PSPICE TUTORIAL
PART I, REVISION 2

INTRODUCTION AND DC ANALYSIS
for the
Orcad PSpice Release 9.1 Student Version

This tutorial is was originally created for EE100 at UCLA . Our thanks to Profs. Kaiser and Judy for their permission to use
it in ECE211 at UMASS.

INTRODUCTION

The Simulation Program with Integrated Circuit Emphasis (SPICE) circuit simulation tool was first
developed in the early 1970s. It was written in the FORTRAN programming language and was intended to
support the eatly data entry methods of this period. SPICE was immediately valuable to allow circuit
designers to analyze circuit systems, in particular as the complexity of circuits began to expand with the arrival
of the first integrated circuits. It is certainly one of the most important tools in Electrical Engineering and is
an example of one of the first tools for Computer Aided Design.

SPICE has evolved with many advances in numerical analysis methods for accurate and fast computation and
has appeared in many commercial forms. SPICE has been ported to many platforms and the version that
operates over the Windows operating system is PSpice.

The first SPICE users designed circuits with manual circuit drawing tools. Then, inspection of the circuit
design was used to generate a text-based description of the circuit design. Even today this still occurs in
certain special instances. However, the arrival of graphical drawing tools allows a circuit designer to directly
draw circuit schematics using circuit design tools and then special “capture” tools operate to “capture” the
schematic and generate the text-based description of the circuit design, automatically. The versions of PSpice
available to us operate in this way.

This is a great advantage for the engineering design process — this provides the designer with the ability to
focus directly on a visual description of their system and obtain circuit operation numerical and graphical
results in an automatic, convenient process.

This Tutorial describes the development of two typical, simple circuits. The first is a circuit that will
demonstrate the ability to quickly compute voltage and current values. The second will demonstrate the
ability to compute time-dependent circuit response.



ACCESS TO PSPICE

You may download the PSpice 9.1 Student Version from

http://www.cadencepcb.com/products/downloads/PSpicestudent/default.asp

INSTALLATION

During the installation process for Release 9.1 Student Version software, you will be presented with options
as to which components to install. Ensure that you have selected to install Capture and PSpice. You may
install other options in addition to these.



CIRCUIT I: DC ANALYSIS

Now, we will first use PSpice to simulate the circuit of Figure 2.16 in Electric Circuits in Nilsson and Riedel,
shown below.

Figure 2.16 The circuit for Example 2.6

From: Nilsson/Riedel, Electric Circuits, 6e, July 2000 Prentice Hall, Inc.



GETTING STARTED

After installation, your Program folder should contain the PSpice software. So, select Start > Programs >
PSpice Student > Capture Student. This will launch the Capture application.

Your screen should appear as in Figure 1 (except in v9.1 Student Version this log file will be minimized
within the PSpice main window.
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Figure 1

Now, to begin, you must create a new Project. For the purposes of this class, we will be engaged in Analog
Design and thus your new Project selection will be for a new Analog Design project.



Begin by selecting the File > New > Project menu. Your screen should appear as in Figure 2.
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Figure 2

This will launch the Project dialog. At this point, you must BROWSE to create a directory for your new
projects. Here we have created a directory of D:\My Documents\PSPICE\Projects in Figure 3.
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Figure 3

You should now configure the application so that an Analog or Mixed A/D (analog or mixed analog and
digital design) is selected. Also, you should entire a Project Name. This has been selected to be, Figure 2.16
Circuit Simulation. Please note catefully that the Analog or Mixed A/D checkbox has been highlighted.



Now, upon confirming your selection by clicking on the OK button, another choice will appear. This
prompts you as to whether you would like to create a new Project based on a previous Project. For this case,
select Create a blank project, as shown in Figure 4 and then press the OK button.
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Figure 4

Now, this will bring up the Capture schematic graphics window, as in Figure 5. This will now allow you to
actually draw a circuit with electronic components that can be individually adjusted for their properties. We
are ready to begin designing.

) o ture - Lie Edit CHERATIC : FAGE1]] =lolz]
o] File Edt View Place Macio PSpice Accessoies Opfions Window Help =18l x|
olsl@l 8] slee] ool 1 slelRe) vl ] s 2l
1 a2 lisale] v |1 ]o]w]]|
El I . Il 3 Il z I T —]
EILY
=
T
|
' 1
sl
A
1
=
|
]
N
L ikl
=i
1S
=l
A
g —
L4l I _l'I
[ [Ditems selected  [Scale=100%  X=0 =0 A |

Figure 5



A very important point should be considered first: The PSpice system computes voltage values relative to a
common potential (referred to as a “Ground” potential). Without a specification for this Ground potential,
the circuit simulation may not proceed (the circuit simulation algorithm does not make assumptions as to
what reference potential the designer has selected, instead, it must be informed in advance). In fact, the error
condition resulting from a lack of Ground potential definition creates so-called “floating” nodes, simply
circuit nodes that do not have a defined potential.

As you will see throughout engineering circuit design, the clear definition of reference potentials continue to
be a challenge for all technologies in analog, digital, radio frequency design, and biomedical electronics. Many
problems in system design have their origins in the difficult of establishing a common reference for
measurement. So, we will start by selecting a “Ground” potential point. First, the Ground potential reference
point is a circuit node or in the Place menu. We want to “Place” this node in our circuit. So, you may reach
this by pointing to the Place menu, as in Figure 6.
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Now, click on (Place -> Ground...), and you will see the Ground dialog box as in Figure 7.
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At this stage, we need to add Parts Libraries to onr list of choices. You will need to perform this only once, in the future, the
Libraries will appear by default. So, click on Add Libraries and yon shonld see several choices.
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We need to add the following Libraries:
1) analog.olb
2) eval.olb
3) source.olb
4) sourcstm.olb

5) special.olb

You should see the Libraries highlighted as shown. Now, select the 0/Source selection as in Figure 10.
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Then, click on OK and you will now find that there is a Ground symbol attached to your mouse cursor as in
Figure 11.
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Place this as shown in Figure 12 by clicking with the left mouse button. Then, click with the right mouse
button. If you are not careful here, you will accidentally create two ground terminals (one will have to be
deleted by right clicking on the part and deleting it).
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Figure 12

To view the circuit more easily, click on View > Zoom > In.

Now, we will add a conductor (Wite) to our circuit. Again, proceed to the Place menu, select Wire, and this
will now create a drawing tool. You may create the wire by placing the mouse cursor on the terminal at the
top of the Ground symbol and then holding down the left mouse button while dragging the mouse cursor
upwards (as you can see this is the standard Windows drawing paradigm so this will be familiar to you.) The
circuit will now appear as in Figure 13.
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Now, we must start to add Resistor and Source components. To obtain and “Place” these parts we again
navigate to the Place menu. But, this time, click on Part. This will bring up a Place Part dialog box. To place
a Resistor in our circuit, click on Place > Part and then when the Place Part dialog box appears. Highlight
the ANALOG library in the Libraries box. This will bring up a list of parts in the Part List box. Now, scroll
down to R and click on this. You should see the dialog box of Figure 14. When we enter device property
values into PSpice configuration settings or directly into SPICE code, we generally use a scientific notation
for number entry that includes a scale factor equal to a power of 10. The Appendix at the end of this
document describes the SPICE and PSpice Units of Measure as well as the scale factor conventions. 1745
important to read this very carefully. Frequent errors in SPICE and PSpice simulation result from a confusion over entry of a
proper scale factor.
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Click the OK button to select this and then you are ready to Place this part. Proceed to place this part as
shown in Figure 15.
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Figure 15

Its default value is 1 kilo-Ohm. We now want to change its value to 5 Ohms. So, double-click on the Part.
This will bring up the Property Editor, as shown in Figure 16.
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Now, scroll horizontally to the “Value” property box at the far right. You may highlight the contents of this
box and then enter “5” to set the Resistor value at 5 Ohms.

Now, it is important to click on Apply at this stage to set the value. Now, return to the Schematic window
via the Window Menu as in Figure 17.
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At this stage we will add a Current Source. This will be a direct current (DC) source and will be labeled as
IDC by PSpice. So, proceed to the Place > Part menu to bring up the Place Part dialog. Highlight the

Figure 18

SOURCE Library and then IDC as in Figure 19.
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Now, upon clicking OK, we are ready to place this source. Place the Current Source so that its terminal

Figure 19

connects to the junction of the Resistor (R1) and Ground Wire. Then, right click to bring up a configuration

menu as in Figure 20.
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Now, select Rotate. You will then be able to drag the Current Source into the position shown in Figure 21.
Now, use the Property Editor to set its current to 1 Ampere by updating the DC column as shown in Figure
21. (Remember to press the Apply button).
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Now, you are ready to add additional components. All of the current sources will be set to 1 Ampere.

Here is the appearance, in Figure 23, of the circuit when additional wires, a Current Source and the 4 Ohm
Resistor have been added. Note that you may click on the Part labels directly and change their values and
names. Also, the labels may be moved to make a schematic more legible.
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After additional components, we have the Schematic of Figure 24. This is a very important stage to highlight
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a critical feature.

Note that in the circuit of Figure 2.16 of Nilsson and Riedel, there is no connection between the conductors
connecting nodes a and ¢ and conductor connecting node d with the Current Source terminal, as shown in
Figure 24, below.

We must be very careful to recognize this and to design the schematic of Figure 25 propetly. Note the
position of the node junctions appearing as red “dots” in Figure 25 and note that no junction appears in the
center of the schematic diagram where the two conductors cross (the conductors are those connecting R2
and R3 and the conductor connecting Ground and 14).
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Now, we complete the circuit as shown in Figure 26.
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Figure 26

Now, with our circuit complete, we are ready to start a Simulation. First, we must configure the Simulation
tool. Proceed to the PSpice menu and click on New Simulation Profile as in Figure 27.
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Inone j

Root Schematicc. SCHEMATIC

Figure 27

We have entered the name “Bias” into the Name field and have left the Inherit From entry equal to none.
The term “bias” refers to the notion of a tendency or asymmetry. Bias is a voltage generated across a device

or combination of devices. It may be created directly by a voltage source, or indirectly through a combination
of sources and other components.

Bias analysis refers to the operation of determining this arrangement of voltages. In general, bias analysis is

critical. Later, as we encounter nonlinear circuit elements, you will see that bias analysis and design for a
stable, predictable set of bias voltages is often one of the most important concerns.
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So, we now click on Create. This will bring up the Simulation Settings-Bias dialog box as in Figure 28.
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Help

Now, the Analysis type we must select is Bias Point. You can reach this by scrolling through the Analysis

type selections and clicking on Bias Point. We do not need to select any of the Output File Options, so
simply click on OK.

Now, start the Simulation by clicking on PSpice > Run. The output will appear as in Figure 29.

(1]
i) Fle Edt View Place Macio PSpics Accessories Opfions Window Help

B T~ =T e = ] N T I N [i= 2N i I 5 0
SCHEMATIC1-Bias Bl = = e el IVLV| 1 |£»|W|W%|‘
- T = =
14 15 =
1 RS 2<C R3 File View Sinulation Tools Window Help g8
R2 1Ade 3= R4 ‘ 1Adc g - ‘g.” = =] H % B ‘ e HJ|5EHEMATIE1—B\as I » ‘ n ‘
SBR[ Er 2 B | 22 25 BB e oF ||| L o MR R G i e
7 10.70 £ | EE I |
i
I R1 s
=
&
5 1Adc a
=
-0
X[ Simulation running. N E
2| = Profie: "SCHEMATICT Bias” [D:wty |4
Reading and checking cicuit
Circuit read in and checked. no erors
Calculating bias point
Bias point calculated
Simulation complete: - q | "
I — 2
IM [For Help. press F1 [ [ 100z NENENNNNEE R

Figure 29

Note that now the circuit potentials at each node are computed. Also, we can determine the currents through

each element. To obtain this information, we can examine the Simulation Output File. Navigate to PSpice
> View Output File.
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The Output File contains a PSpice program listing that was generated by “capturing” the schematic. This
program listing was the target analyzed by PSpice to determine the Bias the list of bias voltages for each
element, as shown in Figure 30.

ST
=18

ki L Upt pl Relp
olza] &8 slER 2lepe o BE&E] @5 =

=l =]
=1 3 S I g BT |
Thnalysis directives: =l
PROBE V{*} I[*) W(¥) D(*} NOISE(%)
JINC ".\figure 2-SCHEMATICI.net"

#¥%% INCLUDING "figure 2-SCHEMATIC1.net” #¥w+
+ source FIGURE 2

B_RZ NO1255 NO1115 %
E_R1 NO1255 0 S

E_RS NO1255 NO1425 1
I_14 0 NO1425 DC 1kde
F_R3 NO1Z55 NO1429 2
F_R4 NO1115 NO1429 3
I_I3 0 NO111S DC 1kde
I_15 NO1115 NO1429 DG lhde

#%% RESUMING "figure 2-SCHEMATIC1-Bias.sim.ciz" #res
END

o
*TEY 02/23/02 15:10:18 seesrerneesess PSpice Lite (Mar 2000) srrrrsssssressesy

** Profile: "SCHEMATIC1-Bias"™ [ D:\NY DOCUMENTS\PSPICE\figure 2-5CHEMATIC1-Bias.sim ]

o SMALL SIGNAL BILS SOLUTION TEMPERATURE =  27.000 DEG ¢

NODE  VOLTAGE NODE  VOLTAGE NODE ~ WOLTAGE NODE  VOLTAGE

(NO111S) 10,6960 (NO12SS)  10.0000 (NO1423]  11.2170

Ll | b
[ |Line 23. Col 81 [INS v

Figure 30

Also, we may examine the Bias analysis for current values. Generally, the display default will be to show Bias
Voltages. To observe Currents, click on I and de-select V in the Toolbar. The Bias Current display will
appear as in Figure 31.
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Figure 31

You may Save your work with the File > Save command. When you close your Project, you will be
prompted by a pop-up dialog box to Save your Project files. You should select Save All.
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CIRCUIT 2: DC ANALYSIS FOR A DEPENDENT SOURCE

The next example shows you how to draw the circuit of figure 32, in Electric Circuits in Nilsson and Riedel,
shown below.
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Figure 32

The above circuit contains a voltage controlled voltage source. The rest of the circuit can be easily drawn,
following the procedure explained in the previous example. Assuming that you can now wire the resistors and
the current source correctly, the section below explains only how to incorporate the dependent voltage source
into the circuit.

First, find the part name for the dependent source in PSpice. In this case, we have a voltage controlled
voltage source (part name E). After placing the part on the schematic window, you will see that it has two sets
of wires on opposite ends. Wire the dependent end (marked with a circle around the wire) into the circuit
normally, like you would wire the other parts. You may need to rotate or flip the dependent source to ensure
that the voltages are correctly aligned. The important thing to note however, is that the other end of the
dependent source must be wired to the control voltage. The circuit of figure 33 is a PSpice representation of
the above circuit. Note carefully how the dependent voltage source has been wired.
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Once the circuit has been completely wired, check the gain of the dependent source. In the example above,
the dependent source has a gain of 3. To change the gain, double click on the dependent source and scroll
horizontally through its property list till you see the column labeled GAIN; double click on the value and
change it to 3 (figure 34).

LY OrCAD Capture - [Property Editor]
E File Edik Wiew Place Macro Accsssoriss  Opbions Window  Help

DEa] =) xR ][ =1 &lE

[ New Coumn. | 2ppk | Display. | Delete Propety | Fiter b [< Cunert propenties »

Calor |Designator | GAIM|  Graphic | D |
1[5 SCHEMATICY: PAGEY tE1| [saust . I 3 | Elcemal [
Figure 34

Gain is changed to 3.

Once all the parts have been completely wired, you may save and simulate the circuit (as explained in previous
example) to calculate the desired currents and voltages.
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CIRCUIT 3: DC SWEEP ANALYSIS

Until now, we have studied how to do a simple DC bias point analysis. The example below introduces a new
type of analysis called the DC Sweep.
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Figure 35
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Draw the circuit of figure 35, in Electric Circuits in Nilsson and Riedel. The voltage source is modeled by the
part VDC, and the current source is modeled as the part IDC. Change the values of the resistors and the
current source to match those in the figure above. There is no need to specify a value for the voltage source.
Once the schematic is complete, create a new simulation profile for this circuit and select DC sweep as the
analysis type. Enter the name of the part whose values are to be swept, in this case the voltage source V1.
Also enter the start value, end value, and increment for the voltage. Refer to figure 36 for the simulation

settings.

Simulation Settings - Sweep

General Analysis |\nc|ude Filesl Libraliesl Stirnulus | Dplionsl Data Collection | Probe W’mdowl

x|

Analysis type: — Sweep variabl
IDE Sweep - % Yoltage source Mame: I\."‘I
i © Currert source Modsl & I—L'
: adel o
ptians: " Global parameter &2
i Model parameter Madelname: I
[ Marte CaroAworst Case ' Temperature Parameter name: I
[ |Parametric Sweep
[T emperature [Sweep] [~ Sweep typ:
Dﬁav;BEmsPPUlntl O (L Start value: a
[]Load Bias Poin e Lot o Erdvalue:  [100
ogarithmic I ecade ¥
Increment: 1
 Waluelist |
ak I Cancel I Apply Help
Figure 36

Once the simulation settings have been set to a DC sweep, run the PSpice simulation . You will see a blank
graph appear on the screen. Go to Trace > Add Trace to specify the variable to plot (figure 37). In this
case, we want to plot the voltage across the resistor R1, using the variable name V2(R1). The resultant plot is

shown in figure 38.
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Figure 38
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CIRCUIT 4: PARAMETRIC SWEEP

Draw the circuit of figure 39. The Op Amp in the circuit is an ideal operational amplifier. We will use the
concept of a Pspice model to create our own model for the Op Amp.

PARAMETERS:
RESISTANCE
R3
RESISTANCE
IdealOpAmp
2 -
L ou 8
= R1 1
:\/ +
10k

V1 " l R2
0.5Vdc g =

T[]
T

Figure 39

Begin by placing part uA741 on the schematic window. Highlight the part and select Edit > Pspice
Model from the Capture menu. You should see the description of the uA741 part shown in figure 40.
Change this description to one that describes the ideal operational amplifier, shown in figure 41.

ol
File Edit View Model Plob Tools Window Help ===
D||@|@|E &(ee) alalal] s W= 2]
ETIR 5
Mode! Hame - T connections: non-inverting input
uaT41* SUBCET * | inverting input

* | | positive power supply

* | | | negative power supply

i I 1 | | output

* (.

.subckt ulA741 1z

|
345
*

ol 11 1z S.661E-12

cZ 6 7 30,00E-12

do 5 53 dx —

de 54 5 dx

dlp 20 91 dx

dln 292 90 dx

dp 4 3 dx

egnd 99 0O poly(2) (3,0) (4,00 0 .5 .5

fh 7 99 poly(5) vb vo we vlp wvln 0 10.61E6 -10E& 10
ga 6 0 11 12 1585.5E-6
gom 0 6 10 99 5,961E-9
iee 10 4 do 15.16E-6
hlim 20 0O vlim 1K
4 3| §EY] | _>l_I
|Ready UM v
Figure 40
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|28 pARAMETRIC SWEEP.lib - DrCAD Model Editor Demo - [uA741 =] 3]
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o 3 4 200

.ends
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[Ready [ o [ 4
Figure 41

Next, we need to edit the graphical representation of the Pspice component to make it look like the Ideal Op
Amp. If order to do this, go to Edit > Part from the Capture menu and delete the unrequired components in
the model to make it look like the model shown in the figure 42 below.

1

Ideal Optmp
Figure 42

Next, highlight the IdealOpAmp component and go to Edit > Properties from the Capture menu. Scroll
through the property editor until you reach the column named Pspice Template. Change the value of this
column to match the one shown below in figure 43. (Take note of the spaces in the text).

E¥|orcAD Capture - [Property Editor]
E File Edit %iew Place Macro Accessories  Options  Window Help

o] & B 2l o slss] vl mmlE] ] A 2|
e |
[NewColumn.. | &pply | Display...| Delete Propetty | Fiter by [< Curent properties » =] _hep |
|Power Pins Visible| Primitive PSpiceTemplate |Reference Source Librany
1 SCHEMATICT : PAGET : U1 r CEFALLT HYEBREFDES %5+ %- 9 0UT @MODEL M ZATA ECE 2AINTUTORMOPARAMETRIC SWE |

Figure 43

Once this has been completed, our Ideal Op Amp model is ready to be used. Now, create the circuit of figure
39. The variable resistor in the circuit is modeled by the part name Rvar. Change the value of the variable
resistor to “RESISTANCE.” Once the circuit is complete, define a global parameter by placing the
component with part name “PARAM?” on the circuit schematic. Click on the PARAM part to highlight it and
then invoke the property editor by going to Edit > Property. Then, click the “New Column” button and
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type in the name of the global parameter, in this case, “RESISTANCE” in the dialog box. Enter the default
value of 50K. Your property editor window should now look like figure 44.

¥ orcaD Capture - [Property Editor]
@ File Edit | Wiew Place Macro Accessories Options Window  Help

||| & &]B|R] o) Paras 2 M 12 e N e et 2 |

| o] = 2]

EEDEEEEEEEE

‘ Mew Columnf... | Apply I Displa_l,l...l Delete Propertyl Filter by: |< Current propertiss » j Help I
RESISTAHCE Color Designator Graphic ID (Implementation|Implementation Path| Implementation Type
1 SCHEMATIC : PAGE1 - 1 50K Defaut P&RAM Normal PSpice Model
Figure 44

To have this property’s name appear on the schematic page, highlight the column you just created, click the
“Display” button and and choose the option “Name Only.”

Next, invoke the property editor for the variable resistor called “RESISTANCE” by highlighting the part and
going to Edit > Property. Scroll through the property list until you find the column named “Set.” Change its
value from 0.5 to 1.

Now that the schematic has been completely described, we turn to specifying the analysis. In order to do a
parametric analysis, create a new simulation profile and choose the option “DC Sweep.” Choose “Global
Parameter” as your sweep variable. Enter “RESISTANCE? in the text box for parameter name. Enter 0K,
100K, and 10K for the start value, end value, and increment respectively. Refer to figure 45.

Simulation Settings - Paramekric x|
General Analysis | Include Files I Libraries I Stimulus I Options I [rata Collection I Probe window I
Analysis wpe: —Sweep varahlz
" Yoltage source I arme: l—
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I adel type: 'I
% Global parameter
de] name:

" Model parameter

MMonte CarloAworst Case " Temperature Parameter name: |RESISTANCE
[ |Parametric Sweep

[]T emperature [Sweep] [~ Sweep byp
Sfav: g.las ;'o.mtt O e Start value: IDK
oad Bias Point
End value: I'IDDK
" Logarithmic |Decads 'l
Inciement: 10K
= Value list |

Ok I Cancel | Apply Help
Figure 45
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Run your Pspice simulation. A blank graph with its x-axis ranging from 0K to 100K should appear on your
screen. Go to Trace > Add Trace and select the voltage at the output of the Op Amp, called V(U1:OUT).
Your graph should look like the one shown below in figure 46.

a 18K
o U{U1:0UT)

Figure 46
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APPENDIX:

UNITS OF MEASURE FOR SPICE

Before we proceed, however, we will discuss the units of measure that SPICE expects and will interpret from
our input. As you will see, device property values in SPICE components are entered as an integer or real
number, followed by a case-insensitive scale factor. For example, 1,000 Ohms may be entered as 1000, 1k, or
1K, where K is a scale factor equal to 103. For another example, 1,263,345 Ohms may be entered as 1.263345
meg, 1.263345 MEG, or 1263.345K, where MEG is a scale factor equal to 109.

If no scale factor is supplied then SPICE interprets the scale factor to be unity. Thus, if we enter 5 for a
Resistor value, this will be interpreted as 5 Ohms.

The units for calculation and measurement are:

1. Resistor: Ohm
2. Capacitor: Farad
3. Inductor: Henry
4. Potential: Volt
5. Current: Ampere
The scale factors are:
Scale Factor Term Numerical Factor Upper Case SPICE Lower Case Spice Factor
Factor
Tera 1012 T t
Giga 107 G g
Mega 100 MEG meg
Kilo 103 K k
Unity _ _ —
Milli 10-3 M m
Micro 106 U u
Nano 109 N n
Pico 10-12 P p
Femto 10-15 F f

Now, it is important to note that confusion can easily lead to very large errors. For example, it may be
tempting to write 1 Farad as 1 F. However, this is interpreted as 1 femtoFarad and an error of 15 orders-of-
magnitude will result!

Also, it is common error to use “M” or “m” to denote 1 Million, by accident. However, this is interpreted as
a scale factor of Milli or 103, an error of 9 orders-of-magnitude.

It is essential to carefully review and follow the scale factor rules. They will become familiar soon.
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