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PaccmMoTpeHa npobnema noBepXHOCT-
HOFO ANMNOJILHOIO YNOPSA0YEHNS TOHKIMX
NOJIMMEPHBIX CIOEB B HAHOMETPOBOM
0651aCTV TOJNILUMH. DKCNEPUMEHTASILHO
nccnefoBaHbl CyOMUKPOHHBIE ON3ek-
TPUYECKME MIEHKN SNEKTPOAKTUBHOIO
nosvmMepa nonugudeHmuneHdTanna, B
COCTaB MOJIEKY/ KOTOPOro BXOAAT 6OKO-
Bble GTanMaHble FPyNMbl C OTHOCUTENb-
HO 601bLUMM ANNOJIbHBIM MOMEHTOM.
MHTepec kK faHHOMY NOAMMEPY BbI3BaH
aHOMaJIbHO BbICOKOM MPOBOAVMMOCTLIO
rpaHuLbl pasgena noanmep—rnoammep.
PaHee aT10T addeKT CBA3bIBAIN C BO3-
MOXHbIM MOBEPXHOCTHBIM YNOPAA0HEHN -
em pranuaHbIx rpynn. Mlcnonb3ys MeTo-
[Obl CKaHNPYIOLLE MMKPOCKOMUM Mbe30-
31IEKTPUYHECKOr0 OTKNKA, NCCNEAOBaHA
NMOBEPXHOCTb CYOMUKPOHHbIX MIEHOK,
C034aHHbIX METOA0M LEEHTPUDYrNpPO-
BaHus. O6HapY>XEHO NPOSIBIEHNE CMOH-
TaHHOW Nonsipmu3aummn, ykasbiBatoLLen Ha
Hanuyve ynopsaoyeHns gunonen. Ans
onpeneneHvs 06bLEMHOr0 1 MOBEPXHOCT-
HOrO BKIaza B NOASPU3aLmio NIeHoK,
1cenenoBaHbl MPOLLECChl Mospu3anmm
1 penakcaumu B obpasLax pa3Hoi Tos-
LUMHbBI. YCTAaHOBMIEHO, Y4TO NPY YMEHbLLE-
HUW TONLLMHBI BO3PACTAET CUTrHAM Nbe30-
3N1IEKTPUYHECKOr0 OTKNKA U 3NeKTpUYe-
ckun GopmMupyemMble JOMEHbI MpMobpeTa-
10T naeasnbHylo pagnanbHyto Gopmy. 3To
ABNSETCH NOATBEPXKAEHMNEM TOr0, YTO
npeobnagaroLLmin Bknag, B OpUEHTaLMOH-
Hbl€ NPOLLECChl BHOCST MOBEPXHOCTHbIE
CNOW MNONNMEPHO NaeHkn. OBHapy>XeHo
nepexstoyeHne Nonspmsaumm, Nposie-
NAloLLeecs B CMEHe KOHTpacTa curHana
Nbe300TK/IMKA NPWY NPUIOXEHWUW NONS
Pa3NNYHON NONSPHOCTN. Hannume Taknx
NMOBEPXHOCTHBIX ABIEHNI MPUBIEYEHO
0119 0O bSACHEHNS YHUKANbHBIX 9N1EKTPOH-
HbIX CBOWNCTB FPaHuL, pasaena nonaspHbIX
OpraHNYecKnx ON3NEKTPUKOB.

KnioueBble cnoBa: TOHKME MEHKM, MNOo-

BEPXHOCTb, MoNApM3aums, nonmaeduHm-
neHdTanma, AUNosibHOE YNopsaaoYeHne.
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Beenenne

CgoricTBa 1 0COOEHHOCTY ABYX-
MEpPHBIX CETrHETODJIEKTPUKOB, KaK
¥ BOBMOJKHOCTB CYII[€CTBOBAHUA
CErHEeTODJIEKTPNYECKON (pa3bl B Ha-
HOpa3MepHOIi 00JIaCTH, B IIOCJIETHEE
BpeMs IIPUBJIEKAIOT DOJIBITIOE BHIMA-
Hue uccjaenoBaredeii [1, 2]. B mpak-
TUYECKOM ILJIaHEe DTOT UHTepec 00y-
CJIOBJIEH BO3MOJKHOCTBIO CO3JIaHUA
9(p(PEeKTUBHBIX 3JIEMEHTOB DHEPTO-
He3aBUCKUMON namMATH [3]. BaskHbBII
BKJIAJ| B pellleHre 3Toi mpobJeMbl
ObL1 cesaH B paboTe [4], B KOTOPOIL
TEOPETUUECKN U DKCIIEPVMEHTAJIb-
HO OBLJIO JJOKA3aHO CYIIIECTBOBaHME
IIOBEPXHOCTHOI'O CErHETORJIEKTPU-
YeCKOro Iiepexojia IepBOro poja B
nyieHkKax Jlsurmiopa—bBiomikerT
IoJiuMepa MOJUBUHUINIEHPTO-
puza (PVDF) u ero comosnmmepax.
PasButne satux pabor nossosmsio
YTBEPIKATh, YTO CETHETOIJIEKTPU-
YecKMe CBOJICTBA pPeayu3yHTCA B
HaHOpPa3MepHBIX 00JIaCTAX, BILJIOTh
JI0 KPUTUIECKOr0 pa3Mepa 3apofbl-
1118 CETHETO3JIEKTPMUUECKOTr0 JJOMEeHa
(1—10 5M) [2]. B 1puIIOBEpXHOCTHBIX
IIOJIVIMEPHBIX CJIOAX BO3MOXKHO ITPO-
fAIBJIEHJIE CETHETOBJEKTPUIECKOTO
YIIOPAZIOYEeHNA BCJIELCTBYUE «KOM-

poMucca» MeKIy SHepruei Mesx-
MOJIEKYJIAPHOTO B3aMMOJENCTBUA
¥ TIOBEePXHOCTHON sHepruelt. IIpn
hopMMPOBaHNY TTOJIVIMEPHBIX ILJIE-
HOK IIOBEPXHOCTb OKa3bIBaeT OpMU-
eHTHUpYIOIllee BO3JEVCTBYE HA Ma-
KPOMOJIEKYJIbI MJIU X CTPYKTYPHbIE
3BeHbs, HaXOAAlIMeCs Ha IpaHulle
paszgena. CienoBaTeJsbHO, IPaHUIA
pasznesa 1 06J1aCTh IOJIMMEPHOTO Ma-
TepuaJia, Ipuyerarlias K 3Toii rpa-
HUIIe, MOTYT 00JaJaTh OTJINYHBIMU
0T 00'bEMHOT0 MaTepuaJia CBONCTBA-
mu. B mocsiennee Bpemsa noaBmioch
MHOT0 paboT, ITIOCBAIIEHHBIX M3yUe-
HUIO aHOMAJbHBIX 3JIEKTPOHHBIX
CBOJICTB, HAOJIOZAEMBIX BIOJIb I'Pa-
HUI paszetia IBYX OUBJIEKTPUKOB,
B TOM 4YMCJIe U IIOJIMMEPHBIX [5, 6].
OpHUM 13 yCJIOBUI BO3H/KHOBEHN A
TAKOTO POJZia CBOVCTB BIOJb I'PaHM-
bl pas3fetia cUUTaeTcA HaJIUUdMe
OUIIOJIBHBIX MOJIEKYJIAPHBIX TPYIIII
B cOoCcTaBe MaTepuaJja. B gacTHOCTH,
B pabore [7] onmcaHbl HEOOBIUHBIE
aJIeKTpopu3uYecKue CBOICTBa Ipa-
HUIIBI pas3fiesa IoJuMep—IOoJauMeD.
dna obbacHeHNA dpdperTa aBTOPBI
JCIIONb30BaJIM NPeAIIOoJOKEeHNEe O
HaJIMYUY CIIOHTaHHOM II0JIAPU3al N
[IOBEPXHOCTHOTO CJIOSA IIOJIIMEPHOI
MJIEHKM, BBI3BAHHOM JUIOJbHBIM
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ynopagodenueM. B mcciiefoBaHHOM IOJIMMeEpeE IIO-
munndennnendranuge (ILJIP) 6oxkoBoit rpymnmnoi aB-
JadeTcA (pTaJMgHAA IPYINa, KOTOpasd M MOYKET OBITb
OPMEHTUPOBAHA OTHOCUTEJBHO IIOBEPXHOCTH IIJIEHKIL
ABTOPEBI CUUTAIOT, YTO IIOBEPXHOCTD II0JIVIMEPHOIA I1JIEH-
K1 chOpMIMPOBaHA V3 YIOPALOUYEHHBIX I10 OTHOIIIEHUIO
K IIOBEPXHOCTY OOKOBBIX Ipymi mosumepa. OgHaKo 1o
CUX TIOp JaHHBIE YTBEPIKAEHNS SKCIIEPMMEHTAJBHO He
IO TBEP K IEHBI.

Iesnb paboTel — IMpOBeJEHNE IPAMBIX MICCIEH0BA-
HUII IIOBEPXHOCTHOI nosiapuianny mniaeHok 1I1J1d mpnu
IIOMOIIY METOAVUK CUJIOBOV MMKPOCKOIIMM IIbe303JIEK-
Tpudeckoro oTkynka (CMII). Metonguka CMII mmrpoko
[IpUMeHsAeTCs AJISA OIpefeIeHNsA CEeTHETO3IeKTpuIe-
CKIX CBOMCTB TOHKUX mJjeHOK. OHa M03BOJIAET BBIAB-
JIATB HaIIPaBJIeHVe BEKTOPA II0JIAPU3aLNI, MICCIIEN0BATh
KVHETHKY JIOKAJIbHOTO IIEPEKJIIOUEHNA IOJIAPU3aLNI U
obJsraziaeT pAIOM OPYTMUX Bo3MOKHOCTel [8, 9].

OOpa3sbl 1 METOBI NCCJIETOBAHUA

Vlccnenyemerit monuMep u3 Kjacca IOJIUTETE-
poapuseroB — IIJIdD, mosydyeH MeTOLOM MOJIMUKOH-
JleHCalMM IICEeBJOXJIOPAHTUAPUIOB apOMaTUIECKUX
0—KeTOKapOOHOBBIX KMCJOT II0 MEXaHN3MY pearkIuu
3JIeKTpodguibHOrO 3aMelieHud. CTpyKTypHasa dop-
MyJa MOJIEKYJIBI IIpeicTaBjeHa Ha puc. 1. B obbraHOM
cocroguuu I1JId aABiseTca qUIJIEKTPUKOM, XapaKTe-
PUBYIOIIMMCH CJIeSYIOIMIMMY 3JIEKTPOMPU3NIECKUIMI U
MOJIEKYJIAPHBIMI IIapaMeTpaMu:

— IIMPMHA 3allpeleHHOol 30HbI ~4,3 3B;

— DJIEKTPOHHAA paboTta Berxona ~4,2 5B;

— BJIEKTPOHHOE CPOJICTBO ~2 3B;

— TIepBBIN noTeHIMaJ nouusanuu ~6,2 5B [10];

— MoJteKyJsapHada macca ~50 000 r/moutn;

— CpeIHAA JIVMHeNHaA NJMHA MOJIeRyYJIbl ~150 HM;

— IUIIOJIBHBIN MOMEeHT 60KOBOro cpparmenTa ~5,6 I
[11].

Jly1a mpoBeieHN A MccJIeJOBaHNT 00pasIfbl M3TOTaB-
JUBaJIM Ha MOAJIOMKKAX 13 IIOJMPOBAHHON HepsKaBeo-
1IIe¥1 CTaJIM METOZOM LIeHTPU(PYTMPOBAHNA 3 PACTBOPOB
nojiuMepa B LUKJOreKkcaHoHe. IIporiecc n3roroBiieEnsa
IIpoMCcxXoauII caeyonum oopasom. Ha mpensapurenbHo
ounITeHHbIe TTOII0KKY HaHocuau 0,1—15 % (Bec.) pac-
TBOP HOJIMMEPA B IMKJIOTEKCAHOHE METOJOM IIeHTPU-
dpyrupoBaHuA. 3aTeM 00pas3Ibl BEIAEPIKMBAJY HA BO3-
JlyXe [PV KOMHATHOJ TeMIlepaType B TedeHye 45 MUH.
OKOHYATEJBHYIO CYIIKY IIPOBOLNIIV IIPY TEMIIEPAType
150 °C B Teuennue 30 MyH B cymuiabHOM mKady. IIpn
TaKO} MeTOIVKE M3TOTOBJIEHNA yAAaeTCA OJIyIUTDb Ka-
YeCTBEeHHbIE IIOJIIMEPHBIE IIJIEHKH, BILJIOTh JI0 TOJIIIMH B
HECKOJIbKO HAaHOMETPOB. B 3aBMCHMOCTY OT KOHIIEHTpa-
LMY PACTBOPOB OBbLIIV IIOJTYYEHBI IIJIEHKM TOJIIIIMHON OT
10 EM 10 3 MKM.

VlccoenoBaHMs ¢ TOMOIIBIO KOHTAKTHOV METOAVIKYA
aToMHO—CcuJ0Boi MuKpockonuy (ACM) nmokasaJn, 9To
IIOBEPXHOCTY MBTOTOBJIEHHBIX 00pa3I|0B OLHOPOLHEIE,
IagKue, C IIIePOX0BATOCTHIO, CPABHIIMOL C IIIEPOXOBATO-
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Puc. 1. CtpykTypHas ¢opmyna nonngudeHmneHdrTanmaa
Fig. 1. Structural Formula of Polydiphenylenephthalide

CTBIO ITOAJIOMKEK, HA KOTOPBIe OHM Oblyy HaHeceHHI. [Ipn
TosiuHe MeHee 300 HM moJMMepHas IJIEHKA XOPOIIIO
BOCIIPOVM3BOANT IIOBEPXHOCTB ITOJIJIOKKY, YTO TOBOPUT 00
OJTHOPOZHOCTH I10 TOJILIIMHE [T0JIyYeHHBIX 00Pa3II0B.

TTosapusanuio moaMMepHbIX 06pa3I0B MCCJIIeI0Ba-
s metogoM CMII ¢ momoIrbio CKaHUPYIOIell 30HL0BOM
nanosaboparopuu NTEGRA Prima (NT-MDT, Poccus).
CMII-nzo6pasxkenusa (curaan MagCos) mosnyyganu B
KOHTaKTHOI MOJZIe ITyTeM IIPUJIOKEHNA Ha KaHTUJIeBep
IIepeMeHHOT0 HallpAKeHU A aMIINTy Aol 5 B u gacToToit
150 kT'1. Joa CMII-u3mepeHnit MCIIoab30BaJIM ITPOBO-
namye 3061 Mapky NSG10/Pt ¢ paguycom KpuBU3HBI
ocTpuda KauTHaeBepa ~30 HM. IlocToAHHOE HANIPsKEeHNE
B IIpOLIeCCe MOJIAPU3aIY IPUKJIAIbIBAJIN K 30HY, B TO
BpeMA Kak obpasels ObLT 3a3eMJIeH.

PesyabTaThl I NX 00CY K IeHIE

Ha pwmc. 2 npencraBiensl Tonorpadgusa ydacTira
IIOBEPXHOCTHU, noJydeHHaa MetogqoM ACM (a u 6), u
MICXOIHBIV CUTHAJI IbE30DJIEKTPUUECKOr0 OTKJIIMKA (Me-
Tox CMII) (8 1 2) mOMMMEPHBIX IIJIEHOK TOJIINHOM 50 1
900 HM cooTBeTcTBeHHO. [IpM 111€POXOBATOCTY MICXOIHOM
NJaCTUHBI U3 HepskaBeroiel cranan ~20 HM cpeHeKBa-
JIpaTu4YHaAg IIepOX0BATOCThb cocTaBua 17 HM AJ1d IJIeH-
Ky Tostnyuor 50 uM 1 0,5 HM 1J1 60JIee TOJICTOl IJIEHKN.
Takas pa3HUIla B 3HAUEHUAX 1II€POXOBAaTOCTY CBA3aHa
C TeM, YTO TOHKadA IIJIEHKa <IIOBTOPAET» pesbed Iof-
JIO3KKM, B TO BpeMs KaK C yBeJMUeHMeM TOJIIIMHbBI Ha-
HOCMMOJ IIJIEHKY HEPOBHOCTY ITOJJIOYKKN 3aII0JIHAIOTCSA
IIOJIVIMEPHBIM MaTePIaJIOM.

Ha puc. 3 npencraBiieHbI TUCTOTPaMMEI pacipeie-
JIEHVSA CUTHAJIa ITbe300TKJINKA JJIA IIJIEHOK TOJIIIHON 50
(xpmBasa 1) m 900 (kpuBasa 2) HM, nosyueHHble n3 CMII-
nzobpaskenuit (cMm. puc. 2, 8 u 2). JlaHHbIE TUCTOrPaMMbI
OTPAa’KAIOT HaIIpaBJIEHNe CIIOHTAHHON MOJIAPU3AINY B
uccyenyemMblx Matepuadnax [12, 13]. Ilonosxurenbable
3HAYEeHNA Ibe300TKJINKA CBUIETEJbCTBYIOT O TOM, YTO
BEKTOp MHOJAPU3alLUM B ILJIEHKaX HallpaBJIeH K II0J-
JIO}KKe, Ha KOTOpYIo HaHeceH nosmMep. C yBesrdeHeM
TOJIIIIVHEI [TOJIVMMEPHOI IIJIEHKY ITOJIOKEeHVe MaKCIMyMa
pacmpeseseHnsa CUTHaJa IIbe300TKJIMKA CMeIlaeTcd B
CTOPOHY YMEHBIIIEHVA CUTHAJA. TO CBUAETEJILCTBYET
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Puc. 2. Tonorpadus noBepxHOCTU nonnmepHoi nnexku NAD (a, 6) n curHan Nbe303NeKTPUYECKOro OTKNIVKA (B, ') MAIEHOK

TonwmHowm 50 (a, B) 1 900 (6, r) HM COOTBETCTBEHHO

Fig. 2. (a, 6) Surface Topography of PDF Polymer Film and (8, r) Piezoelectric Response Signal of Films (a, 8) 50 and (6, r) 900 nm, Re-

spectively
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Puc. 3. rMCTOI'paMMbI pacnpepneneHnd curHana Nnbe3oasiekTpnye-
CKOro oTKAnka gns naeHok toawmHon 50 (7) n 900 (2) Hm
Fig. 3. Piezoelectric Response Signal Histograms for (7) 50 and (2)
900 nm Thick Films
00 yMEeHBIIIeHNY 3HaYeHUA CIIOHTAHHO MOJIAPU3aIINN.
Tlono6HbIi 5pheKT YMEHBIIIEHN A 3HAYEHN A CaMOIIOJLA-
pUBaIMy OT TOJIIIMHBI HAOJI0AIN paHee U B CErHETO-
3JIEKTPUYECKUX MaTepuajax [14].
Briassiena 0co0eHHOCTD, YTO 3HAUEHME MCXOLHOTO
CUTHAJIA Tbe300TKIINKA (6e3 mpeaBapuTeIbHON IOJIAPI-
3anuy 00pas1ia) BaKAeT Ha 3HaUYeHYe OCTATOYHOTO IIbe-

300TKJMKA. OTO IOATBEPIKIAETCA CIeNyIOIel cepuet
akcrepmumenToB. Ha puc. 4, a n 6 nmpencraBiensr CMII-
1300pasKkeHys [0cJIe JIOKAJIbHO—«TOYETHO» II0JIAP3a-
LY IIOJVIMEPHBIX 00pas3lioB OAMHAKOBBIM II0 BpEMEHN
[IPUJIOKEHHBIM VMMITYJIbCOM IIOCTOSHHOTO HaIlpAKe-
HUA Pa3JIMgHOV aMInTyasl oT 15 no +20 B. Ceetunle
TOYKM OTBEYAIOT NMOJAPMU3ALUM [T0JOKUTEIbHBIM Ha-
IIpAMKEeHNeM, TeMHbIE — OTpUIaTeJbHbIM. Kak BUIHO
n3 CMII-usobpaskennii (cM. puc. 4, a 1 6) U CpaBHEHNUA
IpoouIIel CUTHAJIA TEE300TKJINKA (CM. puc. 4, 6 1 2), 1pu
IIOJIAPY3AIINIY TIOJIOXKUTEIBHBIMMY MMITYJIbCAMM HAIIPA-
SKEHNA JIATepaJIbHBIN pPa3Mep MHAYIIMPOBAHHOTO IOMEHa
M €T0 OCTATOYHBIN ITbe30CUTHAJ DoJIblile, YeM JJIA CO3-
JIaBaeMOro JIOMeHa IIPY OTPUILIATEJILHOM HAIIPAKEHNUIA.
Habutomaemas acumMmeTpuA B BeJIMUMHE Ibe30CUTHAIA,
II0—BUIVMOMY, CBA3aHA C HAJM4YNEM BHY TPEHHETO0 1014
B MICCJIEIyEeMbIX MaTepuaJax.

Crenyer TaksKe BbIIEJINUTb PA3HUILLY B (popMe cO3-
IaBaeMbIX JOMEHOB IJIs IJIeHKy ToJHoi 50 11 900 HM.
B nepBom cayuae (Tosmuua naeskn 50 HM) popMu-
PYIOTCA MAeaJibHble KPYIJIble OMEHBI. OTO COOTBET-
CTBYEeT PaBHOMEPHOMY palMaJibHOMY paclpeieseHIIo
3JIEKTPUYECKOTO0 I10JIA, CO37aBaeMOro KaHTUJIEBEPOM
BJOJIb IIOBEPXHOCTY 00pa3s1a. B To ke Bpemsa 114 6oJtee
TOJICTO1 IIJIEHKM (popMa JOMEHOB faJjieKa OT MIeaIbHOM
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Puc. 4. CurHan nbe30301ekTprU4eckoro 0TkMKa nocne nokanabHOoM Nonsapu3aLmm NnoBEPXHOCTU TOHKMX MOSIMMEPHBbIX MAEHOK Pa3finyHon
TOJILLMHBI (&, B) U COOTBETCTBYIOLWME Npodunu (6, r) curHana nbe300TKANKa, MPOBEAEHHbIE YEPES NONSPU30BaHHbIE 061acTL:
a, 6 — TonwmHa nneHkun 50 Hm; B, r — 900 HM; 1, 2 — nonsipu3anmsa oTpULLATENbHBIMU U MONOXUTENbHLIMU UMMYbCAMU COOTBET-

CTBEHHO

Fig. 4. (a, B) Piezoelectric Response Signal after Local Polarization of the Surfaces of Thin Polymer Films with Different Thicknesses and
(6, r) Respective Piezoelectric Response Signal Profiles Passed through Polarized Regions:
(a, 6) 50 nm Thick Film, (B, r) 900 nm Thick Film, (7, 2) Polarization with Negative and Positive Pulses, Respectively
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Puc. 5. OcuunnorpaMmmbl curHana Nbe303eKTPUYECKOro OTKIIN-
Ka:
| — ncxoaHbI curHan Nbe3ooTkNnka; Il — nonapmndauns Ha-
npsixeHnem 15 B; lll — penakcauunsa curHana Nbe300TKANKE;
1, 2 — kpuBble penakcauum gns +15 n —15 B cooTBETCTBEHHO

Fig. 5. Piezoelectric Response Signal Oscilloscope Curves:
I: Source Piezoelectric Response Signal; Il: £15 V Bias Polar-
ization; Ill: Piezoelectric Response Signal Relaxation; (7 and
2) Relaxation Curves for +15V and —-15 V Bias, Respectively

¢ obpa3oBaHMEM raJjio B OKPECTHOCTY TOUKM IIPUJIOKE-
HudA uMiysbca. Ha puc. 5 mpeacraBieHa OCIMIIIOrpaM-
Ma IIpoliecca JIOKaJIbHOI IT0JIApU3aLy CyOMUKPOHHO
rosMMepHoi1 neHkn (tosmyaa 50 HM). IIponece dmk-
CUPOBaJIV VI OTHEJIbHONM TOYKY IOBEPXHOCTH, KAHTY-
JieBep HeIOJBMIKHO HAXOAMJICA B KOHTAKTe ¢ 00pas31oM.
T'padmk zaBucuMoOCTM curHaJIa TBE300TKIIMKA Pa3aesieH
Ha 3 obJlacTu:

—obutacth I (10 ¢) — MCXOLHBIN ILE300TKIINK,

—obmacts II (30 ¢) — monmapuzaima +15 B;

— obgyacts III (100 ¢) — KpuBbIe pesakcalun OAJid
+15 B (xpmBas 1) n —15 B (xkpuBad 2).

Curnaux c¢ I u III obJacTeil perncTpupoBanu B pe-
skume CMII, a IT obGsiacTb cooTBETCTBOBAJIA IIPOLIECCY
[IOJIAPM3aIMY, KOTZIa 30HM MUKPOCKOIIA MCIIOJIb30BaJIN
B Ka4eCTBEe BEPXHET0 IOJIAPUIYIOLIET0 DJIEKTPOAA, U
BCJIEJICTBYIE DTOTO CUTHAJI IILe300TKJINMKA He (PUKCUPO-
BaJICA.

JJis meTaIbHOTO U3y YeHUA PeslaKCallIOHHbIX ITPO-
IIeCCOB, KPOME JIOKAJIBHON ITOJIAPU3AINY, IIPOBEIEHEI
SKCIIEPMMEHTHI 10 IOJIAPM3aLUM MaKPOCKOIMYECKOi
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Puc. 6. CurHan nbe3031eKTPUYECKOro OTKJIMKA y4acTka NoBepx-
HOCTW, NONSIPN30BAHHON Pa3HbIM HanpsiXXeHnewM, (a), name-
HeHune Npodunsa curHana Nbe3ooTkIMKa OT BpeMeHu (6)

1 3aBMCUMOCTb CMrHana Nbe3031EKTPUYECKOr0 OTKIINKA
OT BPEMEHMN (B):

6: 1 — ncxogHblit; 2—10 — nameHeHue spemenu ot 10 1o
90 ccwarom 10c;

B: 1 — 9KCMEPUMEHT; 2 — annpokcnmaums

Fig. 6. (a) Piezoelectric Response Signal of a Surface Area
Polarized with Different Bias, (6) Piezoelectric Response
Signal Profile as a Function of Time and (8) Piezoelectric
Response Signal as a Function of Time:

(6): (1) Initial, (2)-(70) after 10 to 90 s with a 10 s Step;
(B): (1) Experimental (2) Simulated

obsacTu paszmepom 6 X 6 MEm2. Viccaenyemyto 06acThb
pasbuBaJy Ha 6 IoJIoC IIVPWHOM 1 MKM ¥ IJIMHOM 6 MKM,
KOTOpBIE [TOJIAPM30BAJIN IOCTOSHHBIM II0JIEM C PA3JINY-
HBIMY 3HAYEHNAMY HAIIPAYKEeHNA MEeYK Y KaHTUIIEBEPOM
u obpasiom. 3atem metonom CMII nccenoBasn 00s1acTh
10 x 10 MmM? comepaxalnyio B cebe MONAPN30BaHHbIN
y4acTok (puc. 6, a).

Kak BugHo 13 puc. 6, a, y4acTKM, HOJIAPU30BAHHbIE
1PV PA3HOM 3HAYEHMM IOJIAPUIYIOIIEr0 HAIPASKEHN A,
MMeIOT (pOpMY SBHO BBIPaKEeHHBIX 110JI0C. «CBeTJIbIe» 1
«TeMHBIe» II0JIOCHI CBUIETEJILCTBYIOT O PAa3JIMYHOM Ha-
[IpaBJIEHMM BeKTOpa nossgpusalmn. KorTpacT curaasa
IIOJIAPM30BAHHBIX YIACTKOB, COOTBETCTBY IOV aMITJIN-
TyJie CUTHaJIa Ibe300TKJIMKA, BO3PACTAET C yBeJIMYeHN -
eM noJiApuaylolero norennyaa. Co BpeMeHeM CUTHAJ
IIbe300TKJIIMKA yObIBaeT. VI3MeHeHNe aMIIIUTyobI CUTHA~
JIOB [Tbe303JIEKTPMUECKOr0 OTKJINKA, MHIY IV POBAHHBIX
IIOCTOAHHBIM II0JIEM, CO BpeMeHeM IIpeJCTaBJIEHO Ha
puc. 6, 6. Ha puc. 6, 6 mpomeMoHCTpMpPOBaHa AMHAMMKA
peJiaxkcaly CUrHaJa Ibe300TKIINKA JJIS OJHOTO0 13 ce-
4eHNJ [I0BePXHOCTH IOJIVIMEPHOM ILJIEHK, IIOKa3aHHOI
wTpuxoBoii auaueit Ha ckane CMII (cm. puc. 6, a).

[l aHasM3a XapaKTepPHBIX BpeMeH peJsaKcalyn
puc. 6, 6 TepecTpoeH B KOOPAVHATAX CUTHAJIA [Tbe300T-
KJIMKa OT BpeMEHM B TOYKe, COOTBETCTBYIOII[E) MaKCH-
MyMy noJapusanuu. B kadgecTse npumepa Ha puc. 6, 8
IIpeJicTaBJIeHa peJlaKCcallIOHHaA 3aBUCYMOCTD CUTHAJIA
IIbE300TKJIIMKA AJIA CIIydasd, KOTa YIacTOK ObLII IOJIAPI-
30BaH IIOCTOAHHBIM HanpsaskeHneM +15 B. XapakTepHoe
BpeMs pPeJIaKCalUyl OIVICHIBAETCA 3aBUCUMOCTBIO, KO-
TOPYIO MOYKHO ITPEJICTaBUTD B BIJIe COOTBETCTBYIOIIE]
SMIMPUYECKON (pyHKIMM OT BpeMeHu [15]:

t
y=yy+Cexp|-—|,
)
IJie Y — CUTHAJI Ibe300TKJIINKA; Y — HadaJIbHOE 3HAYUE-
HIe CUTHaJIa [Tbe300TKJIMKA; t) — BpeMsA peJsaKCaliy;
t — Bpemsa; C — KOHCTaHTA.

Bpewmsa pesnakcaim nporecca Aeroapu3aliny JJ1d
YYaCTKOB IIOBEPXHOCTH, IOJIAPN30BAHHBIX ITI0CTOSHHBIM
TIOJIOYKUTEJIbHBIM HAIPAYKEHMEM, CO3JaHHBIM KaHTIUIIE-
BepoM, cocTaBuo 10,3 MuH, a 4J1g y4acTKOB, IIOJAPU30-
BaHHBIX OTPUIIATEJbHBIM, — 7,6 MUH.

Pesynprarer, nonyyennsle metogom CMII, mo-
Ka3aJiy, YTO CUTHAJ OCTATOYHOTO ITbe300TKJIMKA Cy-
IIIECTBEHHO BO3PACTaeT NPU YMEHbBIIEHUN TOJIIINHBI
IIJIGHKM B JMICCJIEJOBAHHOM MHTEpPBaJie TOJIINH. OTO
03HAYAET, UTO OCHOBHOM BKJIAJ] B CYMMAapPHYIO BEJIUINHY
IIbE300TKJIMKA BHOCUT MMEHHO IOJIAPU3aIUA II0BEPX-
HOCTHOTO cJ105. CJle fOBaTeJIbHO, CIIPaBEJINBO IIPEAIIO-
JIOYKEHME O IUIIOJIbHOM YIIOPAAOYEeHUN IIOBEPXHOCTH [7].
Pamnee, B pabore [16], Ob1yin TpeicTaABIIEHBI PE3YJIbTATHI
uccyenoBauusa nyueHok IIJ1d meTonoM 5J€KTPOHHO
Indpparnyuy Ha npocseT. Kakoro—mbo kpucrasimge-
CKOTO yIOpANOYeHUA B 00beMe IJIEHKM OOHapy:KeHO
He OBLJIO. OTO TaKyKe CBUAETEJIbCTBYET B II0JIb3Y IPeJ-
IIOJIO’KEHMA O YYMCTO IIOBEPXHOCTHOM JUIIOJIBHOM YIIO-
pAamouenun. CjaenyeT OTMETUTH, YTO UCIIOJIL30BAHNE
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CMII pya ucciie fOBaHNA TPASUIVIOHHBIX II0JIVIMEPHBIX
CETHETORJIEKTPUKOB 00HAPYsKMBAET B HUX aHAJIOTMYHBIE
[IPOSABJIEHNA CIIOHTAHHO MOJIAPUBALN, IEPEKJIOYEHI
MIOJIAPUBAINN U PesIaKCal[My CUTHAJA Tbe300TKJINKA
[9, 17]. Kpome Toro, CyIlleCcTBYeT U TePMUHOJIOIMIECKIIA
acrekT. B kjaccuyeckoit MmoHorpacpuu [18] ormeuena
TEeHAEHIIMA UCIIOJb30BaHUSA MOHATUA «CEeTHETODJIEK-
TPUK» OJIS ONMCAHMSA MaTEPMaJiOB, B KOTOPBIX MOYKHO
VHAYLMPOBATH MOJIAPUIAINIO U IEPEKJIIOYNUTD ee 3HaK
BHENTHMM I10JIEM HE3aBMCUMO OT MUKPOCKOIMUYECKUX
IIPOI{ECCOB, IOPOMKAAOIMX HosisApu3anyio. [Ipn Takom
TIOAXO0Zle CETHETORJEKTPUKY ABJIAIOTCSA YacTbio HoJee
IIMPOKOTO KPYyTa MaTepPMaJiOB, HA3bIBAEMBIX DJIEKTPE-
tamu. IlosmAapusannusa B BJIeKTpeTax MOKET BO3HUKATH
13—3a BbI3BAHHOTO IT0JIEM YIIOPAJOUEHN AUIIOJIEN M
BCJIE[ICTBJE BCTPOEHHOTO 3apsa Pas3JIMYHOro Mpouc-
xosxaeHud. [lo-BuauMoMy, B pacCCMOTPEHOM CJydae
peanus3yeTcsa ABYyXMepHAas IOJAPU3aIA, BbI3BAHHAA
OPMEHTUPYIOIMM Al ICTBMEM IOBEPXHOCTHU IIPU POP-
MU POBaHNY IOJIVIMEPHOI IIJIEHKI.

3aKJo4eHne

MeTonom CMII nmosry4yeHb! HOBBIE KCIIEPVIMEHTA b~
Hble Pe3yJIbTaThI AJIA MHTEPIIPEeTalyy SJIEKTPOuU3IIe-
CKMX CBOVICTB TOHKMX IJIeHOK I1]I. OxcriepuMeHTaIbHO
IIOATBEPIKIEHO, YTO CyOMUKpPOHHBIe 1y1eHKy [1]1P crion-
TaHHO [TOJIAPM30BaHbL. KpoMe Toro, pu muccenoBaHNN
metogom CMII 3aperucTpmupoBaH IPOTUBOIOJIOMKHBIN
KOHTPACT y4YaCTKOB, IIOJIAPV30BAHHBIX 1PV PA3JIMYHO
TIOJIAPHOCTY HAIPsAMKeHUA. ITOT 3(PdeKT cunuraercs
CBUIETEJIbCTBOM IIePeKJIIIoUeHN s IoJiapu3aly. CUrHa
[TbE303JIEKTPUYECKOr0 OTKJIMKA [T0JAPU30BAHHbBIX 00-
JIacTel pesIaKCUPyeT II0 3KCIIOHEHIIVAJIbHOMY 3aKOHY U
CTPEMUTCA K IIEPBOHAYAJBHOMY COCTOSAHNIO CIIOHTAHHOA
nostapuaanyy. OKOHYaTeIbHBI OTBET Ha BOIIPOC, MOSK-
HO JIV CUNTATh I0BepXHOCTD I1JIP nByXMepHBIM certe-
TODJIEKTPUKOM, TPeOYET AaIbHEMIINX MCCIIEJOBaHUI.
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Surface dipole ordering of submicron polydiphenylenephthalide films
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Abstract. This paper considers the problem of surface dipole order-
ing of thin polymer layers with nanometer range thicknesses. We
have experimentally studied submicron dielectric films of electrically
active polydiphenylenephthalide polymer composed of molecules
thatincluded a side phthalide group with a relatively large dipole mo-
ment. The interest to this polymer is caused by an abnormally high
conductivity at the polymer/polymer interface which was previously
associated with possible superficial ordering of the phthalide groups.
Using the methods of piezoresponse force microscopy we have
explored the surface of submicron films synthesized by centrifuga-
tion. We have detected a manifestation of spontaneous polarization
indicating the ordering of dipoles. Also, in order to determine the
bulk and surface contributions to the polarization of the films we
have studied the polarization and relaxation in samples of different
thicknesses. With a reduction of the thickness the piezoelectric re-
sponse of the signal increases and electrically generated domains
acquire ideal radial shapes. This confirms that the surface layers of
the polymer film make the predominant contribution to orientation
processes. Polarization switching occurs in the films, manifested by
the change of the piezoelectric response signal contrast when fields
of different polarity are applied. We use these surface phenomenato
explain the unique electronic properties of the boundaries of polar
organic dielectrics.

Keywords: thin polymer films, surface, polarization
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