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FIG. 1 A sketeh of the phase diagram of high-temperature supercan-
Auctars as a function of temperature T and doplng &, T s the mean-
fielld transition tempermature, Ta™ the upper bound on the phase
ardering temperature, and T, the actual transition temperature. The
form of T for small 5. depends an the mechanism of sy parconduativ-
ity and tha precise role of deped-insulator affEcts,

of superconductor but ruther o more-or-less gradunl erassover
in behiviour as the value of 7o /T changes. Furthermore, the
vatlues of this ratio given in Table | are subject to the uncertain-
ties in the experimental values of 2 (0) and the precise lorm of
the short-distance cutofl. But the kystematic variation of the
properties ol high-temperiture superconductors from one
material to another clearly suppoerts the importance of phose
fuctuations. Our analysis suggests a new interpretation of the
usunl phenomenological classification  of high-temperature
superconductors into three, more-or-ess distinet citegorioy -
‘wnderdoped', 'optimilly doped' and overdoped'. The value of
Io is predominamtly determined by phase  Nuetuations in
underdoped  high-temperature superconductors  such  as
YBuaCryOu (T = 1), and by the mean-field transition tem-
perature 7™ in overdoped materials such as T 2201
(£977/ T2 2). Optimally doped mr terials, such as YBa,Cus0- -,

and Lag - St CuOy, with & and xin the neighbourhood of 0.05

and 0.15, cespectively, are in the crossover region between the
two. (Note that the use of the p-axis value of 2 for YBa.Cu,0,
gives TH™/T. <1, which may reflect either uncertaintivs in the
wppropriate averige of the p-axis and H-axis values of 1 which
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Change in Internal Energy Between Normal and
Superconducting States

UN_US=

% do (0 + ) fo) [An(k,o) -Ag(k,0)]

= 5y gy [ny(k) - ng(k)]
+ ] do o f(w) [Ny(m) - Ng(o)]
where

A is the spectral function

¢ is the dispersion

f is the Fermi function

n is the momentum distribution
N is the density of states

Kinetic Energy - (2gy)
Potential Energy - (m-gy)
|
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Normale(k)—/

Superconducting

E(K) = Jel + AL
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biseal md Gnaglomey et (sulid
Hies) 05 0 fusgticn df Lemgend
b, The (et emlirjjie (he i)
bissgrartamt spctciscogis teg o bn
wy Tromm 44 12 3.9 oY (a) andl from

A o A ey ), Ta e ineet
thick red olid, yellow and green
daahad, nnd Bl fhin sl i
donibl  the AeMpOrKILSE  Tanpoy
Moy S0 100 1700 B0 470 W 100 KK
il belaw B0 K

energy (eV)

when corregting for the window sbrain effgciy, as the samplos
inove relalive o the window due o o contructing caldfinger
sitil the strudn tedd (s @ function of the see through which
the lighy penewrates in onder o it the sample, Theeeform we
wiepe limdied by our lempersiie-depeadent sudy W the teo
large crysinds discussed in the following. By estimating the
pounn-Gemparatnee plasime rogueney from e peeudodielecs
iric &, We cun confirm that the overdoped crystal shows &
planma requency which i about 7% highor than that of the
upderdoped samyple.

L1 RESULTS AND DISCUSSION

i Pig. 1w dbow ihe pepudodielectie Tunetbon =«
+i€; for the underdoped crystal 55 o function of photon en-
ergy for geviil lemperaiures, Oae con obeerve bo 8 8 slight
whift of the plasma frequency towands higher energses with
decronsing 1o , which |s moatly n consequence of
Juhthes commastion svd the cdreyminding enlaiedment of te
earrler density, In ey, we find & crossing polnt t sround 2.3

&% scparaiing this carmier dominaied frequency feghoa from i
higher frequency region which | dominsted by bierband
iranslnons celated Wt CusO and B0 tands,” The
charpe-transfer gap being cloarly visible in nonsuperconduct-
by compounds a8 1.7 eV weakens with |nereaalign degplng
und vanishes g5 the Drugde response develops in the metallic
slale of te cuprates, The afb-plane anlsobropy of e pedk
around 3.8 oV in €y indicaies that i origin is doe W0 inker-
biiid s ltlona lavolving the B0 bands, which shosw typle
cal afb anisolropy due 10 the superlaiice distontions In the
B3 layers,""™ The cabor transitions o energles between
2.8 und 5 ¢V hardly show any anisetropy effects and hove 1o
be ralated w die Cu-0 and posablsly tie BidCh luywn, Fows
&ver, i s aquite remarkable thad Kelly of al. have foww man-
althona o1 4 wnd 8 oV in Culy, Cruly, ':lu!l'li.l':'"':uh
and BaCuy, which do not comtaln BiO planes.” 8 lmilay
transitions can be Found in YBaCuyOy. "4 Linear muffin-
Ha erbitl (LMTO) locul-density approslmation (LDA) cal-
oulitions suggest in agredment with the experimantal find-
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