




































































































































































































































































































































































Conclus1on 

The superconduct1ng propert1es of w1th 

different n were stud1ed. The an1sotropy of coherence length 

shows very strong two-d1mens1onal nature and suggests that the 

superconductiv1ty appears 1n each plane separately. The 
2 

coherence length 1n ab plane 1s about 3..5nm , and that along c-

axis 1s O.13nm for n=2 and O.18nm for n=4. Qua11tatively , the 

variation of coherence length along e 1s explained by the 

variat10n of the d1stance between blocklng layers , but for the 

quantitat1ve explanat1on , 1t 1s necessary to take 1nto account 

the inhomogeneous carr1er-d1stribut1on .. The observed super-

conductivity for n=7 system 1s also expla1ned by the same 

considerat1on. The strong two-d1mens1onal nature 1n this system 

is attributed to the effect of the B1nOn/SrnOn blocking layer and 

non-un1form d1str1but1on of the carr1ers .. 
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Chapter 5-3: 

Charge Distribution Based on the Calculation of Madelung Energy 

and the Superconductivity in 

Abstract 

The properties of may be strongly related 

to the distribution of carrier holes in the system. 1 have 

calculated the Madelung energies of this system based on the 

ionic model , and determined the carrier distribution to make the 

energies smallest. The calculated result shows that 

carriers in the system exist only in the CuOn planes nearest to 2 

the BinOn layer. The inhomogeneous distribution of carrier 

agrees with the behavior of coherence length observed in the 

thin-film crystals in my experiment. 
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Introduction 

The observed superconducting behavior in BinSrnCa_ 1CU_O 

thin film crystals showed the strong tvvo-dimensional nature of 

this system , and 1 concluded that the two-dimensional nature 

should be attributed to the inhomogeneous carrier distribution. 

In order to support this consideration , charge distribution has 

been calculated for .Cu . with different n. From 

the standpoint that these oxides are essentially ionic crystals , 

1 considered that the determining factor of charge distribution 

in this system was Madelung The distribution was 

determined to make the energy minimum has good agreement with my 

speculation. 
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Conclusion 

The charge distribution in BinSrnCa_ 1CU_On_. A was estimated 

from potential. The simple calculation shows that 

the hole carrier of this system is injected to the Cu0
2 
plane 

and not to SrO or BiO plane. 1n the system with larger n , a 

large amount of the holes exists at the oxygen site in the most 

outer Cu0
2 

plane , which is the plane nearest to the Bi
2
0
2 
layer. 

The non-uniform distribution of the carrier is consistent with 

the two-dimensional superconductivity of this system. 
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Chapter 6 

Summary and Future 
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Thin fi1ms of cuprate superconductors and the re1ated 

materia1s have been grown using the ab1ation phenomenon induced 

by ArF 1aser Furthermore , the crysta1 structure of 

the fi1m has been art1f1c1a11y constructed by the 1ayer-by-1ayer 

successive depos1t10n. The growth mechan1sm of 1ayer-by-1ayer 

format10n and the propert1es of the f11ms has been a1so 

investigated. The resu1ts and the cons1derat10ns are summarized 

as fo11ows. 

In order to 1nvest1gate the process of the f11m formation , 

the species generated from the ox1de and meta1 targets by 1aser 

ab1ation were 1nvest1gated by mass and em1ss10n spectroscopies. 

By the 1aser irrad1at10n , the so11d surface 1s decomposed into 

atoms and ions. C1usters or mo1ecu1es are not produced. The 

species have h1gh k1net1c energy , and a part of them is in 

e1ectron1ca11y exc1ted state. The excess energy of the excited 

species may be effect1ve for the 1mprovement of crystal11nity of 

the fi1ms. Compared w1th other methods , "laser ab1ation method" 

has an advantage wh1ch 1s that chem1ca1 compos1tion of a fi1m is 

a1most same w1th that of a target , so th1s method 1s very 

suitab1e for the f11m format10n 1nc1ud1ng many e1ements. 

In next step , the structure of fi1m was 

art1f1c1a11y constructed by 1ayer-by-1ayer success1ve deposition 

method accord1ng to the gu1d1ng pr1nc1p1e wh1ch 1s that the 

structure can be constructed by the 1nsert10n of b1ock1ng 1ayers 

into the parent structure of (Ca , Sr)CuO n . Thin fi1m of this 2. 

materia1 is grown w1th two-d1mens10na1 1ayer-growth mechanism , 

and the structure 1s constructed accord1ng to the sequence of the 
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insufficient in this stage. The study of the earliest process in 

the ablation will be difficult , because the process is occur in 

very small area on the target surface and the time-scale is very 

short. However , the state of the ablated species should be 

studied more closely. In addition , the ablated particles 

include many types of species , which are atom , ion , excited 

species and so on. Thus 1 want to sort out the ablated species 

by a perturbation such as electric field or magnetic field. If 

it is possible , the effect of the each classified species on the 

film formation can be studied. 
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the top layer 1s completed by further depos1t10n , the surface 

flatness is recovered , and the 1ntens1ty becomes strong again. 

This process 1s repeated dur1ng the f11m growth , so the 1ntensity 

oscillation can be observed 1n the layer-growth mode. However , 

the invers10n of the 1ntens1ty , where the weakest 1ntensity 1s 

given by the completed flat surface , 1s often observed , in 

practice. This behav10r cannot be expla1ned by the single-

scattering approx1mat1on. The calculat10n based on the mult1pleｭ

scattering approx1mat1on was performed to expla1n th1s behavior , 

but the development 1s 1nsuff1c1ent 1n this step. Here , 1 show 

only one example. Dobson et al reported that the dominant 

process of electron scatter1ng 1s mult1ple scattering by the step 

edge on the surface. They suggested that the oscillation of 

RHEED intens1ty 1s respons1ble for the var1at1on of the number of 

(6 ) 
step edges 
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