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2 M R X 4 Study on Charge Transport Properties through DNA by Nanoscale

Electrical Measurements
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Various studies on “Electrical properties of DNA molecules” have been reported so far, But the results are still
controversial.  Author studied the charge transport properties of DNA by nanoscale electrical measurements
with “electrode-DNA-electrode” configuration. Different types of geometry of electrodes such as
“bottom-contacted geometry type electrode”, “top-contacted geometry type electrode” and “conductive probe AFM
method” can be employed to fabricate electrical contacts.

All of these different methods were employed, and electrical measurements of DNA were performed.
Moreover, new methods for both of the fabrication of top-contacted geometry type electrode and the
measurements by conductive probe AFM (PCI-AFM ; Point-contact Current-Imaging AFM were developed, and
utilized for the electrical measurements of DNA.

Electrical measurements by both bottom-contacted geometry type electrodes and PCI-AFM indicate the ionic
conduction through adsorbed water layer around DNA, but the charge transport properties along DNA were not
obtained. On the other hand, measurements by top-contacted geometry type electrodes indicate the charge
transport phenomenon along DNA. This is because the structural bending of DNA is prevented.

The detailed study indicates the charge transport along DNA is emerged in the presence of counter ions such
as magnesium and sodium ion. The temperature dependency on the electrical properties indicates that the
conductive carriers are formed due to counter ions, and they are transported along the localized states along
DNA. The mechanism of charge transport is varied under different temperature and electrical field between
electrodes ; Hopping conduction at high temperature and lower bias voltage, Frenkel-Poole emission at higher

temperature and higher electrical field and Trap assisted tunneling at lower temperature and higher electrical
field.
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bOTHot, 2 THEHIL [EE—DNA— BB &Il 5 DNA OBEHFBEBERICET 3HEET 0. oh
ECOMIT 5REDOEREER Lz, DNA 15 L CEERRIT AT, RhAaL ¥y VEBE - hy 7oy
& UG - AFM IR BEEMETEL Vo, BEOFEREXLNEN, BHRFILTHENOTEL AT
DNA DERGEMRELT o7, $o. AFMIC L2 BRBEEL by 7ar 2 7 NEBBOERICBNCIE, 55
CFEEBRTH I LIC L OHIERRT L, ‘

FHRICHR L7z, AFM i2 & 5 BREERIL POIAFM (AUEMERESIL AFM) & MShs, ATETE, T/
Rl = A ORFTHIR REHRE L BRI S— R — S CRLN A0, HE L WOBBERET 5 2 & 215,
EEHHUCHTE L, BASIRICES by Fau sy NUBBIERIESZ VA LICL Y. E& KIS FaERT
100 nm U T OBBMELHFE T3 by Far 2 s NUBEREERT 5 2 L AWERIZ 25T, »

FORER, K hha sy NIBE - AFM I L 3 ESBETIL. DNA ~DOREAE 2 Lic A A A8 880 &
nids, DNA 20 L BHBEBREZRET S 2 LR TE R oTs,

—H. hyTar s NVEEEEFCEEETE, DNA 24 LA EHBERSENET 5 2 LR TR, COB
& LT, DNA OHEEREMA 2 RIET, BEEZERNT 52 LN TELEDTHELEL LN,

U EDEBRIERELFMICRN Lz & 25, BE—DNA FE COMENMER SN &l ThomtA 4y (7%
UAA AL F N TALFY) BEETBEETFIBOT, F /) A r— VERREHERRET 5 L2 ROEL
oo & Biz, DNA ZBKHE - BAMEHT R — =0 7 S - BAREE LICHEBRET 5 FHEErER L, TALOE
SRAEERMER . by T arF 7 MUIBHBEAVWTITS 2 L2k ¥, DNA OEFEL EENICTET 5 2 LN T,

o, BERHETMN D, A AT Lo TERSNEEF ¢ U 755 DNA WSSO0 B7EL U8 24 L C 8%
SNBZ EWRR SN, ZOBHRMLEHEIL, B2 5ERE L OREERICRN T, B GEREAXENTHS
T BGmoT, BER - BEEIRICE O TR Y U SR BER - BSIREE Tl Poole-Frenkel Blfx st
BER - KIBFEERIZ BV Tid Trap assisted tunneling ZEEE N TR TH B = L BT ENT,

BXBEEOHRNDEE

HEEH X DNA OBREXFECET 2MEL, B2 by Tar 2y My ) BERIEREEZER - BAT3 2L

& DT Ui, AT LD BIREICHT 5 DNA OMEZH A2 HRIECEB L (ERT 5 = Lo L, &8
HEHEEIC 51 5 DNA DBELBEREES 5%, DNA 24 L7 BRSNS ROE Shiz, SEMEROEICES
BB, D, 85 BRI, BiE—DNA BMOBHEASETIZ/2< . DNA BiEE A L SHE%ng
LB bOTHIEREM SN, DI, BT ¥ —A F UL HBEAMEO BN BIL, F MY &AL+ X
D= SR I A VB CEREOR LA R SRR, S BEOHEREN D TRSN TN, 44
BILLAEESTFOr* BA~DF Y VT F—Er FREUERRICHGTE EEZLND,

BB & 5 R OB DIt B2 DREER - BREAETICBVT, B2 EEEEISTE S,

=R - KE R T Tik Hopping 1%, BiR - &ER T TiX Frenkel-Poole %, # L CTIKIR - BE R T TiX Trap assisted

tunneling BHEIC X 0 3BT 5 2 L AR ZERB SN R o7n, TH D OEEMEIC T B35EA L U T/BER

BT BFY VT OFEERBFONDZ &hb, fAFVEICIVEBASAES Y U TH, 1A% v Xy I HEEND

TR D REECMEBH TSI LX) BERRSESRRET S L ARR SR, UE, BESIFRRNES

EEER-BARTHILICLY., (EROFHETHERT S Z LARECTH -7, WELEHEMI T ETO DNA O

KPEEITO>Z L EFREIZL., TORER. DNAOHEE LA AV RBIC L 3 BHRMERSE~DEELY R L,
EoT, ARidEL %) OFAHRTE LTHAMEEHS LD LED S,
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