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Figure 2 (online colour at: www.pss-a.com) Tunneling current 

for the MQWS used in the Abstract figure and in Fig. 1. Solid 

line: 
1
( )

i i
J F

Æ +
 for nonmagnetic i and 1i + . For magnetic i, non-

magnetic 1i ± : 
1i i

J
Æ +

 (dotted line), 
1i i

J
+

Æ +
 (dot-dashed line), 

1i i
J

-

Æ +
 

(triangles), 
1i i

J
- Æ

 (dashed line). Data as in Fig. 1. (a) 

M
[0 20]F F/ Œ , , (b) 

M
[0 80]F F/ Œ , . 

 

 
 As the inset of Fig. 2 shows, spin splitting also causes 
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J

Æ +
 (for magnetic QW i) to display two peaks at 
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( 2) ( )E E el- ± / /D  instead of one peak at 
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with their combined strength (for nonmagnetic QW i ). 
 If QW i  is magnetic, the same argument shows that 
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J

±

- Æ
 has peaks at (2 )el∓ /D  and 
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( 2) ( )E E el∓- / /D , con-

trary to the shifts in 
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 The shifted curves 
1i i

J
- Æ

 and 
1i i

J
Æ +

 play the role of ef-
fective cathode boundary currents during SSCO. Clearly, 
they intersect the current farther away from the magnetic 
QW (solid line in Fig. 2) on its second, decreasing branch. 
The intersection point corresponds to the critical current 
for triggering a new charge dipole [8, 10, 12]. 
 On the other hand, for Fig. 1(b), the boundary current at 
the nonmagnetic injector is the solid line in Fig. 2 if 1κ = . 
Such boundary condition precludes current self-oscillations 
due to dipole recycling. Thus, dipole recycling occurs only 
for the magnetic and successive QWs, cf. Figure 1. 
 Next, we have investigated which is the shortest SL 
displaying self-oscillations in a configuration such that 
only the first QW is magnetic. 
 For our parameter values, we find SSCO for SL having 
4 or more periods. Figure 3 shows the total current density 
(most of which is due to spin-up electrons), the electric 
field and the spin polarization 
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at the QWs during SSCO for 4N = . 
 Figure 3(c) shows that the first QW is always fully po-
larized, whereas the others QWs are strongly polarized 
only when the dipole wave is traversing them: their polari-
zations drop abruptly afterward. The fraction of the oscilla- 

 

Figure 3 (online colour at: www.pss-a.com) Tunneling current 

(a), electric field (b), and polarization (c) as a function of time, at 

the i QW during SSCO for 4,N =  0 0212 V,V = .   12 meV,=D   
10

D
1 14 10N = . ¥ cm–2 and 

M
0 65F = .  kV/cm. Oscillation fre-

quency is 4.3 MHz. 

 

tion period during which the i-th QW is strongly polarized 
decreases as i  increases. 
 For fixed 4N ≥ , SSCO appear only if 

D D 1
N N

,

> . We 
have sought this first critical doping density 
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,

 for 
4 30N£ £  and found the following approximate formula 
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 Figure 4 shows the fitness of this approximation. In the 
continuum limit as N Æ•, this yields 

10 2
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2 10 cmNN

-

,
ª ¥ , 

which corresponds to the N–L criterion in the theory of the 
Gunn effect [27]. 
 

  

Figure 4 Minimal doping density for self-oscillations vs. N.  

Dotted values are obtained by solving (2)–(11) numerically. 
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 Different from bulk devices, our MQWS is spatially 
discrete and moving accumulation layers (which are charge 
monopoles, forming part of moving dipoles) can be pinned 
by the lattice thereby yielding static EFDs [11]. Then  
a second critical doping density exists, above which  
SSCO disappear. Following Ref. [11], we have found  
a bound 

D 2
N

,

 which is the solution of the following equa-
tion: 
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Here 
min

0F >  (independent of 
D

N ) is the field at which 
( ) ( )f

Fv F  reaches its first relative minimum after its local 
maximum, and (3) ( )F J  is the solution of 
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on the third branch of the tunneling current, solved with 
constant electron densities 

1 D
2;
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+
= = /  see the solid 

line in Fig. 2(a). 
 For our parameter values, 
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which agrees reasonably well with numerical solutions of 
the system (2)–(11). 
 If 10 50N£ £ , there exist stationary field profiles with 
two EFDs separated by a charge accumulation layer for 

11

D
10N ≥ cm 2- . 

 Beyond a doping density 11
7 96 10ª . ¥  cm–2 

D 2
N

,

> , the 
field profile is a high-field domain separated from the con-
tacts by low-field domains, and SSCO do not occur. 
 

 4 Conclusion Current self-oscillations are due to pe-
riodic triggering of dipole waves at magnetized QWs. 
Other wells are fully polarized when the dipole wave is 
traversing them. Therefore a short device (with four wells, 
the first one been polarized) would periodically inject 
pulses of polarized current to the collector. Our results 
could be used to construct an oscillatory spin-polarized 
current injector. The crucial requirement to obtain spin-
polarized SSCO is to dope the first QW with Mn. Then, 
normal contacts can be used to build the oscillator. The 
range of doping density needed to achieve SSCO has been 
calculated. 
 For self-oscillations to occur, appropriate ranges of 
spin-splitting should be induced by tailoring the magnetic 
impurity density and external magnetic fields. 
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