‘@ b {lﬁlllf) IEJ:LI“(\HISII:(I))IT(}:TI;ONAAL ISL(l)[ ::TIIILIC A!\}IEI)N( l}'l}"}lﬁ;(:L ()if:. ilmlxjttt:r: @ H IGH TEHPE RATU RE SUPE RCON DUCTING THi N
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS FILMS AND THEIR APPL‘CAT\ONS

L.CT.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE. CENTRATOM TRIESTE

rphiade
------

P EERS
s 1Y

UNl-[E.D NA110N§ INDUSTRIAL I)FVELOPM[—NI_.(_)RGEANIZAn()N “{5?;" N F PEDERSEN
INTI"RNA”ONAL CENTRE FOR SCIENCE AND Hl(;“ TPLIINOLOGY o

o INTENNALIONAL €ENTRE HUR THEORETICAL PHISUY - Miim FRIESTE OTALYE V1A GRIGNARG. 9 IADRIATICD PALACH PO BOK 86 TELRPHORE 10 2200 TEEL RS 01008 TS e AP

PHYSICS LABORATORY &.,TECHN.Lmﬁv DENNARK
Dk -2960 LYNGBY = DENMARK.

SMR/543 - 10

EXPERIMENTAL WORKSHOP ON
HIGH TEMPERATURE SUPERCONDUCTORS AND RELATED MATERIALS

(BASIC ACTIVITIES} i 2, LECTUQES

{11 February - 1 March 1991}

g THIN EILHS

3} 30sEPHSON JUNCTIONS

" High Temperature Superconducting Thin Films and Their Applications "

PART I 3 NPPI: IC AT‘\ONS

presented by:

N.F. PEDERSON
The Technical University of Denmark
Physics Laboratory |
Building 309
DK-2800 Lyngby
Denmark

I MAKE REFERENCE To Low T, 7o
POT IN PERYPECTIVE .




PRESENTATION OF LRBORATORY.
(PHYSicS | ABORATORY I) |

LQUJTC. l'liall TC.
since 190 ‘swce 1AQT,
thin Filvas, thin Klms

Nickivmw {Qc!\mfnss
}Osoﬂuon iuuch‘ou&

d
Supercouduckus cwrewnts |

Scnnphn
mixers

parowps

YBCO , BScco

1

fo come

SQQ\DS

Lo-w Tc.

VAANANAAN,

-T‘;“ —> LEO.J — Nllobl‘UM -— Nl\bbl\blﬂ nl"lr(wt

-]
% ~  Soo - lose A

Niebluw is a 3:3&( o oxugeu
it took many  Yeass to se.‘l‘ qood I'uhc.\(t'aus

now Nicbivwe baged Huiw Gl efechcnies

hiq[a Te

VVAANAAAAN

g ~ 5 -30 A
matenals pro blews
137

LY _ _ . N a2

|.‘.

i}



HTS thiu blw tabrcakion

Y®&(O
pd
Matewads — . BSCCO

™S Trcco

e
Svbehvades

g‘pggtthrL&lS

Fabricakiow methods —— PG.SOJ‘ depost Lou
T~ e-beam ¢o evapovation
\ epcusfou cells —w —

\ Moo

ESTEC CONTRACT No. B007/BE/NL/PB(SC) March 1990

HIGH TEMPERATURE SUPERCONDUCTORS:

ASSESSHENT STUDY FOR SPACEBORNE SENSORS APPLICATIONS.

. \R£CE§t§Q by:

G. Brorsson, T. Claeéon, M. Danerud, J. Edstam, z. Ivanov,
and P.-A. Nilsson, Chalners University of Technology, CGdte-—
borg, Sweden.

V. Kelmersson, LinkSping Universitj, Linképing, Swecden.
S. Fudner, Swedish Defence Research Establishrment, Links-
ping, Sweden. .

5. Dahl-Petersen, T. Freltoft, J. Hyldteft, and P. Vase,
HKT A/8, Ercndby, Denmark.

M.T. levinsen, University of Copenhagen, Copenhagen,
Denmark.,

J.B. Eancen, C.S. Jscobsen, and N.F. Pedersen, Technical
University of Denmark, Lyngby, Denmark.

Contractors

Physics Laboratory 3, Technical University of Denmark,
DK-2800 Lyngby, Denmark.

Feport No. RPO00A.

Technical supervisor from ESA:

E. Arrpandillo, ESTEC.

entrectusl panagementi

.J. De Foer, ESTEC.

o

EUROPEAN SPACE AGENCY
CONRTRACT REPORT.

The work described in this report was done

under ESA contract. Responsibility for the

contents resides in the author or organisa-
tion that prepared it. ’




MATERIALS

E

fieneral Reguirements for Thin Films &nd Multilezyers

FHYS1CAL/GEOHMETRICAL:
* Formation @t lowest possible processing temperature

(prefersbly neax room tenperature - for lift-off pztterning) YBCO
* Minihal interdiffusion at interfaces : -[.
# idhesion to substrate -~ ., . - f.g EQS .
+ Thermal compatibility with scbstrate k= P‘*&V“QQ C Gkis 1 Ams :
.parable thermal expansien coefficients
(conpare] P l ches-f anSC‘. ;

* Surface smoothness {1 to 10 nm)
* large, uniform srea, €.g. cn a 7.5 te 10 cm dieznmeter wafer

* Chemically passive or prbtected/passivated surfzce

* Phise purity
*+ Epitaxial compatibility with substrates (epi-films)

* (Controllable orientation, low defect concentration, T BCCO . n
, very Promus\m

no grain boundaries (epi-films)

ELECTRICAL:

* Critical terperature: T 2 2Top

* Lower critical field: Hey (Top) > Hep {most cases)

* Self-field critical current density: JC(TOP) > 108 A/t;mz

* Rf surface resistance: Rs(f:-:p"rop'”op) << O.OJRS(fDP,'J‘Dp) cf Cu B SCCO

* Low €’ and low tan§ film substrate: tan “fop"rop) < 107

* Flux noise power: Sg(f,Typ) < 10720 § 24271 ¢ £ > 1 Mz f _{1 .
e ° too w«ud« ‘F LR ow nolse

{measured in a ring specimen)
* Depth of surfecefintexface T, (4) degradation: dg << '[‘Top)

refecence: A.Braﬁ‘;hsk; 1990

oy



MATERIALS

SUBSTRRTES

Crystal Structiure Latlice Thermal
System Conslanis expansion
ceefficient
EXygen a=3g28 -
YBCO ortharhembit | ¢p ficfent £=3.89% 10-150-5 /K
perovshile c=11.68%
) pseuda Bi-Tayered a=54%
BIErCItu0 [ 4pqra structure 30k 26X [12E6/%
psrude Bi-layered a=5.4]
T13aCaCuvD telra structure :=3|SK
hex a:esx .
Al2D {rigenal a=4763 ) 7.5-80-6/K
3 corundum c=13.002%
F30 cubie NaCl 2242018 12.86-6/K
Sriiog cubic prrovshile a=3.905K 10.80-6 /K
Y52 cubie flourite a=5.167% 10L-6/K

rel Wasa et a('..

ESA repovt 1990
CS 7qco'o£—!.«_~
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LASER DEPOSITION
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Superconducting Thin Films for Microwave Applications

SURFACE RESISTANCE VS. FREQUENCY
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Conductus is routinely prodocing mictowave films using the off-zxis sputtering
process. The results shown above illustrate significanily reduced surface losses in
comparison with copper at 77 K. Such films offer the potential for improved
performance of mictowave resonators, filters, antennas, and other "single-layer®
microwave device struchues.

Films with the best properties are currently being produced on 1 a? LaAlQ,
substrates. We can assure the following film specifications:

surface resistance at 7T K: <2mfil
at4.2 K: <200 p2

T, (zeroresisiance) = 89.0K
AT, (10-90%) <1.0K

Discuss your custom film needs with us: i.e. unusual substrate sizes or meletials,
peiterned films #nd contacts.

Cootact: Dr. Roger Barton at (408) 737-6700
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MAGNETIC FLUX CREEP can be diminished by introducing defects Into a supercon-
ducting crystal An external magnetic field, B, Induces vortkces (arecs of magnetic
fluz surrounded by circulating currenit} In the crysial, which align themsehves fn q
hexagonal matrix. A current passed through the sample pushes the vortices—the
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