XUWOKUE KPUCTAIbI U TTIPUBOPbLI HA UX OCHOBE

B HacTosLlee BpeMA TEXHOJTOTNN XNOKOKPUCTaJINMNM4EeCKUX MOHUTOPOB

KK 6b1nn n3sectHbl xumukam ewe ¢ 1888 r., Ho Tonbko 1960-x ronos
Ha4anocb MX NpakTU4YeCcKoe UCNonb3oBaHMe (4119 9KpaHOB 4YacoB U
kanbkynsatopoB). B 1990 r. [le XXeH nonyuynn HobenesBckyo npemuto 3a TEOPUIO
KK . B HacTogduee BpeM4a Xuakme Kpuctansibl Npon3Ben peBosnioLunio B
9JTIEKTPOHMKE — OHW UCMOSb3YTCA B CaMbIX pasnuyHbIX aucnresx (B Yyacax,
MUHU Tenesusopax), KK MoHUTOpax ans KOMMNbTEPOB, Kak BU3yasibHble
TepMoaaTyMKn (U3MEHEHME LBETA OT TeMrepaTtypbl) 1 ap.

TBepooe Teno Me3odhasa XNOKOCTb
(3-mepHoe ) - (1-2-mepHas ) ~ ( n3oTponHas
TepmuHom xudkut kpucmarnn (X KK) obosHadyaemcs me3oghasa mexoy
meepObIM COCMOSIHUEM U U30MPOITHbIM XXUOKUM COCMOSIHUEM, 11pU 3mMOoM

Me3oghasa coxpaHsem yHOaMeHmarbHble ceolicmea rpucyujue 0sym
COCMOSIHUSIM Mamepuu .

«Me3oc», 03Ha4YaeT NPOMEXYTOYHbLIN, CpeaHUM.

B oTaenbHbIX criydyadax Me3odrasa okasblBaeTCs CTabuUnbHOM B LLMPOKOW
obnacTtu Temneparyp, BKNOYass KOMHaTHY0, Toraa rosopsaT o XK.




bi

Xumuydackas cmpykmypa MOoJieKyrsi, 06pasyouiux XuoKue Kpucmarniisi.
a) -cmepxxHesble MOosieKyrbl, obpa3yrouwjue KK — cMekmuku u HeMamuku,

6)- monekynel, obpasyruwue KK —Ouckomuku.

HemaTukn. 310 HasBaHMe npoucxoamT OT rpedvyeckoro «Hema» (nhma), 4rto
O3Ha4yaeT HUTb. NS XapakTePUCTUKN OPUEHTALMOHHOIo ropsiaka HeMaTUKOB
BBOOAUTCA BEKTOP €OWHWYHOU [ONMHbl — OUPEKTOp, HanpaerfieHne KOTOpOoro
CcOBMagaeT C HanpasrieHNneM yCpeOHEHHOMN OpUeHTauun OSIMHHbIX OCen MOJSIEKYI.
Kpome TOro, BBOOMUTCA €lUe OdHa BenuuMHa, napamMmeTp nopsiagka S, KoTopasd
XapakTepusyeT cTeneHb OpueHTaunoHHOro ynopagoyueHnsa Mosnekyn.,

S=2(z558 - =
2( 3)

roe T - yron mexay HarnpasrieHUsaMu QupekTopa U MrHOBEHHbLIM HarpaBieHnem
ONMHHOW ocn Mmorekyn. O4eBnaHoO, YTO NapamMeTp MOXET NPUHUMaTb 3HadeHns ot O
no 1. 3HadeHne S = 1 COOTBETCTBYET MNOMHON OPUEHTALMOHHON YNOPSALOYEHHOCTH,
S = 0 o3Ha4yaeT nonHbIN OPUEHTALUNOHHbLIN BECNOPAA0K U COOTBETCTBYET U30OTPOIH|Q

A\NVIAAVYOCTIA



CMeKTUKU. HasBaHne npomnsoLuno oT
rpeyeckoro «cmerma» (smhgma), 4to
O3Ha4vaeT «Mblfnoy». B aTnx maTtepunanax,
NOMMUMO OpPUEHTALMOHHOM
ynops404eHHOCTMN MOSEKYI,
CyLLEeCTBYEeT YaCTU4YHOEe ynopsaoveHue
LEHTPOB TAXXeCTn monekyn. iHadve
roOBOPS, LEHTPbI TAXECTU MOSIeKyn
OpraHn3oBaHbl B CII0OM, pacCTosAHUE

MeXay KOTopbiMU puKcupoBsaHbl. Crou
MOMEKY Nerko CMeLLarTcs
~C~ OTHOCWTENbLHO APYr ApYra, U CMEKTUKM

gégfg’.'g Ha OLLlYMb MbIIONOAOGHbIE. OCK
SSEST Monekyrnbl KonoHHomaanbHbI ANCKOTUK
Eéggéé | MOXHO TaKKe OTHECTU K CMEKTUKAM
§§§§§? HemaTukun — Gonee Tekyyasi asa XK
NS HE MMEeET CMNOoEB, a UMEET TONbKO
SSTS =2 npevMyLLIeCTBEHHOE HarnpaBsreHue
SS=wer (OMpekTop

Tunbi XXUOKUX Kpucmarinos
A — Hemamuk, b — cmekmuk, C — QucCKoOmMuK
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RED 3 = Smegctic phase
Ch = Cholesteric phase
I = lsotropic liquid

Ultra-violel .
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Gives a nematic phase Give; a cholesteric phase

“, * Chiral centre
XornecTepuku, nosiyvamsLLne CcBoe Ha3BaHuMe oT
Xxornecrteporia (nepBoro OTKPbITOIO Coeﬂ,MHeHVIFI).
Takas MOJ1eKyJla UMeeT ONTUYECKYHO OCb, BOKPYT
KOTOpOVI MOXXET NoBOpPayYnNBaTbCA ONPEKTOP. Npu
nepexoane oT O4HOro CJyioAa K gpyroMmy ampekTop
NOCTENneHHO BpalaeTcd, Cco3faBad YHUKAIIbHYHO

MOJIEKYMbI, HANpaBneHne QUpeKTopa u Lwar BUMHTa —
P, (paccTodHMe, Ha KOTOPOM OUPEKTOP
nosopaymsaetcd Ha 360 ). [InnHa BOsHbI CBETA,
KOTopbIN oTpaxkaetcsa oT XK- xonectepuka A=np, rge
n-KoapPUUMEHT npernomneHnda. HacTto aT1 AnuHbI
BOJSIH pacnonaratoTcs B BUAUMMOM Auanas3oHe.
Ba)HbIM CBOMCTBOM XOnecTtepuka ABnseTcd
3aBMCUMOCTb LLlara BUHTa OT Temnepartypsbl, T.€.
3aBMCUMOCTb OT TemnepaTypbl 4STMHbI BOSTHbI
OTpakeHHoro ceeta. bonee BbiCOKkMe Temnepartypbl
COOTBECTBYIOT ronybomy uBeTy, bonee HU3Kne-
KpacHoMmY.



an/IMeHeHVIe KNAKUX KpUctansmnoB B Aucnnesx

OCHOBHOE€ npumeHeHne XK cBdA3aHo € anekTpo-ontuyecknmm (30)
npubopamu. na takmx npumeHeHumn XK (HemaTuk) gormkeH obnagatb
YyeTblpbMA HEODXOAUMbIMM CBOUCTBAMWU, @ UMEHHO: NOBEPXHOCTHbLIM
ynopsaovyeHnem, nepeopmeHtTauuen gUpeKTopa aneKkTpnuyeckum nosiem
WUNun AUaneKTpu4yeckom aHM3oTponuen, BpawieHnemM niocKoCcTu
nonapusaumm ceBeTa UM ONTUYECKOU aHN3OTPONMEN U
OPUEHTaALUOHHOM 3MTAaCTUYHOCTbLIO (CMOCOOHOCTBLIO MOJIEKY N K
pa3nM4YHbIM NMOBOPOTaM).

- e A — -

Homogeneous
alignment

oy
lI | !
;|i|l ll

Homeotropic
dlignment

1.NMNoBepxXHOCTHOE ynopsigo4veHue.
O6bbivHO 90 aucnnen npegcraBnaeTr cobown
CTEKNSAHHYIO KIOBETY TOMNWWHON MeHbwe 20
MKM, B KoTOopyto nomeuwleH KK. HanpasneHue
aupektopa KK  mMmoxeT OblTb  3agaHo
0bpaboTKOM MOBEPXHOCTEW KIOBETblI TaKUM
obpasom, YTOOBbI MOJEKYbI KK
BbICTpanBanucb B ornpeaeneHHoOm
HarnpasneHnn napanneribHO NSI0CKOCTU KIOBETHI
NN NeprneHanKynapHo K HeM.



2. Onanektpuyeckasa aHnsorponusa XK MoxeT ObITb 3anucaHa Kak
PaA3HOCTb AMNANIEKTPUYECKON MPOHULAEMOCTH B HanpaBreHnn napannenbHOM
OVPEKTOPY 1 nepneHankynsapHom emy Ae=¢ Ecnun gupekTtop
BbICTpamnBaeTCcs napansiesisHO NoJsio TO Aa>6 :JBTa aHn30Tponusa sBnseTcs
OCHOBHOM ABWXYLLEW cnron ansa padboTbl AnuCnnees. SNEKTPUYECKUN BKNaag
B CBODOAHYHO SHEPIUNIO KPUCTArNOB COAEPXKUT USEH, KOTOPbIN 3aBUCUT OT
yrrna mexagy AUPEKTopoM (N) U NPUNOXEHHbIM anekTpuyecknum nosnem (k) ,
Npu 9TOM AMPEKTOP OyaeT BpallaTbCd, YTOObI MUHUMN3NPOBATbL CBODOAHYIO
9HEPIuI0 U BbICTpamBaeTcs napannensHo rnosito. OTMeTMM, YTO 3TOT BKNaa
He ABnAeTcs AMNONbHbIM, HE 3aBUCUT OT HanpaBneHUa 3MeKTPUYCKOro rnorsisi.

F, =-1/2¢,Ac(nE)’
3. OnTn4yeckasa aHM30TpPONKMA CBA3aHa C aHMU30Tponuen KkoadduumeHTa
NPENOMIIEHNS — N, UNX OBYNy4enpenomMneHmem. OTO 03HAYaET, YTo
MaTepuan MMeeT ABa 3Ha4yeHUs n 4Ang HarnpasneHnn nonspusaumm ceeta
napannenbHo U NnepneHauKynapHoO ANPEKTOPY, pasHuua Mmexay HUMm
An= n-n, ectb Mepa onTuyeckom aHusoTtponun. [Ana pabotel KK gucnnes

aTa BenquHa OormkHa 6biTb >0,2.

4. OpueHTauMoHHas 3racTUYHOCTb Heobxoauma ansa obecnevyeHus
NnoBopoTa MOMEKYN NPu NPUIOXeHUN Nons 1 Bo3BpaTa UX B UCXOOQHOE
NOJIOXKEHUE MOCIIEe BbIKMHYEHUSA NMons. 3To CBOMCTBO OMNUChLIBAETCH

9M1aCTUYHbIMM KOHCTaHTaMM HaKIoHa, 3akpyynBaHus n nsrmba — K., K,, n
K3
3



BpauweHue nrnockocmu
nonapu3sayuu 8 KK kroeeme

npoctenwmnn 30 npmnbop.

[Tpy STOM BEPXHIOK U HUXKHIOHO
NOBEPXHOCTb KIOBETbI HAaTUPatoT B
nepneHanKynApHbIX HanpasBneHudax, Tak 4To
avpekTtop KK MOBOPA4MBAETCA OT BEPXa
KioBeTbI K HM3Y Ha 90°, Takum o6paszom,
BpaLLlada nnocKoCTb nonﬂpmsaumm KoHTpacT
N300paKeHnsa JOCTUraeTca ¢ NOMOLLbIO
CKpeLLeHHbIX nonsaponaos. B ckpelleHHbIX
nonapougax ata s4yeunka BbirnaguT
cBeTion. Ecnu Tenepb NPpUNOXnTb
arieKTpuyeckoe rnorsie, AMPEKTOP MONeKyn
KK Oyoet BbicTpanBaTbCa napansienbHO
Nosto, BpaLleHme NoCcKoCTU nonapusaumnm
NCYE3HET, N CBET B CKPELLEHHbIX
nonapongax nepecraHeT NPpoxXoanTb
Hanps»keHne, Heobxoamumoe ans nosBopoTta
OvpeKkTopa cocTaBnsieT 0bbIvHO 2-5B un
onpenendeTcs ANaneKTpny4eckomn
aHN30TPONnuen 1 anacTUYHbLIMK
KOHCTaHTaMW.

K;;+1/4K;;—2K,,)
VAN
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MNonapnsayMoHHbIN
duneTp

LiBeToBON hmnbTp

CTtekno dgunsTpa
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Jlamna
KK aucnnem nmeet HeCKonbKO CIOEB:

OBe NaHenu, caenaHHble N3 o4eHb YUCTOro cTekna -nognoxka. Crou cogepxat
TOHKWI CITON XUOKMUX KpUCTannoBs mexay cobon. Ha naHenax nmerTcs
bopo3akn,. bopo3akn pacnonoXxeHbl TakKMM 0bpasoMm, YTO OHM napannensHbl Ha
KaXQoW naHenu, HoO NepneHanKynspHbl Mexay OABYyMS NaHENsMu. .
Conpukacasicb ¢ 60po3akamu, MOeKkysibl B XUAOKUX KpUcTannax
OPUEHTUPYIOTCA OAMHAKOBO BO BCEX A4erKax. [1Be naHenm pacnosioXeHbol
oveHb 6nnako apyr Kk apyry. CBepxy u CHMU3y NOMeLLEHbI ABE NONSApn3aumoHHbIE
nreHku Ons noacseTkn obblMHO MCMNOMb3yeTCs fnamMna, MHoraa AMUCHIen,
Hanpumep, aucnnen yacos paboTaroT B OTPaXXeHHOM CBETE



[lncnnen c naccnBHOM MaTpuULIEN
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[1ns nogayn nHgpopmaunm Ha CTEKNSHHbIE NAHEN HAHOCUTCA CIOW
nonynpo3spa4vHoro I TO, B kKa4ecTBe aneKkTpoga. AnekTpoabl HAHOCATCHA B BUAE
TOYEK NN CETMEHTOB, Ha KOTOPble NogaeTcs oTaenbHas nHopmauns

Ecnn pacnonoxmntb 60nbLLIOE YNCNO ANEKTPOOOB, KOTOPbIE CO34al0T pa3Hble
AreKTpUYEeCKMe nons B OTAENbHbIX MeCcTax aKpaHa (A4enkn), To NOABUTCS
BO3MOXXHOCTb MNP NMpaBuIiibHOM ynpasfieHUX NOoTEHUManamm 3Tux arnekTpoaos
oToOpaxaTb Ha aKkpaHe OyKBbl U Apyrue aneMeHTbl N300paxxeHUsi. SneKkTpoabl
NoOMeLLaoTCA B MPO3padHbI NNacTUK U MOryT NMpuUHUMaThb nobyto dopmy.
TexHonorn4yeckne HoBLUECTBA MNO3BOSTUMN OrPaHNYUTb NX pa3Mepbl BENTMHMHON
MarieHbKkon To4Ykn (0.3 MKM), Ha OOHOM M TOM Xe MnoLaan aKkpaHa MOXHO
PacCnonoXuTb DOsibLLEE YNCIIO ANIEKTPOAOB, YTO YBESNIMYMBAET paspeLleHne

LIBeT nony4aetcs B peayrnsraTe UCMosSib30BaHUA TpeX UNLTPOB, KOTOPbIE
BbIOENAIOT U3 U3NTyYEHUA UCTOYHMKA BENoro ceeta TPy OCHOBHbIE KOMIMOHEHTbI.
KoMOUHMPYS Tpu OCHOBHbIE LIBETA AN KaXXO0W TOYKM UKW NUKCENS 9KpaHa,
NosABNAETCS BO3MOXHOCTb BOCMPOU3BECTN NMOOON LIBET.

N300paxeHne dpopmmpyeTcsa CTpoKa 3a CTPOKOM NyTeEM NnocrieqoBaTenbHOro
noaBoaa yrnpaBnsoLEero HanNpPsKeHNA Ha OTAeNbHblE A4YENKU, OeNatoLwWwero nx
NpO3payHbIMU.



[lncnneun c akTMBHOW MaTpuLen

Column 1 Column 2

N | , 7 «B akTvBHOM MaTpuLe (active matrix)
" T 7T T MCMONb3YOTCA OTAEIbHbLIE YCUITUTENbHbIE
_ afieMeHTbl ANd KaXXaon a4eukn aKkpaHa -
Row 2 e " - ww MaTpULIE 3MEKTPOAOB, KOTOPAs
s/l == L ynpaBnsieT s4enkamm Xnaokmx
‘j( \ Kpuctannos gucnnes. B cnyyae ¢

™" MacCUBHOW MaTpULEN pa3sHble aneKkTpoabl
Nony4aroT IMeKTpU4eckun 3apsag

£

Thin-firtransistor Pixel LUKNNYECKMM MEeTOAO0M MPMU NOCTPOYHOM
3anomuvHatoLme TpaH3nCTopsl oBHOBNEHUM Ancnnes, a B pesyneraTe
AOIMKHbI NPON3BOANTLCA U3 paspsana eMKOCTEN 3NEMEHTOB
Npo3paYHbIX Marepunarnos, 4To n3obpaxeHne ncyesaeT, TaK Kak
NO3BOSINT CBETOBOMY JTy4y NPOXOAUTL  KpuUCTasifibl BO3BpaLLaTCA K CBOEN
CKBO3b HUX. [ins 3TMX Lenen n3HavanbHou KoHgurypaumun. B cniyyae ¢
NCMNONb3YKTCA TOHKNE NIeHKN Thin aKTUBHOW MaTPULIEN K KaXKaomy
Film Transistor (unun — TFT). anekTpoay AobasneH 3anoMUHaOLLNIA
OTO Te ynpaBnsioLme NeMeHThl, NPU  TPaH3UCTOP, KOTOPbIN MOXKET XPaHUTb
MOMOLLIN KOTOPbIX KOHTPONMPYETCH undpposyto MHPopmaumio (4BONYHLIE
KaXablN NUKCEenb Ha SKpaHe. 3HadyeHna 0 unun 1) n B pesyneraTe
TpaHaucTop oyeHb ToHkuK, 0,1-0,01  n3obpaxkeHne coxpaHseTcsa 4o Tex nop,
MKM. 3rotoBneH ns amopgHoro NoKa He NOCTYNnuUT APYron curHan.

KpeMHus (a-Si),



CerHetoaneKkrpuyeckue gucnrneu

HecmoTps Ha LIMPOKOe NpMMEHEHNe ANCNNEeEB C aKkTUBHOW MaTpULLEN Ha

ocHoBe HemMmaTundeckux XKK, y HUX nmeetcs npuHUMNUanbHbIM HEQOCTATOK —
bonbLoe BpeMsi penakcauum (Bpemsa nosopota aupektopa XK nocne
BbIKIIOMEHUST anekTpuyeckoro nons ~ 20 ms). Cenyac cywecrteyeT
NpUHUMNUanbHO apyras TEXHONOMNS Anst M3roToBIEHUSA NIOCKUX, BbICTPO
nepeknioyarwmxcs aucnrees, OCHOBaHHasi Ha NPUMEHEHUN
CETHETOANIEKTPUYECKUX, XKNOKOKPUCTANSTINYECKUX CMEKTUKOB (doriyopobudpeHunn
Ha puc). Ha nepBbin B3rnsaa KaXXeTcsl CTPaHHbIM, YTO AN9 co3aaHns BbICTPbIX
npubopoB ncnornb3yetcs bonee Bs3kasi (MO CPaBHEHUIO C HEMATUKOM)
cMekTndeckas dpasa XKK. Monekyribl Takoro CMekTuka obrnagatoT AMnonbHbIM
MOMEHTOM U PacronoXXeHbl CIosiMU, B KaX4OM CI10€ HaKNOHEHbI Mo
OONHAKOBbIM YITIOM K nrockocTu cnosi. OgMHakoBbIn Yrors

F F A !
H5C70,C O O &CSHI;
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Criol MoreKyrn 8 CMeKmuke
8 cecHemo-ariekmpu4yeckou ¢pase.

*OQMHaKOoBbIW Yros1 HakfioHa BO3HMKAaET
BCneacTBne B3auMoaencTBUs AUNornen
MOJIEKYST — HarM4nsa CErHeTOANEKTPNYECKOU
doasbl. [1pmnnoxeHne anekTpu4ecKoro nons
MOXET U3MEHUTb HanpasreHne AUMosien Ha
NPOTUBOMNONOXXHOE U COOTBETCTBEHHO
N3MEHUTCSA Yron HaknoHa mMornekyn. Takum
obpa3om, B Croe MorneKkyn uMeeTcsa aBe
BO3MOXXHblE OpUEHTaLMN ONNONEN N cCaMnX
Monekyn (6e3 anekTpnyeckoro nosisg u ¢ HAM),
puc. Bpems noBopoTa Monekyn B 3TOM criyyae
OOCTATOMHO Mano o< 1MKc, 4YTo Ha 2-3
nopsaaka MeHblLLle BpeEMEHN BO3BpaTa MOreKyr
B Hemartun4yeckou dpase.

*ICXOLHO NOSIAPU3aTopbl CBETA
yCTaHaBMMBaKTCA Takum obpasom, YToObl
CBET He npoxoaus (oavH napannenbHo
HanpaBneHuio JUpeKTopa MoneKkyn, apyron —
nepneHankynspHo). Nocne npunoxeHus
SNEKTPUYECKOro nons, Aunonu MoneKky’s
NoOBOpAYMBaKOTCS napansesibHoO noso, a
OVUPEKTOP MOJSIEKYI pa3BopaymBaeTCcs Ha
HEeKOTOpPbIN yron 6 No OTHOLLEHWIO K
nonisspu3arTopy, NpyM 3TOM CBET Ha4YnHaeT
4YaCTUYHO NPOXOAUTb Yepes CTPYKTYPY.



