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Abstract. LiDAR (Light Detection And Ranging) is a technology used to meas-
ure distances to objects. Internally, a LIDAR system is constituted by several
components, including a power supply, which is responsible to provide the dis-
tinct voltage levels necessary for all the components. In this context, this paper
presents an efficiency comparison of three different DC-DC converter architec-
tures for a LIDAR system, each one composed of three DC-DC converters: in
parallel; in cascade; and hybrid (mix of parallel and cascade). The topology of
the adopted integrated DC-DC converters is the synchronous buck Switched-
Mode Power Supply (SMPS), which is a modified version of the basic buck
SMPS topology. Three distinct SMPSs were considered: LM5146-Q1, LM5116,
and TPS548A20RVER. These SMPSs were selected according to the require-
ments of voltage levels, namely, 12 V, 5 V, and 3.3 V. Along the paper, the prin-
ciple of operation of the SMPSs is presented, as well as the evaluation results
obtained for different operating powers, allowing to establish a comprehensive
efficiency comparison.

Keywords: LiDAR, DC-DC Converters, Efficiency Comparison, Synchronous
Buck, Switched Mode Power Supply.

1 Introduction

Autonomous vehicles are identified as the main booster in terms of future intelligent
transport in smart and sustainable cities [1]. Within this context, LIDAR (Light Detec-
tion and Ranging) is one of the key sensing technologies required to enable partial or
fully autonomous driving [2]. Specifically, LIDAR is an active remote sensing method
that works on the same principle of sonar, but using laser pulses to build a 3D model of
the environment around. Internally, a LIDAR system is constituted by several parts such
as a laser source capable of transmitting pulsed or continuous light, a low noise high-
speed receiver capable of detecting and processing the reflected light beam and a low
power controller unit, where the power supply is a common system to all the parts,



which must guarantee the proper voltage and power levels. Concretely, the power sup-
ply is constituted by DC-DC power converters, each one with specific output voltage
levels.

DC-DC power converters, in the perspective of an integrated solution, have increas-
ingly been identified as extremely important, and arisen as an interesting and valid so-
lution to the growing need for various voltage levels. The application of solutions based
on integrated DC-DC converters presents a set of significant advantages over the solu-
tions implemented using discrete DC-DC converters (e.g., less volume, weight and cost,
and more robustness), mainly for automotive applications [3], such as LiDAR systems.
It is also important to highlight that integrated DC-DC converters do not require large
resources in terms of additional passive components, also allowing to increase the reli-
ability and significantly simplifying their assembly and testing, when embedded in the
target application.

In [4], it is proposed an innovative DC-DC power converter based on an integrated
capacitive step-up structure, specifically dedicated to a LiDAR system in automotive
applications. This converter operates from an input voltage of 12 V, allowing to supply
the load with 70 V, with a maximum operating power of 320 mW. In [5], it is proposed
the design and development of a power supply based on a DC-DC power converter for
a high-power diode laser, for application on a LiDAR, which is part of an unmanned
aerial vehicle. A new perspective of digital control, based on a variable-frequency with
a multi-megahertz characteristic, is proposed in [6] for the application on a boost con-
verter used on a LIDAR, presenting as main contribution the possibility to improve the
efficiency, even when operating with sudden power variations.

Regarding general DC-DC power converters, several reviews can be found in the
literature [7,8], including DC-DC converters for very specific applications [9,10]. How-
ever, for the most part, the presented solutions use many discrete components in the
implementation of the DC-DC converters, not being the most beneficial for applications
as LiDAR systems. In addition, in LiDAR systems, different architectures can be op-
tionally used by associating distinct DC-DC power converters, when there is a need to
supply different output voltages. For example, it is possible to identify in the literature
architectures with parallel DC-DC converters (i.e., single-input multiple-output,
SIMO), cascade DC-DC converters (i.c., the output of a converter is the input of the
next one) and DC-DC converters with a hybrid association (i.e., combining parallel and
cascade structures) [11][12].

In this context, this paper presents a comparison between three different architec-
tures for the power supply of a LIDAR, by reorganizing the same DC-DC converters in
the three different architectures: (i) an architecture with all of them in parallel; (ii) an
architecture with the three DC-DC converters linked in cascade; and (iii) a hybrid ar-
chitecture, with two DC-DC converters connected in parallel to the output of the third
one. The topology adopted in the scope of this paper is the synchronous buck
Switched-Mode Power Supply (SMPS), which is a modified version of the conven-
tional buck converter SMPS, in which the diode is replaced by a second power switch
(MOSFET), minimizing the diode conduction losses and thus improving the conversion
efficiency [16]. The LiDAR systems requires a total power of 50 W for the three dif-
ferent voltages values according to its function and divided as: 17 W at 3.3 V, 5 W at



5V,and 28 W at 12 V. In terms of the value of the input voltage for the converters, the
maximum voltage to be considered is 65 V, which is a requisite of the LIDAR system.
For this purpose, the following models of DC-DC converters were considered: (i) the
switching controller LM5146-Q1 [13]; (ii) the switching controller LM5116 [14]; (iii)
the switching regulator TPS548A20RVER [15].

As the main contribution of this paper, it can be highlighted a comparative analysis,
in terms of efficiency, among the three power supply architectures, all respecting the
voltage limits of each DC-DC converter. The efficiency was determined for the highest
voltage value possible at the input of each converter and with the maximum power
required, usually, the most critical condition for real systems.

The rest of the paper is organized as follows. Section 2 presents the synchronous
buck converter topology used by the selected converter chips. Section 3 describes the
architectures proposed in this study, and Section 4 presents the main results obtained
with each architecture, as well as the energy efficiency comparison for the three cases.
Finally, Section 5 presents the main conclusions of the paper.

2 Synchronous Buck SMPS Topology

The synchronous buck SMPS topology is represented in Fig. 1, which allows to obtain
a regulated output voltage lower than the input voltage. As shown, it is mainly consti-
tuted by two power MOSFETS, an input capacitor C1, an output inductor L1, and an
output capacitor C2.
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Fig. 1. Simplified schematic of the synchronous buck converter.

The average voltage at the output of the synchronous buck converter is directly influ-
enced by the duty-cycle applied to the MOSFET gate terminals. Besides, some other
important parameters, such as the current ripple, the voltage ripple and the minimum
and maximum current through the inductor are dependent on the frequency and duty-
cycle [17]. The synchronous buck converter has two operating modes. In mode 1, Q1
is ‘on’, while Q2 is ‘off’, therefore, the current in the inductor increases. In mode 2, Q2
is ‘on’, while Q1 is ‘off’, providing a path for the energy stored in the inductor to flow
through the load. The two MOSFETs (Q1 and Q2) are alternately switched according
to the PWM signal generated by a controller IC [18].

Comparatively to the non-synchronous buck SMPS topology, the synchronous buck
topology has generally less power dissipation, resulting in a higher efficiency [17],



since the voltage-drop across the low-side MOSFET (Q2) can be lower than the volt-
age-drop across the diode, in the case of the non-synchronous topology.

3 Architectures in Comparison

Automotive applications, such as the considered LiDAR system, require high efficient
DC-DC conversions. In the particular application scenario of this study, the available
input voltage ranges from 15 V to 65 V, higher than the required output voltages, 3.3 V,
5V, and 12 V. Because of that, SMPSs (topology described at section 2) were used to
step down the input voltage to the intended values. Fig. 2 presents the two standard
architectures, parallel and cascade, while Fig. 3 presents the four possible hybrid archi-
tectures that could, in principle, also be adopted for the power supply satisfying this
application.
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Fig. 2. Standard architectures: (a) Parallel (SIMO); (b) Cascade.
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Fig. 3. Hybrid variant architectures.



To demonstrate the methodology used in the efficiency comparison, and for the sake of
simplicity, in this work only one of the hybrid variants, Fig. 3 (a), is used in the com-
parison with the parallel and cascade architectures, shown in Fig. 2. It was selected this
architecture because it seems that it guarantees better efficiency since the voltage in the
first stage is the nearest of the output voltage.

The input voltages, output voltages, output current, as well as the SMPSs used in
each architecture, are presented in Table 1. LM5146-Q1 and LM5116 are switching
controllers with a wide input voltage range (5.5 V to 100 V and 6 V to 100 V, respec-
tively) and a wide adjustable output voltage (0.8 V to 60 V and 1.215V to 80 V, re-
spectively). TPS548A20RVER is a switching regulator with input range from 1.5 V to
20 V, output voltage from 0.6 V to 5.5 V and a maximum output current of 15 A.

Table 1. Specifications of the power supply characteristics of each architecture.

12 VDC-DC 5V DC-DC 3.3V DC-DC .
Architecture
Converter Converter Converter
Input voltage I5V-65V 15V-65V I5V-65V
Output voltage 12V 5V 33V
- Parallel
Converter Chip LM5146-Q1 LM5146-Q1 LM5116
Output current 233 A 1A 5.15A
Input voltage I5V-65V 12V 5V
Output voltage 12V 5V 33V
- Cascade
Converter Chip LM5146-Ql LM5146-Q1 TPS548 A20RVER
Output Current 424 A 447 A S.15 A
Input voltage I5V-65V 12V 12V
Output voltage 12V 5V 33V )
. Hybrid
Converter Chip LM5146-Ql TPS548A20RVER| LM5146-Q1
Output current 422 A 1A 5.15A

4 Evaluation Results

To evaluate and compare the performance of each architecture, the DC-DC converters
were simulated using the WEBENCH® Power Designer software [19], in order to de-
termine its individual efficiency at an ambient temperature of 25°C. The efficiency was
obtained for the maximum operating power required at each output voltage level, as
shown in Table 2, also considering the highest possible voltage at the input, correspond-
ing to the most critical situation. The switching frequency of each converter was se-
lected in order to achieve the best performance.



Table 2. Power required by the LiDAR at each voltage level.

Voltage Level Operating Power
33V 17W
5V 5W
12V 28 W

4.1 Parallel Architecture

In this architecture the DC-DC converters (12 V, 5 V and 3.3 V) share the same input
voltage, ranging from 15 V to 65 V, as illustrated in Fig. 2 (a).

According to the graph displayed in Fig. 4, the obtained efficiency of the 3.3V
DC-DC converter for an output current of 5.15 A and an input voltage of 65 V (worst
case) is approximately 84.5%. For the same output current, but with lower input volt-
ages, the efficiency is higher, namely, 88% for an input voltage of 40 V, and, approxi-
mately, 93% for an input voltage of 15 V.

Efficiency
95.0

925 —
90.0

875

A
i
1
:
i
1
i
i
1
i
i
i
i
1
i
i
1
i
i
;

@
N
@

Efficiency(%)

q
el
o

70.0

67.5

1
1
1
1
1
1
1
1
1
1
1
65.0 | \4
0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
Output Current (A)
==V/in=15.0V ==Vin=40.0V ==Vin=65.0V

5.5 6.0

Fig. 4. Obtained efficiency regarding the output voltage level of 3.3 V (Parallel Architecture).

According to the graph displayed in Fig. 5, the obtained efficiency of the 5 V DC-DC
converter for an output current of 1 A and an input voltage of 65 V (worst case) is
approximately 75%. As in the previous converter, for the same output current, with
lower input voltages, the efficiency is higher, namely, 82.5% for an input voltage of
40 V and 92% for an input voltage of 15 V.
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Fig. 5. Obtained efficiency regarding the output voltage level of 5 V (Parallel Architecture).

According to the graph displayed at Fig. 6, the expected efficiency of the 12 V DC-DC
converter for an output current of 2.33 A and an input voltage of 65 V (worst case) is
approximately 95.2%. Once again, for the same output current, with lower input volt-
ages the efficiency is higher, namely 96.2% for an input voltage of 40 V and approxi-
mately 98.2% for an input voltage of 15 V.

Efficiency

99.0
98.5
98.0 |-
975
97.0
96.5

T 960

5

D'as.

© 945

O 940

P :

Hoas | fof
93.0
925
920
915 |-
91.0
905

1 2 3 4 5 6 7 8 9 10
Output Current (A)
==Vin=15.0V =Vin=40.0V==Vin=65.0V

Fig. 6. Obtained efficiency regarding the output voltage level of 12 V (Parallel Architecture).

Therefore, the overall efficiency for the parallel architecture considering the most crit-
ical situation is:



50w

n= SW_17W _28W
0.75 * 0.845 T 0.952

= 0.8897 = 88.97% (1)

where 50 W is the total output power and 5 W/0.75 is the 3.3 V DC-DC converter input
power, 17 W/0.845 is the 5 V DC-DC converter input power and 28 W/0.952 is the
12 V DC-DC converter input power.

4.2 Cascade Architecture

In this architecture the three converters are connected in cascade; therefore, the 12 V
DC-DC converter has the input range of 15 V to 65 V, the 5V DC-DC converter has
the input of 12 V and the 3.3 V DC-DC converter has the input of 5 V, as illustrated in
Fig. 2 (b).

According to the graph displayed at Fig. 7, the expected efficiency of the 3.3V
DC-DC converter (Effcs.3v) for an output current of 5.15 A and an input voltage of 5 V
is approximately 97.95%.

Efficiency

98.25

98.00

97.75

0
~
2]
=3

Efficiency(%)
w

©
~
o
=3

96.75

96.50

96.25

0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0 55 6.0
Output Current (A)

=\in=5.0V

Fig. 7. Obtained efficiency regarding the output voltage level of 3.3 V (Hybrid Architecture).

The output current required at the 5 V DC-DC converter for the 5 W requested by the
LiDAR system and to power the 3.3 V DC-DC converter is:

17 W

S5W+ 77—
E
loutsy converter = —ffCS.SV = 447 A (2)

5V
According to the graph displayed at Fig. 8, the expected efficiency of the 5 V DC-DC
converter (Effcsy) for an output current of 4.47 A and an input voltage of 12 V is ap-
proximately 97.9%.
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The output current required at the 12 V DC-DC converter for the 28 W requested by
the LiDAR system and to power the 5 V DC-DC converter is:

5W + et

28 W + 3 EffC3.3V

loutzy converter = 12V L ~ 424 A 3)

According to the graph displayed at Fig. 9, the expected efficiency of 12 V DC-DC
converter (Effciov) for an output current of 4.24 A and an input voltage of 65 V (worst
case) is approximately 96.25%. Again, the efficiency is better for lower input voltages,
namely 97.25% for an input voltage of 40 V and 98.7% for an input voltage of 15 V.
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Therefore, the efficiency for the cascade architecture is:
_ 50w
n= VA

5 + e —
28 W + EffC3.3V
EffClZV

= 0.9467 = 94.67 % (4)

Effesv

4.3  Hybrid Architecture

In this architecture, the 5 V DC-DC converter and the 3.3 V DC-DC converter are in
parallel, cascaded with the 12 V DC-DC converter; therefore, they have the same input
of 12 V, while the 12 V DC-DC converter has an input voltage range of 15 V to 65V,
as illustrated in Fig. 3 (a).

According to the graph displayed at Fig. 10, the expected efficiency of the 3.3V
DC-DC converter (Effu3.3v) for an output current of 5.15 A and an input voltage of 12 V
is approximately 97.4%.
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According to the graph displayed at Fig. 11, the expected efficiency of the 5 V DC-DC
converter (Effusy) for an output current of 1 A and an input voltage of 12 V is 97.4%.
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The output current required at the 12 V DC-DC converter for the 28 W requested by
the LiIDAR system and to power the attached converters (5 V and 3.3 V) is:

5w 17W

28W + +
E E
Toutyzy converter = ffés; [fuaav ~ 4224 (5)
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According to the graph displayed at Fig. 12, the expected efficiency of the 12 V DC-DC
converter (Effu;2v) for an output current of 4.22 A and an input voltage of 65 V (worst
case) is approximately 96.25%. As in the former cases of the 3.3 V and 5 V DC-DC
converters, the efficiency is better for lower input voltages, namely 97.25% for an input
voltage of 40 V and 98.7% for an input voltage of 15 V.
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Fig. 12. Obtained efficiency regarding the output voltage level of 12 V (Hybrid Architecture).

Therefore, the efficiency for the hybrid architecture is:

= O W = 95.13% 6
n_28W+ oW + 7w - ©
Effusv " Ef fuzav
Ef fuizv

4.4  Efficiency Comparison

The efficiency must be as high as possible to prevent unwanted power losses and opti-
mize the LiDAR system performance. According to the detailed study performed fo-
cusing on the efficiency of the three possible architectures, and presented in the previ-
ous items, the obtained values of efficiency for each architecture are summarized in
Table 3. By comparing the three architectures for the same conditions of operation, it
was possible to identify that the hybrid architecture presents the best obtained effi-
ciency, with a value of 95.13%. Nevertheless, it was also possible to analyze that the
cascade architecture, with an efficiency of 94.67%, is also a good alternative to the
hybrid architecture for the LIDAR system, since the obtained values are very similar to
the cascade architecture. The parallel architecture presents the worst efficiency with a
relevant difference when compared with the other architectures, demonstrating that it
is not a good alternative for a LIDAR system due to the high-efficiency required.
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Table 3. Comparison of estimated efficiencies among the architectures considered.

Architecture Efficiency
Parallel 88.97%
Hybrid (a) 95.13%
Cascade 94.67%

5 Conclusions

This paper presented a comparison between different DC-DC converter architectures
for a LiDAR system. The architectures under comparison were: three DC-DC convert-
ers linked in a single-input multiple-output (SIMO) structure; three DC-DC converters
linked in cascade; and two DC-DC converters in a SIMO structure and in cascade with
the third one. The DC-DC converters under comparison in the scope of this paper are
based in the synchronous buck Switched-Mode Power Supply (SMPS) topology, and
with the models LM5146-Q1, LM5116 and TPS548A20.

To evaluate and compare the performance of each DC-DC converter architecture,
each converter was simulated with the WEBENCH® Power Designer software in order
to determine its individual efficiency. The obtained results for the considered applica-
tion show that the hybrid architecture has the highest efficiency (95.08%), considering
the higher possible voltage at the input (65 V) and the maximum operating power of
this particular LiDAR system. Taking into account that this DC-DC converter architec-
ture accepts a wide range of input voltages and is able to provide multiple output volt-
ages (12 V, 5V, and 3.3 V), it is the most appropriate option considering the requisites
of the presented LiDAR in terms of input voltage, output voltages, and different oper-
ating power levels. Only three of the possible variant architectures were used in the
comparison to demonstrate the comparison method. The same methodology could have
been used considering all possible hybrid variant architectures, the final best choice
(best efficiency) will depend, in a general case, on the individual efficiencies exhibited
by the DC-DC converters and the required power levels associated to each specified
output voltage.
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