
Abstract— A possible way to create silicon terahertz laser 
under electric field excitation is presented. Electrical pulses with 
both period and duration in nanosecond range should be applied 
to moderately doped stressed bulk silicon. The purpose of short 
pulse excitation is impurity breakdown followed by capture and 
population of upper lasing state. The mechanisms responsible for 
population inversion and losses are described. 

I. INTRODUCTION AND BACKGROUND 
ERAHERTZ (THz) silicon lasers are based on impurity 
transitions of the hydrogen-like donor in monocrystalline 
silicon1. These lasers operate at low lattice temperatures 

under optical pumping by a mid-infrared laser and emit at 
frequencies between 1.2 THz and 6.9 THz. Population 
inversion is achieved due to phonon-assisted relaxation in 
donor atoms2. Second mechanism of donor lasing  is based on 
electronic Raman transitions. By tuning the pump laser 
frequency, the frequency of Raman laser can be tuned from 
4.5 to 6.4 THz3.  

For majority of applications electrical pump is needed. First 
proposal for impurity based lasing under pulsed electrical field 
was published long ago4. We will present results on analysis 
of experimental results obtained for silicon lasers under 
intracenter optical pumping, stress experiments, measurements 
of terahertz losses and make estimations of possible gain and 
losses for electrically pumped silicon doped by shallow 
donors. 

II. RESULTS 
Application of continuous electric field results in impurity 

ionization and lasing mechanism based on accumulation of 
electron on long-lived excited state at cryogenic temperatures 
becomes broken. To overcome such difficulty short pulse 
excitation looks promising. Additionally, it has been 
demonstrated that at some stress silicon has much lower pump 
threshold due to longer lifetime, lower losses on D- centers 
and redistribution of the electrons over valleys. Typical photon 
lifetime in resonator of silicon lasers measured with use of 
short FEL pulsed excitation is about 10 ns. Taking this value 
as a starting point we put the limits for period of electrical 
field needed for excitation of the system equal to 10 ns. 
Capture time for donors can be as fast as 0.1 ns for 
compensated crystals. So for purpose of simplicity we can 
suppose that decrease of current in the conduction band 
depends on electrical matching for the sample with resistance 
varying from small values under breakdown and big values for 
captured electrons. The modern possibilities of electronics 
give the chance to govern the current with speed about 1 GHz, 

so we take such a value for further estimates. Typical 
breakdown field is about 0.5 kV/cm for microsecond duration 
and should be higher for nanoseconds, that can be achieved by 
modern switches. Then we should compare gain and losses per 
period of excitation. Taking into account lifetimes of donor 
states to be several hundred picoseconds under the stress and 
using simple condition for amplification α τ > γ T (α – gain, τ 
– lifetime of upper laser state, γ – losses, T – period of 
excitation) we can estimate e.g. maximum suitable losses with 
given other parameters to be about 0.1 cm-1 (for α=1 cm-1, 
τ=500 ps, T=5 ns). Such low value of losses nevertheless can 
be achieved for silicon with concentration about 1015 cm-3 and 
frequency about 5 THz if taking into account only free carrier 
absorption. Figure presents illustration of pulsed pumping of 
silicon doped by donors assuming instant excitation, capture 
governed by acoustical phonon-assisted relaxation and losses 
measured for intracenter excitation (0.01 cm-1).   
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