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Abstract — Two-channel programmable pulse synthesizer is
presented in the paper. It is intended to generate two-phase
control signals to form a pause for commutation of the switch
transistorsin resonant inverters. Theimplementation is based on
Direct Digital Synthesis and Field-Programmable Gate Arrays.
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|.INTRODUCTION

The quasi-resonant and resonant inverters (RI) are widely
applied in induction heating of various materials for surface
hardening, surface melting, casting etc. The optimal operation
of the system inductor-detail depends on the parameters and
the operation modes of the active and passive components of
the Rl and the equivalent parameters of the whole circuit.
During the technological process these parameters vary in
some limits because of the temperature changes. It is
necessary to know how they change in order to measure the
values of the important mode parameters. The am is to
control and/ or regulate the operation of the Rl to achieve
optimal regimes[4].

Aim of the paper: Development and study of two-channel
programmable pul se synthesizer for monitoring and control of
a class of resonant inverters allowing regulating in rea time
the power of the inverter in awide range.

Main problems:

§ Defining the features of the synthesizer: two channels
for generating two-phase sguare waves alowing to control
(regulate) the frequency and the duration of the pause and
hence to regulate the output power in awide range.

§ Implementation of the synthesizer using Direct Digital
Synthesis (DDS) and Field-programmable gate arrays
(FPGA);

§ Design and simulations of the synthesizer.

[1. ANALYSISOF THE OBJECT BEHAVIOR AND
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DEFINING THE LIMITS OF THE OUTPUT POWER

A circuit of a transistor full bridge Rl is shown in [4] and
aso andyses of some aspects of the induction heating
technological process in relation to its control is presented.
Some important conclusions, necessary for the devel opment,
will be reminded bellow.

During the technological process, while the temperature T
of the heated material increases, its features and hence its
active and reactive resistance change [ 7]:

Z. =R +jvL, = f(DT) N

These changes determine variations of the output power. In
order to achieve optimal operation regime of the RI it is
necessary to regulate in some limits either the frequency of
the control pulses or their duration.

The suggested circuit alows regulation of both the
frequency and the pause between the two channels in red
time.

The full-bridge RI is controlled by pulse signals with equal
parameters (in our case ChA and ChB), transferred to the
switching components in the two parts of the inverter, and
with phase angle 2p between them.

Fig. 1 shows the relation between the two control signals,

where: T¢ is the control signals period; T, - the duration of
the pulses; T , the duration of the pause in one period of the
control signal, defined by Eq. (2):

t, =2, +t, 2

t . - the duration of the pause between two consecutive pul ses
in the both control signals.
Thevaueof T, can be defined, taking into account two
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Fig. 1. Waveforms of the control signals for the switch transistorsin
the RI
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considerations - the first one is that two serially connected
transistors must not be turned on at one the sametime, and the
second is that with increasing the pause the power in the
inductor of the RI decreases. The power regulation factor k;
can be determined by Eq. (3) [4]:

k =2, /T, =1- 2, /T, 3

The limits of k; depend on the time intervals for switching
on and off the transistors and on the necessary output power
of theinverter [4]:

O£k £1- 4K(ty, - t, )/ T, (4)
where ton is the turn-on time of the transistor, toif — the turn-off
time and k is a safety coefficient, which can vary in the
followingrange 11£ k, £15.

[11. ARCHITECTURE OF TWO-CHANNEL
PROGRAMMABLE PULSE SYNTHESIZER

The power regulation factor in the presented circuit can
vary from 51% to 99%. Fig. 2 shows the architecture of the
Two-channel programmable pul se synthesizer [3].

The design is based on Alteras FPGA Cyclone
EP1C6Q240C8 [2]. The free version of the development
software Quartus |l 8.1 Web Edition [5] has been used. The
design is created using the Quartus |1 Block Editor and library
functions. The synthesizer includes the following building
blocks:

Input data block [6], consisting mainly of the shift
registers Ipm _shiftregx. It interfaces the control unit,
implemented for instance by microcontroller, and the rest
blocks of the synthesizer. It transfers serialy the frequency
control words for NCO1 and NCO2 and the control signals
mngx.

The purpose of the inputs is as follows: data_clk2 — clock
input from the control unit; reg_cnt — determines input of
either shift register address, or data into the selected shift
register; data_in —address or data input.

Numerically controlled oscillator 1 (NCO1) block —
consists of the adder Ipm add subO (inst) and the register
Ipm_dff0 (inst12). Its principle of operation is expressed in
many references, for example [1], [8], etc. Theinput clk isthe
clock source of the blocks NCO1 and NCO2. The purpose of
NCOL1 is to setup the PWM resolution of the output signals

ChA and ChB. The output of NCO1 ( f ;) isaclock signal

for the counters 74193 and the logic in the last block,
synthesizing the output signals. The frequency of NCOL1 is
determined by Eq. (5):

k .f Ik
Z_nc' (5)

fncor = 5

where: k; is the frequency control word, fy, — clock frequency
from the input clk for the both NCO blocks, n — the width of
the phase accumulators of the NCO blocks.

The PWM resolution is expressed by Eq. (6):

Df — fcIk

NCO1 —
2"

(6)

The output q1_out isintended for test purposes.
Block NCO2 is build up of the adder Ipm_add subO
(inst14) and the register Ipm_dff0 (inst13). The frequency

f oo Of the signal g2_out (g2[31]) is determined using the

Eq. (5), but with the constant k; — the frequency control word
for NCO2, instead of k,. The output g2_out isintended for test
purposes too.

Block forming the pause — consists of the counters
74193, which are cascaded into one 12-bits subtracting
counter. They are initidized with the constant k, and
determine the pause duration in the output signals. The
greatest val ue of the pause is determined by Eq.(7):

2n

2 fclk

t P £2% ] o, =2

NCOo1l

(7)

Block synthesizing the output signals — it is built up
of the triggers DFF and the gates with three inputs. Its
purpose is to synthesize the control signals for channel A and
channd B (outputs ChA and ChB) of the inverter. Their
frequency/ period are equal and they depend on the
frequency/period of NCO2 output (Egs. (8) and (9)).

fe = fneoz /2 (8)
2n+1
c =
I(E}'fclk ,

()

Table | shows the initializing constants for the proper
operation of the synthesizer.

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

Block used at | Block used at
constant . : s Purpose
simulation programming
Defines the
. pause
ko Ipm_constantO Ipnzi_nslswtlitC;)GgZ duration for
the two
channels
Defines the
Ipm_mux0 NCOL1 output
ko I[pm_constant2 (inst18) frequency
fNCOl
Defines the
[pm_mux0 NCO2 output
ks I[pm_constant3 (inst20) frequency
fNCOZ

584




®
e
090

ICEST 2009

25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA

zzzzzz

regl1]

Ipm_shiftreg3
et s
) clock mogl11.9

shiftin q[11.0]

Ipm_shiftreg0
oo

inst.

Teft st
S clock
shiftin [31..0]
3

1Pm_constant2] ,..sis1.o
‘‘‘‘‘

Ipm_mux0

Ipm_shiftreg0

Ipm_add_sub0

Ipm_shiftregd
Tight s

dataix[31.0] J
eodsior] Hesuliso]
inst18 L

sel

Ipm_shiftreg0 [ L
)

Teft st insTT
T clock |
shiftin q[31..0]
iata x|
g

Ipm_add_sub0

Ipm_mux0 dataa[31.0]

resut[31.0]

datab[31.0] D

‘‘‘‘‘‘

Ipm_mux

result3.0/sell3 O\ 931

sel a3t

Fig.2. Architecture of two-channel programmabl e pulse synthesizer

V. SIMULATION RESULTS OF THE TWO-CHANNEL
PROGRAMMABLE PULSE SYNTHESIZER
OPERATION

To smulate the design it is necessary first to make a .wf
file with the input and output signals and the type of the input
stimuli. It is created as a table in Quartus Il and includes the
outputs ChA, ChB, gl out and g2 out and the following
control signals: sel_pin2 — controls the multiplexer Ipm_mux0
(inst20); sel_pin3 - controls the multiplexer Ipm_mux0
(inst18); ENOUT and twoch_en — enable/ disable Ch and ChB
output.

The value of the constant k, a fy=50 MHz, n=32,
facor =125MHz, using Eq. (5), is (1073741824)y. The
PWM resolution is80 ns.

Table Il includes the input data for the smulations for two
different resonant frequencies of the Rl and the results are
shown in Tables Ill and 1V. Waveforms of the output and
control sgnas of the two-channel synthesizer at different
values of kg are shown in Figs. (3), (4) and (5).

164 logic elements from about total amount of 6000 and 14
1/0 pins of FPGA have been used.

The power regulation factor ke achieved has limits from
51% to 99%. The design can be modified in order to increase
these limits.
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TABLEII

CALCULATING THE CONSTANTS K3 AND kgmax , OUTPUT FREQUENCY

AND PAUSE OF THE TWO CHANNELS AT F¢ «=50 MHz, N=32, Fncot
=12,5MHZ/Tnco1=80NS, ky=(1073741824)19 FOR TWO DIFFERENT

FREQUENCIES

fa=fg=40 kHz fa=fa=3 kHz
Ta=Teg=25ns Ta=Tz=333ns
_ fncoz = 6kHzZ
foo> =BOKHZ| 1\ 6871048 | 1 =1667nm| ke=515396
Tycoz =12,5ms
tm=posns | krw=7g |t ~833TM e 9037
TasLE I

OUTPUT SIGNAL PARAMETERS AT Four=40KkHz

ko | ti,ns tp,ns t,,ns dcgm, % | ki, %
10 | 11,683 | 13.227 0.772 46.81 93.61
40 | 9,282 | 15.678 3.198 37.19 74.38
50 | 8,482 | 16.478 3.998 33.98 67.96
60 | 7,682 | 17.278 4.789 30.78 61.55
70 | 6,883 | 18.077 5.597 27.58 55.15
72 | 6,721 | 18.239 5.759 26.93 53.85

dcgm is duty cycle at smulations
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OUTPUT SIGNAL PARAMETERS AT Four=3KHz

TABLE IV

ko t,,ns tp,NS t,,ns d%jom’ k., %
10 | 165,922 | 167,438 0,758 49,77 99,55
50 | 162,721 | 170,639 3,959 48,81 97,62
70 | 161,123 | 172,237 5,557 48,33 96,66
100 | 158,722 | 174,638 7,958 47,61 95,23
300 | 142,720 | 190,64 23,96 42,81 85,63
500 | 126,723 | 206,637 | 39,957 38,01 76,03
700 | 110,724 | 222,636 | 55,956 33,21 66,43
1000 | 86,723 | 246,637 | 79,957 26,01 52,03
1030 | 84,323 | 249,037 | 82,357 25,29 50,59

Ops Ed4us 128us 192us 2665us 320us 384w 448

Mame 7127685 us  +11.682577 us 2496 us
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Fig.3. Waveforms of the output and control signals of the two-

channel synthesizer at ky=10 and f,,=40kHz
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Fig.4.Waveforms of the output and control signals of the two-
channel synthesizer at ky=50 and f,,=40kHz

Fig.5. Waveforms of the output and control signals of the two-
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channel synthesizer at ky=72 and f,,=40kHz

V. CONCLUSION

Two-channel programmable square-wave pulse synthesizer
with opposite phases has been designed and simulated. Its
purposeis to control a class of resonant invertersin real time.
It is possible to regulate the frequency and the pause duration
of the synthesized control signals and hence to regulate the
output power of the RI in wide range. The suggested structure
allows variations of the regulation factor from 51% to 99%. It
is possible to modify it to reach a regulation range 1 - 99%.

The innovative method for direct digita synthesis
determines very high PWM resolution. The design is based on
cheap FPGA circuit with generd purpose from which
insignificant part of resources has been used. So the
synthesizer can be used in more complex devices and systems,
implemented in one FPGA.
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