[Kumari, 2(1): Jan., 2013]

| JESRT

ISSN: 2277-9655

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY
Spin coulomb Drag EffectsIn Absence Of Spin-Flip Process
M. Kumari'?, J.N. Prasad?

"L 2Dept. Of Phsics, Ranchi University, Ranchi, India
smanjul23@yahoo.co.in

Abstract
Spin Coulomb Drag ( SCD) is now a well known pheeaon in the field of spintronics. In this paper have
discussed the SCD in absence of dpimprocess. From our theoreticahalysis we have shown that the -flip
process either its presence or absence does rot #ié phenomenon of SCD. Some suggestions teedtie SCL
effect, which is a cause for decay mechanism fortgmic devices are also discus:
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I ntroduction

Thefield of spintronics is related with the spin deg
of freedom of the electrons. It is aimed at propgs
designing and developing electronic devices
harness spin phenomena. Spintronics relies or
direction of an electron’s rotation to convey d
instead of electronic charges. Roughly speaking
electron can be viewed as a tiny ball that spike &
baseball. The difference is that a baseball cam at
any speed, but an electron can only spin at aine
speed -- either counterclockwise or ockwise.
Therefore, we can use one spin state to repn
'zero' and another to represent 'one.' Becausegie
electron can carry this information, this takes m
less time and much less energy. One of the impt
theories in this field is Spin Ceamb Drag (SCD). |
is well established [1, 2, 3 ] that the Coulo
interaction induces momentum transfer betweer
carrier population of “up” and “down” spins. Tt
results in a Spin Coulomb Drag effect within a &
two dimensional electron gas (2DE@yer. This i<
analogous to the conventional Charge Coulomb C
which occurs between spatially separated la

Theory

SCD manifests itself [4] when a current carried
active spin-down electrong  transfer momentur
through the Coulomb interaeoh to the passive si-
up electrons carrying no curref € 0). This proces
induces a gradient of electro chemical poten

which results in a “spin electric field” f . The
direct measure of SCD is the s-drag

transresistivity defined as:
Poz = llg_i' when ]a’ =0
1)
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In our earlier paper [5] we have discussed ¢
considering spirflip possibility and it is found the
the spin- flip process from electr-impurity
collisions does not effectively contribute
momentum transfer between thtwo spin channels.
But, the situation looks quite different for elext-
electron collisions. The collision of an -spin
electron with a dowrspin electron leads to
momentum transfer that is preferentially orier
against the relative velocity of thwo electrons and
is proportional to the latter [2].

Here we calculate the spidrag transresistivit
assuming weak electraglectron and electr«
impurity collision and ignoring the sy-flip process
altogether. If v, is the velocity of the centre
mass (m) of electron with spinc and N, is the
number of such electrons phenomenological equi

of motion can be written ¢
m*Ng V_.G) = —eN, E—oj + F—G(_; _T_NGVG
(2)

Here, E,is the electric field corresponding to sj
o electronso stands for upin where ag for spin-

1 . . .
down eIectrons.T— is the scattering rate i.e. rate

a
change of momentum ofesdtrons with spirs due to
electronimpurity scattering, in which electron dc
not flip its spin and is basically known as Dru
scattering rateﬁmT is the Coulomb force exerted
spin ¢ electrons by spirs electrons. The net for¢
exerted by spins of same orientation vanishes
virtue of Newton’s third law. So,
Fa’E = _FEU
3
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By Galilean invariace, this force can only depend
the relative velocity of the two components. Hemmc
the linear approximation, for weak Coulomb coupl
[1] we can write

FUE = _ym*Nc%(Vs - Vc_s)

(4)

Here n is the density of electrons with spinand n
=n; +ng is the total density of electrons,is the
spin-drag ccefficient. Putting the value offﬂ—,’
from equation (4) into equation (2) the equatior
motion takes the form

m*NGV—'G) = - eNo‘ E) _ym*Ncr;_E(Vc - V(_S)
_T_GNGVC
()

Applying Fourier transformation f(w) =
\/%f_xxf(x)e‘i‘“x dx which is generally a comple

valued functionto equation (5) with respect to tin
we have

—iwm*Nyvz(w) =
—eNy Eq () -ym"Ng~2 v, () + ym*Ne 22 v5()
~ - Nove(®) ()
Using the current density equation
Jo (W) = —engvg(o)
(7)

The above equation takes the form

B @)= (S5 + e T ¥ mee)Je (@)=
(v2)75 (@)
(8)

This is the expression for electric field.

The spin resistivity matrip,5 is defined as the -
efficient of proportionally between the electrield
and the current:

E; = Y5Ps5)5

9)

Comparing thisdefinition with equation (8) th
complete form for the resistivity matrix can
written as

(10)
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*

Here,y:"? is the spin coulomb drag resistivi
Discussion

The matrix is symmetric and the off diagonal tei
are negative. The minus sign can be y explained.
The transresistivity is induced in the-spin channel
by a current flowing in the dov-spin channel when
the upspin current is zero. Since a down spin cur
in the positive direction tends to drag along tip-
spin, a negative electric fabis needed to mainta
the zero value of the ugpin current. There is r
limit on the magnitude ob,5 . The only restriction i
that the Eigen values of the real part of the tiedtig
matrix should be positive to ensure the positiwify
the dissipation. Finally, the SCD appears in b
diagonal and offliagonal terms so the toi
contribution cancels to zero which satisfies equre
(3), if the drift velocities of up and down spinge
equal. We directly obtain:

m
Pos =~V
(11)
i.e. spindrag transresistivity p,; is directly
proportional to the spin-drag -@dficienty. Also the
transresistivity is seen to be independef the
density of either spins rather it is invers
proportional to the total spin density inclusivebafth
the spins. In Fig. 1p,5 (w = 0,T)| as a function of
the temperature, fon, = n; and in the density
range 1 <r, <7 is plotted. Where,r; is usual
electron gas parameter.
Figures: 1In Fig. 1|p,5(w = 0,T)| as a function of
the temperature, fon, = n; and in the density
range 1 <r, <7 is plotted. Where,r, is usual
electron gas parametefhe figure shows that, fc
metallic densities correspondent to; = 5and
temperatures of the order of -60 K (at which,
experiments on spin relaxation time using -
polarized currents have been performed), the
trans-resistivity is appreciable.
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FIG. 1: Temperature and density dependence of
|psz (0, T)| in a paramagnetic metal. (Courtesy:
Phys. Rev. B-62,4853(2000))

The figure shows that, for metallic densit
correspondent tg, > 5and temperatures of the orc
of 40-60 K (at which, experimenbn spin relaxatio
time using spirpolarized currents have be
performed), the spitrans-resistivity is appreciabl
[1].

In a recent study [6], spidrag transresistivit
pos (W; ng,nz) as a function of frequency have be
calculated for GaAs. This is illustrated in figuPe
which is a plot of spirag transresistivit
po5 (w; ng, ng) as a function of frequency for Ga
at T=0. It shows thap,; has a maximum whe
Fermi energy E is of the order ofhw which is
reasonable to expect a sizable damping effect al
SCD.This is in agreement with the fact that SCD
damping effect for spintronic systems

H/E o

FIG. 2 spin-drag transresistivity pyz (w; ng, nz) asa
function of frequency for GaAsat T=0 (Courtesy: Phys.
Rev. B-74, 121303(2006))

Weber et al [7] have experimentally observed
over a broad range of temperature and elec
density, the flow of spin polarization in a t
dimensional electronas is controlled by the rate
electron- electron (e) collision, Whereas in tr
description of charge transport the ecattering ma
be ignored, because the total momentum is conss
in this case. It has been shown that the SCD, di
its intrinsic mechanism for spipelarized currents, i
a source of power loss in spintronic devices. |
desirable thatp,; should be made as small
possible. From equation (11) we note that to re«
the transresistivity the density of conductic
electrons bould be made high. This can
accomplished in semiconductors by high dog
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Conclusions

From our theoretical analysis it is seen that thie-

flip process whether it is present or not does

affect the phenomenon of SCD. Since the SCI
known asa cause for decay mechanism for -

polarized currents, it is known as a source for gr
loss in a spintronic device. It reduces the ¢
diffusion constant in comparison to the conventic
density diffusion constant. In this way it enlargke

time duing which a spin packet can be controlled
noticeable reduction in the spdiffusion constant
was measured [7] and found to be in agreement

the SCD reduction calculated for a two dimensic
electron gaslt is also shown [8] that even wh

other forms of damping, such as disorder ¢
phonons are drastically reduced by careful sele:
of the system characteristics, the dissipation ¢ed
by SCD cannot be avoided due to its intrinsic re
Recent years have seen an upsurge of reseal
Diluted Magnetic Semiconductor (DMS) materi
due to their application in spintronic devices [8]

number of such devices are under developn
Some researchers are working in this field ancty

to develop some suitable materials v
ferromagnetic propé&es [10,11]. Ferromagnet
semiconductors are major requirement

spintronics.  So, it is now a challenge to scie
community to find out the ways to suppress the ¢
effect so that the new generation device with |
memory and storage capacity cai built.
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