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Charge transport in the diffusive normal me(8IN)/insulators- and d-wave superconductor junctions is
studied in the presence of magnetic impurities in DN in the framework of the quasiclassical Usadel equations
with the generalized boundary conditions. The cases ahdd-wave superconducting electrodes are consid-
ered. The junction conductance is calculated as a function of a bias voltage for various parameters of the DN
metal, resistivity, Thouless energy, the magnetic impurity scattering rate, and the transparency of the insulating
barrier between DN and a superconductor. It is shown that the proximity effect is suppressed by magnetic
impurity scattering in DN for any value of the barrier transparency. In low-transpaneate junctions this
leads to the suppression of the normalized zero-bias conductance. In contrast to that, in high transparent
junctions zero-bias conductance is enhanced by magnetic impurity scattering. The physical origin of this effect
is discussed. For thd-wave junctions, the dependence on the misorientation amdietween the interface
normal and the crystal axis of a superconductor is studied. The zero-bias conductance peak is suppressed by the
magnetic impurity scattering only for low transparent junctions with 0. In other cases the conductance of
the d-wave junctions does not depend on the magnetic impurity scattering due to strong suppression of the
proximity effect by the midgap Andreev resonant states.
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[. INTRODUCTION by a set of transmission coefficients ranging from a ballistic
point contact to a tunnel junction. The boundary conditions
Presently, thanks to the nanofabrication technique, deeoincide with the KL conditions when a connector is diffu-
tailed experimental studies of the electron coherence in mesive or transmission coefficients are low, while the BTK
soscopic superconducting systems become possible, whelfeeory is reproduced in the ballistic regime. The extended
the Andreev reflection® plays an important role in the low VZK theory®”#* revealed a number of new features like a
energy transport. In diffusive normal metal/superconductotJ-shaped gap like structure and a crossover from a zero bias
(DN/S) junctions, the phase coherence between incomingonductance peakZBCP) to a zero bias conductance dip
electrons and Andreev reflected holes persists in DN at &BCD). These phenomena are relevant for the actual junc-
mesoscopic length scale and results in strong interferendéons in which the barrier transparency is not necessarily
effects on the probability of Andreev reflectién. small. However, the influence of the magnetic impurity scat-
One of the remarkable experimental manifestations of théering in DN on the charge transport was not studied in this
coherent Andreev reflection is the zero bias conductanceegime.
peak (ZBCP) in DN/S junctions>™® The physics of ZBCP The generalized VZK theory was recently applied also to
was extensively studied theoretically using scattering matrixunconventional superconducting junctidig? The forma-
approach21 and the quasiclassical Green’s function tion of the midgap Andreev resonant staf®4ARS) at the
technique225-3%\plkov, Zaitsev, and KlapwijkVZK)22ex- interface of unconventional superconductérélis naturally
plained the origin of the ZBCP in DN/S junctions in the taken into account in this approath?4 it was demonstrated
framework of the quasiclassical theory by solving the Usadethat the formation of MARS in DNd-wave superconductor
equation$® with the Kupriyanov and LukicheKL) bound-  (DN/d) junctions strongly competes with the proximity ef-
ary condition for the Keldysh-Nambu Green’s functidn. fect. Remarkable recent advances in experiments on tunnel-
According to the VZK theory the ZBCP is due to the en-ing in high T cuprate®’ stimulate an interest to the problem
hancement of the pair amplitude in DN by the proximity of an influence of the magnetic impurity scattering on a
effect. The influence of the magnetic impurity scattering oncharge transport in DNY junctions.
the bias voltage dependent conductance was also studied In the present paper the generalized VZK theory is ap-
within this approaci227:3% plied to the study of an influence of the magnetic impurity
Recently the VZK theory fos-wave superconductors was scattering in the DN on the conductance in DN/S where S is
extended by Tanakat al3” using more general boundary eithers- or d-wave superconductor. The parameters of the
conditions provided by the circuit theory of NazafSvThese  problem are the height of the insulating barrier at the DN/S
boundary conditions treat an interface as an arbitrary connednterface, the resistand®,, the magnetic impurity scattering
tor between diffusive metals. The connector is characterizedate y, the Thouless energl¢, in DN and the anglex be-
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tween the normal to the interface and the crystal axis of Constriction area

d-wave superconductors. We shall focus on the dependence k j

of the normalized conductanee;(eV)=ogeV)/oy(eV), on DN isolropic S
the bias voltage/, whereog,(eV) are the conductances in zone

the superconductlngmrma) state. The organization of the diffusive diffusive | ballistic pallistic ballistic
paper is as follows. In Sec. Il the detailed derivation of the

expression for the normalized conductance is provided. In [ \
Sec. lll the results of calculations ef(eV) are presented for

s- andd-wave junctions separately and physical explanation
of the results is given. In Sec. IV the summary of the ob-
tained results and the conclusions are presented. In this paper ] ) o
we restrict ourselves to zero temperature andkgefi=1. In We apply the quasiclassical Keldysh formalism in the fol-
general the zero bias conductan@BC), by definition, is  0wing calculation of the conductance. The definitions of
studied in the theory and in the experiment at-e¥. Thus, 4X4 Green’s functions in DN and $;(x) and G,(x), and

the ZBC defined in a standard way actually depends on tennther notations can be found in Refs. 37 and 44. The new
perature and has certain limit @t 0. On the other hand, we feature in the present model is the spin-scattering term in the
calculate ZBC in another way, we first SBt0, then calcu-  static Usadel equatidhfor G,(x) in DN,

late the differential resistance at e¥0. We are sure that the
limits T— 0, eV—0 are commutable for the differential re-

sistance. Di<él(x)
X
Il. FORMULATION

FIG. 1. Schematic illustration of the model.

ﬁél(x)
oX

) +i[H-i26nGi0]=0, (D)

In this section we introduce the model and the formalismwhereD is the diffusion constant in DNH is given by
We consider a junction consisting of normal and supercon-

ducting reservoirs connected by a quasi-one-dimensional dif- 5 f. 0
fusive conductokDN) with a lengthL much larger than the H=( ° ],
mean free path. This structure was considered in Refs. 37 0 H,

and 44, while in the present paper the scattering on magnetic

impurities in DN is taken into account. Similar to Ref. 37 \yith {,= €5, and

and 44, we assume that the interface between the DN con-

ductor and the S electrode &L has a resistanck, while . .

the DN/N interface ak=0 has zero resistance and we apply 2 spin= Z”TgGl(x)”rg
the generalized boundary conditions of Ref. 36 to treat the 2
interface between DN and S.

We model the insulating barrier between DN and S by thdS the self-energy for magnetic impurity scattering with the
delta functionU(x)=H&(x—L), which provides the transpar- scattering ratey in DN. Note that magnetic impurities ta_ke
ency of the junctionT,=4 co@ ¢/(4 cog ¢+7?), where random alignments and we average them in all directions,
Z=2H/vg is a dimensionless constang, is the injection  thus Gy(x) in our calculation is a unit matrix in the spin
angle measured from the interface normal to the junctionspace. The Nazarov's generalized boundary condition for
anduvg is Fermi velocity. The interface resistan@gis given  G,(x) at the DN/S interface has the same form as the one

by without magnetic impurity scatteringee Refs. 37 and 44
2 In the actual calculation it is convenient to use the stan-
Ro=Ro iz dard #-parametrization wheré(x) is a measure of the prox-
f d¢T,, cos¢ imity effect in DN and is determined by the following equa-
~7/2 tion:

where Ry is Sharvin resistanc®;'=e?k2S,/472, kg is the 2

Fermi wave vector an_Sc is the constriction are@see Fig. L D—56(x) + 2i{e+iycod o(x)]}sin A(x)] = 0. 2)
Note that the are& is in general not equal to the cross- ox

section ared&s; of the normal conductor, therefoi®/S; is

independent parameter of our theory. This allows to varyOne can see that introduction of magnetic impurity scattering
Rq4/R, independently ofT,, In real physical situation, the 7y leads to modification of the effective coherence length in
assumptiorS, < S, means that only a part of the actual flat DN. In particular, switching ory makes functiorg(x) expo-
DN/S interface(having are&s,) is conducting, no matter is it nentially decaying at zero energy, wh#éx) at y=0 behaves

a single conducting region or a series of such regions. Thedmearly in DN. It will be shown below that these modifica-
conducting regions are not constrictions in a standardions result in suppression @fin DN, as expected due to the
sense—we do not assume the narrowing of the total croszair-breaking nature of magnetic scattering, which in turn
section, but rather that only the part of the cross section igeads to corresponding modifications of the subgap conduc-
conducting. tance.
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Finally, we obtain the following result for the electric cur- | ThAL+22-THA,
rent: 07 2|2 =T, + To(g cosd + f sin 6|’
1(” f
|e| = éf dE Rb Rd LtO dx (3)
° . A1 =(1+[cos > +[sin 6 *)(|gf* +[f[*+ 1)

(Il L Jo costf (%) \ ,
+4 Imadfg )Imagcosé, siné,), (5)
with

fio = 3{tant (e + eV)/(2T)] - tanH (e — eV)/(2T)]}.

Then the total differential resistan&&for s-wave junction at
zero temperature is given by

A, =Realg(cosh, +cosf,) + f(sind_+sing))], (6)

g=elVe?— A2 f=AINA?-¢2,

L
d
R= o, Ry J _dx @
(o) L Jy costt 6,n(x) N o
For ad-wave junction, the functiom,, is given by the fol-
with lowing expression:
|
I = S
07 2 (2 -T)(1+g,g +f,f_) + T [cosbL (g, +g-) + sin 6, (f, +f)]]2

Co=Tn(1 +[cosd |* +[sin 6, 2)(|g. + g-|* +|f, + f_ [P+ [1+f.f_+ 0,9 [P +|f.g- - g.f ) +2(2-T)
xReal(1 +g,g. + f,f-)[(cosd, +cos,)(g, +g-) + (sin G +sing)(f. + )]}
+ 4T, Imag(cosé, sin 6)Imad (f, + f_)(g, +g_)],

g.=e/\e?=A2, f,=A,/VA2-¢? andA,=A cos Ap+ a). In tively. The conductance in the superconducting stafeV)

the abovea, 6,,(X), and 6§, denote the angle between the is simply related t@R by ogeV)=1/R.

normal to the interface and the crystal axisdefvave super- It is important to note that in the present approach, ac-
conductors, the imaginary part @ix) and &(L_), respec- cording to the circuit theoryRy/R, can be varied indepen-

Z=3'R,/R,=1 E,/A=001
¥/A=0

Z=3 R/R =1 E,/A=1

7-3 '&/&;10 E,,,)A=1 Z=3 R,/R,=10 E,/A=001 FIG. 2. Normalized conductance fd=3.

y/IA=0
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1.1

T T T T T T
oL | z=1 RR =1 E,ia=1 . Z=1 R,/R =1 E,/A=001 |

1106 .
L y/IA=0 |

1.04

(N | 1.02

FIG. 3. Normalized conductance f@~=1.

"\ J 105 F

0
eV/A

dently of T, i.e., independently oZ, since one can change first focus on the relatively low transparent junctions with
the magnitude of the constriction ar&aindependently. In  Z=3 for variousy/A (Fig. 2). For Eyp/A=1 andRy/R,=1,
other words,Ry/R, is no longer proportional td,(L/I), the or(eV) curves have a rounded bottom shape and
whereT,, is the averaged transmissivity of the barrier and the height of the bottom value is reduced with an increase
is the mean free path in the diffusive region. Based on thish ¥/A. The height of the peak at eV=Atis reduced with
fact, we can choosBy/R, andZ as independent parameters. @n increase iny/A [see Fig. 2a)]. For Ery/A=1 and

In the following section, we will discuss the normalized Ra/Ro=10, theor(eV) curves also have a rounded bottom
conductancer(eV) =ag(eV)/an(eV) where oy(eV) is the  Structure which flattens with an increase yA. Also the

conductance in the normal state without magnetic impurityP€2K at V= is suppressed with the increase,0fA [see
given by oy(eV)=oy=1/(Ry+Ry) g P tyIp;ig. 2(b)]. For small Thouless energ¥#:,/A=0.01 and
N N ' R4/R,=1, the conductance has a prominent ZBCP with the

width given by Eq,. As seen from Fig. @), the magnetic
lll. RESULTS impurity scattering suppresses the peak height. With the in-
crease of the resistance ratiy/R,, the ZBCP transforms
into ZBCD, as shown in Fig. @). The magnitude of ZBCD
In this section, we focus on the bias voltage dependentlecreases with the increase ofA, and the height of the
normalized conductancer(eV) for various situations. Let us peaks around e\ ~ 0.04 is also reducefgee Fig. 2d)]. As

A. Tunneling conductance fors-wave junctions

1.3

T T y T T T v
Z=0 R,/R,=1 E,/A=1 Z=0 R,/R =1 E,/A=00L_

y/IA=0

. 1 . . 1 .
-0.1 0 0.1 0.2

— FIG. 4. Normalized conductance for high
Z=0 R,/R,=10 E,/A=001 ] transparent junctions witd=0.
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0.2 .-}.l ________________________ 0.4 R 7/A=0
= ' wl .
= 0 F 03T
< [ | 02l
\&; 0 co.d o1t
I -] | Z=3 R/R=10 E,/A=1
Z=3 R/R=1 E,/A=1 or RIB=0 B
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seen from these figures, the characteristic energy range of peaks around e\~ 0.04 are suppressed while the magni-
which modifies the magnitude ef(eV), is determined by tude ofo(0) does not depend o, similar to the cas&=3
Erp,, in agreement with the previous study based on the Ki[see Fig. &)]. The relevant scale of is again given by the
boundary condition&’ magnitude ofEqy,

In the case of an intermediate barrier strength1 For the fully transparent case wi=0 (Fig. 4), or(eV)
(Fig. 3 the magnitude obrr(eV) always exceeds unity. The also always exceeds unity. The line shapesr¢feV) with
resulting line shapes ofr(eV) for Ef/A=1 are quite Er,/A=1 are similar to the corresponding curves 3
similar to the corresponding curves far 3 [see Figs. @) and Z=1 [see Figs. &) and 4b)]. For Ey,/A=1 and
and 3b)]. For Er/A=1 and Ry/R,=1, the zero-bias Ra/Ry=1, the magnitude ob(0) is enhanced byy/A in
valueo(0) is independent of/A [see Fig. 8)], in contrast ~ contrast to the corresponding cases shown in Figs. &nd
to the corresponding case shown in Figa)2 Another  3(a) [see Fig. 49)]. For Ey,/A=0.01 andRy/R,=1, o(eV)
important difference from the case of larg@efactor is the has a ZBCD. The magnitude @f(0) is enhanced byy/A
absence of ZBCP for low Thouless energy. It is seen that foand the depth of the ZBCD decreases with the increase of
E,/A=0.01 a ZBCD occurs in both casesRf/R,=1 and /A [see Fig. 4c)]. On the other hand, fd€,/A=0.01 and
Ry/R,=10. This conductance dip and the finite voltage peak®;/R,=10, the magnitude of-(0) does not depend oty
are fully suppressed with the increaseyfA for Ry/R,=1  while the finite bias peaks are suppressed similar to the cases
[see Fig. &)]. On the other hand, foRy/R,=10 only the of Z=3 andZ=1 [see Fig. 4d)].

\Z=3 R,/R,=10 E,/A=001]
\\\ }//A:O 4

Z=3 R,/R,=1 E,/A=001 o (¢) X
R 1 . 1 0. -
0 0.1 02 0 0.1 02 FIG. 6. Real(upper panelsand imaginary
0.15 T 02 . T X lower panel art of ¢ for Z=3 and
[(b)  Z=3 R,/R,=1 E,/A=001] Z=3 R,/R,=10 E,/A=001 (lower_ panels p -
" 1 P E,/A=0.01.
~ ] /A=0 ’
Roatf ¥/A=0 ] (@) 4 e
| 1 0.01 T
@ o1 A _
= 001 TN T
005 ., TR ] s
£ L /- .~0.05
3 0.0 e g e
r e ] ,,,"
00 . 1 0 4 1 .
0.1 02 Yy 0.1 0.2
g/A £[A
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0 0.5
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In order to understand the above wide variety of lineand imaginary part of_ are reduced with the increase of
shapes and their relation to the proximity effect, we shally/A only around zero energy in the interval of the order of
discuss the behavior of functiofy which is the measure of Emp.
the proximity effect at the DN/S interface and determines the Next we consider the case 8f0 with Er,/A=1 (Fig. 7)
normalized local density of states by Re @s). At =0, 4, ~ andEr,/A=0.01(Fig. 8 where the same values ¢f A are
is always a real number even for nonzeroFirst, we study chosen as in Fig. 4. The line shapes of both(fRe and
the case oZ=3 andEq,/A=1 (Fig. 5 where the same val- Im(6,) are similar to those in Figs. 5 and 6. There is no clear
ues ofy/A andRy/R, are chosen as in Fig. 2. The real part qualitative difference between the energy dependencies of
of 6. has a step-function-like structure and it is always posi-Reallmag](6,) for Z=0 and those foZ=3. For all cases, the
tive for e<A and negative otherwise. The absolute value ofmagnitude off,_ is reduced with the increase gfand then
the real part ofg, decreases with an increasejnA. At the  the proximity effect is suppressed by the magnetic impurity
same time, the imaginary part 6f has a coherent peak, the scattering within the energy range determineddgy. In al-
height of which is reduced with an increaseyhA. For the  most all cases, the magnitude @f(eV) is reduced with the
case ofZ=3 andE;,/A=0.01(Fig. 6) where the same values decrease of, . Only for the high transparent case with not so
of v/ A are chosen as in Fig. 2, the real partdphas a ZBCP large Ry/R,, the decrease of the magnitude @f, i.e., the
with the width given byEy,. The imaginary part o) has  reduction of the proximity effect, can enhance the magnitude
a ZBCD for Ry/R,=1. Both the amplitudes of the real of o1(eV).

0.3

0.5 — T T T 1

Z=0 R,/R,=1' E,/A=001

[(¢) Z=0 R/R=10 E,/A=00L |
0 002 004 006 008 01 FIG. 8. Real(upper panelsand imaginary

01 T 71— (lower panel parts of §_ for high transparent
:(d) Z=0 R,/R=10 Em/A=001: junctions withZ=0 andEs,/A=0.01.

0.1 yY/A=0 s

P

.
.- j
- .
- e

0.05 - — ]

4 005 Jle P ]

002 H/f i A "0l 1

/' Z=0 R/R=1 E,/A=001| | £ 1

% 00z 005 006 008 01 % 002 001 006 008 01
£7A &[A
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N\ .Z=0 R/R=10 E,/A=001

DY
\

\ e TR | FN \~~.\_

\ s . e,

\ e Fy N e ]
B D
.
.

R =001 095 | s .
> - —0.02 i R
<
096 | - A
(a) 09 - 1
Z=0 R,/R=1 E,/A=001 | ()
0.94 . L . L
0 0.1 0.2
¢ T 0{1 T (_)'20,11 FIG. 9. Normalized resistance f&&=0 and
08 Z=0 R,/R,=1 E,/A=001 | Er,/A=0.01.
0.1
0.09
[ —v/A=0 1
05 | -----0.01 4
e ®
o.i 0.2 0‘080 0.1 0.2
eV /A eV/A

In the following, we explain the wide variety of the line Fig. 4(b). In order to understand the case ££0 and the
shapes ofo;(eV). We considerZ=0 and E;,/A=1 case, small magnitude oE,/A, we decompos® into R; andR,
where 6, has a weak energy dependence around zero volfollowing the previous work’ whereR; andR, are defined
age. For the fully transparent case with=1, i.e., Z=0, by
o(0) can be given by

R, = 1 f - dx
__1+RJRy 7L, cosk 6,(x)
710 = L1+ RyRy " i
and
with
Ry
R, = .
R pep— ® 2% Rl

1+sing
- Figure 9 shows thaR; has a minimum at a finite voltage

From this equation we find that the magnitudesg{0)  which can result in a ZBCD and th& has a maximum for
gets close to unity under the strong proximity effect, i.e.,high transparent junctions. For a large magnitud&RgfR,,
when the magnitude d®y/R, is large. As shown in Figs.(@  the effect ofR; is dominant, then the normalized conduc-
and 1b), the magnitude off_ at e=0 is lowered with an tance always has a ZBC[see Figs. &), 9(d), and 4d)].
increase iny/A for Ry/R,=1. Then, according to Eq$7)  Since R, has a maximum at zero voltad€ig. 9b)], the
and (8), the resultingo(eV) around eV~0 is slightly en-  resultingo(eV) has a ZBCD as shown in Fig(d.
hanced as shown in Fig(a. For Ry/R,=10, the magnitude Next we focus on the zero voltage resistaftdR, as a
of Ry/R, is much larger than the magnitude of(Ilf). Then  function of Ry/R,. For Z=3, R/R, has a reentrant behavior
the y dependence of(0) becomes negligible as shown in as a function ofRy/R, due to the so-called reflectionless

6

i T ! T T T T T
s Z=3 E,/A=01 eV/A=0 1 Z=0 Ep/A=0.1 eV/A=0
_(b) P
yIA=04
i 0.1 i FIG. 10. Normalized zero voltage resistance
as a function oRy/R,,
1 0.15
1L J1} 4
0 (a) X | X | 1 N | L 1
] 1 2 0 1 2
Rd /Rb Rd /Rb
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-Z=3 |ETh/A=IO.1 eV‘/A=0 T Z=10 Rd/Rb=1 ETh/A=001 a/7t=0.125
03 | P 27
o yI1A=0, 701 - ] _
~ 02 | | = ous|
S | 048 | S
0] ,"" 1k
X o1 | ,'_'-' 4
v ] 05 kL
0 . 1 . 1 -0.2
0 1 2 V/A
e
Rd /Rb

FIG. 13. Normalized conductance in d&wave junction for

FIG. 11. Real part ofg_ at zero energy as a function of
Z2=10, Ry/Ry=1, E1,/A=0.01, anda/ 7=0.125.

Ru/Ro.

therefore the influence of magnetic impurity scattering on
the o1 becomes less important. In the extreme cage,
=0.25m, the proximity effect is completely absent by the
symmetry of the pair potential anre is completely indepen-
dent of y.

tunneling effect® [see Fig. 108)]. With the increase ofy,
this effect is smeared since the magnitudé,ofs reduced as
shown in Fig. 11. In contrast, fa=0, whereR/R, increases
monotonically as a function dRy/R,, the y dependence of
R/R, is very weak{see Fig. 1(b)].

B. Tunneling conductance ford-wave junctions IV. CONCLUSIONS

Below we discuss the results of calculations for the We have performed a detailed theoretical study of the
d-wave case. Figure 12 shows the normalized conductanagnductance of diffusive normal metal/andd-wave super-
for Z=10, Ry/R,=1, E1;,/A=0.01, anda/ m=0 wherea de-  conductor junctions in the presence of magnetic impurities.
notes the misorientation angle between the normal to th&elow, the main results obtained in this paper are summa-
interface and the crystal axis dfwave superconductors. In rized.
this case, MARS are not formed at the interface of the (1) For thes-wave junctions, the proximity effect is sup-
d-wave superconductor. The origin of the ZBCP is due to thepressed by the magnetic impurity scattering within the en-
proximity effect in the DN region and the height of the ergy range determined by the Thouless energy in DN. In this
ZBCP is suppressed with increasingsimilar to the case of range both the real and imaginary parts of the proximity
the s-wave junctions. effect parameter, i.e., R@ ) and Im(6,) are reduced with the

With the increase of the magnitude afthe MARS are increase of the magnitude of for any transparency of the
formed at the interface. The MARS contribute to the chargensulating barrier.
transport across the junction and leads to the formation of the (2) The magnitude of the normalized bias voltage
ZBCP. As is seen in Fig. 13, the ZBCP does not depengt on dependent conductance(eV) in the low transparent
for Z=10, Ry/Ry=1, Ey,/A=0.01, anda/7=0.125. The swave junctions is suppressed by the magnetic impurity
similar result is obtained for different angte w=0.25. The  scattering. On the other hand, for high transpaentave
reason is that MARS reduce the proximity effect in DN, junctions,o(eV) can be enhanced by the magnetic impurity

scattering.

Z=10 R,/R,=1 E,/A=001 a/x=0 (3) In the d-wave junctions, the zero bias conductance
peak formed for low transparent barriers is suppressed by
the magnetic impurity scattering only fat~0. For other
misorientation angles the conductance is not sensitive to
the magnetic impurity scattering in a diffusive normal
metal.

In the present paper, we have discussed the case where
magnetic impurities are located in DN. These results can be
also applied to the situation when the junction is in a
weak magnetic fieldH. If the field direction is parallel to the

0.8 T T T

02,5 oI o ol 02 junction plane, the pair-breaking rate is given by
’ ' ' ’ y=€W?DH?/6, wherew is the transverse size of the DR.
eV/A Assuming w=10°m, D=102m?/s, A=10%eV, and

H=10“%-102T, we estimate the pair-breaking rate

FIG. 12. Normalized conductance in dwave junction for ~y/A=103~10. This range ofy corresponds to the param-
Z=10,Ry/R,=1, Eyp/A=0.01, anda/ 7=0. eters chosen in the present paper. The suppression of the

094506-8
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