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1.4.4 PSPICE COMPARATOR MACRO MODEL

The use of an analogue behavioural model (VCVS E) has proved to give near-ideal
results of a comparator in Section 1.4.3. Job times were short and few nodes were
needed. The comparator has a macrombdeét into PSpice's library file

EVAL .LIB. Inspect it; it models the comparator LM111, a silienanolithic
integrated circuit suitable for driving lamps, relays and solenoids. It is found in
EVAL .LIB in a subcircuit with the name LM111. See Fig. 1.4.4.

R
JH\Iég':si('five supply | Output
—
Inputs LM111
O— Negative supply 5] gor%tfr?ctj
4]¢-VEE !
@) o |
Fig. 1.4.4 The LM111 comparator.
(a) PSpice configuration, VCC - ‘
(b) characteristics. v(2) > v(1)
Output v(3, 5)
VCC +VEE
Input v(2, 1)
v(2) <v(1)
(b) [ ~VEE '

* Refer PSpice to the appropriate library file.
.LIB EVAL .LIB

* The next statement calls the comparator model into the circuit file.

Xcomparator 1 2 3 4 5 6 LM111, X signifies a subcircuit.
o I I |

o I Subcircuit name in library.

o | | | | | Outputground.

o | | | | Node for output.

* | | | Node for negative supply, VEE.

* | | Node for positive supply, VCC.

o |

Node for inverting input connection )

o Node for noninverting input connection (+).

* Device name in main circuit.

* The node numbers can be arbitrary. The order of the comparator
* connections is important.
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These statements will be recognised in the example that follows.

There are several different ways to use the LM111 comparator. A common
way is to treat the comparator as an open-collector output. The output-ground pin
is connected to the system ground or VEE. The load is connected between the
output pin and VCC. BJT turn-on occurs if the noninverting input voltage v(1) is
less than the inverting input voltage v(2). Turn-on in accompanied by
(VCC+VEE) appearing across the load resistor RL. Otherwise, the voltage across
the load is virtually zero.

The load resistance value has toskeé so that the load current does not
exceed 50mA. Too high a value frresults in a slow voltage rise-time as the
output "floats" high.

EXAMPLE W1.4.4

Repeat EXAMPLE 1.4.3 of the text using the PSpice comparator, model LM111.
Use the load connection shown in Fig. 1.4.4 with a load \RkE&0A2. Plot the
traces of the input and output-voltage waveforms. Note the job time.

Solution
There are four steps to achieve a solution.

FromFig. EX1.4.3a we can draw the PSpmnfiguration using
STEP 1 | the subcircuit LM111 to represethie comparator. See Fig. 1.4.4.

From the PSpice configuration in Fig. 1.4.4 and the description of
STEP 2| the comparator as a subcircuit above, we can write a circuit file
W1_4 4CIR. See next page.

The PSpice simulation is run with the circuit file W1_4CHR. The
STEP 3| results, input and output voltages as functions of time, are written
in the file W1_4 4DAT for the use of PROBE.

We can use PROBE to create traces of the sinusoidol input voltage
STEP 4| v(2,1) and the output voltage v(3, 5) as shown in Fig. W1.4.4 on
the next page. As expectedyv{®R)>v(1l) the output voltage
V(3, 5) is 30V. Otherwise, the output voltage is zero. With this maode!
LM111 the ouput-voltage rise-time is 8ms, but the fall-time is 30ms. These are
slow responses. The jaime was 9.62salmost two seconds less that the job
with the analogue behavioural model in EXAMPLE 1.4.3.
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NN MM Wl 4 4-_CIR NAIDIIIDIDIDIINDIDIIDIDIIDINDIDIDDIIDINDIINNDINNDNND

LM111 COMPARATOR FOR ZERO-CROSSING DETECTION
* To determine the input and output waveforms.

* SOURCES

VS 2 1 SIN@O 1V 1Hz), Input voltage.

VCC 3 0 DC 15v; Device positive source.
VEE 0 4 DC 15v; Device negative source.

* CIRCUIT ELEMENT and DEVICE

RL 5 3 5000hms; Load resistance between collector and VCC.
Xcomparator 1 2 3 45 4 LM111; Subcircuit call.

* Subcircuit for library file.
.LIB EVAL.LIB

* ANALYSIS

. TRAN 3ms 1.6s

.PROBE v(2,1), v(3,5); To view inputand output voltages.
.END

NAIDIIIDIDIIDIDIDIINDDIIDIDIIDINDIDIDINDIDIDIDINDINIDININDDDIDINDDIDINDNDDINDNDNINDNDNNDNN

LM111 COMPARATOR FOR ZERO-CROSSING DETECTION

Input voltage

Output voltage
204
SOV #-mmmmmmm e p e T - - --e-e-e-epes-eeeeeeeee-ge-meeeee
Os 0.2s 0.4s 0.6s 0.8s 1.0s 1.2s 1.4s 1.6s
ov(3,5) )
Time
Fig. W1.4.4

END OF EXAMPLE W1.4.4
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Drill Exercise WD1.4.1
RepeaDrill ExerciseD1.4.5(in the text) using the comparator LM11 from the

file EVAL .LIB, but changing the loadesistance t&R =5002. Compare the
results.

Drill Exercise WD1.4.2
Repeat Drill ExerciseD1.4.6 using the comparator LM11ifrom the file
EVAL .LIB and having a load resistanBg=500Q2. Compare the results.

Drill Exercise WD1.4.3
Repeat Drill ExerciseD1.4.7 using the comparator LM11from the file
EVAL .LIB, and having a load resistanBg={2. Compare the results.
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2.4 AC-AC MODULATION SIMULATION

One form of ac-ac power modulation is voltage regulation, keeping the output-
voltage frequency of the power-electronics circuit equal to the input-voltage
frequency. In power-electronics terms this type of modulation is referred to
by a variety of different names such as point-on-wave switching, or trigger-
angle control, or firing-angle control, or delay-angle control, or ac-line phase
control. They all mean the same thing. At Ipawer levels ac-voltage
regulation is accomplished practiceusing a triac switch. Wwill use a
generic form of a switch for simulation. See Fig. 2.4.1a.
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Fig. 2.4.1 An ac-voltage regulator.
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Figure 2.4.1a illustrates aircuit comprising an alternating-voltage
sourcev,, a load resistoR, and a power-electronics circuit to modulate the
load power. The power-electronics circuit is a voltage-controlled s®iich
that turns on andff at the same point on the supply wavefa@ath cycle.

The turn-on points can be adjusted.

The voltage-controlled switch is controlled by the voltage soyrtet
is generated by a supply to have periodic pulses. The period is half that of the
power source. If the control voltagevijss VON the switch is in the on-state.

If the control voltage is.=VOFF the switch is in the off-state. Figure 2.4.1b
shows the voltage waveforms for a general delay angler for turning the
switch on and an extinction angle for turning the switch off. The integer

is 1, 2, 3,... What can be seen from Fig. 2.4.1b is that the rms value of the
load voltagey, is adjusted by altering the firing angle For the range of the
firing angle O< o < = the load voltage varies from /1.414 to zero.

2.4.1 AC-VOLTAGE REGULATION

The power-electronics circuit for ac-voltage regulation is similar to the dc-
chopper circuit. In this case the switching frequency of the chopper is fixed
at twice the frequency of the voltage source.

EXAMPLE W2.4.1

Consider the circuit diagram of Fig.4.1. The purpose of tleércuit is to
modulate the power in a load by adjusting the rms value of the ac voltage that
is applied to the load. The switBwcontrols the point-on-wave that the input
voltage v,=240sin314V appears across the outpgerminals. The load
resistance iR =10ohms. Use PSpice and PROBE to give plots of the output
currenti, for switch trigger angles of 0 and 1.0 radiawith the extinction

angle set att and repeated every half cycle of the input voltage waveform.

Solution

We will generalize the circuit file so that the program candezl for different
voltage sources, switcliring angles and load resistances. This is
accomplished by using parameters and expressions.

The first step is to configure a circuit diagram for PSpice. This
STEP 1| is shown in Fig. W2.4.1a.
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2 (RLOAD) 3
____DeviceXCONT___ =
| Switch voltage control RL32=10Q  j(RL32)
|
\ CN+ N+
|

Chopper VS30 =

- VSwW20 R<Z (SWITCH)  240sin314tV
| Pulsed SW20

I control N-

' voltagev,

|
|
| CN- o
| Subcircuit V_CONT

Fig. W2.4.1a PSpice configuration of a voltage regulator.

The second stepwvolves writing the circuit filefrom the
STEP 2| PSpice circuit configuration thatas done in Step 1. The
circuit file, listed on the next page, includes a subcircuit for the
control-voltage (or driver) circuit. The subcircuit is defined in Rig.1a,

Fig. W2.4.1a and in thibrary file POWERLIB under the name V_CONT
(for voltage control).

Note the use of expressions in this circuit file. This simplifies editing for the
same circuit configuration with different parameter values.

Expressions {} cannot be used in th&TEP statement or in thERAN
statement.

In this circuit file there is a control statement with #het command
.OPTIONS. NOPAGE is an option to suppresging and certain section
headers in the output file to save space.

RELTOL=0.01 is an option that stipulates a calculation of variables to 1%
accuracy (default 0.1%). This saves time of the program execution.

The device XCONT is the subcircuit named V_CONT that defines the
voltage-control circuit for turning oand off a switch of the model type
VSWITCH. The subcircuit is described in the library file POWEIB and

Is repeated here.

.SUBCKT V_CONT 101 100

VSW20 101 100

+ PULSE(0 1 {DELAY} 1ns 1ns {PERIOD/2-DELAY} {PERIOD/2})
R 101 100 lohm

. ENDS V_CONT
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NN MM W2 4 lCIR NAIDIDIIDIDIIDIDIINDDIIDIDIINDIINDIINDNNDNNDNN

AC-VOLTAGE REGULATOR

* Determine current responses for different values of firing angle ALFA.
* This regulator uses a voltage-controlled switch as an ac chopper.

* Include the power-electronics library and define parameters.

.LIB  POWER.LIB; A library call.

.OPTIONS NOPAGE RELTOL=0.01; A control statement.

* PARAMETERS
. PARAM FRE=50Hz; This is the voltage source frequency parameter.

. PARAM RLOAD=100hms; This is the load resistance.
. PARAM PI=3.14159, TWOPI={2*PI}; Note the expression.§.
. PARAM ALFA=0rad; The firing anglex.

. PARAM DELAY={ALFA/(TWOPI*FRE)}; Firing angle in seconds.
. PARAM VRMS=240V, VMAX={SQRT(2)*VRMS} ;RMS and amplitude.

. PARAM PERIOD={1/FRE} Period of the supply voltage.
* SOURCE, a sinusoidal voltage in the power circuit.

VS30 3 0 SIN(O {VMAX} {FRE}); Note the expressions {.

* Call a subcircuit named V_CONT from the library file.

XCONT 1 0 V_CONT; Subcircuit controlling the switch.

* DEVICE

SW20 2 0 1 0 SWITCH; A voltage-controlled switch.

* |f there is no model statement for SWITCH PSpice does a library call.
* CIRCUIT ELEMENT

RL32 3 2 {RLOAD}, This is the load resistor.

* Perform a multiple run for different values of firing angle.

. STEP PARAM ALFA LIST 0 1; =0 ande=1rad.
* ANALYSIS, transient, to view the load current.

.TRAN 20us 30ms; TSTEP=20us, TSTOP=1.5cycles.
* OQUTPUT

. PROBE i(RL32); Graphics postprocessor to view load current only.
.END

DAIDIIIDIDIIDIDIDIIDIDIDIDIDIDIDINDDIDIDIDIDINDNDDIDINDNDNIDINDNDIINDNDIIDINDNDNDNN N
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The thirdstep is taun the PSpice simulation with the circuit
STEP 3| file W2_4 1CIR. The results of the transient analysis for the
load current i(RL32) are stored in the dalka The results
cover the two runs, one for=0 and one fox=1.0rad.

The fourth step is to view the traces of the load current for the
STEP 4 | two runs using the PROBgostprocessor. Wwill plot the
results on two graphs to show the differences in the current
responses for the two cases of the firing angi) ande=1.0rad. The plots

of a transient analysis automatically havextaxis scaled for time. ALFA in
the . STEP statement is in radians. However, the DELAY parameter makes
a conversion of théring angle to timeand DELAY in used in the control-
voltage subcircuit named V_CONT.

Let us go into the PROBE environment with the file W2_DAT.

From the display menu we click &il_transient_analysis (or hitA).

PROBE sets up the data structure and loads the data.

From the new display menu we click Add_trace (or hitA).

Then, we follow the prompt, and keyifRL32) @ 1. This gives us the trace

of the first run (@ 1 is fo=0).

From the new display menu we click Bfot_control (or hitP).

From the new display menu we click Add_plot (or hitA).

We get a second trace and a new menu.

Click onExit (or hitE or ESC).

From the new display menu click éad_trace (or hitA).

For a second time we follow the prompt, but this time we kefRh32) @2.

This gives us the trace of the second run (@2 ig fdrrad).

One tracé is illustrated in Fig. W2_4_1b, depicted on the next page.

Using the firing angle: as a controlling variable we can adjust the alternating-
voltage output of this regulator circuit. The output waveform is periodic but
it is also distortedrom the ideal sinusoid that occurs only for0. PSpice

can help us determine not only the true rms value of the voltage waveform for
anyq, it can also provide information about how much distortion there is.

t It is an option in PROBE to load the results of all ruH#ting Add_trace and typingi (RL32) causes
the waveforms from all runs to be displayed. This option is meant to be used in Extra Drill Exercise ED3.2.2
on the WEBSite.
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AC-VOLTAGE REGULATOR

AOA ST TS oooooooooooooooo-ooo--o-

. Load current for ALFA=1
20A -

0A

1
-20A +
1

a i(RL32)

Fig. W2.4.1b

END OF EXAMPLE W2.4.1

Drill Exercise WD2.4.1

Use the information given in Fig. W2.4.1a for an ac-voltage regulator. From
a PSpice simulation plot the waveform of the oup(Bt 2) for thefiring
anglesx=m/6rad andx=m/2rad using theSTEP command for multiple runs.

Drill Exercise WD2.4.2

An ac-voltage regulator in the form of a voltage-controlled switch is illustrated
in Fig. 2.4.1. The voltage source has the form169.7sin37¥7volts and the
load resistance has a valRe5.0ohms. Use a single PSpice simulation and
PROBE to determine the load-current waveformdiforg anglesc=0 and
a=m/2radians. The control-voltage subcircuit named V_CONT in the library
file POWERLIB can be used.

Drill Exercise WD2.4.3

Consider the circuit diagram in Fig.4.1. Thevoltage-controlled switch
modulates poweirom the 240-V(rms), 100-Hz supply to a 8Dresistive
load. The modulation is accomplished by point-on-wave control, both turn-on
(alpha) and turn-off (beta). #=mnradian andd=2n/3radians, determine the
load voltage trace by PSpice simulation.
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4.2.2 CURRENT-CONTROLLED SWITCH AS THE DIODE

A PSpice current-controlled switch (symbol W, model type ISWITCH) can
represent the ideal diode. See Table W4.2.1. Together with this switch we
use a current sensor in the form of a voltage source which has a zero-voltage
magnitude.

EXAMPLE W4.2.2

A circuit diagram, comprising an aource, a half-wave rectifier and Bh

load, is shown in Fig. W4.2.2a. Obtain a PSpice configuration of this circuit
using a current-controlled switch to model the ideal diddee PROBE to
view the diode current and voltage waveforms.

Solution
There are four steps in this solution.
Ideal diode
jD A +’UAK7 K

D
vs=100sin314¢V

&) g
Single-phase
source

R,=5.20
Load
L ,=16.56mH

(@)
——————————
— T

' RL21-5.20 LL32-16.56mH
|

Device name WD10

Moddl type ISWITCH ~ VS30-100sin3142V

Current-controlled +>
switch 7,=i1(VZ) SIN source |

Fig. W4.2.2 Half-wave rectifier.
(a) Circuit diagram, (b) PSpice configuration.
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The first stepinvolves transforming the circuit diagram in
STEP 1| Fig. W4.2.2a to a PSpiceonfiguration as in Figw4.2.2b.

The current-controlled switch is the model of the diode. The
switch's statement name is WD10, the model name is DIO_I, the model type
is ISWITCH and the control currentijs=ip = i(VZ).

The second step is to use the PSpice configuration to create a
STEP 2| circuit file. The circuit file is shown on the following page.
There is a small design exercise involved in order to determine
appropriate values of the switch parameters. May like toadjust these
values to obtain results that are closer to those of an ideal diode.

NN MM W4 2 ZCIR NAIDIIIDIDIIDIDIINDDIIDIDIIINDIDINDNDININDNNN NN

DIODE TEST CIRCUIT FOR MODEL DIO _|

* Compare characteristics of a current-controlled switch with an ideal diode.
* The switch is to turn on if the current (or voltage) in it is positive and the
* switch is to turn off if the current (or voltage) tends to reverse.

* SOURCE

VS30 3 0  SIN(O 100V 50Hz); Sinusoidal voltage supply.
* CIRCUIT ELEMENTS

RL21 2 1 5.2o0hms; Load resistance.

LL32 3 2 16.56mH; Load inductance.

* CIRCUIT DEVICE
* This is a current-controlled switch that models the diode. It has a data
* statement and a model statement.

WD1Z 1 Z VZ  DIO | e, (1)
.MODEL DIO_| ISWITCH(RON=1E-3 ROFF=1E6
+ ION=0 IOFF=-1E-4); ........... (2)

* CURRENT SENSOR for PSpice.
VZ Z 0 0V, Anindependent-voltage source across (Z, 0) of zero volts.

* ANALYSIS, always in the transient mode.
.TRAN 20us 30ms O 40us

* Analysis covers 3 half cycles. TMAX40us.
. PROBE

.END

NIIDIIIDIDIIDIDIDIIDIDIDIDIDDIDIDIDIINDIDIDIDINDDIDIDINDIIDINDDIDINDDIDINDNNDNDNDN NN
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EXPLANATION OF THE FILEW4_2_ 2 .CIR

There are two new statements in this file. They are in lines (1) and (2).

Line (1) of circuit file W4_2 2CIR
wD1Z 1 Z VZ DIO_I; (1)

This is a statement of a device. In this case it is a statement of a current-
controlled switch (W).

There are four fields in this statement.

The first field is for the name of the swittiD1Z. Thename must
begin with a W since the switch is current controlled. The rest of the
name is arbitrary.

The second field contains the naniés Z) of the nodes tavhich the
switch is connected.

The third field contains VZ which is the name of a voltagerce. It is

this source that PSpiaeses to sense the control current.mlist be a
voltage source. We have designated the voltage of the source VZ to be
zero so that it does not affect tbiecuit in any way. An ideaboltage
source has no impedance. Therefore, there is no voltage drop across
VZ. For a diode model the source VZ is connected in series with the
switch so that both source VZ and switch WD1Z have the same current.
The fourth field contain®IO_I, which is the arbitrarynodel name of

the diode, and which links the devidata statememith the . MODEL
parameter description.

Line (2) of circuit file W4_2 2CIR
.MODEL DIO_I ISWITCH(RON=1E-3 ROFF=1E6

+

ION=0 IOFF=-1E-4); (2)

This is the model statement that gives a description of the device

parameters.

There are four fields in this statement.

The first field containsMODEL. This provides PSpice with the in-
formation that device parameter values are to follow.

The secondield contains DIO | which is the model name of the device,
linking it with devicedata statements that have the sarame in the
fourth field.

The third field contains ISWITCH which is the model type of the current-
controlled switch.
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The fourth field contains (RON=18B ROFF=1E6 ION=0
IOFF=-1E-4). The parameters RON alRDFF are the on-state re-
sistance and off-state resistance of the switch respectively. ION and IOFF
are the control current values (in this case i(VZ)) that cause the value of the
switch resistancR to be RON and ROFF respectively.

For the range IONi(VZ) > IOFF the value of the switch resistance lies in
the range RON R<ROFF. FigureN4.2.2c depicts the characteristics

of the switch. If any of the parameter values in the model statement are
omitted, PSpice assumes default values. Default valuegia®e in
Table W4.2.1.

ROFF———.
RN
Fig. W4.2.2¢ & N
Characteristics of a ® | AN
current-controlled switch. 8 RoN-- S
‘ |
0l orr ION e

Control current

Table W4.2.1 Model parameters of the current-controlled switch
(Model type ISWITCH)

Model parametef Description Unit§  Default value

RON Resistance of the ohms 12

closed switch
ROFF Resistance of the ohms 1M2

open switch
ION Minimum control current  amperes 1mA

to close the switch

IOFF Maximum control current amperes 0

to open the switch

The choice of the parameter values is as follows. RON-3QE
ROFF=1E&, ION=0, IOFF=-1E-4A. Initially, the condition of the
circuit is that the circuit current is zero and the voltage is rising positively,
so the switch is on. If we had required the current to be ION =1pA before
the switch turned on, there would have been convergence problems in the
numerical analysis.
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The maximuncircuit current is about 15A, so tiheaximum model-diode
voltage drop while conducting is 15mV. This is close to being ideal.

After the source voltage reverses polarity the cumhtall to zero and
reverse. We do not want reverse current in the diode, so ideally IOFF
would be zero.This cannot b&so, because of thehoice of ION. Since

|ION - IOFF must be a reasonable value to prevent PSpice convergence
problems, wesetlOFF=-0.1mA. At this value of current the resistance

of the diode rises to ROFF =X There will always be a negative value

of current to maintain thdiodeoff until the supply causes the voltage to
become positive again. At this point the cycle of events repeats.

In the choice of the resistance values, keep the ratio ROFF/RON less

than 102 .

This ends the explanation of circuit file W4 _2CIR

STEP 3

STEP 4

The third step is torun the PSpice simulation for file
w4 2 2CIR.

The fourth step is toun PROBE and view the current and
voltage of the diode model in this rectifier circuit. The results,
as shown in FigWw4.2.2d, on thenext page, look like the

expected results of a virtually idedD0O-V, 15-A rectifier circuit with
inductance. The inductance makes the current lag the voltage of the supply so
that there is a diode current for a part of the cycle that the supply has a reverse-
polarity voltage. The results here are smoother than those obteitheal
voltage-controlled switch. This suggests that the spikes of voltage, obtained
in EXAMPLE 4.2.1 in the text, were due to the step changes of current with
the numerical analysis. The step ceiling of 40us (TMAX) that was used in the
transient analysis of this example is too loveliinate the voltage spike at

the current discontinuity. The same comment applies to a prst@pgsize
TSTEP=10us (20us is much better). When the switch turned off, the current
discontinuity required an analysis step size of abouf10 s.
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DIODE TEST CIRCUIT FOR MODEL DIO_I

15A 1 e L LT EEE PP LR PP PR
1 * f\ / \ :
v / / \
10A / / !
20V - |
5A -40V +
-60V - : 7 :
0A ; ] S
-80V -
>> X X
-5A - o A R e e e CEEE LR PP PR SRR EEEEEEE 1
Os 5ms 10ms 20ms 25ms 30ms
o (WD1Z2) " V(1,2)

Time

Fig. W4.2.2d

END OF EXAMPLE W4.2.2



