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Abstract. Pulse width modulation (PWM) is widely used in different applications. PWM
transform the information in the amplitude of a bounded input signal into the pulse width
output signal, without suffering from quantization noise. The frequency of the output signal is
usually constant. In this paper the new PWM system with frequency changing (PWMF) is
described. In PWMF the pulse width and also frequency is changed, therefore 2 independents
information are simultaneously transmitted-PWM and frequency modulation (FM) are
simultaneously used. Such system needs fast demodulator separately for PWM and FM. The
circuit for fast demodulation of PWMF signal is also described and measuring results are
presented. All described circuits were constructed and measured.
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1. Introduction

PWM, or pulse-duration modulation (PDM), is a technique used to encode a message into a
pulsing signal. It is a type of modulation and therefore this modulation technique can be used
to encode information for transmission. Pulse-width modulation uses a rectangular pulse wave
whose pulse width is modulated resulting in the variation of the average value of the
waveform. In this paper is described new approach for fast demodulation of PWM signal and
also for FM signal. The new system therefore allows transmit simultaneously PWM an FM
signals as 2 independents information in one PWMF signal and also fast demodulation.

2. Principle of Variable Frequency Pulse Width Modulation

Signals with PWM are very easy to demodulate. In addition to a number of other components,
their spectrum contains also the baseband spectrum of the original modulating signal. A low-
pass filter is therefore sufficient to separate the useful signal. This method, however, has a
drawback in slow low-pass analog filter and needs of output buffer amplifier. It is important
to note that PWMF signal change booth — pulse width and also frequency. In this paper the
new approach is used for demodulation of PWM in every period (every rising edge). The
principle of 2 independent information transmissions by means of PWMF signal and
demodulation is shown in Fig. 1. On the top two period of modulated signal are shown, where
first period is T1=50 and width w;=30 and second period is T>=30 and width w»=10. In the
middle, the demodulation of PWM signal is displayed. The new values vipwm and vopwm are
updated on every rising edge of PWMF signal. On the bottom, the demodulation of frequency
modulated signal is shown. The new values, corresponding frequency of PWMF signal are
also updated on every rising edge of PWMF signal. The value of demodulated PWM signal of
period Ty with width w1 is vipwm (updated on the end of period T1) and similarly for vopwm

Viung =W, /T, =30/50=0.6  V,pyp; =W, /T =10/30=0.333  [-, s, 5] 1)

The value of demodulated FM signal of period T: (for gain coefficient ki=5) vi+ is (updated on
the end of period T1) and for T2 is vor (updated on the end of period T»)
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v, =k, /T,=5/50=0.1 v,, =k, /T,=5/30=0.166 [- s, 5] )

The circuit and measuring results for conversion of PVM signal to voltage and FM signal to
voltage in one period (updated on every rising edge) is described in next part.
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Fig. 1. The principle of PWMF modulation and fast demodulation (in every cycle — on rising edge of PWMF).
Top - PWMF modulated signal, middle - PWM signal demodulation, bottom - demodulation of

frequency modulation.

3. Circuit for Fast PWM Demodulation

For fast demodulator of PWM the IC’s LTC2644 was used [1]. The simplified block diagram
of LTC2644 is shown in Fig. 2 (left). The LTC2644 measures the period and pulse width of
the PWM input signals and updates the voltage output DACs after each corresponding PWM
input rising edge The input frequency is between 30 Hz and 6.25 kHz (12-bit), 25 kHz (10-
bit) or 100 kHz (8-bit). The DAC outputs update and settle to 12-bit accuracy within 8us
typically. The most important is that slow analog filter was eliminated. The LTC2644 has a
full-scale output of 2.5V using the 10ppm/°C internal reference. The circuit operates from a
single 2.7V to 5.5V supply and supports PWM input voltages from 1.71V to 5.5V [2-3]. The
demodulated output voltage Vpewm can be calculated by the following equation

Voem = Veer 't1/ T [V, S] (3)

where Vrer is 2.5 V internal reference voltage (or external reference voltage) and t1 is width of
PWM signal and T is period of PWM signal. The measured example of PWM demodulation

on every rising edge of input signal is shown in Fig. 2 (right).
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Fig. 2. The circuit diagram of 2 channel PWM/V converter LTC2644 (left). PWM inputs are 8 and 9, voltage
outputs are 2 and 3. The scope of measured the PWM demodulation in every cycle of PWM signal -
time evoluation of signals (right). The PWM signal (top), demodulated voltage output (bottom). The

output of the demodulator is updated every rising edge of input signal.
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4. Circuits and Measuring Results

In this part the circuits and measuring results are presented. The PWMF modulator based on
LTC6992 is displayed in Fig. 3 [4]. Vewm is analog input voltage for PWM modulation and
Vem is analog input voltage for FM modulation. Applying a voltage between OV and 1V on
the MOD pin sets the duty cycle. The frequency range is from 3.81 Hz to 1 MHz. For fixed
PWM frequency (without FM modulation) a single resistor, Rset, programs the LTC6992’s
internal master oscillator frequency. The output frequency is determined by this master
oscillator and an internal frequency divider, divide by Npiwv, which is programmable to eight

settings from 1 to 16384 (by means of Ry and R2) [4]. For Rem—oo (fixed PWM frequency) the
output PWM frequency is given

fout:5‘1010. 1. N, =14.16384 [Hz, Q] (4)
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Fig. 3. The circuit diagram of PWMF modulator with LTC6992 IC’s. Vewwm is analog input voltage for PWM
modulation and Vewm is analog input voltage for FM modulation.
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Fig. 4. The circuit diagram of PWMF modulator/demodulator with galvanic separation (left) and scope - time
diagram of 2 independent signal transmission (right). PWM & FM — modulator (LTC6992), MPG —
monostable pulse generator on every rising edge of PWMF, PWM/V — demodulator (LTC2644). The
example of transmission 2 signals by means of PWMF. First (Top) — PWM modulator input signal,
second — FM modulator input signal, third - demodulated PWMF signal, PWM output, bottom —
demodulated PWMFsignal, FM output.

When the FM is also used, the output frequency is

10 10
f 210 S0 -{VSET[ 1,1 j-vﬂ; Noy =14,..16384  [Hz, V, A] (5)
N DIV VSET N DIVVSET RSET RFM RFM
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The block diagram of circuit for PWMF modulation/demodulation (with isolation barrier) of 2
separate signals is presented in Fig. 4 (left). For FM demodulation, on the first, monostable
pulse generator (MPG) is used and output of MPG is connected to one of PWM/V
demodulator. The MPG converts FM to PWM. For PWM to voltage the LTC2644 (according
Fig. 2 (left)) is used. Result is shown in the Fig. 4 (right). The scope of modulation and
demodulation of the PWMF signals are shown. The input (square wave, frequency=35 Hz)
analog signal is on the top is connected on PWM input of PWM & FM circuit, the second
(sine wave, frequency = 300 Hz) signal is connected on FM modulation input of PWM & FM
circuit, the third, is demodulated output Vewm of PWMF signal and bottom is demodulated
output of Vrwm signal.

5. Conclusion

In this paper was described new approach for fast demodulation of PWM signal and also for
FM signal demodulation. The new system therefore allows transmit simultaneously PWM an
FM signals as 2 independents information in one - PWMF signal. The demodulator measures
the period and pulse width of the PWM input signals and updates the voltage output DACs
after each corresponding PWM input rising edge. The basic PWM demodulator is not
sensitive for input frequency changes. The DAC outputs update and settle to 12-bit accuracy
within 8us typically. The most important is that slow low-pass analog filter was eliminated.
The fast demodulator can be also separately used as PWM demodulator, FM demodulator (the
MPG circuit must be added, see Fig. 4) and demodulator for asynchronous sigma-delta
modulator. The presented systems were described, simulated, constructed and measured.
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