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Abstract. PWM is pulse width modulation, by adjusting the width of the output square wave, has
been widely used in motor speed control, LED brightness adjust, rectifier, audio output etc. Now we
always use software to product PWM, this method has some limitation, not meet high accurate, fast
PWM wave produce. According to this, a new method of generate the PWM wave using analog
circuits has been raised. A triangular waveform generator and a comparator was used to generate a
PWM waveform, Duty cycle was inversely proportional to the input voltage. Error amplifier PWM
waveforms use a negative feedback to ensure high accuracy and linearity of the output. Test results
showed that this design could product fast, high-accuracy PWM waveform, its output fixed or
change by special regular. This design produced a new idea for hardware engineer when they want
to design different PWM waves, has a certain reference values.

Introduction

Pulse width modulation is an analog control method, usually use digital microprocessor output to
control a very effective technique for analog circuits, is widely used in many fields of measurement,
communication and power control and conversion. Pulse width modulation is a very effective
technique to control the analog circuit by digital output of microprocessor. PWM control technology
IS the most widely used control mode of power electronic technology with the advantages of simple
control, flexible and dynamic response, and it is also a hot spot for people to study. Combining with
the modern control theory or realizing the non-resonant wave switching technology will become
one of the main directions of the development of PWM control technology.

Based on research the principle of PWM, put forward the PWM wave produced by high
performance analog design, with a triangular waveform generator and a comparator to generate a
pulse width modulation (PWM) waveform, this time for duty ratio is inversely proportional to the
input voltage. An operational amplifier and a comparator generate a triangular waveform, which is
input from the inverting input of the second comparator. Input voltage through the comparator
forward input, compared to produce a PWM waveform. A negative feedback on the PWM
waveform of the error amplifier is used to ensure the high accuracy and linearity of the output [1-3].

System Design

The system block diagram is shown in Fig. 1, the input voltage signal is input to the error amplifier
circuit, and then the input to the comparator, and its negative feedback to the error amplifier circuit,
to improve the accuracy of the input signal. The triangular wave circuit generates a triangular wave
and input to the comparator, and the input voltage of the triangular wave voltage and the error
amplification circuit is compared by comparing the circuit, and the output of the PWM wave is
generated. Change the input voltage signal, will produce different PWM waveform. By reasonable
selection of high performance devices, the frequency and driving ability of wave can be improved
PWM [4-6].
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Figure 1. System design diagram

Detailed Design and Key Technologies

Error Amplifier Circuit Design. The error amplifier circuit is shown in Fig. 2. There are two
purposes, first, in order to correct the output voltage error introduced by the comparator, the error
amplifier to adjust the output PWM waveform feedback. Second, it adds a DC offset to the input
voltage, so that the circuit can be adjusted by the negative input voltage. 2.2V, 50MHz low noise
single supply High Performance CMOS rail to rail operational amplifier is OPA365. After
optimization has very low voltage, low noise and high speed operation (50 MHz gain bandwidth)
and excellent common mode suppression ratio (CMRR), no input stage cross-over distortion, high
output impedance and rail to rail input and output swing. Input common mode range includes
negative and positive power supply. Output voltage swing is 10mV. Suitable for driving sampling
analog to digital converter (ADC), support for audio, signal conditioning, sensor amplification,
national defense, aerospace and medical applications. It is also very suitable for the application of
mobile power amplifier control loop.

Most of the PWM circuits are not running the comparator included in the feedback loop of an
amplifier. For these circuits, the output duty cycle is a function of the amplitude of the triangular
wave (Vref) and the input signal amplitude (Vin). The average output voltage (Vo) depends on the
amplitude of the PWM waveform (Vpwm), which is usually determined by the power supply
voltage of the comparator. Voltage (Vo) output as shown in the formula (1):
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Since the power supply voltage of the comparator directly affects the output voltage, the
non-feedback PWM circuit has no power supply rejection. In this design, an error amplifier is
operated as an input signal of an inverting amplifier, which is shown as a DC coupled source V
input. By incorporating the comparator in the feedback loop of the error amplifier, and adding an
integrated capacitor C2, the error amplifier directly controls the average output voltage [7]. Voltage
(o) output as shown in the formula (2):
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Figure 2.  Error amplifier circuit
Triangle Wave Generator Circuit Design. Triangular wave generator as shown in Fig. 4,
operational amplifier is configured to an integrator, and its output in the output of the comparator is
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a low electricity at ordinary times increase linearly. On the contrary, when the comparator output is
high, the output is reduced linearly. When the non-inverting input voltage exceeds the reference
voltage, the comparator output switches, in this circuit, the reference voltage is 2.5V. Since the
circuit is designed to supply power to a single 2.5V, a 5V offset is added to the triangular wave, so
that it is centered on the power point of all the comparator in the circuit. The amplitude of the
triangular wave is generated by the formula (3).

R5 8. 45K

Figure 4. Triangle wave generator circuit design
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In the formula (4), the V1 is higher or lower than the reference voltage of the comparator output
voltage. For example, in our system, the comparator output will be 5V or OV. Because this circuit
uses a 2.5V reference, VI is equal to 2.5V. Most PWM systems do not allow for 0% or 100%
modulation, this is because the output will be DC, and there may be damage to other components in
the signal path. Therefore, the amplitude of the triangular wave must be chosen so that it is greater
than the maximum expected input voltage. Selection of 2.1V through the comparison can be
achieved 2V to +2V voltage range. Select R6 for the 10K resistance, through the formula (4) can be
regarded as R5:

RS — VTRI;XRG — 2.112/:;01( — 845K (4)
1 .

Generation of PWM Wave. The output of the U1B in the triangular wave generator circuit in
Fig. 4 is connected to the positive input of the error amplifier circuit U2A comparator. After
comparison with the input voltage, the PWM wave can be output at the output end of the U2A. The
output voltage of the Vo is calculated by the formula (5).

Among them, Vo is the average output voltage, K is the duty cycle of the PWM waveform, and
Vpwm is its amplitude. For example, a duty cycle of 25% PWM 5V waveform will produce a
1.25V output voltage at low pass filter.

Test Results

According to the hardware design, the circuit is simulated in TINA-TI, and the following data and
simulation waveforms are available. When the input voltage is fixed value, the waveform is
generated when the input voltage is 3V. As can be seen from the figure, the duty cycle of the PWM
is proportional to the lower half of the triangle wave, and the duty cycle of the output PWM can be
adjusted by adjusting the input DC voltage.
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Figure 5. The output PWM waveform when input signal is 3V DC

Conclusion

A new method of generate PWM with high performance analog parts is produce, and we build the
hardware circuit, careful analysis the principle, simulate the result under the TINA-TI simulation.
The test result show that can generate different duty ratio PWM wave according to different input
signal. The design objectives and test results can meet the requirements of the basic requirements.
It also can meet the specific needs of PWM wave generation by adjusting the parameters of the
hardware circuit, or using different devices. The hardware designers have a certain reference and
practical value.
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