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Abstract 
 
The brushless DC (BLDC) motor has found favor in applications as diverse as computer cooling fans, disk drives, 
cordless power tools, electric scooter or car, and record turntables. As prices continue to fall, the motors will find even 
wider use in all but the most price-sensitive applications. However, as demand increases, so too does the requirement for 
smoother, more efficient, and quieter BLDC motor operation. 
While sinusoidal control is the best way to achieve these goals, it comes with extra cost and complexity relative to more 
traditional, trapezoidal control techniques. This paper will discuss BLDC motor control based on logic schematic 
implement in CPLD. 
 
Keywords – PWM, control system, 3 phase inverters, CPLD, brushless DC motor, scooter. 

 __________________________________________________________________________________________ 
 
 
1. Introduction  
 
As implied by its name, brushless DC motors don't utilize 
brushes; motor movement is controlled by means of 
carefully designed drive signals. Compared to brushed 
motors, brushless motors offer improved reliability, longer 
life, smaller size, and lower weight. BLDC motors have 
become more popular in applications where efficiency is a 
critical concern and, generally speaking. A BLDC motor is 
considered to be a high-performance motor capable of 
providing large amounts of torque over a wide speed range 
[1]. 
 Some BLDC motors use Hall-effect sensors for detecting 
the position of the motor's rotor with respect to the motor's 
stator. These advantages allow it to be used in electric 
scooters and cars. Generally, all modern adjustable control 
systems for 3 phase electric motors are based on the 
principle of pulse-width modulation, PWM [2]. Excluding 
case are soft starters which control is realized by smooth 
increase of the angle of duty cycle of the sinusoidal signals 
towards triacs. 
 Depending on the application of the motor, the 
requirements for the control system are extremely varied. 
 Starting from analogue electronic schematics (sinusoidal 
PWM, SPWM) and till digital PWM generators in embedded 
systems. [3, 4] Systems converting direct current to 
alternating current are labeled as inverters. These devices are 
used for precious control of electrical motors with different 
applications - water pumps or fuel combustion tank’s pumps, 
cooling systems of automatic climate controls, built-in 
inverter in the pump itself with a remote control from a great 
distance, rapidly start-stop systems etc. All of them basically 
have been realized with PWM generator no matter of the 
approach - software language or electronic schematic. [5] 

 Some of basic parameters determining the concrete 
design are minimal and maximum frequency, minimum and 
maximum duty cycle, sampling rate, modulation index. 
Based on these parameters and their flexibility can be 
defined working ranges which to be compatible with a 
platform for implementation of the system. 
 The selected approach by the constructors depends on 
the system requirements. The variation shown in Fig. 1 is 
processing with analog input signals – control circuit 
generates a sinusoidal control signal, called the reference 
signal, and a triangular signal, called carrier. These	control	
signals,	 which	 are	 synchronized, are compared by the 
comparator and providing PWM output signal. The 
disadvantage of the method is that any deviations or 
respectively interferences of both signals can cause missing 
of synchronization of the generators and will reflect on the 
output digital signal [6]. 
 

 
Fig. 1. Principle of SPWM generator 

 
 These disadvantages can be avoided by designing with 
digital generators which reproduce sawtooth form signal and 
another signal with square waveform with duty cycle 50 
percent. Stability of the system can be significantly 
increased with next level approach of using software code 
and a specific platform. In case like that, used base 
frequency, which is the clock frequency of the platform, is in 
range of MHz, more stable compared with previous 
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methods. Wide range of options available during designed - 
amount of blocks of code to check for deviations than the 
expected behavior as some internally checkpoints, feedbacks 
and so on. 
 The variants of decisions for the design of such a control 
system depend on the concrete application of the electrical 
motor. 
 For achieving of processing only with digital signals is 
presented a method with hardcoded times of the PWM 
output signal. The designed control schematic of the three-
phase voltage source inverter is derived from SPWM 
principle. The inverter consists of three half-bridge inverters, 
which are connected in parallel and have the same phase 
output voltages with a phase difference of 120 degrees. 
 
 
2. Design of PWM generator IN CPLD 
 
Power switches of a three-phase H-bridge inverter is shown 
on Fig. 2.  
 

 
Fig. 2. Power switches schematic 
 
 The basic rule is that saturation of two switches in a 
single branch simultaneously is forbidden statement.  

The three-phase H-bridge pulse-width modulation 
inverter waveforms for 120 degrees switch conduction is 
shown on Fig. 3. Within every π/3 period there are only two 
working power switches. The gating signals are performed 
as square waveform with duration 2π/3. The inverter output 
voltages are in the form of a square-wave and according to 
their Fourier series analysis they have low order harmonic 
components (i.e., harmonics near the fundamental 
component). A very costly and large low-pass filter has to be 
applied between the output of the inverter and the load. One 
appropriate solution to reduce the filter size and cost is using 
the SPWM control technique [7]. 

This means that to attenuate these unwanted harmonic 
components, the square waveform shown on Fig.3. has to be 
replaced with PWM signals. Since, there are always two 
PWM gating signals with π/3 offset, is necessary the system 
to control two PWM signal generators which signals have 
the same offset of 60° degrees. 

 
A.  Logic gates functions implementation 

 As we know, the pulse-width modulation signal is in 
function of base, carrier and reference signals. First period, 
labeled “0” out of n, is a pause from moment zero till first 
cross point of comparison. It is performed by a number of 
pulses of the base signal [8, 9]. These pulses can be 
converted in a time period by a counter which is limited 
from an adjacent feedback adjusted to the same number of 
the pulses. The second period, labelled “1” out of n, is a 
pulse with high amplitude which duration is till next cross 
point aligning falling edge of the pulse. This duration is 

achieved by a counter with feedback different than the 
previous one. The analyze of the rest pulses and pauses is 
similar to the end of the period. The common feature for all 
of them is the counter with several different feedbacks, Fig. 
4. So, one standard counter is equipped with all possible 
feedbacks, which are optionally design with an input for 
activation, to cover the range with all possibilities. 

 

 
Fig. 3. Gating signals for switches T1 – T6 
 
All feedbacks are collected with OR gate to reset the 

counter. This flexibility with one counter and all possible 
functions can be enlarged with few cascaded schematics. 
Then the total number the schematic can divide will be the 
multiplication of coefficients of every single counter. After 
the counter is designed is necessary to be triggered inputs for 
feedbacks activations. This functionality is guaranteed by a 
decoder which single active output will allow the 
appropriate counter’s feedback, Fig. 6. For synchronous 
working of the counter and the decoder has to be ensured 
number of feedbacks to be the same as the number of the 
decoder’s outputs. Following this purpose, the decoder is 
realized with two standard decoders with 16 outputs, 
managed by two counters [10]. 

The assembled schematic of the generator of pulse-width 
modulation signal is presented on Fig. 7. The initialization of 
the generator is consisting of reset of all modules in the 
beginning, arranged by the module “PWM_INPUT” when 
signal “CE”, called Control Enabled, is set to “0”. 

When it is set to “1”, decoder activates its own output 
number 0, which set to enable the connected feedback of the 
counter, which is already start counting. When counter 
reaches the moment to reset, the reset signal is delivered to 
the module “T_trigger_synchro_CLR” which trigger its 
state. That is required because reset signals of the counter 
are within short time. Processing in this way provides the 
output sequence after the trigger type T. [11] 
 When the generator is designed for 3 phase motor is 
necessary to double it for implementation. The 3 phase 
bridge branches are working in collaborative with two PWM 
generators with offset of 60°. This signal is provided from 
output “CS_60”, called Control Signal of 60 degrees. The 
signal “CS_120” is with the same purpose. Both signals can 
be used as check points from the system.  
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Fig. 4 Counter schematic with all possible feedbacks  
 

B. Calculations and block schematics 
 For the following equations will be used an abstract 
diagram performing signals, their amplitudes and 
modulation index, Fig. 5 [12, 13]. The base signal with 
frequency fb used for all subsequent operations is presented 
with duty cycle 50%. This is the clock frequency of the 
CPLD circuit and is usually in range of MHz, applied 1MHz 
for this example. The ratio between the periods of the 
requested operating signal and the base one provides how 
many periods, respectively pulses N, are necessary to 
achieve it: 

                       (1) 

 For Tw = 20mS (fw = 50Hz) and Tb = 1μS (fb = 1MHz) 
means that for a period of fw corresponds to 20,000 periods, 
respectively, of the base frequency [8]. 
Fig. 5 presents also the comparison about amplitudes 
between the carrier signal with frequency fc and the desired 
working signal with frequency fw. The correlation of their 
amplitudes is called a modulation index, m: 
 

                (2) 

 
 When m = 1, they are aligned as levels and systems 
enters in so called pre-modulation mode. This case has to be 
avoided. For this purpose, m = 0,8 is recommended. 
The second dependence between the two signals is as 
follows: 

                                    (3) 

 The higher the fc, the closer to the sinusoidal shape will 
be the sampling frequency. This significant difference also 
leads to a greater number of pulses in the PWM gating 
signal, which results in a larger occupied volume in the 
memory of used platform, but correspondingly less 
harmonics will be generated. Last but not least, there is the 
sound effect in coils of the electrical motor when operating, 
again higher frequency values are an advantage. The carrier 
frequency is usually selected to be 5KHz, 8KHz, 10KHz, 
12KHz, or 15KHz. 
 

 
Fig. 5. Relation between carrier and reference signals by SPWM. 
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Fig. 6 Schematic of decoder with number of outputs in relation of number of counter’s feedbacks 
 

 
Fig. 7 Top level block diagram 

 
 The PWM signal axle is as a result of the determination 
of m, fc, fw, and the parameter tn is obtained.  
It shows how long the pulse or pause will be, depending on 
the sequence number n. 
 Since, there are too many numbers which has to be 
counted by a counter schematic, will be used an approach 
based on a counter with flexible feedback - Fig. 8. The base 
signal with frequency of the platform fb is delivered to the 
input of the first counter. The counter is able to count to all 
necessary numbers, because all combinations from its own 

outputs are added to an OR gate. The decoder is used to 
activate in order the preliminary defined numbers of pulses 
as per the PWM output signal. Then every reset pulse of a 
counter triggers input pulse for the next counter. In this way, 
the pulse sequence with a strictly fixed duration is obtained 
for each consecutive pulse and pause, tn. 
 The duration of the next pulse of Fig. 5 can be calculated 
by the formula: 
 

                         (4) 
 

where a1 is the value of the first feedback, b1 the value of the 
second one, xn is the value of the next in row feedback, Tb is 
the base signal frequency period. Thus, 6 cascaded in row 
counters with the same feedback set to 10, according to the 
formula will provide pause duration from Fig. 5: 
 

             (5) 
 

If on the next clock cycle, one of the counters is up to 5, is 
obtained for the duration of the following calculation: 

1 1. .. . [ ]n n bt a b x T s=

6
0 10.10.10.10.10.10.10 [ ] 1sect s-= =
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              (6) 

 
Finally, the output PWM signal is formed by “T” trigger 
realized with “D” latch. It ensures proper duration of any 
coming short reset signal from last counter. 
 

 
Fig. 8 PWM generator with flexible feedback 

 
3. Conclusions 
 
Advantage of the methodology is the simplicity of 
generating a PWM output signal with counter and decoder. 
Based on SPWM technique for accurate timings of pulse and 
pause. Using an internal generator for base clock signal with 
higher frequency increases the stability of the system. The 
presented equations are the basic dependencies when 
platform for realization is electronic schematic with logic 
gates functions. Accuracy of the output signal is in function 
of base and carrier signals which allows different decisions 
during design phase. 
 The illustrated approach of designing a generator with 
pulse-width modulation entirely using digital produced 
signals allows avoiding of any outside disturbances 

accompanying analog signal methods, and usage of any 
additional generators. 
 Main disadvantage of the mentioned PWM generator is 
lack of flexibility. Using hardcoded timings allows only 
changes about the input frequency of the base signal. 
Improvement of the flexibility requires more complex 
feedback and additional blocks, e.g. improving of the sample 
rate leads to add extra decoders with different numbers of 
outputs. 
 The approach of the control system of 3 phase electrical 
motor with fixed hardcoded timings allows the system to be 
designed and implemented sufficiently simply, efficiently 
and reliably. The platform compatible to the requirements is 
CoolRunner-II, with XC2C256-7TQG144C. Used matrix 
delivers flexible enough base for fine adjustments during the 
design of the system and subsequently in its implementation 
as control unit in real facility. 

The illustrated methodology of designing a generator 
with pulse-width modulation entirely using digital produced 
signals allows avoiding of any outside disturbances 
accompanying analog signal methods, and usage of any 
additional generators. 

The design combines mathematical model and synthesis 
through minimization of logic gate functions, which allows 
further expansion of the control system with more 
functionalities even if another one programmable matrix to 
be added. The implementation presents this approach 
applicable in almost all the developments of programmable 
logic controllers’ series of leading manufacturers. The 
advantage is much wider audience, unlike using any other 
language for programming. 
 
 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License 
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