CHAPTER IV

AFS,-AFS, SANDWICH
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where C;; c (C;:z ) is the creation operator for electron with momentum k and spin &
in the first (second) AFS. €x,(€1y) is the band energy of the conduction electron in the
Ist (2nd) AFS measured from the Fermi energy. Ha,( Hg,) is the staggered molecular of
the Ist (2nd) AFS which is taken to be temperature independent and Q1(Qy) is the wave
vector of 1st (2nd) AF ordering. V is the tunneling matrix element. The physical model

we consider is the same as by McMillan. We also take V to be
independent of k; and k. @ ces Gz is a Pauli matrix. A (A,) is
the BCS superconducting Orde; d) AFS which is defined by

K Cia 4C,, 1> (4.5)
here g; is the BCS coupling/cofsia af - nd acke > denotes the thermal average.

(4.6)
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Using the Heisenberg :_5;,3, ‘r tion for the creation and annihilation
operators with the p i—:fm?!‘ nd by letting i = 1, we get
idCyut g {ChT HAF 1 :
F‘WEJ’J VIEW]?“EJ']T]?
= EuCut - Alcgi Hoy Cia 40
ARIANN I 111’1'1'37]8'1@ EJ
(1d - €1, ) Cyy 1 +A1 -kh\r +HQ1Ck1+QlT— 0 (4.8.1)

dt

Proceeding in the same manmer for each operator we obtain the following equations :
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(id+6q) Chi + ACut + HQCyql = 0 (4.82)
dt
(id-8usqut)Chsant + BiCrgl + HQCut= 0O | (4.8.3)
dt
(id *+ 8yt Ciqe ~MN8AE Y 7 HQ Clui = O (4.8.4)
dt

By Fourier transforming finethe matrix elements of the Green ' s

function as

(10 -8, ) <T1Cy, HQI <T1Cyy +Q1 Tck; >

Il

[Ci +.Cha 1]

or
e (4.9.1)

Similarly from Egs. (4 ‘;i

w
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(i0p+ 6+ )G + A1Gyy + HQGn = 0 “4.94)

where ®, = (2o+1) T T and n is the integer, with T as temperature. Eq. (4.9) can

therefore be written in matrix form as
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1D,-Ey, A Hg, 0 116Gt Gz Gz Gus]
A i0+€,, 0 Hg, Ga1 Gy Gz Gy
= 1 (4.10)
Hq, 0 Gs3 Gy
0 Hg, Gy3 Gua
Assuming a ong ] ike half-filled band which satisfies the condition
€ = - Eiyequ »We Write BQ. ‘
[ i®3P0p - &k P303 0557+ P180] Gikdy) = 1 (411
or
Gy (k,®p) = 4 “ (4.12)

i@, - &, P303 “ Hg, pil

e o SHEANENENEN03

matrices acting on spin states and electron-hole
~RNINTIUNRNIINY1AY
In the same manner, we have a single particle Green ' s function for the 2nd
AFS as |
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G, k®,) = . 1 - (4.13)
[ i@, - §,P303 + A0, + Hg, pil

energy ( 2(i®,) ). By treating the tunnélifigé Hamiltonian in first-order self-consistent
‘of the electron in the 1st AFS film is

303 (4.14)
3\

20, = %3

ichuia zcond AFS, A is the contact area of the

In Eq.(4.14), _ \‘\ :
junction. The self-energy 25(i¢ ' 1.be \‘ ] from Eq. (4.14) by interchanging
labels 1 and 2. '

We make TE;:;-j —

G®,) = (4.15)
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Z(i®,) i the renormalizing function, P>i®,) and ﬁq(i(t)“) are renormalized order

parameter and staggered field, respectively.

We find the usual form for the matrix Green ' s function of Eq. (4.15)
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{ [(@Z7+ g2+ D2+ HQ?|[ i0,Z+E,050; - Do, - Hq p1]
+2@ ﬁQ [-i0,Z2p101 + §p,0, + Dp,; + ﬁch (e

[@,Z)2+ 82 + (Ho- DR 1[(@,22+ 82 + (Hgr DY ]

(4.16)
By inserting Eq. (4. 16)m Eq(4.
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= -Ady V2 3 { [i0,75¢ (= P10y P303+P,0,)+ Do(G 1P+ Hgu(P1-61)]

e(P303-0302)-Po(C+P)-Hg,(P1+01)] }
[(®yZ)? + g2 + (HQ2+(D
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We rep ace ). in doing the summationsaver the k N5(0) Id Bba 5
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surface. Eq. (4.17) gives

d AFS at the Fermi
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Z1(0,) = (-Ady V2N (0)T/2 ) [[0,Z,(1-p16 )+ Py(01-P+HH(P1-01)]
V (@ ZP + (FQ, @] |
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= (-AdyVINLO)TL/2) g§

0,7, [ (V@ “?" 3 n. (D »f’*s + 14 nl)? + (HQ2+(I)2)2 )]

7 ZAN

0@y Figy Yo J2.+ T By)2 \s:\ B YOV(@,Z,7 +F @2

(@, Z,P + (Hgyt P)?)]

+p1 (g @)V (@, ' D) Feyr PYN(@,Z,)2 +Figy- Do) §
' AT e i (4.18)
3 1¢ Green 's function as

3
h‘lﬁf’ﬂhsﬁ TWRENS

W’]‘a WA T Y

1(m),,) = i@y (1-Z;)+067( Ay-Dp+py (Hy,- HQ, (4.20)

From the Dyson's -.V

By comparing Eq. (4.20) to Eq. (4.18), we obtain the following equations



Zl(iﬂ)n =1+ [ FIZ2(i(Dn)/2 ] { 1
V (@ 4Z60 )P+ i+ D10 ]

3 1 }
VH©,Z (@) PHFQ 0, Pai0P]  (4.21.1)

(4.21.2)

o 730 - Ficyion @607

+ (Hguiop- (03 PO 7102+ HQu(i0p) D@ 1)) }
(4.21.3)

where ['; =A d, V2 NAOJ o T 5= A0 p Vo NgO) s

y 2

For the second AES.slab there is aset of equations identical to Egs.(4.17)+(4.21)

with the sub WWqujw g1N9
L2 DIDUHIADE B o one 7

simplify the notations, we define the order parameter in the ath (o =1,2) film to be

given by

Agli®y) = Pgli®y)/ Zyli®dy) (4.22)



45

and the pseudo-staggered molecular field as

Ko (i@ = Hoal®p) / Zali®y) (4.23)
Substitution of Egs. (4.22) and (4.23), iato Egs. (4.21) we have
{Ad, + [l" 4‘32!' d @{(D 2"'(Kﬁ’:(10)11)""Aﬁ(10)n))2])

2 E(0,)-ARIOD]) } |

AL p\.*

- (SR a 2 "‘,*»7". \
Agli®dy) = . / {4;
{1+ Tl “\%i? o
o \ ARGLOY])
A, OLAVE 30 ARE@P]) }

(4.24.1)

{HQa+[I“a/21{ Ko ARG ) / (V[ 0,2+ KRG -AB@])
N P+ KRUO-ABOD)]) 1}

Ko (i) = Y — ]
{1+1 L2101 (V[ 0,27 KBGO0 Ao 21

AUE NN IREIAT ™= )

(4.24.2)
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temperature formalism as
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®pg 2T
1 S
A = AdggaT 2 Ga Ko®o)
ko ®g

(4.25)

O\ ' ' 21
here Mp, is the Debye cuttoti, \«\ %lm (0=1,2), and G(kg,®p) 18
CrGe, cal besifoundufrom Eq. (4.16) as

the element 21 of the matrix* g ~ag

N 4 o2 h oo -(I)a+2(DaHQa2
PIEANNN |

21
GOL (ke ®n) = — EN
I =P "\ -
(@ ." , -.“-‘A\x Lo +Exol +HQo P’
= (-1/2) O e Y+ ka2+(ﬁQa-(Da)2]
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Substitution of Eq. (4.1@ into Eq. (4.25) yields U

AULANENTNYINS
- QAR SRR TTHIT "

- Hoor P/ [(@nZ)Exa® +HHoo Pa?!
(4.27)

Summation over k states yields the following equation



47

Ag = (AdggoTNGO®2) X { Ega-Po) Vi@wZaP+ Fga-Pa)’]

n

5 (ﬁQa"'(DaMO)nZa)z*‘(ﬁQa“'(Da)z] }

(4.28)
By substituting Egq. (4.21) into /
©pg/ 27T 7 | S
Ag = gD T 1 K (05 Dey(i00))7]
n
Dy K (0, A (O]}
s \ (4.29)
where Ag, = AdggeNe(0) i the BES cot ant in the Oith film (@ =1,2).
Using the BCS relatior
{T) = In{2y®p, LRT] = —nT E 1l @, n (4.30.1)
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and Q %mmuﬁq'}m E.I f] a E.I (4.30.2)

where Y = 1.781. For ®p, > Oy, , we have the identity
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«T) = D+ Inf@p,/0p,] | (4.31)

Near the transition temperature T,, Aq(i®,) is small, we do the following

approximations

=[(Dr12+(Ka(iq)n 3. A (i07) 21Dy )/] n2+(Ka(i0)n))2]]‘1/2

= L0 a1 Aqak \x O+ KaliO)P]  (432.1)
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Aa = QoD 2 Agli0g) ®,2 /[ 02+ K@ PPR (4.33)

n

By inserting Eq. (4.32) into Eq. (4.24), we find that
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[ A + AyiopI” 10,7 / [ @2+ (Ky(i0,))2]32 ]
A (o) = . (4.34.1)
[1+]/[o.2+ Ka(ioy))?]12

and
[A; + Ayio) (@2 /] O, (K, (i0,))2]372 |

A2 (0, = : (4.34.2)
BycliminatingAl (o ; » {from '\{" z )and(4342),weﬁnallyget

(At (4.36.1)

(}\Q)-l - ..-. ? | ' (4.36.2)
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qua\}ﬂimuﬂq’gﬂﬂﬁzgﬂ 4.37.1)
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here Ot =1,2:[3 = 1.3 and
\\ (h the help of Eq. (4.31), we have a

[t - Py - aDOHH £ ‘ (@p,/Op)] = RR,  (438)

(4.37.2)

By eliminating™A /£

quadratic equation for {7

The T, formula€an/be -v: m i‘ quad atic equation. It is valid for the

pild -
case when the effective coupling cons

e

both films are not equal to zero and it

includes the possibility o § for-the 1st and 2nd films. The T,

formula will be derive din th 1 = ; o
I
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