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RESUMEN

e |os circuitos de accionamiento, que son la parte central de
los laseres semiconductores, son cruciales para el campo de
la ciencia y la tecnologia aeroespacial, como la guia laser y
la deteccion y medicion de luz. Dada la altisima eficiencia
cuantica de los laseres semiconductores, los cambios
en la corriente afectan facilmente a la estabilidad de la
potencia de salida de los laseres semiconductores, lo que no
favorece su uso sequro. Dado que la longitud de onda y la
potencia de salida de los laseres semiconductores cambian
considerablemente incluso con cambios menores en la corriente
de excitacion, en este estudio se analizaron las caracteristicas
de funcionamiento de los laseres semiconductores y se
obtuvieron los requisitos de disefio del circuito de excitacion
de los laseres semiconductores aeroespaciales. Mediante
la simulacion de circuitos, se establecié un convertidor
reductor paralelo intercalado de cuatro fases como topologia
principal del circuito de potencia del laser semiconductor,
sequido de un analisis de modelado y un disefio de red de
compensacion para el convertidor mediante el método de
promediado del espacio de estados. A continuacion, el circuito
de accionamiento se controlé mediante el método de control
de corriente media combinando el esquema de todo carburo
de silicio, y el circuito de accionamiento prototipo se verifico
experimentalmente. Los resultados demuestran que el circuito
de accionamiento del laser semiconductor aeroespacial
disefiado con un convertidor reductor paralelo intercalado de
cuatro fases puede reducir el coeficiente de ondulacion de la
corriente de salida de 0,244 a 0,015, mejorar eficazmente la
estabilidad del sistema de alimentacion y mejorar notablemente
la frecuencia de conmutacion y la densidad de potencia del
|aser semiconductor. El algoritmo propuesto proporciona
pruebas para la optimizacion y la evaluacion del rendimiento
de los controladores de laser semiconductor para aplicaciones
aeroespaciales.

e Palabras clave: laser semiconductor, circuito de accionamiento,
carburo de silicio, buck de cuatro fases, paralelo entrelazado.
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ABSTRACT

Drive circuits, which are the core part of semiconductor la-
sers, are crucial to the field of aerospace science and technology,
such as laser guidance and Light Detection and Ranging. Given
the extremely high quantum efficiency of semiconductor lasers,
changes in current easily affect the stability of the output power
of semiconductor lasers, which is not conducive to their safe use.
Given that the output wavelength and power of semiconductor
lasers are considerably changed in the case of even minor changes
in the drive current, the working characteristics of semiconductor
lasers were analyzed in this study, and the drive circuit design
requirements of aerospace semiconductor lasers were obtained.
Through circuit simulation, a four-phase interleaved parallel buck
converter was established as the main power circuit topology of
the semiconductor laser, followed by modeling analysis and com-
pensation network design for the converter through the state
space averaging method. Then, the drive circuit was controlled
through the average current control method combining the all-
Silicon Carbide scheme, and the prototype drive circuit was expe-
rimentally verified. Results demonstrate that the drive circuit of
the aerospace semiconductor laser designed with a four-phase in-
terleaved parallel buck converter can reduce the ripple coefficient
of the output current from 0.244 to 0.015, effectively improve
the power system stability, and remarkably improve the switching
frequency and power density of the semiconductor laser. The pro-
posed algorithm provides evidence for the optimization and per-
formance evaluation of semiconductor laser drivers for aerospace
applications.

Keywords: Semiconductor laser, drive circuit, Silicon Carbide,
four-phase buck, interleaving parallel..

1. INTRODUCTION

Semiconductor lasers work by injecting carriers, and through a
certain excitation mode, the semiconductor substance transitions
between energy bands to emit light and form a resonant cavity,
realizing the particle number inversion of nonequilibrium carriers
and exciting them to output a laser [3]. Given that a semicon-
ductor laser is a junction device with extremely high quantum
efficiency and high output power density, it cannot withstand
electrical shock that is too strong. Meanwhile, the fluctuation of
the drive current seriously affects the output stability of the laser,
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which is not conducive to the safe use of the device. Excessive
current fluctuation shortens the service life of the laser and even
directly damages it [4].

In recent years, the design and optimisation of semiconductor
laser driver circuits have received extensive attention, and scho-
lars have made a series of breakthroughs in device characteristics
and topology innovation.Du et al [5] systematically investigated
the package parasitic effect of 6.5 kV SiC MOSFET/SBD by using a
double-pulse test platform, and constructed an equivalent circuit
model that revealed the influence of parasitic capacitance on the
dynamic characteristics, but their study was not However, the stu-
dy has not been extended to the integrated analysis of the circuit
system composed of all SiC devices. In response to the miniaturi-
sation requirements of laser drivers, Yang's team [6] innovatively
proposed a solution based on GaN monolithic integration, which
reduces the circuit size by 58% through three-dimensional pac-
kaging technology, however, the solution lacks the specific design
and experimental validation of the driver circuit. In terms of energy
efficiency optimization, Feng et al [7] proposed a dynamic requla-
tion strategy for a four-phase interleaved buck topology based on
the photovoltaic conversion efficiency curve, and experimentally
showed that the efficiency was improved by 3.2 percentage points
under 10A load, but the small-signal model of this topology was
not established to support the closed-loop control design.Liu [8]
conducted a study on the shunt characteristics of the LLC+Buck
cascade topology, and revealed the impact of the duty cycle to
turns ratio on the shunt accuracy, but this solution lacked speci-
fic design and experimental verification. Liu [8] studied the shunt
characteristics of LLC+Buck cascade topology, revealing the in-
fluence of duty cycle and turns ratio on the shunt accuracy, but
did not model and analyse the back-end interleaved Buck circuits.
The two-phase interleaved topology designed by Sagar [9] for LV
DC grids has a good equalisation of currents, but its efficiency
characteristics and reliability in extreme aerospace environments
(temperatures of -55~125°C and radiation doses >50krad) have
not been verified. Current research presents two main technical
features: one focuses on the characterisation of wide-bandwidth
devices (e.g. Du's quantification of parasitic parameters in SiC
packages, Yang's breakthrough in GaN integration), and the other
focuses on architectural innovations in multiphase staggered to-
pologies (e.g. Feng's four-phase buck strategy, Sagar's two-phase
homogeneous current design). However, there are still significant
limitations of the existing results for aerospace applications

In this study, a stable and reliable drive circuit for aerospa-
ce semiconductor lasers with a small ripple coefficient and high
switching frequency was proposed. By analyzing the working
characteristics of semiconductor lasers, the drive mode was de-
termined. In accordance with the particularity of semiconductor
lasers in aerospace, an all-SiC drive circuit was proposed, a four-
phase interleaved parallel buck circuit model was established, and
a compensation network was designed to implement the drive
circuit for semiconductor lasers used in aerospace systems. Then,
a prototype test of the four-phase interleaved parallel buck dri-
ver was performed to verify the correctness and feasibility of the
method, and an efficiency test of the prototype was implemented
to verify the effectiveness of the method. Results provided a ba-
sis for the optimization and performance evaluation of aerospace
semiconductor lasers.
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2. MATERIAL & METHODS

2.1. ANALYSIS OF FACTORS INFLUENCING THE OUTPUT
POWER OF SEMICONDUCTOE LASERS

Semiconductor lasers are composed of countless laser diodes
[10]. The I-V characteristic curve describes the relationship bet-
ween the laser current and input voltage, and the P-| characte-
ristic curve depicts the relationship between the laser-output op-
tical power and input current [11]. As shown in Fig. 1(see section:
supplementary material), /, is the threshold current, and V, stands
for the break-over voltage.

In the drive circuit of a semiconductor laser, the minor fluc-
tuation of the input voltage causes a great change in the output
current, and the minor fluctuation of the current directly affects
the output stability of the semiconductor laser. In the case of large
drive current fluctuations, the laser may fail to work normally [12].
To guarantee the safe use and stable output of the semiconductor
laser, the current-driven method [13] was adopted in this study.

Only when the output voltage of the drive circuit is higher
than the threshold voltage of the semiconductor laser can the se-
miconductor laser inject current to work normally. However, the
parameters of the semiconductor laser are closely related to the
production process, and its internal parasitic parameters have al-
most no effect on the laser output, which can be ignored.

2.2. DRIVE CIRCUIT DESIGN METHOD FOR ACROSPACE
SEMICONDUCTOR LASERS

2.2.1. Sic mosfet drive optimization method

In aerospace systems, the weight increases or decreases in
grams; thus, small-sized, lightweight, and simply structured se-
miconductor lasers are often used. At the beginning of the 21st
century, silicon carbide (SiC) technology has developed rapidly and
its material properties are significantly better than those of con-
ventional silicon (Si). As shown in Fig. 2 (see the Supplementary
Materials section), SiC can withstand high voltages ranging from
600 V to thousands of volts by virtue of its wide bandwidth (up
to 3.3 eV) and high dielectric breakdown field strength, while its
stable crystal structure supports operating temperatures as high
as 600 °C, which is much higher than the voltage and tempera-
ture limits of Si [14]. Thanks to the advantage of 2.3 times higher
thermal conductivity than SiC devices can achieve high-frequency
stable operation by combining twice the carrier saturation drift
rate of Si while improving power density and integration. In addi-
tion, the low on-resistance characteristic significantly reduces
system losses, resulting in a significant increase in the efficiency
of SiC systems at the same power [15]. These performance ad-
vantages enable SiC devices to achieve high power output while
significantly reducing size, component count and heat dissipation
requirements, providing a key technology support for the balance
between lightweight and high performance in aerospace.

To take full advantage of the extreme performance of silicon
carbide, the all-SiC scheme was adopted, as shown in Fig. 3(see
section: supplementary material). In consideration of the perfor-
mance requirements of aerospace systems for device temperature,
radiation resistance, and anti-interference, the SiC MOSFET and
SiC SBD produced by Infineon, the world's leading SiC chip manu-
facturer, were selected to improve the power density of the system
by reducing the energy consumption and cooling system.

The driver MOSFET chip adopts 1EDI20112AH, which has inde-
pendent source and sink outputs, and achieves the isolation barrier
for data transmission through the indeterminate cavity transfor-
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mer technology, and the isolation between the inputs and outputs
greatly enhances the safety, and operates in a wide input voltage
range; the separated rail-to-rail driver output simplifies the gate
resistor selection, saves the external high-current bypass diode,
and enhances the dv/dt control. Each driver features undervoltage
lockout (UVLO) and active shutdown protection for logic inputs
and drive outputs. Compared with similar chips, 1EDI20112AH dri-
ver chip has the advantages of high reliability and easy design.

The final design of the driver circuit, as shown in Fig 4(see
section: supplementary material) for a phase of the switching
tube driver circuit. ISL6558 generated PWM signal through the
1EDI20112AH electrical isolation and power amplification output
to the switching tube, the driver resistor R1 and R2 were selected
3.3 Q and 10 Q, respectively, in order to meet the ability to drive
fast. To meet the requirements of fast on and off, select the on
voltage +18V, off voltage OV, output drive current 4A.

2.2.2. Establishment of the four —phase interleaved parallel
buck converter model

With the rapid development of aerospace technology, aerospace
systems on the drive circuit puts forward more stringent require-
ments: in order to ensure that the volume of miniaturisation at the
same time, but also need to meet the high current output, low ripple
and high stability performance indicators. Although the traditional
single-phase Buck circuit has the advantages of mature control te-
chnology, low cost, simple structure, etc., its inherent output current
ripple, low power density and other defects, making it difficult to
meet the special needs of the aerospace system. To solve this pro-
blem, the use of multi-phase interleaved parallel technology has
become an ideal choice. The inductor current of each phase evenly
shares the total output current, significantly reducing the single-
phase current stress; secondly, the output filter capacitance can be

articulo de investigacion [ research article

By analysing the operating modes and output ripple laws of
the multi-phase interleaved parallel Buck converter, it can be ex-
tended to the correspondence between the output current ripple
of the N-phase interleaved parallel Buck converter and the system
variables as shown in equation (1)

Us_ 0<DT<—
L-f
U“,(szD) D~ T opr<2t (M
L-f N N
Aiyy = :
Ys (N ])—ND)(D—E] Toprit
L-f N 2 4
Us (N#VD)(D—EJ T oprer
L-f N 4

The amplitude of the output current ripple at the correspon-
ding duty cycle can be calculated from equation (1). In CCM mode,
the output voltage ripple of the N-phase interleaved parallel con-
verter is related to the duty cycle as shown in equation (2)

Ay A0 Ua-D)D
" C 8C-L(N-f)

According to Eq. 1, Eq. 2 and parametric indicators such as
input voltage U, output voltage Uo and switching frequency, it is
possible to determine the number of phases N of the converter in
parallel, and the values of the capacity of inductors and capaci-
tors of each phase Based on the analysis of system requirements,
the four-phase structure shows significant advantages in topology
selection: compared with the three-phase and below solutions, it
can more effectively reduce the single-phase current stress and
output ripple; compared with the more-phase solutions, the ripple

(2)

_ 0
reduced, which is conducive to the miniaturisation of the system; Qll Iy "flw‘ 3
lastly, the total output current ripple can be much lower than the UZ| X D
single-phase current ripple by the phase interleaving effect.
The choice of the number of phases N is crucial in the system _
design. As shown in Fig. 5 (see section: supplementary material), Qi r PR B2
the output inductor current ripple as a function of duty cycle for Us, AD,
a conventional single-phase, two-phase interleaved, three-phase +
interleaved, and four-phase interleaved shunt Buck converter un- US:# o, L i =c []& l{
der interleaved drive is compared. It can be seen that the maxi- 147 o
mum current ripple peak value of the converter output decreases UZ| X D,
with the increase of the number of parallel phases under the same . )
switching frequency condition. The selection point to achieve zero ‘Qi [ A
current ripple duty cycle also increases with the increase of the Ug, XD
number of parallel phases, which is extended to N-phase inter- !
leaved paralleling, the peak value of output current ripple will be
lower or even close to zero. Fig. 6. Drive circuit topology of the semiconductor laser.
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Fig. 7. AC small signal circuit model of a four-phase buck converter.
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Table 1 Open-loop transfer function of multi-phase interleaved parallel Buck converter.

coefficient of the four-phase structure meets the design require-
ments under the premise of the four-phase structure to achieve
the optimal balance between the complexity of the control and
the size of the system. Fits the dual needs of high performance
and miniaturisation of the aerospace system. Therefore, a four-
phase interleaved shunt buck converter is finally adopted as the
main circuit topology for the semiconductor laser.as shown in Fig.
6. L is the inductance, C stands for the filtering capacitance, U,
denotes the DC input voltage, and R represents the resistive load.
Its principle is described as follows: four identical buck circuits are
directly connected in parallel to ensure the amplitude consistency
of each phase of the drive signal, and the conductive phase angle

UsdAl (S) ;1 ;0
C; Ay > >
UsdAZ (S) ;2
"—@ A2 > +
UsdA3 (S) ;3 B Uo
—0O Ay
UsdA4 (S) ;4 B
0—@ A4 >

Fig. 8. Simplified equivalent circuit of the four-phase buck converter.

is successively spaced by 90°. While the total ripple is reduced, the
working frequency is elevated to the four-fold frequency of the
single-phase buck circuit.

The state space averaging method [16] was used to model the
buck converter. In accordance with the modeling idea [17] of the
ideal buck converter in the single-phase continuous conduction
mode (CCM) mode and the equivalent circuit of the four-phase
interleaved parallel buck converter, the alternating current (AC)
small signal circuit model of the four-phase buck converter under
the CCM mode was established, as shown in Fig. 7.

324 | ISSN-L: 0012-7361 | 321-327 | Vol. 100 n°4 | Julio-Agosto 2025 | Dyna

To obtain a simple AC small signal circuit model, Fig. 7. were
simplified. Equation (3) was assumed as follows:
A =sL, +R, k=1234
R(1+sCR.) (3)

B:(i+RC)//R:
sC 1+sC(R+R;)

where A is the state matrix, L, denotes inductance, R is the
inductor resistance, B is the input matrix, C denotes capacitance,
Rcis the capacitance resistance, and R denotes resistance.

Finally, the equivalent AC small signal circuit diagram was ob-
tained, as shown in Fig. 8.

Under normal operation, the inductor current and capacitor
voltage are state quantities. The input and state variables have 25
transfer functions, and all the parallel parameters are the same;
that the module in Fig. 8 is the same. Analysis revealed that all
transfer functions of the four-phase interleaved parallel buck con-
verter can be obtained from five basic transfer functions: G; ;.
Goar Gy, GyarandZz, .

When deriving the transfer function, only one input was as-
sumed, and the other input was 0. Withd, #0, dy34=0. and
i,=0 set, G, 51, Gq . and G, were obtained. G;; and
Z,, were solved by setting d, ,5, =0 and i, #0. The simpli-
fied four-phase interleaved shunt Buck converter AC small-signal
model is solved for the open-loop transfer function and extended
to the N-phase generic case, and the final derivation is summari-
sed in Table 1.

Substituting Equation (3) into the Gvd(s) expression in Table 1
yields the control-output open-loop transfer function as:

AC)

a(s) V(s)=0

V.CRR,s +RV,
(RLC+R,LC)s*+(CRR, +CR R, +4VRR; +L)s +(4R+R,)(4)

3. RESULTS

3.1. EXPERIMENTAL VERIFICATION OF THE
COMPENSATION NETWORK

3.1.1. Verification example
To ensure the high switching frequency and low-output cu-
rrent ripple of the drive circuit, the related components and para-
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meters of the main circuit were designed by taking a semiconduc-
tor laser driver in aerospace as an example.The main engineering
parameters involved in this study are listed in Table 2(see section:
supplementary material)

3.1.2. Compensation network

The Bode plot of the transfer function when no compensation
network is added to the system is shown in Fig. 10(a), from which
it is found that the system has a traversal frequency of 145 kHz
and a phase margin of 90. which is less stable. A type Il compen-
sation network is introduced through research and analysis. The
circuit is shown in Fig. 9(see section: supplementary material) and
its transfer function is Equation. 3.

K(HS](HSJ

wzl a)z2

s 14— 1+
O, @,

According to the engineering parameters and requirements,
the crossover frequency of the system should be 15-25 kHz and
the phase margin should be 45°-75°. To improve the stability of
the system, the compensation network parameters of the four-
phase interleaved shunt buck converter are calculated, and the
K-factor method (Venable AN-103) and the Middlebrook stability
criterion are used to complete the parameter design. R1 = 1 mQ,
R2=10mQ,R3 =1Q,C1 =44nF C2=4.7 yF and C3 =10 nkF.
MATLAB is used as the software platform to plot the Bode dia-
grams based on the transfer functions, and the Bode diagrams of
the compensation network are shown in Fig. 10(b).

G, (s)= (5)

, D, 0,5 a)p1> (o)

3.1.3. Result analysis

Bode Diagram

102 10%
Frequency (Hz)

(@)

Bode Diagram

Magrituge (48)

Phase (deg)
o
=]
;

104
Frequency (Hz)

(b)
Fig. 10. Bode diagram of the transfer function. (a) without the compensation
network; (b) with the compensation network.
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After compensating the system, the crossover frequency was
17.1 kHz, and the phase margin was 56°, accompanied by a decli-
ne at the crossover frequency with a slope of =20 dB/dec, meeting
the actual engineering requirements.

3.2. EXPERIMENTAL VERIFICATION OF THE FOUR-PHASE
INTERLEAVED PARALLEL BUCK CONVERTER

3.2.1. Simulation experiment

Based on the Psim simulation platform, a conventional single-
phase buck circuit and a four-phase interleaved shunt buck con-
verter were simulated under the same conditions, and the topo-
logy of the four-phase interleaved shunt Buck circuit is shown in
Fig. 11(see section: supplementary material). The input signals of
the switching tubes, the output currents of the circuit and each
output current of the four-phase interleaved shunt buck converter
were measured.

3.2.2. Result analysis

The waveforms of the drive signal and output current of the
traditional single-phase buck conversion circuit and four-phase
interleaved parallel buck conversion circuit are shown in Fig. 12.
The total output current of the single-phase buck conversion cir-
cuit was 20 A, and the ripple value was 2.5 A. The inductor current
in each phase of the four-phase interleaved parallel buck conver-
sion circuit was interleaved by 90° in turn, the output current was
20 A, and the ripple value was 0.2 A.

AT

(b)
Fig. 12. Simulation experimental results. (a) Single-phase buck converter; (b)
Four-phase interleaved parallel buck converter.

The comparison data of the simulation results are shown in Ta-
ble 3(see section: supplementary material). Under the same input
voltage, the four-phase interleaved parallel buck converter could
effectively reduce the current of each phase of the inductor and
the total output current ripple value in comparison with the tradi-
tional single-phase buck converter.

The analysis results revealed that the four-phase interleaved
parallel buck converter could reduce the on-off loss of circuit
power devices, improve the overall efficiency, and disperse the
heat generated by each switching element, thus achieving the
effect of improving the overall heat dissipation. Moreover, the fil-
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tering volume and capacity of the circuit could be reduced while
reducing the output ripple to a great extent.

3.3. TEST AND ANALYSIS OF THE DRIVE CIRCUIT FOR
AEROSPACE SEMICONDUCTOR LASERS

3.3.1. Prototype test

In accordance with the technical indexes, an experimental
prototype of a semiconductor laser driver was completed and
experimentally verified, as shown in Fig. 13. The switching tube
MOSFET and diode needed to withstand a voltage of 400 V, and
the maximum current was 1, =4i /2. The overvoltage safety coeffi-
cient was not smaller than 1.5 times; thus, SiC MOSFET (model:
IMW65R083M1H) and SiC (model: IDH20G65C6) diodes produ-
ced by Infineon were selected. In the inductor design, in order
to prevent the occurrence of magnetic saturation phenomenon,
it is necessary to select the appropriate size and material of the
magnetic ring. In aerospace systems, the focus should consider
the device's ability to resist radiation interference, so the design
of the inductor should not only consider the impact of its magne-
tic field on the surrounding devices, but also consider the impact
of radiation from other devices on the inductor, and ultimately,
this paper selects the ring magnetic core. To reduce the energy
loss on the inductor, and at the same time consider the price fac-
tor, this design adopts a highly reliable iron-silicon - aluminium
powder ring, which has excellent magnetic properties, low power
loss, high magnetic flux density, temperature resistance, humidi-
ty resistance and other characteristics. In consideration of a cer-
tain margin and the working mode, a CS400060 magnetic ring
with an inductance of 200 uH and an electrolytic capacitor with
a capacity of 600 and withstand voltage of 250 V were selected.
The 1EDI20I12AH driver chip was packaged using PG-DS0-8-59
(top view). The ISL6558 controller with current sharing function
is selected to achieve average current mode control based on the
ISL6558 multi-phase PWM controller, and the control loop adopts
a three-level cascade structure of voltage outer loop, current inner
loop, and equal-current compensation loop, and is packaged in
16-SOIC.In the PCB layout [19], the SiC MOSFET drive circuit was
connected with the switching tube through the Kelvin connection
method to reduce the loss.

Fig. 13. Experimental prototype.

3.3.2. Test results

The output voltage of the system and the output voltage of
the driver module were tested by using a voltage differential probe
with strong anti-interference ability under an input voltage of 400
V and output no-load conditions. After the load was added, the
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inductor current of each phase and output current of the circuit
were tested by a current probe, and the experimental waveforms
are shown in Fig. 14.
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Fig. 14. Experimental waveforms. (a) Circuit output voltage; (b) Output of the
driver module; (c) Inductor current of each phase; (d) Circuit output current.

The test results showed that the output voltage of the system
was 98.4V, and the ripple coefficient was 0.015 when the input
voltage was 400 V under output no-load conditions; moreover, the
output energy could reach a stable state. After the control signal
with an output amplitude of 3.6 V was amplified by the power of
the driver module, the amplitude of the driver output signal was
16 V, the switching tube could be normally turned on, and the
four-phase driving signal was turned on with a shift angle of 90°,
which could stably drive the switching tube and realize the normal
on/off operation of the four-way switching tube.

After loading, the four-phase currents were interleaved, the
average current of the four-phase inductor current was 2.53 A,
and the four-way current balance degree was 98.73%. Uniform
current stress distribution, the system output was stable, and the
balance effect was good. The output current of the system was
10.02 A, and the current ripple coefficient was 0.014. Compared
with the single-phase output current, this circuit greatly reduced
the ripple value of the output current and realized the functions
of reducing the ripple, thereby increasing the frequency and sta-
bilizing the output.

System efficiency is an important index to measure circuit per-
formance. The efficiency of the designed circuit was tested, and
the system efficiency at the output current moment of different
loads is shown in Fig. 15(see section: supplementary material). The
load current ranged from 1 A to 10 A, and the overall system effi-
ciency was not lower than 95.4%. The circuit achieved a power
output of 1 kW, which met the expected requirements.

The driver circuit is not only to meet the static characteristics
of the stable measurement, but also has a fast dynamic response.
In this paper, the dynamic characteristics of the output are mea-
sured by changing the output load using different relay switches,
as shown in Figure 16(see section: supplementary material). In the
moment of sudden change of load, the output voltage will produ-
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ce a small change, and after about 50ms to reach a stable state,
which can meet the expected results.

4. CONCLUSIONS

To study the effects of the drive circuit on the performance of
the laser output and the service life of the laser and effectively
reduce the ripple coefficient of the drive current, a drive circuit
was designed for aerospace semiconductor lasers, and the all-SiC
scheme was combined with a four-phase interleaved parallel buck
converter. Then, modeling analysis and design of the four-phase
interleaved parallel buck converter were conducted, the single-
phase and four-phase interleaved parallel buck converters were
compared through simulation, and the actual drive circuit proto-
type was experimentally verified. The following conclusions can
be drawn:

(1) Based on the analysis of the structural features and cha-
racteristics of SiC materials, the use of all-silicon carbide
devices has higher anti-irradiation performance compa-
red with Si material devices, and at the same time, high-
frequency stable operation can be achieved in the case of
increased power density.

(2) Under the same duty cycle, the ripple of the output current
decreases with the increase of the number of interleaved
parallel phases, and the relationship between the output
current ripple and the corresponding number of phases is
obtained.

(3) Compared with the single-phase buck circuit, the aeros-
pace semiconductor laser driver circuit designed with a
four-phase interleaved parallel buck converter can reduce
the ripple coefficient of the output current from 0.244 to
0.015, which can reduce the current stress in each phase of
the switching tubes, reduce switching losses, and achieve
the functions of reducing ripple, increasing frequency, and
stabilising output.This method can effectively ensure the
safe use and service life of aerospace semiconductor lasers.

In this study, the all-SiC scheme and four-phase interleaved

parallel buck converter were combined, and the drive circuit of
the aerospace semiconductor laser could effectively improve the
strong influence of high semiconductor laser quantum efficien-
cy on semiconductor output light intensity, which substantially
guides research on aerospace semiconductor lasers. In this study,
the control method of an analog circuit was mainly adopted. This
circuit can be implemented through digital controllers, such as
digital signal processing or field programmable gate arrays, in a
follow-up study to improve the system accuracy.
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