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Introduction




Josepnson junction and the Josepnson efject

A Josephson junction is a quantum mechanical
device, which is made of two superconducting
electrodes separated by a barrier (thin insulating

tunnel barrier, normal metal, semiconductor,
ferromagnet, etc.)

superconductor WV, = |V |exp(i0;)
tunnel barrier
superconductor V2 = [P2|exp(i0)

Phase difference: ¢ = 0, — 0,



Josephson junction and the Josephson effect

superconductor
cur;ent =———— tunnel barrier
superconductor

dc Josephson effect:  7(¢p) = I.sing (1) [<I. V=0

ac Josephson effect: Cfi—(’; = %V 2) I>1.,V>0

Obtained by B. Josephson in 1962

Josephson junction is a quantum dc voltage - to - frequency
converter

luV <« 483.59767 MHz



Types of Josephson junctions
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KCSJ - Model
RCSJ = "resistive-capacitive shunted junction”

The Josephson junction has a superconducting, capacitance and resistance
properties. Therefore its an equivalent scheme has a following form

If . . {j‘,’r l]
logp = E_fluahlpaltldef Lijsp = C 7 —displacement
dt

Is = I, sin p—supercomducting 1.

dV , V _
+ I.singp + — Summation of current
dt R

I=<=C




KCDSJ - Moael

Using AC Josephson relation and summation of current we can write the system
of equations in normalized units to describe the electromagnetic properties of the
Josephson junction

(O
% _
) ot
dV _ Oy
L = | — sin @ — BE
. . . . hwy
Here V is Voltage and its normalized to V) = 5 :
e

wp = 1/ Zgéc Josephson plasma frequency

,_ L [ F
"7 R\ 2el.C

dissipation parameter

Current I is normalized to the citical current I,



CVC and phase dynamic
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The influence of external radiation and the Shapiro step

current
1

f ( Jy
(%—V

electromagnetic ¢

radiation dVv T i @ .

\ E_I sin @ ﬁ@t + Asinwt

o0
% :

I =1 (_I)HJH(W) sin[@o + %Vot—2nnflt]

n=0
A 1
AT =2|J,(f)], f=



Shapiro step on CVC
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Shapiro step at nonequilibrium conditions

] P PN

Generalized Josephson relation

j=/" Layered system of N+1 superconducting
layers forms a stack of Josephson junctions.

doe (£)

L) = 2 (Vi) + @i(8) — @11 ()

The total current density through each S-layer is given as a sum of displacement,
superconducting, quasiparticle and diffusion terms:

d 'V} h W, — ¥y
Jp=C + J.8in ¢ + 21—+ .
o _ d+ £ e ” R '
kinetic equations for W,
I AmTre, — e I
ar — ——ar et — I ) —
EI d.s £ £ 1 Tan

Yu. M. Shukrinovi, M. Nashaat1,K.V.Kulikovi,R.Dawood1,H.EISamman and Th. M. El Sherbini., EPL, 115 (2016)
20003



In the normalized form the system of equations are:

D = [I — sinceg; — B + AsinwT™ + Ippise

—+ wl e wl—l.‘ :

&1 = vy —a(vz — (L +~v)vy) + it ; 1;3’()?
&1 = (1 +20)v; —a(vj—1 +vp41) + ol _ﬁwl—l .
SN = vy —a(vn-1— (1 +y)vyn) + N —31.«"/'.'\-'—1 .
Coto = no (I — Bgoa + Y1 — Yo) — Yo,
CIL"T—’I = '??I(.3[¢1—1,£ — Q'-‘:'-'I,I-:-l:l + W11 + Uiy — 2¥U) — WU,
vy = n(—T + B@&n—1.n +UNn—1 — UN) — UN.
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Results




In the normalized form the system of equations are:

U = [I —sing; — B + AsinwT + Ihpise

dissipation parameter
-+ P — 'Ul_l:l 3

= zﬁ;}}

. — -

Sarti o B = o1 —a(vs — (1 +7)vy) + L2 Y0
quasiparticle relaxation time -
G = (1 + 2a)v; — a(vi—1 + vpe1) + 21 3/1_1 .
T~ = (1 NN
o PN = vN —oax(vn—1— (1 +7)vn) + e _,;“-\ —1
plasma frequency oty == T — P 05 —e) — e

v Gt = m(BlYi—11 — Pras1] + P11 + Prp1 — 221) — Y,
. ' — L=
wp =/ FES ,
' YN = n(—1 + BéN—1,N +Y¥YN—_1 — ¥N) — YN,
coupling parameter
o = eeo/2e2N(0)d i charge imbalance potential
| T,
eloloe o = 1P JIP- _ JaF
nonequilibrium parameter "7 2e2N(0) (T )
AT T T Tap . q- ..
i § nonperiodic boundary conditions
dl 7
normalized quasiparticle relaxation time — = ‘}E = ‘j;
¥ o L.
=

effect of external radiation

Q= WpTyp Asin ot



Slope and shift of shapiro step
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Shapiro step features at nonequilibrium conditions
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Nonequilibrium potential in the system of coupled Josephson
Jjunction CJJ
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conclusion

» Studying J.J effect and how to caculate I-V dynamic of the
system of Josephson effect s.

* Studying the Charge imbalance on a stack of Josephson
junctions and on Shapiro step

* New feature appears in I-V characteristics (Jumps) due to take
on account AC.
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Aim
In this paper we investigate the effect of coupling between
the superconducting current and magnetization in the

superconductor/ferromagnet/superconductor Josephson junction
under an applied circularly polarized magnetic field



SFS under Magnetic field

Spin wave Excitation

%, >

(H,.cos oot, H, sin ot, 0)

SFS Josephson junction under
circularly polarized magnetic field
in xy-plane with amplitude H_,
and frequency w.

SC

Phase Coupling through
Dynamics gauge-invariant of phase FM

Magnetization
Dynamics




Extended RCSJ Model:

The gauge-invariant phase difference is given by!:

%’ >

(H,ccos ot, H ,.sin ot, 0)

Oly2t) =6(t) - oDy 4 L

© : gauege invariant phase difference

h :
o= - - Magnetic flux quantum

The RCSJ equation reads

1/1.0 : electric current

. . (4m’ dMz(t)Ly\ . An’dMy(t)Lz
¢,” sinb sm( b )sm( >, )
16 * d? L, L, M,()M(t)

/10 =

¢, dOb(y.z1) n $, a*0(y,zt)
2mRI°  dt 2ml’  dt?

sinf(t) sin(1r ZAQ) ) sin(n ¢y (0 )

1/1.°= 7 by (r)(b" 7 4z (D b
( ) ( )
b, b,
dB(T) dze(r)

+ B,

=t w,:Normalized time

w.=2m 1 % R/d, :Characteristics frequency
B. :McCumber (fixed parameter)

C :Junction Capacitor

M :Magentization



Extended RCSJ Model:

Landau-Lifshitz-Gilbert (LLG) equation

(1+cx2)——-(vM X H, + ﬁ IM x(M x H,)])

H, : effective field
Yy :gyromagnetic ratio (fixed)
a : Gilbert damping (fixed)
The effective field is calculated from I
d'

oo 1 OF
©T 0w OM

(H;.cos ot, H ;. sin ot, 0)

E=FEs+ Eypm+ Eae.

]

Es = Ej[l - COS(H(y: z:t))]
— Eﬁ«f - _HoMz
Eoc = —vMyzHgye coswt — vMyHge sinwt




In dimensionless Form:

m:ﬂ Normalized magnetization
|M|
h _He Normalized effective
€ Ho magnetic field
E. Normalized Josephson

-
&7y |M| H, Energy

BC—UJ RC McCumber
¢ (fixed parameter)
h _H_,_  Normalized polarized
ac¢ H_ magnetic field
0== Normalized external
W, Frequency

t=tw, Normalized Time

Characteristic
Frequency

w=2m | ° R/®,

_, Applied Uniform

0™ vy Field in Z direction

0 _9 Normalized internal
O Frequency

Iad

b. = 4m* L d|M| Phase difference
Sy d, In'Y direction

b. = 4n*L_d|M| Phase difference
Sz b, In Z direction




In dimensionless Form:

M H

m =

Be = we RC, hgo = =, Q=w/w,

JExact Numerical Scheme

dm QO
— = M(mxheJrcx[mx (mxhe)])
he = haccosQt €, + (hae sinQt + Ijjegcosf) &,
+ (L4 Ijiejcosf) e,

and

sin (¢sim;) { sin(clbsjm,‘;_)]
Iy, = —= 2 |cos(py;jm;) — ——L——=
Y mi(deimy) ($e5mi) (Psimi) y

where i=y, j=z and

5. J0:he=hu +ho
J 1:he =h,. + hy + hs

RCSJ with B.= 0 reads as

117 = sin (¢syme) sin (¢s2my) . o + 40
(Psymz)(dszmy ) dt

M|’ he= T, + € = STV

llinearized

t- == Twa w{- = Qﬂ-IER/(I)O H Hr_}: S]o/’}

 Am*Lyd| M|  4m*l,d| M|

wo/wca (.i’sy— s fﬁ'sz

P, ' P,

UlIn case of high-frequency magnetic

susceptibility the linearized LLG
gives

1 [ =77 cos(€2t) + Yo sin(§2¢)
my = -
A D
02
Y, = 20—
LT

, 02\ 7 0?2
D=(1-(1+c*= 102 —
( ( +Q)Qg) + C}:Qg

¢5.€s(1 — (1 — a?Q?/0F))
3D

A=1+

cos B

RCSJ with B.= 0 reads as

do(r)

10 = SBOs™My) gy
' sy dr



6\

Results




Devil’s staircases in the IV characteristics of superconductor/ferromagnet/superconductor
Josephson junctions

M. Nashaat,"* A. E. Botha,” and Yu. M. Shukrinov***”
' Department of Physics, Cairo University, Cairo, 12613, Egypt
’BLTP, JINR, Dubna, Moscow Region, 141980, Russia
3Department of Physics, University of South Africa, Science Campus, Private Bag X6, Florida Park 1710, South Africa
*Dubna State University, 141982 Dubna, Russian Federation

(a)
- 2.5F . -
—original - Q=Q,=05,0,~0,~4 /
+~my work | a=0.1,h_=1,£~0.2 j ¥
| ok Ersiacs S~
i |Se§: ig i /
D 1 (Fig.3-c) ; ///
15 _' : //
/
> I | /
I ] . 1/
1 E -
N |§ee_in_ 7
B l(Fig.3-b)
I 1 05 1 with g,
b : = = = without g,
‘ s : f e o = !
O 1 11 | | l | 1 | | lll 1 | | l =N | | ] I 1 | | | l | 1 | | l | |
0 1 2 3 4 g 05 1 1532 25 3




2.5

Devil’s staircases in the IV characteristics of superconductor/ferromagnet/superconductor
Josephson junctions

M. Nashaat,"* A. E. Botha,” and Yu. M. Shukrinov***”
' Department of Physics, Cairo University, Cairo, 12613, Egypt
’BLTP, JINR, Dubna, Moscow Region, 141980, Russia
3Department of Physics, University of South Africa, Science Campus, Private Bag X6, Florida Park 1710, South Africa
*Dubna State University, 141982 Dubna, Russian Federation

y s v i (Jpsz: q)syz 4’Q=Q()= Qr= 0.5 / / /
—original i a=0.1, h =1, £=0.2 A=0 A=03 A=l
“==my work 2F |
15¢
- |
1 -
0.5F
' oL RN EE TS A 1
0 1 2 3 4 0 1.5 2 25 3 35




conclusion

* | trained on new topic (superconductor)

| will trained on C++ and simulation methods
through this school

* | got a will knowledge about the the equation of SFS
* | validated a previous published paper



Aeknowledgments

* Academy Of Scientific Research & Technology,

Egypt.
 Joint Institute for Nuclear Research.

* Dr. Mohamed Aish and Dr. Wael Badawy.
Julia Rybachukand Elizabeth Budennaya.

* Prof. yuryshukrinov and Dr. I. Rakhmonov
K. Kulikov






