F 1T L CTAEBEIELT 5 L 2RT,

% 4 BT, CRT OFREEEHHOEREL 2 52 EFE— 2 ARy MEESABOHE
FHEIZOWTHLELM42, TT, BREFASEORELFAFIv VY V2ERTS
72912, ICCD 71 2 T &7z “BREEREIC X 2W|BELIRET 5, TORE, 7V
— FERARO THES 2 BIED b e I L2 KEBRBICES £ TOEWE
REHICBVWTETFY AR Ry MEEGMOBUMENlTREL 25 I L 2TRT 51T,
FERDEMEMIBHFEICE B ARy FEROFEBRICBWTY vy —/ 4 XITER L
HEEROIILOEPELAMEIINL, Y7 b EOERELHE L -BBETVIY
ALERFEL, BV ERLAEOBHEABEF M LTSI LERT,



S5 ETIE, 7 LT, BHESIL: EWERD CRT SFOEZEHEE I
Ry 2EEHCEBHET L2005 LT, 74—V FERRY T —FRICLBE~
A7 VA CRT 220V LAHM4344) = ZTid, BMBFERETFHRE/SANVIZE D
BRI T—T Y v ¥ —% W27 14—V FIEXRS CRT 124 0, KEHE@EEHEMT «
ZATVAPERINRETHS L ZIRTo TOLOI, BRI T—¥ v v 5 —DBEK
FEEZETFMEL, JHCHREREIC L 2BME0FMR 2 HAAS LY, BERM
REBRLEOEANLGFRNERE L I 2L -V 3 VI L o TRl T 5 FHEICOWT
BB, 8612, A VIAVREBEFHICL D3 - LABEEFRICBITAE -0
BEoD0E0FHMFEEZRET S, TOR/RLELT, KD CRT L EEOEFEHR
HEEEFRLOD, HRESEULEOI Y FIAMEELN, ETLOREESLE
BT, BHENLLE EE2BH L/ A7 VA CRT PWEHAETHL I L
R o

EO6ETIL, AL THONTFEIIOVWTEET 5,



52 E
RAMHECEEZRYI 2 L—2a >

&3 CRT S X4ET7LDOHEF;

21 FE

ET7 VL, YAZORO% @B LCET Y~ A0S EHE IR SN THEE R T
LB, EESINIZEFE— 2 O5ATPFOEIN & <~ X 7 MO /2O %
EDEL o THELBBEEROEEETH 220 BFE—25MOAMMEIEE
HREFOFRAMEITERTAIRAFET L L, FRENIEEOFYEIERT LT
FETVIGEEND, FRAYETVRIEELFFOD, ET7FET VIIFERSINLEEG
PR ZRTFEO, HI U255 T I VEHOBRD ) A XL LTHEEINS,

FAZETLOAVFIAPREBIE, BFE—L ARy FOTa7 74 VPEE
WHER, ~A 7O - B2 82X o T8I 5, B 21 Yamauchi 5[45,46] 3.
BFHOH YV — FREDTFHEENTETE —205MICHEL, FHEZ ETFAZ LI
YoTIXIETLOIY M A MRERTELZ ERR LI, $72. A7 BIOO
FEHZBWTH, SRS ET VORRZRE & LR 2T OI TV 519471,

AETIT, HEBHELEEZY I 2L—a v il 5925 ET7 LOFEFEICD
Wi LA[3839]0 BFEY—ANME~YAZBEOS5HGD 1 KCETVNOFTATET
Loar A EERRERE L, SEEERICDOVT Myodo H8]DEBRERE b &
WZHEEEME (Visible or Invisible) ZHET 5 & & BIZ, EFAVREFEHFT—F 5 HEE
YIialb—YarEM)FEETRET S, L), EFE-L25Mm°~ A2 RO
DHEHTAYET VORBEICE 2588 %, ETNEHELEGRI I 2L - a2
Lo TEHMETA I ENTESLZ LERT,



22 SARXETLOEFHRE

T3, KEITIE, EFE—2IL5ELHENE~ X7 OROGHMDEREDLEDS
FATETVIRETHEBTEFENIIEKEAL., A ETLOFRTERILT 5,

221 SXADOBESH

L, BFE—LARY Mofix Bxy)&E$ 5, 72721, x, y IKEB X UEE ST
DIEETH Do B h Y — FR ol SN EFVIEFHROBHBE TERE - IHE
ENTHERENLBEFE-L2OFESMIIHET %, BFE—23REHNI—7I12k-
TERENLGEFRICL D, K2R T &) ICHEE L EEHEERPr TEEINS,
EHRITIEREEEIOHE L, BFY—20BEZ0 25, KETIISAYET L
IZDOWCER T ADT, BESY—OBEHEZEE L. Bay)IBERESIC X 2IRIEE
RAIZT VWb D ET B,

........................

...............

Fig. 2.1 Raster formation by electron beam scanning

DT CIIEEEEy ICI 52— KL THE@m TSI L, EBFE—LAKY My
FxByETh, ThHHOLEBWIIx=0IZBITEBEy)TH) ., —AKOERFDOREIZ
YT 2, EEENLETFE-LD5HZ Ry ETH L,



R(y) = B(y) *comb(y) @2.1)

THZOoN5E, 72720, KFDO*IBEHARAABRIELZEK T, comby)idy HHENIBIT5E
EEEZRL,

comb(y) = ; O(y —nP,) n=0,11,+2,- 02

TREND, BEFV— L ERBICERY L~ A2 0O%@8 L7sk, BEmIcHE
HENTELT S, 22 TYR7EAOOSH A Z BBERTEL,

P, P,
A(y)=1 P, =5t SySnPi+ 5 =041, 42,

=0 ; otherwise 2.3)

Y5, $bb, FOBRAOKTIE, FOMOMNETIZOE %25, 72751, P,.
P IO DR BEFIORPTH B, T TR, BF Y- RAZ7OBO% @AY
LEICAELIHE R EOBEREIZE L 2 VEERELREL TV 5, BHELETHRER
N5 Ay OEESA L(y)id.

L) =R() AG) o

THEZOLNE, Z2TR, A7 LEAHIGEHEL TWHEDT, BFE—LDTRY
I ARIFOEBIIEBETERLRELTWS, F7-, HREICHBHE IN,-EFLE—
LA T RS A DI IR L Twb, LBLEIZHE~<7 B(y). Ry A

Ly)DBHRZH 2.2 IZ7R T,

10



By) A L)

~—] R(y)

Y

s

-Pr 0 Pr 2Pr
dio
P A®Y)
.-Pa 0 Isa 2.Pa éPa y

-Pw/2 Pw/2

Fig. 2.2 Relation between the distribution of a single electron beam spot : B(y), the
luminance distribution of the raster : R(y), the distribution of the mask
apertures: A(y) and the luminance distribution observed on the CRT surface :

L(y) . Vertically repeated arrangement of B(y) at an interval of P, is sampled
by shadow mask apertures A(y).

222 SARXETLOREDAHZX L

Ry P OEMBEETH H . AZEY P, OFAHBEKTHLDT, Theh
(2.52)s @SD)TRT L7 = THREIER TSI LA TE 5, Ry). AITEH
BTHEHDT, cos BRUIZX > TRRINS,

R() = ; R cos (27‘(2%—}7)

§ (2.53)
A(y) =2 A,cos (21t%y)

¢ (2.5b)

Zhbiz RQHITRAT S &,

11



L(y)= ; R, cos (2%%})) : }n:, A ,cos (21t

r

n
P,

'

2185, RROIFKRDE HITEEZWZ LI LITE S,

R A A e

R,A,
2

(2.6)

m_n
coS {275( PP

2.7

b

Tabb, RRHTESINLEEDAIZ. (2.5 L HQRSHICE > TEE B HEK
EBIOERKEICL 2 BEBERGHEOM L ZOBEES 2720, HEROZERE
G HEEBEBE 2R T 0T, RQDICBWTHEABIEWE | HIZME S hiz vy
A, AloRWE 2 HIMEAROBEEER{LE LTHE SIS,

223 SXAEFLOEAM- > S X B

RQS)IZBITBE m EREHS & RQSDICBITAE n BRERTORICL-T

HEUBETLERERM)DET LV EFY, ZOREP,_ X

_|m_ n|’
Pmn_‘P

n
P,

~

THz2bN5, $72, AV FFA MM, I

_RmAn

an 2

TH52bN 5,

12

2.8)

(2.9)



23 SAZETLFMANKERFE

AEITIX, kD CRT DFEHIBITE T A ¥ T VOFMFEIZOWTHRRS,
CNEFTIAYET LI, YA OFEESMORMOFRZRET AL £ ML
LTSN TE72[1947] #ZTlE, ~AZOFOBHICHT A5 A ETLORE
D5 T WIEE SN, (EROFELHIET 27201, A7 OEEFMOBHD
AP, L S A5 ET LORYP, DBFRZK23IIRT 2 2 THEAHMMEP,130.48mm
&L, BCBWTIE, REQ,D. 1,2, Q1) Q3)DTAFET LOEI N
Twh,

2D (1,1 2,3 1,2)

- "\ I} ! L
) , i vk ]
- I 1\ 1 .
= 4F | ]
£ - I I i ' .
e be ' ' [ B -

I ! ]

Q-Ec 3 { T | 7 ']
- 1 Y -
S X ’ 1oy v i
= § | & [ I-' 1 )
g 2 L 1 } 1 "\ .

= E \ g H Y [}

s f I ¥ I \ ]
d‘é 1 :-— § }\ ,p' \\ * h“ —.|
2 = i / “N ~— -:\_‘- :
—'q-f"-::r'-' — =

0 02 04 06 08 1 12 14
Aperture pitch P. [mm]

Fig. 2.3 Relation between aperture pitch P, and moire pattern pitch P,,. Scan line pitch
P.: 0.48mm. Each line corresponds to different modes of moire pattern. When
the relation between P, and P, is integral multiple of each other, P, becomes
infinite.

T IT. REAHEXRBQHDET VHEEBRMICBV DL AL TV H5E, WE
ORAFFERICEL 255645 KD D, Thbb, ThEPNOERLERTHBORE
%*b\%@ﬁ@g(:@Hf@@@fiﬁbtﬁﬁkﬁﬁ?ég:a&mmﬁw’
27 DEEFOBROBHE LTRESNS, L ZADPZOHERX, LLTORMES%

13



BT 5,
C EORBOET VB OPOMEFLELRZ L
- ETLOIV A MPEEEEIN T RN L
BT A0~ A7 HOROEENFMTE L2V &

14



24 REFE

24.1 FHEORN

RIE TR ~R7AERTFEDRE R 2 RRT 572012, RITRTHE 2ZE LT
BE2RET 5,

- ETLVOFRMETY PSS AP FERISGHMECE 5 2 &
- BTE-A0MOXELEENIRADZ L
- ABORERTET L2 BR L RORBMIHETEL L

KFEHEIZLUTOAT v 7 THFEEIT o

A7 v 7 1] BFE—2054By)EHET %,

[RT v 7 2] A7 DOROGA Ay). EEHEBP. 2RO 5,

(AT 9731 BREDIAYETLORMP, L2 A MM, 51ET 5,
[RT v 7 4] BHBREDIAFET LI L THESREICESHORZE 2 HET

3
[AF v 75 HATLTIV—ALAEY ETEEBY I 2L - 3 27w, EHE
THERT 5,

PLEWSRUZZE-H oM E2E] 2.4 12R-T,

15



Measurement of electron beam profile B(y)

. 4
Setting scan line pitch Pr and mask aperture distribution A(y)

L

Calculation of pitch (Pmn)
and contrast (Mmn)

. !

Estimation of visibility Image simulation

Fig. 24 Flow of evaluating moire pattern
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Fig. 2.5 Principle of measuring the electron beam profile. While the electron beam is
shifted, the luminance distribution is repeatedly measured using a CCD
camera.
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mask aperure

Fig. 2.6 Imaging data D,(x,y)

D(x,y) DIKFF DI040 B, (y)id

B(y) = m,?X{D,-(x,Y)} (2.10)
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Fig. 2.7 Example of reconstruction results of a shadow mask CRT.
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A=, ADJexp|=jply |y =FT{A}(5p™)
2
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Fig. 2.8 Region where the moire pattern is annoying
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M =0.6 (2.152)

InP= -0.46In M —-0.46 (2.15b)

P=0.9 (2.15¢)
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Fig. 2.9 Results of the moire pattern in mode (1,2) for simulation data. Each electron
beam profile is a Gaussian distribution, has different 5% beam diameter. Scan
line pitch P, : 0.754 mm. Shadow mask pitch P, : 0.382 mm.
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(b) Beam B

Fig. 2.10 Electron beam profiles. 5 % beam diameter : (a) 0.702 mm (b) 0.757 mm

E— 24 A DFARIZ T 7 ZA5AGIECH B OREHEEDIE L FEAEFHD,
BIXE— 4 A (0.702mm) DFHE—24 B (0.757mm) IZHRT/HE WV, T % By)
EL7RHERR N 211 1R, ELHRER Pr L~ A7 ORILER Pa X, £ e
1.0.293mm, 0.143mm & L7z,

Fig. 2.11

50
e
E
- 10
g
ot
=
o
®
< 1 O Beam A
< ® Beam B
T
0.2 il
0.02 0.1 1 10

Contrast of moire patterns : M [%]

—J. 5%hRFE

Results of the moire pattern in mode (1,2) for actual data of two types of
electron beam profiles. Scan line pitch P, : 0.293 mm. Shadow mask pitch

P, : 0.143 mm.
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Fig. 2.12 Example of calculation results displayed on EWS monitor. Two kinds of beam
profile are compared, calculation results of moire patterns in some modes are
plotted on the graph simultaneously.
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Fig. 2.13 Simulated images. This moire pattern was photographed from a 20-inch display
monitor at about ten times the actual size. (a) : moire pattern is invisible (b):
visible
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Fig. 3.1 Example of a raster moire pattern observed on a 21-inch shadow mask CRT.
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Fig. 3.2 Schematic representation of the microscopic structure of the luminance
distribution of the raster moire shown in Fig. 3.1: The luminance of phosphor
dots is represented in three grades.
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Fig. 3.3 Electron beam distribution B(x,y) expressed by equation (3.3) .
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Fig. 3.4 Shape and distribution of shadow mask apertures.
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Fig. 3.5 I(x,y) and I(xy) values at x=n‘P;: ¢ =212 p m; P=452 p m; P=420 p m;
W=315 pm.
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Fig. 3.6 I(x,y) and I(xy) values at x=n‘P,: ¢ =147 x m; P=452 pm; P=420 x4 m;
W=315 e m.
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Fig. 3.7 I(xy) and I(x,y) values at x=(n+1/2)-P,: ¢ =212 pm; P=452 1 m; P=420 1 m;
W=315pm.
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T, cos BEICI - TREREENS,

B(x,y) = ; B, cos (ZTC% )

(3.9)
M(xy) =X M,cos (2n1—’;—y)

1%

(3.10)

A3.9). RGI)ZFRC DA LERT S L,

I(x,y) = ZZ cos {21:(% g—)y} + ; ; Bmé\l n00s {27‘5(? - p—)y}

(3.11)
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5. X mn)DTF AT ETLOFEP, I
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n
P,
(3.12)
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Fig. 3.8 Moire component's period P, as a function of vertical aperture pitch P,
(1,1), (2,2), (1,2) and (2,1)-order moire components were calculated using
equation (3.12).
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Fig. 3.9 C, and C, as functions of standard deviations of the electron beam distribution
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Fig. 3.10 Schematic representation of the luminance distribution of the (1,1)-order
moire component on the xy-plane.
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B-B'Zi o 72K F M OEEZALOIRIEIZ, HEROZHBRIUSEIC L 5 EA DT
2107 X% I A Y ET VOMREBEDET NV E T 5, BERLOERIEIL C,
CHELL, 7V BB M2 HRGIICE DEHE S NS, HERDOZERMBEBEK
BNy F2BUARTIESMONTE D S DEFAVADPREIN TS,
Z 2T, RGIHITRT 2> M7 R FEEERI¥ CSF(Contrast Sensitivity Function) %
V25 [49].

CSF(u) = au -exp (— bu)\/ 1 +c-exp (b”) (3.14)

540(1 +0.7/L)‘°‘2
T 12/ w(l +ul3)

b=0.3(1+100/ L)‘“S

c=0.06

AHDZEH u i3 cpd(cycle per degree)Z HAL & 4 5 22 F PR, Licd/m?]id B FHIHELL,
wldegree] i3 WY 1 X L REREIC L > TR T 2B KT, CSF OFIEHF %K 3.11
IR,
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Fig. 3.11 Contrast sensitivity function.
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Fig. 3.12 Pl values calculated for different values of the standard deviation of electron
beam distribution ¢ and the horizontal aperture pitch of the shadow mask
P
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Display of
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1mage

Image simulator monitor

Fig. 3.13 Flowchart of the image simulation process.
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FIZET Y RURAVERFEBN 2L A >FE ) 20574 AT LA (FFF#E Flex
Scan 6500) ZH L7z, > al—3 3 PEBIIKFE 300mm. FEE 300mm D
A TCERLUI,

B 20l —2a lZBVWTERELENTIA—YDEEE 3.1 ITrRT. BPOME
B2 al—FE_YETOETETH S, NTA—FDERILII32HERUTH D,
BFE—LMEIHI AN, SAVHEOOEKIIESEEL .

Table 3.1 Image simulation parameters.

parameter value [mm]
Ps 3.42
electron beam
o 2.37 2.63 2.90 3.16 3.42 3.69 3.95 4.21 4.48
P 2.83 3.40 3.96 4.53 5.10 5.66 6.23 6.79 7.36
Wh P.-1.41
mask aperture
P. 3.69
W. 3.42

K314 iIZ¥2alb—2 3 VEEDHFIERT., TITEAELTWASIRAFTET LA
WHERITH %,

P e o ek i

55055 .

Fig. 3.14 Example of the simulated image.
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RICEFBFMERDOEM & HEIIODWTHERS,

a. BERE
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EERIZEML 72,
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c. EBRFIH
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WB 8B TYIal— =Y FICTAYET VLRI LDPR Aol % F—
K= FDF— (YN) 2T LICLoTEZ S, k3.1 TIRLE/NT A= D#A
EORICEB 8 EENYI2L— Y a VEBEERL, ThOOEREMHERH L7 81
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BRIZIIET 5 REHIIH 20 7 THho72o ERIITRTU I 2L -7 2L TN

— JAF—Yarcaryrrua—iL’,

The simulation image Image-1  Image-2 - Image- 81
is displayed on the
monitor
8 sec |5 sec
Noimageisdisplayed __] L___1 L—....
on the monitor 1 -1_ T
response response response
(Y/N) (Y/N) (Y/N)

Fig. 3.15 Time sequence of the subjective evaluation test.
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Fig. 3.16 Results of the subjective evaluation test: Average probabilities of moire
detection for different values of horizontal aperture pitch were plotted as
functions of the standard deviation of the electron beam distribution.
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Fig. 3.17 Contour map of moire detection probabilities: The horizontal and vertical axes
represent the horizontal aperture pitch and the standard deviation of the
electron beam distribution respectively.
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Fig. 4.1 Comparison of the measurement results by the conventional CCD camera (a)
and the ICCD camera (b) : solid line shows the rare data and the dashed line
shows the normalized data.
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Fig. 4.2 Principle of the extension of the dynamic range: Output of the ICCD camera vs.
input luminance at two different exposure conditions, gamma of the ICCD camera
i1s 1.
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Fig. 43 Measurement data: horizontal cross section of the luminance distribution is
shown.
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Fig. 4.4 Measurement results by the new method at cathode current Ik = 5, 15, 20, 25,
50, 100, 150, 200, 250, 300uA. Base line level of each distribution varies

with Ik because T, in Figure 4.2 differs according to the luminance of the
beam spot.
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Fig. 4.5 Results of horizontal beam diameter from the new method and the visual
inspection by the experienced engineer. Diameter by the new method is read
at the same luminance level (dashed line in Figure 4.4).
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Compensation for shifting,
Summation

Fig. 4.6 Principles of the measurement.
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Fig. 4.7 Simulation results of error occurrences by the calculation of the center of
gravity.
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Fig. 4.8 Measurement results (a) conventional method (b) newly developed method.

Each figure shows horizontal cross sections of the reconstructed beam spot by
iterative measurements. Each center of the distribution of repetitions is put at
the origin.
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Fig. 4.8 Standard deviations of the repetition of ten measurements. Beam diameters are

read at 1, 5, 50 % levels in the horizontal and the vertical directions
respectively that are shown by H1%, H5%, H50%, V1%, V5%, V50%.
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1 frame .
Lfeld  l— B/W image

Color image

1 frame

1 field

monochrome CRT

color shutter

Fig.5.1 Principle of the field sequential color CRT: The monochrome CRT displays
sequentially the black and white field images, each modulated by R, G or B
luminance signal respectively. The white incident lights pass through the color
shutter and then are converted into R, G and B field images, respectively.
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Fig.5.2
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extraordinary refractive index : ne

ordinary refractive
index : no o

propagation direction
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~» thickness of LC layer : d

Light propagation model in uniaxial medium :Switching the polarity of applied
voltage sets ¢ toOor = /4.
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Fig.5.3 Measured value of spectral transmittance characteristics FLCP: Transittance
was measured in the condition where the polarizer and the analyzer are in the
positional relationship of paranicol (a) and crossnicol (b).
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Fig.5.4 Configuration of the color shutter and the principle of color field switching: For
simplicity, only the rotation of the polarization direction without considering
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the distribution of spectral transmittance characteristics of FLCP shown in
Fig.5.3.
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Fig.5.5 Spectral transmittance characteristics of the polarizer used in the simulation:
Mixing ratio between color elements was assumed to be changed in steps at
(a),(b) and (c). Density of blue element was assumed to be varied at (d).
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Fig.5.6 Spectral intensity distribution of P45 phosphor
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Fig.5.7 Calculation results of the transmittance and the color gamut : The combination
of polarizers selected for the prototype falls at the black point.
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Fig.5.8 Spectral transmittance characteristics of the polarizer determined by the
simulation:

81



55 £/ Z7OCRTODEFE—LEEAKX

55.1 3E—LRKBEETAKX

7 4 =V FIEXR AN TiZ, RGB DK 74—V FIxFind 5E/ 70z 71—
LERBD 3ED T 4 — I FEABERCTIERICERT %5, - T, @EOHE—~Y—L4F
RO CRT#FEHTHEYAIAI T — CRT D 3EDOREH CEFY—2%2EELE
FUER bRy, T2, YRR T — CRT IR T 113 DEELIELRRN,
INLDOMELZBRRT S0, T~ CRT HIA T4 V8 3 ¥— 2 FROEF
AL, 3 RKOEF Y — 2 2 EEHMIEERERZ RS 2555 300 % FFICE
B 53— LFEBELEHFRGSIZEA L, 3 E—afBEEFRICE->T1 74
— )V IS 2 B2 BT 2 5K 2 HiEEZE 59 1ORT, EEBROAREET m
E LR, mB3EOKFEERERET1I 74— VPR EING, /o T, EFE—20DK
FEEEEBIIE Y —AHFRD 13, bbb~ A7A AT — CRT L UAFER
JEWE L 55,

| ———

Fig. 5.9 Principle of the formation of one field by three-line simultaneous scanning.
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Fig. 5.10 Theoretical description of vertical alignment of beams: Magnetic fields (a) and
(b) are combined.
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Fig. 5.11 Reduction of the raster modulation: Starting position of the scanning in two
adjacent fields differ by 1 line with each other. All lines are scanned once per
odd-even field cycle by three electron beams.

84



56 OMYA TICKBREL

54 BITHBRZMEROIT— v vy —& 55 B TRNZETE— LOHIEITEI
%211 >FHA XDE/ 70 CRT 2fiAEDOEZTO N A TEIERH L=, 7O
N TONEZR 512 1ITRT. BAFRTIIT O b A TOREKMIRZREFEOTHE
HEERIZDODWNWTIRR S,

Fig. 5.12 Photograph of a 21-in. field sequential color CRT prototype.
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Fig. 5.13 Measurements of color gamut: Chromaticity of white is excluded from the
static drive plot because white cannot be displayed by the static drive.
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Table 5.1 Performance comparison of the prototype and the conventional CRT

Prototype Conventional CRT
Luminance 71 cd/m? 79 cd/m?
Contrast ratio 146:1 27:1
Color gamut 63 % 71 %

(to NTSC)
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(a) Field sequential (b) Conventional

Fig. 5.14 Comparison of displayed characters: Close-up picture of characters of
standard font size.
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