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Electronic Transport Mechanisms of PbSe Nanoparticles
Student: Shao-Chien Chiu Advisor: Wen-Bin Jian
Institute of Electrophysics

National Chiao Tung University

Abstract

To understand the electrical properties of PbSe nanoparticle (NP), especially the
impacts: from wave function overlap, surface topography, and quantum
confinement, we modulate-the interparticle distance, topography and size of
nanoparticle and measure the electrical properties. By observing the current to
voltage, resistance to temperature relations, gate effect, photoresponse, and
surface topography of nanoparticle device, systematic analysis of electronic
transport and optoelectronics property can be carried out. The resistance of NP
device varies over orders when the interparticle distances change. Moreover,
even the electronic transport mechanism -changes during the modulation of
interparticle distance. For the dependence of NP topography, it was found that,
the transport mechanisms are fluctuation induced tunneling conduction and
hopping in the octahedral and spherical NP devices, respectively. This difference
can be contributed to the difference of interparticle capacitance. The size of NP
is also important, especially for the smaller NP, the quantum confinement
original from the small size of NP is the main reason of Anderson localization
present. From gate dependence, the mobility and carrier concentration of NP
device with various interparticle distances is extracted. The photoresponse of NP
is also carried out.
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AE,

Prp = Fo exp(-2x1) exp(— —) if AE; >0 (5" 2.19)
B

Po = Poexp(=2xr;) (3% 2.20) if AE; <0 (3% 2.20)

HP x5 Fpt fedic(decay constant) o ¥ B R F PF o T AT ER O BRE o #
TR D ATk B S I AR EFIFER T Rk 8B 0 T pOR RS T 5 BT
AR R R NpEAE o K 5 de F]PUE K3V 219 2 220 A2 A 58 2.21

) (AE, >0)

X —
Paw =P, exp(—2xd) p( kBT (3 2.21)

1 (AE;< 0)
L7 A T AR BT AR A pBE(nearest neighbor hopping) ¢ d %t i@ @] s &L

Wk BITHRE DT IEF SRR B R4t 222 -

PPy el)] (¢ 222)

gk s Bc® N & 3¢ 2.23
N = p(E-)AW (5% 2.23)
Bk D2 astap > kii? @ Rt IR 4 5N 2.24

ol
L=NP :; (3¢ 2.24)
p(Eg)AW

Bt R T A B A AR Ak s i B RERARIR o A BREE @i 5 5 50 225

P

hop

oc eXp(—2xT; ) exp(— ﬁv_l\{) (3¢ 2.25)
B

B0 exp(-2nT,) 2k Sldnde AT G M exp- ) Bl R AR EAG M -

KgT
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FLRELA 35 Mt T AL SRR EEEERE Thop 7 1 5 2,26

D 1
)P (54 2.26
2B %)

rhop ~ (

Pt AT RPN R R F BB BT s R g g F R R T A P

P4 B R PR AR T R0 MOR PRRMEEEEAR A 4 e R IR AL 5 ¥ ARpEE (variable

range hopping) o #-Aw 12 p(Eq )5~ B~ it > f # ) 255 d %wyﬁgfgﬁlﬁqﬁggcﬁ

A Fho% e 2El
WAt S T 1

70
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function generator
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(10 uF, 25 V)
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Energy (eV)

(a) No spin-orbit

(b) With spin-orbit
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FoY RH*PDZAELT SR WE RIS B LA NT SRB[78] & F1
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T ABHY SRR R - B ERNE 2nm e B o ot B L4 b pi(oleic acid)
% = It 3 A Yi(trioctylphosphine) #1 % =

- 4
P(CgH17)3 ° B 2 f2/8 B 2% 5 200 °C[9,10] -

f‘. AR o 3L 8] S CrgHaiOy 2
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Bl 4.2 ~ 2 SEM ¥ 12 BT % e

face-to-face

‘\~\ﬂ"'

&
edge-to-cdge g

C2: b /17 0°
P ¢ 1 OO0 m a
NC225-4 \ 30 1.0/25.0/1.0 9.38 .34x10*

T —
NC250-1 ' 0/25.0 “ 6.41x10* 1.60x102
NC250-3 360 1.0/25.0/1.0 6.89x10° 1.72x10°
NC250-5 10 1.0/25.0/1.0 3.54x10* 8.86x10*
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NC275-1 60 1.0/25.0/1.0 6.24x10° 1.56x10°

2 A2 PR T FE AP T R o

A (hm?) d (nm) £ C(F) VT 300k (V)
% ¥ a 3222 2 2 ~1x10%’ ~0.02
F ¥ 1 2 2 ~1x10% ~0.64

WLYiEetHFETIES TE—FARMN BR-T)HEF

REE D NSRS BT SRR G T R HT I A R T
Lk p it e GRARALERTS RALE 2 T+ &40 AL | T
PRSP R R G P BARE AT i g o Pl REEDR LGP K 0 5 T SFEIE
AR FEHL o AP AN 2SR e B R A T chficE > @ AR FELAT 0 4ot 1] A
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MR AR R R AR AR R F VR 275°C pF o § AR A
RGBT G e B 44(d) R T VR R R PFR R F S g e it 225°C

U 9L P ARE 0 RS DT I TR o e g 1 250 °C IV E S T
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43 FHAINVIEEZHIELREZE L F A ML TIEF 2 R-TAEF o

Conductivity (Q cm)™” Transport

225 °C-annealed NC-assembled bulk ~1x 10°® semiconductor

250 °C-annealed NC-assembled bulk ~1x10° semiconductor
275 °C-annealed NC-assembled bulk ~1 metal

Polycrystalline film[1] 5.51x 10 semiconductor
Single-crystalline film[2] ~1x 10? metal

43 T BB A

0 AT q AR RS EE R bk ke g 2 L TE BI(Arrhenius plot)
I %’ﬁé BLE Gt TR T Bl AT RO R N R R o R 4.5()"
T B R R B SR A e o B E ROR R UF B Al RS R 0T AL L
£ B IRTYIeW o AR F - R FERT T 7 M % 0 4B 4.50)p
3 7 PR S iy ST s SRR o Hcdh Bt (ERIT £ 2R AV B Tt
%f % 1% #-7) (percolation model) 2 Efros-Shklovskii % = w@&gfgﬁ]ﬁﬂ? fodd o Fp > T
%%ﬁ?%@%iMm%ﬂﬂﬁ@ﬁ?ﬁ?uﬂﬁﬁﬁ%ﬁ@ﬁ%ﬂ°%ﬂ%%4&
= (Monte Carlo)#t & i > ¥~ B3 5 I FITC &2 VRHEg E e B X > o w5 11
2180 & K g BAREA IS IR & DR L (BAT) KGR R < FIR F R Lt
- H TR OSEAITRL TR LA o M R BT R T M 0L g A
%ﬁ?%@%@Mm%ﬁﬂ@@ﬁﬁ@ﬂ%Aaﬁé%ﬁﬁﬁ?ﬁ%ﬁ%ﬂvﬂ&u
TR-UAER T R IR AR Sy bR S i 47 o

gl 0 BAGOER RS TR MM ARG R AR iy s 2 -
BALEY FRIENER L EHEN R s LERTE L5 100F 238
PR ATEMORETR B L)L 064V ARSI R & Bk T & ai B
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MR o T RISl R AR R RROR A AEL R

SAERFIEGS B AL EET O RERTHBEF 2 PV A BRE o AT VPR L
PSR FEES S 2nm e A gL 4P AR 3 R ORI R 5 23nm s 3 IR g o

Bl46(a)s fPsp L L ITRZ AT DT IEFHERM G 2 2 20 S 3. A w4
225°C 2 250°C i3 L ek o B P VB AT B ST RS R M (¥ i # & FITC

3R A8 % o ot 4.1-3
PAT)= po explT, /(T +Ty)] (54 4.1)
T, = (8¢, 1 €°Kg)(AVY 1w) (3¢ 4.2)
T, =[16ee,hul meky (2m)"21(AV,'? Iw?) (58 4.3)

Y ppRE LSRRI DF R T2 ToLE = BRO VB> 27 AZI RS2
FhAmemfi VorwBRBAE WZAd TR MaTF+EL o fI* 5+ B (Monte
Carlo method) ¥t #icdg 4 & 15 > AR 46(0)2 (C)F P H#RY - FARAF HE T T DM 1
EARE o KA K Aprh 0 LS EORP AR g BB (5 0 4ol 4.6(d) o I AR 1 ol
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THTRM G NRERERTERGEOTFR T NE T ROM hdot 440
| = 1o exp{-a()[(VIV))-1]%} (¢ 4.4)

a(T) =T/ (T +Ty) (3¢ 4.5)
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NC250-3 5.54x10° 3.03x10° 270 11.2 0.65 0.93

NC250-5 1.46x10° 1.56x10° 172 9.1 0.53 0.39
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