
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 94.19.101.45

This content was downloaded on 24/03/2014 at 16:31

Please note that terms and conditions apply.

Terahertz emission from silicon nanostructures heavily doped with boron

View the table of contents for this issue, or go to the journal homepage for more

2014 J. Phys.: Conf. Ser. 486 012017

(http://iopscience.iop.org/1742-6596/486/1/012017)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/486/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


 

 

 

 

 

 

Terahertz emission from silicon nanostructures heavily doped 

with boron 

Nikolay T Bagraev
1
, Eduard Yu Danilovskii

1
, Dmitrii S Gets

1
, 

Andrey K Kaveev
2
, Leonid E Klyachkin

1
, Grigorii I Kropotov

2
, 

Andrey A Kudryavtsev
1
, Roman V Kuzmin

1
, Anna M Malyarenko

1
, 

Vladimir A Mashkov
1
, Ivan A Tsibizov

2
, Dmitrii I Tsypishka

2
 and 

Ilya A Vinerov
2
 

1
 Ioffe Physical Technical Institute, St. Petersburg, Russia 

2
 TYDEX, J.S.Co., Domostroitelnaya str. 16, 194292 St. Petersburg, Russia 

 

E-mail: kav@tydex.ru 

 
Abstract. We present the first findings of the terahertz emission from the ultra-narrow p-type 

silicon quantum well confined by the δ-barriers heavily doped with boron on the n-type Si 

(100) surface. The THz spectra revealed by the voltage applied along the Si-QW plane appear 

to result from the radiation of the dipole boron centers. 

1.  Introduction and background 

The device has been prepared on the n-type Si (100) surface within frameworks of silicon planar 

technology. Making a mask and performing photolithography after preliminary oxidation, the short 

time diffusion of boron was used to obtain the ultra-shallow p+-n junctions [1]. The cyclotron 

resonance measurements as well as the infrared and local tunneling spectroscopy data have shown that 

the p+-boron diffusion profile represent the ultra-narrow p-type silicon quantum well (Si-QW),     , 

confined by the δ-barriers,     , heavily doped with boron on the n-type Si (   ) surface (see figure 

1). The SIMS and STM studies have shown that the  -barriers heavily doped with boron in the 

concentration of             represent really alternating arrays of silicon empty and doped dots, with 

dimensions restricted to     . This value of the boron concentration seems to indicate that each doped 

dot located between empty dots contains two impurity atoms of boron. The EPR studies show that 

these boron pairs are the trigonal dipole centers, which result from the negative-U reconstruction of 

the shallow boron acceptors,                     . The electrical resistivity, magnetic 

susceptibility and specific heat measurements demonstrate that these dipole boron centers inside the δ-

barriers appear to create the correlation energy gap which is regenerated in the superconductor energy 

gap, with the value of          corresponding to the critical temperature and magnetic field equal to 

           and              [1]. Besides, the correlation energy gap appears to cause the THz 

emission under the voltage applied along the Si-QW plane, with the frequency selected by varying the 

dimensions of the microcavities created between contacts (see figure 1). 
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Figure 1. Device schematic, showing the perspective view of the silicon device 

structure performed within the frameworks of the Hall geometry. The silicon 

sandwich represents the p-type silicon quantum well confined by the δ-barriers 

heavily doped with boron on the n-type Si (   ) surface. The source and drain 

Ohmic contacts are marked by S and D, respectively. The terahertz emission is 

caused by the drain-source current, Ids. 

 

 

Figure 2. The Shapiro steps that reveal 

the THz frequency generation at 

           (a) and           (b). The 

drain-source current was stabilised. 

         ;    denotes the step length 

[2]; curves 1 -        ; curves 2 - 

           .           . 
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Figure 3. The THz modulated black body 

radiation that is induced by the stabilized 

drain-source current in different spectral 

range; T=300 K ;  Ids=40 mA; The 

modulation frequency of 0.129 THz  (a, b, 

c) and 0.0093 THz (a, c) due to the THz 

emission of the dipole boron centers are 

present. 

 

2.  Results 

The THz and GHz emission caused by the radiation of the dipole boron centers was revealed by 

measuring the Shapiro and Fiske steps under the stabilized drain-source current that defined the values 

of the frequency, ν, as            and           which are in a good agreement with the cross and 

longitudinal sizes,  , of the device,          ; where n denotes refraction coefficient (figure 2a and 

2b). The energy subbands of the two-dimensional holes in the Si-QW valence band have been also 

identified by the optical and electrical measurements. 
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This THz emission appears to be revealed as the modulation frequency of the black body radiation 

of the device that was measured with the Bruker-Physik VERTEX 70 FT-IR spectrometer (Figures 3a, 

b and c). These findings seem to be due to the oscillations of the heat capacity that are induced by the 

THz emission of the dipole boron centers inside the  -barriers confining the Si-QW. Finally, by 

varying the     applied voltage and the drain-source current, the phase shifts of the THz modulation 

appear to be observed as a result of the spin interference effects (figures 4a and b) 

 

 

Figure 4. The phase shifts of the           

and            modulation spectra induced 

by varying the stabilized drain-source current 

(a) and by biasing the voltage applied to the 

Hall contacts;          ; (a)             

(1),       (2),       (3). (b)         : 1 - 

    ; 2 -     ; 3 -    ; 4 –  ; 5 -     ; 6 - 

     ; 7 -     ; 8 -      ; 9 -      . 
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