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Abstract

A brushless DC (BLDC) motor is a three-phase that requires electronic commutation to replace the brush function in the DC
motor. This paper aims to implement BLDC motor driver integration based on bootstrap circuits using Autodesk Eagle. The study
proposes an emphasis on bootstrap capacitor calculation based on the charging/discharging capacitor principle with motor speed
rotation as well as the pulse width modulation (PWM) frequency and duty cycle. The driver board consists of a bootstrap circuit
based on IR2110, MOSFETS, three voltage regulators, ESP32 microcontroller and ACS712 current sensor connection, logic level
converter, and BLDC hall effect signal sensor conditioning. The implemented driver has a 14 x10 cm dimension tested to drive 24
V/135 W/6000 rpm sensored BLDC motor using six steps commutation with PWM inserted programmatically in ESP 32 to drive
the high side MOSFET of the driver without AND gate circuit. The effect of PWM frequency and duty cycle variation on the speed
and current of the motor is investigated. The results showed that the driver with both 12 V and 24 V voltage source and 68 pF
bootstrap capacitor work optimally in 20 kHz PWM frequency both in open loop and closed loop speed control tests. The motor
reaches 129 W for the largest power and 5250 rpm for the fastest speed in a 24 V supply.

Keywords: BLDC motor, 3 phases motor driver, bootstrap circuit.

I. INTRODUCTION

A brushless DC (BLDC) motor is a type of magnet
permanent motor with electronic commutation instead of
brush like in a brushed dc motor. Although called a DC
motor, a BLDC motor is a three-phase motor that cannot
work directly with DC current but requires electronic
commutation to replace the brush function in a DC motor
[1]. In the absence of a brush, the BLDC motor has
advantages such as less maintenance for brush
replacement, bigger torque, better dynamic performance,
and higher efficiency [2]. So that the BLDC motor has
become more popular and used in various fields as a drive
system for automotive, robotics, aviation, the factory,
and household appliances [3], [4]. Nevertheless, since the
BLDC motor requires electronic commutation, it needs a
more complex driver than a DC motor.

BLDC motor needs 3 phase voltage source inverter
based on electronics switching components like
MOSFETSs or IGBTS, and they must conduct properly to
give appropriate current to drive the motor [5]. Ready-to-
use BLDC drivers are already available on the market.
However, each switching component in the driver cannot
be accessed individually to achieve better performance
with advanced control such as vector control [6], [7] and
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model predictive control [8], [9]. Moreover, custom
drivers will be more suitable for specific motors.

The challenging factor in BLDC motor driver design
is each phase consists of high-side and low-side
switching devices. The high-side source is floating and
needs voltage reference to reach gate-to-source threshold
voltage, which results in the high side conducting the
current. Two popular methods to design high-low side
drivers are based on optocoupler and bootstrap circuits.
TLP250 is often used in optocoupler-based drivers [10],
[11]. This method provides good isolation for low and
high voltage [12]. However, this circuit requires four
independent voltage sources with different ground [13].
In addition, it has a lower switching frequency than the
bootstrap-based circuit. Meanwhile, the bootstrap circuit
provides faster switching with only one ground. Either
IR2101 [14] or IR2110 [15] bootstrap IC has been used
in the design. IR2110 has the advantage since it provides
a separate logic supply [16].

In [17], [18] designed and simulated 1R2106 and
IR2101-based drivers in Proteus software, respectively.
In [19], the IR2110-based driver was built for 350 W
BLDC with a 5 V microcontroller and hall effect sensor
signal conditioning, while [20] was built for 1 kW BLDC
without signal conditioning. Since the driver in previous
research is based on 5 V, potential improvement can be
achieved to get lower power consumption and faster
control based on a 3.3 VV microcontroller. Moreover, in
[20], hall effect sensors have not been utilized for speed
sensor yet, while [19] and [15] only use one sensor for
speed reading that will give limitation especially in
BLDC with few magnet pairs. In addition, one of the
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most important steps in the IR2110 BLDC driver, that is,
to get the appropriate value of the bootstrap capacitor,
needed to be explained. To control BLDC speed, current
to the motor can be regulated by the PWM technique.
Because PWM frequency and duty cycle that regulate
current have time duration for high and low states, they
can affect bootstrap capacitor condition and should be
considered.

This paper aims to explain the design and
implementation of the BLDC motor driver using the
IR2110 bootstrap circuit. In addition, an electronic circuit
for voltage regulator, hall effect sensors signal
conditioning, ESP32 3.3V microcontroller modules, as
well as two ACS712 current sensor modules, all
integrated on a single PCB. The study to find bootstrap
capacitors is important because inappropriate values can
cause driver failure. Moreover, the single custom driver
implemented is useful to get a compact BLDC driver
motor that can be controlled by either PWM or direct
control technique. This study contributes to build a
BLDC driver by bootstrap circuit with detailed analysis
in getting bootstrap capacitor from capacitor charge/
discharge based on speed and PWM frequency and duty
cycle. The driver will have superiority in compactness
due to single board integration, with appropriate
bootstrap capacitor value to drive the BLDC motor
properly.

The rest of the paper is organized as follows. Section
Il explains the driver design for each block. Section Il
describes the results of driver implementation and
analyzes its performance, and section IV gives the
conclusion.

Il. METHOD

The block diagram of the BLDC motor drive is
illustrated in Figure 1. Two poles pair sensored BLDC
motor with three hall effect sensors is used. The signals
of three hall effect sensors are utilized for commutation
and speed sensors. A 24 V supply is the main source of
the power of the BLDC motor, and then it is stepped
downinto 15V,5V,and 3.3 V. A15V for IR2110 VCC,
5V for hall sensor effect and ESP32 input power supply,
while 3.3 V for logic supply Vdd of IR2110, 74HC14,
and 74HC86.

A logic level converter is needed to change 5 V hall
effect sensor outputs to 3.3 V. Then, the 3.3 V output of
hall effect sensors is connected to the 74HC14 inverting
Schmitt trigger. Outputs of the 74HC14 are connected to
the ESP32 board as digital input pins for commutation as
well as to the 74HC86 XOR gate. The signal from the
XOR gate is then connected to ESP32 as an interrupt pin
to determine the ellapse time for speed calculation. Six
digital output pins of ESP32 are connected to the high
and low side input of IR2110 (HIN and LIN) to control
the switching component, which usually consists of
IGBT or MOSFET. The IGBT is preferred in high-
voltage and high-power applications, while MOSFET is
selected for faster switching frequency [21].

MOSFET is used instead of IGBT in this driver
because BLDC is low-power and can still be handled by
MOSFET, and higher-frequency BLDC maotor control
can be accommodated. Space for two current sensors
based on ACS712 20 A is provided in the PCB. The
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Figure 1. Block diagram of BLDC motor driver design
ACS712 works with a 5 V supply and results in the
analog voltage directly proportional to BLDC current
[22] to measure rms current [23]. The voltage divider
circuit using two series resistors in series is used to get 0
- 3.3 V range output of the current sensor from 0 - 5 V
range. The integrated PCB is designed using Autodesk
Eagle.

A. Voltage regulator and logic converter circuit

A 24 V supply is regulated into 15 V using an
LM317 circuit, which is shown in Figure 2. The
maximum tolerable input voltage is 40 V. The 15 V
VOUT is obtained from a proper combination of R17 and
R18 by (1) [24]. IADJ is very small so can be neglected.
So, if R18=3.3 kQ, R17 should be 36.3 kQ. A variable
resistor is used for R17 to tune the value to get 15 V
output.

v, =125(1+ ﬁ—z) + (Lupy X Ry7) @

15V from LM317 is regulated into 5 V and 3.3V by
using L7805 and AMS1117 3.3 V, respectively. The
logic level converter circuit module is used to change the
5V hall effect sensor output voltage to 3.3V. The module
and its schematic can be seen in Figure 3. HV and LV are
5V and 3.3 V, respectively. Only three pairs of logic
converters are used from the four available in the module.

B. IR2110 and MOSFETS circuit

The next block is the IR2110 MOSFET driver. The
bootstrap circuit principle mainly consists of the charging
and discharging process of the capacitor. The schematic
of the bootstrap circuit-based on IR2110 and MOSFET
circuit for one phase is shown in Figure 4. The supply
VCC of IR2110 is taken from LM317 output and the
VDD from AMS1117 for 3.3 V with C5, C6 for 15 V
voltage stabilization, and C1, C2 for 3.3 V voltage
stabilization. HIN and LIN are connected to ESP32
digital output to control the high and low side MOSFET,
respectively. Logic ‘1’ for HIN will correspond to turn
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Figure 2. LM317 voltage regulator circuit
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Figure 3. 5 volt to 3.3 logic converter circuit

on the high MOSFET (Q1) through HO, while logic ‘1’
for LIN will turn on the low MOSFET (Q4) through LO.

However, high MOSFET cannot turn on with logic
‘1’ to HIN because IR2110 works with bootstrap
principal through bootstrap capacitor C3. Small C4
(ceramic capacitor) is required in parallel with C3 to give
a small ESR, if the C3 is an electrolytic capacitor [25].

Q1 and Q4 MOSFET must not be in conduction
mode (ON) at the same time. When LIN=1, LO will give
VGS for Q4 so that the low MOSFET will conduct and
bootstrap capacitor C3 is in charging condition. Current
flow from VCC passes UF4007 fast recovery, switching
diode to C3, then to VS1 (V phase 1), Q4, and GND
(black flow) when LO OFF an HO ON, bootstrap
capacitor C3 will discharge (yellow flow) so they act like
a voltage source and give reference voltage for floating
VS1 as a source of Q1. Current will flow to VB, HO, and
give VGS for Q1 so that Q1 will conduct. Bootstrap C3
should charge quickly while LO is in ON condition.
Nevertheless, they must have enough voltage to give
reference voltage for VGS of Q1 during HO at ON
condition.

The value of C3 can be determined in [26] by only
charging/ discharging capacitor analysis without
considering other aspects. However, this value is a
minimum value, and motor speed still needs to be
considered to find the value so that the capacitor is too
small and will discharge quickly even though Q1
MOSFET should still be conducting. This condition will
lead to high-side driver failure because VGS is not
enough to turn on the high-side Q1 MOSFET, so the
motor fails to rotate. So, it is concluded that the faster the
motor speed, the smaller capacitor is enough. On the
other hand, for slower rotation, a bigger value of the
capacitor is needed to achieve the VGS threshold. This
research proposes a C3 value based on a one-revolution-
per-second (rps) motor speed condition. For a two-pole
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Figure 4. 1R2110 and MOSFET circuit with bootstrap flow
operation for one phase

pair of BLDC motors there will be 12 commutations with
4-time sequences for each phase to achieve 1 rps.
Therefore, it needs 0.25 seconds to charge and discharge
the bootstrap (C3) capacitor in a cycle. The Cs can be
analyzed by the discharge capacitor equation through R1.
Based on (2), C3 should be > 47 uF to getonly a 0.7 V
discharge drop of the capacitor into 13 V, which is higher
than minimum gate drive voltage (12 V) and fully drive
the MOSFET. A 13.7 V is obtained by 98% of IR2110
VCC (capacitor voltage in settling time condition) that is
subtracted with UF4007 forward voltage (1 V).

0.25
13 = 13.7 e10°C3
C; = 477 X 1075 = 47uF 2)

If 68 pF is chosen in this design, the remaining
capacitor voltage from (3) after the next 0.25sis 13.2 V.
So, the voltage drops during bootstrap capacitor
discharging at 1 rps speed is only 0.5 V. When the
bootstrap C3 is in discharging state, the capacitor will
discharge through R1 = 100 kQ series and Rgate (R7)
=10 Q (can be ignored).

0.25

Ve, = 13.7 e 105xe8x1076 = 132V 3)

The required settling time (Ts) of 98% to achieve 12

V from 0 V can be calculated by (4). The resistance

element of the charging loop, which consists of the

internal resistance of Rds-on of IRF540 MOSFET, is

0.055 Q. To gets 12 V for minimum VGS voltage, the
required time charge of 98% is 5.47 ps.

Ts
12 =15 (1 — e_0.055><68><10_6)

Ty = 5.47 us 4)
This Ts is required at the beginning of driver
operation to charge the bootstrap capacitor from 0 to 13.7
V. But, when the motor has rotated at 1 rps so that the
bootstrap capacitor voltage drops based on (3) only 0.5
V, the charging time required to achieve 13.7 V from 13.2
V is only 1.6 ps. Based on (4), the maximum PWM
frequency can be known. Nevertheless, the frequency
should not be too high to get a linear and wider range of
speed and does not exceed MOSFET’s maximum
switching frequency. Besides the rotational speed of the
motor, the effect of PWM frequency and duty cycle on
the capacitor value can be considered, which is calculated
in (5) with the capacitor charging process in the startup
condition with a 10% duty cycle. A 10 % duty cycle in
20 kHz PWM frequency will have a 5 ps bootstrap
charging time.

__ Sus
12 =15 (1 —e 0.055><c3)

C; =5.64 x 1075 = 56 uF (5)

The value is still between 47 uF and 68 pF, so the
driver will work properly in this PWM frequency. On the
other hand, when a much higher frequency is applied to
the driver, for instance, 100 kHz with a 10% duty cycle
will have only 1 ys to charge Cs. By using (5), the Cs will
be only 11 uF. This value is too small below 47 uF (2) so
that when C3 is in discharge condition while high side
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MOSFET is ON, the capacitor voltage will decrease
quickly below minimum gate voltage.

C. Hall Effect Sensor Signal Conditioning

Schmitt trigger-based conditioning signal is used to
generate almost ideal hall effect sensor signal output
pulses. Noisy, fluctuated, and unsharpened hall effect
sensor signals lead to rotor position misreading. Double
inverting Schmitt trigger 74HC14 is used and
implemented on a 3.3 V supply.

The inputs are taken from 3.3 V hall effect sensor
signals after being converted from 5 V by a logic level
converter. Three output signals of 74HC14 are combined
to produce a tighter pulse signal for the speed sensor by
the 74HC86 XOR gate. The schematic is shown in Figure
5.

I1l. RESULTS AND DISCUSSION

The implementation of the driver connected to the
BLDC is shown in Figure 6, which has 14 cm x 10 cm in
dimension. The driver was tested to drive 24 V/ 135 W/
6000 rpm, two magnet pairs, sensored BLDC motor with
six step commutation method. To determine the correct
phase sequence of the BLDC, an experiment was carried
out by giving voltages combination to the three BLDC
phases and viewing the output from the hall effect sensor
to obtain Table 1.

Phase voltage and hall effect sensors are codded with
their cable colour. The ESP32 microcontroller board is
programmed to run the six commutations with two active
conduction phases based on the hall effect sensor
condition to rotate BLDC in a clockwise direction
without load.

To rotate clockwise, the digital pin of ESP32 must
read the hall effect sensor condition. When the sensor is
101, the motor is given a -++ voltage, 001 is given -+-
and so on. Furthermore, PWM generated from ESP32 is
applied to the active high side of MOSFET through the
HIN pin of IR2110 when the bootstrap circuit is in
discharge condition so that it does not disturb the
charging process. Then, the program reads the ACS712
current sensor through the Analog to Digital Converter
(ADC) pin. For the speed measurement, the output of the
XOR gate is connected to the ESP32 external interrupt
pin. The driver was tested by a 24 V supply and a 12 V
supply to give a more comprehensive result in voltage
variation effect and correlation to the driver.

The results of the experiment can be seen in Table 2
and Table 3 for 12 V and 24 V supply voltage,
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Figure 5. Schmitt trigger and XOR gate for hall effect signal
conditioning circuit

Figure 6. BLDC motor driver implementation.

respectively. The effect of changes in the PWM duty
cycle, PWM frequency and voltage supply to speed and
RMS current of BLDC motor measured by ACS712
sensor were observed as well. The driver was tested with
three variations of the PWM frequency, 5 kHz, 20 kHz,
and 100 kHz.

The result shows that PWM frequency affected the
range and linearity of the duty cycle to the BLDC speed.
10% duty cycle for 12 V in 5 kHz can rotate the motor;
but in contrast, for 100 kHz with the same duty cycle
(10%), the motor was not rotating. Moreover, audible
noise is present at 5 kHz for all duty cycle values because
this frequency is in the range of audio frequency, while
in two higher frequencies, both in 20 kHz and 100 kHz,
these noises disappear.

The correlation of PWM frequency to speed linearity
is investigated using linear regression shown in Figures 7
and 8. PWM to speed correlation should be linear to
achieve better control system performance. The speed
linearity of 24 V decreased compared to 12 V, especially
in high duty cycle in the range 90% to 100% for all
frequencies. The speed was saturated because the motor
reached maximum speed and voltage.

For the 12 V supply, the data indicates that for both 5
kHz and 20 kHz frequencies in the 10% duty cycle, the
motor rotated because the ON duty cycle is on 20 ps and
5 us, respectively, with speed for 5 kHz frequency in
30%-60% duty cycles tend to faster than the speed both
in 20 kHz and 100 kHz. However, the 5 kHz frequency
had a bigger current ripple and nonlinearity since the
current dropped drastically during the OFF-cycle
condition.

On the other hand, 100 kHz frequency or 10 us PWM
period, 10% ON duty cycle happened 3 ps less than Ts,
it was insufficient to charge C3 as bootstrap capacitor as
in (4). The duty cycle was too small to charge the
bootstrap capacitor and turn on the high MOSFET on the

TABLE 1
PHASE VOLTAGE TO HALL EFFECT SENSOR CONDITION
Phase Voltage Hall sensor condition
Red | Yellow | Green | Blue White Green

+ - + 1 0 1
- - + 0 0 1

- + + 0 1 1
+ 0 1 0

+ + 1 1 0
+ 1 0 0

p-ISSN: 1411-8289; e-ISSN: 2527-9955
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TABLE 2
BLDC DRIVER OBSERVATION IN 12 V
Duty
cycle 5 kHz 20 kHz 100 kHz
(%)
rad/s I(A) rad/s 1(A) rad/s 1(A)

0 0 0 0 0 0 0

10 11 0.05 10 0.04 0 0.01

20 57 0.2 46 0.08 45 0.07

30 111 0.35 83 0.16 81 0.14
40 155 0.43 120 0.23 121 0.22
50 194 0.48 159 0.32 159 0.31
60 228 0.45 200 0.41 194 0.39
70 254 0.54 238 0.54 234 0.51
80 285 0.7 278 0.67 272 0.67
90 313 0.88 315 0.79 312 0.8
100 350 0.9 351 0.89 350 0.89

next cycle. This is in accordance with calculation (4): if
the period is less than Ts, the bootstrap C3 is not charged
enough while the low MOSFET is ON to reach minimum
Vs, 0 that when the high MOSFET is ON, not enough
Vs Vvoltage to drive the MOSFET.

In addition, in 100 kHz PWM frequency, the current
does not have enough time during ON condition to reach
the motor winding and achieve the motor electrical time
constant. This led to the presence of current, although the
motor was not rotating. It also shows that 20 kHz and 100
kHz show a similar pattern except for a 10% duty cycle
in 12 V, in which the motor was not rotating at 100 kHz.
This led to the best linearity in 20 kHz.

In comparison, for the 24 V supply, the non-zero duty
cycle starting from 5% was enough to rotate the motor.
The motor was rotating from a 5%-100% duty cycle for
all frequencies with different behavior. The speed for 5
kHz frequency in 20 % - 70 % duty cycles was faster than
the speed both in 20 kHz and 100 kHz with a nonlinear
curve. So, in terms of speed linearity to the duty cycle, 5
kHz exhibits the worst linearity among two others in both
12 V and 24 V, indicated by the lowest R? value and 20
kHz linearity achieve the greatest value.

Power delivery performances over duty cycle
alteration shown by current behavior are displayed in
Figure 9 and Figure 10 with linear regression for both 12
V and 24 V supply voltage, respectively. The 5 kHz
shows the biggest average RMS current, although it tends
to be nonlinear as the duty cycle increases. Meanwhile,

TABLE 3
BLDC DRIVER OBSERVATION IN 24 V
Duty
cycle 5 kHz 20 kHz 100 kHz
(%)
rad/s 1(A) rad/s 1(A) rad/s 1(A)
0 0 0 0 0 0 0
5 9 0.17 9 0.19 9 0.13
10 54 0.52 41 0.5 41 0.3

20 166 1.15 107 0.7 107 0.62
30 267 1.55 176 1.18 175 1.14
40 366 1.96 246 1.54 246 1.49
50 417 2.13 321 1.93 322 1.9
60 470 2.24 393 244 393 2.4
70 513 2.78 448 2.99 449 2.84
80 523 3.4 515 3.62 512 3.45
90 525 49 525 4.77 523 4.76
100 550 5.38 550 5.37 547 5.36
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Figure 7. Duty cycle to speed linearity in 12 V.
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Figure 8. Duty cycle to speed linearity in 24 V.

100 kHz exhibits the lowest power because of the low
average RMS current. This low current is caused by
switching losses in fast PWM frequency, while 20 kHz
has the highest current linearity with moderate current.
The power comparison between 24 V and 12 V is that of
course 24 V has larger power than 12 V because 24 V
supply has a bigger current, but the current exhibits
different behavior. The linearity of current over duty
cycle in 24 V declines compared to 12 V 20 kHz is the
most linear, and 5 kHz is the lowest.
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Figure 9. Duty cycle to current linearity in 12 V.
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The motor open loop performance using the driver
in a 12 V supply can achieve 10 W with a speed of 350
rad/s or 3342 rpm, and the largest power, 129 W, is
achieved in a 24 V supply with 550 rad/s or 5250 rpm
while both supply in full duty cycle and almost same
current value for all frequencies in respective supply
voltage.

Besides open-loop performance, the driver is also
examined by closed-loop control wusing simple
Proportional Integral Derivative (PID) control to find out
the effect of PWM frequency for closed-loop speed
control. Digital PID based on backward difference
approximation was implemented in ESP32 [27]. Uniform
PID parameters (K,, Ki, Kq) by manual tunning with 100
us time sampling and constant set point speed are used to
test three PWM frequency variations like the open loop
test. The step responses of the speed with 150 rad/s set
point in 12 V supply are shown in Figure 11 with the
summary of time response parameter in Table 4.

Based on the system response, it is noticeable that
PWM frequency influenced the control system
performance of the BLDC motor. The results are
different when using the same control method and time
sampling. The 5 kHz frequency had the worst
performance in terms of peak time, overshoot, settling
time, and steady-state error, with only the fastest on-rise
time. The better performance was achieved by 20 kHz
and 100 kHz with similar characteristics. However, 100
kHz had 0.002 s dead time at the beginning of its
response. So, it results in a slightly slower rise, peak and
settling time compared to 20 kHz.

Compared to previous research, many of them are
directly focused on control system performance. In [15],
the IR2110 bootstrap circuit is implemented, but the
study is focused on the fuzzy logic control performance
of BLDC. The study in [20] also used an IR2110-based
driver, which was tested to drive 48 V/ 1 kW BLDC. It

TABLE 4
CLOSED LOOP PERFORMANCE COMPARISON
Parameter 5 kHz 20 kHz 100 kHz
Rise time (s) 0.023 0.025 0.027
Peak time (s) 0.054 0.041 0.043
% Overshoot 24 15 14
Settling time (s) 0.2 0.046 0.047
Steady state error (%) 0.05 0.02 0.02

reached 278 W with a 48 V supply using a 94 % PWM
duty cycle.

The driver implemented on [19] achieves 111.2 W to
drive 350 W BLDC motor in 90 % duty cycle with 48 V
supply while this study in the same duty cycle can reach
114 W of 135 W BLDC motor. However, the driver
closed-loop performance and PWM frequency variation
were not explored. Furthermore, the PWM signal as gate
driver from the microcontroller was delivered through
AND gate, which added component and complexity in
the circuits as well as time delay to send the PWM signal
from the microcontroller to the gate driver. Moreover, the
driver, microcontroller, and other modules in [15] and
[20] were still separated. In addition, the bootstrap circuit
and capacitor value design in [15], [19] and [20] are not
investigated in detail. In contrast, the PWM frequency
inserted in the driver plays an important role in the motor
performance both in open loop and close loop control
systems.

1V. CONCLUSION

In summary, this study has implemented a compact
single-board BLDC motor driver based on the bootstrap
circuit with detailed bootstrap capacitor calculation based
on capacitor charge/discharge based on speed as well as
PWM frequency and duty cycle. The driver was tested to
drive a 24 V/ 135 W/ 6000 rpm sensored BLDC motor.
To control the current delivered to the motor, PWM was
inserted with duty cycles and frequency variation was
investigated to find the correlation and its effect on the
driver and motor performance.

Experimental results confirm that 20 kHz PWM
frequency achieved the best performance compared to 5
kHz and 100 kHz in terms of duty cycle to current and
speed linearity and closed loop speed control
performance in step response setpoint including rise time,
peak time, % overshoot, settling time, and steady-state
error using PID controller. The motor open loop
performance using the driver reached the largest power,
129 W in 24 V supply with r 5250 rpm. This driver with
20 kHz PWM frequency can be used to control BLDC
motors with more advanced methods in the future.
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