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Laser diode for silicon processors 

UNN authors Aleshkin V.Ya., Baidus N.V., Krasilnik Z.F., Nekorkin S. M., Rykov A.V. 
We find (The 
result) 

GaAs/AlGaAs laser structures are grown emitting in the transparency band 
of bulk silicon 

Abstract Integrated optical circuits is the main way to increase the production of modern 
silicon processors. If one does that on the basis of existing well designed silicon 
technology the emitting elements must work in the transparency band of bulk 
silicon (λ > 1100 nm) at room temperature. Now it is possible to reach this 
wavelength region in a laser structure with double InGaAs/GaAsSb/GaAs quantum 
wells but only on an inclined Si(001) substrate and at liquid-nitrogen temperature. 
The first makes it difficult to match them with CMOS technology, the second is 
practically unacceptably for processors. 
We developed GaAs/AlGaAs laser structures with single InGaAs quantum wells 
with a higher indium content to increase the emission wavelength. The laser 
structures were grown by the metal-organic vapor-phase epitaxy (MOVPE) method 
on Si(001) substrates using a relaxed Ge buffer layer. To compare the radiation 
characteristics under optical pumping, the laser structures were grown on both an 
exactly oriented (non-inclined) Si(001) substrate and on a substrate inclined by 4° 
from the [001] axis to the [011] axis. It is shown that those structures can radiate in 
the transparency region of bulk silicon (1.09-1.11) nm at room temperature. The 
threshold power densities of optical excitation for stimulated emission, observed for 
the structures grown on exact and inclined substrates are 45 and 37 kW/cm2, 
respectively. 
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Room- temperature ferromagnetism in semiconductors 

UNN authors Kudrin A.V., Danilov Yu.A., Lesnikov V.P., Vikhrova O.V. 
We find (The 
result) 

Ferromagnetic behavior has been demonstrate for (In, Fe)Sb layers on GaAs 
substrates at room temperature 

Abstract Spintronics is an emerging field, in which we try to utilize not only charge transport 
of carriers but also spin degrees of freedom in materials and devices. Metal-based 
devices are already applied to magnetic-field sensors in hard disk drive systems, 
greatly contributing to the increase in data storage capacity. They use the spin 
transport between two ferromagnetic metal electrodes separated by an ultrathin 
nonmagnetic material. The latter device structure is called magnetic tunnel junction 
and they used for nonvolatile magnetoresistive random access memory. 
Introducing such spin-related properties in semiconductors is expected to give new 
spin degrees of freedom in semiconductor devices and electronics. So it needs 
ferromagnetic semiconductors. They are known with p-type carrier and for low 
temperatures (up to 60 K). But all of semiconductor devices, including pn junction 
diodes, field-effect transistors, and semiconductor lasers, require a pair of n- and p-
type semiconductor materials to work. The room work temperature of device is 
practically essential. The n-type ferromagnetic (In,Fe)As structure at room 
temperature has been recently produced in Japan. 
We produce n-type (In, Fe)Sb layers with a Fe content up to 13 at. % which have 
been grown on (001) GaAs substrates using the pulsed laser deposition. 
Transmission electron microscopy shows that the layers are epitaxial and free of 
second-phase inclusions. The observation of hysteretic magnetoresistance curves at 
temperatures up to 300 K reveal that the Curie point lies above room temperature. 
The resonant character of magnetic circular dichroism confirms the intrinsic 
ferromagnetism in the (In, Fe)Sb matrix. 
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Integrated optical circuit on silicon 

 

 

 
 

 

 

 

 

 

The transparency band 
of bulk silicon 

Stimulated emission spectra of 
laser structures: 
(1) the existing structure with the 
In content x ≈0.17), 
(2) the structure on the inclined 
Ge/Si substrate (x ≈0.33), 
(3) the structure on the non-incline 
Ge/Si (001) substrate (x ≈ 0.35). 
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