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PSPICE SAWTOOTH GENERATOR

The sawtooth waveform is not a standard waveform in PSpice primitives. An
approximate way to generate a sawtooth waveform is to use an independent-
voltage PULSE source. The rise time would be just less than the period, for
numerical reasons thersust be a short pulse width, and th# time TF

would be very short. The sawtooth waveform is useful in driver circuits, so
we will create a PSpice sawtooth generator in a subcincamed
VSAWTOOTH and write it in DRIVERLIB. See Section 5.2.1, Fig. 5.2.3
(page 148 in the text).

EXAMPLE W5.2.1

Design a sawtooth generator with an output voltage of variable frequency and
adjustable amplitude. Implement this generator simulation with an amplitude
of 1V and a frequency of 100kHz. Write the cirdué with the sawtooth

generator described in a subcircuit.

Solution
There are four steps in this solution.

A PSpice independent-voltage source can produce an approx-
STEP 1| imate sawtooth waveform if the source is represented by a
periodic pulse voltage. Figu5.2.1 depicts a PSpice con-

figuration and the waveform.

0] _periop |7 !

Fig. W5.2.1 Sawtooth generator.
(a) PSpice configuration, (b) waveform.
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STEP 2| The circuit file is as follows.

NN MM W5 2 :LCIR NAIDIDIIDIDIIDIDIINDDIIDIDIINDIINDIINDNNDNNDNN

A SAWTOOTH GENERATOR NAMED VSAWTOOTH

* To plot a trace of the output-voltage waveform.

* Describe the generator as a subcircuit.

. SUBCKT VSAWTOOTH 101 100 PARAMS: VM=2V PERIOD=20us

* The subcircuit name is VSAWTOOTH. This is in DRIVHRB.

* The external nodes of the sawtooth voltage are 101, 100.

* Parameters (amplitude and period) are given default values.

VST 101 100 PULSE(0.01 {VM-0.01} 0 {PERIOD-2ns}

+ 1ns 1ns {PERIOD})

*V1=0.01V and V2={VM-0.01} ensures the full range of the duty cycle.
R1 101 100 1E6o0hms

* Not really needed. PSpice puts 1/GMIN across sources.

.ENDS VSAWTOOTH; End of subcircuit description.
Xgenerator 1 0 VSAWTOOTH PARAMS: VM=1V PERIOD={PER}
*Nodes 1, 0 of the main circuit file correspond to 101, 100 in the subcircuit.
* The X statement calls for the subcircuit VSAWTOOTH.

* |ts parameter values override the default values in the subcircuit.

* Needs a global parameter PER in the circuit file.

. PARAM FREQ=100kHz PER={1/FREQ}

. STEP PARAM  FREQ LIST 50kHz  100kHz

. TRAN 60ns 60us

.PROBE v(1); Sawtooth-generator voltage.
.END

NIIDIIIDIDIIDIDIDIIDIDIDIDIDDIDIDIDIINDIDIDIDINDDIDIDINDIIDINDDIDINDDIDINDNNDNDNDN NN

A simulation of W5_2 1CIR gives results similar to the ideal
STEP 3| waveform shown in Fig. W5.2.1b with a period of 10us and an
amplitude of 1V.

See Fig. W5.2.1c. The subcircuit VSAWTOOQOTH is written in
STEP 4 | the library file DRIVERLIB.
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A SAWTOOTH GENERATOR NAMED VSAWTOOTH

f=50kHz

f=100kHz

Fig. W5.2.1c

END OF EXAMPLE W5.2.1
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COMPARATOR

For the duty-cycle control of a chopper, the comparator providgsirag
signal that is adjusted by a reference voltage. See SectionBR3.2.3

(page 148 in the text). The comparator is a straightforward device to use in
a PSpice simulation, either by means of an analogue behavioural model
(E source) or a macro model (subcircuit LM111). Reference can be made to
Section 1.4 in Chapter 1 of the text. We have created subcinaumitsd
COMPARATOR and COMPARATORZ2 in DRIVERIB.

EXAMPLE W5.2.2

Design a comparator using an analogue behavioural model (E source) like that
in Section 1.4. Include a 1% hysteresis and let the output voltage swing from
ground level to the value of the positive op-amp sou@€=15V. The input

Is a sinusoidal voltage of amplitude 2V and a frequency of 0.5Hz, as shown
in Fig. W5.2.2a. Write theircuit file with the comparatodescribed in a
subcircuit. Plot traces of the input andpuitvoltages. Check the hysteresis.

| Subcircuit COMPARATOR
|
v =25in3.1416¢V_ jrvee

R

Rin é Compar@q

I
I
I
I
I
| |
I
I
S S Com
\ ) |
| Rr fo v
| AN | |
‘ |
‘ I
‘ I
I

(@) (b)

Fig. W5.2.2 A comparator with hysteresis.
(a) Circuit diagram, (b) output waveform.
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Solution

In Section 1.4 of the text wasshown that a PSpice dependent source E
together with a VALUE={LIMIT ... } expression can act as analogue
behavioural model of the comparator. If the noninverting input of the op-amp
Is greater than the inverting input, the output of the op-amp is finite but clipped
atVCC. Otherwise, the output voltage is zero. Therd@uwesteps irthis
solution.

STEP 1| A PSpice configuration of the circuit is shown in Fig. W5.2.2c.

The circuit-file description of the PSpice configuration follows.
STEP 2| The file includes the subcircd@OMPARATOR that is also
written in the file DRIVERLIB.

Subcircuit COMPARATOR
®- O

| |

\ \

E=-Avin } }

Limit 0, VCC } RL=1MQ }

\ \

\ \

| |
77777777777777777 o —o

RF =100k

|

\

Fig. W5.2.2¢c PSpice configuration of a comparator.
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NN MM W5 2 ZCIR NAIDIDIIDIDIIDIDIINDDIIDIDIINDIINDIINDNNDNNDNN

COMPARATOR MODEL FOR DRIVER .LIB

* To plot traces of input and output voltage waveforms.

* The comparator circuit is described as a subcircuit.

* This comparator has hysteresis.

* The only parameter is VCC, the positive source voltage.

* In terms of the op-amp in the subcircuit, the noninverting input is

* node 102 and the inverting input is node 103.

* The output node is 101, referenced to node 100.

* The gain in the linear region /= 1ES5.

* Comparator is made "single-ended"”, negative-supply terminal is grounded.
* Op-amp output voltage =E1 clips at +VCC. E1 swings from 0 to VCC.

* This subcircuit is written to DRIVERLIB
. SUBCKT COMPARATOR 202 103 101 100 PARAMS: VCC=10V
E1 101 100 VALUE={LIMIT(V(202,103)*1E5, 0, +VCC)}

RF 101 102 100k; Positive feedback resistance.
RH 102 202 1k; "Hysteresis"resistance.

RIN 102 103 1ES6; Op-amp input resistance.

RL 101 100 1ES6; Op-amp output load resistance.

. ENDS COMPARATOR

* Call for subcircuit into main circuit file.

* Needs a global parameter in the circuit file to define VGATE.

. PARAM VGATE=15V

Xcomp 2 3 1 0 COMPARATOR PARAMS: VCC={VGATE}

VS 3 2 SIN(O 2V 0.5H2); Source across comparator input.
* Node 2 (noninverting), node 3 (inverting input). 1 output, O ground.

. TRAN Ims 4.01s

. PROBE v(l), V(3,2

.END

NIIDIIIDIDIIDIDIDIIDIDIDIDIDDIDIDIDIINDIDIDIDINDDIDIDINDIIDINDDIDINDDIDINDNNDNDNDN NN

STEP 3| The PSpice simulation is run with the circuit file W5_2CIR.

With PROBE, traces can be plotted of thput and output
STEP 4 | voltages of the comparator. This is shown in Fig. W5.2.2d. The
results are virtually ideal. While the noninverting-input voltage

of the comparator is greater than the inverting-input voltage, the comparator
output is 15V. Otherwise the comparator output is zero.
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COMPARATOR MODEL FOR DRIVER.LIB

Input voltage

Output voltage of comparator

10\
O\VIE L S b e L B Fo============ A
Os 0.5s 1.0s 1.5s 2.0s 2.5s 3.0s 3.5s 4.0s
ov(1)
Time
Fig. W5.2.2d.

END OF EXAMPLE W5.2.2
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5.3.2 FULL-WAVE AC-DC CONVERSION

DELAY-ANGLE ALFA CONTROL

A topology for a single-phase, full-wave rectifier is in the form of a bridge with
four power switches. This topologyilisstrated in Fig. 5.3.3a. It is common for
the switches to be thyristors which twfi naturally as the current falls to zero
each cycle of the ac supply voltage.

During the half cycle of thac-source voltage that rail A is positive,
thyristorsTH1 andTH2 are turned on at anglec. While rail B is positive,
thyristorsTH3 andTH4 are turned on at an angle If the dc load is purely re-
sistive all switches conduct for an angte- ¢) radians. If the equivalent load is
inductive the conduction interval of the thyristors is greater than)(radians.

Also, if the equivalent load is capacitive the conduction interval is lesstha) (
radians.

For simulation, a gate signal to the switch for a duratiomxj radians
satisfies the requirements for a bridge with a resistive load. It is also satisfactory
for an inductive load if the simulated switches are sensitive to current and switch
off at current zero. A gate signal af{«) radians duration is not satisfactory for
an equivalent capacitive load. Instead, a gate pulse of short duration, starting
at «, must be used and the swittlust be current sensitive; thaf the switch
conducts only as long as there is current in it, even if the gate bgm&leen
removed.

In this section we will onlydescribe gate pulses af{(«) duration. The
switching of the thyristors in the above sequence, if the load is resistive, leads to
a load-voltage waveform as shown in Fig. 5.3.3b.

The driver for a single-phase, full-wave bridge converter is more complex
than the drivers considered so far. Thibesause there are four switches. All
the switches must be controlled by the driver. However, the PSpice listing in the
following example will be seen to be artension of the listing for the half-wave
converter. It will be found that theere two independent sources to control
rectification of the positive and negative half cycles of the ac source. There are
two dependent voltage sources that are added, so that the gate-drive signals for
the switch pairsTH1,TH2 andTH3,TH4) are isolated. Isolated drivers are
often required for controlling actual semiconductor switches #nat not
referencedo ground.

In the following example, although thyristorsi1 andTH2 act in unison,
their respective gate signals are different potential levels abovground.
Isolated (floating) driversare easy tosimulate in PSpiceébecause of the
availability of dependent-voltage sources.
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Gate 1 Gate 3
driver driver i,
_>§ TH1 TH3 Zf_ !
Rail f\ DC
s is + |load
AC ”) Y § "
source| i g _
Gate 4 Gate 2
driver driver
_>§ TH4 TH?2 Zl{
Vs /\
0 \/ wt
—| o |= | |
Vgate 1 }
Vgate 2 }
0 | 7T} } wt
| \ |
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Vgate 3 } }
Vgated | | |
0 } } 2‘7T wf
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\ \ [
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TH?2 THA4
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Fig. 5.3.3 A bridge rectifier.

(a) Circuit schematic, (b) waveforms for a resistive load.
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EXAMPLE W5.3.1

Consider the circuit diagram in Fig. W5.3.1a. Simulate a driver for this bridge in
a way that is suitable to write to DRIVERB as a subcircuit. Use a sinusoidal
voltage source of 240V(rms) at 50Hz as a reference and connect an arbitrary
resistance of 1K2 across it. The driver is to provide gate voltages of 5V to alll
four thyristors for intervals ofi(- &) radians in the respective half cycles of source
voltage. Letx=m/2radians and let each thyristor gate be modelled by a resistor
of 5. Plot traces of the reference sinusoid and all gate voltages over an interval
of 60ms.

Solution
The solution is described in four steps.

From Fig. W5.3.1 and the specifications, a PSpice configuration of
STEP 1| the drivers and the reference voltage can be drawn. This is shown
in Fig. W5.3.1a. It is created to have tfeur gatesignals
described within a subcircuit. All nodes in PSpice must have a dc path to ground.
Consequently, the high-side cathode terminals of the two gates are connected to
ground through 10K2 resistors.

| |
| |
| |
! Gate 1 Gate 3 Gate 2 Gate 4 }
| driver driver driver driver |
|
i VG1 VG3 EG2-VG1 EG4-VG3 ;
+ +
O C i
|
} (0(17‘) }
. |PULSE PULSE PULSE |
|
TH1 gate TH3 gate TH2 gate THA4 gate
— "NN—o ——N\NN—e b »
RG1-500 RG3-500 [0] RG2-500 [0] RG4-500
R1-10M Q R3-10M Q
0 O
SIN Vs
[0] [0] 240V 50Hz
RS=10M Q

Fig. W5.3.1a Full-wave PSpice configuration.
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From the PSpice configuration, shown in Rig5.3.1a, aircuit
STEP 2 | file named W5 3 ICIR can be written so that the driver is in the
form of a subcircuit.

If the general circuit comprising tls®urce, converter, load and driver contains
too manynodes (24) for the evaluation version to handle, we can dispense with
the dependent sources in the simulation.

The PSpice simulation is run with circuit file W5_3CIR. The
STEP 3| gate voltages generated by the driver and the sinewave reference
voltage are recorded. The job time was about 17.3s.

NN MM W5 3 :LCIR NAIDIDIIDIDIIDIDIINDDIIDIDIINDIINDIINDNNDNNDNN

DRIVER FOR A SINGLE-PHASE FULL-WAVE CONTROLLED RECTIFIER
* To plot the driver output waveforms for ALFA=9@nd FREQ=50Hz.

* PARAMETERS needed in the main circuit for the subcircuit.

.PARAM VGATE=5V VSIN=240V VMAX={1.414*VSIN}
.PARAM FREQ=50Hz PERIOD={1/FREQ}
.PARAM  ALFA=90; In degrees.

* SOURCE. Sinewave reference.
VS 5 0 SINO {VMAX} {FREQ))
RS 5 0 1E70hms; To close the voltage source loop.

* A SUBCIRCUIT DRIVER NAMED FULLWAVE_DRV.

* Nodes 101, 111 and 102, 122 have voltages to control

* switchesTH1 andTH2.

* Nodes 103, 133 and 104, 144 have voltages to control

* switchesTH3 andTHA4.

.SUBCKT FULLWAVE DRV 101 111 102 122 103 133 104 144
VG1 101 111 PULSE(O0 {VGATE} {PERIOD*ALFA/360}

+ 1ns 1ns {PERIOD*(180-ALFA)/360} {PERIODY})

VG3 103 133 PULSE(0 {VGATE} {PERIOD*(180+ALFA)/360}

+ 1ns 1ns {PERIOD*(180-ALFA)/360} {PERIODY})

EG2 102 122 (101, 111) 1, A voltage identical to VG1.
EG4 104 144 (103,133) 1; A voltage identical to VG3.

. ENDS FULLWAVE_DRV

* CIRCUIT ELEMENTS

RG1 1 11 50; Model of thyristorTH1's gate resistance.
RG2 2 0 50

RG3 3 33 50

RG4 4 0 50

R1 11 0  1E7ohms; To give a dc path to ground.
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R3 33 0 1E7o0hms
Xdriver 1 117 2 0 3 33 4 0 FULLWAVE_DRV

* A call for the subcircuit named FULLWAVE_DRV.
* Main-circuit nodes 1, 11, 2, 0, 3, 33, 4, 0, correspond to
* subcircuit nodes 101, 111, 102, 100, 103, 133, 104, 100.

. TRAN 0.2ms 60ms
.PROBE v(1,11), v(2), v(3,33), v(4), v(5); Four gate voltages.
.END

NADIDIIIDIDIIDIDIDIINIDIDIDIDIIDIDIDIDINDIDIDIDINDDDININDDIDINDINDIDINDDIDINDNDNDNDNN NN

From PROBE, the traces of the gate voltage to ¢hghstor for
STEP 4| «=x/2radians are plotted togetheith the reference sinewave.
This is shown in Fig. W5.3.1b.

A DRIVER FOR A SINGLE-PHASE FULL-WAVE CONTROLLED RECTIFIER

A0y - -l 1
Sinewave reference
] 50Hz :
ov(5) «0
5.0V -mnnmnns S N R pe B A ,
Vgate3 Vgate3
Vgatel Vgatel Vgatel
OVia i
av(1,11) ¢ v(3,33)
5.0V --mnm-n1 A B R B R IR .
Vgated Vgated
Vgate2 Vgate?2 Vgate2
Ovia N DU o N -
0s 10ms 20ms 30ms 40ms 50ms 60m:
5v(2) ov(4)
Time
Fig. W5.3.1b

END OF EXAMPLE W5.3.1
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Drill Exercise WD5.3.1

Following the pattern of EXAMPLE W5.3.1, simulate a driver of a single-phase,
full-wave, thyristor-controlled, bridge rectifier. The ac source has a voltage of
240V(rms) at 60Hz. The gate voltageshs thyristors are limited to 6V and the
delay angle ist/6 radian. Resistances of ID@an model the driver loads. Plot
traces of the sinewave reference voltage and the voltages across thyki2ors
andTH4 over an interval of 50ms.

Drill Exercise WD5.3.2

Use the subcircuit named FULLWAVE_DRYV in the fieRIVER.LIB to
simulate a driver for a single-phase, full-wave, controlled bridge rectifier. The
driver is to generate the four gate voltages with respect to a 100-V(rms), 100-Hz
sinewave reference. The 4-V gate voltages are to be turnedtloa delay

angle of ALFA=40degrees. Assume a reasonable value for any elements that
are used to complete the circuit. Plot the gate voltages and the sinewave
reference over an interval of 40ms.
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5.4.4 DIGITAL DRIVER (SPWM)

Many driver switching schemes have been devised in the quest to obtain an
inverter ac waveform that closely resembles a sinewave. One technique is to
extend the method of equal multiple pulses described in Section 5.4.3 in the text.
The extension is to modulate the width of the pulses over the half cycle of the gate
signal. This can be calledmodulatingPWM driver. Wewill consider the
single-phase bridge inverter whose schematic diagram is shdvign 514.1 in

the text. The switches are driven in p&vgl, Sw2 and Sw3Sw4. Our aim in

this section is not to design switching strategies f&tVéM driver, it is to
exemplify a technique that can be simulated using PSpice.

EXAMPLE W5.4.1

Design an SPWMnodulator using th&55timer IC. Thedriver circuit is to
provide modulatingl2-V gate signals for an output frequency of 60Hz. The
carrier frequency is to be 2kHz. Do a PSreulation and plotraces of the
carrier signals, the reference signal for modulation and the PWM gate signal over
one modulating cycle.

Solution

In EXAMPLE 5.2.3 the 555 timer was used in the astable mode as a driver for a
chopper. In this example we wilke the 555 timer in the monostable mode (one
shot) as a driver for an inverter. Further, the pulse widths of the gate signals will
be modulated over each period of the output cycle. This is done to improve the
performance of the inverter output.

FigureW5.4.1a shows the external connections of theti®&r for themono-

stable mode of operation. The 555 timer generates one output pulse every time
a short pulse (going negative) is applied to the trigger input (pin2). The width of
the input pulse must be less than the width of the output pulse. The width of the
output pulse iset by theRCtiming network. When the trigger input goes low,

the output (pin5) goekigh and thetiming capacitorC begins charging at an
exponential rate set by tRECtime constant. When the capacitor voltage exceeds
the control voltage on pin5, the 56Ber resets. This reset action causes the
discharge of the timing capacitor. Thus, the output (pin5) goes low until another
trigger pulse occurs. The 0.01pF capacitor, that is connected to pin5, decouples
and filters internal circuitry. Once a trigger pulse is applied, the output pin goes
high and the timer capacitor charges at the rate

Vo(t) = Vgcll-e 7). (5.4.4)
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The output pin remainkigh until the lapsedime t, at which the capacitor
voltagev, equals the control voltage. Thus,

-t /RC)

Ve(ty) = V5 = VCC<1—e P (5.4.5)

VCC
Therefore,t) = RCIn : (5.4.6)

cc™ Vs

There is the special case whereexternal reference control voltage is applied
to pin5. In this case;=2Vc/3 internally, sd,~ 1.1RC.

This was used in EXAMPLE W5.3.2 in Section 5.3.3 on the WEBsite.

Pulse width-modulation is the practice of generating a continuous stream of pulses
whose width can be modulated. For chopper driiei§M (pulse-width-
modulation) meant that the stream of gate pulses had a constant width
(m=ty\/T=constant), but the pulse width could be changed (adjustable duty
cyclem). For inverters we wantraodulatingPWM signal. That is, the many

gate pulses per cycle have the pulse width vdreed a small value, to a large
value and back to a small value over the cycle.

P12V
$q
8 4 Discharge
Inpl—It 5 VCC Reset 7
@ Trigger
Fig. W5.4.1a 555 g Threshold
Monostable mode. timer 1.
===~ S Output
I Control  Gnd 3
—— voltage 1 @
T
o
77777

This modulatingPWM action can be achieved by the Siber. An external
sinusoidal voltage at pin5 cameate themodulation by changing the point at
which the capacitor voltage resets the timer. This voltage at pin5 is the SPWM
reference voltage for modulation. Clock pulses at pin2 can continuously retrigger
the timer for one-shot pulses at the desired frequency (2kHz). These clock pulses
constitute the carrier signal for modulation.

The solution of this example is done in five steps.
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The first step in thesolution is to determine the values of the
STEP 1| external elements of the 555 timer according to the specifications
of the required operation.

The gate signal is to have a magnitudé®¥. Therefore, we providetamer
voltage sourc®/--=12V.

Let us choose the source of modulation, connected to the control-voltage pin (5),
to be a sinewave that arbitrarily has a range of 2V to 10V (always positive, but
less tharVo). The 10V level represents 100% modulation (max. pulse width).
For accurate modulation wellkgelect arRCtime constant such that the capacitor
voltagev, just reaches 10V during the periggof the pulse source at the input
trigger pin (2). (This source iscdockwith a frequency=2kHz).

Using eq. (5.4.6) with, =T,=1/f=500us

RC = 500 x 10%/In (6) = 0.279 x 10° = 0.279 ms.

LetC=0.1uF. ConsequentliR=~ 2.8k2.

There are two points to note.

1. There is not an exact linear relationship between the control veltaged the
pulse width {;,=mT) of the output voltage;, because theoltage rise across
the capacitor is exponential.

2. It is not possible to obtain a zero pulse widti+Q) for the output pulse;,
since the minimunoutput pulse width is limited by the trigger pulse width.
Thus, the trigger pulse width must kept short. In this example, we have
chosen a trigger pulse width @Ous which is short compared with the
periodT,=500us.

In summary
R=2.8kQ, C= 0.1puF, V.. = 12V, v, = (6+4sin37%)V,

v, = 12V (ty, = 10us,f = 2kHz, m = 0.02).

From the circuit diagram in Fig. W5.4.1a and from the design data
STEP 2| above a PSpice configuration of tA#/M driver can be drawn.
This is shown in Fig. W5.4.1b.

The PSpice configuration in Fig. W5.4.1b can be used to compose
STEP 3| a circuit file. The circuit file is namew5_4 1CIR and its
description is as follows.
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g p R= 2.8k§2§
7 (6]
* 2
VCC o
+ Subcircuit 6
_ V2 named 555D
DC C=0.1uF
source V5 5 3 —
PULSE 1
Clock RL=10k Q
carrier SIN reference Output

0
Fig. W5.4.1b PSpice PWM driver configuration.

NN MM W5 4 :LCIR DAIDIIIDIDIDIINDIDIIDIDIIDINDIDINDDIIDINDIINDDNDNDNDNND

SPWM INVERTER DRIVER (555 TIMER)
* To plot a trace of the modulating gate pulses.

* PARAMETERS

. PARAM VC=12V, Timer voltage source.

.PARAM TON=10us; Carrier pulse width.

.PARAM PWMFREQ=2kHz PER={1/PWMFREQ}; Carrier frequency.
. PARAM FREQ=60Hz; Inverter modulating frequency.

.PARAM VHI=10V VLO=2V; Range of reference modulating voltage.
. PARAM VDC={VHI/2+VLO/2}; DC offset of reference voltage.
. PARAM VMAX={VHI/2 - VLO/2}; Amplitude of reference signal.

* SOURCES

VCC 8 0 DC {VC}; This source voltage is for the 555 timer.
V2 2 0 PULSE({VC} 0 0 1ns 1ns {TON} {PER}); Carrier voltage.

V5 5 0 SIN{VDC} {VMAX} {FREQ}); Reference sinewave.

* Use the evaluation library for the 555 timer subcircuit.
.LIB  EVAL.LIB
* Call the subcircuit 555D in the monostable configuration.

XTIMER 0 2 3 8 5 6 6 8 555D; Subcircuit named 555D.
R 8 6 2.8kohms; Timing resistor.

C 6 0 0.1uF, Timing capacitor.

RL 3 0 10kohms; Equivalent resistance of the driver output gate.
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* ANALYSIS, over one cycle of modulation.

. TRAN 100us 17ms

.PROBE Vv(3), Vv(2), v(5); Output, carrier and sinewave voltages.
.END

NADIDIIIDIDIIDIDIDIINIDIDIDIDIIDIDIDIDINDIDIDIDINDDDININDDIDINDINDIDINDDIDINDNDNDNDNN NN

The PSpice simulation can be run with the circuit file W5 .€IR.
STEP 4| The results are stored in a data file named WH5.[ZAT.

Using PROBE we can plot traces of v(2), tlaerier wave (clock),
STEP 5| v(5), the modulating wave (reference), and v(3), the PWM output
gate voltage. Figur&/5.4.1c shows these waveforms. They
llustrate the effectiveness of the simp&b-timer pulse-width madator that may
serve well for a number of applications.

SPWM INVERTER DRIVER (555 TIMER)

Clock pulses at a carrier frequency PWMFREQ=2kHz

[T

Modulating waveform at FREQ=60Hz

WHIH\

-1V|— --------------------------------------------------- e e R e LT 1
ms 8ms 10ms 12ms 14ms 16ms 18m:

Gate signal:- a modulating cycle of PWM pulses

Time
Fig. W5.4.1c
END OF EXAMPLE W5.4.1
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Drill Exercise WD5.4.1

Design a modulatin@WM driver using eéb55timerIC. The specifications are

that the gate pulses have a magnitudé2¥, themodulating signal is to be a
sinewave of frequency 50Hz and there are to be 20 gate pulses per mod-
ulatingcycle. Do a PSpice simulation and pi@ices of the carrier signals, the
modulating signal and the output gate signals.



