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Nanocontact and Logic Properties of Crossed Nanowire

Devices

Student : Jen-Shiu Ye Advisor : Prof. Wen-Bin Jian

Institute of Electrophysics
National Chiao Tung Univerity

Abstract

The technique to assemble nanowire into device structures is vita so is the
investigation of electrical ‘properties of crossed-nanowire junction. Zn,SnO, (ZTO)
nanowire and Au nanowire are chosen to realize crossed nanowire devices.

In the beginning, the electrical property of the intrinsic ZTO nanowire and that of
the nano-Schottky contact between ZTO and Au nanowires are-explored. The /-V curve
of ZTO nanowire showed symmetrical and linear behavior which could be ascribed to
Ohmic contact between the ZTO nanowire and metal electrodes. The R-T behavior of
the intrinsic nanowire “property can be well described by three-dimensional Mott’s
variable range hopping. The electrical property of the nano-Schottky contact is different
from that of the intrinsic ZTO nanowire property. The /-} curve of the nano-Schottky
contact junction reveals asymmetrical and rectifying manners. By measuring the R-T
data, the transport mechanism of nano-Schottky contact is decided to follow the
thermionic emission theory. In addition, in the low temperature regime, an excess
current tunneling through the crossed-nanowire junction is detected. It implies the
significant feature of the nano-Schottky contact. The barrier height of the
crossed-nanowire junction and the carrier concentration of ZTO nanowire are evaluated.

The crossed-nanowire junction devices are used to demonstrate the top-gated
field-effect transistor. Suppression of current flow can be achieved by applying voltage
on both top- and back-gate electrodes. It is discovered that the channel controlling
ability via the top-gate electrode is much better than that by the back-gate voltage. More
interestingly, the conductance of channel can be simultaneously modulated by top- and

back-gate voltage to demonstrate the operation of a tri-state buffer.
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(1) 2% 7 /& (Threshold voltage) = % MR R BIFF B 4 BF v 8 ~ 2 B 483 chlo]
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P T R S AT Lbﬁif&imﬁww,ﬁrﬂ s 1R e PR S

B MIED R L RS TR ML PSR A KDY

SR b2 PM(AMOETE SR 2L HIETE R A 2 AR
?‘i’f Y RERFTIECRE T R LR RNE DT IE s F) A LF R &R
T EH e .
B R R A R BRI £ ) R ST S S00R 45
F104 48 0 4eF5-1(@) » PACERT IR 2 371mB o F %4 F BRI s

%
6‘34

T PE s A ’3/§$‘5ﬁlm]‘£’ 2\ "11‘7'%]5—1(1))?;» —%/ﬁigﬁj?'ﬁi/?ﬂ’ 552

ot
s
6‘34

9L ehf gk (91000Q) » w7 e BT LR R S pER > AT K LT B

~

o

AU TE MIRBER IR P AR R A ARNBEAF PRBET RGN

30,2 . : . (b) . . | ;
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52 2R 2 kM EER
Fd SEMB R H M i 47 2 A B £ LR d B 02 BURS iE RO
LA RS R R TR BRFE CEY LRDET
TRITA AP AR A L A ML R AN § B
2 PSS X 5 30~100 nm 0 £ M PHRTH 5100 nm= % 0 K B5-2(a) ¢ T B A
FAA SRNLE] “f RS - FRRARTG - o F VB AR RS
Vg o R AR > 2 5 ERERA RO F B 2 K R {5 RSN At
FI* ol = BRI R K SRR ) .
4rB]5-2(b)E 7~ it = 2 152 SEMR > Bl¥ ¥ 5 315 iEMAE L 0 R A F
FoU A £ g &/ & RAE(920/100 nm)sofia) o BRa AP g A A Bkt
REFT N ERTL TR BRGA REARS T B L2 RF L &H 2
MAFRM DA PN R T E R A RSB T 0 b R
¥k JERIS-2(b)" LA e AR ) R F S 2K ST 0 & AL
FULBEHFEIR B ERARHES A - T NS F 2SR ke
B A2 At fd MV BT Rl KR agk/ 4
THOEG Ao R CEAISROERMRHFYS BHOERB 2K R

R 2 AR TR V€T R ERBRFA G o

ZTO NW //’/\
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ST AT
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WA AEHE A A 5 AS ] R B A5 R EAeS3 e B R

BA A TIILERG00 °C)T g A P VEER KRBT SB[ ERF RV E

fﬁl_' g‘f’l;b fi‘l_' 'g::l‘:}_y 4e u;}»;;’;‘—} ' m

L 1=

S FE R B R AL

SEILRLREIE 0 T AT A F R ST A ) B R AT ) o 4 T g R e

e
) ZTONW | ~ 2 =& (&
ikt ZTONW | AuNW
EOREIEA : 8L B 19k pER ] ’
g AT (nm) | AT (nm)
(hr) (min)
ZTO/AUNW-1 ZA-1 24 10 64.3 104.2
ZTO/AUNW-2 7ZA-2 20 10 57.2 63
ZTO/AUNW-3 ZA-3 18 10 37.6 96.9
ZTO/AUNW-4 ZA-4 1 180 100 126
ZTO/AUNW-5 ZA-5 0 180 72.1 221
251 R F A MAR 2L PR FIEZ AR 4

5-3 2R B2 mAidz

TR A

APBERABHTIR-TRFEAS LA BN ER - S ERF CHBHZ A

MAOTHE - ZERPERBNHEFABATE AU Ry P HEF A REHHA

BT Ld P RARRENTI-TRELRS Y FH A TR EEA
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5-3-1 & 2 AFMAE2 TR RN B
FULHEAIAREFEARMOT-TRE G PHLE > FI RS F 2R
A=l S
FAAFHFTETOTR-TREFME  AoA 52077 0 g E AR AFEHR
AFBEATIEDRPE[H F e R0 302 FRI BT A FE
BEARAIEA AN ANMEEFTRTIEETIES d FHREE AP YHAF
SEEARGOEHETIR-TRAN > B AT DI > BRBRET ]

FLBAF AR ENSNFETELY P AF MM DR FENATTE
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6‘34
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M2 RIEE o
4o 5-2¢ Ex b F L M AR AR R EGhr) HF a2 A
Feodreis > AP RBETHESABRF DT > L RPF ARG DT 0K

o

P

AFEEEL | HEHH | TEEE TETE | FETEF
TS5 (um) MQ) (Q-cm)
ZA-1-Intrinsic ZA-1-1 11.4 29.9 0.85
ZA-1-Schottky ZA-1-S 2.6 67 ?
ZA-2-Intrinsic ZA-2-1 2.52 3.32 0.339
ZA-2-Schottky ZA-2-S 1.41 75.1 ?
ZA-3-Intrinsic ZA-3-1 6.59 7.52 0.127
ZA-3-Schottky ZA-3-S 1.56 684 ?
ZA-4-Intrinsic ZA-4-1 2.93 1.76 0.473
ZA-4-Schottky ZA-4-S 1.6 14.1 ?

34



ZA-5-Intrinsic ZA-5-1 6.58 3.32x 105 | 2.06 x 10*

ZA-5-Schottky ZA-5-S 3.96 9.53 x 10° ?

252 AR A A MR THIE

YeBIS5-45T7 R PR RSO E T - RE TR P BHE A
FRHHARMATIEY SLE 7 ooFlf CE8H 2 LR HTEL TP &
e TRAFIL L HARLE Sl A R AR LT P HH R F -
e RHE 0 T - RS AR A REACR S PR TREEL 2
AL E BT R B SR R BP LR REE LG LA

(a) ZA-1 (b) ZA-2

0.3} ZA 1 | K 0.8F L] ZA 2- |
ZA-1-S - e ZA-2-S
: 0.4
()

3 20 0 4 2 3 3 2 4.0 1 2 3
V (V) V (V)
(c) ZA-3 (d) ZA-4
0.6

——IN\ O ) Epsrwrn g
o ZA3-S s o ZA4-S &

3 2 1 0 1 2 3
V (V)
FS-4 387 0 & & BT iA-TRFR -
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08 ) 0.8F [—300K
——260K
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= oof =
< —300k| <L 04} | 120K
= / ——280K 3@ 80K
2.04 200k
= —200k| — 02f 1
0.8 160 K
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o ZA-2-
4.5 5.0 55 0.24 0.28 0.32
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FIS-6 F 1 4547 % F N 1ot R ALBEE @ T2 55 4 37 B
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ZA-1-1 3.87 x 10°
ZA-2-1 1% 10°
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e - MEXIRG DA ABEE S ARG O LG U TS AR
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EHET RIS KEEAFE AT ETRTERE AR O KR ABE TR

(R - 4e1S5-8(b)(d) (BB A AT RH A0 E I Rk

=

L% P T B B4 (image force) s @l &8 5 =

B )§¢Bn ¢30_A¢ » A7

-m

E
Ap= |- gy, R % FIRHS S bR R A B G (V<0)
dre

Wis Ag 0 RS ARG il S LA FR A STiE S DR L
FOTHE R % PO F RS RGN R L BT R R R R AR B3
FAE e & TR NGBIHRBE R RAHRET ROM GE 0 Y F D

PRIRE R, 0 MEBRERNy S A8 K540 k54977 > B MR PF

fd

(9 <170K) > #IR7 B EAHHIDH » A A M P lice € g &g B T
BAGE R TRG A B R o BTG FRT g T A PG AR

IEA T RTR KGR 0 A 2 28] TP AP AT @ e o

39



(a) ZANW-1 (b) ZA-1-S

3V
P —— A
_30_\/. @ 2V ]

In[I/T? (A/K?)]
/
<

@, (mV)

321
0.6V
-34 :
4 8 12
1000/T (K™
28 () ZA-2-SI . | (d) ZA-2-S |
s 5) 40 '
_a—n—1T8 e 25V
Wb oy
— Yv"T{"'“V—v-v—v—v/'_"4v 1.5V 30l
Y 80 1v4{
< S
o >y, > E 20¢ =
£ " 05Vl & -
= 32 \ S ot
0.2V ol N
3 6 9 12 15 0 y > 3
1000/T (K™) V (V)

F15-8 3 4 A 2 1 ch R 12 0L A4 3T 2 612 B4 17 )

FREN

ﬁ A ¢BO (mV) N, (cm's)
7 %5
ZA-1-S 61 2.82x10'
ZA-2-S 45 6.71x10'

£5-4 0 BRE WD E PR CRIOTHB KR

FEEBEA BT -T R G5

V. v
J= ‘]ST exp( qk})[] — exp(_h)]
" ¢ i (37\: 5.2)
Jo = A'T? exp(—108n [27]
o P

» 2 ¥ n 52 F]F (deality factor) » A PP En ERA S HEFARFILTET 2
ek o AR A T BESS S Fn=15 4L Sk
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BH > En=2p PENTIFITHEFHERL P N DL B
N PR e B5-9 » F B AT =250 KM o 554 A %@ )
l—exp(—q—)
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n=0982 FRALAFERT » “HRA N B 5098 FPr 47 ar FERT
BT PRI SRR A S - mRORE A B

ZA-1-S

m T=250K
Fitting line

In( I /(1-exp(-qV/KT)))
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B15=9 L &8 F|+ 4~ 17 &
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BI5-10 7 F 2 B T (300 K~80 K) » F BT 14300 KT 248 & chbd (4 ) -
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5.4 R 2 MAizag BT R

AR HFAIRFEH N PRHRETFAIET R Lo U T 4 ¥ -
W LVERAE N T AR A WB BT DI B
ARG EE LR ULETHMBE SRS F RO RO LR AT

R~ TR HEET A SRR R o
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BREH L RETR AR CREZ L AR DL ka mESP
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TRERESE > BIS-10(a)FEok B Vg 0 o AriRuA i T B (Vps) -1 V1 V.
B ERIRAIERF N i (Ips) % 1 » L% Vpg > BLRIps- Vs b 2B 1345 T &
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feit P RRTREE A RS W Akl > R TR LIV ppE R
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N
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(a) ZA-3-1 T T T T T
02F veg ] sl V=1V -
—1V —02V -
0.1f —06V 0.6V E m
02V —-1V 30k .
— — ]
< oot < .
& _g 20 _ﬂ_
-0.1E i |.|.|l
10}
0.2 . . . 4
-1.0 -0.5 0.0 0.5 1.0 . L L L L
Vo, (V) 40 -05 00 05 1.0
Ves V)

®15-11 (a) Vg i # b TR T (-1V~1V)iFlps &2 Vpsd' 5 72 §] 5 (b) Ips®? Vigd LA 7%

@(VDSZI V) °

5-4-2 # Ri #&(Back gate) 7 B ¥~ £ 2. T {EH
THEE P& A RELTEE G REFOT S T ERF B iR R

KR L Ape 8 n 3@ palgie ZHREBEF 1 F R 1E
Rt o

Aprp AL REBEIE BRI RSA-1IEZE > T RETRE
Bl 2-40 VE40 Vo FZ B 4efiet R H Atz S 5 F > F5%% 540
B]5-12 - B]5-12(a) > %4 Ve F Ips-Vpseiohd Bl » LA D Vpe¥t~ 2. T 12
F O R > PIBIS-12(b) 5 e Vps = 1V PF o B RlIps ¥ Vg e b (2 B > Bl Y R
2y G205 ndBre  HERIMBTED LG A FE M TR 0 1

AR R WAL g FF RF R T 80 3 F Y DR ML -

(b) ZA-2-1
0.28 ; T T
a) ZA-3-| —
022 : : : Vs =1V f
VBG
— 40V
01F _gv 1 0.27} .
_ 40V &;
< 0.0} . = ]
g 2 N
- 26} ,ﬂ"
0.1} . 0-26
_02 1 L L 1 1 1 1 1
1.0 0.5 0.0 0.5 1.0 40 -20 0 20 40
Vs (V)
bs Vs (V)

B]5-12 (a) Vegi? F 7 }E—r (-40 V~40 V) Hilpg8? Vpsd' 3R % B 5 (b) Ips¥? Vpg '
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’fﬁlflﬁ‘g f,/f’:g](VDszl V) °

;ﬁd R eIV PER K ER T BRI 0 BS-13477 o VR 2
AU ARl A T 2 A RITN24he BI(b) AT A KRN
A A3 BBENIVEF UM BRI T IBFFETIER > LR
BT R Ar i) v T ST B BAEY B A e (b) A Sl 4 T o

#;E—JF'B&‘E&;” LL;\?}%P‘?-L’I‘R“? FF“’:F'&T;L_ J’Ebm’fé*i"bli7 ?,'f';?

BREFROBEF T IERE 0 LEBMTIN  oA S5 FR(b) AR S

FAgRABRMTI BB FET I RERAT LT RERSE 0 T ﬁdﬂﬁ%&

SRR AL FIR Y K g Rk o
(@) ZNW-1 (b) ZA-5-I
a2f ' a 2 \ .
401 = 20} .
B _810- J’
_.ll___mmlu o
34L - : : : : : :
30 -15 0 15 30 50 -25 0 25 50
Vs (V) Voo (V)
B]5-13 % 194 i% & T enlpg=Vege A % Bl(Vps=1 V) o
AEFT Mobility Electron concentration | On/off current
S5 u(cm?/V -5s) n (cm™3) ratio
ZA-1-1 0.323 2.27 x 10*° 1.15
ZA-5-1 1.49 x 1073 2.04 x 10%7 29.1

255 2R VESET OHREATE CBFIARPBEF T IER U BHY
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?_, i Lo

BisAPILE I RS B iR iRl A B E BT S 2l
e 5-60 BRI WARF A E 2 T FBIRS ook 0 6 D EF 2 R
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P TR RS AL T B A -

ZA-1-1 Vin (V) gm (nS) on/off ratio S (V/decade)
Top gate -0.3 38.1 6.43 1.7
Back gate -7 20.3 1.15 7.53

P OEAFEE B A AR TR e SR FRT R AP AR

* 5-6 § v 447 2 F A2 ?aﬂaﬂ?ﬁ%'h‘_%ﬁgﬁﬂi °
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5-4-3 o pEeh b BRSO R AR 2 TR
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Frd g b L FRIRTR EEA TR
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g P RHBETHELREF &S BLRE > » S LR * PSM-2010%
KEITHLEY 65173 % » # ¢ PSM-20108 » .+ TR 220V o i 5 g » + R
TR B TR AE-1 VI VR > RIKEITHLEY 65173 % (%5 #j » ¥ M 182 T
B gy~ TR E-40 V240 ViR BRI S AFHT FRILE > R MR
2B R BRT R NFRL02 Vo £ RFHOER S N FmE
SR ARS-1447 0 B R G T B (Vi Vee) ¥ *7(-1,40) 82 (-1,-40)F% > Ips
ﬁm?m&+’ﬁﬁ‘ﬁ@%$?&#*’“%mpw%?’m%%%@WmNm)
*32(1,40) » Ipsy M R e 2 BE 7 B et MR IR o A 2 D F 0 Rl
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RAERSTY - R R SR e o 0 A ans kR i g 2 0B T R
v ihz fi % 5% (Tri-state buffer) > 77 & Bl 4-K|S5-15(a) » £ £ 5 = f]}@?l DR A H
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-1.0 40 &

z(‘o fbj
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