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1st Tutorial on PSpice

Introduction

The following information concerns the text-edited version of MicroSim PSpice, version 8. It is offered
here solely for the purpose of helping undergraduate students complete their classroom assignmentsin
computer-aided circuit analysis at the University of Texas at Arlington. No other use of these notesis
supported by the University of Texas at Arlington.

File Types Used and Created by PSpice

The basic input file for PSpiceisatext (ASCII) file that hasthe filetype "CIR." In the beginning, this
will be created by hand as the primary method of getting the circuit we want modeled into the PSpice
program. Later, when we use the schematic capture program, it will create the *.CIR file for us, along
with several auxiliary file types. Do not use aword processor to create these *.CIR files unless you
"Save as' text or as ASCII. You can use Notepad to edit these files, but the best editor for this purposeis
the one that is provided by MicroSim, called " TextEdit."

The output file always generated by PSpice isatext (ASCII) file that hasthe file type"OUT." l.e, if you
submit a data file to PSpice named "MY CIRKUT.CIR," it will create an output file named
"MYCIRKUT.OUT." Thisoutput fileiscreated even if your run is unsuccessful due to input errors.
The cause for failure is reported in the *.OUT file, so thisis agood place to start looking when you need
to debug your simulation model. Y ou examine the *.OUT file with the TextEdit or Notepad programs.
When everything works properly, you will find the output resultsin thisfileif you are runningaDC
analysis. If you are running atransient analysis or a frequency sweep anaysis, there will be too much
datafor the*.OUT file. In these cases, we add a command to the *.CIR file that tells PSpice to save the
numerical datain a*.DAT file.

The aforementioned *.DAT fileis by default abinary (i.e., non-ASCI|) file that requires a MicroSim
application called PROBE for you to see the data. PROBE isinstalled with PSpice from the CD-ROM.
If you want, you can change the default storage format to ASCII. Thisis not recommended because it
requires more disk space to store the datain ASCII code. Later, we will describe the procedure for
invoking PROBE and creating the * .DAT file. A companion fileto the*.DAT fileisthe *.PRB file
which holds initializing information for the PROBE program.

Another common method used by experienced PSpice usersisthe use of *.INC (include) files. These
enable usto store frequently used subcircuits that have not yet been added to alibrary. Then we access
these * INC files with asingle command linein the *.CIR file. Very convenient.

Other files used with PSpice are *.LIB files where the details of complex parts are saved; we may discuss
thislater, but it is unlikely that we will engagein LIB file alterations until you are taking advanced

http://www-eng.uta.edu/evergreen/pspice/pspice01.htm (1 é¢ 10) [25.04.02 14:45:30]



1st Tutoria on PSpice

courses.

When we begin using the schematic capture program that is bundled with PSpice, we will encounter
some additional filetypes. These are the *.SCH (the schematic data, itself), *.ALS (aliasfiles) and
* NET (network connection files).

Some Facts and Rules about PSpice

. PSpiceisnot case sensitive. This means that names such as VVbus, VBUS, vbus and even vBuS are
equivaent in the program.

. All element names must be unique. Therefore, you can't have two resistors that are both named
"Rbias," for example.

. Thefirst lineinthe datafileisused asatitle. Itisprinted at the top of each page of output. You
should use this line to store your name, the assignment, the class and any other information
appropriate for atitle page. PSpice will ignore thisline as circuit data. Do not place any actual
circuit information in the first line.

. There must be anode designated "0." (Zero) Thisisthe reference node against which all voltages
are calculated.

. Each node must have at least two elements attached to it.

. Thelast linein any datafile must be ".END" (aperiod followed by the word "end.")

. All linesthat are not blank (except for the title line) must have a character in column 1, the
leftmost position on the line.

o Use"*" (an asterisk) in column 1 in order to create acomment line.

o Use"+" (plussign) in column 1 in order to continue the previous line (for better readability
of very long lines).

o Use"." (period) in column 1 followed by the rest of the "dot command" to pass special
Instructions to the program.

o Usethe designated letter for apart in column 1 followed by the rest of the name for that
part (no spacesin the part name).

. Use"whitespace" (spaces or tabs) to separate datafieldson aline.

. Use™;" (semicolon) to terminate data on aline if you wish to add commentary information on that
same line.

The above basic information is essential to using PSpice. Learn and understand these issues now to
facilitate your use of the program.

References

1. Spice: A Guideto Circuit Smulation and Analysis Using PSpice; Tuinenga, Paul W.; © 1992,
1988 by Prentice-Hall, Inc.; ISBN: 0-13-747270; (my favorite)

2. Computer-Aided Analysis Using SPICE; Banzhaf, Walter; © 1989 by Prentice-Hall, Inc.; ISBN: O-
13-162579-9; (another good reference)
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3. SPICE for Circuits and Electronics Using PSpice; Rashid, Muhammad H.; © 1990 by Prentice-
Hall, Inc.; ISBN: 0-13-834672; (supports electronics well)

4. SPICE for Power Electronics and Electric Power; Rashid, Muhammad H.; © 1993 by Prentice-
Hall, Inc.; ISBN: 0-13-030420; (best for power electronics)

Node Designations in PSpice

The original SPICE program developed decades ago at U. C. Berkeley, accepted data only on BCD punch
cards. That'swhy it was not case sensitive; devel opers have preserved this lack of case sensitivity for
backward compatibility. Inthe original SPICE program, users were expected to designate nodes by
number. Most users used small integers, and the numbers did not have to be contiguous. Today, most
spice programs accept ordinary text for node designations. If you want to declare a node as "Pbus," you
can. The only restriction seemsto be that you can't embed spaces in anode name. Use the underscore

(" ") character to simulate spaces.

Out of habit, most users of PSpice still use small integers as node designations. This often improves the
readability of a PSpice source file or output file. In general, you should avoid extremely long textual
names for node designations. Naming anode "Arlington_Junior_Chamber_of Commerce" makes your
fileslook choppy and hard to read. Also, you will sometimes have to type that long cumbersome name
when you are performing analysis on the output datafile. My suggestion isto use small integers as node
designators for most cases. However, use short descriptive names for nodes whenever clarity is
improved. "T1 col," when used to designate the collector node of transistor, T1, carries alot more
meaning than "37."

Large and Small Numbers in PSpice

PSpice is acomputer program used mostly by engineers and scientists. Accordingly, it was created with
the ability to recognize the typical metric units for numbers. Unfortunately, PSpice cannot recognize
Greek fonts or even upper vs. lower case. Thus our usual understanding and use of the standard metric
prefixes has to be modified. For example, in everyday usage, "M" indicates "mega’ (106) and "m" stands
for milli (10-3). Clearly, thiswould be ambiguous in PSpice, since it is not case sensitive. Thus, in
PSpice, afactor of 106isindicated by "MEG" or "meg." "M" or "m" isreserved for 103. Another quirk
of PSpiceisthe designation for 10-6. In most publications, the Greek letter, |, is used for this multiple.
Since there can be no Greek fonts (or any other special font designations) in PSpice, the early developers
of PSpice borrowed atrick from those who used typewriters. Before the IBM Selectric typewriter was
introduced, most writers of technical papers had to improvise for Greek letters. Since the Latin letter "u"
(at least in lower case) sort of resembled the lower case Greek L, it was widely used as a substitute for .

Hence, either "U" or "u" stands for 10-6 in PSpice. Without further background explanations, these are
the metric prefix designations used in PSpice:

« Number Prefix Common Name
ol B2, POt tera
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. 109y - *Ghor"g" giga
. 106 - "MEG"or"meg" mega
. 108 - "K"or"k" kilo
. 103 - "M"or"m" milli
. 106 - "U"or"u" micro
o~ 1O S NOr nano
. 1012-  "P'or"p" pico
. 1035 - "F' or"f" femto

An dternative to this type of notation, which isin fact, the default for PSpice output data, is "textual
scientific notation." This notation iswritten by typing an "E" followed by a signed or unsigned integer
indicating the power of ten. Some examples of this notation are shown below:

. 656,000 = 6.56E5
. -0.0000135 = -1.35E-5
. 8,460,000 = 8.46E6

The Most Basic Parts

Here, we present the simplest circuit elements. Knowing how to model these ideal, linear circuit
elementsis an essential start to modeling more complex circuits. In each case, we will only present the
most fundamental version of the part at thistime. Later we will show you more sophisticated uses of the
part models.

Ideal Independent Voltage Sources

We begin with the DC version of the ideal independent voltage source. Thisisthe default form of this
class of part. The beginning letter of the part name for all versions of the ideal independent voltage
sourceis"V." Thisisthe character that must be placed in column 1 of the line in the text file that is used
to enter this part. The name isfollowed by the positive node designation, then the negative node
designation, then an optional tag: "DC" followed by the value of the voltage. Thetag "DC" (or "dc" if
you prefer) is optional because it isthe default. Later, when we begin modeling AC circuits and voltage
sources that produce pulses and other interesting waveforms, we will be required to designate the type of
source or it will default back to DC.

One of the interesting uses of ideal independent voltage sourcesisthat of an ammeter. We can take
advantage of the fact that PSpice saves and reports the value of current entering the positive terminal of
an independent voltage source. If we do not actually require a voltage source to be in the branch where
we want to measure the current, we simply set the voltage source to azero value. It still calculates the
current in the branch. In fact, we require an independent voltage source in a branch where that branch's
current is the controlling current for a current-controlled dependent source.
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Examples:

*nanme +node -node type value conment

Va 4 2 DC 16.0V; "V' after "16.0" is optional
VS ge gc dc 24m ; "QE" is +node & "qgc" is -node
VWK 23 14 18k ; "dc" not really needed

VWX 14 23 DC -1.8E4 ; sane as above

Vdep 15 27 DC oV ; V-source used as ammeter
Resistors

Although PSpice allows for sophisticated temperature-dependent resistor models, we will begin with the
simple, constant-value resistor. Thefirst letter of the name for aresistor must be"R." The nameis
followed by the positive node, then the negative node and then the value in ohms or some multiple of
ohms. The value of resistance will normally be positive. Negative values are allowed in order to permit
an alternative model of an energy source. A value of zero, however, will produce an error. Later, we will
introduce special resistor models that will permit additional analysis methods to be used.

The resistor is not an active device, so the polarity of its connection has no effect on the values of the
voltages and currents reported in the solution. However, the current through aresistor is reported as that
which flows from the node on the left to the node on the right in the source code line in which the resistor
isentered. Thus.PRINT statements and PROBE queries that report resistor current may show negative
values of current depending on the order in which you list the resistor's two nodesin the *.CIR file. If
you want to see the resistor's current as a positive value, reverse the order of the nodes on the resistor's
linein the *.CIR file and re-run the analysis. Nothing else will be affected and both solutions can be
correct.

Examples:

*nane +node -node val ue comment

Rabc 31 0 14k ; reported current from31l to O
Rabc 0 31 14k ; reported current changes sign
rshnt 12 15 99m ; 0.099 ohm resistor

Roig 19 41 10MEG ; 10 neg- ohm resi stor

Ideal Independent Current Sources

The name of an ideal independent current source begins with the letter 1" in column 1 of the datafile.
As with the independent voltage source, we begin by introducing only the DC form of this part, but
several other forms exist. Since the current source, is an active element, it matters greatly how it is
connected. Designated current flows into the node written on the left, through the current source, out the
node written on the right. Aswith the independent voltage source, the default typeis DC. Remember
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that the so-called +node on a current source may have a negative voltage with respect to the so-called -
node. Thisisdueto the fact that the circuit external to the current source determines its voltage.

Examples:

*name +node -node type val ue coment

lcap 11 0 DC 35m ; 35mA flows fromnode 11 to O
i X 79 24 1.7 ; "DC" not needed

812 54 A8 29 DE: D E- 4

| 12 29 43 dc -150uA ; sane as above

Circuit Example 1

5 kO I
Fa) (1s)

20V
(Vs) (Fb)

Exanpl e_1 EXMPLO1. CI R

Vs 1 0 DC 20.0V ; note the node pl acenents
Ra 1 2 5. 0k

Rb 2 B A LA 0K

Rc 3 0 1. Ok

S 3 2 DC 2.0mA ; note the node pl acenents
. END

The output file EXMPLO1.OUT isbelow. This has been edited to remove extralines.

Exanpl e_1 EXMPLOL1l. CI R <== Title Line
Vs 1 0 20.0V ; note the node pl acenents

e 125 0k

Ro 2 0 4.0k

RC+ 3 MR "0k

s 3 2 2.0mA ; note the node pl acenents
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Exanpl e_1 EXMPLOL1l. CI R <== Title Line
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
COB+20-0000:( 205 438330 1078 - =" 2: 0600 <== Results
VOLTAGE SOURCE CURRENTS

NAME CURRENT

VS 1171333 E- 03 <== Current entering node 1 of Vs
TOTAL POVNER DI SSI PATI ON 2. 67E-02 WATTS

JOB CONCLUDED

HOTALTI OB JThNE 226

This was the bare-bones minimum problem we could ask of PSpice. Note that we obtained the node
voltages which is sufficient information to calculate the resistor currents. However, there is another
command that we can use to get even that done by PSpice.

Use of the .PRINT Command

One of the many "dot commands' in PSpiceisthe .PRINT command. It has many uses, but we will
concentrate here on using it for printing DC voltages and currents. The .PRINT command can be
repeated as often as necessary in an analysis. Y ou can list as many items on aline as you wish.

However, we must keep in mind that the .PRINT command was designed to work withaDC or an AC
sweep. Thisisamethod of varying a parameter over arange of values so that we get a batch of cases
solved all at once. Often, we do not actually want to run a sweep over many values of a parameter. We
can circumvent the sweep by setting its range so that it can only run one value. Usually, aDC sweep is
made by changing the values of a source; athough we will later learn to sweep over other circuit
parameters. For now, let'slook at the syntax for a DC sweep command with the default linear type
range.

. DC Sweep_Variable Starting_Val ue Stoppi ng Val ue | ncrenent

For our example problem, we choose the voltage source and set the sweep variable range so that it cannot
run more than one value:
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.DC Vs 20.0 20.0 1.0

Since the starting value equals the stopping value, the analysis will only run for one casg, i.e., for Vsat 20
volts. Remember that the only reason we are running the DC sweep statement isto enable the .PRINT
command. The .PRINT command will not work unless there is a sweep going on. Note: What you enter
in the .DC statement overrides any voltage value you may have placed in the part listing for the source.

Printing DC Voltages
In addition to printing the node voltages in which you type the letter "V*" with the node number in

parentheses, you can print the voltage between any pair of nodes; ergo, V(m,n) prints the voltage from
node "m" to node "n."

.PRINT DC V(1) V(2) V(3) ; prints the node voltages
. PRINT DC V(1, 2) ; prints the voltage across Ra
. PRINT DC V(3, 2) ;  prints the voltage across Is

Printing DC Currents

To print currents, you type the letter "I" with the element name in parentheses. Note that the reported
current is that which flows into the element from the node listed on the left in the *.CIR file, through the
element, and out the node listed on theright in the *.CIR file. If you want to change the sign of the
reported current in aresistor, then swap the two nodes for that resistor.

. PRINT DC I (Ra) ; prints the currents from+ to - of Ra
.PRINT DC I (Rb) | (Rc) ; prints the currents through Ro and Rc

Print Commands can be Combined

.PRINT DC V(1,2) |I(Ra) ; voltage and current for Ra
.PRINT DC V(2,0) I (Rb) : V(2,0) sane as V(2)
.PRINT DC V(3,0) I(Rc) : V(3,0) sane as V(3)

Use .PRINT with Previous Example
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Y ormndy

(F.a)

20V
(V's) (Feb)

Exanpl e 2 EXMPLO2. CI R
Vs 1 0 DC 20.0V ; note the node pl acenents

RAM 318572 5. 0k

Rb 2 0 4.0k

Rc i i) 1. 0k

S 3 2 DC 2.0mA ; note the node pl acenents

.DC Vs 20 20 1 ; this enables the .print conmands

.PRINT DC V(1,2) |(Ra)
.PRINT DC V(2) | (Rb)
.PRINT DC V(3) I(Rc)

. END

The output file EXMPL02.OUT isbelow. This has been edited to remove extralines.

Exanmpl e 2 EXMPLO2. CI R
Vs 1 0 20.0V ; note the node pl acenents

Ra IR 255 K
Rb 2,0, 4.0k
Be 3 - 0¥ 10k
Is 32 2.0mA ; note the node placenents

.DC Vs 20 20 1 ; this enables the Print commands
.PRINT DC V(1,2) |(Ra)

=PRINLADCNV(2) TeERb)

% PRILNTHEC V( 3)erl (/RC)

Exampl e_ 2 EXMPLO2. CI R

**x* DC TRANSFER CURVES TEMPERATURE = 27.000 DEG C
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Vs VeL-2) | (Ra)

2. 000E+01 6.667E+00 1.333E-03 <== data for Ra
Exanpl e_2 EXMPLO2. CI R

**** DC TRANSFER CURVES TEMPERATURE = 27.000 DEG C
Vs V(2) | ( Rb)

2. 000E+01 1. 333E+01 3. 333E-03 <== data for Rb
Exanmpl e 2 EXMPLO2. CI R

*ie x o POy TRANSEFERFCURVESWTENPERAT HIRES =1 2'4F 000, DEGC
Vs V(3) I (Rc)

2. 000E+01 -2. 000E+00 -2.000E-03 <== data for Rc
JOB CONCLUDED

TOTAL JOB TI ME . 13

With alittle bit of effort, we can get PSpice to do most of the work, most of the time. Note that using
PRINT has suppressed the default printing of all the node voltages. Thisisnot aproblem in our case
because we printed all three node voltages anyway. Be sure that you include everything you need in the
PRINT statements.

Back to Main Page

Last Modified: undefined
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2nd Tutorial on PSpice

Simple Dependent Sources

We now extend our circuit parts list by adding the most basic dependent sources. The four dependent
sources we now encounter are simple multiples of the controlling voltage or current. It ispossibleto
model dependent sources that are complex nonlinear functions of several controlling voltages and/or
currents. However, we will now concentrate on the basic linear dependent sources.

Voltage Controlled Dependent Voltage Source

n+ nct
[
o, W
n rnc-

In the above figure, we find the dependent source whose positive terminal is designated as"n+" and
whose negative terminal is designated as"n-." The controlling voltage is a branch voltage at some other
circuit location. In this case, the positive terminal of the controlling branch is designated as "nc+" while
the negative terminal isdesignated as"NC" The"gain" of the dependent voltage sourceisa, a
dimensionless quantity. For example, if v, happened to be 16.0 volts while a = 4, then node "n+" would

be at 64.0 volts higher potential than node "n-."

Thefirst letter of the part name for the voltage-controlled dependent voltage sourceis"E." Thisisthe
letter that must appear in column 1 of the *.CIR file describing the circuit. Some examples of the voltage-
controlled dependent voltage source PSpice entries follow.

* Name A+ 5= NC+ NC gain

Ebar 17 8 42 18 24:Q: ' <gainsg s ~24
efi x ) il 11 0 20.0

efi x 3 1. 0 11 -20.0; sane as above
efix 1 3 13 0 -20.0; sane as above
efi x ik 3 0 1% 20.0; sane as above
El | en 12 0 20 41 1,626
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Voltage Controlled Dependent Current Source

ne+
s
g
Y, Ty
. .
n+ ne-

In the above voltage-controlled dependent current source a current equal to y times v, flows from node

"n+" through the source and out node "n-." yis called the transconductance and has the dimensions of
siemens (inverse ohms). For example, if the controlling branch voltage, v, , equals 6.0 volts and the

transconductance, v, is 0.25 siemens, the current produced by the dependent source is 1.5 amps.

Thefirst letter of the part name for the voltage-controlled dependent current sourceis"G." Some
examples of how this part is coded into the *.CIR file are shown below.

*Nane n+ n- NC+ NC t ransconduct ance

dab 23 3% 8 3 Yin o,

Gl 5% 9 1 0 4E- 2

Gad 19 40 6 99 65

Gad 19 40 99 6 -0.65 ; sane as above
G ad 40 19 99 6 D69 elc,

Current Controlled Dependent Voltage Source

n+

: We i
Py 0V

The current-controlled dependent voltage source as shown above, produces a voltage proportional to the
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current, i, in adifferent branch of the network. The transresistance, p, in ohmsis multiplied by i, in

amps to produce the dependent source voltage in volts. Unlike the two previous examples, we cannot
simply designate the controlling branch by its nodes. Since there could be multiple branches carrying
very different currents between any pair of nodes, we must explicitly identify the branch of the controlling
current. Eventually, we will be able to do this with any type of element. However, the only reliable
method of doing this at present is to use an independent voltage source as an ammeter to report the current
of the controlling branch to the dependent source. Usually, this means you must insert a zero-valued
independent voltage source in series with the branch containing the controlling current so that the
controlling current enters the positive terminal of the independent voltage source. However, if there
happens to be an independent voltage source that monitors the controlling current you can use it. If
necessary, use a minus sign to get the right polarity.

Thefirst letter of the part name for the current-controlled dependent voltage sourceis"H." Some
examples follow for this device.

*Nanme n+ n- Vnonitor transresistance

E ST 20 2R 12 AR S50 &

Vhx 80 76 DC OV ; controls Hvx

Hab 10 0 V20 i 0

V20 15 5 DC OV ; controls Hab

HAL 20 99 \Vuse 100

Vuse 3 ST, & 20V ; actual voltage source

Current Controlled Dependent Current Source

B
L FTya-s
T
N Ve i
= 0V
L]
n =

The current-controlled dependent current source produces a current proportional to the controlling
current, i,, flowing in adifferent branch. The current gain, 3, is dimensionless. Designating the control

scheme is similar to setting up the current-controlled dependent voltage source previously discussed. We
must use a voltage source connected in series with the controlling element so that the controlling current
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enters the positive terminal of the independent voltage source used as an ammeter. |f no voltage sourceis
needed for its voltage, we use a zero-valued voltage source as shown in the figure.

Thefirst letter in the part name for this dependent sourceis"F." The syntax for entering this part in
*.CIR filesis shown in several examples below.

*Nane n- n+ Voni t or Gai n

Ftrn 81 19 Vet | 50.0

Vel t 23 12 DC OV ; controls Ftrn
Fcur 63 48 VX 20, 6

VX 33 71 DC OV ;: controls Fcur
F3 2 0 V1 {50

V1 3 1 DC OV : controls F3

Using PSpice to find Théevenin Equivalent Circuit

In addition to performing general purpose circuit analysis, PSpice can be used to determine the Thévenin
resistance and open circuit voltage of acircuit. This can be of great advantage if the circuit is complex,
with several dependent sources, or if the circuit cannot be reduced by successive source transformations.
The PSpice "dot command" that makes this easy, is".TF," where "TF" indicates "transfer function." The
transfer function isintended to find the ratio between a source voltage or current, and a resulting voltage
difference or branch current. Thisisuseful in characterizing circuits. In addition to reporting the
calculated transfer function ratio and input resistance at the source, PSpice reports the output resistance at
the terminal pair of interest. The voltage across the terminal pair of interest is the Thévenin voltage and
the output resistance is the Thévenin resistance. At this point we will ignore the transfer function ratio
and the input resistance at the source. In fact, we do not care which source is chosen as long as we only
want the Thévenin equivalent circuit parameters. An example of the syntax for the . TF command is
shown below.

*command out put _vari abl e i nput _source
wl V(4) Vs

The above command will report the ratio between source Vs and node voltage V(4). If we wanted the
Thévenin circuit from nodes 4 to 0, the output resistance reported would be our Thévenin resistance, and
the voltage V (4) would be the Thévenin (open circuit) voltage. The input source can be avoltage or a
current source, and the output variable can be a node voltage, branch voltage or adevice current. Now we
examine a specific example.
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El E10
AR 1 MEGO

E4 0
48 (2

In this example, we want the Thévenin equivalent circuit from nodes 1 to 0. The 1 Megohm resistor is
placed in the circuit because PSpice requires at least two connections to each node. Thisresistor islarge
enough that it will not have an effect on the calculations. Note the use of voltage source V¢ which has the
purpose of monitoring the control current, i, used for the current-controlled dependent current source,

Fx. Theinput linesin the*.CIR file are shown below.

Theveni n Exanple No. 1

Vs 2 5 DC 100V

Vc 2 3 DC OV; controls Fx
Fx 6 t Vc 4.0; gain =4

3 n+ n- NC+ NC gain

Ex 2 1 5 4 3.0; gain =3

R1 Sl yag.a0

R2 N 5.0

R3 S8 4540

RA &/ 0 4.8
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R5 5 6 1.0

R10 1 0 1MEG satisfies PSpice
3 out var input_source

STF AVEL, Q)L VS

. END

Portions of the output file produced by this case will now be listed.
Theveni n Exanple No. 1

F e GrROUIFT A RESCREP T -ON

Vs, 2+5.D8=100Y

Vem24-3 DE..ONGA kCaint T.0l5SE FX
B0, e Ve 460: cdaln. Sed sy
P2y 1.5 4:300Migarnr= 8- 0
Rl 34050

R A il 350

RB 5,14 40

R4 73 Q-8

Ro3 506 N0

Rab 1 0 1MEG

= TRaNVEL20)= /s

Theveni n Exanple No. 1

*x** SVALL SI GNAL Bl AS SOLUTI ON TEMPERATURE = 27.000 DEG C
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

(- 0) - 1800000 (. 2= 60, 0040 /¢ 53)+ ¥60 70040 (. 4. >86: 0040

( 5) -160.0000 ( 6) -176.0000 ( 7)-864.0E-06

VOLTAGE SOURCE CURRENTS

NAVE CURRENT

Vs -4. 000E+00

Vc 4. 000E+00

TOTAL POVNER DI SSI PATI ON 4. 00E+02 WATTS
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***x SNVALL- S| GNAL CHARACTERI STI CS

V(1,0)/Vs = 1.800E+00 <== Transfer function
| NPUT RESI STANCE AT Vs = 2.500E+01
OUTPUT RESI STANCE AT V(1,0) = 5.000E+00 <== Thévenin resistance

JOB CONCLUDED
TOTAL JOB TIME .01
We conclude that the Thévenin resistance is 5 ohms and the open circuit voltage is 180 volts. Use of the
.TF function allows us to get the answersin asinglejob. The alternative to using the .TF function would
be to run one case with alarge resistor across the terminal pair of interest (if necessary) to get the open
circuit voltage; and then run a second case with a zero-valued voltage source across the terminal pair to

get the short circuit current. Then divide the short circuit current into the open circuit voltage to get the
Thévenin resistance. We prefer the". TF' method for obtaining Thévenin equivalent circuits,

Back to Main Page

Last Modified: undefined
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3rd Tutorial on PSpice

Simple Subcircuits in PSpice

One of the more useful concepts in PSpice is the use of subcircuits to group elementsinto clustersin
order to replicate the clusters without having to re-enter all the elements each time. Thisisvery useful
for severa reasons. First isthe labor savings of replacing many lines of circuit datawith asingle
subcircuit call. Second, the use of a subcircuit usually improves clarity by removing confusing clutter.
The user can suppress printing unwanted details internal to a subcircuit, thus making the output easier to
understand. If desired, the user can place often-used subcircuits into an include file so that the main
source file for the problem is kept ssmple. Then the definition of the subcircuit is out of sight entirely.

Coding a Subcircuit

Each subcircuit used in a study must have a unique name. Thisistrue of any other circuit element. Also,
there must be alist of at least two nodes that can be connected to elements external to the subcircuit. A
subcircuit can have many external node connections, if needed. Later, we will find that parameters can
be passed to a subcircuit in order to allow unique behavior and responses from an instance of a
subcirculit.

The initial line of asubcircuit section must begin with ".SUBCKT," followed by the name and then the

external node list. After that, optional features (not to be discussed yet) can be added. The best method
of understanding the use of a subcircuit is by example. Below, we find a cluster of components that can
be combined into a subcircuit.
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Ed
P!

Note that nodes 5, 12 and 18 have external connections. Therefore, they must be included in the node list
in the subcircuit definition. Nodes 10 and 13 do not have external connections and need not be (indeed
should not be) included in thisnode list. They are internal nodes and will be used to help define the
subcircuit. Now, we can code the above subcircuit as follows. Note that the code could be embedded
into the rest of the code for the main circuit or could be placed in a separate includefile.

% name nodel i st

. SUBCKT Exanple_ 1 5 12 18
lw 10 12 DC  10A

Ra 5 12
Rb 5 13
Rc 12 13
Rd 5 18
Re 13 18
Rf 10 13
Rg 10 18
. ENDS

SLdwkin oy TS
S OO DT

Note that the subcircuit section must be terminated with a".ENDS" command.

Invoking a Subcircuit
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All subcircuit calls are made by declaring a part with a unique name beginning with " X," followed by the
node list and then the subcircuit name. The node list in the calling statement must have the same number
of nodes as the node list in the subcircuit definition. To demonstrate the use of the calling statement, we
present the following main circuit which contains two instances of the above subcircuit. X1 and X2 are
the two instances of the subcircuit "Example 1." For added clarity, the subcircuit's defined external
nodes are shown in parentheses. Note that these nodes are mapped into the main circuit by different
names.

Ra Eb
1 1 ¢ 2 & d (2 4 A
Xl ——" AN —e— T2 ¥
) (1) (5] (1)
12 12
[1&) 7 (L&) 5
Vs ¥ Ig
0% e Ed 184
28 Q2 A/ &2
(]

The code for the above circuit with the subcircuit included follows:

Subcircuit Exanple No. 1

3 nane nodel i st

. SUBCKT Exanple 1 5 1.2 18
1 ) 12 DE-FE1QA

Ra 5 12
Rb o 13
Rc ) 18
Rd 5 18
Re alis 18
Rf 10 13
Rg 4’0 18

2 By i S
DL Odrt  ONE

. ENDS

Vs 1 0 DC 50V

Ra 1 2 1.0 ; different from Ra above
Rb S 4 3.0 ; different from Rb above
Rc ¥ O 25.0 ; different from Rc above
Rd 6 O 45.0 ; different from Rd above
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% nodel i st nane

X1 2 7 3 Exanpl e 1
X2 4 6 5 Exanple_1
. END

Scope of Element Names and Nodes in a Subcircuit

Scope of names and nodesislocal to asubcircuit. Inthe main circuit of which the above subcircuit isa
part, thereisanode 5 and there are resistors with the names of "Ra,” "Rb," "Rc," and "Rd," and PSpice
can keep these apparent duplications separated. If the subcircuit were invoked as"X1," for example,
PSpice would consider the subcircuit parts as"X1.Ra," "X1.Rb" and so on. Additionaly, the internal
node numbers would be treated as "X 1.5," "X2.5," "X2.13" and so forth. Thus PSpice maintains
unigueness of element names and node numbers.

Nesting of Subcircuits

Subcircuit calls may be nested as long as they are not circular. In other words, you can have a part name
starting with " X" within a.SUBCKT/.ENDS block provided that the " X" part definition does not call on
that block for its own definition.

However, subcircuit definitions may not be nested. 1.e., you can't have one .SUBCKT/.ENDS block
nested within another.

An Op-Amp Example

At this stage of knowledge about PSpice, we can model a simple op-amp as a subcircuit. Alas, we will
not be able to show its saturation characteristics until we explain the use of the"TABLE" feature of
PSpice. However, we can do a credible job of modeling an op-amp aslong as it isn't allowed to saturate.
The figure below illustrates this simple model of an op-amp.
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1h
= int

ot

n_in

In an ideal op-amp, Ri, the input resistance, and A, the open-loop gain, areinfinite. Also, Ro, the output
resistance, is zero. Here, we will use "typical” values of a practical op-amp. Let A = 100,000, Ri = 500
kQ, and Ro =50 Q. After all, PSpice doesn't accept infinity as a number and resistors cannot be set to
zero. We will also use text for node designations here. Also, note the internal node "int" that is not
included in the node list. The key part to the op-amp is the voltage-controlled dependent voltage source
designated as part "EX" in the listing. For a more complete description of this part, see Tutorial No. 2,

where dependent sources are introduced. Code to define the subcircuit follows.

. SUBCKT OQpAnp p_in n_in com out

Ex I nt com p_in n_in leb5
Ri p.in n_in 500k

Ro I nt out 50.0

. ENDS

The main circuit with which we will test this op-amp subcircuit follows. We will use a simple inverting
amplifier circuit for which we can verify the results by inspection.
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[
A0 kO
NI A g e
REg
1 Ak
SRS
%l 3
A0 mY -+
REL
20 k&
W
0 0 0

Subcircuit Exanple No. 2 - Inverting OpAnp
. SUBCKT OpAnp p_in n_in com out

= Gl comv%h, I ne-i N leb5

Ri padir NS iEh T S5 Q0K

Ro I nt out 500

. ENDS
vg 1 0 DC 50V

Ry, -4 2 5k

R s 3 50k

> e 0 20k

X1 -0 2 0 3 OpAm
. END

The output file (edited to remove excesslines, etc.,) isasfollows:

Subcircuit Exanple No. 2 - Inverting QoA
% 2% 2 Ol ROBUTABESCRE PTILEN

. SUBCKT OpAnp p_in n_in com out
BX Nt comy P 0,0 %0 1-25

BB 08 nsn i e S0ek

RO Mt toutiy 150 70

. ENDS

Vo 0 RE 50N,

Ry 1 25 Bk

R 243 G0
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RL 3 0 20k
X1 02 0 3 OpANp

Subcircuit Exanple No. 2 - Inverting OpAnp
**x* SMALL SI GNAL BI AS SOLUTI ON TEMPERATURE = 27. 000 DEG C
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
(L) 0500 ( 2)25. 017E-06: (&3). #4999 ( X13/iant): i 45017
VOLTAGE SOURCE CURRENTS
NAMVE CURRENT
Vg - 9..999E- 06
TOTAL POAER DI SSI PATI ON 5. O0E- 07 WATTS
JOB CONCLUDED

TOTAL JOB TIME . 19
Discussion of Results

Had this op-amp been ideal, the closed loop gain would have been -10 -(Rf / Rg). Then the output
voltage would have been -0.5V. Instead, we calculated -0.4999V. Also, an ideal op-amp would have
produced a voltage of zero at the negative input. Instead, we see about 5 microvolts. These
discrepancies are due to the more realistic model of the op-amp. Y et the differenceissmall. It seems
that the concept of using the ideal op-amp model does not lead to excessive error in this case.

The advantage of using the subcircuit in PSpice is now apparent. We could have replicated the
subcircuit many times, using only one line of code per replication. Later, we will add to our knowledge
of the features of subcircuits.

Back to Main Page

Last Modified: undefined
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4th Tutorial on PSpice

Linear Inductors in PSpice

The next passive element we add to our partslist isthe linear inductor. This part name begins with the
letter, L, in column 1 of the source listing. Be aware that PSpice enables this part to access a nonlinear
model description. That will be explained in alater tutorial. For now, our inductor model isalinear
device incapable of saturation.

The inductor stores energy in its magnetic field. This makes it necessary to be able to specify itsinitia
current in asimulation. Although we can include inductorsin DC circuit smulations, there is usually
little advantage in doing so because the inductor behaves as a short circuit under steady-state DC
excitation. In steady-state AC simulations the inductor behaves as an imaginary impedance. We do not
specify initial current in an inductor in either of those steady-state conditions. However, when
simulating transient operations, we often need to specify thisinitial current.

The figure shown above shows the circuit symbol for an inductor with node designations of "1" and "2,"
aninitial current of 2.5 A, and avalue of 50 mH. An appropriate code listing for entering this el ement
into a PSpice circuit fileis:

*nanme nodel i st L val
Lag 1 2 50m [RE=2:N5

Note that theinitial current is assumed to flow from the first node in the node list through the inductor
towards the second node in the node list. If thereis a need to change the direction of thisinitia current,
either reverse the order of the nodes in the node list or place aminus sign in front of the value of the
initial current. For better readability, the above line could be written as:

Lag 1 2 50nH | C=2. 5A

The"H" for henrys and the "A" for amps will be ignored by PSpice.

Linear Capacitors in PSpice
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The capacitor is the second energy storing circuit component we add to our partslist. We will assume
that the capacitor isideal in the sense of being linear and lossless. Since it can store energy, PSpice
provides a method for specifying the initial voltage across the capacitor. Thisisuseful for ssmulations of
transient behavior of circuits with capacitors. The figure shown below illustrates a capacitor with node
designations and an initial voltage of 20 from node 4 to node 5. The part name for a capacitor must start
with the letter, C.

An appropriate code listing to represent this capacitor in a PSpicelisting is:

*nanme nodel i st C val
Cills' w44 5 50u | C=20

The capacitance of the above element is50uF. This can be represented as "50u" in PSpice. (See PSpice
Tutorial No. 1 for adescription of the system for metric prefixesin PSpice.) Note that the polarity of the
initial voltage (as shown) is such that the positive side is the first node in the list with the negative side
on the second node in thelist. To reverse the polarity of the initial voltage for the ssmulation, either
reverse the order of the nodes in the node list or place aminus sign in front of the value in the "IC="
phrase. For better clarity, the above capacitor could be coded as:

Cfb 4 5 S50uF | C=20V

PSpice would ignore the "F" for farads and the "V" for volts.

Transient Analysis Using PSpice

One of the most interesting aspects of circuit analysisis the study of natural and step responses of circuits
and the responses of circuits to time-varying sources. To perform these analyses we introduce another
group of "dot" commands.

Use of the .TRAN command

Thisisthe command that passes the user's parameters for performing the transient analysis on a circuit to
the PSpice program. There are four time parameters and an instruction to use the initial condition rather
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than calculated bias point values for starting conditions. First, we show a sample .TRAN statement and
then we will describe its parameters.

i PL st S Simxa APt dlly max_stp
. TRAN 20us 20ns 8ns 10us B ¢

In the above statement, the "20us’ value labeled "prt_stp" (print step) is the frequency with which datais
saved. Inthis case, the system variables are stored each 20us of simulation time. The actual time steps
used by PSpice may be different from this. The second parameter, "20ms," labeled as "t _max" (final
time) isthe value of time at which the simulation will be ended. Since PSpice starts at t = 0, there will
be atotal of 20ms time span of simulation for the circuit. The third parameter, "8ms," labeled as
"prt_dly" (print delay) isthe print delay time. In some cases, we do not want to store the data for the
entire time span of the simulation. In our sample statement shown above, we ignore the data from the
first 8ms of simulation and then store the data for the last 12ms. Most of the time, this parameter is set to
zero or not used. The fourth parameter, "10us," labeled as "max_stp" (max step) is the maximum time
step size PSpice is allowed to take during the simulation. Since PSpice automatically adjustsits time
step size during the simulation, it may increase the step size to avalue greater than desirable for
displaying the data. When the variables are changing rapidly, PSpice shortens the step size, and when
the variables change more slowly, it increases the step size. Use of this parameter is optional. The last
parameter inour listis"UIC." Itisanacronym for "Use Initial Conditions." Unless you include this
parameter, PSpice will ignore the initial conditions you set for your inductors and capacitors and will use
its own calculated bias point information instead. Note that the use of the letter "'s" after the numbersin
the .TRAN statement is optional. PSpice assumes these values are seconds and actually ignores the "s."
However, it is recommended that you use units until you are extremely familiar with al of these
commands and definitions.

Now, we will examine some more .TRAN examples.
. TRAN 10ns 500us

In the above example, PSpice will save data at each 10nsinterval of the ssmulation starting at t = 0 until
the final time of 500us. |.e, thereisno print delay and the user has given full control of the calculation
step sizeto PSpice. In addition, PSpice will calculate its own initial conditions for any inductors and
capacitors, ignoring any initial conditions set by the user.

FRAN - BAmM 2. 8780 10m U C

In the above statement, PSpice collects the data at each 50mstime interval starting from zero up to 2.5s.
A zero was required as as a placeholder for the print delay parameter since the maximum step size of
10ms was specified. PSpice will use the designated initial conditions of capacitor voltage and inductor
current. Notice that the units were left off the numbers in this statement. Only the prefixes which size
the values are needed.
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Use of the .PROBE command

In addition to specifying the time parameters for a transient solution of acircuit problem, we need to
specify how the dataisto be saved. In most cases, this simply means that we include aline in the *.CIR
file consisting of ".PROBE." Thisinstructs PSpice to create a data file and store the data it calculates.
If we create acircuit listing named "CIRCUIT1.CIR" containing a".TRAN" statement and a".PROBE"
statement, PSpice will create afile named "CIRCUIT1.DAT" holding the data as well as the usual
"CIRCUITL1.0OUT" file with basic information about the circuit. By default, the data file created by
PSpiceisabinary datafile; i.e., you can't read it with atext editor. Thisisthe most efficient way of
saving the data. However, there is an optional parameter (/CSDF) for the .PROBE statement that causes
PSpice to save the datain a Common Simulation Data Format that is atext format that allows you to
look at the raw data with atext editor. However, it will take up more space and PROBE doesn't |oad it
for graphing. You will need to make a second run without the /CSDF parameter if you want to plot the
data.

Also by default, .PROBE causes al the circuit variables to be saved, including all the variablesinside
each instance of each subcircuit. In some cases, this can amount to alot of data. If you smulate alarge
complex circuit with many parts and need to save data at short time intervals over avery long time span,
you can easily create gigabyte-size "DAT" files. To avoid this, you can specify the values you want to
save. If the".PROBE" command isissued without any parameters, everything is saved. If you specify
the quantities you want saved, only those quantities will be saved. We will now examine some .PROBE
statements.

. PROBE
All the above statement does is the enable PSpice to save everything in abinary DAT file.
. PROBE/ CSDF

The above statement enables PSpice to save everything in a CSDF file that can be opened (and edited)
with atext editor. You can also read and understand the values. Unfortunately, PROBE cannot make
plots from the datain this form.

LPROBES VS 22 3) 471 (R i1

The above statement tells PSpice to save only the voltage drop between nodes 5 and 23, the current

through resistor, Rx, and the current through inductor, L4, al in binary format. No other datawill be
saved.

Example of Transient Circuit Analysis
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R

The complete listing for the "RLCNATOL.CIR" fileis as follows:

Nat ural Response of a parallel RLC circuit
Rp 0 i 1.0

Lp i 0 Sy JLC=20A

Cp g 0 100F 1 C=0V

. TRAN 500us 100ns 0Os 500us U C

. PROBE

. END

In the above example, the eight millihenry inductor, Lp, has an initial current of 20 amps flowing from
node 1 through the inductor to node 0. The 10 millifarad capacitor, Cp, has an initial voltage of 0 volts.
Both the print step size and the maximum step size are set to 500us and the final timeis 100ms. There
IS no print delay, and PSpice isinstructed to use the initial conditions provided. The "RLCNATO1.OUT"
fileislisted below. Thereislittleinformation in it because the text file can show very little of the

transient behavior of the circuit.

xx%% 07/17/98 18:47: 40 ******* NT PSpice 8.0 (July 1997)

Nat ural response of a parallel RLC circuit
RE O 15 (]

LP:1 0 8pH | C=20A

Co+1 03210nF "I C=0V.

. TRAN 500us 100nms Os 500us U C

“PRCBE

JOB CONCLUDED

ROTARIOB S TiFWVES, 16
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For meaningful information about the transient response we need to use another program that is bundled
with PSpice. This program is named PROBE. The Probe program graphs the data that was saved in the
"RLCNATO1.DAT" file. Toinvoke this program you left-click on "Run Probe" in the PSpice File menu.

Probe will automatically open the DAT file you have just created. You can also launch Probe from the
Start menu of Windows, but you will then need to go to Probe's File menu and open the DAT file you
want to see. After you have Probe running with the proper DAT file open, choose "Add" in the Probe
Trace menu. You will seealist of circuit variables that can be displayed. Choose V (1), the voltage at
node 1, and then click "OK." Y ou should see the following trace in Probe.
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Time
In Probe, click on the V(1) at the lower left corner (not here, you need to be running Probe) and then hit

the"Delete" key. Then go back to the Trace menu in Probe and choose "Add" again. Thistime choose
I(LP) and click "OK." You should see the following trace of the inductor current:
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Actually, you will see anegative of the above traces. In order to get the white background as you see
above, you will need to modify the "INI" file for PSpice. That will be the topic of another tutorial.

Back to Main Page

Last Modified: undefined
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5th Tutorial on PSpice

Steady-State AC Analysis in PSpice

In addition to DC circuit analysis and transient analysis, PSpice can be used to work steady-state phasor
problems. To seetheresults of thisanalysisin the .OUT file, we will want to use a new form of the
.PRINT command. Inthefirst tutorial, we learned that the .PRINT DC command would not work unless
we enabled it with the .DC command. Thiswas the DC sweep command although we only allowed it to
sweep asingle value of voltage. We have a somewhat similar situation when we need to print AC
values; i.e., we will use the .AC command to enable the .PRINT AC command to print our phasor
voltages and currents.

AC Voltage and Current Sources’

Up to now, all our voltage and current sources were DC. We learned the syntax of the DC sourcein the
first tutorial. The syntax for an AC sourceisvery similar. The AC source is assumed to be a cosine
waveform at a specified phase angle. Its frequency must be defined in a separate ".AC" command that
defines the frequency for all the sourcesin the circuit. The unique information for the individual source
Is: the name, which must start with "V* or "l," the node numbers, the magnitude of the source, and its
phase angle. Some examplesfollow.

*nanme nodelist type value phase(deg)
Vac 4 1 AC. == 120V 30

Vba 2 5 AGH Ms240 ; phase angl e 0 degrees
| X 3 6 AC 10.0A -45 ;. phase angl e -45 degrees
Fsvy w2 9 AC 25mA ;25 mllianmps @O degrees

Notice that the type, AC, must be specified, because the default isDC. If the phase angle is not specified
it will be assumed as zero degrees. The units of the phase angle will be in degrees. Asbefore, the "V*"
after the voltage value is optional, asisthe "A" after the current value in a current source. The polarity
of the AC voltage source is determined as if the voltage were a cosine function of wt at t = 0. Then the
node on the left is the positive node and the node on the right is the negative node. Similarly, the polarity
of the AC current source is determined as if the current were a cosine function of wt at t = 0. Then
positive current flows into the source from the node on the left, passes through the source, and leaves the
source from the node on the right.

A note of caution is needed here. By now, some of you may have discovered the "SIN" type of source by
reading some of the supplementary material. The SIN is one of several useful source types (also EXP,
PULSE, PWL & SFFM to name afew) that are used for transient analysis. Do not attempt to use SN for
steady-state (phasor) AC analysis nor for frequency sweeps. The SIN type is atime-based function for
time-based analysis, whereas the AC typeis used in frequency-based modeling. Since phasor analysis

http://www-eng.uta.edu/evergreen/pspice/pspice05.htm (1 é¢ 5) [25.04.02 14:50:09]



5th Tutorial on PSpice

uses frequency-based models of circuit elements, always use the AC type as described in this tutorial for
phasor analysis of circuits.

Use of the .PRINT AC Command

Before the .PRINT command will work, it must be enabled by the . AC command. The .AC command
was designed to make a sweep of many frequencies for agiven circuit. Thisis called afrequency
response and will be discussed in alater tutorial. Three types of ranges are possible for the frequency
sweep: LIN, DEC and OCT. At thistime we only want a single frequency to be used so it does not
matter which one we choose. We will pick the LIN (linear) range to designate our single frequency.
Some examples of the .AC statement follow.

* type #points start stop

e AR o 60Hz 60Hz; <== what we want now.
AACH SN =1 100 200; <== a | inear range sweep
EAC s:DECH=20 Wz 10kHz; <== a logarithm c range sweep

The first statement above performs a single analysis using the frequency of 60 Hz. Placing the units
"Hz" after the valueis optional. The second statement would perform a frequency sweep using
frequencies of 100Hz, 110Hz, 120Hz, 130Hz, 140Hz, 150HZz, 160Hz, 170Hz, 180Hz, 190HZz and 200Hz.
Thiswill not be used here. The third statement performs alogarithmic range sweep using 20 points per
decade over arange of four decades. Thiswill be useful later for studying frequency response of circuits.

Finally, we can discuss the actual .PRINT AC command. Printing the components of phasor values
(complex numbers) requires some options. There are four expressions needed for this: magnitude, phase
(angle), real part, and imaginary part. In addition, we can print voltages or currents. For instance, to
print the magnitude of a voltage between nodes 2 and 3, we would specify "VM(2,3)." The phase angle
of this same voltage would be "VP(2,3)" and would be printed in degrees. If we need the current
magnitude through resistor Rload, we would specify "IM(Rload)." Thereal part of the voltage on node 7
would be specified "VR(7)" and itsimaginary part, "VI(7)." Aswiththe .PRINT DC command, thereis
no limit on the number of times it can be used in alisting; nor isthere alimit on how many print requests
can be on asingle line. Some complete examples follow:

. PRINT AC VM 30, 9) VP(30,9); magnitude & angle of voltage
APRINTVAC I'RORX). LI (RX) s5ureal & .i.mag:_ par t.s ‘RX :cur rent
.PRINT AC VM 17) VP(17) VR(17) VI(17); the whole works on node 17

Example Circuit

We will analyze the following circuit at afrequency of 60 Hz.

http://www-eng.uta.edu/evergreen/pspice/pspice05.htm (2 é¢ 5) [25.04.02 14:50:09]



5th Tutorial on PSpice
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.AC LIN 1 60 60
.PRINT AC VM3) VP(3) IMRM IP(R) IMCX) |IP(CX)
. END

In the above listing, the .AC command sets up the analysis for asingle solution at 60 Hz. The .PRINT
AC command tells PSpice to report on the voltage magnitude and phase angle at node 3, and the current
magnitude and phase angle for the current through resistor Rm and the current magnitude and phase
angle through capacitor Cx. The resulting output file (edited to delete clutter) follows:

60 . Hz.. AC.Ci r'cuist
AFEx ACERCUL T DESCRI PFIGN

Vs 1 0 AC 120 0
Rgy120.5
Lg 2 3 3.183nH
Rm3 4 16.0
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Lm 4 0 31.83nH
Cx 3 0 132.6uF
.AC LIN 1 60 60
.PRINT AC VM3) VP(3) IMRM IP(R) IMCx) |P(CX)

60~ Hiz ,  AC T ciist
ardcSVIAL L E=SIEENALY. BIEAS SOKRIEGN
TEMPERATURE = 27. 000 DEG C

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
( 1) 0.0000 ( 2) 0.0000 ( 3) 0.0000

NODE VOLTAGE ( 4) 0.0000
VOLTAGE SOURCE CURRENTS

NAME CURRENT
Vs 0. 0O00E+00

TOTAL POWER DI SSI PATI ON 0. OOE+00 WATTS
B0 Hz FACSEET Gy

**x* AC ANALYSI S TEMPERATURE = 27. 000 DEG C

FREQ VM 3) VP( 3) | M Rm) | P( Rm
61 000E+01 . 1. 203E+02 - 39332E4£00x 6. 014E+007 - 4-02QE+01

FREQ | M Cx) | P( Cx)
8NQ00EF01: ‘6701 3E+00 4. 576 01

JOB CONCLUDED TOTAL JOB Tl ME . 26

Notice that the small signal bias solution yields zero for the voltages. Thisisthe DC part of the solution
which is zero in this case because there was no DC excitation. The AC analysis has been printed in

blue. The voltage at node 3 is 120.3[1-3.332° volts and the current through the capacitor is
6.014[186.67° amps. Theory predicts that the current through a capacitor |eads the voltage across the
capacitor by 90°, which it does.

Summary of AC Phasor Circuit Analysis Using PSpice

. Use AC asthetypefor all independent sources
. Specify phase angle of sourcesif other than zero degrees
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. Theremust bea".AC" command to specify the frequency to be used for all sources

. Usea.PRINT AC command to specify which voltages and currents are to be listed in the output
file

. M indicates magnitude, P indicates phase angle, R indicates real part and | indicates imaginary
part, when these letters follow V (for voltage) or | (for current).

Back to Main Page

Last Modified: undefined
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Mutual Inductances in PSpice

Users of PSpice often need to model inductors that are magnetically coupled. This may occur in steady-
state power system simulations, or in power electronics transient circuit simulations where linear or
nonlinear transformer models are used. In some cases it is necessary to model weakly coupled inductors.
Thistutorial will address the issues of modeling magnetic coupling in these circumstances.

Basic Linear Coupled Inductors

£l
e, v
» »
L1 1.2
40 mH 10 mH
ol 4

In the above figure two inductors are coupled by a coefficient of coupling, k. Their nodes are designated
by small integers, and polarity marks have been added. The polarity information is passed to PSpice by
the order of the nodes. If the coefficient of coupling isk = 0.8, avalid PSpice coding could be:

*nanme nodel node2 inductance (conment |ine)
L1 X 2 40mH

2 3 4 10nH

*nanme indl +ind2 k (comment |ine)

K12 -l L2 0.8

Note that the polarity marksin the figure are beside nodes 1 and 3 of the inductors. In the listing, these
are entered as the leftmost nodes. An equivalent polarity relationship could be indicated by reversing
both nodes on both inductors. The coupling of the coilsis entered by including a new part that must
begin with the letter, K. The"K" part nameisfollowed by alist of the coupled inductors, then by the

value of the coefficient of coupling. The coefficient of coupling must occupy therange, 0< k < 1.

Multiple Couplings with Different Values
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La
18 mH

In the above figure, each inductor has mutual coupling with more than one other conductor, but at
different values; i.e., the coefficient of coupling is different for at least one of the pairs. In this case,
PSpice requires a separate "K" part for each coefficient of coupling as in the following code:

La 1 2 dBs1aey|
Lb 3 4 12nH
N =) 6 10nH

Kab La Lb 0. 08
Kbc Lb Lc 0. 075
Kca e La 004

Note that the polarities of the inductors, and therefore the sense of the mutual coupling is accounted for
by the order of the nodes entered for the self inductance parts. In this case, different symbols have been
used in the figure to assure that it is understood which pairs are coupled and in what sense. In general, if
there are n coils, there will be 2 n(n-1) "K" parts needed.

Multiple Couplings with Same Values
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6
1
®
LC
I
®
£ 5

In the above example, we assume that all inductors share identical coefficients of coupling. Thisisa
reasonabl e assumption when coil symmetry exists and al coils are wound on a common core. Under
these conditions, PSpice allows asingle "K" part to describe al the coupling.

La is = 25uH
Lb < 4 50uH
A 5 6 100uH
Ld 7 8 200uH
Kl [+ el ~ Lbgtslre A Ed -6 .88

Again, the polarity information is entered by the order of the nodes for the self inductances. Since all the
coupling coefficients were the same, only one "K" part was needed instead of six.

Nonlinear Core Model

*B
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Occasionally, we need to model some specific magnetic core material properties such as magnetic
saturation and loss factors. This requires an additional statement in PSpice. The above figure shows a
typical hysteresis loop of magnetic flux density, B, plotted as a function of magnetic field intensity, H.
The effects of this can be modeled in PSpice for a specific sample of the core material with dimensions
of the core and its nonlinear magnetic properties.

The above figure shows atypical ferrite "pot" core where the view on the left is the perspective one sees
looking into an open core half, while the view on the right is a section view of a complete pot core
transformer with two windings.

When specifying a nonlinear core, an additional PSpice statement is needed. Thisisthe".MODEL"
statement. MODEL statements are required for most of the more complex parts used in PSpice. We will
explain this by presenting an example and then dissecting its parts.

L1 ol =2 - 25t == 25 TUrNS i n. Wisndishg

20434421 260;  ‘==-501 Larns i-ntwtndi ng

Knl L1 L2 0.98 ny _core; <== "ny_core" is a nodel nane
. MODEL ny_core Core(M5=400K A=45 C=0.4 K=25

+ AREA=1. 38 PATH=4. 52)

Several things are different about this example. First, the values after the node numbersin the"L1" and
"L2" statements are the numbers of turnsin the windings, instead of the inductance in henrys. This
interpretation is triggered in PSpice whenever the inductor part name is mentioned in a"K" part listing
that references a.MODEL statement. The next thing that is different is the model statement. All model
statements have a similar form so that learning about this one will help you understand other model
statements you will encounter later. The last item on the "K" part listing was the model name we are
declaring. It is"my_core" in thisinstance. A model name does not have to start with any particular |etter;
I.e., you can use about any name you want as long as you avoid illegal characters such as embedded
spaces. The .MODEL statement defines the model we are creating. Hence, the second item in the model
statement is the model name. The third item in the model statement is the model type. In our case, thisis
"Core." There are many pre-defined model types in PSpice. The model type sets the rules on how to

http://www-eng.uta.edu/evergreen/pspice/pspice06.htm (4 é¢ 5) [25.04.02 14:50:32]



6th Tutorial on PSpice

interpret the model parameters. In the "Core" model type, the parameters are: MS, the magnetic
saturation in gauss; A, the thermal energy parameter in amp/meter; C, the domain flexing parameter
(dimensionless); K, the domain anisotropy parameter in amp/meter; AREA, the cross-sectional flux area
in cm2; and PATH, the magnetic path length in cm. Since the format within the model statement is
"parameter_name = value," the order of the parametersis not important. Since all the parameters have
default values, they need not be entered if you are satisfied with the default. The "Core" model type has
another parameter, GAP, which isthe air gap length. It has a default value of zero, so we did not need to
specify it in our example.

There appears to be a great deal of tedious detail in the above procedure. However, we normally find the
details of a core model already provided in a parts library, just as we would for a standard type of diode
or transistor. Our purpose here isto explain the usage, not the derivation of the models.

Uncoupled, Nonlinear Inductor

It is possible to use the nonlinear core model to create a single nonlinear inductor. We still need the "K"
part and the . MODEL statement. An example follows:

hsak4li@ 355 <==V35 i WS

Ksat LSAT 0.999 ny new nodel

.MODEL my_new_model Core(M5=500K A=40 C=0.42 K=26
+ AREA=1. 25 PATH=5. 63)

Notice that only one inductor isin the "K" part list. This use of the core model for a single, uncoupled
inductor is not supported in some versions of SPICE.

Back to Main Page

Last Modified: undefined
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Frequency Sweeps in PSpice

As promised in PSpice Tutorial No. 5, we now discuss frequency sweeps over arange of frequencies. The
purpose of thistype of analysisisto study the frequency response of different kinds of circuits. Since frequency
sweeps produce alot of data that needs to be graphed to be clearly understood, we will reintroduce Probe, the
graphing program that is bundled with PSpice. We last used Probe in PSpice Tutorial No. 4, when we discussed
transient analysis.

Specifying AC Sources

AC voltage and current sources are specified as they were described in PSpice Tutorial No. 5; i.e., we use the
AC designation. To review AC source designations, click here.

To specify the frequency range we need the .AC command. When we discussed single-frequency phasor
analysisin PSpice Tutorial No. 5, we alluded to the LIN, OCT and DEC types of frequency ranges. At that time
we only wanted one frequency, so which range type we used didn't matter much. We will discuss the different
range types here.

LIN Range Type
The LIN range typeislinear. It divides up the range between the minimum and maximum user-specified
frequencies into evenly spaced intervals. Thisis best used to view details over a narrow bandwidth. The first

parameter after the keyword LIN isthe number of pointsto calculate. Thisisfollowed by the lowest frequency
value in Hz, then the highest frequency value in Hz. Aswith all the range types, the unit "Hz" is optional.

»AC LENN101 - 2ik14k; “ 103 pel NS ivriom 2i°kHz, /'t '0f 4k iz
LACHSLINL 1 800 1000 blrs Al rem. 800N B a1 kkz

OCT Range Type

The OCT range is logarithmic to the base two. Thus each octave has the same number of points calculated. This
Is somewhat useful for designing electronic equipment for musical applications. However, the resulting graphs
are very similar in appearance to sweeps made with the DEC range. The first parameter after the keyword OCT
Is the number of points per octave to calculate. Thisis followed by the lowest frequency value in Hz, then the
highest frequency valuein Hz.

. AC OCT 20 440Hz 1. 76kHz; 20 poi nts/octave over 2 octaves
.AC OCT 40 110Hz 880Hz; 40 poi nts/octave over 3 octaves

DEC Range Type

The DEC rangeis logarithmic to the base ten. Thus each decade has the same number of points calculated. This
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Is the most commonly used range for making Bode plots of afrequency response. The first parameter after the
keyword DEC is the number of points per decade to calculate. Thisisfollowed by the lowest frequency valuein
Hz, then the highest frequency valuein Hz.

. AC DEC 50 1kHz 100kHz; 50 poi nts/decade over 2 decades
. AC DEC 25 100k 100MEG 25 poi nts/decade over 3 decades

Probe Needed

In PSpice Tutorial No. 4, we introduced PROBE since the transient analyses we were using then required storing
lots of data and the ability to plot it. We have the same situation here. The major difference isthat the
independent variable used by PROBE in a.TRAN analysisistime; whereas the independent variable used in a
frequency sweep is frequency. Also, when PROBE stores datain atransient (.TRAN) analysis, the dependent
variables are instantaneous voltages and currents; whereas in a frequency sweep these dependent variables are
real and imaginary components of phasor voltages and currents.

To review details of the .PROBE command, click here.

.PRINT AC?

Normally, we do not use the .PRINT AC command when we run a frequency sweep on a circuit because
PROBE does a pretty good job of supplying graphical interpretations of the data. However, the .PRINT AC
command can be used to store any voltage or current data in tabular form in the OUT file. Thisis readable and
can be copied and pasted into other programs for whatever additional processing your imagination can contrive.
This can be done simultaneously with the .PROBE command, whereas your alternative (if you must have a text-
readable version of the data) is to make a separate run with the /CSDF parameter after the .PROBE command.

Examples of Frequency Sweeps

Iovie
1 189Q 2
* o+
Vin Cf L W
(1) 100 pF 5

U, 45
0

The above circuit is afirst-order low-pass filter. Since we want the gain of thisfilter, it is convenient to make the
input voltage 1 volt so the output voltage in numerically equivalent to the gain. However, the post-processer
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within PROBE isfully capable of performing arithmetic such as dividing the input voltage into the output
voltage. The source code for the CIR file follows.

First-order |owpass RC filter
Mign: =X @ACH 10V

RE Sxle2.0.0. 50

-2 1250

= AC DEC 20-4.00Hz 100k

. PROBE

SEND

After running this in PSpice, we start PROBE, choose "Add" from the "Trace" menu and plot the output voltage.
PROBE provides the following graph.

I
1 ~ : 1

1 s 1

| e |

| i |

1 : 1

1 i 1

I T I

1 -, 1

1 " 1

1 S 1

1 A 1

1 1
a.5u- G
1 1

1 1

1 i 1

1 1

1 e 1

1 1

1 .“‘x 1

1 Fre 1

| izt 1

1 e 1

1 1

1 . & 1
ﬂu_'. ______________________ - — — I__________________:_-_-_-_
180Hz 1.8KHz 18KHz 180KHz

Frequency

Another option isto have PROBE plot the gain in decibels. To do this choose "Add" from the "Trace" menuin
PROBE. Then select the "DB" function in the right-hand column and choose "V (2)" from the left-hand column.
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Add Traces

Analog Operators and Funchions [_J

Frequency
[[CF]
[[Rf]

ABS[)
ARCTAM )
ATAM ]

DB ]
EMVMER ]
EMVMINI . ]

After selecting "OK," you should see the following trace.
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Notice that the gain is-3db at afrequency of 1 kHz (the half-power frequency) and declines at 20 dB/decade
thereafter. The remaining demonstration for this example is to have PROBE plot the phase shift of the low-pass
filter as afunction of frequency. We simply specify "VP(2)" from the "Add Trace" dialog box. Notice that thisis
the same format used in the .PRINT AC command in PSPICE. PROBE automatically shows the anglesin
degrees.

ad - ;

P 1
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1 e 1

1 e 1
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Frequency

We will now examine a second-order high-passfilter as our second example.
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Hi gh- Pass Filter

. AC DEC 20 100Hz 1MEG

. PROBE
. END

Thistime we did not use 1V for the input voltage. Therefore, we will need to have PROBE actually divide the
Input into the output to get the gain. We show this gain in decibels.
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Notice that the gain below the resonant frequency of 10 kHz slopes upward at 40 dB/decade. When we plot the
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phase shift of thisfilter, we only need to specify the phase angle of the output voltage since the input voltage
was specified at 0 degrees.
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Frequency

Modifying PROBE Display

In PSpice Tutorial No. 4 we promised to show in afuture tutorial how to make PROBE display awhite
background (as you have been seeing in the above examples) instead of ablack one . We now fulfill this
promise. However, we must make clear that we are modifying afile needed by PSpice and all of its associated
programs for successful operation. Therefore, we strongly suggest that you make a back-up copy of thisfile
before you modify it. If thisfileislost or destroyed, you may have to reinstall PSpice on your computer. Also,
making these modifications requires that you have WRITE as well as READ privileges in the WINDOWS
folder of the computer you are using; i.e., don't try this on the school's lab workstations.

Thefile to be modified depends on which version of PSpice that you have. If you are running version 7 or 8 of
the old MicroSim evaluation release, the file name will be "msim_evl.ini" whereas the new OrCAD release 9
evaluation version of PSpice uses the file name "pspiceev.ini" to specify the same start-up information. In either
case the file will be found in the "WINDOWS' folder of your computer if you are running Windows 95 or
Windows 98. It will beinthe WINNT folder if you are running Windows NT or Windows 2000. Be sure to open
thisfile with an ASClI-type text editor such as NOTEPAD or the DOS EDIT program. A word processor such as
MS Word™ or WordPerfect™ may ruin the file unless you are very careful to saveit asaDOS or TXT type
file. The safest editor to use is the text editor that comes with PSpice. Thisiscalled TEXTEDIT in MicroSim
releases 7 and 8. In the new OrCAD release the text editor is run from PSpiceAD itself. In either case, search for
the following sequence of statements starting with "[PROBE DISPLAY COLORS]":

; (Original version)

[ PROBE DI SPLAY COLORS]
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NUMIRACECOLORS=12
BACKGROUND=BLACK
FOREGROUND=WHI TE
TRACE_1=BRI GHTGREEN
TRACE_2=BRI GHTRED
TRACE_3=BRI GHTBLUE
TRACE_4=BRI GHTYELLOW
TRACE_5=BRI GHTMAGENTA
TRACE_6=BRI GHTCYAN
TRACE_7=MJSTARD
TRACE_8=PI NK
TRACE_9=L| GHTGREEN
TRACE_10=DARKPI NK
TRACE_11=LI GHTBLUE
TRACE_12=PURPLE

There may be minor variations in some of these statements depending on your version; for instance, most
MicroSim evaluation releases only define 6 trace colors. The most important two lines to change are the
background and the foreground colors. Y ou need to make the background color BRIGHTWHITE and the
foreground color BLACK. If you specify just WHITE for the background color, it will actually be alight gray.
This does not ook very good when you paste a graph into a document for areport. The following listing is what
| usein my own file:

; (Modified version)

[ PROBE DI SPLAY COLORS]
NUMTRACECOL ORS=12
BACKGROUND=BRI GHTWHI TE
FOREGROUND=BLACK
TRACE_1=BRI GHTRED
TRACE_2=BRI GHTBLUE
TRACE_3=BRI GHTGREEN
TRACE_4=BRI GHTMAGENTA
TRACE_5=BRI GHTCYAN
TRACE_6=PURPLE
TRACE_7=MUSTARD
TRACE_8=PI NK
TRACE_9=L| GHTGREEN
TRACE_10=DARKPI| NK
TRACE 11=L| GHTBLUE
TRACE_12=BRI GHTYELLOW
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Y ou will find other editable features in this file such as schematic colors. Just be sure to back up the file before
you make any changes.

Back to Main Page

Last Modified: undefined
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8th Tutorial on PSpice

Special Sources in PSpice

Up to now, these tutorials have discussed only the most basic types of sources. These include the independent DC
and AC voltage and current sources, and the simple voltage or current controlled dependent voltage and current
sources. At thistime, we will introduce three new independent source types and two new dependent source types.
This by no means completes the list of possible sources in PSpice, but these new sources will add a great deal of
capability to our circuit modeling efforts.

PULSE Sources

Thistype of source can be either avoltage or a current source. We often use it as a stimulus for transient response
simulation of acircuit. It should never be used in a frequency response study because the model assumesitisin
the time domain. The designation of the pulse source starts as any other independent source; i.e., the part name
must begin with the letter V (for voltage) or | (for current). Thisis followed by the node names. Then, instead of
"DC" or "AC," we use the keyword "PULSE" followed by the necessary parameter list. Items in the parameter list
may be separated by spaces or commas. An example of a pulse type of voltage source follows:

4
TIJE
p_node
Vo X
»
0 Td Tr Tw ITI’ !
n_node & Feriod P

The parameters for the pulse (to be entered in the order given) are:

. V; isthe value when the pulseis not "on." This can be zero or negative as required. For a pulsed current

source, the units would be "amps" instead of "volts."
. V5 isthe value when the pulseis fully turned on. This can aso be zero or negative. (Obviously, V, and V,

should not be equal.) Again, the units would be "amps" if this were a current pulse.
. Tq4isthetime delay. The default units are seconds. The time delay may be zero, but not negative.

. T, istherisetime of the pulse. PSpice allows this value to be zero, but zero rise time may cause

convergence problemsin some transient analysis smulations; i.e., there is avery good reason for the
existence of this parameter. The default units are seconds.
. T;isthefall timein seconds of the pulse. See note on T, before setting this to zero.

. T,y isthepulse width. Thisisthe time in seconds that the pulseisfully on.
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. Period isthetotal timein seconds of the pulse. Be aware that the pulse repeatsif the smulation time
exceeds the period.

A case study now follows for asimple circuit with a pulsed source:

RS
TR 0 (0=

oW

Dv : :
0 01 el s 2.0
Transi ent response of a |ow pass filter
1 N1 N2 % T2 Tl Tw Per .
Vs 1 0 PULSE(OV 10V 0Os 100ns 100nms 900ns 2s)
Rs 11240k

Cs 2.0 " 100 uFES [FG=0N/

. TRAN 5n8 3s 0Os 5n8 U C
. PROBE

. END

Discussion: V; is set to zero for this case and the pulse is at the 10-volt level (V) for T,, = 900 ms. Note that the

simulation time (3s) is greater than the period (2s). The red trace shown below represents the pulse from the
voltage source while the blue trace represents the response voltage across the capacitor.
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2 pst08a dat

B e it
o
to
5
]
:]
1 . v | .
| '.
l]l.l—I=*’—"i ————————— e S i
As B.5s 1.8s 1.55
o W1) = W(2)
Time

Back to Main Page

SIN Sources

The SIN type of source is actually a damped sine with time delay, phase shift and a DC offset. Usually, we only
want a simple sine wave to model an AC power source in atransient analysis ssmulation. For the record, hereis
the whole definition with all six parameters explained. The following represents a voltage source, but the first two
parameters could readily be changed to currents in amps to make this a current source. N. B.: Do not use this type
of source for a phasor or frequency sweep anaysis.

. V,isthe DC offset value. It should be set to zero if you need a pure sinusoid.
.V, isthe undamped amplitude of the sinusoid; i.e., the peak value measured from zero if there were no DC

offset value.
. f,isthefrequency in Hz of the sinusoid.

. Tqisthetime delay in seconds. Set thisto zero for the normal sinusoid.
. Ds isthe damping factor in s'1. Also set thisto zero for the normal sinusoid.
g isthe phase advance in degrees. Set thisto 90 if you need a cosine waveform.

Below is a sample waveform where: V, =2V, V=5V, F, = 2Hz, T4 = 200ms, D; = 2s'1 and 6 = 30°.
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B pst08h. dat

Time

B B - — - oo m oo

Hereisthe circuit listing that produced the above waveform:

Exanple of a SIN source

7 WO Na: Fr, sk B e T EO
Vs 1 0 SIN(2V 5V 2Hz 200ns 2Hz 30d)
RS« 10 WLk VEG

. TRAN 1ns 2s 0Os 1ns U C

. PROBE

. END

The way PSpice uses the parametersis:

vit) =V +V sin| 27 b i el W S
( ) o a u'f:; ( .:i) 360@.

prav)

vit)=V + ¥V sin| — |, or t<T
() 0 a 180.:. f ]

ORIt Jor t=T,

Now that we got that out of the way, let's see an example of a plain sinusoid as it may be used in a power system

transient response simulation.
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RS
1 2k 2 o
ATAVAY
I [§oye, 2t
Vs (D 1uF |
ol
0

L et the above circuit commence with a cosine waveform starting at t = 0. There is no stored energy in the
capacitor. The input data for this circuit would be:

Transi ent Response of a Sinusoid
3 Vo Va i FO-DF g
Vs 1 0 SIN(OV 170V 60Hz 0Os OHz 90d)
RS 222K
(5 212 =1

L+ "C=0\
. TRAN 100us 50ns Os 100us Ul C
. PROBE
. END

Note that the normal usage of this source typeisto set V,, T4 and Dy to zero. Since a cosine was required here, we

set the phase advance to 90 degrees. If we were willing to use a sine instead of a cosine, the last three parameters
would have been equal to zero and could have been omitted. The Probe output for this case is shown below. The
red waveform is the cosine source voltage and the blue waveform is the capacitor response voltage.
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B pst08c dat

As 18ms Z28ms 3 8ms 4 8ms L Ams
o U(1) <« U({2)

Back to Main Page

PWL Source

The PWL source is a PieceWise Linear function that you can use to create a waveform consisting of straight line
segments drawn by linear interpolation between points that you define. Since you can use as many points as you
want, you can create avery complex waveform. This source type can be a voltage source or a current source. Like
all the other independent sources, the part name must start with the letter "V" for avoltage source and the letter
"I" for acurrent source. The syntax for this source type is flexible and has severa optional parameters. The
required parameters are two-dimensional points consisting of atime value and avoltage (or current) value. There
can be many of these data pairs, but the time values must be in ascending order, and the intervals between time
values need not be regular. The two optional parametersare "DC" and "AC." The use of an AC parameter with
this source is very dubious since it isintended for use with transient analyses, and any AC value would be
ignored. However, if you want to change the analysis type and use an AC source the AC parameter would be the
only thing used.

Let's examine afew examples of this source type:

NN s de=10 < ac=k pornics2:. pei At <3 #polnt4
Vx 12 24 DC 10V AC 1V PW.(1nms 12V 3ns 15V 8ns 4V)

In the above example, the AC parameter will be ignored in atransient analysis. The DC parameter will be paired
with time = Os to create the first data point. If, for some peculiar reason, you run an AC sweep with this source, it
would be asimple 1V AC source at the frequencies designated. An equivalent usage of this source that is more
clear will now be presented.
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AN point 1 point 2 point ‘3 point 4
Vx 12 24 PW.(Ons 10V 1nms 12V 3ns 15V 8ns 4V)

Note that we have discarded the unneeded AC parameter and obviated the need for the DC parameter by entering
the starting point in the PWL list. Additional flexibility existsin the various ways PSpice will accept parameter
lists. We can use commas, spaces or tabs as we wish; and the parentheses enclosing the parameter lists are not
required. Here are afew examples that are equivalent to the first two.

Vx 12 24 PW Ons, 10V 1ns, 12V 3ns, 15V 8ns, 4V, <== no ()
Vx 12 24 PW.(Ons, 10V, 1ns, 12V, 3ns, 15V, 8ns, 4V)
Vx 12 24 PW.(Ons, 10V 1ns, 12V 3ns, 15V 8ns, 4V)

If the time span of the transient analysis exceeds the time value of the last point, the source behavesasaDC
source set at the voltage (or current) value of the last point for the rest of the ssmulation. It does not repezat its
cycle as does the Pul se source.

Finally, we will create an example using a simple PWL source:

RE
1 1y o

Gk 1
Y; C) e

e
. A
0

PW. Exanpl e

Vsl B PWoEDS, BV, 1S, "BV AT TOVAS Sy 2y
RSl %2 1L Ok

Cs  2,004nF 'C=0V

. TRAN 1ns 5s 0s 1ns U C

. PROBE

. END
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. pwitest]_dat |0

ds 1.8s 2.8s 3.8 4_8s L.Bs
o U{1) « U{2)

Time

In the above figure, the red trace is the source waveform we created and the blue waveform is the response
voltage across the capacitor.

Although there are several more independent source types, the exponential and SFFM sources to mention a
couple, we will postpone their explanation until afuture tutorial. At this point, we will benefit more from the
understanding of two new dependent source types: the Laplace dependent source and the Table dependent source.

Back to Main Page

Laplace Source Type

The Laplace source is atransfer function actuator. It takes a mathematical expression of circuit voltages or
currents as its input and produces its output on the basis of the transfer function defined in the Laplace domain.
This can replace the detailed modeling of the circuit which accomplishes the same thing. This sourceis usually
used for frequency response filter modeling, but also works in the time domain. A Laplace source can be an
expression-controlled voltage source or an expression-controlled current source. The expression can be afunction
of the voltage between a pair of nodes or the current flowing through a voltage source. Usually, we just use a
node voltage as the input expression.

Suppose we have atransfer function, H(s), defined in the Laplace domain as:

H[3j= 1000
5+ 1000
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This could represent alow-pass filter with a cutoff frequency of 1000 radians/sec (or 159 Hz). The elements used
to model thisin acircuit application could appear as follows:

In the above circuit fragment, the input is the voltage drop from node nc+ to nc- and the output appears as the
dependent source voltage at element E;,. The input code that will reside in the circuit file would be:

- I nput transfer function
El p n+ n- LAPLACE {V(NC+, NC)} ={ 1000/ (s+1000)}

An interesting quirk of this sourceis that there must be a space immediately to the right of the keyword
"LAPLACE" and before the |eft curly brace that starts the input expression. Another quirk is that the transfer
function enclosed in curly braces must reside on one line. Also notice how the transfer function is encoded.

The current source version of this source could be:

The circuit file data for the above fragment would be:

i I nput transfer function
A p n- n+ LAPLACE {V(NC+, NC)}={1000/ (s+1000)}
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Now, we will construct an actual example of the Laplace source used as afilter tester. The transfer function isfor
atwo-pole low-pass Butterworth filter with a corner frequency of 300 Hz.

f 3.553-10°
5% + 26665 +3.553-10°

His)

A minimal circuit to test this filter is shown below.

Fs Rl
8 IM & f 10k

0

The circuit file code to model the above circuit is shown below. We will let the frequency sweep span three
decades. Note the method for encoding the transfer function as an inline statement. Thisis not unlike aline of
programming code.

Lapl ace Exanpl e

VIS “H10.- AC TV

RS a0 I NES

EfwZ2y 0 Laplac{: M 1) =38 DeBES/ (s 2826661 S 31 5536}
B3--2 - f=1 0K

. AG DECY2 01 0H2610kHz

. PROBE

. END

Now, we will examine the Bode plot for thisfilter as produced by PROBE.
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B laplaceD5.dat

B i o o o o o o080 0 0w i e e e e e T

| |

GR —— |

I 1 |

| 3 |
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| “'\-.H |

I ey |

| iy |

| |

I |

| - |

| - I

| b |

~484 i |

l ~ |

| |

| |

| |

| -

| Ea|

l |

| . e ettt L TS e e e %

18Hz J8Hz 188Hz J88Hz 1.8KHz 3 .8BKHz 18KHz
o DB{U(2))

Frequency)

To demonstrate that the Laplace source can work well in the time domain, we excite the same filter with a pulse
instead of afrequency sweep. The circuit file code for thisis:

Lapl ace Transi ent Exanpl e

Vs 1 0 PULSE(OV 10V Os 10us 10us 4.99ns 10ns)

RSl 01 ENEG

Efy 200 Lapl.ace: {1 FOY=R3. 55 6EGNCS 22426661 s+8YS53E6). ]
RITS2+¢ 10k

. TRAN 1us 10nms Os 1us

. PROBE

. END

And the results from PROBE are;
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l laplaceD6.dat |0
12”'T"""""""""""""7"""""""""""""""""""""""""""""""""""""""""""""""""""""""7
I : I
| H I
\ i
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
au - R : ' — ]
g ! e e s e R R L e e s ST bl e el el A R L -
ds 2ms Lms ams gms 1 8ms
o U(1) « U{2)
Time

where the red trace is the input pulse and the blue trace is the filter output response.

The Laplace source allows us to model complex electromechanical systems or control systemsin terms of the
block diagrams where the transfer functions are known. There is no need to define the complex circuitry within
the block. However, it should be noted that the L aplace source makes heavy use of resources. Thereis a price for
the convenience.

Back to Main Page

Table Source Type

This source type is one of the most flexible and powerful modeling methods offered by PSpice. It is a dependent
source because its output is dependent on the voltages or currents used in the input expression. Instead of a
mathematical function, alookup from atable of pointsis executed from the input expression. Linear interpolation
is used whenever the input expression's value lies between two table values. Consider the following graph:

http://www-eng.uta.edu/evergreen/pspice/pspice08.htm (12 e¢ 18) [25.04.02 15:09:18]



8th Tutoria on PSpice

> input
1l mi

Only two points are needed to specify this graph: (-1mV, -10V) and (1mv, 10V). Any input value between -1mV
and +1mV has a corresponding value from the graph. For example, an input value of 5004V would produce an
output voltage of 5V. The way PSpice interprets the table data, an input value outside the defined range will
simply return the closest output value; i.e., an input value of 2mV would still return 10V for the output. If we
examine this graph, we find aratio of 104 between output and input. Thus our graph describes a gain of 104
between the range of -1mV to +1mV of input. We could use this to define an op-amp with an open loop gain of
104 that saturates at 10 volts. Here is how we could encode this Table type voltage source in a PSpice circuit file:

* n+ n- I nput in out [, e Ul
Etab 2 0 TABLE {V(1)}=(-1nV,-10V) (1nv, 10V)

where the voltage at node 1 is the input. Note that the table data pairs require an input value, then an output value.
Grouping the data pairs with parentheses and commas as shown above is strictly for human convenience. PSpice
allows agreat deal of stylistic freedom in accepting tabular data. One quirk you must remember, however, is that
a space is required between the keyword "TABLE" and the left curly brace that starts the input expression. Thisis
similar to the Laplace source syntax requirements. Y ou may use continuation lines for the input/output data pairs.
Since linear interpolation is used between data pairs, these data pairs must be ordered so that the input values are
in ascending order.

Now, we will define an opamp subcircuit using this source with a 500 kQ input resistance and a 50 Q output
resistance:
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Ro
non int 50£ out

_|_

Ri A
500 kQS Vi Trab

v COM

. SUBCKT OpAnpSat non inv out com

Ri non inv 500k

RO I D wloul 5650

Et int com TABLE {V(non,inv)}=(-1nV, - 10V) (1nV, 10V)
SENDS

Due to the saturation effects enabled by the TABLE paradigm, this subcircuit will behave as an opamp whose
+Vcc and -Vcece values are +10V and -10V respectively. Let'stry it out in an inverting amplifier circuit. We will
overdrive the input with a SIN source to see the saturation effects.

Rf
50 kO
RE
Q)
1 = +Veo
z 3
VS . -Veo
RL
10 kO
B,
]

Saturated Opanp Exanpl e
Vs 1 0 SIN(OV 1.5V 10Hz); last 3 params = O
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RO®1L:2¢ 5k

Ri—2 8350K

R340 A0k

Xp 0 2 3 0 OpAnpSat; nust include above subckt def.
. TRAN 100us 200ms Os 100us

P RCBE

. END

The output voltage from PROBE is shown below:

The closed loop gain of thisinverting amplifier circuit is -10. Since the peak input voltage is 1.5V, the output
peaks would be 15V were it not for the saturation effect. This opamp circuit uses far less resources than the
somewhat more accurate library models included with PSpice.

A more sophisticated example of an input/output table follows:
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T output
(woltage) (3.684, 300m)
(2B0m&b, 150mWV) | __.._(1 T o
B ; m
128maA, 100 :
e o N B00md, 200m™)
o
(1 pd, -1m) (04, O ot
(current)

(Ard guadrant

is not to scale)

(-2 LA, -5V L

The above graph is an approximate representation of the v-i characteristic of adiode. We can create a diode
model from a Table type dependent voltage source whose input is the current through the diode branch. To do
this, we will need to resort to the old trick of using a zero-value DC voltage source to measure the current. The
elements would be connected as follows:

Ve vy By Wy diode
— * P .
anods cathaode
anode int cathode

Wel'll create a subcircuit for our diode model:

. SUBCKT My_di ode anode cat hode

Vx anode int DC OV: use this to neasure current

Ed i nt cathode TABLE {1 (Vx)}=(-2uA -5V) (-1uA -1nV)
+ (0A 0V) (125mA, 100nV) (250mA, 150mV) (500mA, 200nV)
+ (1. 5A 250nV) (3.5A 300nV)

. ENDS

Now let's test our diode subcircuit in asimple half-wave rectifier circuit.
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1 Iy diode o

0

Diode Sinulation with Tabl e
Vs 1 0 SIN(OV 6V 10Hz)

e P 06850
Xd 1 2 My_di ode; nust include above SUBCKT

. TRAN 100us 200ns Os 100us
. PROBE
. END

The PROBE plot for this simulation follows.

'3 4 BU B R e i R e e e L S R a0 it e C-Cat Bt e e e e i
Us S0ms 100ms 150ms 200ms

o U(1) ¢ U(2)

The red trace represents the 6-volt peak-value sine wave and the blue trace represents the voltage across the load
resistor. The voltage difference between the two traces during the positive half-cyclesis the forward voltage drop
across the diode. Since the largest negative voltage given in the table was only 5 volts, thereisa Zener
breakdown when the diode's reverse voltage exceeds 5 V. If you do not wish to model the Zener diode breakdown
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effect, smply set the output value of the first data pair in the table to alarge enough negative value. Bear in mind,
that the diode models included in the PSpice library are more sophisticated than this, but they require more
resources.

Although these two TABLE source examples did not utilize the current source capability, you can easily create
Table-type current sources by replacing "E" by "G" in the part name and remembering that the output valuesin
the data pairs have become currents.

There are amost limitless possibilities for modeling electronic parts with these sources.

Back to Main Page

Last Modified: undefined
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