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Magnettzation curves of Tl2Ba2CaCu20 8 crystal were measured in applied fields up to 8 Tesla At 
temperatures above 25 K we observe reversible magneuzatmn at h~gh magnenc fields Eqmhb'mm 
magnetlzanon value was derived from these data. The penetratmn length k and the bulk crmcai held 
Hcl were determined by fitting the theoretical curves to the reversible magnet~zatmn data The 
magnet~zatmn corresponding to the first maxunum ~s much b~gher than the calculated value ba~,ed on 
the measured equihbnum magnenzatmn at high fields. We conclude that gcomemca[ bmrter eltects 
change the magnenzatton curves drasucally 

The first crit;cal field P.:l and t,enetratmn length 
~, are ~mportant charaetenstms of high 
temperature superconductor" (HTSC) Due to the 
high amsotropy only single crystals and 
epltaxml films may be used tor accurate 
detmmmat~on ot these propemes 

The usual crmcal s/arc model den'~ed tor 
mhmte cyhnders or slabs [ l l  is mapphcable to 
plate-like single crystals or epltaxtal films m 
perpendicular field and a more detaded analysis is 
required [2-4] It was noted m Ref '51 that the 
first crmcal field value cannot be ,abtamed by 
estimating the magneUzation curve devmtton 
from the Imeanty and should be extracted rather 
as an lnmnsJc parameter of the whole curve 
especmlly m fields far from H c l 

The mvcsngatmns were camed out on 
TlBaCaCuO single crystals v,'ltl~ T c m the 
v:c:mty of  !Ill K. which were gro~,,n from the 
melt m oxygen flow In this stud} a c'yqal 
dmlensu)ns ot I I x0 7x0 07 mm 3 ,eas used X- 
ray study oI the crystals slmwed that they have 
a tetragonal symmetry w~th a=b=3,858 A, 
c=29 318 A All the mca-,urements ot the 
magneW'amm (M), as a funcuon ot held H or 
temperature W were t a m e d  out using the 
"Oxford" vibrating sample magnetometer 
(V~ 
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Fig I a) experimental magnetmmon curve M(H) 
at T=65K b) Calculated curve tot the elhpso~d 
with the same dimensions (Abnkosov case, 
Jc =0) c) Calculated curve tot bulk crmcal 
current (Bean model), d) Geomemcal bamer  

In Fig I we compale the experimental 
magnetvahon curve M(H),~t T---6SK wnh the 
ddterent models Abnkosov case (Jc =()) Bean 
model, and genmemcal ban let ~ ~th bulk pmmng 

In pelpeqdltular apphed illagnetK lleld 111,,. 
vortex penetramm ~s delayed s~gmllcan~l:, due to 
the present e nf potential barrier nt geometnaal 
ongm [61 In order m extract pcnettatmn tcugth 
and the thermodyn,um,_al |lrM el,Ileal t~cld ~e 
should anal}/e lhe re~elslblc parl ol 
Inagnetl/atlon loop'~ 
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F~g.2 Magngtizatmn curves of a high quahty TI- 
based crystal at various temperatures. Sohd I,nes 
present calculated curves. 

From the London theory, m the region 
HcI<H<Hc2 the reversible magnehzation IS 
approximated by 

-47zM=VO 0 ln(qHc2 IH)187tL 2 

were q=l and V is the volume of the sample V is 
calculated from the slope of the magnetlzatmn 
curve for H I I ab < H cl(ab) through the relation 
-4rtM=HV. This value ts m a good agreement 
with the dlmensmns of the sample Using 
Hcl=O01n(~0/4rtX2 and the parameters ~=70, 
ln(K~=4 25. and He2 -104(To-T) one obtains 

M= 1 2 10-6Hcllln(104(T c-T))-ln(H)] 

The bulk crmcal field Hcl was determined by 
fitting the theoret,cal curves to the reversible 
magnettzatmn data as shown m Fig 2 The 
resulting 
and 4. 
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H el(T) and k(T) are shown m Figs 3 
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Fig 3 Temperature dependence of the hrst 
crmcal held calculated using the measured 
eqmhbrmm magnet,zahon at high fields 
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Fig. 4. Temperature dependence of the penetratmn 
length ;L (T) calculated from H c 1 (T). 

Thermodynamm values of the bulk first critmal 
field of T12Ba2CaCu20 8 single crystals were 
obtained The measured first penetratmn field is 
s~gnificantly higher than Hcl values obtained 
from fitting of the entire reversible part of 
hysteresm curve Also the magnettzatmn at the 
first max,mum ~s substatmnly higher than the 
calculated value based on the measured 
equlhbrlum magnetization at high fields. These 
two effects are consistent with the presence of 
geomemcal barriers. These geometrical barrmrs 
have a slgmficant effect on the magnettzatmn 
curves We found that the vortices penetrate rote 
a rectangular sample at s~gnlhcantly higher 
magnetm helds as compared to an elhpsmd of 
same d~menslons Vortices move to the center 
of the sample and accumulate there if the field 
near the edge of the sample exceeds Hcl These 
conclusmns are m agreement w~th our prehmmary 
data of local field profiles measured usmg Hall- 
sensor arrays 
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