CHAPTER VI

DISCU SSIiN AND CONCLUSIONS

temperature of a bilavered AFS by
using the mean field evin, and Grest ( Nass, Levin, and
Grest,1981,1982 ) the tunneling model of McMillan

(McMillan,1968).

In our worky ¥ ade the assumption that an AFS consists of two

omagnetism. A superconductor can

be described by the BCS' tligoiy. and a

rromagnetism can be represented by the

staggered molecular field _The s mineling model based on tunneling model of the
proximity effect bs 9..:----«---— Easand e conducting metal films was
presented by McMillﬂ McMilla u ling model of the proximity effect

between superposed tvyo superconducting films was presented by Mahabir and Nagi

ot i AT s o i i

consistent pertirbation theory. We derive the T formula by usmg the one dimensional

WWWﬁ?@@W 6’1‘% iy %ﬁ’ﬁke Q~ 2kg so that

g = -GLQ forknear;kp

The critical temperature is given by Eq. (4.38), which demonstrates the
interplay of the tunneling effect and the staggered molecular field on superconductivity

in a variety of proximity junctions.
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Fig. 6.1 Critical temperature T, of AFS-N sandwich vs. I', for various value of | DY

) AFS-N results ;
+—+~"~) S-N results(McMillan results). The parameters used are 7»1 =0.246, O, = 16.78 meV,
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Hq/21T; = 0.05, Ty = 5.0 Dashed curves denote unstable T, .
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Fig 6.2 Critical temp;atuie T of AFS-N sandwich vs.I")(I'; = TAd,N,(0)
(

2.0

T¢1 ) for various value of V/T a1

) AFS-Nresults ; (— —. —. 9 S-N results(McMillan results). The parameters as in Fig. 6.1.



In order to obtain quantitative results we solved expression for T, on a

computer. We used an iteration procedure to find a solution. The Newton's iteration

method has been used in this wor

Iy,

For an AFS-N e T fo&'sbown as in Eq.(5.16). T, and T; are
the transition tempe!( : ‘ \‘m the first BCS superconductor,

respectively. Eq.(5.15]
the AFS layer, exist

of V2, It demonstrates th 1 of the squiare e]ing magnitude on T, of the 1st layer
at constant thickness of 2ndday€t‘.€" f:‘ 3 s function o 'dy/d; and d; is kept constant).

than 5 (we kept T;l t@ae , Eequal to 5. Our theory predicts a

depression of T, as I“,;I“ is increased and T, decreases monotonously not only when

L L, is mcr%%_la@; Vi) 1) 5 iabteiask | albo find that SN bilayer has

more value than AFS-N bilayerfat the samesparameter. Thé result indicates that
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In Fig.(6.2), we show calculated values of T, of an AFS-N proxii:nity sandwich
as a function of 1“{ (for various values of V/T)). F; is dimensionless parameter where
[’} = TAQ;N(0)T;, . In this case, we consider I'; as a function of . Fig (6.2) implies
that the profound effect of the thickness of the 2nd layer on T, of the system at the
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Fig. 6.3 Critical temperature T, of AFS-S sandwich vs. [, for various value of T 1 A —

(=== =) 8-S, results(Mohibir and Nagi result). The parameters used are Hq /21

Ay =0.171, Op, = 16.78 meV, Op,= 3221 meV,

Tgy = 5.0 . Dashed curves denote uns

10.0

—) AFS-S results ;
5] = 0.05, A, = 0.246,
table T, .
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Fig 6.4 Critical temperature T, of AFS-S sandwich vs. I' ,(F | = TTAdyN,(0) T, ) for various valye of V /Ty

(

) AFS-S results ; (——-—— ) §1-S; results(Mohibir and Nagi result). The pardmeters are as in Fig.6.3 .
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constant tunneling magnitude. We find that for I'| =0, the ratio T/T, ;1 of AFS-N is less

than 1 and the same ratio for the S-N equal to 1. The graph shows that the stagger
molecular field reduces the T, of AFS composite. When I'; >0, the ratio TJ/T¢ is

reduced by increasing the thickness of nd layer and tunneling magnitude.

For an AFS-S ¢ as in Eq.(3.20). In Fig. (6.3), we

show our calculated values ofdeasa function (for various values of I'1/I;). We
have also shown the re N \ -S2"bilayer (taking Hq/2TT; = 0 in
Eq.(5.17.5) ).We find 4fiat 4 T ‘ iony, T, of the AFS-S system is
considerably smaller : \\\ [',—0. the two curves are

ficant differences. T of an AFS-S

bilayer will be suppressed s BT and T hcrease. We note that the induced

In Fig (64 ;;.NM T, of an AFS-S proximity
V. ") ‘

sandwich as a function -li 1 1 this case, it showes the same

ol
I
maner as in AFS-N svstex? but it reduced more than AFS-N system.
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Fig. 6.5 Critical temperature T, of AFS-AFS, sandwich vs. I’ for various value of " /.
() Hgp/Hyy=0.5 resulls ; (=—+— - Hoy/H,=2.0 results. The parameters used are 7\.1 = 0.246,

Ay=0.171, @y, =16.78 meV,0p, = 32.21 meV, T;; = 5.0 . Dashed curves denote unstable L7
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Fig 6.6 Critical temperature T; of AFS,-AFstandwwh . I | (F 1= nAdzNz(O)l ¢1 ) for various value of V /T,
) Hqy/H,=0.5 results ; (—-—+—: =) Hqy/Hq,=2.0 results. The parameters are as in Fig, 6.5
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Finally, when A and Hog are finite and Hq//Hg, , two  AFS's are in
proximity, the T equation is still given by Eq.(5.20) with Py, Ry, A, By and K¢ as

defined by Eqs.(5.18.1), (5.18.2),(5.17.3),(5.17.4) and (5.21.3) respectively.

The dependence of T ! ';#%Fig.(tij) with some choices of 1—1/1_ 5

and the dependence of T s sh @.6) for various values of \/T;;. The
T——

comparison of the case ith o <H e.shown in Fig.(6.5) and (6.6) . It

may be noted that whe jereases, the two curves agree and

the T of the AFS;-AF!

Graphs in Figs.(§' , 63 \x 6) display unstable T.. This is
shown by the dashed lines. Astability ¢ § al \ from the consideration of the free

energy difference between mmal . states uperconducting state(Suzumura and

Nagi,1981). As long as this quaniisyhos 2 minimum at  A=0, and the expansion of this

eter is given. Wi jo the coefficient of A2 is
\ 7 A
positive, T, is stable aad ¥ of*»’_nh Our graphs were plotted

accordingly.
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2) The staggered molecular field has destroyed the superconducting order.

3) An induced staggered field exists when AFS is in contact with N or S, in the
other words, the S and N layers thus become a weakly AFS due to the proximity effect.

4) Both the induced AFS field and the tunneling phenomenon destroy the

'superconducting order.
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