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JIOTenep y OUIBIIOCTI BUTIAJKIB 3aCTOCOBYBAIACS IIPOCTA, ajie MMOTaHO KOHTPOJIbOBaHa Moau(ikalris
KOPOHHOTO po3psay 06e3 KepyroUoi CiTKH.

VY nmaniii poOOTI mOCHiKeHa eleKTpu3allisa «guest-host» IMIiBOK Ha OCHOBI TMOJIICTHPOITY
(TIC), neroBanoro wmonekynamu xpomodopa JIP-1 (Disperse Red 1), B kopoHHOMY TpHOIE.
EdexkTuBHiCTh enekTpu3allii OLIHIOBaJacs 3 BUKOPUCTAHHAM METOAY TEPMOCTUMYJIbOBAHOL
nenomnsgpuszanii (TC/I). I'omoBra mMeta poOoTu mossirajga B TOMY, 00 MpoaHali3yBaTH BiIHOCHUN
BIUIMB TapaMeTPiB MPOIECY eJIeKTpu3allii Ha MOJIMIEeHHS e()EKTUBHOCTI OPI€EHTYBAaHHS MOJICKYJ
JIUIIOJIBHOT JOMIIIKH.

[TniBku ToBmmHOK 20 MkM oTpumyBanu 13 cymimi IIC 3 2% JIP-1 B xsopodopmi.
AJroMiHi€EBUH eNeKTpol OyB HAaHECEHUH Ha OJIHY MOBEPXHIO 3pa3KiB TEPMIYHUM HAMMIIOBAHHAM Y
BakyyMi. 3pa3ku Oyau eJIeKTpU30BaHI B KOPOHHOMY TPio/l B CyXOMY MOBITP1 NMPHU CTAIOMY CTpyMi
apsiakn 2 HA. B mporneci  enekTpusaiii Oe3ynmMHHO BHMIpsUlacsl KIHETHKA €JIEKTPETHOTO
noTeHIiany. B sikocti 3MiHHUX Oynu oOpaHi HACTYIHI TTapaMeTPH: TOJISAPHICTH KOPOHHOTO PO3PSTY,
temneparypa (30, 80 i 100 °C), HastBHicTb a00 BiACYTHICTh BIpTYaJbHOIO 3aKOPOUYEHHS i CTApiHHS
npu KiMHaTHIN TemmnepaTypl. Bukopucrano moaudikauii merogy TCJ| 3 kOpoTKO3aMKHEHUMU
enektponamu (K3), 3 moBiTpssHuM 3a3opom (B3) 1 3 mienextpuuHoi BctaBkorw (/IB).

BcraHoBiieHO, 10 TO3WTUBHI 3apsay MPOHUKAIOTH B 00’€M TIUOIIE, HIXK HETaTHUBHI,
0c00JIMBO MpHU MIABUILEHUX Temreparypax. Ll pi3HHUISI MEHII ITOMITHO B JISTOBAHUX 3pa3Kax, Je
(dbopMyBaHHS JUITOIBHOT TOJSIPU3Allil IepeBaXkae HaJl IHXKEKIIEI0 1 YTBOPEHHsIM 00'€MHOTO 3apsiy.
3a HaxuiaoM TpadikiB AMHAMIKM TOTEHLIady B TIOYATKOBIMH cTafil 3apsIKud po3paxoBaHa
JIeeKTpUYHa MPOHUKHICTh, sika ckiana 2,5 mus gucroro IIC i 2,67 mns 3paskis T1C / JIP-1.
BukopuctoBytoun moaens ApxunoBa-Pynenko-Ceccnepa [1], mogudikosany Jlimom @eppeiipa [2],
OyI0 3HalIeHO JOOYTOK PYXJIMBOCTI HA Yac 3aXOIUICHHS HOCIIB 3apsiay Ut = 2- 10 v B,

TemmnepaTtypHa 3aJeXHICTh KoedillieHTa BUKWAY 3apsagiB BiamoBigama Mozem Bimbsmca-
Jlannena-®eppi, BKa3ylOuud HA Te, MO MACTKU JIOKATI30BaHI Ha JedeKTax TOJIOBHOTO JIAHIIOTA
nomimepy [3].

Ha xpuBux crpymiB TC/] B pexxumi K3 BusiBieHo oauH By3bKHH IiK, B pexumi B3 — 2
VHITIOJSIPHUX TIKY, a B pexkumi JIB — 2 mapu mpoTHIEKHO CpsMOBaHMX MiKiB. HasBHICTB MmiKiB
MOSICHEHO PpeJaKCalli€l0 MOBEPXHEBUX 1 00'€eMHUX 3apsiB. BenmnumHa i TONOKEHHS MIKIB HE
3aJIe’Kaad Bl TOJIAPHOCTI KOPOHHOTO po3psiay. Buecok momspu3zarii B ctpymu TCJ] BusiBUBCS
OJTHAKOBHMM Y BUIbHHX 1 B BIpTYaJIbHO 3aKOpOYEHUX 3pa3kax. OJHaK Mpu CTapiHHI BUIBHHUX 3pa3KiB
MOJISIpU3AITis 3pOCcTaa I J1€0 MO TOBEPXHEBUX 3aps/IiB.

BumMiproBaHHs Mmoka3anu, 0 HACHYEHHS MOJSIPU3allil CIOCTEPIraeThCsl BXKE MPHU HAIPY3i
1 kB, a po3paxyHkoBe 3Hau€HHs rpaHu4yHOi Hampyru craHoBuTh 680 B. Ha ocHOBiI oTpumaHux
JTaHuX chopMylIbOBaHI peKOMEeHaallii o napamerpax enekrpusauii miiBok I1C / JIP-1 B kopoHHOMY
po3psii, 1o 3a0e3medye OTPUMaHHS BUCOKOT 1 CTa01IbHOT MOJIIPU3aIIii.
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Polar species in ferroelectric and nonlinear optical polymers must be oriented in one
direction by application of an external electric field in order to insure good working characteristics
of the materials. The corresponding process called poling or charging is an important step in
obtaining desired properties. The most advanced is the corona charging method applied earlier in
electrophotography, in electrets and in electrostatic filters. Due to its versatility, the corona method
allows to optimize poling by proper selection of the poling mode, polarity and temperature.

A corona is a self-sustainable discharge occurring if a sufficiently high voltage is applied to
asymmetric electrodes such as a point and a plate. In the ionization area near the point, depending
on corona polarity, either positive or negative ions are produced. The ions bombard the bare sample
surface and no electrode is required on this side. The process takes place at atmospheric pressure, so
the ions have an average thermal energy. The ions do not penetrate into the bulk, but transfer their
charge and leave the surface as neutral atoms or molecules. The excess charge either resides on the
surface, or injected in the bulk. The advantages of the corona charging are: (a) poling can be
performed without deposited electrodes (b) higher fields can be achieved than in case of sandwich
poling, and (c) thin films can be poled in spite of defects, because breakdown is limited only to
small sample area.

A simple point-to-plane geometry has been gradually replaced by a corona triode with a
metal grid introduced between the point and the sample. Apart from charging, the corona triode was
used to study dynamics of poling and charge transport phenomenon in polymers [1-3]. This paper
gives a short review of the corona charging of ferroelectrics and nonlinear optical polar polymers
with an accent on using constant current corona poling (CCCP).

We consider only corona triode methods, because a point-to-plane technique does not
provide the required quality of poling. The highest surface potential is approximately equal to the
grid voltage. If either the sample or the grid is made vibrating, one can observe the dynamics of the
surface potential by a modified Kelvin method measuring the AC current. In the CCCP mode
additionally to the vibrating grid the feedback is used to control the corona voltage in order to keep
the poling current constant. So, all poling parameters can be measured and controlled. The surface
potential is found from the graduation curve obtained beforehand by substitution a real sample with
a metal disk of the same area. Detailed description of the method is given in a review paper [2].

Polymers for nonlinear optics gained interest because of the strong nonlinearity of molecular
chromophores as guests, side groups, or main-chain segments. In order to obtain a non-
centrosymmetric material, it is necessary to perform a poling process. The suitable method for NLO
polymers is corona poling applied near the glass transition temperature Ty to allow orientation of
dye molecules in the field. Cooling the sample with the corona still applied freezes the orientation
of dipoles. Unfortunately, the corona charging experience was not used in full in the NLO field
where most research was carried out with a poorly controlled point-to-plane mode of the method.

Due to high piezo- and pyroelectricity, ferroelectric polymers may replace conventional
inorganic materials in sensors and transducers. Therefore, such materials as PVDF, P(VDF-TrFE),
P(VDF-TFE) have attracted attention recently. To induce orientation of dipoles, the polymers are
poled usually in a corona, because high electric fields could be achieved without breakdown in this
case. Using a constant current corona triode we have found that the initial poling and switching
consisted of three stages, each one corresponded to a definite part of the potential - time curve [2-7].
A fast increase in surface potential was observed at the first stage indicating that the capacitive
component prevailed in the poling current. At the second stage there was a plateau at the voltage-
time curve related, most probably, to switching of the ferroelectric component of polarization. The
surface potential again increased sharply at the third stage when switching is completed. The
plateau was not seen if poling is repeated.

Polarization P in ferroelectric polymers depends nonlinearly on the field E, so the P(E)
function is presented by a hysteresis loop. From this curve, the remanent polarization P, and the
coercive field E; can be found. We studied polarization and hysteresis phenomena in biaxially and
uniaxially stretched PVDF films. The P(E) dependence was obtained from the kinetic of the surface
potential during CCCP [3]. For the biaxially stretched PVDF we found E.=100 MV/m and P, = 64
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mC/m?. We separated electronic, dipolar and ferroelectric components of the dielectric constant and
obtained & = 2, & =7, & = 95. In case of uniaxially stretched films we have found & = 40, P, = 42
mC/m? and E. =48 MV/m [8], all values lower than those for biaxially stretched PVDF.

We studied polarization uniformity in corona poled samples of P(VDF-TFE) 95:5
copolymer (Plastpolymer, Russia) containing 90 % of ferroelectric beta phase [9]. Polarization
profiles were measured by the piezoelectrically induced pressure step (PPS) method. It has been
found that the residual polarization is distributed nonuniformly in samples poled by CCCP method
independently on poling temperature. Nonuniformity of polarization was caused by nonuniform
distribution of the poling field that, in its turn, was attributed to injection of negative charge during
poling.

Efficiency of corona poling depends on corona polarity. We compared TSD currents and

pyroelectric coefficients of PVDF samples containing preferentially either polar beta phase or non-
polar alpha phase and poled in either positive or negative corona. It appeared that beta samples were
poled to the higher values and show higher pyroelectricity that the alpha samples. Judging by values
of the pyrocoefficients, poling in a positive corona is more efficient than in a negative one, probably
because the positive charges are not easily injected into the bulk, as do the negative ones.
Finally, corona poling is a powerful method to produce residual polarization in polar polymers. The
advantages of corona charging are that samples can be poled without deposited electrodes; higher
fields can be achieved in corona than in case of sandwich contact poling, thin films can be poled in
spite of defects. Moreover, the valuable information about charge transport, storage and polarization
can be obtained during poling in a corona triode. The constant current method facilitates analysis of
experimental results and gives additional information on injection and drift of carriers, the
hysteresis phenomena and polarization buildup.
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KPUTUYHA TOBIIUHA NNOSABU CETHETOEJIEKTPUYHHUX
BJIACTUBOCTEM B IIJIIBKAX CONOJIMEPIB BIHUWIIAEH®TOPULY

®enocos C.H., nokTop ¢i3.-maT. HayK, npodecop
Opecbka HalliOHAJIbHA aKa/leMisi XapuOBHUX TEXHOJIOT I

OcTtanHIM 4YacoM  poOJATBCA  CcnpoOM  BU3HAYCHHS  KPUTHYHOTO  pO3MIpy B
cerneroenekTpukax. Lle ¢pyHIameHTanpHe MUTAHHSA B 3B'SI3KY 3 PO3BUTKOM CETHETOETIEKTPHUYHUX
HAaHOCTPYKTYp CTaJ0 AaKTyaJbHHUM 1 B TPHUKJIAJHOMY BIJIHOLIEHHI. Y JIOMOBIII, MPUCBAYEHIN
KPpUTUYHUM PO3MipaM B CETHETOEJEKTPUYHUX HAHOCTPYKTYpax, pO3TISHYTI pe3ylbTaTh
JOCTIUKEHHST ~ OJHOTO BHJY TIOJIMEPHHX  CETHETOCJEeKTPUKIB, a caMe COINoJMuMepa
BiHUmaeHpTOopuaa 3 TpidTopermineHom [I(BIAD-TpdDE), orpumanux wmeromaom Jlenrmropa-
brnomxert (JIB).

[Tim KpUTHYHUM PO3MIPOM pPO3YMIIOTh MAaKCHUMalbHy TOBIIUHY IUTIBKH, HECYMICHY 3
ICHYBaHHSIM cerHeToesleKTpuku. Y 1944 p Onzarep, BUKOPHUCTOBYIOYM MOJeNb [3iHra, BKazaB Ha
HasBHICTh CIIOHTAHHOI MOJIspH3allii B JIBOBUMIPHIN KyOiUHIM penriTIiii, B By3JiaX sIKOi 3HAXOASATHCS
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