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ABSTRACT

Because nanotechnology can bring many conventences for ours life, therefore many
people would invest a lot of time-in researching on nanotechnology. However, if we would
like to apply the nanotechnology to each.area; itis yery important to understand the
nanostructure in depth. Studying its €lectronic transport is important.

In this work, we did a series of experiment of RuO, nanowires. RuO; is a conducting
metallic oxide, and it has excellent thermal and chemical stability. We use the standard
electron-beam lithographic technique to make the electrodes on the nanowires, and then use
four-probe measurement to know the intrinsic electronic properties of RuO, nanowires. We
use the *He cryostat to observe the relativity between the resistivity of RuO, nanowires and
the temperature.

For the intrinsic properties of RuO, nanowires, the measured temperature dependent
resistivities can be well accounted for by an existing theoretical description based on the
Boltzmann transport theory, and then we found that the Debye temperature in RuO,
nanowires is reduced as the diameter of the nanowire decreases.

For this result, there are some possible mechanisms accounting for this observation have
been discussed. Finally, we found that the chemical binding in the nanowires may be

weakened as the diameter decreases.
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—w’M v = Cu[exp(iKa) +1]-2Cv (2.15)
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% Debye model T i T » & % EIR— fenihiRsp A H B d L ¥ B :]“*‘ul'é»\ﬁ'—\?'

AR TRt K B G S R £ i A

w=vK (2.21)
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Vw*

D(@) ==~ (2.22)

2.3
Ty

Bhotk & ¢ 3 N @ primitive cell > B #4E B+ cn @ 558 8p 5 N> #2415 op @

I S g

L
N = (5)3( 3 ) (2.23)
A S op &
o) = 6”2;3]\’ (2.24)
AREAT RS op R Ak e £ Kp &
Ky =—D= (6”;N); (2.25)

4 % Debye model 3 ¢ i £ 43 Knsolst 51 6.8 B+ gt K = Ko

2 B3N g p :l:é’:—g tE 7 2P R D -

7 EE - B RS Rl 8

wp Va)2 ho
U = [ doD(e)(n(w))heo = jo deX =)o) (2.26)
I RBRES g BB thiES 5% M %o “711 EQQR26)E F 1 3217 E
TR 5
Wh o ® KT, X
U= 27’ -[0 weh’”/’ -1 27200 J-O xex -1 (227)
£t
p=he_fe (2.28)
T kgT
=% _ O (2.29)
kT T
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4 Eq.(2.24)% %_ h 2 #7 % op % % 3% Debye if & Op > 2 Op 7 114 7 &

_h hv (67r2N)§ (2.30)

(2.31)

U = 9Nk, T(——)’ ["ax =
0, e -1

1fi v Né’fir%ﬁ?})—?;g{’ m xD=®D/T°
2-6 Einstein model #:% & % &

Einstein model 2 & £ % j§ &— Behz B¢ - & B+ R o 5 SR i o
F ¥+ P 3 N B > B Einstein model 1t f& % B 5 D(w) =Nd(w - wo) » ¥ § 5 ™%

@T‘Ji:ﬁ'{ ’ Jij 75'—\'} a)o '—‘,,, v S oo m j( .'bmélb ‘—a.

(2.32)

2-7RuO; 3 F #nT 1 g
BAert b @il HFE YR RuOy 2 A LT LB -

4 B RuO, ek A 17 h £ a10% 1 [5,6,7,8,9, 10]& L9 %+ [11,12,13, 14,

15]—‘"& CEMATIAYES- KEFERF O GAERERHE T3 %T#E\; Boltzmann transport
I -PFu IR E &[S 6]40& A& F 316, 17, 18]:7RuO, 2 7 15 £ 0.3 K #] 1000

me‘)i&a #Bg’“ﬁrmlﬁ*c’ﬁﬂ » B B A RuO, 7 @ e 5 0 0 R IEF
FE IR RAPM[S] 0 F £ B RuO 2 T H 20 ¥ Ji first-principles
electronic-structure 3+ & kFr % > ¥ ¥ {+ £ Boltzmann transport equation[13] » i& & F S

b B ] R

¥ 7 545 RuOy 2 T F foig & chBbf 727 241 * two-band model[19] %k Fj# %
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[5]° # # >two-band model #_* % #5 it AiE R & Hins B fod d ? T F - 83 9t
BB HCA T AR B S S B F A T £ 0 Fermi sheet ¥t 3 1R 6
$2.¥ ¥ B 0 Fermi sheet © 2@ > #3235 first-principles electronic-structure 3+ % >
Glassford {= Chelikowsky[13]45 &1 RuO, £ Fermi sheets 2. & 3 3 2% i3 - 4p & 2
1 #-RuO, enT PR ¥R B ePBl (R0 Ry i 0 & 357 F  BHE L MBS e T S

SR Y AR BV A B 6, 13]

Rt oo LG OLREF S

4

2.33
Qf)z' ( )

p:

R QR RAME o 1/ T RIAR S tchtE o QpF EY P T S B2
Rip R AL KRG Bt B pIRAF oo R R R I B AU TS0
SCEE VI SRS

ho/2k,T
sinh (hew/2k,T)

lmﬁﬂiﬂmem 1) (2.34)
T @

He oo s B3 i S o o LRFTHERD L2 G oS sl B Fo)R] L
F AR AR BT PG AR T KA ’aF(a))7r E R L R T

B b Ar AR H PR e W SRAELIT L - BEW RS g

)

L £ 2 " ¢ ﬁ = Bloch-Griineisen model » # ¢ » iz B H-A| ¥ 10 * & 5
%

g ﬁ;%§ ]E; *3__""111 "‘I lj’flj # Debye 1‘1‘;]} v T E %E_;\B& ]L o F(C())

&’ F(w) o Ay, (wﬁ)“@(a)D ) (2.35)

B¢ O FsH 8k op » Debye #F5(W 5 B3 chd s HEF) > @ Apg »
Bloch-Griineisen model ¥ fﬁ@?ﬁ% T -S4 f¥co £ ¥ Eq(235 % » Eq.(2.34) T

% x=ho ! ksT > Bi€_Eq.(2.33)7 17
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4 [Op/T x’dx
) IO (e"=D(1-e)

T
Pec(T) = P T (®—D (2.36)

B Bpg » BTG Mgl f Beg § 1 Asgfr Q7 B > Op & Debye i & > @
Debye /8 & 4p % ** 85 2% Debye :T W eh#F ¥ chg X il £ o AR B EHF - o

Eq.(2.36)7 1@ Frppgg € L3 T @ B <R BF 0 ppg R gf;l T3l o

HEREHDF I Fa2 Be 20 S RAFT AR @V AZFNNLRAT
Ao migl BEd F G RELAES AT FE 2P FF o RuO,- £ 5 15
B A L e d i B RO B ARANT 4 0 HE S * EinsteiniT i ¢ i 4250 B 0’ Fo)

K (Flo) 5 "% e » * # ¢ s & Einstein 4 5 o)
A5 5k randicods 5 Bingtéin model Y& §5 T+ 45 i & %800 % Eq.(237)
%~ Eq.2.34) 0 ¢ Eq.(2.33)7 &

o
Pe(T)= ﬂET[W] (2.38)

B BpaBl@BHA G Mgl ® € AefrQ,7 B > Op 5 Einstein /§ & -

4 H - #3 4% Einstein 17 0 en B3 3¢ iy £ o

T TF-FF4tt By B B RE R IEF O i s\?}*k’;gxﬁ”»'f

A R IR IACHEE S PRTEFfr T I ZV T LGS
P (T)=A.T’ (2.39)

£ 1345 Matthiessen’s L7 > Eq.(2.36) ~ Eq.(2.38)2 2 Eq.(2.39)& 3 Apfb = > @

PV BB A2 BRI REG I AN P ARTE
p(T)= Po +pBG(T)+pE(T)+pee(T) (2.40)

mERII T EFE 4% Eq.(2.40) k fafitting s B ¢ ig i = ”ﬁ 0> Op~Pps O
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#
TG REFLREL BERERY Ao P £7 5 FF 107K pQem[19] &

4 A R[6] B fitting B f RuO, e S By ¥ » 7 124 % g5 A T2 8- 9 > F & Y

~Op -~ Peg ~ Opfr P izt 87 & fitting e e B %y ¥4

GH BB R & B [20] ¢

F - G 2w (6, 13]F B av P/ Pe g 4 9 5 20 ima AP A

o - R E

l‘ A ~ » 2 I‘L
.:,';?_"f\-".' ]t RN L )

PRl B2 EERT g o

A g 1T s fz 58 K fitting 56 £ B ) RuO, & F Mg

PT) = pyt Poc (L) + p.(T) (2.41)
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Diameter (nm)| Length (um) | p3o0 (UL cm)|  Toin (K)| 300 / pinin| B T 0B T
adL-ab,cd 37+2 0.52 +0.23 183 + 95 <4 1.54 | FIRATEF
adL-bc,de 37+2 0.52 +0.23 158 + 82 <4 1.60 |FIAAT EF
adL-ab,de 37+2 1.03 +£0.23 141 + 45 <4 1.55 |FIRATEF

a8 55+5 0.67+0.44 | 483 +362 27 1.61 In(7)
a9 155+5 4.30+0.98 149 + 43 45 1.59 VT
bl 97 +13 9.16 + 0.70 184 + 61 43.5 1.56 In(7)
b2-ab,cd 76 +7 1.59 + 0.86 825 + 543 53 1.44 In(7)
b2-ef hi 104 + 12 3.25+0.79 281 + 125 42 1.68 In(7)
b3 135+20 1.61.40.88 724 £.523 21 1.72 In(7)
b4 110+ 4 1.30 + 0.84 339+ 234 32 1.74 VT
b5 816 3.56.% 111 109448 <8 1.75 | FIARAT S
b6 49 +7 0.65 + 0.35 144 £ 103 60 1.27 In(7)
b7 54+8 0.57+024 | 435+293 <6 134 |[FIARAT S
Ru-03 40+ 11 0.78 £0.28 349 + 259 <2 1.50 |l 4T e
Ru-04 25+4 0.52+0.34 322 +255 53 1.27 VT
b8 43 +7 1.53+0.28 129 + 61 <2 208 |FIAAAT R
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©p (K) Ok (K) po(uQem) | Pgg (M cm /K 2)
a4L-ab,cd 190 + 25 660 + 40 118.95 0.36
a4L-bc,de 170 + 20 615+ 30 98.61 0.32
a4L-ab,de 180 + 25 650 + 20 90.98 0.29
a8 290+ 10 730+ 10 299.89 1.11
a9 380 + 25 750 = 10 93.79 0.36
bl 320+ 35 720 + 30 117.92 0.41
b2-ab,cd 305+ 10 690 + 20 574.02 1.58
b2-efhi 335+25 695 10 166.90 0.70
b3 355+ 10 700 +10 419.93 1.82
b4 345+ 10 715+ 10 194.74 0.88
b5 305+ 10 680 + 10 63.10 0.28
b6 265 + 60 775+ 25 114.45 0.21
b7 310+ 15 765+ 10 295.88 0.62
Ru-03 80+ 10 575+ 10 231.50 0.62
Ru-04 195+ 10 685+ 50 273.99 0.48
b8 310+ 10 720+ 10 63.84 0.41
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