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PaspaboTana amexTpoHHas apxutekrypa noiaHonBeTHeIX LCoS mukpomucmiees SVGA dopmara
IUIsL BUJCONPOCKLHOHHBIX YCTPOHCTB MepcoHANbHOrO THIA. OCHOBHOE BHHMAaHHUE YACICHO
BOIIpOcaM BBIOOpa Hanboiee 3)(HEKTHBHBIX METOIOB HE3aBUCUMOM aipecalliii KaXKI0ro MHKCEIs,
peai3aliHy IKaIbl ceporo (MOJIYTOHOB), a TAaKKe (GOPMHUPOBAHHIO MOJHOIBETHOI'O H300paKCHUS
TpeOdyeMoro pa3penieHus.

Kniouegvie cnosa: MUKpOIUCIUIEH, 3JIEKTPOHHAS. apXUTEKTYpPa, BUAECO-NPOECKIIHOHHOE YCTPOUCTBO
MEPCOHATIBHOTO TUIIA.

BBeaenne

Mukpoaucmien — 3TO MHUKPOMUHHATIOPHbIE KOMOMHHPOBAHHBIE 3JIEKTPOHHO-ONTHYECKHUE
yCTpoiicTBa OTOOpaKEHUSI TEKCTOBOW, rpaduyeckoid w BuaeowHpopMmanuu. B Hacrosimee Bpems
Habo1aeTca O0NBIION MHTEpEC K MUKPOIUCIUIEHHONW TEXHUKE B CBA3M C T€M, UYTO HauMHas C KOHIA
2013 r. kpynueituie kopropamnuu mupa Google, Microsoft, Samsung u 1p. Hadaiu NMPOMBIILICHHOE
MPOMU3BOJCTBO PA3IMYHBIX BAPHAHTOB «YMHBIX OYKOB» M MOOMJIBHBIX YCTPOMCTB TEIEKOMMYHHKALIUU
Ha WX OcHOBe. HecMmoTpss Ha TO, 4YTO &OUCTaHIMS HAONIOACHUS B TaKWX BUIACONPOCKIIMOHHBIX
YCTPOMCTBaX COCTaBISET BCero 1—2 caHTUMeTpa, 300pakeHne BOCIIPUHUMAETCS TIIa30M YeOBeKa
KaK «BHUPTyaJIbHOE», COOTBETCTBYIOILIEE ITOJHOIKPAaHHOMY H300paxeHuto 40-ar0iiMoBOro 3kpaHa
TEJIEBU30pa C PACCTOSIHUS HECKOJBKUX METpoB. HecoOMHEHHO, 4YTO (YHKIMOHAJIBHOCTH «yMHBIX
OYKOBY» OTPENENSIETCS] UCTIOJIB3YEMBIM HPOTPaMMHBIM OOecTiedeHUeM, OJIHAKO WX MOTPEOUTENBCKUE
CBOWCTBa 3aBHCAT, B NEPBYID OYepellb, OT MapaMeTpPoOB M XapaKTEPUCTHK NPUMEHSEMBIX B HHX
MHUKpoAucIuieeB. B gaHHOW crTatbe mNOAPOOHO OMHUCAaHBI BOIPOCHI, CBSI3aHHBIE C BBIOOPOM
ONTUMAJILHOM  DJIEKTPOHHOW apXWUTEKTYpbl Haubojiee TPUMEHSEMBIX B HACTOSIIEE BpeMs
MHUKPOJUCIUICEB, BBIMOTHEHHBIX 0 Texunojorun LCoS (Liquid-Crystal-on-Silicon) SVGA dopmara
(800x600 mukceneit).

NuauBuayajibHas aapecanusi nukcenei

B o6meM ciydae, Uis MHUKPOAWCIUIECB BHJ WHIAVBHIYyaJlbHOW ajapecalldd BbIOMpaeTcs B
3aBUCHMOCTH OT 4YHCIIa DJJICKTPUYECKHX [MOJAKIIOYCHHH, HEO0OXOMUMbIX 1 3(P(EKTUBHOM
He3aBUCUMOM anpecanuu nukcenei [1]. Ceroans MOryT UCIIOJIB30BATHCS 3 METO/IA apPECALINHN:

Ilpamasa adpecayuss ToApasyMeBaeT WHAWBUAYAIHHO  YIIPABISIEMOE  DIICKTPUUECKOE
MOJIKITIOYCHHUE K KaXKJIOMY JIEMEHTY OTOOpakeHHs (3JIEKTPOAY) C MOMOIILI0 METAILTUNYECKOHN IIUHBI
U, CIIeJOBaTEbHO, MPUMEHMMA TJIaBHBIM O0pa3oM i AWCILIECB C HEOOJBIIUM OOIIMM YHCIOM
MUKCEJIeH, HAPUMEP, CEMH CETMEHTHOTO MITH Maio()OpMaTHOIO MaTPUUHOTO auciuies. [Ipu atom
JICIITIEN, KOTOPBIM TSt PabOTHI HEOOXOAMM MPOTHBOIIEKTPO (HAIIpUMEp, KUAKOKPHCTAINIECKHE
LCD wunu oprannveckue OLED), o6mamaroT NperMMyIIECTBOM MpH MPSIMOM ajpecanud, KOTOpoe
MPOSIBIISIETCST B TOM, YTO TPOTHBOIIEKTPOT MOKET OBITh CIUIONTHBIM — HET HE0OXOIUMOCTH



KOH(QUTYpPHUPOBAaTh €ro Ha MHUKCEILHOM YypOBHE, T.€. HUCKIIOYaeTcs orepanus (oTonurorpaduu.
Hucne#t, cocrosmmii m3 MXN mukcenei, yrnpaBiseMblii 0 METOXy MPSMOW agpecanui, TpedyeT
(MxN)+1 BBIBOZOB TI0 BHEIIHEMY TMepuMeTpy (10 OJHOMY Ha KaXKIblii MHUKCETb IUIIOC
MPOTUBOICKTPO/). DTO 03HAYAET, YTO B HaieM cirydae, mpu M = 800 u N = 600 s SVGA-popmara
n300pakeHnus pazMepom, Hampumep, 15x10 MM mIar BHEIIHUX BBIBOJIOB COCTABUT MEHEE 2 MKM, UTO
TEXHOJIOTHYECKH HE PEaTu3yeMo.

THaccusno-mampuynas adpecayusi UCIOAB3YeTCS Uil MUKPOJIUCIICEB MAaTPUYHOTO THIIA, B
KOTOPBIX MaTpHla NHKCeJIeH MpeAcTaBiIsieT COOO0H MPOCTYI0 NPSMOYTOJBHYIO MOBTOPSIOLIYIOCS
KOHQUTYpaIUIo ¥ TpeOyeT MOJEIMPOBAHHS KaK BEPXHET0, TaK W HIDKHETO YPOBHS 3JEKTPoJoB. Bee
MUKCENTM  KAXKJOTO CTOJNONA W KaXKJAOH CTPOKH COCJAWHEHBI MPOBOISIIUMH  JIOPOKKAMH,
dopmupyembiMu Ha 2 ypoBHsX (puc. 1).
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Puc. 1. CxemaTnyeckoe N300pakeHHE CTPYKTYPBI ITACCUBHO-MAaTPUYHOTO MUKPOAUCILIES

Taxum obpasom, nuctmieid, coctosmuii u3 M cron6uoB u N cTpok, To ects copepkamuit MxN
nukcenei, Tpedyer Tobko M+N BbIBOIOB, M M3 KOTOPBIX pacHoIOXKeHO OOBIYHO Ha OJHOM (CKaXeM,
HIOKHEN) noutokke, a N — Ha npyroii. CyIecTBeHHOE OrpaHUYeHNE TTACCHBHO-MAaTPUYHON aIpecaliiu
COCTOUT B TOM, YTO OOpallleHHe K KaXJOW CTPOKE JOJKHO OCYIIECTBISTHCS 332 BpEMsl, KOTOpOE He
npesbiiaer 1/N OT 00Iero BpeMEHH CMEHBI JaHHBIX Ha JUCIUICE, T.€. BEPXHHUH mpeaena pabodero
uKia mo gactote paBed 1/N. Ampecarusi METOIOM TBOMHOTO CKaHUPOBAHUS, TP KOTOPOH BEPXHSS
NIOJIOBMHA AWCIUIES YNpPaBISETCS CBEPXY, a HIDKHSS MOJOBHHA — CHH3Y, YBEIMYMBAET YKa3zaHHOE
Bpemst 70 2/N. Bonee Toro, npakTHYeckn HEBO3MOXKHO KOHTPOJHMPOBATH EMKOCTHYIO MEPEKPECTHYIO
HABOJIKY MEK/Ty TIPOBOISIIMMH JIOPOKKAMH, COSTUHSIOIMME TTHKCeTH [2].

Axmueno-mampuunas adpecayusi BbIopaHa aBropamu aisi LCoS MUKpOIUCIIIIEEB MATPUYHOTO
TUIIAa BBICOKOI'O Pa3spCUICHUs, MOCKOJIBKY COBOKYITHOCTH MUKCceJiell nMeeT IIPOCTYIO MPAMOYTOJIBHYIO
TIOBTOPSIONIYIOCS KOHQUTYpaiio U TpeOyeT MOyTHPOBAaHUS TOJBKO 3JIEKTPOJOB OJHOTO YPOBHS 32
cueT 100aBJICHUs MEPEKIIOYAIOIIEro M 3allOMUHAIOLIET0 BJIEMEHTAa B KaXIOM MHUKcene (M0 CyTH
syeiika nuHamudeckoro O3Y w3z MOII-tpan3ucropa, GopMHpPYeMOTO Ha KPEMHHEBOM 4YHIE W
PabOTAIOIIMMHE B KIIFOUEBOM PEKUME COBMECTHO C KOHIeHcaTopoM (puc. 2) [3].
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Puc. 2. Cxemarnueckoe n300pakeHHe CTPYKTYPbl aKTHBHO-MAaTPUYHOTO MUKPOAUCILIES

DopMHUPOBaHHE IIKAJBI CEPOro

BriOpanHbIf U1 peaiu3anny MKajibl Ceporo (IOJYyTOHOB) METOJ B 3HAYMTEIILHOW CTEIEHU
OIPENIEIISIET ANEKTPOHHYIO apXUTEKTYPY LCoS Mukpomuciies.

dopMHUpOBaHKE TOIYTOHOB (MM YPOBHEW SIPKOCTH) MOKHO OOECTIEUNTH 3a CHET OJAHOTO HITU
KoMOuHanuei paznu4yabix Metoa0B. Konctpykuus LCoS MUKpOAUCIIIEs, IO CYTH, XapaKTePU3yeMOro



QHAJIOTOBBIM DJICKTPOONITHYECCKAM OTKJIMKOM, TTO3BOJISICT CO3/1aTh HENPEPBIBHBIA THANa3oH YpOBHEH
ceporo WM ()UKCHPOBAHHOE YHCIIO AWCKPETHBIX YPOBHEH CEpOro B 3aBUCHMOCTH OT TOYHOCTH
YIIPaBICHUS aMIUTUTY/I0i 3JIEKTPOHHOI'O CUTHAJIA YIPABICHUs, KaK HEIPEPHIBHO U3MEHIEMOTr0, TaK U
JMCKPETHOTO. YPOBHH CEPOr0 MOTYT TaK)KE BOCIIPUHHMATHCS B JIBOMYHOW CHCTEME, COJCprKalien
TOIBKO DIeKTpoonTndeckuii oTrkauk tuma «On/Offy  («Brmouen/Boiknioueny»), MOCPEICTBOM
HPOCTPAHCTBEHHOW CErMEHTAIMU HEKOTOPOW 00JaCTH MUKCeNeil Ha CyOIMKCeNnn WK CyOIMKCEIbHBIC
Yy4YacTKH PaBHOTO pa3Mepa, WM )K€ Ha CYOIMKCENIH, OTHOCUTENBHBII pa3Mep KOTOPBIX B3BELICH
naBouuHo. B mepBoMm ciyuae koimuecTBO 2" OJMHAKOBBIX CYONUKCeleld NPUBOAUT K 2" ypOBHSIM
ceporo, WM N-OUTHOH IIKane ceporo. B mocienHeM ciiydae KOIMYECTBO N JABOWYHO-B3BEIICHHBIX
CyOmnMKcened OCTaTOYHO YIS TMOJydeHHs 2" ypoBHEH ceporo, Wid N-OMTHOM IIKalie Ceporo.
YcrpoiicTBa, paboTarolide B JBOUYHOM PEKHME, a TaKKE YCTPOMCTBA C JBYMs YCTOHYMBBIMH
COCTOSIHMSIMH, TIO3BOJISIIOT BOCHPOW3BOAWTH HENPEPHIBHYIO MM AWCKPETHYIO MLIKAITy CEporo
HOCPECTBOM YIIPABJICHHUS:

) IIUPUHOM OJMHOYHOTO HMMITYJIbCa CBeTa (DMKCUPOBAHHOH BBIXOJHOW aMIUTUTYIbl H3
Ka)XIIOTO MTHKCEIs 3a BpeMs Ieproa KaapoBoii pa3sepTku (Single Pulse Width Modulation);

0) COCTOSIHMEM MOCJIEI0BATEIBHOCTH CXOJHBIX OJMHOYHBIX UMITYJIBCOB U3 KaXJOTO MHUKCEIs
3a Bpems mepuoja kaaposoii pasBeptku (Pulse Count Modulation mnu Count-based Pulse Width
Modulation);

B) cocrosareM  «On/Offy  («Brarouen/Boiknouen») — TOCIENOBATENBHOCTH  JBOHYHO-
B3BCLICHHBIX BO BPEMEHH OJMHOYHBIX MMITYJIbCOB CBETa M3 KaXIOTO MHKCENS 3a BpeMs MEpHoja
kaapoBoi passeptku (Binary-Weighted Pulse Coded Modulation wiu Binary-coded Pulse Width
Modulation) [3].

®dopMHpOBaHHeE MOJTHOLBETHOT0 H300paKEeHUsI

Mertona, BbIOpaHHBIN aBTOpaMu Ui (GOPMUPOBAHHUS MOTHOIBETHOTO M300paKEHUs, TaKKEe B
3HAUUTENFHOW  CTEMEHW  OmpeJesisieT  JJCKTPOHHYI  apxXuTekTypy LCoS — mukpoaucmmes.
ITpoananu3upoBaHbl HECKOJIBKO BAPHAHTOB.

IIpocmpancmeenno-pasoenennas ~ RGB-kougueypayus — ceéemogunompos.  ConepxuT
oT/eNnbHble (KpacHbIN, 3eNeHbI W CUHMH) cyOnukcenu (puc.3,a) W TO3BOJSIET HCIOJIb30BATh
OJTHOMOJYJIbHBIM BapuaHT. CTaHZAPTHBIM INIPHUEMOM, KOTOPBIA MO3BOJISIET PEANN30BaTh JaHHYIO
BO3MOXXHOCTb B >KHIKOKPUCTAJUIMYECKUX AMCIUICSX NPSMOro HAOJIIOJCHUS, SIBISIETCS IIOJCBETKA
0enbIM CBETOM C KPAacHBIM, 3€JI€HBIM M CHHUM (PHIBTPAMH, KOTOPBIC 3aKPBIBAIOT KAXIBIH U3 TPexX

cyOmuKcenei.
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Puc. 3. O6mue komnoHoBo4HbIe cxeMbl LCoS MuKpoaunciiieeB B 0THOMOIYJIBHOM (a, 6)
TPEXMOIYJIbHOM UCIIONHEHUH (6)

Tpexmooynvrblii Memod UCTIONB3YET TPU OAMHAKOBBIX MOHOXPOMHBIX LCoS MUKpOAMCILIES, B
KOTOPBIX IHKCENN TMPOCTPAHCTBEHHO HE pa3JelieHbl Ha CYyONMUKCENd W KaKIbId MUKPOAMCIUICH
nepeaeT 0IHO OCHOBHOE IIBETOBOE TI0JIE C YBEIMUCHHBIM B 3 pasa paspemeHueM (puc. 3, 0).

Texnonoeuss nocnedosamenvroll nepedauu yeemos (Field-sequential-color) ocHoBana Ha
0TOOpakeHHH B OBICTPOW IMOCIEAOBATENBHOCTH TpeX CyOKaJIpoB — KpPacHOTO, 3€J€HOTO W CHHETO,
coJepKaluX HeoOXOAMMYI0 MH(OPMAIMIO IJsl COCTaBJICHUS MOJHOLBETHOro M3oOpakenusa. Ecmu
IUKJI CMEHBI TPEX COCTABISIOMINX HM300paXKEHUs CHENaTh JOCTATOYHO OBICTPBHIM, TO IJIA3 B CHILY
OTIpeJIeIEHHON MHEPIIMOHHOCTH YBUJIUT TOJIBKO 3TO U300paKeHUE, a HE ero OT/IENbHbIE KOMIIOHEHTHI.
B LCoS MuKpomucIuiesX I peanu3anud MoJT00HONH TeXHOJOTHH HeoO0XO0auMa aKTHBHO-MATPUIHAS



MaHellb, B KOTOPOW MHKCEW HE pa3/elicHbl Ha CyOmuKkcenw. Marpuia HuKCceNed SIeKTPUYeCKUM
MyTEeM IOJTy4aeT U ONTHYECKUM TMepeaeT MOCIeI0BATENBHO OJIUH 32 IPYTUM HH(OpMAIIHIO, KOTOPYIO
COJIEPIKAT KAXJIBIH U3 TPEX OCHOBHBIX IBETOB. [IaHHBIC IBETHOTO U300paKEHUS Pa3eNIOTCs Ha TPH
OCHOBHBIX IIBETOBBIX IIOJsSI — KpacHOe, 3eJeHOe H cuHee. KpacHoe, 3€leHO€ M CHUHHUE TIOJS
M300pakeHUsT IIOCJIEIOBATEIbHO OTOOpaKalOTCA Ha MUKpomuciuice (puc. 3,8), MNPH ITOM
COOTBETCTBYIOIIAS TIOJICBETKA MPOUCXOUT B CTPOT'O CHHXPOHU3UPOBAHHOM MOPSIIIKE.

[Ipu cpaBHEHWU TOCTOMHCTB M HEJIOCTATKOB IEPEUYMCIICHHBIX METOJIOB, YCTAHOBJICHO, YTO
HauOoJiee paIlMOHATBHBIM SIBIIICTCS BBIOOP TPETHErO BapHaHTa, HECMOTPS HAa TO, YTO BpeMS
ajipecaliuy KaJpa yMEHbIIaeTcs B 3 pasa.

JaexkTponnas apxurekrypa SXGA LCoS mukpoaucnies

Pazpaborannass oanextponHass apxutektypa LC0OS wmwmkpomucmies SXGA  ¢dopmarta
npezncrasieHa Ha puc. 4. Ee ocHOBHble 0COOEHHOCTH: KPEMHHEBBIM UMM MPUHUMAET aHAJIOTOBbHIE
BUCONAHHbIE, CTPOKM YIPABIAIOTCS C OOOMX KpaeB, IPUYEM YIPaBIECHHE OCYIIECTBIACTCS C
WHBEpCHel cToNOLOB, MPH KOTOPOH BHICOKUN W HU3KHH YPOBHU BHIEOCHTHAJIA MOJAIOTCS HA YETHBIC
W HEYETHBIE CTOJNOIBI COOTBETCTBEHHO. JlaHHBIE BBICOKOTO YPOBHSI BCera 00padaThIBaIOTCS C
«CEBEPHOM» YaCTU MaTPHULIbI, & HU3KHE — C KIOKHOIN.

BbI0Op CTOIONOB
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Puc. 4. Dnextponnas apxutekrypa LCoS-mukpoaucmies ¢ paspemenuem 800x600

[NocnenoBatensHO MOCTYHAOIIME JaHHBIE HEOOXOAUMO PACIPENCTUTh M COXPAaHUTh B KacKaJie
1 ka0 siueriku GopMHpOBaTENs CTOJIOLOB, TIOKA HE OyAyT cOOpaHbl M COXpaHEHBI JaHHbIE IJIs1 BCEX
cTONIONOB. 3aTeM JaHHBIE BCEX CTOJOLIOB OJHOBPEMEHHO NEpeAaroTcsi M3 Kackaga 1 B kackaxy 2.
JlaHHbIH ABYXKACKaHBII TOIXO0/1 TTO3BOJISIET MOJHOCTHIO 3aiCaTh JaHHbBIC B CTPOKY j, B TO BpeMsl KaK
HPOUCXOUT COOp AaHHBIX CTPOKH j+1. C MOMOIIBI0 YCTpoicTBa (hOPMUPOBAHHKS CTOJIOIIOB MATPHUIIBI
NpUHUMAaeMble, XpaHUMble M IIepelaBacMble TaHHbIE MOTYT OBITh ITOJIHOCTHIO aHaJOTOBBIMH,
UPPOBBIME (OTHOPA3PSTHBIME HITH MHOTOPA3PSIHBIMHU) HITH MOTYT MOJ{BEPTraThCs MPeoOpa3oBaHHIO
(Hamnboree YacTo pPacHpOCTPaHEHHBIM BapHaHT — NpeoOpa3oBaHHE IUPPOBBIX MHOTOPA3PSIHBIX
JaHHBIX B aHaJIoroBelii (opmar). B gmelicTBuTeNbHOCTH, B cilydae IMpeoOpa3oBaHMs IaHHBIX M3
IUQPOBBIX B aHAJOrOBBIE, HanOoIee BEPOSATHO MPHUMEHEHHWE OFHOrO0 LU(PO-aHATOTOBOTO
npeobpazoBatenst (L{AIl) Ha HekoTOpoe duciao cToaomoB. TouHoe cormacoBanue MUQPPO-aHATOTOBBIX
npeoOpa3zoBaTesieii SBISIETCS KPUTHYHBIM, IOCKOJNBKY JIF000€ HECOOTBETCTBHE MOJXKET BBHI3BAThH
3aMETHYIO BEPTHKAJIbHYIO CETMEHTALNIO N300pakeHUsL.

Cpenusist ckopocTh Tepefadn AaHHbIX Dgp, TpeOyemas uis ympaBieHHS ITOJHOLBETHBIM
mukpoauciuieeM, coctaBisser 3MNF, rae F — uwacrora cmensl kaapoB, 3MN — uucio Toyek (B
npeanonoxkeHuu, 4to M — sto cronbusl, N — ctpoku u Tpu cyonukcens RGB Ha nBeTHON nukcens).



[TukoBasi CKOpOCTh NEepeavun JAHHBIX MOXKET ObITh 3HAYMTEIHHO BHIIIE, YEM PACCUUTAHHAS 10 ITON
dbopmyIie, T.K.JaHHbIE MOTYT MEPeIaBaThCcs ABAXKIBI IS JOCTHKECHUS YPABHUBAHUS TI0 TOCTOSTHHOMY
Toky B cucteMe LCoS, wim xe pabouuii MK mepenadydm JNaHHBIX MoxeT ObiTh MeHee 100 %. B
MOCIICIHEM CJIy4ae 3TO MPOUCXOJIUT B CHCTEMaX, B KOTOPBIX, HAPUMEpP, DJICKTPOHHAS aJpecarius
JIOJDKHA TIPEPBIBAThCS BO BpeMs TIEPHOJOB CTAOMIIM3AIUK KHUJKOTO KpUCTaia. Beicokas cKOpoCTh
nepefayn JAHHBIX, pa3pa0oTaHHas JUIsl TAKUX MPHIOKCHUH, KaK TEIEBUICHUE BBICOKON UYETKOCTH
(HDTYV), moapa3ymeBaeT 3HAYUTEIbHBIA TMapajlieiu3M W XpPaHCHHE, a TaKKEe HEMPEpPHIBHOCTh Ha
MUKPOJIUCIUICHHOM YPOBHE, 0COOCHHO ISl CUCTEM C TIOCJICIOBATEIILHOM Tiepe/iaucii IIBETOB.

3akiaouenne

[IpoBeneHo 0O00OCHOBaHWE M OCYIIECTBIICH BBIOOP MeTona anpecanmn LCOS MukpoamciuieeB
JUIL  BHUJICONIPOCKIIOHHOTO YCTPOMCTBA IMepcoHanbHOro THma. IlokasaHo, 4YTO MCIONB30BaHUE
aKTHBHO-MaTpUYHOHN afpecanuu obecrieunBaeT (popMHupoBaHHE M300paKeHHs TpeOyeMoro KadecTBa
0e3 CyImecTBEeHHOTO YCIOXXHEHHS DSJeKTPOHHOW 4YacTH YCTPOHCTBA. YCTaHOBJICHO, 4YTO JUIA
peanu3anyy Kbl CEporo M MOJHOIBeTHOro n3oOpaxkeHus LCOS mukpoaucriiceB HE0OXO0IUMO
WCIIOJIb30BaTh METOJ TOCJIEA0BAaTEIbHOTO (OPMHUPOBAHHS IIBETOBBIX IMOJEH, YTO OOecreYnBaeT
YIpOIIeHNE KOHCTPYKINHU U CHIkeHne ctoumoctu LCOS Mukpomucmees.

Pazpaborana snexrponnas apxutektypa LCOS muxpomucmies SVGA ¢opmata As BHIEO-
MPOEKIIMOHHOTO YCTPOHCTBA TMEPCOHAIBHOTO THIIA C HCIOJB30BAHHEM BO3MOXKHOCTH HHTETPALlUH
CTPOYHBIX U CTOJIOIIOBBIX JIpaiiBEpOB Ha KPEMHUEBOM YHIIC.

ELECTRONIC ARCHITECTURE OF LCoS MICRODISPLAYS FOR
PERSONAL VIDEOPROJECTORS

A.S. MOHAMMED, A.G. SMIRNOV

Abstract

The electronic architecture of LCoS microdisplays including addressing scheme, methods of
gray scale and full color images formation is described.
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The electronic architecture of full-color LCoS microdisplays of SVGA format for personal
videoprojectors has been developed. The main attention is paid to the selection of the most
effective methods for independent addressing of each pixel, the gray scale (halftones)
implementation, as well as the formation of a full-color image of the required resolution.

Keywords: microdisplay, electronic architecture, personal videoprojectors.

Introduction

Microdisplays are micro-miniature combined electron-optical devices for displaying text, graphic and video
information. There is currently great interest in microdisplay technology as the world's largest corporations
Google, Microsoft, Samsung and others have begun commercial production of various versions of “smart glasses”
and mobile telecommunication devices based on them since late 2013. Despite the fact that the viewing distance
in such video projection devices is only 1-2 centimeters, the image is perceived by the human eye as “virtual”,
corresponding to the full-screen image of a 40-inch television screen from a distance of several meters.
Undoubtedly, the functionality of “smart glasses” is determined by the software used, but their consumer
properties depend primarily on the parameters and characteristics of the microdisplays used in them. This article
describes in detail the issues related to selection of optimal electronic architecture of the most currently used
microdisplays made on LCoS (Liquid-Crystal-on-Silicon) technology of SVGA format (800x600 pixels).

Individual pixel addressing

In general, for microdisplays the type of individual addressing is chosen according to the number of
electrical connections required for efficient independent pixel addressing [1]. Today 3 addressing methods can be
used:

Direct addressing involves an individually controlled electrical connection to each display element
(electrode) by means of a metal run and is therefore mainly applicable to displays with a small total number of
pixels, for example, a seven-segment or small matrix display. However, displays, requiring a counter electrode
for operation (for example, LCDs or OLEDs), have the direct addressing advantage that the counter electrode can
be solid - there is no need to configure it at the pixel level, i.e. a photolithography operation is eliminated. A
display consisting of MxN pixels, controlled by direct addressing, requires (MxN)+1 pins on the outer perimeter
(one per pixel plus a counter electrode). This means that in our case, with M = 800 and N = 600 for an SVGA
image format, for example, 15*%10 mm, the pitch of the external pins would be less than 2 pm, which is not
technologically feasible.

Passive-matrix addressing is used for matrix microdisplays in which the pixel matrix is a simple rectangular
repeating configuration and requires modelling of both the top and bottom electrode levels. All pixels of each
column and each row are connected by conductive tracks formed on 2 levels (Figure 1).
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Figure 1. Schematic representation of the structure of a passive-matrix microdisplay

Thus, a display consisting of M columns and N rows, i.e. containing MxN pixels, requires only M+N pins,
M of which are usually located on one (bottom) substrate, and N on the other. A significant limitation of passive-
matrix addressing is that each row must be accessed in a time that is less than 1/N of the total display cycle time,
i.e., an upper limit of 1/N. Double-scan addressing, where the upper half of the display is controlled from above
and the bottom half from below, increases the specified time to 2/N. Moreover, it is almost impossible to control
the capacitive crosstalk between the conductive tracks connecting the pixels [2].

Active-matrix addressing was chosen by the authors for high-resolution matrix LCoS microdisplays, since
the set of pixels has a simple rectangular repeating configuration and requires modulation of only electrodes of
the same level by adding a switching and storage element in each pixel (essentially a dynamic RAM cell from a
MOS transistor formed by on a silicon chip and operating in a key mode together with a capacitor (Fig. 2) [3].
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Figure 2. Schematic representation of the structure of an active-matrix microdisplay
Gray scale shaping

The method chosen to implement the greyscale (halftone) method largely determines the electronic
architecture of the LCoS microdisplay.

The formation of halftones (or luminance levels) can be achieved by one or a combination of different
methods. The LCoS microdisplay design, essentially characterized by an analogue electro-optical response, allows
a continuous range of grey levels or a fixed number of discrete grey levels depending on the control precision of
the electronic control signal amplitude, either continuously variable or discrete. Grey levels can also be perceived
in a binary system containing only an On/Off electro-optical response by spatially segmenting some pixel area
into sub-pixels or sub-pixels of equal size, or into sub-pixels, the relative size of which is weighted binary. In the
former case, the number of 2" identical subpixels results in 2" gray levels, or n-bit gray scale. In the latter case,
the number of n binary-weighted subpixels is sufficient to produce 2" gray levels, or n-bit gray scale. Devices
operating in binary mode, as well as devices with two stable states, make it possible to reproduce continuous or
discrete grey scale by means of control:

a) by the width of a single pulse of light of a fixed output amplitude from each pixel during the frame period
(Single Pulse Width Modulation);

b) the state of a sequence of similar single pulses from each pixel during the frame period (Pulse Count
Modulation or Count-Based Pulse Width Modulation);

c¢) On/Off status of a sequence of binary time-weighted single pulses of light from each pixel during the
frame period (Binary-Weighted Pulse Coded Modulation or Binary-Coded Pulse Width Modulation). [3].

Formation of a full color image

The method chosen by the authors for forming a full color image also largely determines the electronic
architecture of the LCoS microdisplay. Several options have been analyzed.

Spatially separated RGB configuration of the light filters. It contains separate (red, green and blue) sub-
pixels (Figure 3, a) and allows a single-module option. The standard technique that enables this capability in



direct-view liquid crystal displays is to illuminate white light with red, green and blue filters covering each of the
three subpixels.
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Figure 3. General layout diagrams of LCoS microdisplays in single-module (a, ¢) and three-module (b) versions

Three-module method uses three identical monochrome LCoS microdisplays in which the pixels are not
spatially separated into subpixels and each microdisplay transmits a single primary color field with 3 times the
resolution (Fig. 3, b).

Field-sequential-color technology is based on the display of three sub-frames of red, green and blue in
quick succession, containing the information necessary to compose a full color image. If the cycle of changing of
the three components of the image is fast enough, the eye, due to a certain inertia, will only see this image and not
its individual components. In LCoS microdisplays such a technology requires an active matrix panel in which the
pixels are not divided into subpixels. The pixel matrix electrically receives and optically transmits, one after the
other, the information that each of the three primary colors contains. The color image data is divided into three
main color fields - red, green and blue. The red, green and blue image fields are sequentially displayed on the
microdisplay (Figure 3, c), with the corresponding backlighting occurring in a strictly synchronized order.

When comparing the advantages and disadvantages of the listed methods, it is found that the third option
is the most rational, despite the fact that the frame addressing time is reduced by 3 times.

SXGA LCoS microdisplay electronic architecture
The developed electronic architecture of the LCoS SXGA microdisplay is shown in Figure 4. Its main
features: the silicon chip receives analogue video data, the rows are controlled from both edges, with column
inversion, whereby the high and low video levels are applied to the even and odd columns respectively. High-

level data is always processed from the “north” side of the matrix, and low-level data from the “south” one.
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Figure 4. Electronic LCoS microdisplay architecture with 800x600 resolution

The consecutive incoming data must be allocated and stored in cascade 1 of each cell of the column shaper
until the data for all columns has been collected and stored. The data for all columns is then simultaneously
transferred from cascade 1 to cascade 2. This two-cascade approach allows data to be fully written to row j while
the data of row j+1 is being collected. With a matrix column-forming device, the data received, stored and
transmitted can be fully analogue, digital (single or multi-digit) or it can undergo a conversion (the most common



option is to convert digital multi-digit data to analogue format). In fact, when converting data from digital to
analogue, a single digital-to-analogue converter (DAC) per some number of columns is most likely to be used.
Accurate matching of the digital-to-analogue converters is critical because any mismatch can cause noticeable
vertical segmentation of the image.

The average bit rate Dy required to drive a full color microdisplay is 3MNF, where F is the frame rate and
3MN is the number of dots (assuming that M are columns, N are rows and three RGB subpixels per color pixel).
The peak data transfer rate may be significantly higher than that calculated using this formula, as the data may be
transferred twice to achieve DC equilibration in an LCoS system, or the data transfer duty cycle may be less than
100%. In the latter case, this occurs in systems in which, for example, electronic addressing must be interrupted
during liquid crystal stabilization periods. The high data rates developed for applications such as high-definition
television (HDTV) imply considerable parallelism and storage as well as continuity at the microdisplay level,
especially for systems with sequential color transmission.

Conclusion

The substantiation and selection of the LCoS addressing method for microdisplays for a personal
videoprojector has been carried out. It is shown that the use of active-matrix addressing ensures the formation of
an image of the required quality without significant complication of the electronic part of the device. It has been
found that to implement the gray scale and full color images of LCoS microdisplays, it is necessary to use the
method of sequential formation of color fields, which simplifies the design and reduces the cost of LCoS
microdisplays.

The electronic architecture of an LCoS microdisplay of SVGA format for a personal videoprojector was
developed using the possibility of integrating line and column drivers on a silicon chip.
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Abstract

The electronic architecture of LCoS microdisplays including addressing scheme, methods of gray scale and
full color images formation is described.
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