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Effect of Interchain Coupling on Electrical Properties of

Pb:xMnxSe Nanoarray Devices

Student: Yu-Wei Chang Advisor: Prof. Wen-Bin Jian

Institute of Electrophysics National Chiao Tung University

Abstract

There are several studies on electrical coupling between colloidal PbSe
nanocrystals. The ability to tune electrical properties of devices has received large
attention. Here we present a study of the electrical coupling between quasi
one-dimensional Pbi-xMnxSe nanoarrays. These nanoarrays are 80 nm in width and
500 nm-1 um in length. We use standard electron-beam lithography to fabricate two
Ti/Au electrodes with a gap of 250-350 nm. The ac electric fields, inducing movement
of polarizable nanoarrays, are applied to deposit the nanoarrays into the nanoscale gap.
We have prepared devices with various different parallel 1D nanoarrays for electrical
characterizations. All the devices are thermally treated or chemically treated (with
hydrazine) to reduce the contact resistances. The temperature dependent resistances
have been obtained at temperatures from 300 K to 100 K. We found that our devices
could be categorized into two types, according to their resistance-temperature
behaviors. The first type of devices exhibits a transition temperature below which the
resistance is independent of temperature. The second type of devices maintains
negative temperature dependence in the whole temperature range. Comparing the
different electrical properties of the two types, we concluded that the interchain
coupling between quasi 1D nanoarrays results in a variation of resistance-temperature
behavior. Moreover, the data can be analyzed in line with the fluctuation-induced

tunneling model.
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#12 300 40 0.6 MQ
#10 280 20 0.8 MQ
#18 295 2 1.6 MQ
#9 260 100 2.2 MQ
#11 350 100 6.6 MQ
#13 350 20 7.0 MQ
#19 305 4 8.0 MQ

43



5.4 43330 (v 42 ks 3 B

EREEROEEY > TS A EDT IR RBI(LES6 - B 57) - H
? - %7 2 300K #] 100K ¥ 3% f— #Frx g & Bh(Critical Temperature> T )e T 12
PRI B LR AL Sl EEEARTHEDIE A T T R B R
BRE®M 4oBl 5.6 ¥ - AT IS ERRIN? 5 apRERE > AFEBERD
ERPRN TS SEARZ Sl TIEERT A L2 4of] 5.7 ¥R D

TAHTRM - 2 EsFIURNRAL Y T ERALETL (LRSS W59

10:'|'I'Il|||.|,||:A #12
' v #13

el L o
' #18
10 1> #I9

A
aAhA AL assd a4s A 4k |

7‘“’0«0‘“‘“ Mote oo,

Resistance (Q)

3I4I5I6I7I8I9I10I11
1000/T (K ™)

W56 73 HAEALLTIHERR -

44



| e #9
10" £ . A A S E #10

F v yvYLY, 8 ]

i ,of'“ﬂ“ 1v #11
s 1 #14
S J< #15
p ]

8 ]
S 10’ .
2 ; «4‘444444 ]
E :W
104:_ -lllll.... we®E
l.l.-.....
103 PN RPN RPN TR N S S S
3 4 5 6 7 8 9 10 11
1000/T (K1)
B 5.7 % Z HRiEREZ TIEHERE -
& 4l d-'.w'!."- -’J ./., ‘/‘//
S 3 ra J /
8 ) A J //
1-5 7% J V} .
— . J /:///‘
EI L) 7/ g
:: ol 3 4 510:]“;(!2_1)9 10 11 270K ]
g —e¢—240 K
210K
O -1k 443/./!-’ —v—180 K 1
4 ././_f 150K
Y d —<«—120K
2 “// ././ J 7
-12 -8 -4 0 4 8 12
Voltage (mV)

BI58 zHAREAIE~AEHRSEIE)Z T NT R 2 1IER - TIEHERRB -

45



[
Wh

T
00

1
(&
1.0 —210, - mee _
~~ o
0521 ] 1
ﬁ g -
~— L |
] "3 4 5 6 7 8 9
8 0.0~ 1000/T (K j .
= &
O 05 (J ]
JJ
- | d ]
1.0 y, 3
_1_5 N | \ | \ 1 1 | \ | \ | 1 1

20 15 -10 -5 0 5 10 15
Voltage (mV)
B597% Z FARERBE~P(RF MU TLRET ML 2 LIFRZ TIEHER

B o

557 7 @ﬁ%]/' &

KEESERRY  APRANAFEUE - 257 FRERRS; - L4
BRICERFPRIN SRR - NP e NTHRESR S PG e w0 TR B
3 AT AL T B84 -

55.1 2 } 5| edm & sy

BB A AEA 2 SEM RI(L W 5.10) » #MF G HIRE R BehA 4
ZACEAIRS > D PSRRI B FEIRER B EE P2 2 R
SopiEGe s J L D E RS SRR FR ek § TR S B
ROFIS A KA SR T T M e ATECR S P R T > S
TR TERE S A R SR LRI SRRy i

A i Lol 0 T B LA g

46



[
jetn]

O
(0} _
OGOOO )

10°

Resistance (QQ)

B 5.10 2 kAW gEra B2 TIE¥E RS M2 -+ T SEMB & 5 #ic



CERF R LERLIE Bl IR B R

TH(L B 5.11) - AP REY 3 A e

|

LiREor B2 A2 B

B TELANETHRE NI B R A BRIEA T RS L E &R

R RZ ik

B 511 2% X Ki;'“@ﬁ;*]ﬁ,’gg%] )

5.5.2 % 18 £ 22 )&

AEFIES 0 P RSN A 0 s LS g s T 0 73

AR B AR 5 L LT B o TR R R

FOFRTERCFAFERFRS O CEFEATE] REOEP O TE
oo (7

PR R AR DR T 0 B R ehAp R AR 0 AREoT ) T o 2 (7
et TG R R ST E) o Fld BEE I F LT R
(Fluctuation-induced Tunneling ) 1/ % |+ + 28t T eens v 7 2 [7,8]

BT RBFEN TR AT REFEFI Y L BR2 T AR BN Y RS RS H L
Fé.“@ﬁ%l_'rﬁ']’giﬂj »E R IR A @ﬁﬁji V- wIpE s 2 AR e R A S

PR e PR T & A hIEG[T7, 8] A H - FdEG o TIEAEE R DR S

T
R(T) =R, ex L 1
(M=R, pr+T) (1)
HY R Z-EERMEMEIRISEZ Sl AT A47° f PlcEX Tl YR

48



BE oTeIT HRAEF M2 8y 24725

8¢,
e’k

AVs @)
()]

T, = (

 16e,h (Am%) -
° n2m)%e’k,

¢ AL TG G fi(Qunction Area) » ¥ T F &A1 K LA B A LS
TRERF LN E@ERL A D27 7 AZ o AR LK 5.12) - V, &
P2 3Rk OF iR TR P s BxP 20T Ve ZR 3

2 TR kg Bk R Yl 2mh B AW F Bom F AR A BT SR o

|>»_

RO EG 7 5 BT ARG o IR F o A F I (Effective-medium
Theory) » &% B3 Aplp 2 A 3pd 7 "R4a o ) 2 i > FHOTIRRAT
PH -G AT 2 AT LBl T EAIF FE A REHREZR T ET, 0t
T~ Ty &7 R @R e gE(L 4 52) ¥ bt TR R BLRE

#4558l 5.13)

B 5.12 =& B Bl o

49



#5 1.46E+01 25600 5.23E+03 6.75E+02
#9 1.26E+03 20800 9.41E+03 9.17E+02
#10 9.80E+03 22400 8.22E+02 7.83E+01
#11 2.52E+06 28000 3.24E+02 1.12E+02
#14 2.79E+02 21600 4.06E+03 2.51E+02
#15 1.21E+01 27600 9.29E+03 9.80E+02
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B 514 ~ 2 SEMBIE T2 Ty $ > v »] % Sum

® (nm) decay length (nm)
#5 1.14 2.8 9.4
#9 1.75 3 7.6
#10 0.65 5 12.4
#11 0.24 2.3 20.3
#14 1.48 51 8.2
#15 151 3 8.1
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