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Figure 3.26. “Generalized Phase Diagram” as seen (roughly) in (La — Sr)CuO,.
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SCALE-LESS and FEATURE-LESS SCATTERING RATE

dc resistivity optical conductivity
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Figure 3.2b. Planar resistivity vs. T for a variety of materials. (b) Anisotropic resistivity @ noa.._v
of BISCO.
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PHYSICAL REVIEW B

Transport studies of Laz - ,Sr, CuO4 oear the iasuistor-metal-mep
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Low-Temperaturc Normal State of High-Temperature Superconductors

Using 60 teslas ....to suppress the superconducting state
....to reveal the normal-state phase diagram

Greg Boebinger, Fedor Balakirev, Jon Betts
Bell Laboratories, Lucent Technologies
National Magnetic Field Laboratory at Los Alamos
Yoichi Ando, Shimpei Ono
CRIEPI, Tokyo .
Kohji Kishio, Masayuki Okuya, Tsuyoshi Kimura, Jun-ichi Shimoyama
Applied Chemistry, University of Tokyo .
Shin-ichi Uchida, Naoki Motoyama, Hiroshi Eisaki
Department of Superconductivity, University of Tokyo
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RULING OUT SAMPLE HEATING
DURING THE MAGNET PULSE
La(z_x)er(:uC)4 (x=0.08) at T=15K
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INSULATOR--TO-METAL CROSSOVER
IN THE NORMAL STATE OF A HIGH-Tc SUPERCONDUCTOR

1.2

INSULATOR-~TO-METAL CROSSOVER
~ IN THE NORMAL STATE OF A HIGH-Tc SUPERCONDUCTOR
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Localization in the high-Tc cuprates:
Same animal or completely different zoo?

Sixty teslas suppreéses the superconducting phase
in many different cuprates to reveal....
NORMAL STATE AT LOW TEMPERATURES

GSB
Fedor Balakirev _
Bell Labs and Los Alamos Nationa! Lab

Yoichi Ando
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Bell Labs YBCO
Yoichi Ando
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Electron-electron Interaction Effect

Electron-electron interaction in 2D system also leads to
G = Go + o' 61In(T/To) ,

where o' is a constant of order 1 and 61 =2 /mth .

Origin of this correction : modification of 2D DOS
T T S e

= If pc is determined by tunneling between 2D systems,

pc may show the same T-dependence as Pab.
—e—— R e &

« For our data, the plot of ¢ vs InT is not linear.
(o KWown (<= THis (5 A /’/rww)

g

Atskoe, etal 7 44 /233
('30) |

t
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THIS LOG-(1/T) IS NOT...

-..CONVENTIONAL WEAK LOCALIZATION

No coherent backscattering would survive 60 teslas

Log-(1/T) divergence is large and in resistivity

Log-(1/T) divergence occurs also in c-axis resistivity
PRL 75 4662 (1995)

..DISORDER-ENHANCED e -e” INTERACTIONS

Log-(1/T) divergence is large and in resistivity
Flrst-order perturbation finds a small correction
Log-(1/T) divergence not observed in Hall coefficient

PRB 56 R8530 (1997)

..SPIN-FLIP KONDO SCATTERING

No spin-flip scattering in 60 teslas for T<60K

S LT
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MoDULATEL 5Pin) AND CHARUE I&VsrTics
IN CYPRATE SUPERCONIVCTORS

TRANRUADA,  Physics B 241-243 (1193)
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Fig.1 A model of spin and charge
stripes in the CuQ; planes cor-
responding to ¢ = 1/8. The
Cu ions are represented by circles
(not shown are the oxygen ions).
The holes occupy every other Cu
site on the charge stripe which
separates regions of the AF or-
O — dered spin domains. A possi-
0 100 200 - 300 ble stacking of the stripe ordered
CuO; planes is also shown.

EVIDENCE THAT CHARKES Hove Alowé STRPES

Science  ocr B, 1999
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—BY WAL EFFECT, CHIdA &Rowvr
PRL ocT 4, /997

— BY ANCLE-DEPENAEUT MAKUETS- RESIST,
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SUMMARY

PHYSIEA

"Log-T" localization regime
"Linear-T" metallic regime
...TOWARD FERMI LIQUID METAL
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Fig. 1. (8) Diagram of the (h kO) zone of reciprocal space. Filled
circles: Brugg points of the uamodulsted lattice: open circles ..nd

squares:
structure.
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Magnets

Packing the energy equivaient of a stick of dnamite, powerful

electromagnets around the globe compete to advance

otr Anowledge of materials science amd physics

by Greg Boebinger,

SCIENTIFIC

A\l Passner and Joze Bevk
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MAGNETIC FIELDS----HOW BIG IS BIG ?

PERMANENT MAGNETS

0.4 gauss EARTH’S FIELD

600 gauss REFRIGERATOR MAGNET
(Iron--oxide)

4000 gauss STRONGEST PERMANENT
(Neodymium--lron--Boron)

730,000 gauss OUR PULSED MAGNETS



PRESSURES----HOW BIG IS BIG ?

UNDER WATER
4 meters EARS 6 psi
700 meters SUBMARINE 1000 psi

4000 meters OCEAN FLOOR 6000 psi

OUR PULSED MAGNETS 200,000 psi
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Z2-LEG LAAMER. ComMPound a
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s IN HIGH MACNETIC FIELDS (P To 400mQ)
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FIG. 1. a, The crystal structure for (Sr,Ca)14Cua4041, in-
cluding b, the plane containing CuQOa2 chains and c, the planc
containing Cu203 ladders.



Fig.1 A model of spin and charge
stripes in the Cussg planes cor-
responding to ¢ = 1/8. The
Cu ions are represented by circles
(not shown are the oxygen ions).
The holes occupy every other Cu
site on the charge stripe which
separates regions of the AF or-
dered spin domains. A possi-
ble stacking of the stripe ordered
CuO;, planes is also shown.
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FIG. 3. Variable range hopping (dashed lines) in the lowest
temnperature range for both samples.
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Observation of a Well Defined Transition

from Weak to Strong Localization in Two Dimensions
S.-Y. Hsu and J.M. Valles, Jr, PRL 74 2331 (1995)

CulGe, Ag/Ge, and Au/Ge thin films

Strong localization.....variable range hopping
(exponential divergence)

Crossover occurs at p = rh/e’ (kFI‘= 1/z)
marked by magneto-resistance changing sign
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FIG. 1. (a) Sheet conductance in units of G = €t/2m*h
versus temperature with To = 1 K on logarithmic scales for
Cu/Ge (circles), Ag/Ge (triangles), and Au/Ge (diamonds)
films with thicknesses in the range 0.3 < ¢ < 2 nm._The solid
curve and points on it were obtained by adjusting Ty for each
film described in Ref. {7). (b) Semilogarithmic plot of G/Go
vs T~ for the rescaled data. The line is a fit to the low G
limit. {(c) G/Go v$ In(T) for the rescaled data. The line is a
fit to the high G limit.
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PHYSICAL REVIEW 8 VOLUME 36, NUMBER 4 1 AUGUST (987

Transport ements in granular niobium nitride cermet films

R. W, Simon,* B. J. Dalrymple,* D. Van Vechten, W. W, Fuller, and S. A, Wolf
Nuaval Research Laboratory, W: D.C. 20178
(Received 4 March 1987)
We have studied normal-state and P ing transport ies in & lar cermet con-

« SUPERCONDIUCTINIG : tiing of Bl-structure NoN grains im » boron iteide insulating matris. By varying the vafumes bor. ’lb

ll‘ﬁml

- lmc!{(hlewomponenuvemﬂmsco-m-nh“‘ that exhibited p
w &‘.'“K‘O behavior in cither of two distinet and ) tusive classes:  “iasulating™ flms with I‘abg
EA p~expl~a/T'?) which never went superconducting, and ™ perconducting™ flms with p~In(T) ;A‘f‘ ﬂ‘J
from room temp down to the sup ducting ition. Thus latter logarithmic t 5" ’“
dependence foc the resistiviey is also observed at bow temp when superconductivity i ’R.";f
suppressed in high magnetic felds. Brmdmpemdn‘u:miliommohemﬁmastm‘ P {3-
compasitional dependence of the mean ied critical temp Te. The Kosterlitz- Thouless two- m
.T b 4 di ional (2D} topologi 1 phase itii uTmi:oburv:dinlhelupemmdu«in‘nmplebmh

by the power-law behavior in current-voltage characteristics and by pure fux flow transport in high
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FIG. 11. The resistanct as a function of temperature (plot-

ted as InT) for a variety of magnetic fields with values of 0, 10,
20, 30, 40, 50, 60, 70, and 80 kG. Note that when the super-

ductivity has been quenched, the log,T d pend seen at
higher temperatures has been recovered, This sample had
R5{300 K) =2000 /0.
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SUMMARY

60-TESLA PULSED MAGNETIC FIELDS
REVEAL THE NORMAL STATE PHASE DIAGRAM

Log-(1/T) divergence is large and in resistivity

\ Nwr«m
FROM ANTI-FERROMAGNETIC INSULATOR....
Strong localization regime
"Log-T" localization regime
“Linear-T" metallic regime near optimal doping
....TOWARD FERMI LIQUID METAL

SIMILAR BEHAVIOR HAS BEEN FOUND
IN THE LADDER COMPOUND, Sr2 Ca12 Cu24 041

The strongly-localized behavior may look familiar.....
but we still can't see the forest amidst the logs
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