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Abstract.  Comparative experiments are performed on a semicon-
ductor laser with different numbers (one or two) of emitting sec-
tions monolithically integrated with an electronic switch (thyris-
tor). It is shown that the functional integration of a laser with a 
thyristor in one heterostructure makes it possible to achieve effi-
cient operation of the laser in a pulsed regime (up to 50 W), while 
the use of vertical integration of two laser sections in this device 
additionally increases the optical output power to 90 W with all 
other conditions being the same.

Keywords: semiconductor heterostructure, epitaxial integration, 
integrated laser-thyristor, output power.

1. Introduction

Recent advances in epitaxial technologies, in particular, 
MOCVD, make it possible to form complex semiconductor 
heterostructures required for developing devices with 
improved characteristics [1]. A successful example of prac-
tical implementation of new semiconductor heterostruc-
tures in quantum electronics is the development of verti-
cally integrated semiconductor lasers with several emitting 
regions. In these devices, several independent laser sections 
are connected in series by tunnel junctions, which multiply 
increases the quantum efficiency. The development of this 
approach after demonstration of the principal possibility 
of epitaxial integration of several emitting regions [2, 3] led 
to the fabrication of various devices with high output char-
acteristics [4 – 6]. In particular, the quantum efficiency was 
increased by 1.7 – 2.0 times for lasers with two active 
regions, by 2.5 – 3.0 times for lasers with three active 
regions and by 3.4 – 4.0 times for lasers with four regions 
[7 – 9]. Laser diode arrays made of the mentioned hetero-
structures allowed one to achieve a pulsed output power 
exceeding 1 kW [6, 10]. As a rule, the emitting regions in 
such devices are identical, but there are no obstacles to 
development of a device in which each of the laser sections 

emits at  each own wavelength, which extends the range of 
possible applications of these light sources [11, 12].

Epitaxial integration also opens the way to combining 
several functionally different components in one crystal. For 
example, to control light pulses, it is necessary to introduce an 
electronic switch (dinistor, thyristor, transistor) [13 – 16] in 
the laser emitter. It is shown that, to miniaturise high-power 
light sources, increase their reliability and make the control 
the output characteristics more convenient, it is promising to 
integrate two successively formed structures (laser and thyris-
tor) in a single growth process. Although the idea of produc-
ing these integral devices (lasers-thyristors) was proposed 
rather long ago [17, 18], their successful practical implementa-
tion became possible only with development of epitaxial 
technologies [19, 20]. Such lasers-thyristors demonstrated 
output powers of 50 – 60 W in a pulsed regime with a turn-on 
voltage of 15 – 20 V.

The present work is aimed at further development of the 
aforementioned approaches and at studying the possibility of 
epitaxial integration of several laser regions in one hetero-
structure with an electronic switch (thyristor) providing a 
pulsed operation regime.

2. Experimental

The InGaAs/AlGaAs/GaAs semiconductor heterostructures 
were formed on GaAs substrates by MOCVD. The hetero-
structure of a single laser-thyristor is described in [20], and its 
energy band diagram is schematically shown in Fig. 1a. 
Similarly to [7], the second laser section was added to the 
structure of a single laser-thyristor through a tunnel junction 
(Fig. 1b). The obtained heterostructures were used to fabricate 
stripe lasers-thyristors with the control contact to the n-collec-
tor [20]. The measurements were performed in a circuit with a 
capacitance of 0.47 mF in a pulsed regime (100 ns, 10 kHz).

The present study is focused mainly on increasing the out-
put power of pulsed lasers-thyristors. Based on successful 
experience of making integrated laser diodes with several 
emitting regions [7 – 9], we developed heterostructures and 
used them to fabricate lasers-thyristors with two emitting 
regions in the laser section. By analogy with integrated laser 
diodes [7], let us call them double integrated lasers-thyristors 
or, for brevity, double lasers-thyristors. Figure 2 shows the cur-
rent – voltage characteristics of single and double lasers-thyris-
tors without passing a signal through the control section.

One can see that both devices have close turn-on voltages 
(18 – 20 V) because they have identical thyristor sections 
responsible for this parameter. The holding voltage is approx-
imately two times higher in the case of a double laser-thyristor 
(~2.6 V) than in the case of a single laser-thyristor (~1.3 V), 

Double integrated laser-thyristor

T.A. Bagaev, M.A. Ladugin, A.A. Padalitsa, A.A. Marmalyuk, Yu.V. Kurnyavko, A.V. Lobintsov, 
A.I. Danilov, S.M. Sapozhnikov, V.V. Krichevskii , M.V. Zverkov, V.P. Konyaev, V.A. Simakov, 
S.O. Slipchenko, A.A. Podoskin, N.A. Pikhtin

LASERS https://doi.org/10.1070/QEL17104

T.A. Bagaev, M.A. Ladugin, A.A. Padalitsa, A.A. Marmalyuk, 
Yu.V.  Kurnyavko, A.V. Lobintsov, A.I. Danilov, S.M. Sapozhnikov, 
V.V. Krichevskii, M.V. Zverkov, V.P. Konyaev, V.A. Simakov  OJSC 
M.F. Stel’makh Polyus Research Institute, ul.Vvedenskogo 3, korp. 1, 
117342 Moscow, Russia; e-mail: maximladugin@mail.ru;	
S.O. Slipchenko, A.A. Podoskin, N.A. Pikhtin Ioffe Institute, Russian 
Academy of Sciences, Politekhnicheskaya ul. 26, 194021 St. Petersburg, 
Russia	

Received 6 August 2019 	
Kvantovaya Elektronika  49 (11) 1011 – 1013 (2019)	
Translated by M.N. Basieva



	 T.A. Bagaev, M.A. Ladugin, A.A. Padalitsa, et al.1012

which is caused by the existence of two p – n junctions in the 
laser section. It is important to note that the tunnel junction 
connecting the two laser sections makes no considerable con-
tribution to the increase in the holding voltage of the double 
laser-thyristor.

At the same time, the slope of the light – current character-
istic of the double laser-thyristor is by 1.5 – 1.8 times higher 
than that of the single one (Fig. 3). The corresponding increase 
in the slope for double integrated lasers without a thyristor 
part was somewhat more pronounced, i.e., 1.7 – 2.0 times. The 
difference between these values is caused by loss of carriers in 
the control section. The output optical power of the double laser-
thyristor reached 90 W in a pulsed regime (100 ns, 10 kHz).

The temperature stability of the double laser-thyristor 
operation is illustrated in Fig. 4. It is seen that the laser-
thyristor stably operates in the temperature range from  
– 60°С to + 60°С.

Our experiments show that an increase in the number of 
emitting regions positively affects the output power of the laser-
thyristor and opens the way to a further increase in the output 
power by, for example, designing a triple laser-transistor.

Thus, we presented the results of fabrication and study of 
a double integrated laser-thyristor. A thyristor (controlling) 
and two laser (emitting) parts are combined in one hetero-
structure. It is shown that, other conditions being equal, this 
device is characterised by a 1.5 – 1.8-fold higher quantum effi-
ciency that that of a single laser-thyristor in a pulsed regime, 
as well as by reliable operation in a wide temperature range.
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Figure 1.  Energy band diagram of (a) single and (b) double laser-thyristor.
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Figure 2.  Current – voltage characteristics of (1) single and (2) double 
laser-thyristor.
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Figure 3.  Light – current characteristics of (1 ) single and (2 ) double la-
ser-thyristor in a pulsed regime (100 ns, 10 KHz).
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Figure 4.  Temperature dependence of the output power of a double la-
ser-thyristor at different turn-on voltages.



1013Double integrated laser-thyristor

11.	 Guo W., Shen G., Li J., Wang T., Gao G., Zou D. Proc. SPIE, 
5624, 217 (2005).

12.	 Davydova E.I., Konyaev V.P., Ladugin M.A., Lebedeva E.I., 
Marmalyuk A.A., Padalitsa A.A., Petrov S.V., Sapozhnikov S.M., 
Simakov V.A., Uspenskii M.B., Yarotskaya I.V. Quantum 
Electron., 40 (8), 697 (2010) [ Kvantovaya Elektron., 40 (8), 697 
(2010)].

13.	 Katz F., Bar-Chain N., Chen P.C., Margalit S., Ury L., Wilt D., 
Yust M., Varov A. Appl. Phys. Lett., 37, 211 (1980).

14.	 Wang S.-W., Wu R.-H., Zhu Q.-G., Zhang Q.-S., Li Z.-Y., 
Tian H.-L. IEE Proc., 129 (6), 306 (1982).

15.	 Mori Y., Shibata J., Sasai Y., Serizawa H., Kajiwara T. Appl. 
Phys. Lett., 47 (7), 649 (1985).

16.	 Walter G., Holonyak N. Jr., Feng M., Chan R. Appl. Phys. Lett., 
85, 4768 (2004).

17.	 Alferov Zh.I., Andreev V.M., Korol’kov V.I., Nikitin V.G., 
Portnoi E.L., Yakovenko A.A. Semiconductors, 6, 739 (1972) [ Fiz. 
Tekhn. Polupr., 6 (4), 739 (1972)].

18.	 Lockwood H.F., Etzold K.-F., Stockton T.E., Marinelli D.P. 
IEEE J. Quantum. Electron., 10, 567 (1974).

19.	 Slipchenko S.O., Podoskin A.A., Rozhkov A.V., Pikhtin N.A., 
Tarasov I.S., Bagaev T.A., Zverkov M.V., Konyaev V.P., 
Kurniavko Y.V., Ladugin M.A., Marmalyuk A.A., Padalitsa A.A., 
Simakov V.A. IEEE Photonics Technol. Lett., 25 (17), 1664 (2013).

20.	 Slipchenko S.O., Podoskin A.A., Soboleva O.S., Pikhtin N.A., 
Bagaev T.A., Ladugin M.A., Marmalyuk A.A., Simakov V.A., 
Tarasov I.S. J. Appl. Phys., 121 (5), 054502 (2017).


