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Abstract: -Digital Pulse Width Modulation (DPWM)
technique has a great influence on power controlled

resolution is that in the case of digital implementation, the
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application due to its better stability, controllability and ability
to work in high frequencies. These techniques are widely used
in power converters and recent developments in semiconductor
field have pushed the switching frequency limits of power
devices. In order to meet the frequency requirement it needs an
efficient Pulse Width Modulating (PWM) Technique. In this
paper we have compare two Synchronous High Resolution
DPWM techniques on FPGA based on conventional DPWM
counter based design.
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l. INTRODUCTION

Energy harvesting is now one of the leading research fields in
the modern world in order to deal with the need of the day by day
rising of energy demand with more eco-friendly and natural way.
Now a days we mainly depend on renewable energy harvesting
techniques like sun, wind etc. as a solution to meet this problem.
But the main drawbacks of these techniques are that the output
cannot be predicted. So in-order to deal with the variations in the
output we depend on power converters[6]-[10]to get the desired
output which we can work on.

The recent development in semiconductor like GaS and
SiC[11] power devices as pushed the limits of operating frequency
further and to handle the switching frequency we need high
resolution Pulse Width modulators[1] to drive it. Traditional
designs of DPWM techniques was basically designed by using
counters and comparators, which is mainly used to generate the
gating signals for the depending on the thresholds. In these type of
designs the main factor is number of bits(ppwm) Used to generate a
PWM signal and the counter clock period which determines the
minimum on-time step.

fclk) )

Nppwy = log, (fsw
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Nowadays, the effort of evolution in the field of power
converter designs with higher switching frequencies is
increasing which ultimately aims to reduce the size of
inductors and capacitors. The another need of high
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number of bits #ppwmshould be higher than the A/D
converter resolution in order to avoid the limit cycling[3]-
[5]. As a result, here will be unfeasibly of high clock
frequency which can result in theincrease of the complexity
and therefore increasing the cost of final implementation.

Another advantage of PWM signal is that it gives control
over the signal both logically in digital applications and over
voltage in power control applications like motor control.
The control over voltage can be attained by changing the
duty cycle of the PWM signal as shown in Fig 2.
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Fig.1. waveform showing control over voltage

duty cycle

voltage = 5v * 100

(2)
5v is the peak voltage of the given PWM signal

FPGA’s are one of the efficient technology or solution
which has been provided by the engineers to easily test and
see the outcome at each scenario by implementing each
design in it and to come up with an efficient solution. Most
of the new FPGA’s have on board processors to handle
computing more easily. The simplicity and features of
FPGA has bought it a long way and FPAA and FPAADD
has proven promising development in this field. FPGA can
be used in even harsh environment and the ease of
upgrading has made it more efficient and has a solution for
our needs. It can also work with high frequency and power
control application which makes it an ideal solution in
power electronic systems. It also reduces the cost and size of
the controlling section in a design which attracts design
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engineers to choose FPGA’s in many power electronic

devices.
DPWM
In this paper we are comparing two designs of high Eog | . '
resolution DPWM technique based on the conventional
design using counters and comparators[2]. The first design o .

is based on Digital clock manager and multiplexers as add-
on to the conventional design and it is designed on Spartan
series FPGA and the second design uses Mixed-Mode Clock
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Digital clock managers are the block which is present in -
Spartan series FPGA’s to handle the clock signals. DCM -
blocks reduce the jittering caused by the clock signals in the

design by using a feedback signal to determine the jitter.in I

the clock signals. It also can generate different clock signals
with reference to the input clock signals by its phase shifting
and frequency synthesising features.

The fine phase shifting can be fixed (specified at design
time and set during the FPGA configuration process) or
variable. It is set by means of the DCM
attributePHASE_SHIFT [12], an integer in the range [-255,
+255][13]. Fig. 2 shows the fine phase shift effects in the
fixed mode of operation. A phase-shifted output with a
resolution of (1/256)th of the input clock period can be
obtained.
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1 Fig:5 output waveform of DCM based DPWM technique

)
. In this design the clock signal is phase shifted and
Ll Bl synthesized with the help of DCM modules to generate
clock signals with different frequency and phase shift
needed for the PWM signal generation. The input bits are
divided into msb(dcl) and Isb(dc2). When the counter gets

Fig:3 waveform showing phase shifting effect

B. High resolution DCM based DPWM design
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the clock signal its startscounting and when the output of the the signals which has been delayed by a certain number
counter matches the input of the 1st comparator (zeros) a set of tap delays with respect to the input. The factor which
signal is given to the SR latch. And when the output of the calculate the resolution is the tap resolution and for
counter matches with the input of the 2" comparator (dc1)a IODELAYEL1 the tap resolution is given by,

clear signal is activated and this output signal is given to the

D flip-flops and depending on the multiplexer input(dc2) the

output of a D flip-flop is send as a reset. Since the phase tiap = 1/(32 - 2 - Tk Rer) (3)

shift and frequency of the clock signals given for the flip-

flops are different we will get a proper reset signal

depending on the input given to the multiplexer.The design byproviding a fine delay-time ty adjustment. The

is simulated on Spartan XCS400-4tq144 series. range of the IODELAY1 Block is determined by the
reference clock frequency which is the main attribute in
this design. The range of clock frequency range is from

TABLE 1: SYNTHESIS REPORT OF DCM BASED DPWM 200 + 10. The IODELAY1 block can run on different
modes depending on the inputie, the attributes which we

DEVICE UTILIZATION SUMMARY (ESTIMATED VALUES) set.In increment/decrement mode (CE),
LOGIC UTILIZATION | USED | AVAILABL | UTILIZATION increment/decrement delay (INC), and reset (RST), are
E the attributes which determines the mode of operation of

NUMBER OF SLICES | 23 3584 0% the IODELAY1 to control the desiring delay as needed.
NUMBER OF SLICES 19 7168 0% One of the advantages of the block is that it uses a clock
FLIP FLOPS signal C which makes the design synchronous which
NUVIBER OF 4 TNPUT i 158 e ultimately hglps us to determine the delay and predict the
LUTS output precisely. The IDELAYCTRL block should be
instantiated with the IODELAY1 block since

NUMBER OF BONDED 21 97 21% IDELAYCTRL is responsible for the continuous
I0BS calibration of the delay elements which helps to reduce

the influence of process, voltage, and temperature on the

NUMBER OF GCLKS 10 8 125% output signal with the help of supplied reference clock
NUMBER OF DCMS 3 4 75% frequency (REFCLK). Fig. 6 shows the pin

outdescription of the IODELAYEL and IDELAYCTRL
blocks in vertex 6 series. The different modes of
operation of IODEALY1 when operating in the
unidirectional input delay configuration, depending on

the mechanism used to select the number of delay taps.
Il. IODELAYE1 HIGH RESOLUTION DPWM . o )
1) Fixed: The delay is fixed in this mode at the time

of design and the delay cannot be changes in between an

A. I0DELAY1 block operation.
2) Variable: In this mode the delay factor depends on
IODELAY1 . N
_ I Datam DATA OUT L the  input control_ signals CE_ and INC.
s CNTVALUEOUT |32~ Increment/decrement signal (CE) determines the delay by
L CNTVALUEIN incrementing or decrementing the number of delay taps
e depending on the INC signal is activated or not. The

RESET input when activated resets the delay block to a

predefined delay value
IDELAYCTRL

RDY|— 3) Loadable variable: This mode is similar to the
variable mode operation except the delay factor is
determined by a 5 bit input value provided to the
—|REFCLK CNTVALUEIN in port. The delay time is, therefore,
calculated as ty = t. Similar to the variable operation the
reset signal is activated to reset the delay value ie, the 5
bit data given to CNTVALUEIN. The delay value when
updated can be read from CNTVALUEOUT port.

—RST

Fig.6. pin out description of IODELAY1 and IDELAYCTRL

In the second approach we make use of the 1/O delay
block (IODELAYE1) which is present in Virtex-6[14]
series FPGAs or as IODELAY2 present in Virtex-7 B. DPWM architecture using IODELAY1
FPGAs. The IODELAYEL1 block provides a certain delay
for the input signals according to the parameters and

mode we use the block thus by allowing us to generate Fig. 7 shows the proposed implementation for an

m+1-bit HRPWM using the IODELAY1 block. The
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design comprises of a counter and comparators as thr
traditional DPWM technique. Similar to the DCM
DPWM technique this design uses MMCM block to
handle the clock signals of this design. The difference of
this design is that it replaces multiplexers from the
traditional designs and uses IODELAYEL block for
increasing the resolution and to make the implementation
easier. Signals SETD and CLRD are generated
comparing the counter output with zeros for SETD and
the most significant bits (dc(m:5) in the figure) for CLR.
The CLR signal then is given to the IODALAY1 block
for setting up the reset signal for the SR latch.
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Fig.7.DPWM design using IODELAY1

In this design we use the IODELAY1 block in
variable mode so that we can use the CNTVALUEIN
port to set up the delay using 5 bit input data. The
CNTVALUEIN sets up the delay using the 5 bit data and
is delay factor can be updated using the reset signal
(RST). Since the design is synchronous it provides more
precision in providing and predicting the output. The
clock signal provided in the input port C. the maximum
delay which can be provided by the IODELAY1 block is
32- tap delay. The same delay factor demand the counter
clock frequency to be the double of the IODELAY1
clock frequency. This demand is met by MMCM which
does the same function as DCM block in the first design.

As mentioned above when ewe use IODELAY1
block we have use IDELAYCTRL block also with it
whose main function is to auto calibrate the tap delay
efficiently. MMCM is responsible for providing different
output clock frequency and this is done by using the
attributes like M, D, and O since

fCKO = M/(D . O) (4)
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signal by delaying the CLR signal according to the
CNTVALUEIN inputwhich is the tap cyclesdc(4:0) =
“10100” = 20. This signal clears the SR latch to generate
the desired PWM signal.
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Fig.8. IODELAY1 operation for 10110100

The proposed IODELAYE1-based High Resolution
Pulse Width Modulation architecture has been simulated
for Xilinx Virtex-6 XC6VCX75T- FF484. The clock
frequency used as input clock is 200-MHz and for
counter frequency 400MHZ. The REF_CK clock
frequency for the IODELAYEL block has been set to 200
MHz, achieving a resolution

ttap = Aton = (1/ (32 -2 fCKREF)) =78 ps.
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Fig: 9.0utput waveform of IODELAYE1 based design for 10000001111

TABLE 2: SYNTHESIS REPORT OF DCM BASED DPWM

DEVICE UTILIZATION SUMMARY (ESTIMATED VALUES)
The basic operation of the proposed IODELAYE1- LOGIC UTILIZATION | USED | AVAILABLE | UTILIZATION
based HRPWM architecture with dc =“10110100.” The NU“}QEE‘E?E%-'CE 8 93120 0%
E:LRE) _S|gnal is actlvgted When. dc(7:5) :C_NT(7:5) = NUMBER OF 3 16560 0%
101” = 4. The resu_ltlng pulse is captured in the_next SLICELUTS

clock cycle by D flip-flop, which generates the input NUMBER OF FULLY 0 21 0%
signal for the IODELAYE1 block to the input DATAIN. USED LUT-FF PAIRS
The IODELAYE1 block then will generate the RESET NUMBER OF BONDED 25 240 10%
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V. CONCLUSION

It is clear from the synthesis report and output generated,
that the IODELAY1 DPWM architecture is more compact
and provides better resolution than the DCM based design.
But the IODELAY1 DPWM architecture is dependable on
the operating clock signal frequency. The frequency of
operation is restricted to 200Mhz — 300Mhz depending on
the virtex series which we use. The variations in the clock
frequency outside the operational frequency can cause the
IODELAY1 block to subject errors in the PWM signal
where in the 1% design DCM block can work up to 200Mhz
frequency and is more prone to errors and readjusts itself
under that frequency.
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Fig:10. Waveform showing error due to clock frequency of
IODELAY1 block

Figl0 shows the error subjected in the IODELAY1
DPWM architecture when clock variation (when the design
operates outside the operating frequency of the IODELAY1
block) is subjected in the design. The DATAIN and
DATAOUT signals will not follow the cntvaluein or tap
delay which we provide. The other advantage of the designs
is that they are synchronous which makes the designs more
efficient and predictable to errors.
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