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Electronic Transport Measurements
in Single-Crystalline RuO, Nanowires

Student: Zong-Si Huang Advisor : Prof. Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

ABSTRACT

Recently, nanotechnology develops very fast, especially in electronic devices. The
classical theory can not explain what we. find in nano-devices. Electronic transport properties
need to consider quantum correction. Quantum- interference phenomenon like universal
conductance fluctuation has been found to be wvery sensitive to mobile impurities in
nano-structures.

We use the electron-beam -lithography process to make four-probe contacts onto
individual RuO, nanowires. By using four-probe measurement method, the contact resistances
can be avoided. We use a standard *He cryostat to cool the sample and measure the
temperature-dependent resistance of the samples. The metallic behaviors of the RuO;
nanowires are found. We also measure the time-dependent resistance at several temperatures.
After the pristine run, we find that the sample resistance can be changed by applying a higher
current density. The temperature- and time-dependent resistances of the sample are then
measured again. The results are compared. It is found that both behaviors are very different
before and after the change. It is conjectured that the impurity configuration inside the sample
is modified. However, more investigations are needed to clarify the exact mechanism of the

modification.
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3-5 R R
BRRA R ORI T A LA IR RAE R (primary thermometer) €2 5 g
& & 3+ (secondary thermometer) -
Rbdei B g e % RFIROE AR * g Ao 2 dp#d BApM IRt > KT NEA
G IRIREE o N & ERFIT T EREERSE
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FTARME S {RPERE BRI AR SRR R S RAE R RBLoRERR
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R R R R é“’ﬁiﬁ’.ﬁi? SRR R S R IR R - Cernox R &~ RuO;
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e DD

Temperature Standard Below Can be used Performance in
thermometers S .. s e
. Range Curve 1 K inradiation magnetic field
Overview :

_ Platimm__ | uxwwsk | o | | o | Fairabove30K
_ siicon | raxwswx | o | | | FairabovestK

Germanium 0.05 K to 100 K 0 0 Not recommended
1.4K to 300K(A-B)
Carbon Good
0.28 to 6.2K(S)

Carbon-Glass 14K to325K 0 i

Cernox™ 0.10 K to 325K 0 0 Excellent above I K
} ) Good below
Ruthenium oxide™* | 0.01Kto40K 0 0 0
1K
Thermocouples 12K to 1543K 0 e
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Four-Lead Measurement Scheme
(CU Package)

. 2.9 mm diameter,
4.3 mm thick 0.8 mm off center

8 mm
diameter

Leads: 914 mm (36 inches), 36 AWG
Mass: 1.1 gram (excluding lead s)

B 3-5-1 - #&48 & 3+ slilcon diode DT-670-CU-13 ¢k jges 5 % @& * 77 & B

DT-670B-CU

14 Average
stope
4 ~22.8 mV/K
12
s
- O 1€ 3¢ 30 40 30 &0 70
§u
os
Mf”.
o4 stope
o2 ~2.1 mV/K
14 100 200 0o «00

temparature (K)

Bl 3-5-2 *h4e i o 10pARF » - MR R ERIT REE R O TR F

B 3-5-3 Cernox ;§ & 3+ g B 2 AR B B 4B
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# 41 5t &SR Bl

Sample  Diameter Length 300 Tmin paoo/pmin LI BE 1%
(nm) (um) (uQ cm)  (K)
R1112f 46 1.36+0.55 2240465 -~9K 157
R1112h 120 1.71+041 3313464 <30K 240 FlA T e
R1112k 65 1.31+0.35 180.6+38 <22K 2.59 FlA T e
R1112b1 130 1.18+0.44  920+245 ~40K 1.62
R1112b2 130 1.18+0.44  882+240 <24K 1.79 FlA TS
NEW 07 15 1.26+0.49 146+38 <20K 2.20 FlA TS

NCTU

NCTU

NCTU

SEI

150kv  X12,000 WD 9.5mm

R1112f

150KV X22,000 WD 10.0mm

Tum

1um

1pm
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BB AR SRR E ¥ o ARl LR700 2R IR e e B8 Rl LS33L R A
BRI R-T> A& e RUO, 2 sk St R E 5 L ch g Jf > e B e irdr - S £
~REEAE R T AR ) o F R A T ST MR AP S LA
TR (omin) > ™ % TIFE P A SBERAPFE Toin e § R IEFE I 5 MELPF >
PR RAcR AT R AT g A AR A e - AR IR ARSTILS
M- RREFREATES LA A BF MR AP RERT A AF] 5 weak-localization
electron-electron interaction effects £ #_ two-level system *#7ig = 382 58 -
FANPAFATES - B A aAeT I F akin . AR F T pyin 0 HF SRk
B

St x>dx
1 (1)

T
pBG(T)::BBGT(Ej 3 m

~ 0, /2T
Pe(T) =BT {—Sinh( 7 /ZTJ @)

P =po+ Pec(T)+pe(T) (4)
i A E S poin M 0 T8 5 A} TS L BT EE py Oy fo - O iE

B R py A pmin ML P B T L BT R e AT 1RSI E 0 6, 5 Debye B

W

B > O %= Einstein [§ & o % 4-2 i€ 2N Rty &R Sl 7 0 A BT

\\Xr

#c o

BB R UGB AP e R R R A e ) kiR R A A S 0 F AT R
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# 4-2 7% HEF A 4TI D e S i

sample 6, (K) 6 (K) P2 em) B, (@) ﬂE(pQKcm)
R1112f 86 620 199.97 0.05 0.17
R1112h 422 760 170.67 0.42 1.24
R1112k 501 886 88.19 0.18 1.01
R1112b1 428 695 567.04 1.12 2.14
R1112b2 432 900 491.70 0.97 3.77
NEW 07 367 715 65.39 0.20 0.59

42 MG Y Aok TUmT A AR A

BEF AP RS R1112b1 & RIMI2b2 2. #702 ¢ F B /64 & L% 5 § AP % - 2R
PR B e R R T cnR(time)Z (LR A B2 Wi & B & org 1 ehUCE >
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2420 QAR PAAHT RN FETIEFTEE AL

KRIEFOER > AP dE H i 53 0 HhH RUOHMNFRETIEF Y
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FRATHEFL AR TR R R ED R ok bk - BEARR NPT S (R 423>

Bl 4-2-4~ ] 4-2-5~ B 4-2-6)Fe3u 0 B %) 0 R prd i R R R 0 D PR it Rl RS o
FE AP DS R

1. =0 g % 1+ e Time-dependent universal conductance fluctuation 3 % iz &+ % % -

2. R1112b1 Ap 4>t R1112b2 #efe = BE AR B F R~ > LIRS d 3N akmi b @ 32

= .
3]
3. R1112b1 Ap 4>+ R1112b2 H A8 B pe 5 fiao] o 7 5 S i i o gt BEE? S48 At de e

RS DRI € O BR DR G Rk 0 M EEL P R E R G .

# 4-3 R1112bl ¥ R1112b2 %+t &

Sample Diameter(nm) Length 300 Tmin 300/ Prmin
(um) (uQcm) (K)

R1112b1 130 1.1840.44  920+245 ~40 K 1.62

R1112b2 130 1.1840.44  882+240 <24 K 1.79
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