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Philosophy 1

o It IS the speakers responsibility to
prove that (s)he Is correct

e It Is not the audience’s responsibility
to prove that (s)he is wrong

ASK QUESTIONS



Synthesis is purposeful execution of
chemical reactions in order to get a product,
or several products. This happens by
physical and chemical manipulations
usually involving one or more reactions.

WIKIPEDIA

Photosynthesis Is the process of
converting light energy to
chemicaildesterigyg it in the bonds of sugar.

My high-school Biology Prof.



Unconventional T

Superconductors

Doping is the
Crucial Parameter

Non-Fermi-Liquid

Fermi-Liquid
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MOTIVATION
Superconductors

« Conventional
* Nonequilibrium
* Relaxation Properties
* New Properties

 Unconventional
* Nonequilibrium
* Relaxation Properties
* Doping
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CONVENTIONAL SUPERCONDUCTORS

Resistivity
 Follows the light
e Similar to heating
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Figure I-1 Laser output (upper curve) and sample resistance at two

temperatures (lower curves) as a function of time for a lead (Pb) film.?



Relaxation Time -Measurement

X-y RECORDER
SCOPE HONEYWELL 560A

SIGNAL AVERAGER
VARIAN TAC C-1024 “SLow"
PULSE GENERATOR TRIGGER
HP 214A "FAST" TRIGGER
PULSE

INTEGRATING CAP.

"sLow"
SAMPLING SCOPE | SWEEP
LUMATRON 120A

i AMPLIFIERS WAVEFORM
R e HP 462A d0dB GENERATOR
HP 8447A 40dB TECKTR., 162
o N sHED
e N1 . SOLID MICRO-COAX
LT I i ! CABLE
i [ ; UNIFORM TUBES
----- T-141 SS
WIRE WOUND! Ge ' v
RESISTOR | _ 'y SENSOR |
LOW PASS
FILTER
FEEDBACK RESISTANCE
CURRENT SR 100
SOURCE
D.C.
LOCK-IN AMPLIFIER VOLTAGE & CURRENT

PAR-HR8 SUPPLY




CLITICAL S1L OWINC DOWN
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NEW (?) PROPERTIES
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Figure I-6 Resistivity as a function of temperature before and after
illumination for a CdS-In film.”
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Figure I-5 Electron microscope picture of an In layer deposited on a CdS
layer. Notice the small inter-island spacing between the grains of In.”

Easily Understood

G. Deutcher, A. Barone 1970s



Philosonphy 2

e It Is your responsibility to search the
literature

 Nothing resembles as much a new
effect as a mistake

PREVIOUS WORK



EFFECT OF LIGHT

Conventional Superconductors

*Enhanced Coupling of Grains
e “Heating”

Ceramic Superconductors



March Meeting 1987-Woodstock

Muller




XHERE ARE THE ATOMS |

-
—_—

OXYGENS ARE PRESENT —>
NEED NEUTRON DIFFRACTION

® MEASURE 5 €7 REFLECTIONS
e USE 27  ADJUSTABLE PARAMETERS

o RIETVELD REFINEMENT

POWDER SAMPLE



COUNTS

(b) Tetragonal YBasCugO7_y (818° C, 100% Oy)

2400.0 3600.0 4800.0
1 1 1 1 1 L I L L 1

1200.0
I

) [l | IIIIIIIIIIIIII (| TR
T T e A

0.0

T T T T L} L] T L] L] T T L] T T L} L) T T T '[ L T L} L} l Ll T L} T | T T T T T L] L] T T T L} T T T L} T L Ll
0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20
d SPACING (A)




Finished
March 3, 1986

High Temperature Superconductor

Barium

Yitrium

M A Bermo. L Soderholm. D W, Capons I,

Beno, Soderholm, Capone, Hinks, Jorgensen, IKS, Segre, Zheng, Grace
* APL 51,57 (1987),
e Nature 327, 310 (1987)

15T submitted, 1stpublished



Doping Controls
Superconductivity

Two Distinct Regions
FILMS ARE REQUIRED

e Sharp Transitions
 Variable Oxygen Content



FILMS

High Temperature Superconductor

Barium
Yttrium

Oxygen

Copper

M A Bemo L Sodertodm, D, W, Caspons 0

G. Hinkn, J. 0 Jorgensen, lvan B Schuler
C U Segre, K Thang snd J O Grece




YBa,Cu,0, and GdBa,Cu,0O- Spu

10° - T T r T

ttered Films

L v =
Y film _ﬁ

Intensity (arb. units)

10% - A
*
10’ = gin 9 seaoartth W
r i A o Ry
S e -
10° L e e s

10 ° 20 30 40

20 (deg -

E. Fullerton, et al. APL



REFINEMENT
AGREES WITH

BULK
STRUCTURE

TO .03 A



To Computer
Linear

Manipulator

Load Lock

Controller
Quartz Tube
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Leak Valve Oxygen
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Figure I-6 Gas evolution system used to deplete oxygen from RBa,Cu;0y.



Very Reproducible
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Figure [I-7 Oxygen pressure as a function of temperature curves for different
stoichiometries of YBa;CusOx® An example pressure - temperature
processing path for making a RBa;Cu;Os;s film is shown. The letters (A, B,
and C) denote stages during the processing treatment.
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Experimental Setup

He-flow cryostat

N

l
/N

Liquid water
IR-filter

Sample
Interference

Bandpass-filter

Optical Setup

Bandpass Filters: 250-900 nm (4.8-1.4 eV)
10 nm Bandwidth
Intensity at Sample: 0.04-5 mW/cm?

Transport Measurements
4-point resistance, Hall measurements



GdBa,Cu;0,: SURPRISE

X = 6.5 (nominal)

befoi///

after

0 100 200 300

T (K)
V. Kudinov, 1994 ?



BASIC EFFECT
Opposite from
Conventional Superconductors
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G. Nieva, E. Osquiguil, J. Guimpel, M. Maenhoudt,B. Wuyts, Y. Bruynseraede, M.B. Maple, and
I.K. Schuller, Appl. Phys. Lett. 60, 2159 (1992)
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GdBa,Cu,0-.: Time
Dependence

Excitation
300 l Excitation - Relaxation
T=95K 1 T=RT * 1 oc Intensity of light
2501  tdepends on wavelength
@ 200 Relaxation
7
150 * No relaxation below ~100 K
 Thermally activated at RT
100 (E =0.91£0.1 eV)
o a0 m e s - Lartial (upto 5%) IR quenching
Time (min) Time (min) atlow T

J.Hasen, PhD thesis, University of California, San Diego, 1995.

R(t)= R(t =) + ARmaXe_mﬁ

PERSISTENT
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Figure -4 Resistivity (a) and Hall coefficient (b) as a function of time during
and after illumination of a YBa;CusOss film at 300 K.¢



HYSTERESIS EXPERIMENT

» What happens in between full saturation and relaxation?

1. Excitation

1.Cool to 95K.
2. Measure R(T).
3. Illuminate for a short time (t;).

4. Repeat 2-3 until sample is saturated.




I1. Relaxation

1.Raise temperature ( < 300K ) for a short time (t;).
2.Cool down to 95K.
3.Measure R(T).

4.Repeat 1-3 until sample is relaxed.

R

0 20 40 60 80 100



Excitation # Relaxation

(AP/P)gsk




Thickness Dependence
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a-axis Films
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STRUCTURE
007 Peak

Normalized Intensity

Extremely Challenging
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RESULTS

Excitation # Relaxation

c-axis — large effect -

(decreases with thickness)

a-axis —Jp- small effect
superlattice e no effect

structure ey large effect

(D. Lederman et al., APL 64, 652 (94))



Density of Trapped
Electrons

100%

Z QO = o] - (7)) T

0%

ZOm=mm=p Xpr=AmR

Film Thickness > Penetration Depth — Hysteresis

SUPERLATTICE

—PBUCO . =
Barrier

Independent set of thin films — No Effect



0.95

0.90

R(n)/R(n=0)

0.85

0.80

GdBa,Cu,0O, ;: Spectral
Dependence

T=95
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T. Endo, A. Hoffmann, J. Santamaria, and I.K. Schuller, Phys. Rev. B, 54 3750 (1996).



GdBa,Cu,0,;: Spectral
Dependence

1 lﬁ n’: 2% decrease of resistance
127 '

' e Onsetat 1.6 eV
[ e Enhancement at 4.1 eV

Mg gug-w N
0) AW T T | v T ’ ]
1 2 3 4 5

photon energy (eV)

T. Endo, A. Hoffmann, J. Santamaria, and I.K. Schuller, Phys. Rev. B, 54 3750 (1996).



Other Optical Measurements

Dielectric Function <1l6eV:
Charge Transfer Gap CuO, plane

=

1.6-3.2eV:
CuO,-plane: Cu#* 3d + O* 2p,, — Cu®* 3d,..

4.1 eV:
CuO-chain: Cu*3d,, —» Cu'*4p,

0(3)

% in YBa,Cu,0,

Cu(2)
O(4)
Cu(1)
O(4)
Cu(2)

£, (ARBITRARY ZERO)

PHOTON ENERGY (eV) b dumbbell Cu"”

M. K. Kelley, et al., Phys. Rev. B, 38 870 (1989). ¢ copper @ oxygen ) 0Xygen vacancy



ReBCO (123 Compounds)

* Resistance R A
o T, .
e Hall coefficient R,
e Hall mobility p .
e C-axis A
Penetration of light
Only 123 ?7?7?

Oxygen deficiency or depressed superconductivity ???



Tl,Ba,CuQOg,;

e Simple Structure
— Tetragonal
—One CuO, plane / unit cell
—No CuO-chains
e T.:0-90 K
— By Vacuum or Oxygen annealing
—Overdoped



40
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Tl,Ba,CuOg,;: Basic Effect

AR much smaller!

Overdoped

U
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without illumination
during illumination.
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Tl,Ba,CuOg,;

T.=14K, T=20K, A =440 nm

Time (min)

RESISTIVITY

HALL EFFECT

Increased n



p/p, (o)
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Tl,Ba,CuQ,,s: t Dependence

T,=14K, T=30K

T I I I
X Excitation
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m
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Slow thermal relaxation
atlow T

« Complete IR-quenching!
— Not oxygen ordering
= Electronic mechanism




Tl,Ba,CuO,;: Spectral
Dependence

T.=14K,T=30K

B 12ey | 1.000
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o °
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APmax /p() (%)

(10-17 cm?)

n

ex
12

1/

T,=14K, T=30K

photon energy (eV)

—

Tl,Ba,CuQg,s: Spectral
Dependence

Onset at 1.3 eV

Two different levels for Ap
Two different kinds of
localized states

» Potential Candidates
e Cu for Tl substitution
* Interstitial Oxygen

A. Hoffmann, I.K. Schuller, Z.F. Ren, Y.Y. Lao, and J.H. Wang, Phys. Rev. B, 54 3750 (1996).



Conclusion
» GdBa,Cu,0-;

— lllumination: increases carrier density

— Photoinduced Effects are persistent at low T
— Spectral Dependence shows Enhancement at 4.1 eV

Electron trapping at oxygen vacancy in CuO chain

— lllumination: increase or decrease carrier density

— Reversible with IR-quenching even at low T
— Persistent Photoconductivity without CuO chains

Mechanism is purely electronic



TI,Ba,CuOg,;:
T

Low Doping, High

(66 K).
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underdoped  overdoped
RBa,Cu,0O,, T1,Ba,CuO,.;

A

™~

Ll 7

number of carriers



Is It the Oxygen deficiency
or
the reduced T, ?

Pr doping
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Figure III-8 Resistivity as a function of temperature for several strips of
Pr, Y .yBa;Cus07 with varying Pr substitution, before and after illumination.
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Figure II-9 Resistivity as a function of temperature for several strips of
PryY).yBa;Cu3Og 7 with varying Pr substitution, before and after illumination.®



Theoretical Model

Electron Trapping

CuO, plane
ha h+
AVAUAS =
R
lllumination = electron-hole pair
= electron trapped at oxygen vacancy
= hole increases conductivity

© Consistent with ALL observed persistent photoinduced effects

A. Gilabert, A. Hoffmann, M.G. Medici, and |.K. Schuller,
J. Super. 13, 1 (2000)



I (LA)

Josephson Effect
YBa,Cu,0,, T = 12K
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Doping Dependence
GBJJ):Aclo; =6% =  x=6.6+0.1
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J. Hasen, D. Lederman, I.K. Schuller, V. Kudinov, M. Maenhoudt, and Y. Bruynseraede,
Phys. Rev B 51, 1342 (1995)
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Fiske Resonances
H = 0.56(3

500F

400

100

before 0

V (mV)
Al and V increase = ¢ of barrier N by factor 2



FNoton bose bepenadence | =
5K

ICRnN increases= weak link more superconducting
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Fiske Resonance

H (G)



Fiske Resonance Theoretical

Model
E /
N ¢
Fiske resonance: V=0, c with
C=C t
"Ve(2h +1) (Swihart velocity) =

8:(\4)12
€. V



Interfacially Controlled Transient
Photoinduced Superconductivity
N
Magnetic-Superconducting Hybrids

Vanessa Pena, Thomas Gredig,

lvan K. Schuller, Jacobo
Santamaria

PRL 2007



MAGNETIC-SUPERCONDUCTING
HYBRID

ﬁ

LCMO 40 u.c. vary thickness
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Effect of LCMO
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Time Dependence
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CONCLUSIONS
 Photodoping-
Canvenient way te tune doping !
 Photodoping-
Ceneral feature of Complea Oxides |

e Spatial Separation at the
Nanoscale

Supercanducting-Nensupercanducting
 Transport controlled by Cuprate

Relaxation time controlled by
Manaanite



Outlook

Future looks bright for Persistent Photodoping in Oxides!

Ca;Ga,Ge;0,,-Mn garnet
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POLITICALLY INCORRECT
What is on firm footing that everybody agrees ?
How to judge the “correct experiments” ?

How to judge the correct theory ? (Predictions, least number of
assumptions,...

Are inhomogeneities present at short length scales, even Iin
“very good” samples ?

Is d-wave well established ?
|s 2-dimensionality needed ?
Are there more than one mechanisms possible ?
Are they real ?
a) WOx high Tc
b) RuSr2(Gd, Eu, Sm)Cu208, F-S at 58 K
XVhy are the stocks of Superconducting companies going to hell
OPEN YOUR MIND !l






