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Invention and demonstration of solid-state te-

rahertz-range quantum cascade lasers (THz QCLs), 

followed by inevitable development of the fabrication 

technology, brought in a new era for the terahertz-

range related fundamental and practical applications, 

such as spectroscopy and astrophysics, imaging and 

communication. With increase of the THz QCL re-

search papers (with details found elsewhere, e.g., [1-

4]), optimization of the lasing characteristics, im-

provement of its performance and development of the 

laser characterization techniques attracts a special 

attention among the researchers. There is a wide vari-

ety of different techniques for the detection of THz 

QCL. However, most of them are based on incoherent 

thermal detection with the slow time-constant of 

thermal process ~ 1 ms. In this paper, we present a 

new characterization method of THz QCL operated in 

the pulsed mode. In the proposed method the THz 

QCL is biased by applying a smooth gradual (i.e., 

with a “slow-rising” front edge) voltage pulse, and the 

laser output power was measured using NbN super-

conducting hot electron bolometer (HEB) within a 

single voltage pulse front edge, which was possible 

due to sufficiently short response time (of the order of 

1 ns) of the HEB. The HEB which we used was simi-

lar to that described elsewhere [5]. The primary ad-

vantage of this method over the most common THz 

detection techniques derives from its ability to meas-

ure THz QCL output power-current relationship with-

in a single voltage pulse. In addition, the use of a 

smooth gradual voltage pulse makes it possible to 

avoid strong fluctuations of the current flowing 

through the THz QCL at the beginning and the end of 

the driving pulse in the case of using a driving pulse 

with sharp edges [6]. In our setup, THz QCL was 

mounted onto a cold plate of a closed-cycle refrigera-

tor, whose base temperature was varied in a range 

of 5 – 60 K. Principally, a very short measurement 

time set by duration of the driving pulse and its repeti-

tion rate (~ 5 µs and 200 Hz, respectively), prevents 

the QCL from overheating by the driving current. 

Amplitude of the driving pulse was chosen to be 

slightly higher than the laser threshold voltage. Fig. 1 

depicts a driving pulse along with the measured lasing 

power which is given in arbitrary units. THz radiation 

was focused by a couple of off-axis parabolic mirrors 

onto the detector block. HEB was installed onto a 

cold plate of a wet helium cryostat. DC voltage and a 

resistive heater were used to bias the HEB to its opti-

mal bias point where a high responsivity is obtained. 

THz QCL power incident on the detector was kept 

within detector’s dynamic range. The HEB signal was 

amplified using a low noise cold amplifier and an 

R&S oscilloscope was used for the signal analysis.  

THz QCL based on four tunnel-coupled quantum 

wells GaAs/Al0.15Ga0.85As with a resonance-phonon 

depopulation scheme emitting near 2.3 THz was in-

vestigated by the proposed method. The laser was 

processed into a double metal waveguide based on Au 

with dimensions 1 mm × 100 µm ×10 µm using the 

conventional technology described in [7]. The laser is 

die bonded to a copper submount with wire bonding 

to ridge structures. No coatings or lens were deposited 

on the laser facet. A THz QCL emits radiation when 

the value of voltage exceeds the laser threshold level 

(i.e. when the laser gain coefficient is exactly bal-

anced by the sum of waveguide and mirror losses). 

Applying a smooth gradual voltage pulse it becomes 

possible to smoothly approach the threshold condition 

which was examined at different operating tempera-

tures of the QCL. As deduced from data given in 

Fig. 1, the laser threshold and peak power are 

achieved at voltages of 10.7 V and 10.8 V at 5 K, re-

spectively. A further increase in the laser voltage is 

accompanied by a sharp drop in the optical power 

until lasing ceases at 11.3 V. After a sharp increase 

in  output power beyond the laser threshold, 

 
Fig. 1. QCL driving voltage pulse and measured lasing 

power registered with HEB. With increase of the QCL op-

erating temperature from 5 to 60 K lasing power has de-

creased. In the figure, measured power at 5, 14, 36, 41, and 

42 K is shown. The lasing pulse width has also decreased 

from ~ 250 ns at 5 K down to ~ 100 ns at 56 K. Inset shows 

rise and decay of the voltage pulse and relative position of 

the emitted THz pulse during the driving pulse 
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a nonmonotonic behavior of the output power-current 

dependence is observed. We suppose that this is due 

to the mode hopping effect with an increase of applied 

electric field. Commonly, the gain maximum shifts to 

higher frequencies with an increase in applied electric 

field, which is related to transformation of the laser 

levels positions [8]. The influence of temperature on 

the laser parameters is one of the most important 

characteristic of THz QCL. The temperature depend-

ence of the threshold current Jth was measured by the 

proposed method. Using a phenomenological rela-

tionship for the temperature dependence: 

 𝐽𝑡ℎ = 𝐽1 + 𝑒𝑇/𝑇0, (1) 

we determined the characteristic temperature T0 to be 

~ 26 K. Since in our experiment we have measured 

rather voltage, the current was obtained using a math-

ematically derived fitting parameter AR such that 

Jth = Vth/AR, with AR = 0.0217. Jth(T) and its fit ac-

cording to (1) are depicted in Fig. 2. Following a pa-

per by Albo & Hu [9] we have also examined P(T) 

dependence of the QCL power and experimental re-

sults are shown in Fig. 3. The presence of second 

plateaus in P(T) in the temperature range from 43 to 

52 K is not traditional for this characteristic.  

 

Fig. 2. Threshold current dependence on the QCL operating 

temperature. Experimental points are fitted according to (1) 

 

Fig. 3. Dependence of the laser output power (normalized) 

on the QCL operating temperature. Inset shows the Arrhe-

nius plot with a fitting line in the temperature range 30-

42 K, from which an activation energy Ea of ~ 26 meV has 

been derived using (2) 

Typically P(T) gradually decreases with increas-

ing temperature and at high temperatures the domi-

nant mechanism of scattering is thermally activated 

LO-phonon scattering [9]. The formation of the sec-

ond plateau in P(T) is most likely caused by the leak-

age of electrons from lower laser level to the continu-

um. Thus, a partial compensation of “negative” ther-

mally activated LO-phonon scattering and “positive” 

leakage of electrons from lower laser level is ob-

tained. Nevertheless, Arrhenius plot of the P(T) de-

pendence (inset in Fig. 3) is well fitted to: 

 
𝑃𝑜𝑢𝑡(𝑇)

𝑃𝑜𝑢𝑡
𝑚𝑎𝑥 = 1−𝛼𝑒−𝐸𝑎/𝑘𝑇 (2) 

in the 30-42 K temperature range, providing an acti-

vation energy Ea of ~ 26 meV which is reasonably 

close to a calculated value of ~ 28 meV.  

In conclusion, we have proposed and demonstrat-

ed a new approach for THz-QCL characterization 

allowing P(Vbias), P(T), and Ith(T) analysis. Obtained 

results are in a reasonable agreement with previous 

results; however, further study of these dependencies 

may reveal additional information regarding the QCL 

structure. Exploiting fast response of our detector and 

tunability of the implemented pulsed gradual biasing a 

thorough investigation of the QCL emittance depend-

ing on the driving parameters could be carried out.  
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