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Abstract — One-channel programmable pulse synthesizer,
oper ating in two modes — continuous and counter mode, with and
without PWM, has been designed. The design is implemented
using Direct Digital Synthesis and Field-Programmable Gate
Arrays. High resolution of PWM and wide range of duty cycle
has been achieved.
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|.INTRODUCTION

Synthesizing square wave signals is widely applied — to
control low power single switch invertorsin red timein order
to keep their optimal power [4]; in testing and calibration of
microprocessor devices measuring velocity, frequency, time
intervals, etc. in automobile electronics, measurements and
communications, etc.; in developing building blocks of
precise functiona generators, to control and regulate the
revolutions of DC motors, etc.

Three groups of methods for synthesizing square wave
signas are known — anaogue, digital, and hybrid, but during
the last decade the Direct Digital Synthesis (DDS) is more and
more studied and applied [1], [5], [7]. It has many advantages
as. very high resolution, wide frequency range, continuous
phase of the output signal, good spectral purity, etc. At the
same time implementing the DDS method together with novel
circuits as Field-Programmable Gate Arrays (FPGA) [3] leads
to considerable possibilities as: synthesizing hardware by
software means, integrating various functions of a design in
one chip, implementing complex agorithms for paralel
operation; increased operation speed, flexibility and
reliability, low power and cost, etc.

Aim of the paper: Development and study of one-channel
programmable pul se synthesizer.

Main problems:

§ Defining the features of the synthesizer: two modes —
continuous pulses and definite number of pul ses (counter
mode), each of them with two sub-modes: with duty cycle
50% and with programmable duty cycle from 1 to 99 %;
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§ Implementation of the synthesizer using FPGA,;
§ Development and simulation of the project.

[l. ARCHITECTURE OF ONE-CHANNEL
PROGRAMMABLE PULSE SYNTHESIZER

The pulse synthesizer is designed for Alteras FPGA
Cyclone EP1C6Q240C8 [2]. Integrated software environment
Quartus I 8.1 Web Edition [6] has been used for its
developing and simulations. The design has been created with
the Quartus Il Block Editor using the library functions of the
software.

The architecture of the synthesizer isshown in Fig. 1 and it
consists of the following basic blocks:

§ Input data block, based mainly on the shift registers
Ipm_shiftregx. It transfers to the next blocks the input data
necessary for the proper operation of the synthesizer, as:
output frequency, output duty cycle and the number of output
pul ses.

Entering the data can be made using two types of interfaces:
serid and paralel, depending on the necessary speed and
hardware. Serial interface has been used at the current design,
decreasing the used pins of FPGA.

The input data come from a control unit, for instance a
microcontroller. The purpose of the input pins of the block is
asfollows. data_clk3 — clock signal, coming from the control
unit; reg_cnt — control signal, setting input of shift register
address or input of datainto the selected shift register; data in
— input for address or data.

§ Numerically Controlled Oscillator (NCO) block,
defining the output frequency, based on the adder
Ipm_add_sub2 and the register Ipm_dff0. As NCO block is a
part of adirect digital frequency synthesizer, its operation will
not be discussed here. The input clk isfor the clock frequency.
Its operation is controlled by the input signal mng[2]. The
output signa gout isused for test purposes.

§ Pulse-width Modulation (PWM) block, realized on the
base of the digitd comparator |pm_compare5 and the
multiplexer [pm_mux12. Choosing a sub-mode — with 50%
duty cycle and with programmable duty cycle from 1% to 99
% is made by the signal mng[0].

§ Counter block, used when the synthesizer works in
counter mode (generating a definite number of pulses). It
consists of the counter Ipm _counter9 and the comparator
[pm_compare3. Two signals control its work: pls_cnt_clr for
clearing the counter and pls_cnt_en5, enabling/disabling its
operation.
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Fig. 1. Architecture of one-channel programmabl e pul se synthesizer

Table | shows the input constants and the corresponding  where k; is the frequency control word, fyx — clock frequency

blocks used in the various modes of operation of the

synthesizer.

TABLE |
CONSTANTS AND CORRESPONDING BLOCKSUSED IN SIMULATION AND
OPERATION OF THE DESIGN

Block used at | Block used at
Constant . . . Purpose
simulation programming
Defines  the
Ipm_shiftreg5 | dut cle for
ko I[pm_constantO P En stS)eg WVyMCy Ub-
modes
Defines  the
[pm_mux13 | output
ky I[pm_constant1 (inst20) frequency
fNCOout
Defines  the
number of
pulses in
. counter mode
ko Ipm_constant2 Ipm__sh|ftregS (the value
(instl3) must be less
by 1 from the
necessary
number)

The output signal is pwm_pulse cnt. Its frequency/ period
are defined by the Egs. (1) and (2) [1]:

— kl' fcIk

= fNCOout - 2n (1)

Tow = ) 2

for NCO, n—width of the phase accumulator of NCO.
The PWM resolution is expressed by the Eq. (3):

_To
Dt —2—,:. 3)

where p is the width of the digital comparator [pm_compare5.
t, isthe pulse duration, defined by the Eq. (4):

T
t, =k02%t (4)

[11. SIMULATION RESULTS FROM THE OPERATION
OF THE ONE-CHANNEL PROGRAMMABLE PULSE
SYNTHESIZER

To simulate the design it is necessary preliminary to create
a file consisting of the input and output signas and the input
stimuli. It is created as a table in Quartus I and includes the
control signals for the four sub-modes, shown in Table I, and
the two monitored output signals - pwm_pulse_cnt and gout.

The initial data for the smulations are the following: fy=50
MHz, f,=100 kHZ/ To,:=10ns, PWM resolution — 2, 4414 ns.

Some results of the simulations are shown in Table I11, where
t .y IS caculated t, 1 g ist, from the smulation and

DCgmisthe duty cycle from the simulation. Figs. 2, 3, 4 and 5
show waveforms illustrating the operation of the synthesizer
in the various modes — continuous and counter, with and
without PWM, and for various values of the constant ko,
setting the duty cycle. Only 56 logic eements from about
6000 and 12 pins of FPGA has been used, which dlows
building in the design into more complex devices and systems
with large number of features.

580



®
e
090

ICEST 2009

25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA

En: 0485 us 40865 us

5 ls
Name i [14725
14 ns /
.......... S

pls_ent_ck I | \ /

pls_cnt_enS

pu_pulse_cnt | |

\FRERT I \Y
qout %

Fig. 2. Output signal in continuous mode with PWM at ko=10

(duty cycle=0,2%)
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Fig. 3. Output signal in continuous mode with PWM at ko=1000
(duty cycle =24,4%)

TABLEII
SETUPSIN THE .WVF FILE FOR THE VARIOUS MODES OF OPERATION

Control C_onti nuous erde _Counter mO(_je
signals without with without with
PWM PWM PWM PWM
mng[ 0] 1 0 1 0
mng[2] 1 1 1 1
pls cnt_en5 1 1 0 0
pls cnt_clr - - 0 0

V. CONCLUSION

One-channel programmable pulse synthesizer, operating in
two basic modes - continuous and counter mode, with and
without PWM, has been designed and simulated. These modes
allow increasing the range of the possible applications of the
synthesizer. The used novel direct digital synthesis determines
very high PWM resolution — 2,4414 ns. The duty factor varies
in wide range — from 1% to 99%. The smulations prove the
proper operation of the circuit. The implementation is based
on cheap FPGA with genera purpose in which very small
percent of elements and 1/O pins has been used. This fact
allows using the synthesizer as a building block of more
complex devices and systems, implemented in one FPGA
circuit.
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Fig. 4. Output signal in continuous mode with PWM at kq=4090
(duty cycle =99,8%)
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kO t Ica\Jc'rrs t Isim? s DFsim.' %
5 logical O | logical O 0
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4095 logical 1 | logica 1 100

[3] Hristov, M. et a. Development Systems for Microelectronics.
Sofia, TU — Sofia Publishing, 2004 r. (in Bulgarian)

[4] Karaliev, H., H. Hinov, V. Rankovska. Modeling and
Investigation of Inductive Cummulation Inverter. ICEST2005
Conference Proceedings, Nish, Serbia and Montenegro, 2005,
pp. 237-240.

[5] Karaliev, H., V. Rankovska, “DDS Method for Generating a
Frequency Grid a Systems for Test Control and Automated
Regulation”, ICEST 2006, Conference Proceedings, pp. 300-
303, Sofia, Bulgaria, 2006.

581



&)
CD(‘.-"?O |CEST 2009 25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA

[6] Quartus Il Version 5.0 Handbook. Vol. 1: Design & Synthesis, [7] Tierney, Joseph, Charles M. Rader, Bernard Gold. A digital
Altera Corp., 2005. Frequency Synthesizer. IEEE Transactions on Audio and
Electroacoustics, Val. au-19, No. 1, March 1971, pp. 48-57

582



