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Thermoelectric powers in granular metal-insulator composites

Student : Lu-Sheng Wang Advisor : Prof. Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

ABSTRACT

In metal-insulator composites Myl; x (M i=metal, | : insulator), with the gradual

reduction of the metal volumefraction, X the.resistivity increases gradually thereupon.
When x is smaller than the resistivity critical volume fraction, X, (called the resistivity
percolation threshold), the resistivity begin to rise-abruptly (i.e., diverge). In other words,
once X = X., the conductivity begins ito’ rise rapidly. This phenomenon is known as
percolation. On the other hand, according to current theories, it is not known, with the
decrease of X, whether the thermopower (Seebeck coefficient) percolation threshold, X',
would be the same with the resistivity percolation threshold X, .

In this thesis, we study two kind of three-dimensional granular metal-insulator
composites: (PrBa,Cu3O7);xAgx and Zny(Si0,);x. By measuring Seebeck coefficients and
resistivities of these samples, we found that the magnitude of Seebeck coefficient increases
abruptly once X 1is smaller than some value X '.In particular, we found that the percolation

threshold of the resistivity and Seebeck coefficient are not the same. This result cannot be

understood in terms of current theories.
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thermopower) °

1936 £ > M. F. Mott # 113" Mott formula [ 2 )

S:?(QH(%) (1.1)
e E=L,

SH Seebeck “#c c A HETHFVEL N E kI AT T8 AT
TR it g e L & Seebeck H#LTIE R o(E) A M I 128 -
Aot LRl 2 B R A e Rt 2058 T <0 (0 H Debye i &) 2ET B

B (~1,000 “C)PFR * 1§ * o

1972 & > Ziman (3] #& 37 - $ 2 &5% % £ $# - B F F (homogeneous)
% eh(isotropic)Hflm % T - HA A RKHEEERT T 2V

Seebeck % #S ~ H R Fo B FEAETNBRAE I, PRI R I, 2 B DM
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oy > o R B EAFE S HERSPBHRMWOET I o B FER AT

1

»T i 7 percolation threshold FF e 5 (L 4-1-2 2 B 4-12(b)) »

P R T i, R S i, 2 B T RS A G

K AR B AHe R RSN G

B 1-1 1974 & Fitzpatrick > Malt 2 Spaepen ¥}+** percolation model 7§ 2%

% % BI(Richard Zallen (9] , 1998, p137) -



2-1 # 7 »c )i (thermoelectric effect)
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P> V=-SVT » &£ 378 5

dV
S = 2.2
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PR ECT N AE RS S BER O e B A7 R o
Peltier effect % ;= B 12 & %_J. Peltier(1785-1845)>" 1834 & % I » H_
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cHY - BRI FAEREARRT I e A T S ﬁ%&ul’é'ﬁ‘tlﬁ%{?@
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MRS, B S, T E S A ¥ B H b apFih Seebeck ik o 1,2z, 7
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¥ = fa»c i & Thomson effect © % 7 — iFH M =4 ¥ 3073 Ff R Ik
g TN EERP - TR RRERE R ¢ F L B o doR
2-4 o b HHE RS TH O AN T
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2-2 Percolation theory

Percolation theory _% k&2 & B & svin— B {(34Feh> j3 o LIB335 4
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B> R iR& b2 BFEW) 0 € 0 IRy 7] chdp & % (sharp phase transition) e
Percolation transition ¢ %4 #ERN PR N ERARM D FRAERFSF 2
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B8 7 B i d T e
percolation B 4 B % ¥ 0|+ _ glass transition( o + & # )% Anderson
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AT BTenAR) gt b 0 BrA g 5T 5 1-p (Richard Zallen (9],
1998, p137) «
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AEPNFT AL DG B - AR

sl

2, e A5
Y | R

AFH®RE P - k7] Ag(PrBa,Cus07)1, 2 Zn(Si0,) 1.4 & 4+ ©

< 7% 1989 # =+ 5> PrBay,CusO7 B 4n< 3|7 X REFNLP o T E A b
P Ag R £ > Ag RV xjE00=l A 2 B R o Ag(PrBayCusO), -
ARG Al s 2x2x8 mm o HUR TR R M o A i F B R
& PrsOy; ~ BaCO; 2 CuO= RAte #48 £ 3 & 900°Cchz 5 ¥ 16 /] pF o 2R

AT L PR - X RAI00°C % F ¢ 16 ) BF o E ML AR 1S eh
PrBa,Cu;07 4 2 & Ag s = A Rt 5iR & » 2 ¢ PrBa,Cu;0; v Ag e
B R A HE 6.7 4o 10.5 glem’ o H-ip i AF & b finid § F R T b F
870~900°C sa4F 12 -] p* o iz AL annealed 57%f &+~ 3 5 ¢ Fl¥ Bfhh
AgE e ipdt R - H_ 1990 #AA R IFA ke [(10])

3-1-2 Bog

Zn(SiOy) 1, — & P H & 0 T39WEE & X 1620.88 nm > = Ak
o I SRR Zn ¥ SiO, A fE¥e 4R R 4ET) substrate + o F & H
it SiO, #rtcen® F o0 RS EH DB LI Zn b F oo gt

BAE D Kk & Zn(Si0,)1., 2 x B o @ JBEE R {5 0 substrate LA E 2w fF
527415 mm’ iht o) B ERIR o B R A B AE L B TR

11



3-2 4 ] 2B R
3-2-1 *He 8 % % (CRYO) sk & i 3% 3+

B A s KT A1 * & ¥ 4 (Oxygen-free copper, OFC)#7 % = »

1

Rl R AP RRBESF o et E I MR E > R SR

d *tR| & Seebeck h#icd & ik S MR E- BRIEAETHERL) @

V-7 R ROER R EDE HA S - BAETE AP

BoETIERT - BREG RS

T T s
R

4r 3-1(a) % Bl 3-1(b)*77F - B ET—- 2 KT ¢ % - e
Teflon %[5 % heater & & ¥ 4pf S R85/ > 4ot ¥ @ heater 72 2 e

-~
-~

%

- \Q\

FAEBZIRSEIHMIE S AL RERRSEIMIE R 5 RS
A Teflon + > kbt — B FP10Q -] (T heater » ¢ & F H )%
carbon-glass” 71 | 4 B > o] GEBL T E_* RO R HF HE A~ E - 2 o @ carbon-

glass ei® ¥ A AT E Pl GE R o

B RS EE R SR - WA IR RS
% #

[x]

ghE R 0 Bld ¥ - B thermometer(r silicon diode) k % B fx 44 24 4
BRI SBERAT R NEFMEDOERR AT o G M
thermometer (sensor)% ¥ *% cold finger } % Heater <% L 4c§] 3-1(c)* 777 °
FHRIPIER > Sdm A 2 8- BER  op 300 K pFo Az A
23K AT ag P25 0103 K, Fli# 2 ¢ KEABEZHEHRSBIL

4-

oo ¥ b, F F iF - AL A F * g0 thermocouple kGBI & B aE B

,dm

-

.—n‘n
0B 5 B RAh? E 2 FEHAQEE A2 - 0 GER R A 2

7 e o 4k oA B (TiE A2 40 B 3-1(d) -
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b RHFEEESOT R o 7 KPP Seebeck r#Eicc M F owm BV KP
EHREFOTEHERS L DT L o

L ey ‘%7 k% thermometer fiw o B AR
G.E. varnish $:pE) > 7Fg efk & A £ 2 B ARG 22 4
g2 Fen SR 17 RdF U4 MR RS R
MAE REBIARPRIT UAIF R E D

=,

)
Jet
l=
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carbon-glass

(OFC)

Teflon

PIN

(OFC)

sample

heater

thermometer

(silion diode)

—

ral

2

sample holder(OFC)

PIN

5 o=

PIN

/i
—

cold finger
(1 K pob)

B 3-1(a) k& A& @& % cold finger -+ % B °

sample Lead wire

\hci““ /1
iﬁ@

|
‘ Teflon
carbon-glass

COppE wire

thermometer -

(silion diode)

B 3-1(b) # & A& & % cold finger 7+ & B °
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WIRING INFORMATION

Serial No. 3571
Model HEA-1752-ML rev 1

Location: Near evacuation valve
Type: 10-pin

Sensor: Cernox

CX-1050-CU (X24759)

on cold finger

Pin A - Sensor I+

Pin B - Sensor V+

Pin C - Sensor V-

Pin D - Sensor [-

Sensor: Cernox

CX-1050-CU (X24738)

for customer use

Pin E - Sensor [+

Pin F - Sensor V+

Pin J - Sensor V-

Pin K - Sensor I-

HEATER

Kapton film ~50 OHMS
Located On cold finger
Pin G - Heater

Pin H - Heater

B 3-1(c) = B Sensor # Heater on cold finger er4% 4 £ o
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N [+ ":;iégjhﬁ I-

=N N—F \W
heaterafion OFC

) carbon-glass

I+ 1" Thermometer

heater
(3) carbon-glass
i ST Acold finger?

—\
heater teflon

B 3-1(d) # & a i AT AW o
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3-2-2 “He ;8 & %i(cryostat)

i i # 128 F_Kamerlingh Onnes ** 1908 # % = & #2171 § 5 » @
$) 7k i ‘He » *He ehfeft 8. 7.=520 K » P =028 MPa » & - * § &
(0.101325 MPa) ™ & 2L % 4215 K o p o+ *He At 4% A tF 4 sientd g (R
BEE) @ FTED 13K AF et % o 'He (8 % ¥i(cryostat)de Bl
3-2(a)#t7% » - ¥ % 1 14K > 44 CRYO INDUSTRIES #7 4

Tom TR R ek & 0 VIR T B 3-2(b)i A &d A T cold finger) o &
Bl € Seebeck a#c > B4R E T > @ * G.E varnish #4k ZfEF > £ 5 ©
BHA AR LA (FS@® $4% > w2k 8L ) 5
Lo HAER A AR b ASA(ANS/0.25 mm dia) 0 ARARHT - HBR] KR
45 (Wood’s Metal » %3 8 77°C)¥% A #%8(pin) + o

T

!
|

Yot

by

BRIER . AR ERG Wy (1] A v R
B2EF P RE > Bk gENI-2% FlERE Y
BERB LB oREE ] > R ELERE LTS F S BTG Lu)

¥ 2k & h 3 B % (sample tube) F *4 COPPER VACUUM SHROUD 3t E

e
1
A
=N

= » & COPPER VACUUM SHROUD # cryostat 4 & £ & E(®] 3-2(b)1 B
fid) @ % 12 high vacuum grease > J4iE | { HFeE 3ok o RS R
&)

R % 5x107 torr = % o

f

O
&

1 B FE 2 3-2(b)ih C~ D(F flow

,;B‘\\ '1'_\ s E’ } k‘\ -
TF AR A R
Nl

region)= & ¥ ¥ 2

cryostat 7778 =3 E A& T vent port > ekl B 3-2(b) ¢

i (K F ) PR R BBl 3-2(a)

—mde
NS

D= zﬁ;?ﬁ)‘;)%



4-cryostat e T L IRE AR F ¢ o ER

e L /] 90~100 K =

£
oo Bl F - BIBRG F OV EETPR P F R
#-cryostat B o~ 3 F ¢ 2 {8 5k o

FHRASEREEIIOOK s o B-cryostat d 2 F W O{ I RF R P oo
FERE BBl 3-2(a)c7 E iR P o0 T F %%“f«ﬁ% F g o Ll R
$3F 0 4B 4eied B 3-2(b)eh CoD =

S BERPEPFF o % % F 5% cold
finger P > #-¢€ 4 4rig % & cold finger stk &k 2 2 F 2 & o & cold
finger + $ B BRI HIR B E > ¥ % ITC 503 %2 & 10~325 K 2 B #7% £ i

i TR BE > B EIE o (L
TR BRI H] 0 € AR AR

Pl
ITC 503 # &7 HEATER 2 =~ /| 5%

4 14K~10 K2 F&* ITC 503 3k = -

}i ’ -;t/!?;\;é"f’i’ fg‘_‘l"’ l}L E‘E':;F! E,I«"}‘ié"’#;ﬁ;lj

%%i%’.)i BEZFDSKMT > &
AMAR SR 320b) DASRE ~ @5 47 2 49 B 3-2(b)sh C A 7
cold finger # - 3®d F_-» ¥

Hd D8R Dg 5> € FFRAGEZEL

3| cold finger » wt B ST NP F R R € B > @ 5d C i kg

F 7 E FiE~ cold finger > Fpt #riBeng F R R € B 0 4 F RS R4k

FISKMT o

¢ * cryostat PF LR :

1. BAafFdRFFaE g 7 &~ vent tube

B3

E 3| insert /4 4rE = A%
At Dewar * (7 cryostat ¢ & » § 4 ¢)

2, Kig K= ,l > S
o B ¥ A a Bz # iR
p)

F o=

flow region ~ sample tube ® P¥ i B 454 £7 insert °

2. & ventport iy F F BAF A

3~5psig> A Vi RAEL o
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Dewar(3 # 13 )/ # o Dewar & JEf* R4 34 & %

3. B RE
RO MaiEFE R4 & 1~5 psige AP ¢ & Dewar € W JTE

kY BT BRA FORE A F o

HESRIE CIE R £ B = R
5 F R Wz o &% - B F FTF J cryostat chpt T
e ) ‘:/ ‘a.-%i I%@J (1

(vent port)$ 1 Dewar ¥ 4 F - iz~ it i@

psig) » @ 3 F I 77§ M ok eng FET X F IR wc e

4. BFEFFrRFELC L] gRY

PERER R NR R R o - AT o R F B (FRAE
> 0.751D.) > @—/@’j’é%;‘i)iﬁgﬁ-g’@a}#o
AT U L

psig © 4k /% # (Gauge Pressure) 4 & 4 B4 SRR 2 R B ¥ 34 5 g0

Y o

< FRA 2 RA 5 psig MERE KA T

,lf—"‘d 300 K~1.4 K *% m__@ﬁit‘ ’ (EIJ-E-. Seebeck fﬁgﬂﬁﬁ,, 2 lé]ﬁ' ,’E'{'I\,”?]
% BTl FHREANVDRT Gk

3-30 H Y eng=—dy/dT ¥ 2L 2 I a9k &

Fo2hfk (do- AR PIF TR D

S = S+Sleads (3']‘)

sample

W H o AL Seebeck %#ictew k o B4 5 A £ e Seebeck 4 #ict A

<200 WV/T) » 4 382 Fie

8 S

% (4oL E A4 n-type BipTe; &% § ¢

FOUARLE T (K FAE EH Seebeck U] L) o

sample

Bl 3-4 % MR B OTE Y 4R 2 Seebeck T ¥c-if R iy o AR o
@ ALy AR 0 — 2 w44~ B e Seebeck Thdicrt g AR o ¥

- 2 G AR E 2 disorder 8 F AR o
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T

J -
dp 153

FEERIETIE > PE %% ST GE varnish f: atk %8 % 6 (-
Eh AP BITRITR S AIL) At MAUR R e AR R

- MR R AR T o H AR, Brdele I8 Seebeck i R A
REF 0 3-2-3 € F P o
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E\

SAFETY
PRESSURE
RELIEF

PUMPING PORT WITH
NW25 FLANGE

SAFETY PRESSURE RELIEF

VACUATION VALVE
WITH NW235 FLANGE

250
979 PIN ELECTRICAL
FEEDTHROUGHW

%::O ety Bk S |
i B -]
[:1-153HEIGHT ADJUSTABLI _|T 591 4.250
2,188 0-RING SEAL _ L ’ Eont
1 i
J !
QUICK CONNECT WiTH i
NWS50 FLANGE ADAPTER |
TO MAGNET DEWAR i
t
f
1.75 0.D. :
s/s :
%
{
E 16.000
E 21.000
F
F
1.00 0.0, $/5— L | COUNTER-FLOW TUBE
E #.062 TUBE INSIDE #.125 TUBE:
il
29.15 :
|
r |
|
|
J T
E 1.000
}- -850
i 0.75 0.D.
| s/
!
i 0.50 0.D.
— s/s

REUSABLE GREASE
SEAL ™\

0
IXED IMPEDANCE(ROTATED FOR BETTER VIEW)
INLET

6.22 1.75 0.D. COPPER YACUUM SHROUD
REMOVABLE FOR SAMPLE ACCESS
1.0 INCH DIAMETER
50 COPPER SAMPLE MOUNT
WiTH M6 TAP, HEATER
AND TEMPERATURE SENSOR
3.4%
Ha COUNTER FLOW
HEAT EXCHANGER Ry, il
1.90
k
En 5/S M8 THREAD,
B f FOR FULL HEX NUT
CRYO WG, RO.
JOB3S71
Industrles of America, Inc. REV] OATE 5

TITLE:
VTl Hed MAGNET INSERT |

B 3-2(a) ‘He ;g 4

21

FLOW VALVE CONNECT

19 PN ELECTRICAL FEEDTHROUGH

10 PIN ZLECTRICAL FEEDTHROUGH

#.315 RIGH CURRENT
FEEDTHROUGH(+)

NYLON MALE CONNECTOR
(2) 12 GAGE COPPER
WIRES

10 PIN OXFORD
FEEDTHROUGH

NYLON MALE CONNECTOR

#.482 HIGH CURRENT
FEEDTHROUGH( ~)

{+) MAGNET LEAD 8-32 THREADEG ROD
WRAPPED IN SPIRAL WRAP FOR INSULATION

(-} MAGNET LEAD 8§-32 THREADED ROD
WRAPPED IN SPIRAL WRAP FOR INSULATION

VIEW C-C
——

E FIXED IMPEDANCE
TUBE

Ha COUNTER FLOW
" HEAT EXCHANGER

VIEW D-D

F(cryostat). & Hm T, B °



LHeINLET FOR
IMPEDANCE

C
[~ | He inlet

~ for COUNTER
FLOW EXCH.

B 3-2(b) “He Mg & eenk % LW -
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SR o LIRS

= M E LR

Pﬁk

\ 4

Rtk N IR B fn A

4

B E R KPR BmREE

EAZEAS

\ 4

AT RATERIREEEE =

\ 4

o=-dV/dT

Bl 3-3 iplE Seebeck ke BT X B o
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Absolute thermoelectric power of Pb

-0.2 ]
n
\
| |
-0.4 |
| |
\
I
—~~ - - | |
< 0.6 \
2 “s
~— W]
D o84 L
1.0 4
3
0 50 100 150 200 250 300 350

T(K)

B 3-4 ~F ST % 4L 20 Seebeck ik B B ¥ty 0 ie > data HAE
$10.01 pV/K » 8 & FRE0B350K > 40 AT=7T18KF % >4 &
(Data by B. B. Roberts, Phils. May. 86, 91 (1997)) -
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3-2-3 /] FELE R

i

RGPPSO EE > ARIE S FILE I G ootk

e R LR R R R G o

|
RES
T

RIZRIERE > Z@% v g pl VEALMTILE BT LR TR
& B 88 o *He (4R & S8 J* ITC 503 ¥ Pl 58 & > 354 LR-700 2

[ N L
S
ne

=
EVI Ry

<k
B
[
(@)
an
N

3

T EE R o AP T IRk AR 3-

@ B| & Seebeck "2 #HcpF > PR _# % - BLF P o ",f 7@ % iR [TC 503
Al A8 B %2 LR-700 #z = 3} P~ carbon-glass 2. & FEE(Z {8 £ d T %
"1 LabVIEW #8358 p #2002 N e &8 B @)1 b > ¥ 2 Keithley 182 & %
R 3 v nanoVolt & B4 Podh e 3T R E 0 2 Keithley 224 3% &
TS A e heaters R R F o @A 8 — BIR R PR o AP AT o
Seebeck % #cip| £ & sdr Bl 3-5(B) IR BT poLd B IE R
FPARALHRE I E LTRSS T T A TR R R
REF M4 UPS 2 #7% 43> 2 P ARARBTIHREREI» X G T > &
FHRLTRPUMRTIRA  BELFPTIREST > FERD R Rz

Fr o P REBOEF I I FRL- PR B  BHUXE IR FLR

L REF AENRM - ¢ 075 FEE RS EUREL IR
Wi o fed 2t - BLE R 0 BBV PP R I B AR LA
Faem Vo (TR @ AMELL 24+ o
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£3 % i : Fer oo 2R HLLE BT
o B B A SRR R Y SRR R

BTBRNTEE SN B E TR R BB A i
B b A -

FHFEREREDERPER > @ LBTRAARFG B & DR 2%
B

(Jl

55
\ﬂ\ﬂ
A&
—=

B0 LRI fe e o BT P ALY o B €5

AT R ARG i@ d e el B Bt & 3 0 i ¥ ARFE 5 Johnson
noise £« thermal noise - Johnson voltage noise ' resistor(R)# + 5

E =J4kTRB volts, rms » & ¥_& % &% #(1.38x10% J/K) > T 56 8
R (K) > B E 3234 5 (Hz)
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HRERR

BOX-C |, Hi#a

000000
c0C000
000000

000000 ITC 503 J \Bi%Es

LR-700 1 ZFAERE
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[

Isolator & HNbREE AR

By RS I S e A

Y i e
........................................

Feka UPS

(

aadd
L
(11

>

gronnd

B 3-5(a) R-T &R &5k EH -
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BOX-C | #Ea

AR

LR-700% = 4G

WU A

000000
000000
000000
Q00000

N

(05 g men

]
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GPIB

Tsolator J, FEFAIREEAS

T r———
N S S i
T v

Fehm UPS

(

(CCC(
H
(((

B 3-5(b) S-T &P AIKER -
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4-1 (PYB32CU3O7)1_xAgx E’f’»'"? e l‘"——,.l: %
4-1-1 LreF 2 x B fehdpdce 2 ~ 1158 %

dATip R R R LG 1990 E T IF Y PERE A XL B L0 k)
% 1991 # p= & PHYSICAL REVIEW B [10]) # 7 - B#%=2 > p 5275 M
* (PrBa,Cus07)1.Ag, % percolation threshold ¥ e 5 p 2 x % TR0t 4 3
(A F@D)P3HH  c RaARTERSEXRPIETEHRT R
percolation thresholdx,' 2 # 7@/ 3 #icq (L 3% + (4.3)) °

AREH BT LT 0 R FAL XRRE RO T LEL 5 &S
TR FIEATE RS IR SRS p o 2 247 D TRT 4
Bor o~ b B-F B b e T T R

T B ARA N 1991 Enm e (10) P F TR ROE 0 2 2005 & A E
ATRIE W] > TP R g WO Fehip iR A e

Bl 4-1(2)7 ] k= B2 b x(¥ &d @ T Hx=0~0.17) B4 2 T 1
FpB R RTHM GH 0 EAEYd 300 K30K 24 o @ B 4-1(b)R] 7] 5 =
L BRSO GE 0 B AR AT gy B0 b 4 T 10 R
Bd 300 KF| 10 K 2T o j5 8 4-1(a)% Bl 4-1(b)7 11 4= & e &1 A & e

A Api s IV UL E A -Az o LR 41IDRIY T g Nia=l B E

T IEF T A4 H R x=08 2 T EF | > F oo

)

x=0.4~x=0.55 z_ ¥ > }ﬁ'qf@kﬂ’“”ﬁ""ﬂfw SR RT AR T
%Wﬂﬁﬁ‘%‘$ﬁgﬁ?%ﬁlkﬁ%$ﬁﬁio
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4-2(a)£? @) 4-2(b)A %] H_1991 # 7 2005 & 4 4 & B 5 A2 B P ah

TIEF 2R R DEF 1/ p)dp/dT) ¥ Ag WAHF " x DB TR > BlP 7 P&
TS FEA Ex=0.13~x=0.14 2 B> L7 AFHE [ 5 TE AL
EFTED U/ p)dp/dT) FELZ T > @ BHWD/ p)dp/dT) H 52 F 0 B

§ % & 3% (metal-insulator transition) s 97 £ f# +*
Y Aax<0.13 K

) S S AR

(critical volume fraction)x, &_7i %% 0.13~0.14 2. ¥ o 2t & &

BHME Ax2014FH EBE -
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Bl 4-1(a) 1991 & pF27ip|ed

P (nQ2 cm)

B 4-1(b)

T(K)

WO AT A dasbiR 2 x B A B

0.12 > 0.13 » 014 % 07\

v

-

7 +
10 +
*
10 ¢ -
-
*
1-**
10 °
*e
E 1 O g *“'4-1-*‘,'_‘* *e -
(] Thag, 4y
- -,
3 Frharg, *+.***++.+ T -+
c: 1 O +0.“+. *
*s Tra, T +
-+, * *
€ 102 T, T ren, JAIRS 2572
+ + :
~ '++++f‘; .'*'*"""i—t#O
=] ey, e,
T, Rk 2
L T
T D ‘1'""""01—1-0-, """"**1-4‘1-+1-4-'1-o++¢-++tc++q-+
o,
1 +“"“"‘*4‘rp++.-.++.1—4—4.01-4-'-&-1-4-4'.0***0**0-!
B s
d-t4-+cov+o+-v-+¢-*+"‘"""‘*"’""' .
P .o F
=1 ¥ PR I
10 +""+ sr e T
L
LaiE T
10 2 .t 1 1 1 1
o] 50 100 150 200 250 300

= 1B (PrBa,Cuz07) 1 Ag, t %2 logp-T B] » i

0.00 > 0.04 - 0.10 -

(PrBa Cu,0.), Ag

Pr02-1(x=0)

Pr02-2(x=0.04)
Pr02-3(x=0.08)
Pr02-4(x=0.11)
Pr02-9(x=0.12)
Pr02-10(x=0.13)
Pr02-5(x=0.14)
Pr02-6(x=0.17)

Pr02-7(x=0.2)

Pr02-11(x=0.25)
Pr02-12(x=0.3)
Pr02-13(x=0.4)
Pr02-14(x=0.55)
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Pr02-18(x=1)
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i
o
=
= —10f
I‘.‘lh"""k.
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— o
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> _20}
p— 1 1 1 [l
¥Fo 0.2 0.4 0.6 0.8 1.0

Bl 4-2(a)

o]

1991 # 247 4 %k & %8 300 K P (1/p)(dp/dT) B ¥t ¢ 2_ B 4

B - B FHnT -,;%_.{‘gg g TEIN KRG P AT T Ag &

ﬁ“‘x °

5.0x10°

0.0

-5.0x10”

-1.0x10>

(1/p)(dp/dD) (K

-1.5x107

T L

[ L L e

(PrBa Cu0)), Ag

T'=300K-

2.0x102 b——L |

Bl 4-2(b) 2005 & & 45 & 4% & 4

2 R TRE - BY F M

bl

)3

%x_F

E 300 K P& (1/ p)(dp/dT) B ¥ Ag B8 A4E 4 x

£

—+

£ % o
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B 4-3(a)f- Bl 4-3(b)A ] E_1991 & 4r 2005 & #7358 7 Fif B T 5T

2N

Fp¥ Ag WA x B R o &S BRI LI LFAR D AARE
T 43O hiEe4 A 43(a)iniE - A A R ST A (9 VI F AR

Mg A T S e A o B 300 K pE A SR f;:i?ﬁ ST

] 4-4(a) % ] 4-4(b) A1 * TP p & v enBE 50 (12,13)
P=py(x-x.)" ;x>x;x > X, (4.1)

bt T RS ) AR R Ag 2 RAMA Y F A
5.2+ = #P logp
log p =log[p,(x - x.)"] 42)
=1log p, —tlog(x — x.)
AL R logp 8t log(x—x )b iRl E Ik > iR R v 0E o i
%?lﬁﬁﬁf%ﬁ FV R - EALY 0 F B T2 L3 8 indt odp 2R
<R o B 4-4(a)" BB g=0.135+£0.005(7=300 K) » 717
Z2_t=1.48+0.03(7=300 K) > B 4-4(b)® x,=0.141+0.001(7=300 K) » #71F 2
(=1.47920.04 (T=300 K) » & & 2 (7 A BT 4p % o (o L& HE P s o i
2 tRIApAAE S 0 Bl 44 A F D MER Sy 0 BINEHm Y g & T
t=1.67+0.01 (7=50 K) > r=191+0.02 (7=30 K) > @ B 4-4(b)+ A H_
t=1.516+0.09 (7=30 K) - iz#- £ £ 2 L5 F] 4-3(b) & e 5+ @) 4-

3@F fr A oo d YRR R F A v P ¥ FIRT DR
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Bl B A I EAPIE YRR BT o A TR

HE e 8 W 4 R P T B e R

Rl

B 4-5(a)~® 4-5(d)F ' & 300 K B > # & 1 22 x 7B 42 o B] 4-6(a)~H]
4-6()% M 1 30 K ¥ » 4.2 (2 x chiA - @ % 4-1 P 445 2 502 data 2
2B ehho ] T3 2 SnTia 2 Ak o E Y Bl E oy By ) o
SEM R4 F 1 (300 K)= 0.141+£0.001 B > x (30 K)=0.145+0.001 B » 4 £ %
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