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1 Introduction

PSpice  is  an  electronic  circuit  simulation program consisting  of  a  graphical  editor
Schematics, a simulator  PSpice and a data analyser and plotter  Probe. SPICE is a
freely available software for circuit simulation (focussing on integrated circuits) that was
developed in the early 1980s. PSpice was developed in the 1990s as a graphical
implementation of this program. It is available at no cost in a student version in which
the size of the circuits that can be entered and simulated is limited.

The help system with PSpice is quite extensive and should be able to provide you with
adequate  guidance  in  the  use  of  the  programs.  Most  work  can  be  done  within
Schematics, with some plot formatting possible within Probe. The book by M. Herniter
Schematic Capture with MICROSIM PSpice gives more detailed information on using
Schematics. Refer to the book by P. Tuinenga  SPICE: A Guide to Circuit Simulation
and  Analysis  using  PSpice for  information  on  SPICE  simulation  in  general.  It  is
considered that PSpice 8 is the best one to use, although it may be difficult to obtain.
All information given here relates to version 8. Orcad, which has taken over PSpice
from Microsim, provides a student version of PSpice 10 which should be similar.

2 Filter Circuit

We  will  use  a  simple  RC  filter  circuit  to  illustrate  the  way  in  which  circuits  are
constructed,  as  well  as  some  of  the  basic  forms  of  simulation  and  circuit
measurements.

2.1 Drawing a Circuit

Begin by calling down the Draw menu, and choosing Get New Part. This calls up a Part
Browser menu,  from which  devices  and  other  circuit  schematic  symbols  may  be
selected. These are held in symbol libraries. You need to start by selecting the resistor
and capacitor components from the library called analog.slb. You will see all the parts
listed, but you can click on the button Libraries to select a specific library of symbols. In
the list of symbols, C and R are the parts to select.

Choose C to begin with, and click on Place and Close. This gives you a capacitor C1 of
value 1nF. Click to place it somewhere on the circuit. You can delete it with the delete
key, or move it elsewhere by clicking on it to select it, then holding the mouse button
down while it is moved. Go to the edit menu and select Rotate to place it upright. Note
that you can select the reference designator C1 and the value 1n separately and move
them about  to  place them conveniently  so  that  the circuit  diagram is  uncluttered.
Always work with a neat and clearly set out circuit diagram.



Double click on the capacitor. This will bring up a window called the attribute window. In
this window a number of attributes for the component are displayed. Those with an
asterisk cannot be edited. At the top is the value of the component. Double click on this
and edit its value to change it to 0.001µF. You can also make this change by double
clicking on the value on the circuit diagram. One other attribute, IC, will be of interest
later.  This sets  the  initial  voltage  on the  capacitor when a  transient simulation is
performed.

Now call up a resistor and place it in parallel with the capacitor to make a low pass
filter. Set its value to 1k. Place another capacitor of value 0.3µF and a second resistor
of value also 1k to make a high pass filter to the right of the first two components. Join
up these components with wire. The pen for wiring can be called up from the draw
menu using Wire, or by typing cntl-w. The toolbar also has a convenient button for this.
To get rid of the pen, right click with the mouse.

The circuit needs a few other things to make it ready for simulation. First go to the Port
symbol  library and select  EGND.  This defines the ground point  for the simulation.
PSpice will refuse to work without it. All voltages are defined with respect to this point,
so place it  in a logical position (i.e. on the bottom wire).  Another symbol AGND is
identical  in  function,  but  uses  a  different  symbol.  There  are  two  others  called
GND_ANALOG and GND_EARTH, also identical.

Figure 1: RC Bandpass Filter Circuit

2.2 Sources

Now a source must be chosen. The sources play a number of roles in simulation. First
note that you have current and voltage sources available. These are all ideal. A voltage
source will have zero impedance. This can affect your circuit operation so take care
about how it is placed. You must add a series resistor if you wish to create a non-ideal
source. Put a resistor of value 100 in series with it for this exercise. Different sources
have different purposes:

● The source VDC allows a constant  DC source to be placed. This has the
battery symbol  and is  clearly useful  for  power supplies  and for  DC sweep
analysis.

● Similarly VAC is used for AC sources. The attributes for VAC can be seen to
include an attribute DC which is used to set a DC offset for the source. This
can also be used for DC sweep analyses. ACMAG and ACPHASE allow the
desired characteristics of the AC source to be set. Note that frequency is not a
given  attribute.  This  means  that  the  source  is  useful  only  for  AC sweep
simulations, and not for transient simulations.



● For  transient  simulations use VSIN for  sinusoids,  VPULSE for  pulses and
VEXP for exponentially decaying voltages. Others types of sources are more
general again, but we shall not consider them here.

● VSRC is a very general source which can be used in place of any of the above
sources. You should not need to use it.

Place a VAC source to the left of the schematic and wire it in. Set the ACMAG attribute
to 1V and the DC attribute to 1V.

2.3 Simulation: Nodal Analysis

The circuit is now ready for simulation. However the type of simulation desired must be
defined. A very simple DC analysis is possible which will determine the bias voltages
and currents in a circuit.  A simulation is run with all capacitors open circuit and all
inductors short circuit. The results can be displayed on the schematic.

Select a new part and go to the library called Special. This contains a number of useful
items which can be used to control the simulation and to display results. Between the
100Ω resistor and the first 1K resistor will be a wire in your circuit. Delete that wire.
Select from the  Special library the symbol IPROBE and place it in place of the wire
which was deleted (you may need to rotate it). This will register the DC current at this
point. Also select the symbol VIEWPOINT and place it at the node between the two
resistors. This will register the voltage.

Now go to the analysis menu and select Setup. You will see that the box labelled Bias
Point Detail is already set. If not, then set it. That is all that is needed for the moment.
Then press the F11 function key. This will cause PSpice to run in a small window. You
can  minimize  this  window if  you  wish,  so  that  you  can admire  your  circuit  while
simulation  takes  place.  When  simulation  has  finished,  the  VIEWPOINT  and  the
IPROBE will register the DC voltages and currents directly on the schematic. Check
these against your own calculations (never trust a computer).

2.4 Simulation: AC Analysis and Probe

Go to the analysis menu and select  Setup.  You need to set  the very first box  AC
Sweep and then click on the associated button. The sweep type is linear by default. Set
it to decade sweep, and sweep from 100Hz to 10MegHz (be careful not to use 10MHz,
as M means millihertz ). You can set the number of points to 1001. Note that there is no
reference to the voltage source to be used. If there is more than one voltage source
present with an AC attribute, then all are swept in the same way.

Now go  to  the  Analysis  menu and select  Probe  Setup.  Make  sure  that  Probe is
automatically run after simulation, all  markers are shown, and all  data is collected.
When the simulation finishes, Probe will be run and all data will be loaded ready for
display. You can cause Probe to display certain data plots automatically by placing
markers on the circuit. Go to the Markers menu, select the first item to give a voltage
level, and place it at the output point of the circuit. The plot of voltage at that point will
be displayed when Probe is run. If you place other markers on the circuit, the data
relevant to those points will also be plotted on the same figure in different colours.



If there are any nodes which have data of importance, then these can be labelled by
means of a bubble. The bubble is found in the Port symbol library. Attach a bubble to
the place where you put the marker and call  it  something helpful, like V_out. This
makes it easy to find when plotting the results.

Now press the function key F11 to run the simulation. After PSpice has completed
simulation, Probe will appear and will show the frequency amplitude response for the
circuit.  This has a linear voltage scale but a logarithmic frequency scale. You can
change the various axes if desired. Go to the Plot menu of Probe and select  Y-axis
Settings. Select a log scale. The plot now changes to a Bode amplitude plot. Close
Probe and return to the schematic circuit. Delete the marker and select a new marker
from the set accessed by the item called Mark Advanced. Select the first one called
VdB. This causes Probe to display the y-axis in logarithmic mode with decibels as the
scale.

Now a  frequency response analysis may require phase shift  also to  be displayed.
Probe allows more than one plot to be displayed in a number of ways. If all have the
same y-axis scale, then you can just add several plots to the same graph. If they have
different y-axis scales then you can place a second y-axis with that different scale. In
the Plot menu select Add Y-axis. This will add the second axis (unlabelled). Then go to
the Trace menu and select  Add.  You will be presented with a bewildering array of
voltages and currents.  You must select  the one which you need by identifying the
appropriate node from the circuit diagram. Note that capacitors and resistors have two
end points. Under normal circumstances, end point 1 is either below or to the left, and
end point 2 is above or to the right depending on the state of rotation of the component.
You may need to experiment a little to determine which end is which. Thus for example
the voltage at end 2 of capacitor C1 will be given as V(C1:2). The bubble has a voltage
identified by a node having the name you gave, for my example it will be V(V_out). This
will be the voltage to plot. In order to plot phase, you must plot the function P() of that
voltage. A list of functions and operators are given on the right of the add trace window,
and all  voltages and currents are given on the left. You can restrict  the number of
voltages and currents displayed by turning off various boxes in the centre.

The  functions  provided  by  Probe  are  very  comprehensive.  Many  will  plot  simple
functions of the voltage and current  variables, for  example instantaneous power is
plotted by the expression V*I where V is the voltage across a component and I is the
current through it. More advanced expressions are possible, for example AVG() and
RMS() which calculate integrals (approximately from the data given). As an example
we will calculate instantaneous power in the far right resistor at the output of the circuit.
First delete the existing plots by clicking on the label at the bottom left of the plot under
the x-axis (it will turn red), and press the delete key. Also delete one of the axes using
the appropriate Plot  menu item. Then add a trace. At the bottom of the  Add Trace
window is a Trace Expression box. You can enter expressions into this box by clicking
on the appropriate voltages, currents, functions or operators. Click on V(V_out) which is
the voltage across the resistor at the far right of the circuit, then the operator *, then the
current in the resistor I(R2) (where R2 is the resistor at the far right of the circuit in my
case). The plot will give the frequency sweep in mW.

A useful tool in Probe is the cursor. This can be moved around the plot, while the data
at the cursor is given in a small window. There are two cursors, one is a reference
cursor which you can set at an appropriate place, and the other is for moving around.



The difference  between  the  data  at  the reference cursor  position and that  at  the
moveable cursor position is also shown. You can set the reference cursor by right
clicking on the reference point which you wish to set. Close Probe and run it again
(press the F12 function key in the Schematic editor) to get  the dB plot. Select  the
cursor from the Tools menu. A cursor will appear. Right click on the very top of the plot
to place the reference cursor in the middle of the frequency band where the response is
flat. Now left click on the left side of the plot and, holding the left mouse button down,
move along the plot.  The moveable cursor will  follow. Watch the difference until  it
registers about 3dB. The frequency at which the cursor rests is then the low frequency
cutoff for the circuit. There is a set of commands which you can use to automate this
process, but this is too advanced for the moment.

A label tool allows the diagram to be adapted for printing.

3 Diode Circuit

Create a new circuit with a voltage source VSIN, a resistor of value 1k and a diode
1N4002 in series. Set the VSIN source to have VOFF=0, VAMP=1V and FREQ=1kHz.
This causes a 1kHz, 1V amplitude sine wave to start at time zero of the simulation.
Also set DC=1V. The other attributes are of no interest and can be left alone. Place a
voltage marker on the negative end of the diode and the ground at the positive end of
the diode.

Figure 2: Diode Circuit

3.1 Simulation: DC Sweep

In the simulation setup, select DC Sweep. You will see that sweeps can be made of a
variety of useful parameters, particularly temperature, in addition to voltages. You must
state the name of the voltage source which you are using (this is the label on the
voltage source symbol  in the circuit  diagram, and is  probably V1 unless you have
changed it). Set the start and end voltages to -2V and 2V respectively, and set the
increment to 1mV. When you run the simulation you will see the characteristic shape of
the diode curve.

3.2 Simulation: Transient

In the simulation setup select Transient and click on the associated button. Set the print
step and step ceiling to 10us to give a very fine analysis, and the final time to 10ms
which  encompasses  about  10  cycles  of  the  1kHz  sine  wave.  The  simulator  will
calculate the initial bias conditions and run the simulation. You will see an output which
is clipped by the diode as you would expect. This clipping distorts the sine wave and



produces other frequency components called harmonics which can be viewed in Probe
by doing a Fourier analysis.

Now delete the plot and add a trace. In the expression box type the expression (or use
the mouse to select the expression, but be careful that it is entered correctly):

AVG(I(D1)*V(D1:2))

where I(D1) is the current through the diode, and V(D1:2) is the voltage across the
diode. You will see that this plot gradually converges on the right to an average power
dissipated in the diode. The longer you allow the simulation to go, the more accurate
will be this convergence. You can similarly determine the RMS values of voltages and
currents by using the RMS() function.

3.3 Fourier Analysis

In Probe, from the Plot menu select  X-axis Settings and set the box labelled Fourier.
Set the data range to  User Defined and make it from 0 to 10kHz. You will see the
Fourier breakdown of the output, showing the fundamental at 1kHz and the harmonics
at integer multiples of this. A peak at 0Hz is the DC offset at the output. Select Y-axis
Settings and select log scale to see this more clearly.

4 Oscillator: Transient Simulation

This example illustrates aspects of transient simulation which require initial conditions
to  be  set  correctly.  When a  transient simulation  is  done,  the  simulator  normally
calculates the initial conditions as if the capacitors were open circuit and the inductors
short circuit. However in practice when an oscillator is first turned on, the capacitors
normally have zero voltage across them and the inductors have zero current. These
conditions are specified in  the capacitor  and inductor attributes by the attribute IC
(which of course can be set to any desired value). In the simulation setup for transient
simulation, the box labelled Skip Initial Transient Solution must be cleared.

Wire up the Wien Bridge oscillator with an amplifier gain of 3 as shown in figure 3
below. In the transient simulation setup, set the maximum step size and the print size to
1us and the final time to 200us. Theoretically this oscillator should just oscillate, but in
practice it does not quite do so because of the nonideality of the op amp. When it is first
switched on, it oscillates for a while, but the oscillations die away. Leave the two boxes
in the transient setup unselected for the moment. Run the simulation and observe that
Probe  gives  a  very  small  output  for  the  oscillator.  This  is  because PSpice  has
calculated  the bias  point  very  accurately  so  the  oscillator  starts off  almost  in  the
equilibrium state.

To see what happens in a practical  oscillator,  select the box  Skip Initial  Transient
Solution in the transient simulation setup. This will select the initial conditions on the
capacitors to the value set in the attributes.  If  you look at the IC attributes for the
capacitors, you will see that they have no value given. This means that the default
value of 0V is used. Run the simulation and observe that a significant oscillation now
occurs at the output from the very beginning of the simulation.



Figure 3: Wien Bridge Oscillator

You can set the gain of the amplifier to a larger value, say 3.4 by setting R3 to 2.4k. If
you allow initial conditions to be calculated by PSpice, then the oscillation will take a
long time to start up, and may in fact never start in some cases.

5 Amplifier: Harmonic Distortion

Harmonic distortion is a measure which you will  need for certain  assignments and
practical work preparation. It measures the amount by which a circuit distorts a signal.
When a sine wave is applied to such a circuit, harmonics are generated. The Total
Harmonic Distortion (THD) is defined as the ratio of the sum of all the amplitudes of the
harmonics, to the amplitude of the fundamental signal.

Setup the circuit shown in figure 4. The source VSIN should be set to have a frequency
of 1kHz and an amplitude of 10mV. The other attributes can be set to appropriate
values. In the simulation setup window, select the Transient button. At the bottom of
that window you will see a box labelled Enable Fourier. Set the box, and enter 1kHz as
the centre frequency (this must be the same as that of the voltage source), 9 for the
number of harmonics to analyse, and the voltage V_out which is at the output of the
circuit. Set the print step and step ceiling to 10us, and the maximum time to 10ms. Run
the simulation.

The distortion measure is found in the output file. The output file is accessed from the
Analysis menu at the very bottom. In that file a large number of useful quantities may
be found displayed in text form. This is the standard output that is given by the original
SPICE simulators. At the top is the SPICE command line program which has been
generated for the circuit. This program uses extensively the nodes of the circuit, some
of which will be fixed by any bubbles used to label the nodes, others are generated by
default. Further down a DC bias point result is given, along with currents in voltage
sources, and a total power dissipation result (for the DC quiescent state only). Various
device conditions arising from the DC bias point  are given for  each of  the device



models. Thus for transistors, the voltages at the three pins are given, plus currents
flowing in the device, and small  signal  capacitances.  An initial  transient  solution is
given if a transient analysis was requested. For the Fourier analysis, the amplitudes
and phases of each of the harmonics is given, plus, at the end, the THD measure. You
should ensure that you have set a fine enough print step, otherwise the chunkiness of
the solution could give an artificially large THD.

Figure 4: Amplifier Circuit


