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AHHOmauyus — ViccnegoBanncb anekTpouanyeckne CBomn-
CTBa HEMATMYECKUX XWUOKMX KPUCTAmOB Ha OCHOBE LMaHoGu-
tbeHUnoB v B AuanasoHe yactor 10°-10" [Ty npu HanoxeHUw
NMOCTOSIHHBIX 3MEKTPUYECKMX U MarHUTHbIX nonew. MNony4eHHble
pesynbTaTbl WHTEPMNPETUPYIOTCS HA OCHOBE MOMEKYMSIPHbIX
mopenen. ObcyxaatoTcs BO3MOXHble npumeHeHus XKK B anek-
TPOHHbIX YCTPOMCTBAX.

|.BBeneHve
[naneKkTpuyeckne KOHCTaHThI (&, tgd ) XNOKAX Kpu-

CTannoB TPaguUMOHHO OMpedensoTca B Auana3oHe
yactot 10'-107 'y. Ha aTux yactotax Hanbonee cuUnbHO
NPosIBNSTCA aHW30TPOMHbIE CBOWCTBA MaTepuana,
06yCrnoBrneHHble OPUEHTaLMOHHBIMU MEeXaHu3MaMmu Mo-
NspM3oBaHHbIX Monekyn. B caHTumeTpoBOM, U ocobeH-
HO B MUIMMETPOBOM Auana3oHax aHusoTponus & KK
B 9MEKTPUYECKNX U MarHWTHbIX MOMSX Mano nccnegoea-
Ha [1-2]. [pyMeHeHne aBneHns AUaNeKTPUYecKon aHu-
30TpONMM AN nepecTpamBaembiX YCTPOWCTB CaHTUMET-
pPOBOro M MUIIIMMETPOBOrO AuanasoHOB BOMH [0 Ha-
CTOSILLIEro BpEMEHM Takke marno udydeHo.Tak B paboTtax
[3-5] onuckiBatoTca nepsble nepectpavBaemble CBY
dasoBpalyarenu, crnyxawme KOMMOHEHTAMW aHTEHHbIX
dasupyembix pelieTok. PasoBbIi COBUM B TaKMX CUCTE-
max pocturaet 50%a6. AHanornuHble pesynbTaTbl Ha-
6noganMcb U B BOJMHOBOAHbIX CTPYKTypax, 3amnoflHeH-
Hbix HXXK. ®aszoBbii cABUr B HUX Takke gocTturan 60°
npu MNPUNOXEHUM MOCTOSHHOTO MarHUTHOrO  Morns
45003.[6].

OcobbIt  MHTepec npeacTaBnslT Takke paboThl,
CBSI3aHHble C MCCrefoBaHMEM CBOMWCTB KOMMO3WLMIA Ha
OCHOBE >XWOKUX KPWUCTamnmoB M MHOFOCTEHOYHbIX Yyrie-
poAHbIX HaHoTpybok (MCHT)[6, 7]. OTmeuvaeTcs, 4TO
manble konmyectBa MCHT MOryT CyLLECTBEHHO CHU3UTb
napasuTHble TOKWU, BO3HMKAOLWME NPU MPUINOXKEHUN MO-
CTOSIHHOTO HamnpsikeHWsi K HeMaTU4eCKOW sYerike Wu
YMEHLINTL BPeEMS NnepeopueHTauum monekyn. MNoatomy
paboTbl B J@aHHOM HanpaBneHuu SBMSATCA AOCTaTOYHO
aKTyanbHbIMU.

Il. PesynbTaTbl UCNbITaHUA
B pabote nccnepgoBanuck Hematudeckme KK 5CB-
Knacca uuaHobudenunos (g, = 19.9, ¢,= 6.9, Ae =13,

& & — avanekTpuyeckme npoHuuaemoctn XK B Ha-
npaBneHnax napannenbHbIX U NepneHanKynsapHbIX AuW-
pekTopy). QKCnepMMeHTanbHble MCCnefoBaHnsa Ha 4ac-
ToTe 1MI'Y NpoBOAMMANCE EMKOCTHBIM MeToAoM. TonLwum-
Ha XKK coctaensana 50 mMkm., npu 3ToM obecneynBanacb
OOHOPOAHOCTbL OpMEHTALMU OWUMONEN MO MOBEPXHOCTU
KoHAeHcaTopa 6e3 MpUNoXeHUsl BHELUHMX CTaTUYeCKUX
noneni. [ncnepcMnm  MHOrOCTEHOYHBIX  HaHOTPyOokK
(MCHT) B HemaTtuyeckon matpuue Obinv Mony4veHbl C

NMOMOLLbIO YNbTPa3BYKOBOro avcnepratopa. Namepexue
emkoctn C 1 npoBogmmoctM G OCyLLEeCTBMSNUCH U3Me-
putenem ummuTaHcoB E7-12. O6ecneuynmBanacb BO3-
MOXHOCTb MoJa4n Ha U3MEPUTENbHYIO SSYENKY NMOCTOSIH-
Horo HanpsbkeHus o 200 B. lMorpelHocTb M3MepeHus
C n G cocrasnsana nopsgka 5%. Bpems usmepeHus He
npesbiwana 500 ms.

PesynbTatbl UccnefoBaHWiA aHU30OTPOMUU  AUISIEK-
Tpuyeckon nponHuuaemoctn XK-5CB, a takke HXK c
pasnunyHbiMM KoHUeHTpaumamn MCHT npuBegeHbl Ha
puc. 1.
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Puc. 1. 3asucumocmsb duanekmpuyeckol
npoHuyaemocmu KK
Om HarnpsKeHuUsi Ha KoHOeHcamope.

Fig. 1. Dependence of LC permittivity vs. voltage
on the capacitor

[0ns naMepeHnn OUINEKTPUYECKON MPOHULLAEMOCTU
n TaHreHca yrna notepb HXXK Ha uvactote 35ITu uc-
nonb3oBasncs LMNUHAPUYECKUMI pe3oHaTop C koneba-
HUsmMn Eg1o. OuameTp pesoHatopa 6.5 mm, anuHa 10.3
MM. CTeKnsHHbIN Kanunnsap, 3anofiHEHHBIN wnccneaye-
mbiM XK, pacnonarancst cTporo no ocu pesoHatopa no
BCEN ero AnvHe. HapyxHbli AuameTp kanunnsapa
0.57 mm, BHyTpeHHU -0.41mM. M3mepeHus pesoHaHc-
HOW 4YacTOTbl U AOOPOTHOCTM pe3oHaTopa, BKIKOYEHHOIO
B BOJIHOBOAHbLIN TPakT Ha MpoXofd, OCYLLECTBASMMUCL C
NMOMOLLIbIO NaHopamHoro uameputenss P2-65. lNMocTosH-
Hoe MarHuTHoe none coctaBnsno B=0.128 Tn. Pe3ynb-
TaTbl UAMEPEHUI N PACYETOB BbINOMHEHHbIE METOAAMM
yacTuyHbIx obnacten (HO) n BoamyleHui [8] npuBeae-
Hbl B Tabn 1.
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lll.MHTEepnpeTauma pesynbLTaToB
MCNbITaHUN

McecnepgoBaHua Ha yacTtote 1 Mry nokasanu, 4To npu
NPUNOXEHNN MOCTOSIHHOTO  3MEKTPUYECKOro MNonst K
silyelike ¢ HaHOTpybkamy 3HayeHnss £, G n C BospacTa-
N nocne AocTuXeHua ~5 V, ¢ TeHAeHUnen K Hacbllle-
Huto Bbiwe ~15 V aHanornyHo nepexony Ppenepuikca n3
nnaHapHoW B rOMEOTPOMHyH opueHTauutio. Habnioaa-
nocb BO3pacTaHWe AOUINEKTPUYECKOW MPOHULLAEMOCTH
nopsgka ~30% B 3aBMCMMOCTM OT KOHUeHTpauum HT.
OnuTenbHOCTb NEpexofHbIX TOKOB COCTaBnsAna nopsaka
~0.5 — 2 ¢ 1 3amMeTHO CHWXXanacbh B npucytcTemm HT.

Mpu gOCTUXXEHMM NMOPOroBOro 3HaveHus nons E; co-
oTtBeTcTBYylOWEero U;, uamepsiemble 3HavyeHust ctabunu-
3MPYIOTCS, YTO CBSA3aHO C 3aBEpPLUEHNEM MOSEKYNSPHON
nepeopueHTaumn. Habniogaemble E; TOro xe nopsiaka
(xoTa n BbIWE), YTO U TUNMYHble E. ana S-addpekTa
®pepepuikca B nepemeHHoM none. Habnogaembii ag-
EeKT BMOSIHE YETKUA W OOHO3HAYHbIA, HEeCMOTPSA Ha
BO3MOXHO€E BMWsIHME NapasuTHbLIX EMKOCTEN y 3NeKTpo-
noB, pasopueHTauum XK OOMEHOB, MNOBEPXHOCTHbIX
adhpekToB, NepeHoca 3apsga v T.4.

IV. 3aknoyeHue

lMpoBeaeHbl M3MepeHNsT BPEMEHHbIX 3aBUCMMOCTEN
nameHeHun &, C, G avenkn ¢ XK, gaHbl oUeHKn Bpe-
MEHMN BKITIOYEHUS W BbIKNIOYEHUS OPUEHTALMOHHbIX 3d-
dekToB. MamepeHns nokasanu CylecTBeHHOe N3MeHe-
HVe anekTpoguHamuyeckmx csoncts XK B 3aBucnumocTtu
OT YNpaBnsloWMX NapamMeTpoB Ha HU3KUX YacToTax.
Xop 3aBMCUMOCTEN KayeCTBEHHO coBMajaeT C aHaro-
TMYHBIMU 33aBUCUMOCTSIMU, MONYYEHHbIMW MO CTaHAapT-
HbiM MeToamkaM. OT4yeTnMBO HabnogalTca xapakrep-
Hble TUNWYHbIe 0COBEeHHOCTU Ans Touvek asoBoro ne-
pexoda HemaTuKa B M3OTPOMHYI XuakocTb. lNpeacTas-
NEHHbIN noaxod MoxeT ObiTb pacnpocTpaHeH Ha KK
ApYrux TUMNOB, B YaCTHOCTWU, CErHETOSMNEKTPUKOB, CMEK-
TUKOB, a Tarke XK ¢ gucneprupoBaHHbIMM B HUX MUKPO-
W HaHo4acTuuamu (HaHOTpYyOKW, KpucTanmnuyeckue cer-
HETO3MEKTPUKKN, PEePPOMarHeTki 1 T.4).

Tabn. 1. 3aBUCUMOCTb fpes OT Erxi

Table 1. Dependence of fres 0N €1c

f EHXK EHXK
PesoHaTtop, Eg1o FFa’ (meTop (meTon
4 40) BO3M)
1 Pe3oHatop 6e3 35.20
Kanunnsipa
2 Pe3oHatop C Ka- 34.67
nunnsipoM
S Kanunnap o FKK | 3390 | 3508 | 3676
6 Kanunnap ¢ HXK,
B L nepneHgukynsip- 34.083 3.249 3.307
HO ocuv Kanunnsipa
7 Kanunnsp ¢ HXK
B4 napannensHo ocn 33.96 3.71 3.791
Kanunnsipa,
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EFFECTS OF MICROWAVE ELECTRIC
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ON ELECTROOPTICAL PROPERTIES
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Abstract — Investigations of electrophysical properties of
nematic liquid crg/stals {LC) based on cyanobiphenyls under the
frequency of 10 -10" GHz with applied electric and magnetic
static fields are presented. The obtained results are interpreted
in terms of molecular models. Possibilities of LC implementation

into various electronic devices are also discussed in this thesis.

|. Introduction

Dielectric properties of liquid crystals (LC) in the 10-10" Hz
range are well known and widely used in various devices for
electrooptics and other fields. At higher frequencies (up to 40
GHz), few studies are known, though applications in microwave
varactors and other similar devices have been proposed. Dop-
ing of LC with carbon nanotubes (NT) can offer further pros-
pects in this direction, with dielectric and conductivity studies
being a convenient tool for studies of field-induced reorienta-
tions, e.g., Freedericks effect known in LC electrooptics.

Il. Results

Dielectric and conductivity measurements were carried out
both in standard LC cell conditions and in cylindrical resonator
geometry at 35 GHz. Application of magnetic field was also
provided. Effects of field-induced orientation of LC were clearly
reflected in the measured parameters. Introduction of NT
greatly increased the LC conductivity, which was varied under
application of dc voltage. The onset and saturation levels of
conductivity reflected properties of the Freedericks transition
occurring in the LC cell.

Ill. Conclusions

The results obtained show that orientation of LC by station-
ary electric and magnetic fields can provide possibilities of new
effects related to controlled capacitance properties in the mi-
crowave range. Doping of LC with carbon nanotubes offers new
ways of varying dielectric, conductivity and electro-optic proper-
ties of LC materials to be used in electronic devices.
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