
fE| Lawrence Berkeley Laboratory
El uNtvERStrY oF cALtFoRNtA

Materials
Sciences

& Chemical
Division

LBL-23692

Presented at the International Workshoo on
Novel Mechanisms of Superconductivity,
Berkeley, CA, June 22-26, 1987

ELECTRICAL PROPERTIES OF HIGH T^
supERcoNDucroRs UNDER xtcx pnEssunes

D. Erskine, E, Hess, P.Y. Yu, A.M. Stacy,
A. Zettl, and M.L. Cohen

June 1987

Pr€pared for the U.S. Dopartm€nt of Energy und6r Contract DE-4C03-76SF00098



Presented at the Int. l,lorkshop on
Superconduct iv i  ty ,  Berkeley,  CA.  ,

ELECTRICAL PROPERTIES OF HIGH T.

Novel Mechanisms of
Jrne 22-26, 1987.

SI-IPERCONDIJCTORS UNI)ER HIGH PRESSURES
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Pressure has p layed a s igni f icant  ro le in  the recen!  developments

of  h lgh t ransi t ion cenperature (T. )  superconductors.  Chu and

cororke.s l ,2  found very ear ly  on that  the T.  in  LaBaCu0 compounds

increased wi th pressure wi th a rather  large coef f ic ient  of  dTc/dP of  I

K/GPa.  These resul ts  1ed Chu and coworkers to  subst i tu te Ba wi th Sr l

and la ter  replace La wi th Y.3 In  both cases they found that  T.  increased

as a resul t  o f  the subst i tu t ion.  The large pressure coef f ic ients of  T.

in  these mater ia ls  a lso posed a s t r ingent  test  o f  any theor ies

at tenpt ing to expla in the superconduc t i  v  j - ty  in  these mater ia ls .  Here we

repor t  e lect r ica l  res is tance measurenents in  these nev superconductors

at  pressures up to 16 GPa,

Our neasurenents were per forrned on s ingle-phase but  oolycrysta l l ine

samples of  La1.g5Ba6.15CuO4, La 1.95516.15Cu04 and YRa3Cu4O7.5.  The

samples were typ ica l ly  smal1 f ragments of  about  2O0 microns across

obta ined by crushing larger  pel le ts  which have heen character ized by x-

ray,  res is t iv i ty  and rnagnet ic  suscept ib i l i ty  measurements at  amblent

pressure.  Ouasi -hydrostat  ic  pressure was appl ied wi th a d iamond anvi l

h igh pressure cel1.  The technique for  loadlng the sample in to the cel1

(a)  Present  address:  Lawrence L ivermore Laboratory,  Unlvers i ty  of
Cal i forn ia,  L ivermore,  Ca.  94550.



for  e lect r ica l  measurements have been descr ibed e lse"here,4 The sample

was surrounded by CaSOa powder as the pressure medium and the

pressure was detern ined by the standard ruby f luorescence

technique.4 Dianond anvi ls  of  three d i f ferent  s izes have heen

ut l l ized to cover  these three pressure ranges:  0-5 GPa,  2-10 GPa

and 3-20 GPa, The resistance of the sample was determined by a

quasi - four-probe technique v ia two loops of  copper  wi res.4

Elect r ica l  contact  belween the copper  wi re and the sanple was

achieved by pressure.  This  contact ing procedure was probably

responsib le for  che res idual  res is tance found j .n  some of  our

sanples below T" .  S ince th is  res idual  res is tance was independent

of  pressure i t  d id  not  af fect  our  accuracy in  detern in inR Tc.

Figure l (a)  shows the room temperature pressure dependence of  the

resistance R in La1.g5Srg,15Cu04 and YBa3Cu4O7.5. In case of LaSrCuO r.re

found very l i t t le  change in  R wi th pressure unt i l  ahout  7 GPa.  At  about

7 GPa P started to decrease rapidly with pressure and at the sane time

the superconduct ing t ransi t ion in  the R vs T curve star ted to d isappear.

Such sudden change in  R and the d isappearance of  the superconduct ing

t ransi t ion can be expla ined by pressure induced phase t ransi t ions,

Al though x-ray d i f f ract ion studies in  the LaSrCuO compounds observed no

phase t ransi t ion up to 20 GPa,5 the possib l i l i ty  of  an e lect ronic  phase

transi t . ions could not  be ru led out .  fn  YBaCun R showed a s in i lar

decrease at  around 4 GPa.  In  th is  case R decreased by about  two orders

of magnitude hetween 4 aw1 6 GPa which can only he accounted for by a

phase t ransi t ion.  In  addi t ion R showed another  srnal ler  abrupt  decrease

around Q GPa. rrlhen the pressure was released from l5 GPa we found that

the res is tance renained unchanged at  a re lat ive ly  low value ind icat ing

that  the sample has been permanent ly  a l tered,  possib ly  due to convers ion



into a loy reaiatance netastable phase.

Flgure l(b) shows the pressure dependence of the superconducting

transition Eenperature T" ln LaBaCuO and I-aSrCuO. We have deflned

Tc as the tenperature corresponding to the nid-point of the

resistance drop associated yith the superconducting transition.

Earlier experinents have ehotrn rapid increases in Tc with

pressure up to only 2 GPa.l'6-R Felon 2 GPa ve found that Tc

increased yith an average rate of abouE 2.5 (/GPa in l,aSrCuO.

Betveen 2 and 4 GPa this rate decreaaed to less than I (/GPa.

Between 4 and 6 GPa T" remained alnost constant at the naxinun

value of 
-46.3 

K. The results ln LaBaCuO is qualltatively

sinilar to LaSrCuO with T" shoying a tendency to saturate at

hlgher pressurea. Qualitatlvely the pressure dependence of T" in

LaSrCuO ls very similar to that of LajS4 reported hy Eiling et
o

aL' In the latter case lt has been shown that the initial

increase in T. with preasure vas due to increase ln the density-

of-states in the Ferni level induced by pressure. The subsequent

decrease in Tc at higher preesure was.lue to decrease in the

electron-phonon lnteractlon as the phonons were hardened by

preaaure. Since the mechanisms responsible for superconducti vity

in the high T" nater ials are st i l l  unclear,  i t  would be premature

to interpret our resultg rrlth conventional theory based on

electron-phonon interactlons.
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FIGURE CAFTION

Fig,  I  Pressure dependence of  the superconduct ing temperatures

T.o and T.1 i.n I-a 1 .p,5Srp.15CuO1 measured in th,o

di f ferent  runs.  The def in i t ion of  T.o and Tcl  are

shor^,n schemat ica l lv  in  the inset .
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