Introduction to OrCAD PSPICE

OrCAD Capture 9.2 - Lite Edition - 9.2.448 - D

PSPICE Rules

1. All circuits must have a reference node. In PSPICE, this node is usually marked with the

number “0.” Note: The conventional OrCAD ground symbol is not appropriate for
PSPICE simulation.

1

This is a proper ground:

2. All component leads must be connected. Unconnected wires and leads will cause the
simulation to fail.

3. All components must have a value. The following suffixes are used to modify values:

k, K =1K= 1x10°
m,M =1lm=1x10%
MEG,meg =1M=1x10°
u, U =1lp= 1x10°
p, P =1lp= 1x10"
f,F =1f=1x10"

Caution: Note that “m” and “M” mean milli to PSPICE, not meg!

4. All components must have a unique designator. For example, there can’t be two instances
of a component reference “R1” within the same circuit.

5. There must be no space between a number value and its modifying suffix. For example,
the value “1 k” for a resistor or “1 V” for a voltage source will cause an error.

The correct way of specifying these parts is “1k” and “1V” (upper and lower case make no
difference.)
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DC Static Analysis Example

1. Start OrCAD Lite as shown below:

ite Edition

& EREBELEE

Online Manuals
P3pice AD Lite Edition
P3pice Model Editar

PSpice Cptimizer

re Like Edition

Release Maotes

PSpice Stimulus Editar

PSpice Simulation Manager

Uninstall Orcad Family Release 2.2 Lite Edition

Note that the only program you need to start is “Capture Lite Edition.” The other
programs will run automatically as they’re needed.

2. Click the “Create Document” button on the toolbar.

E¥ Orcad Capture - Lite Edition - [Session

D File Wiew Edit Options  Window  Help

EEREREE

reate Document

3. The following dialog will appear. Fill in the information as shown.

New Project

M ame

Iwheels

— Create a Mew Project Uszing

5 " PC Board ‘Wizard

y% " Programmable Logic ‘wizard
a

™ Schematic

0
% f* Analog or Mixed MD\

template.

or copied from an exis)

(1]8

Help

[ ok |
Cancel |
\

Tip for Mew Users

x|

/L

Location

e\temphproject

Browse...

~ 1 Type in the
name of the project

2. Select “Analog or
Mixed A/D” as
shown.

—
3. Specify where the

AN

[

|

project will be saved
on your computer
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4. The following dialog will appear:

Create PSpice Projeck

" Create baged upon an existing project

Ihierarchical.opi

|

oK
Browse,..
Canecel

Help

Pl

Choose “Create a blank project” and click OK.

5. The schematic editor will open. Enter the following schematic into the program:

R1

IF

o

Vi

1ov

Note the following:

1k

R2
1k

R3
1k

Parts are placed by SHIFT-P
The voltage source is called “VDC” in the parts library
The resistors are called “R”
The ground is obtained by clicking the ground button E
and choosing part “0/SOURCE.”

Place Ground

SOURCE library
should show here.
If not, press “Add
Library” button.

Sembol:

|

o

$0_HI/SOURCE
$0_LO/S0URCE
0/Design Cache

GMND/CAPS'YM
Libraries:

[
Design

g che
SOURCE

__. [l

Bemove Library

PRl

0

Cancel

Add Library...

Help
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6. Create a new simulation profile for the circuit by going to the PSPICE menu and choosing
“New Simulation Profile” as shown:

e Aremoesy  Opltiors  Bedod

[ nenamumite L)

1. Type a name for the
profile and click “Create.”

. Mame: /
oo

N - -
Idc similation

:j:‘w r.ld:lll Cancel |

| Inhent From:
et Inone j
Plabers ] Root Schematic:  SCHEMATICT

i Fawity L

il

2. The Simulation Settings
dialog will appear, but
there’s nothing to set, so

click OK.

G Srsben | chcks Pl | Libsasi | Strmin |

s g Py Oipbor

I jchutis et beom pésrd i rmiaton
rrom wred rormcoedhcion | F]

Dipkore:

1 Prorfpmn Lorvpld p graken | SERES
T S 58 i |

3 iver gt Pojuid 2

Lous Biaa ord Laicuiais ormali-agral [FD gaar: | FT)
I—
I—

You can have multiple profiles for a given project. This allows you to analyze a circuit in
different ways without having to change settings back and forth.

7. Click the toolbar buttons for displaying the bias-point voltages and currents so that they
are depressed.

[v 3 1 5wt

8. Press F11 to run the simulation. (This is the same as going to the PSPICE menu and
choosing Run). The screen will show the DC voltages and currents directly on the
schematic.
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Debugging PSPICE Simulation Errors

Sooner or later (probably sooner), you’ll get a nasty error message from the simulator.
Because this program uses a PSPICE core to do the actual work, you need to be able to
locate and decipher the actual error within the OUTPUT file, then correct it in your circuit.

1. Let’s “break” the circuit. Delete one of the conductors and press F11 to run the simulation
again. I broke mine like this:

V1

.

1ov

o

Depending on how your version of PSPICE is configured, youlll get either a dialog box
with an error, or a full screen dump of the output file, which shows the error.

If you don’t get the output file, select “View Output” from the PSPICE menu to see it. It
might look like this:

** Creating circuit file "wheels-schematicl-dc simulation.sim.cir" JT
** WARNING: THIS AUTOMATICALLY GENERATED FILE MAY BE OVERWRITTEN BY SUBSEQUE
SIMULATIONS

*Libraries:

* Local Libraries :

* From [PSPICE NETLIST] section of C:\Program Files\OrcadLite\PSpice\PSpice.ini
file:

lib "nom.lib"

*Analysis directives:
.PROBE V(*) I(*) W(*) D(*) NOISE(*)
.INC "\wheels-SCHEMATIC1.net"

**% INCLUDING wheels-SCHEMATIC1.net ****

* source WHEELS

v Vi N00893 0 10V Node N00812 belongs to R1. I
R_R1 N00812 1k

R_R2 0 N00197 1k

R_R3 0 N00197 1k

**xx RESUMING "wheels-schematicl-dc simulation.sim.cir" ****
.END

ERROR -- Less than 2 connections at node N00812

2. You can see the ERROR. At node N0O0812 there’s a problem. By looking at the netlist
portion of the listing, you can see that node NOO812 is associated with R1.
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Transient Analysis

In PSPICE, the transient analysis option is used to do both steady and transient analysis of
circuits. This can involve both AC and DC signal sources. Steady-state AC time-domain
results are obtained by the same setup as for transient analysis. Let’s try it out.

1. Start a new project called “boing” and build the following schematic into it. (Make sure to

completely close the previous project).

R1 L1

, AN m—fYYY\—l 2
—m 632 1000H
V1
?O

||
LAl
O
iy

B
-0

Place the two voltage probes by clicking the probe button on the toolbar. ﬁ) Note the

color of each probe; it will match the color of the trace in the PROBE readout during
simulation.

The source used is called “VPULSE” and the parameters on the source have the following
meanings:

e Vl1is the “off” voltage

e V2isthe “on” voltage

¢ The simulation begins with the source in the OFF state. TD is the time delay in
seconds before the pulse turns on.

e TR and TF are the rise and fall times of the step function.

e PW is the pulse width (how long the source stays “on” after TD has passed.)

* PER is the period. Enter O for a one-shot pulse, or a non-zero period for the pulse to
be periodic.
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2. Build a new simulation profile called “transient” and make it look like this:

Simulation Settings - transient ﬂ

General Analysis Ilnclude Filesl Liblariesl Stimnulus | Dptionsl Data Collection I Probe Windowl

Analpsis bppe:

Bun to time: 10z seconds [TSTOF)

s Start gaving data after. IEI seconds

Transient options

Genera 5

[CIMonte Carlo orst Caze M aximum step size: I‘I ms seconds

[ |Parametric: Sweep . - . . . .

[T emperature [Sweep] [ Skip the initial transient bias point calculation (SKIPEP)
[15ave Bias Paoint

[]Load Bias Point Output File Options. . |

Ok, I Cancel | Apply | Help |

*  “Run to time” says how long to run the simulation. 10 seconds is forever in the world
of circuits, but this one is special.

“Start saving data after O seconds” means to use all simulation results starting with
time = 0. Entering a non-zero value causes initial data points to be discarded.

e “Maximum step size” is a very important setting. It specifies how often PSPICE will
recalculate the circuit parameters during simulation. If you're expecting sinusoids to
look good, you need at least 100 or more calculations for each sine wave period.

3. Press the F11 key. (Warning: Stand several feet back from the circuit when doing this!)
You should get the following display:
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4. Try replacing the DC pulse source in the circuit with an AC signal source and repeat the
analysis again. You might want to change the “Run to time” in the analysis profile to 20
seconds. The circuit looks like this:

R1 L1
rIYYY 4
AN L 2
632 1000H
V1
VOFF =0
VAMPL =1 @ - C1
FREQ=1 25UE
=0 =
-0

For the VSIN signal source, the parameters have the following meanings:
*  VOFF is the DC offset
e VAMPL is the peak voltage of the sine wave
« FREQ is (you guessed it), the frequency of the signal in Hz.

You can set other parameters of the VSIN source by double-clicking the body of the part.
You'll get a complete listing of the settable parameters and their values.
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AC Parametric Sweeps

In order to learn about the frequency response of circuits, an AC parametric sweep can be
performed. This is a different type of analysis than transient analysis as far as PSPICE is
concerned, because instead of calculating the instantaneous values for voltages and currents,
PSPICE instead calculates the steady-state effective currents and voltages.

Any source with an AC parameter can be used as a swept-frequency AC voltage source. The
object “VSRC” is a generic AC signal source. The “VSIN” device also has the capability to be
used during AC sweeps. It is usually more convenient to use “VSIN” since the same sighal

source can be used for both steady state and transient analysis.

PSPICE can present the results of an AC sweep in many useful ways. We'll first look at raw
voltage data, then have PSPICE display the data in decibel form.

1. Change the schematic diagram of the project to look like this:
L1
L
s
\ 10H
V' 250F

V! § R1
VOFF = 0
VAMPL = 1 @ 6.32
FREQ = 10.065

0 ?O

This modification raises the resonant frequency of the circuit to 10.065 Hz, and the @
becomes 100.

2. Change the simulation profile to look like this:

Simulation Settings - ac sweep 5[

General  Analysis |Include Filesl Librariesl Stimuluz I Dptionsl Data Collection I F'robe\-\-"indowl

— p Bun to time: |2U seconds [TSTOP]
(At Start saving data after: ID seconds

General Settings Transient options

[“Monte Carlo/vworst Case Mawsimum step size: |1 ms seconds

[ IParametric Sweep . L . . . .
[ITemperature [Sweep] [ Skip the initial transient bias paint calculation [SKIPEP)
[15Save Bias Point

[ILoad Bias Point Output File Options... |

ak. I Cancel Apply Help
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to the high @ of the tank circuit!

3. Run the simulation. Notice that the circuit takes a little while to build its voltage up due

4. Let’s find the frequency response of this filter circuit. First, let’s create a new simulation

profile (remember, a project can contain multiple simulation profiles.)

e At the PSPICE menu, choose “New Simulation Profile”

e Fill in the resulting dialog box as follows and click the CREATE button.

Mew Simulation

Mame:

Ifrequency response

Inherit From:

| SCHEMATICT rarsient

=

Root Schematic.  SCHEMATICT

Cancel |

X

* A new simulation profile will appear. Set it up as follows:

Simulation Settings - frequency response

General Analpsis |Include FiIesI Liblariesl Stimuluz I Dptionsl [rata Collection I Probe Windowl

Analyziz tppe: — & Sweep Type
" Linear
Dptiors: " | pgarithmic

General Settings
[ IMonte Carloworst Casze

x|

IDecade "I

Start Frequency: |1

End Frequency: (100

Fointz/Decade: {100

[ Parametric 5weep

— Moize Analyziz
[ Termperature [Sweep)
[15ave Bias Paint I Enabled
[]Load Bias Paint

[Htput v altage: I

| Soirces

Irteral:

1]

— Output File Options

™ Inglude detailed bias point information far nonlinear
contralled sources and zemiconductars [.OP]

o]

Cancel

Apply Help |

This profile will sweep any AC sources in the circuit from 1 Hz to 100 Hz (two
decades), with 100 points for each decade.
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5. To do an AC frequency sweep, there must be at least one signal source with an “AC”
parameter in the circuit. Double click the body of the voltage source and you’ll get a
detailed screen like this one:

¥ Orcad Capture - Lite Edition - [Property Editor]

Bl Fle Edt Wiew Place Macro Accessories Options Window Help

0ls|d] | %= /2| FEe 2 BN N e g
[SCHEMATICT-requency respor =] || B [BB] 2] 2] @] v || 1 [ w]o]
[ Mew Comn.. | #pply | Display...| Delste Propeny | Fiter by: [OrcadPSpice

Reference | Walue| AC|DC|DF| FREQ |PHASE|Source Part| TD| WAMPL | WOFF
SCHEMATICA : PAGE1 : W1 W WSl Of0.0658 0 15, Navenali g 1 a

—

Click on any field to change its value. :
I Change the ACfield to 1V and the DC
 field © OV (no DC offset) I

This screen is available for all components in a design. Not all of the parameters display
on your drawing because the display isn’t turned on for them. To fix that, highlight one of
the items, then click the “Display...” button. Choose “Name and Value” from the dialog to
make the parameter show on the drawing.

To exit the property editor, click the Jower “X” button at the upper-right portion of the
display.

6. The circuit should now simulate. Press the F11 key to do so. But wait, there’s a problem --
why doesn’t the output voltage rise all the way to 1 V (Vin) at resonance? The circuit

doesn’t work! (Try more points per decade in the simulation setup -- 1000 is a good
number.)

7. You can easily switch back to the previous simulation profile. Simulation profiles are
stored with the project.

e From the Window menu of the schematic editor, choose “boing.op;”. You'll see the
following display:

1 File | . Hierarch_l,.ll

-0 Design Resaurces

A J\boing.dsn

£ Library

H-E0 outputs

EG PSpice Resources
Iil Include Files
I=:| Mode! Libraries
-3 simulation Prafiles
SCHEMATIC1-frequency respanse

HEMATIC1-transient

20 Stimulus Files
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e By expanding the “Simulation Profiles” folder, you can see that your project has two
different profiles.

*  You can enable any profile by highlighting it, then selecting “Make Active” from the
“PSPICE” menu.

e The active profile is always highlighted with a red “P!” (for Probe).

8. Let’s look at the data with a decibel display. Switch back to the schematic (making sure
the “frequency response” profile is active).

PSPICE provides special probes that read in dBV units. By definition:

dBV =20log v
Wolt

These special probes are available by following the menus as follows:

PSpice
Mew Simulation Profile
Edit Simulation Prafile
Run F11
Wiews Simulation Results F12
Wigws Output File

Create Netlist
Wienw Metlist

Flace Optimizer Parameters
Bum Opkimizer:

3 Volkage Level
Bias Paints 3 ‘olkage Differential
Current Inko Pin

Powet Dissipation

dB Magnitude of Yoltage
Plot Window Templates. . dE Magnitude of Current
Phase of Woltage
Shaovs All Phase of Current
Hide Al Group Delay of Yolage
Delete All Group Delay of Current
List. .. Real Patt of Yolage
Real Part of Current
Imaginary Part of Yoliage
Imaginary Part of Current

Place two of these probes onto the circuit (and delete the other voltage probes). The
circuit should look like this:

o
a
) C1l L1
1~~~V

11 2 §
11
10H
25uF
Vi R1
VOFF =0
VAMPL = 1 6.32
FREQ = 10.065
AC=1
DC=0 —=
B
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9. With these special probes in the circuit, run the analysis again. Notice that we played a
dirty little trick. By setting the input voltage to 1 V (0 dBV), we get output voltage
magnitude readings that correspond to the voltage gain.

It is possible to mathematically compute gain by adding a trace to the plot. See if you can
figure out how it works.

DC Parametric Sweeps

It is also possible to vary the parameters in a DC-swept fashion. Common examples of
parameters that can be varied include resistance, capacitance, transistor Beta, and so on.

A good example of this is to demonstrate the maximum power transfer theorem, where the
load resistance of a circuit must equal the source resistance in order to get maximum power

into the load.

1. Create a new project called “power” and add a schematic to the project as follows. Note
that the value of R2 is {RLOAD}, which will refer to a global parameter.

R1
NN
1k
v
00V — R2
) {RLOAD}
=0 =0

2. Place a new part on the drawing called “PARAM” (from the SPECIAL library.) Place it on
the schematic, then double-click its body to open its property sheet.

Within the property sheet editor, make the following changes to the PARAM block:

e Select the “OrCAD-PSpice” Filter to make it easier to see the important fields.

Filter by: [ Orcad Fipice |

e Click the “New Column” button and add a column called RLOAD. Set its value to 1k,
as shown below.

Reference| Yalue (RLOAD| Source Part
SCHEMATIC1 : PAGE1 : 4 4 PARAM: 1k JPARAM Morka

-

e Make sure to set RLOAD visible by highlighting it and clicking the “Display” button.
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e Close the property sheet. Your drawing should now have a parameter block that
looks something like this:

PARAMETERS:
RLOAD = 1k

The value of 1k has no effect on a DC swept analysis, but will instead be used for
bias point (steady-state) calculation (if that is required).

3. Edit the analysis profile to look like this:

Simulation Settings - dc sweep x|
General Analysis |Include Filesl Librariesl Stimuilus I Elptionsl D ata Collaction I Probe W’indowl
Analysiz bype: — Sweep vanahlz
" Woltage source W ame: I
- " Current source Model Iﬁ
tors: ode type:
=pHans ¢ Global parameter
B Prirmary Sweep e g aranester Model name: I
[]5Secondary Sweep I - P : - [RLoaD
[Monte Carlo M orst Case Temperature (RIS (T
[ |Parametric Sweep
[T emperature [Sweep) - Sweep lype
[ 15ave Biaz Paint & Linear Start value: |1
[Load Biaz Point -
End walue: I'I (k.
' Logarithmic IDecade "I 2
Increment: I'I
= Walue ligt I

0k I Cancel | Lpply | Help |

The sweep will vary the global parameter you named -- RLOAD -- in accordance with the
rules set forth under “Sweep type.”

4. Run the analysis with F11.
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Solid State Circuit Analysis

OrCAD PSPICE can model circuits with mixed analog and digital components. Below is a
common-emitter amplifier. Using PSPICE simulation we can determine:

*  What are the DC operating voltages of the amplifier?

*  What is the voltage gain and compliance of the amplifier?
*  What is the frequency response of the unit?

1. Start a new project called “transistor” and insert the circuit of the amplifier below.

v
18v
§ R6 § R3 -
33k 1k c2 /
|1
1T
c1 1uF
J Lo
RL
1uF
Q2N3904 N
V2
VOFF =0 R1
VAMPL = .1 @ § . =
FREQ = 1k § R5 0
4.7k
c3
f 220uF
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2. Create a new simulation profile and set it as follows:

Simulation Settings - steadystate

x|

General  Analysis |Include FiIesI Libraliesl Stimuluz I Elptionsl [rata Collection I F'mbeWindowI

Analyziz type:
Time Domain [Transient] g Bun o tme: |1 Oms secands [TSTOF)

o Start saving data after: ID seconds

Transient options

Mawimum step size: |1 ug geconds

General Settings
[Ikante Carlo™warst Caze
[ 1Parametric Sweep

1T emperature [Sweep]

[ Skip the iritial transient biaz point calculation [SKIPEP)

[1Save Bias Paint

[ILoad Bias Paint Dutput File Options... |

0K I Cancel | Apply |

Help

Note that the VSIN source in the circuit is set to 1 KHz, and that the analysis steps are
1 US -- so there will be 1000 calculations for each sine wave cycle. With the TSTOP
setting of 10 mS, we should see 10 cycles of the waveform on the display.

3. Run the simulation. To see the DC voltages and currents, click the appropriate toolbar

buttons.

Compliance Evaluation

To perform a compliance test of an amplifier, we gradually increase the input signal
amplitude until clipping is observed at the amplifier output. We can “sweep” the VSIN

amplitude in our circuit to achieve this.

1. Create a new simulation profile called “Compliance Test.” Inherit the profile from the

original profile in your project.
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2. Modify the simulation profile to look like this:

Simulation Settings - compliance teskt x|

General Analysis |Include Filesl Libraliesl Stimulus I Dptionsl Drata Collection I PrnbeWindan

Analysiz tupe: — Sween variable

ITime Domain [Trangient] j " Waltage source [ arme; I

- € Cument source Model Iﬁ
tions: odel ype;

=Plons - &' Global parameter

[ General Settings & [ e Model name: I

[ IMonte Carloswforst Case ~ P ; ) IVIN—

M aramelic 5weep Uihirgienefurz SIS =

[ 1T emperature [Sweep)
]S ave Bias Paint - Sweep ype

[Load Eias Paint ol Start value: IU-'I W

End walue: |1 W
" Logarithmic IDecade 'l a
Inerement; IEI.1

£ Walue ligh I

QK. I Cancel Apply Help

To set this up, first click on the checkbox by “Parametric Sweep” in the Options window.
Then fill in the fields on the right as shown.

3. Add a part called “PARAM?” to the schematic page. Double-click the PARAM block body
and add a field called “VIN.” Set the value of VIN to 0.1 V (for static analysis) and turn
its display on.

4. Modify the signal source VAMP parameter to be “{VIN}”, which will cause the signal
source amplitude to ramp up in step with the parametric sweep.

5. Run the simulation. You'll now see a family of curves for Vin and Vout. You can now tell
when the amplifier will clip.

Frequency Response of the Amplifier

1. Create a new simulation profile called for the circuit called “Frequency Response.” Inherit
this profile from the base profile “steadystate.”
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2. Do an AC sweep on this profile as follows:

Simulation Settings - frequency response

General  Analpsis |Incluu:|e Filesl Librariesl Stimuluz I Dptiu:unsl D ata Callection I Frabe 'W'inu:lu:uwl

Analysis type:

Dptions:

General Settings

[k aonte Carlo/wforst Caze
[ |Parametric Sweep

[ 1Temperature [Sweep)
[15ave Biaz Point

[1Load Biaz Paint

—AC Sweep Type

x|

'@ (e Start Freguency: |10

IDecade "I Points/Decade: {100

' Logarithmic End Frequency: I‘IDIZIMEG

— Moize Analysis

[~ Enabled [Dutput Yoltage: I

|/ Smurze:

L

| rteral:

— Output File Options

[ Include detailed biss point infarmation for nonlinesr
controlled sources and semiconductors [OF)

Ok I Cancel Apply

Help

3. Recall that the VSIN component is a dual-purpose signal source - it can be used for both
transient and AC sweep analysis - you just have to enable the AC parameters. Double-
click the body of the VSIN source and set the AC value to 0.1v (RMS), and the DC value
to Ov. Turn on the display of these items so that you can see them on the schematic.

4. Run the simulation. You may want to exchange the Vin and Vout voltage markers for

VDB markers.
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