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ABSTRACT 
A brief review of Spin Coulomb Drag (SCD), which is a damping force for spin-dependent transport, has been 

presented in this paper. The work performed by different investigators in the field of spintronic regarding SCD has 

been presented in this review. The effect of SCD as power loss in spintronic devices and as a factor that affects spin-

optical excitations and contributes to the line width of spin plasmons has been discussed here.  Current research and 

the future prospects in this area are also discussed. 

 

KEYWORDS: Spintronics Spin Coulomb Drag, Transresistivity, Spin-Drag, Spin-Diffusion, Spin-Current 

 

 

 

INTRODUCTION 
 

Spin is an intrinsic property of an electron which is a 

quantum mechanical entity. An electron propagating 

through a solid carries spin angular momentum in 

addition to its mass and charge. Since each electron 

carries a fixed single value of charge (-e), the 

electrical current carried by a gas of electron is 

proportional to its total momentum. In contrast, the 

electron’s spin along a given special direction can 

take on two values: ±ħ/2 (conventionally ↑↓,   for the 

sake of simplicity spin is given a direction either up 

or down), so that the spin current and momentum 

need not be proportional. Although the transport of 

spin polarization is not protected by momentum 

conservation, Weber et al
1
 have experimentally 

observed that over a broad range of temperature and 

electron density,   the flow of spin polarization in a 

two dimensional electron gas is controlled by the rate 

of electron- electron (e-e) collision, Whereas in the 

description of charge transport the e-e scattering may 

be ignored, because the total momentum is conserved 

in this case. For the collision between electrons with 

opposite spin, the charge current is conserved while 

the spin current reverses its direction as shown in the 

Fig 1. D’Amico and G. Vignale have proposed 
2
 that 

the microscopic process shown in Fig 1 can change 

the nature of macroscopic spin transport. Before 

collision the spin current Jspin is positive; after, it is 

negative. The charge current, Jc does not change. 

 

  
Fig 1: A representation of e-e scattering 

(Courtesy: Nature Vol. 437/04206,2005) 

THEORY 

 

When electrons bump into one another, the mutual 

repulsion of their negative charge creates a drag on 

their spin current, which is a relative motion between 

individual electron spins, but this drag does not affect 

their charge current, which is the collective transport 

of all the electrons in motion. Electron- electron 
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collisions transfer momentum between the spin-up 

and the spin-down populations. This creates a force 

that damps their relative motion. This force is called 

Spin Coulomb Drag (SCD) 
2
. Thus SCD effectively 

introduces a friction between the up and down spins. 

 

The concept of SCD arises from the studies of the 

effect of up-down spin correlations on spin-polarized 

transport in 2D or a 3D electron gas. Due to Coulomb 

scattering, momentum is transferred between the spin 

populations, tending to equalize their average drift 

velocities. This process represents an actual drag 

exerted by the slower population on the faster and, in 

the absence of an external driving field leads to a 

decay of the spin current even in the absence of 

external or extrinsic impurities. SCD also limits the 

diffusion of a spin packet in a doped semiconductor 

adding to the conventional effect of impurity 

scattering. 

 

The ordinary Coulomb drag effect involves two 

distinct quasi-2D electron layers that are spatially 

separated by an insulating barrier. By contrast in 

SCD, we are dealing with a single layer in which the 

two carrier populations (distinguishable by different 

spins) share the same space and interact with the 

same impurities. It follows that the SCD can be either 

2D or a fully 3D effect depending on the dimensions 

of the space in which the electrons move 
4
. The SCD 

is a consequence of Coulomb scattering between 

different spin populations. The drag effect in the SCD 

is definitely larger than in the ordinary Coulomb 

drag.  

 

In a sequence of papers, D’Amico and G. Vignale 
2,3,4

 

showed that the Coulomb interaction gives rise to a 

spin Coulomb drag between the electrons moving 

with spin-up and those with spin-down. The SCD 

reflects the fact
5
 that while in the absence of 

impurities, 

the total momentum P =∑i pi of the electron is 

preserved, but,  

the “up” component of total momentum:    P↑ = ∑i  pi 

(1+σzi) / 2  and  

the “down” component of total momentum:   P↓ = ∑i  

pi (1-σzi) / 2    are not separately preserved. 

Here, pi = momentum of the i
th

 electron, σzi = Pauli 

matrix for the z-component of the i
th 

electron spin. 

In a more rigorous formulation, Ohm’s law can be 

written in the form: 

 
𝑬↑

𝑬↓
 =   

𝝆↑↑ 𝝆↑↓
𝝆↓↑ 𝝆↓↓

  
𝒋↑
𝒋↓
                   (1) 

Here, E↑↓ is the effective electric fields which are the 

sums of a spin-independent external electric field 

plus the gradient of the local chemical potential, 

which can be spin dependent.  j↑↓ is the electric 

current carried by the electrons with spin up or down. 

Spin trans-resistivity ρ↑↓: 
The SCD gives rise to a spin trans-resistivity ρ↑↓ 

which gives its quantitative measure. It is defined as 

the ratio of the gradient of the electrochemical 

potential for spin-up electron (E↑) to the current of 

down-spin (J ↓) when the current of up- spin is zero 
2
. 

 

E↑ = ρ↑↓ (T) J ↓   ;   (j↑ = 0)            (2) 

 

Assuming a local linear relationship between the 

current densities of up and down spin and the 

gradient of the local chemical potential it has been 

shown 
3
 that an electric field acting only on the up-

spin electrons drag along a current of down-spin 

electrons. On the contrary, a current of up-spin 

electron (j↑ ≠ 0) flowing against stationary down-spin 

electrons (J ↓=0) will induce a gradient of spin-down 

electro-chemical potential: 

 

E↓ = ρ↑↓ j↑        ;   (J ↓=0)             (3) 

Thus the chemical potential of up-spin is a function 

of both up and down spin densities. Thus, any 

disturbance on one type of spin populations will 

affect the other through Coulomb correlation. 

 

It has also been shown theoretically
 4

 that, the 3D 

spin trans-resistivity should be measurable in metals 

due to a typical Fermi temperature of the order of 10
5
 

K. In semiconductors it becomes more pronounced 

and larger than the Drude resistivity
 3

.
 

A non-

equilibrium spin distribution can diffuse or can drift 

in the presence of electric field similar to the electric 

charge in semiconductors. In p-type and in n-type 

semiconductors these phenomena show qualitatively 

different behavior
 6

. In p-type semiconductors, only 

the spins of the non-equilibrium electrons become 

oriented whereas in n-type the spins of equilibrium 

electrons become oriented.  

 

Spin-diffusion, which requires a counter flow of the 

spin population, is damped by SCD, while charge-

diffusion is unaffected. The reduction of spin-

diffusion co-efficient Ds relative to charge diffusion 

co-efficient Dco is given by
7
: 

   
𝐷𝑠

𝐷𝑐𝑜
 =    

𝑋𝑜

𝑋𝑠
  

1

1+ 
 𝝆↑↓ 

𝜌 
             (4) 

Where,   𝜌  =   
1

𝜎𝑐
 ; is charge resistance.  
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ρ↑↓   is spin drag resistance, parametring the rate of 

momentum exchange between the spin-up and  Spin-

down  electrons. Eq.4 predicts that despite the 

complex T dependences of the individual diffusion 

coefficients, their ratio depends primarily on the 

single factor, 
 𝝆↑↓ 

𝜌 . This prediction has been tested 
1
 without invoking any assumptions or adjustable 

parameters, by plotting Dc0/Ds (the inverse of Eq. 4) 

vs. 
 𝝆↑↓ 

𝜌  for three quantum well samples, with 

electron concentrations of 7.8, 4.3, and 1.9 ×10
11 

cm
−2

, corresponding to Fermi temperatures of 400, 

220, and 100 K, respectively as shown in Fig 3. 

 

 

Fig 2: A graph between ratio of quasiparticle 

diffusion coefficient, Dc0, to spin diffusion 

coefficient, Ds  and 
 𝝆↑↓ 

𝝆 . Points are for samples 

with TF = 400K (∆), 220K (𝛐) and 100K (𝛁). Points 

for T < 40 K are not shown because the electrons 

do not cool below 40 K. (Courtesy: Nature 437, 

1330–1333 (2005). 

The resulting graph reveals the simple linear 

dependence of Dc0/Ds on 
 𝝆↑↓ 

𝜌  predicted by Eq. 4 

over a large range of 
 𝝆↑↓ 

𝜌 , implying that SCD is 

indeed the origin of the large suppression of Ds 

relative to Dc0. The fact that the slope is slightly 

greater than unity is consistent with the expectation 

that the many-body enhancement of 𝑋𝑠 relative to 𝑋𝑜  

is small in this density regime
8, 9

. Finally, the fact that 

Dc0/Ds extrapolates to near unity as 
 𝝆↑↓ 

𝜌  → 0 

indicates that the spin and charge diffusion 

coefficients approach each other in the limit that the 

spin drag resistance becomes smaller than the 

ordinary resistance. This result provides independent 

evidence that the spin grating and four-probe 

techniques used in the work accurately measure 

equilibrium spin and charge transport coefficients, 

respectively. 

 

PRESENT STATUS 
In a recent study D’Amico and Ullrich 

8
 have 

discussed the power loss in a spintronic device   due   

to dissipation of spin polarized current induced by the 

SCD forces. It has been demonstrated by spin grating 

method
9
 that  in an (110)GaAs quantum well the rate 

of decay of the amplitude grows in proportion to the 

square of the wave vector of the grating and the co-

efficient of proportionality is just the spin-diffusion 

constant. Using transient spin-grating spectroscopy 
10

 

it is found that near symmetry spin lifetime can be 

enhanced. The tunable suppression of spin relaxation 

in these investigations is very fruitful for application 

to spintronics. In another study 
11

 analytical 

expressions for ρD and ρ↑↓ are derived. From the 

derivation it is found that spin-orbit interaction 

produces a small enhancement to ρD and ρ↑↓ for 

weakly disordered systems while only ρD is 

unchanged for dirty systems. The spin diffusion 

coefficient as a function of temperature has been 

presented in Fig. 3. For comparison, the charge 

diffusion coefficient, which is calculated by
12

 solving 

the kinetic spin Bloch equations with the initial 

condition being the charge gradient instead of the 

spin gradient, is also included in this Fig 3. 

 

     
Fig 3: Diffusion coefficient as a function of 

temperature in n-type GaAs (001) quantum 

well. Solid circles: Spin diffusion constant Ds 

with Coulomb drag; Open circles: Charge 

diffusion constant Dc. (Courtesy: J. Appl. 

Phys. 103 (2008) 063714.) 
 

It is clearly seen from the figure that Ds < Dc. 

From the figure it is clear that in the relative high 

temperature regime, as the temperature increases, 

the spin and charge diffusion coefficients and 

their difference all decrease. Therefore the 
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Coulomb drag is stronger in the low temperature 

regime. However
3,4

, even at room temperature the 

Coulomb drag is still strong enough to reduce the 

diffusion coefficient by 30%. It should be pointed 

out that the reduction of spin diffusion coefficient 

mostly comes from the Coulomb drag. The spin-

orbit coupling has only small effect on the 

diffusion coefficient since the spin-orbit coupling 

is very small compared to the Fermi energy. The 

numerical result
11

 from the linear response theory 

shows that the removal of the spin-orbit coupling 

changes spin diffusion coefficient by only one 

tenth percent for the system studied, which is 

consistent with the result. It has been 

demonstrated 
13

 that near equilibrium the spin 

drag co-efficient, the spin diffusivity and the spin 

susceptibility as a function of temperature obey 

universal laws at high temperatures. D’Amico and 

Ullrich
14

 have further studied the strength of SCD 

power loss in comparison to Drude power loss 

(power loss due to scattering with impurities) as a 

function of density. They have considered two 

different temperatures and two values of the 

carrier mobility. The calculations are done for a 

dc pure spin current in a three-dimensional GaAs 

sample with equal spin-up and spin-down 

population density. The result from Fig.4 shows 

that SCD power loss can be quite considerable 

compared to Drude power loss. 

 

    
Fig 4:  A Graph between ratio of SCD power loss 

(Pσ, SCD ) and Drude power loss (Pσ. D) to Carrier 

density (n). (Courtesy: Phys. Status Solidi B 247, 

No. 2, 235–247 (2010)) 
 

In finite systems such as atoms or molecules, 

excitations occur between eigen states of the systems. 

Therefore, excitations in isolated atoms and 

molecules have strictly zero line width or infinite 

lifetime. The situation is different for extended 

systems such as bulk metals or doped 

semiconductors, or two-dimensional electron gases in 

semiconductor hetero structures. There exist various 

kinds of excitations in these systems, collective or 

single-particle like, which are subject to a variety of 

dissipation mechanisms, e.g., impurity or phonon 

scattering. But there also exist dissipation 

mechanisms that are purely intrinsic to the electronic 

system, and which are caused by Coulomb many-

body effects 
15, 16 

.The SCD is one such intrinsic 

dissipation mechanism for excitations in extended 

systems. The SCD effect also plays an important role 

in spin-dependent optical excitation processes in 

extended systems such as semiconductor hetero 

structure and competes with other intrinsic effects 

such as spin–orbit coupling 
17, 18 

. 

 

FUTURE SCOPE 
The intrinsic nature of the SCD remains its most 

important feature, since the effect is based on the 

Coulomb interaction between carriers. SCD 

definitely obstructs the flow of pure spin current. 

However, if we have a technology that provides 

separate packets of up and down spin, with longer 

self-life, it must be an advantage in the field of 

spintronics. Although the drag adds to the force 

required to drive a pure spin   current, it will extend 

the lifetime of localized packets of polarized spin that 

could be used to store and transmit information. Half-

metallic ferromagnets (HMF) were predicted to 

exhibit 100% spin polarization at the Fermi energy 

(EF), and have been now intensively investigated in 

the field of spintronics 
19

. It has many important and 

fascinating applications in the field of spintronic 

devices particularly for memory storage and 

magnetic sensors applications. Since defect free 

materials with longer and longer spin dechoerence 

time are required for spintronic devices such as in 

quantum computation, the SCD will become one of 

the most serious issues in spin polarized transport. 
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