This part assumes that the Microsoft Windows operating system and the Orcad Lite Software are already installed
on your computer. If the Orcad Lite software has not been installed, refer to Appendix A for installation instructions. If you
do not follow the installation instructions in Appendix A, the libraries specific to this manual will not be installed
correctly. If Windows has not been installed, refer to the Windows operating system documentation for instructions. The

PART 1
Editing a Basic Schematic with Orcad Capture

portions of the Orcad Lite software we will be demonstrating in this manual are:
e  Capture — The schematic capture front end that has replaced MicroSim Schematics.

e PSpice — The mixed signal simulation tool. For those readers familiar with MicroSim Design Center, this tool is

relatively unchanged.

e Probe — The graphical post-processor for viewing the results generated by PSpice. For those readers familiar with

MicroSim Design Center, this tool is relatively unchanged as well.

This part covers creating a circuit using Orcad Capture. Part 2 covers the basics of using Probe. The remaining parts cover

the simulation of specific circuits using the suite of programs, Capture, PSpice, and Probe.

1.A. Starting Orcad Capture

If Capture was installed properly on your computer, it can be easily started from the Windows Start menu. However,
depending on how the Windows desktop is configured, the Start menu may appear differently. Usually, the Start menu is

displayed at the bottom of the desktop:
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At this point, you could click the Start button ﬂl and continue:
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However, if the desktop appears as one of the screen captures shown below
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then the Start menu is hidden from view. There are two ways to make the Start menu appear. The first way is to bring the
mouse pointer down to the bottom of the screen. After a moment, the Start menu should appear:
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This method works if the Start menu is configured so that it is always on top and auto-hide mode is selected. At this point,
you could click the Start button ﬂl and continue:
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However, if you still cannot see the Start menu, you have three more options. (1) You can press the E key on the keyboard
or type CTRL-ESC. These keys will bring the Start menu to the top and also select the Start button. (2) If you have an older

keyboard and do not have the i key, you can move the mouse to the bottom of the screen and drag the Start menu up. For

this example, we will press the E key:
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After selecting Programs, the programs and program groups for your computer appear. The Orcad programs are contained
in the group Orcad Family Release 9.2 Lite. Click the LEFT mouse button on the text Orcad Family Release 9.2 Lite.
This will display the programs contained in this group:
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Click the LEFT mouse button on the item Capture CIS Lite Edition to run the schematic capture circuit simulation
package.
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Capture should run and display an empty project:
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We must now create a new project. Select File and then New from the Capture menus:
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The items listed in the cascaded menu are the types of objects we can create using Capture as the front end. For this text, we
are concerned only with the Project selection, which is used to draw schematics and simulate circuits, and the Library
selection, which is used to create part libraries. Select Project to create a new project:
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During installation, we have set the default directory for saving files to C:\. You should change this directory to one
in which you would like your circuit files to be saved. For this book, | am saving all files in the directory D:\Orcad
PSman\Circuit Files. Click on the Browse button to specify a different directory:
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You can use this dialog box to change the current directory and to create a new directory. Select a directory in which to save
your circuit files and then click the OK button:
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The Name field specifies the name of the project. Enter the name Part 1 Schematic:
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There are four types of projects you can create:

Analog or Mixed A/D — Allows us to draw a circuit with Capture and then simulate the circuit with PSpice. This is
the selection we will choose.

PC Board Wizard — Allows us to draw a circuit with Capture and then create a PC board layout with Layout Plus.
e Programmable Logic Wizard — Allows us to use Capture to design a CPLD or an FPGA.
e Schematic — Allows us to create a schematic using Capture.

To simulate circuits, select option Analog or Mixed A/D and click the OK button:
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This dialog box allows us to select a project template. A hierarchical design is one with many pages, and blocks that connect
one page to another. We will choose to start with a blank project:
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Cancel
Help

Click the OK button. You will be presented with an empty schematic page:
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1.B. Placing Parts

We will now create a schematic. The first part we will get is an independent voltage source. All parts are retrieved
using the procedure outlined below. First, click the LEFT mouse button on the Place menu selection:
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As a shortcut, you

can type P instead of
using the mouse and
menus.

Click the LEFT mouse button on Part. The Place Part dialog box will appear:
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In the above dialog box, the lower left pane shows that all configured libraries are selected. The left-center pane displays the
parts contained in the selected libraries. Since all libraries are selected, the left-center pane will display all parts available to

us.

If you know the name of the part you want to place, you can type the part name in the box. Most independent
voltage sources start with the letter v. Type the letter v. The left-center pane will display the parts that begin with the letter v:
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The information displayed in the highlighted line of the left-center pane is the name of the part and the library in which it is
located. For example, the text V_TTL/CLASS indicates that the part name is V_TTL and the part is contained in library

class.olb. The line TAN/ABM indicates that part TAN is contained in library ABM.olb.

The presently selected part is V_TTL, which was created for this textbook to generate a TTL-compatible waveform
(0 to 5 V) with a specified duty cycle and frequency. We wish to select a generic DC voltage supply. Type the text dc to

complete the typing of “vdc” and select the part:
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To accept the part and place it in your circuit, click the OK button. When you click the button, the program will

return to the schematic with the graphic for the part attached to the mouse pointer:
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The graphic moves with the mouse. Move the graphic to the location where you want to put the voltage source. Click the
LEFT mouse button once to place the part, and then move the mouse pointer. Note on your screen and in the figure below
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that when you place a part, a second part appears attached to the mouse pointer. This is the auto repeat function for

placing parts.
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If you want to add another voltage source to your schematic, you can move the mouse to where you want to place the source
and click the LEFT mouse button. We do not need another DC source at this time, so press the ESC key to make the second

source disappear.

To make the schematic more readable, we will zoom in on the DC source. Select View and then Zoom from the

Capture menus:
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To zoom in, click the LEFT mouse button on the In menu selection:
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Capture zoomed in on the schematic, but the DC source is no longer visible. Click the LEFT mouse button as shown to
scroll the window to the left:
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As a second example, place the mouse pointer over the DC source and then press the | key:
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We see that the Capture zooms in around the mouse pointer. Unless you cannot remember the keyboard shortcuts, the easiest
way to zoom in on an object is to place the mouse pointer at the object and then press the | key. (To zoom out, press the O

key.)

We will now edit the properties of the source to make it a 12 VDC source. There are two ways to change the
properties of a part. The first way we will look at is editing the individual properties that are displayed on the screen. We will
first change the voltage of the DC source. To do this, double-click the LEFT mouse button on the DC= text next to the DC

source. The dialog box below will appear:
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( We are changing

the DC property.

oc — Font
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Change... Usze Default

— Display Format

" Do Mot Display

 Walue Only
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— FRotation
' Marme Only P & 6
" Bath if Value Exists a0 o o
Ok | Cancel Help

Note that the dialog box says that the property we are changing is the DC property. To change the property, type in the de-

sired value. We will create a 12-volt source, so type in 12:
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11

Click the OK button to change the property. The part will appear in the schematic with
schematic:

¥ Orcad Copture - Lita Edition - [/ - (SCHEMATICT | PAGE1)]

¥ Gile Edit Viow Flaco Macro PSpice  Accossories Window  Holp

Options =k5]%]
N O S —— L L - D ol 0 ol T P e e
|—.'.'|g—|»| | [ #lre] o # v 1wl

the line DC=12 displayed in the

=

- I

V1 =

) ‘ De=12] =

i e

1 dem selected Soolesq00% X120 ¥sZ

If your text appears garbled, press the F5 key to redraw the screen. To change the name of
the LEFT mouse button on the text V1.1 The dialog box below will appear:

the voltage source, double-click
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The present name of the source appears highlighted. To change it, type the desired name of the source. We will change the
name of the source to VX, so type the text Vx:

1The name of the source may vary depending on how many sources you have placed in your schematic.
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Click the OK button. The updated part will appear as shown below:
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The part now has the desired properties. To illustrate the second method of changing a part's properties, we will change the
source voltage to 15 volts and the name back to V1. To change the properties, click the LEFT mouse button once on the DC

source graphic, = The graphic will be highlighted in pink when the part is selected. When the part is highlighted, click
the LEFT mouse button on the Edit menu selection:
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Click the LEFT mouse button on the Properties menu selection:2

2This dialog box can also be obtained by double-clicking the LEFT mouse button on the DC voltage source

graphic, l— . Note also that if the text Properties in the menu appears as Properties, you have not properly selected the
graphic. Click the LEFT mouse button on the graphic again until it becomes highlighted in red. When the graphic is
highlighted in red, you may edit its properties.
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Vx
g;:;; CirlvR il DC = 12
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This window displays a spreadsheet of all of the part’s properties.3 Note that there are more properties than appear on the
schematic. Not all properties of a part are displayed on the schematic. To change the voltage of the source, click the LEFT
mouse button on the text 12 in the DC column to select the cell:
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Click here.

L T\Parts [ Schematic Mete {Fins f Tile Blocks £ Globals f Fors ][ g L T\Parts [ Schematic Mete {Fins f Tile Blocks £ Globals f Fors ][ g
Feady Feady

You can now edit the contents of the cell. Use the BACKSPACE and DELETE keys to clear out the cell and then enter the
text 15 to make a 15-volt DC source:

§% Orcod Capture - Lite Edition - [Proparty Editor]
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Next, we will attempt to change the name of the source. The property that specifies the name of the source is not displayed in
the window. Click the LEFT mouse button as shown below to scroll the spreadsheet to the right:

3 You can also obtain the properties spreadsheet by clicking the LEFT mouse button on a part to select it. Once the
part is selected, click the RIGHT mouse button on the part and then select Edit Properties from the menu that appears.
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We can now see the Part Reference property. Change the value Vx to V1:
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To return to the schematic, click the LEFT mouse button on the [x] as shown below or type CTRL-F4:
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We see that both the line DC=15 and the name of the source, V1, have changed in the schematic. For practice, change the
name of the source back to Vx.

We now need to place some resistors in the circuit. The part name for a resistor is R. We could choose the Place and
then select Part to get the resistor. Instead, we will type p. The Place Part dialog box will appear:
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Since we know that a resistor part is called “R” we will just type in r:
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The schematic is zoomed in too much on the DC source to place any resistors. To zoom out, press the O key:
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We now have a better view of the schematic page. Note that we can zoom in and out while still placing parts and that the
resistor moves with the mouse. Zoom out until you see a screen close to the one shown below:
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Move the resistor to where you want to place it and click the LEFT mouse button. The resistor is placed, and a second
resistor appears attached to the mouse pointer:
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We now wish to add a second resistor to the schematic. The next resistor we want to place will be vertically oriented.
Currently the resistor attached to the mouse is horizontal. To rotate the part, type R. The part will rotate while attached to the
mouse. Orient the part vertically as shown in the screen below.
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Move the mouse to place the part in the location shown below. To place the part click the LEFT mouse button. When you
click the LEFT mouse button, the part is placed, and a third resistor appears attached to the mouse pointer:
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Add two more resistors as shown in the figure below:
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Press the R key to rotate the part when necessary and click the LEFT mouse button to place the part. When you have placed
all four resistors, press the ESC key to stop placing resistors. When you press the ESC key, the resistor graphic at the mouse
pointer disappears.

Before we continue, we would like to zoom in on the circuit and make it as large as possible while still displaying
the entire circuit. Select View, Zoom, and then Area from the menus. The mouse pointer will be replaced by a magnifying
glass:
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Place the mouse pointer near the upper left corner of the area in which you would like to zoom and then click and HOLD the
LEFT mouse button. When you move the mouse away, a zoom rectangle will be shown:
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Drag the mouse to create a zoom rectangle that encloses the entire circuit:
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When you release the mouse button, Capture will zoom in on the area enclosed by the rectangle:
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To end zoom mode, press the ESC key.

1.C. Correcting Mistakes

At this point you may have some mistakes in your schematic. You may have clicked the LEFT mouse button one
too many times and placed too many resistors on your schematic, or you may have placed resistors too close to each other.
To move parts follow the procedure below. For the moment we will assume that you wish to move a resistor.

1. Click the LEFT mouse button on the resistor graphic, =, you wish to move. When the resistor graphic is high-
lighted in pink, it has been selected. It may take several tries to highlight the resistor.

2. When the graphic is highlighted in pink, drag the resistor graphic to the desired spot in the schematic.
If you need to delete a part, follow Step 1 above. When the appropriate part is selected, press the DELETE key.

1.D. Changing Properties

There are several ways to change the properties of parts. Some have already been illustrated previously, but we will
now go over all of the different methods. The first thing we need to do is to select a part. We will select resistor R1. Place the
mouse pointer to the left of and above R1. Press and hold the LEFT mouse button and move the mouse down and to the

rlght Notice that a box is drawn. Move the mouse so that the box touches R1:

; Copiure - Lite Edition - [/ - (SCHEMATIC] : P, % Orcod Coplurs - Lite Edition - [/ - (SCHEMATIC] : Py
] Edit an E‘ co  Macro  PSpice A ies  Qptions  Window |_; Ip =l ¥ File Edit an E‘ co  Macro  PSpice  Ac en  Qptions  Window |_; Ip =l
:[.-:lH 8] I C— D = Y (- I B Bl S : :[.-:lH 8] I C— D = Y (- I B Bl S ;
|_[ =l e =] #lre] 2] 8 v]E]T | wlep - |_[ = I ] I L Y
g ; Selection box. . : B
5 =]
+ \ R1 R3 +
| - "-.‘.-"\ .-’\\_— AA TI | + "-.‘_-"\ .-’\\_— —-—"'.‘_-"‘-\,-'J\._.'— TI
“f 1k 1k = L 1k =
: | i al |l - | i . 5l
— Vi < R2 < R4 — — W < R2 < R4 =~
T DC=15 =T = 1k = T DC=15 T 1k T 1k =
] ] = ] ] =
al al
i i
14] — _'l"_ 14] — _'l"_
0 tems sedecled X=160 ¥Y=1.70 0 tems sedecled ) =180

When you release the mouse button, everything touching the box will be selected. In the screen capture above, the box is
touching the R1 graphic, so it will be selected:
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£¥ Orcod Capture - Lite Edition - [/ - (SCHEMATICT : PA
i Gile Edit View Ploce Macro  PSpice  Accessories  Options  Window
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alole

Resistor R1 is highlighted in pink and enclosed in a dashed box, indicating that it is selected. To edit all of the selected item’s
properties at the same time, click the LEFT mouse button on the Edit menu selection and then select Properties:
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The properties spreadsheet for R1 will appear:

¥ Orcad Capture - Lite Edition - [Property Editor]

E] File Edit Yiew Place Macro Accessories Options Window Help

===}

B ECIERE S e 1 RIRIAE] (WY@

]

I = Sleel 2l 2] V]| T ]hdwl=] |

MNew Calumn I Apply I Display. | De\eteprnpeﬂylFmerby: I(Currentpmpemes>

Color

Il = SCHEMATIC1 : PAGE1 : R1

Default R.Marmal

¥ ]\Parts £ Schermatic Nets APins A Tile Blocks A Globals A Ports ][4 | |

‘COMPONENTlDesignaturl Graphic | D |Imp|ementatiun Impleme 2}
RES

o

‘Ready ‘

This screen shows all the properties of R1. Presently, none of the properties displayed in the window are of interest to us.
Click the LEFT mouse button on the horizontal scroll bar as shown below to scroll the spreadsheet right:
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£¥ Orcod Capture - Lite Edition - [Property Editor] £¥ Orcod Capture - Lite Edition - [Property Editor]
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L T\Parts [ Schematic Mete {Fins f Tile Blocks £ Globals f Fors ][ ;r' L TyParts [ Schematic Mute {Fins f Tile Blocks 4 Globals f Fors (s | g
Feady Feady

The Part Reference property is the name of the resistor, R1 in this case. The PCB Footprint property is the graphic that will be
used if you use this schematic to create a PC board. If we scroll the window to the right, we will see more properties. Two
screen captures are shown below to display all of the properties:

£%¥ Orcod Capture - Lite Edition - [Proparty Editor] £%¥ Orcod Capture - Lite Edition - [Proparty Editor]
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B I O S S c—— B (= 2 o T 8 Y [ B I O S S c—— B (= 2 o T 8 Y [
] elal= | I I W A e ] elal= | I I W A e
i Coumin Apply | Drsplay ] Dot Propeny |H|e|"_ |1 Current properties » [ roew Cotumn ] | appty | Display ] Diolite Proparty |H|9I"_ |1 Current propeties »

[Pawer Fins\ﬁslhln] Primitive | PSpiceTempl | e [Saurce PAr.Imqn[Slmlr.n Parll TC |Value] 2]

1[5 SCHEMATICY : PAGET : R r DEFAULT RAZREFDES %1 %2 @VALUE TTCTC=@TC T 1[5 SCHEMATICY : PAGE £ R 2 Mol [C
Iy
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The value of the PSpice Template property generates the PSpice netlist line for the resistor when you create a netlist for the
schematic. The TC property is a temperature coefficient for the resistor. Its default is zero (no temperature dependence). The
property Value is the value of the resistor in ohms. The Source Library (not shown in the screen captures above) is the name
of the .olb file in which the part is located.

As you scroll through the properties, you will notice that two properties appear to have the same value, Reference
and Part Reference. Both have a value of R1 for this part. The difference between the two properties appears when you use
packages that have multiple parts, such as NAND gates and quad op-amps. For a NAND gate, the package would have a
reference such as U1. Each gate within the package has its own designation, such as A, B, C, or D. An individual gate in the
package would have a unique part reference, such as U1A, U1B, and so on. The Reference property is the package reference,
such as U1, while the Part Reference property is the reference to an individual gate in the package, such as U1A. The Part
Reference is used by PSpice and the Reference is used by the layout program.

We will now change a few of the properties. To change the resistance value, click the LEFT mouse button on the
text 1k. The cell will be selected and the cursor will appear in the cell:
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£%¥ Orcod Capture - Lite Edition - [Proparty Editor]
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Ready Ready

Change the value from 1k to 2.7k. There must not be a space between the number 2.7 and the letter “k.” After you
change the value to 2.7k, click the Apply button:

£¥ Orcad Capture - Lite Edition - [Property Editor]
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If you remember, the footprint of the resistor was not shown on the schematic. This is because the PCB Footprint
property is not being displayed. All properties can either be displayed or not. We will illustrate how to display the PCB

Footprint property. Scroll the properties window to the left to display the PCB Footprint property and then click the LEFT
mouse button on the PCB Footprint column to select the column:

£¥ Orcad Capture - Lite Edition - [Property Edilor] ¥ Orcod Captura - Lite Edition - [Property Editor]
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Click the LEFT mouse button on the Display button. The dialog box shown below will appear:
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'i{i' Orend Copture - Lite Edition - [Proparty Editor]
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This screen indicates that neither the value R1/4W nor the name PCB Footprint will be displayed on the schematic. There are
several display options. Selecting the Value Only option will display the value of the property. In this case, the text R1/4W will
be displayed. Selecting Name Only will display the name of the property. In this case, the text PCB Footprint will be displayed.
Selecting the option Name and Value will display the name of the property and its value. In this case the text PCB
Footprint=R1/4W will be displayed. Selecting Both if Value Exists will display the property name and the value on the schematic
if a value is assigned to the property. Presently, Do Not Display is selected, meaning that nothing related to this property will
be displayed on the schematic. To select another display option, click the LEFT mouse button on the circle { next to the

option you wish to select. The circle should fill with a dot o indicating that the option has been selected. | will display only

the value of the property:

} MName: PCE Footarint _FD_m
The text R1/4W will Arial &
be displayed in the Value:  RI1/4W
schematic since this Crange.. | Use Defaut |
circle is filled with a — Display Format
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© alie Orly -]
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You can also change the font, font size, and the color of the font in which the property value is displayed. I will select a 20
point Courier New font and choose a color of red. You can choose different properties if you wish.

Display Properties E

—Font
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. —Color
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To accept the changes click the LEFT mouse button on the OK button. You will return to the properties spreadsheet:
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Click the LEFT mouse button on the lower E in the upper right corner of the spreadsheet window to close the window as
shown below. You will return to the schematic with all of the properties updated:
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The text R1/4W is a bit too large. Repeat the previous procedure to change the font size to 9 points:
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On my display, the text for R1/4W was placed in a poor location and we will move it. Click the LEFT mouse button on the

text R1/4W to select it. It should turn pink and display pink handles:

Copyright 2005 Marc E. Herniter. This document may not be reproduced without the express written consent of Marc E. Herniter.



Cadence PSpice

[ Iltem selected. ]\

Editing a Basic Schematic with Orcad Capture
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You can now drag the selected text to a new location. While dragging the text, an outline of the text will move with the

mouse:

box:
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The second way to edit a part’s properties is to double-click the LEFT mouse button on the graphic symbol for that
part. To edit the properties of R2, double-click the LEFT mouse button on the R2 resistor graphic, =" . Make sure that
you click on the center of the graphic. If you double-click fast enough, the properties spreadsheet will appear:
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If you double-click at the wrong place, you might get the properties of another item, such as the properties of a pin as shown

below:

£%¥ Orcod Capture - Lite Edition - [Proparty Editor]
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If you get the properties of the wrong item, close the spreadsheet by clicking on the lower [X] and try again. Keep trying until

you see the spreadsheet below:
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Edit the properties to change the value to 5k and then close the spreadsheet by typing CTRL-F4,
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Next, we would like to change the name of R3 to R35. Double-click the LEFT mouse button on the text R3. If you

double-click fast enough, the dialog box below will appear:

FPart Reference

MNarme:

— Display Format
" Do Mat Display
& Walue Only
 MNarme and Value
" MName Only
 Both if Yalue Exists

Display Properties [ x|

—Font
Arial 5 (defaulf)

Change... | QseDefaultl

—Colay

Default

-]

—Rotation
&0
& a0°

1807
o 27

o ]

Cancel Help

Change the name to R35 and click the OK button. The name will be changed in the schematic.

Display Properties [ x|
Marne: PartReference [l

Arial b (defaulf)

Value: [R5

Change... | QseDefaultl

— Display Format

— Color
Do Mot Display

& Walue Only
© Mame and Yalue :
— Rotation
 Mame Only & 130
" Both if Value Exists 90 R
)8 I Cancel Help |

£¥ Oreod Copture - Lite Edition - [/ - (SCHEMATICT : PAGET)) "
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B CTE I S = g M =3 S [ O i 9l A A
] slolr 5] el el #) v wl]

T = B[R

R1/4W &

R1 R35 H

| VN~ TV~ Kl

2.7k 1k =l

+1 b | 4 =

V1 < R2 < R4 =

_T bc=15 T sk Tk o

i ]

=

=i

1| 1 _'l" =

{7 cled Scoles =360 Y140

To change the value of R35, double-click on the text 1k. A dialog box will appear:
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Display Properties [ x|

MName: “alue —Fo.nt
Avrial b (default)
1 k)
Yalue: . Change... | QseDefauItl
—Display Farmat
— Color

" Do Mot Display

@ Yalue Only
" MNarg and Yalue .
— FRotation
' Marme Only P & 6
" Bath if Value Exists a0 o o

[8]4 | Cancel | Help |

The dialog box indicates that the current value is 1k. To change the value, type in the new value, 1Meg, for example:

Display Properties [ x|

MName: “Walue —Fo.nt
Arial b (default)
o 1M
\a’glue.l eq Change... | QseDefauItl
— Display Format
— Color

" Do Mot Display

& Walue Only
 MName and alue )
— Rotation
" Mame Only & 0 o 180
" Both if Value Exists a0 e

0K I Cancel | Help |

1Meg stands for 1x10°. There must not be any spaces between the 1 and the Meg.# You can also change the font, font size,
and font color with this dialog box:

Display Properties N

ew font. Your choice of
Name: Walue -~ Font fonts will depend on the
Chancerny 1 (== fonts installed on your
Welug: [1Meg Change.. | Use Defeuty computer.

—Display Format

— Color

" Do Mot Display
& Value Only | = i New color. '

© MNare and Yalue

— FRuotation
" Mame Only &0 - 13
" Bath if Value Exists a0 o o

[8]4 | Cancel Help

Click the OK button to accept the changes:

4In PSpice the multipliers m and M both refer to “milli.” Thus the numbers 1m and 1M both equal 0.001.
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29

ds given above, change the name of R4 to Rz, and the value to 10k:

We are now finished placing parts and changing properties. Using the method given on pages 24-25 to move text items,
move all the necessary text to make the schematic more readable. When you are done, you should have a schematic that
looks something like the previous screen.

At this point your schematic may have bits of garbage floating around due to the editing. To get a fresh copy of the
screen, select View and then Zoom from the menus:

(SCHEMATIC1 : PAGET)]

¥ Orcod Copture - Lite Edition - [/

i File Edit  View Ploce Macra  PSpice  Accossories Window  Holp
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H =
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— sk I
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ol
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i o
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You can also redraw
the screen by pressing
the F5 key.

Click the LEFT mouse button on Redraw. The screen will be cleared and redrawn. You can also redraw the screen by

pressing the F5 key.
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1.E. Wiring Components

We now must wire the resistors together. Click the LEFT mouse button on the Place menu selection:

§% Orcod Capiure - Lite Edition - [/ - (SCHEMATICY : PAGE1)]
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Click the LEFT mouse button on the Wire menu selection. Crosshairs will replace the mouse pointer. Move the crosshairs
so that they point toward the top of the positive (+) terminal of the DC voltage source:
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To start drawing a wire, click the LEFT mouse button on top of the positive terminal and then move the crosshairs away:

"linud Capture - Lite Edition - [/ - (SCHEMATICY : PAGE1)]
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If you missed the positive terminal, press the ESC key and start over. Next, move the crosshairs to point toward the left
terminal of the 2.7k resistor. A red dot should appear, indicating that you are at a pin, and will make a connection if you click
the LEFT mouse button:

Copyright 2005 Marc E. Herniter. This document may not be reproduced without the express written consent of Marc E. Herniter.



Cadence PSpice Editing a Basic Schematic with Orcad Capture 31
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Click the LEFT mouse button to make the connection:
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The schematic shows that the voltage source and the 2.7k resistor are now wired together. The schematic also shows
that the crosshairs are still on the screen, indicating that we are still drawing wires. If your cursor is not shown as crosshairs,
you can start drawing wires using three methods:

1. Select Place and then Wire from the Capture menus.
2. Press the W key. This is the keyboard shortcut for selecting Place and then Wire from the menus.

3. Click the LEFT mouse button on the draw wires icon, ll
Move the crosshairs to the right terminal of the 2.7k resistor:
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Click the LEFT mouse button and then move the mouse. You should have a wire connected to the right terminal of the 2.7k
resistor:
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Note that the crosshairs are still displayed instead of the mouse pointer. This indicates that we can continue drawing wires.
Move the crosshairs to point at the top pin of R2:
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Click the LEFT mouse button to start drawing a wire and then move the crosshairs up. A wire should join with the top pin of
R2:
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Move the crosshairs to the wire connecting R1 and R35. A red dot should appear, indicating that you will make a connection
if you click the LEFT mouse button.
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Click the LEFT mouse button to make a connection and then move the mouse away. You should now have the schematic
shown below:
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Continue wiring until you obtain the circuit shown below:
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£¥ Oreod Copture - Lite Edition - [/ - (SCHEMATICT : PAGET))
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To stop drawing wires, press the ESC key.

Note in the circuit above that some of the connections have a dot, “#—. A dot indicates a connection. It is not

necessary to have a dot present when a wire joins a pin. Dots are always drawn when wires meet in a “T,” ¥ If two wires
cross and do not display a dot, then the wires are not connected. If two wires cross and display a dot, then the wires are
connected.

1.F. Correcting Wiring Mistakes
If you made a mistake drawing a wire, you can use the following procedure to delete unwanted wires, as well as
components.

1. Make sure you are not in “wire” mode. If you are in “wire” mode, the mouse pointer is displayed as crosshairs. To
terminate “wire” mode, press the ESC key.

2. Move the mouse pointer to the segment of wire or the part that you wish to remove.

Click the LEFT mouse button on the wire or part you wish to remove. This will select the wire or part. When the
wire or part has been selected, it will turn pink.

4. Press the DELETE key to delete the selected wire or part.

1.G. Grounding Your Circuit

To run a circuit on PSpice, you must have at least one ground connection in your circuit. To ground your circuit, you must
place a symbol called “0” (the number zero). There are three ways to place ground symbols:

1. Select Place and then Ground from the menus.
2. Pressthe G key.

GHO

=

3. Click the LEFT mouse button on the ground button,
window (button shown below).

, displayed in the toolbar on the right side of the Capture

I b= = ] \| L1 [l
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When you use any of these methods, the Place Ground dialog box will be displayed:

Place Ground [ x|

2
f |
Cancel

$D_HI/SOURCE il

$0_LO/S0URCE Add Librany... |
0/SOURCE
GMND{CAPSYM Bemowve Librany |
GND_EARTH/CAPSYM

Help |

Libraries:

Capture has many ground symbols available for schematic drawing purposes. Only the 0/SOURCE ground can be used for
PSpice simulations. Select the 0/SOURCE part:

Place Ground [ x|
2
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Note that the ground symbol moves with the mouse. Move the ground symbol as shown below:
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To place the ground symbol, click the LEFT mouse button. The ground symbol is placed on the schematic and, when you
move the mouse, a second ground symbol appears attached to the mouse pointer:

¥¥|Orcad Capture - Lite Edition - [ - (SCHEMATIC1 : PAGE1)]
b File Edit Yiew Place Macro PSpice Accessories Options Window Help =]
1= é‘ B Y e ] ] | Y ENEN A i B ‘
T CEl=l]E 2heele] vl
T T j .
=]
T
R1/4W =]
1
R R35 =
o El
| T T G
2.7k a
+ + ]
1 R2 Rz =
B DC=15 5k 10k .<<c
B B
“
c 1%
]
= = °
1 B 0| ’[E LA
141 1 ;l_l

[0iterns selected  [Scale=260%  X=2.30 Y=2.80

K¥ Orcad Capture - Lite Edition - [f - (SCHEMATIC1 : PAGE1)]
b File Edit Yiew Place Macro PSpice Accessories Options Window Help =lax]|
DG = | — Y G R D T e
T [ ==l e ekdeie] v awlE]
T D le
Jisd
L
R1/4wW I
1
R1 R35 -+
. E1
| + + IS
27k =
+ + =
= V1 R2 Rz =
T DC=15 5k 10k «
) b
~
2
m]
= °
| =¢g! >
| 0 | ke _|L| A
141 1 >

[0 items selected  [Scale=260%  X=2.30 ¥=2.80

You must now connect the ground symbol to the circuit by connecting a wire from the ground to the circuit. Press
the W key to start drawing wires and wire the circuit as shown below. To stop drawing wires, press the ESC key.
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1.H. Labeling Nodes

Capture arbitrarily labels nodes with names such as N01015 or N01985, and users do not know the names unless
they double-click on a wire to view the name. This is normally not a problem because we are usually not concerned with
probing all of the nodes of a circuit. However, there are usually a few nodes that we would like to look at, and if we do not
know the names of those nodes, viewing the voltages at that nodes is more difficult. Capture provides three methods for
labeling a node: placing a net alias on a wire, connecting a power connector to a node, or connecting an offpage connector to
a node. All methods have the same effect of naming a node. A net alias places a text label next to a wire, while power and
offpage connectors place a graphic on your schematic and then you can label the connector. Note that if you give two nodes
the same name, those two nodes will be connected together. This is a convenient way of connecting parts, but if you make a
mistake and accidentally give two nodes the same label, those nodes will be connected together and your circuit will not

operate properly.

We will first label a node using a net alias. Select Place and then Net Alias from the menus:
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Enter a name for the alias and then click the OK button. An outline for the alias will be attached to the mouse pointer:
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£¥ Orcod Capture - Lite Edition - [/ - (SCHEMATICY © My First Page)]
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Place the outline next to the horizontal wire at the input:

Click the LEFT mouse butto

Press the ESC key to stop pl

K% Orcad Capture - Lite Edition - [/ - (SCHEMATIC1 : My First Page)] [ x]
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alsla] & Lm0 0] Meawae ] B RR] i v 2 [ (2]
1 aebEl eke]s] vl fwlw«]
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=
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R1 R35 =
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&
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‘EI items selected

[Scale=202%  x=1.40 =180

n to place the alias and then move the mouse away:
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T lal=l ]z el ale] Ve ww]=]
T . T

R1/4W
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5k

+ +
| 2.7k
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E

[[:]'w}

10K

NEE

X

[ i =l (I kS e

o

0 items selected

[Scale=202% %=2.30 Y=2.20

acing net aliases. This node is now named Vin.

If you double-click the LEFT mouse button on the wire between V1 and R1, the name of that node will be listed:
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W] Gile Edit Viow FPlace Macro PSpice  Accosseries  Options

X
Help =kslx
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£¥ Orcad Capture - Lite Edition - [Property Editor]
W] Gile Edit Viow FPlace Macro  Accossories  Options

=I51x]

Window Help

Blela] &) L[n[E) Do) peewawe ] SR vl el o) w ]| | el @) Eme S e Bl Ala) wal [alnm] o] ) e
71 elebis) SHIALR vivl vl —c] = DG B B e NN
! ; ! 'j|T [ Cotarmn_| | #owty | [Dspiny. | | Dulotw Propany | Fierty: [< Carent prageries »
R35 i
=1 |B
s r @
= 10K o
B

Double-click
on this wire.

EEE S

8 ILI;

1 e selected ScolesZ02% X=420 Ys1

« [+ [\ Parts ) Schematic Huts £Pins £ Tille Blocks
Reaty

We see that the name of the wire is now Vin. Type CTRL-F4 to

close the spreadsheet.

Capture provides seven different graphics symbols that we can use to label nodes. The names of the parts and their

symbols are shown in Table 1-1.

Table 1-1
VCC VCC_ARROW VCC_BAR VCC_CIRCLE VCC_WAVE OFFPAGE-L OFFPAGE-R
To place a power connector, select Place and then Power from the menus:
£¥ Orcod Coplure - Lite Edition - [f - (SCHEMATICT : My
¥l Gile Edit Viow  Place Macro Pgpice  Accossories Options  Window  Holp _l=]x]
lelal 8] 1[u] P smier | @lalala] vl |almln] b ) 1]
Part Shilt+2
[ Wire Shill+wW i By L |
Bus Shiftedl . -
dunction Shifted ljl—T Place Pawer u
Bus Entry Shift+E Ien
Het Alias,, ShiltkN i Symbal:
Ground Shifte G R35 -—-!:- IVC(LWAVE
vin Off-Paga C. WA =l Cancel |
Eu!lem:l.:mnll ﬁlo:k ” z $0_HI/SOURCE ﬂ
ki + = $0_LO/SOURCE Add Library . |
) Ho Q.nnnm.:l I Shiftex < Rz = | 0;Design Cache
— v = 10K (o] 0/S0URCE Bemaowe Lilrary |
T Doy | (T ok — srovceTsM L L
| Tent ShifteT T' L Help
Line = Libraries:
Bectangle j
Ellipge
ths I_I I Mame:
::K.’.:r Shilt+y B IW
| LA
I | o
Flace o power symbo 0 flems selecled  Scole=2U2% X250 v=1.00

The power connectors are located near the bottom of the scrolling Symbol window pane:

Symbal:

Place Power [ ]

I\/CC_WA\/E

VCC_BAR/CAPSYM -]
WCC_BAR/Design Cache
WCC_CIRCLE/CAPSYM
WCC_CIRCLE/Design Cach_|
WG WAVEfCAPS M =]

Libraries:

Cancel |

Add Library... |

Bemowe Librany |
Help

HName:

IVCC_WAVE
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Click the LEFT mouse button on one of the power connectors, VCC_BAR for example, and then click the OK button. The
graphic for the power connector will become attached to the mouse pointer.

£¥ Orcod Capture - Lite Edition - [/ - (SCHEMATICT : My First Page)] =]
¥ File Edit Viow Place Macro PSpice  Accossories Options  Window Holp T
N I I A O S S e — D = e (- U e 0 e C
7 sl %] Sreal®] vivl [swl=]
1 - 1
Place Power [x] jl
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o [ o | ; .
[veC_BaR - k iy
- R1 R35 —
Cancel vin AN~ _AAA - —
+W v 1
VCC_BAR e =
) | —_ Add Library... + + ¥
WOC_CIRCLE/CAPSYM * | < R2 < Rz I.'_.Il
WOC_CIRCLE/Design Cach_| Bernonve Library el | 5k = 10K (o]
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Libraries: ~
L =
0 [ I
<|&]
i o
0 e selecled  Scole=202%  %=3.10 ¥=1.30

Place the power connector next to a wire at the center node. A red dot will appear where a connection will be made between

the connector and the wire:

Orcnd Coplure - Lite Edition - [ - (SCHEMATIC1 : My First Page)]

i Filo Edt Viow Place Macrn PSpico  Accossorios Options Window ol x|
o|e]e] 8] L]wl8] =] voewave g W =3 - il A N 3

1 slolr=] Llrslale] (v 1w fw]=]
T 3 1
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—

R1 [ R35 Ly
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v | - R2 < Rz  ©

— W o = 10K =

[ DC=15 .

| . . E
0 C

L[]

14 o

0 tems sedecled Scole=202% X=300 ¥=160

Click the LEFT mouse button to place the connector, and then move the mouse away:

Orcnd Caplure - Lite Edition - [/ - (SCHEMATIC © My First Page)]

5] Edit y_’mw Ehm- Macra  PSpice  Accessories  Qptions  Window  Help =)=
o] & e A = o N O B N ST E 3

I_l = I R T T B N T
1 - 1

R1 VCC BAR R35
vin AAA .l £
N . oy
Tk
+ +
— 1 = sk I = 10K
[ DC=15 Iy

3
7
5815 T Y I B Y e 5 F R Pl I R e

£

141

0 tems selecled Scole=202% X=3.40 YsZ 1(

=

A second power connector is now connected to the mouse pointer. Press the ESC key to stop placing power connectors.
We must now change the label. Double-click on the text VCC_BAR to change it:
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£¥ Orcod Capture - Lite Edition - [/ - (SCHEMATIC1 : My First Page)]
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Enter a new name for the label and click the OK button:

£¥ Orcod Copture - Lite Edition - [/ - (SCHEMATIC : My First Page)]
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The center node is now labeled Middle.
To place an offpage connector, select Place and then Off-Page Connector from the menus:

£¥ Orcad C @ - Lite Edition - [/ - (SCHEMATIC] : My Firsl Page)]
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Select a connector and then place the connector as shown:
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¥¥/Orcad Capture - Lite Edition - [ - (SCHEMATIC1 : My First Page)]
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Wire the connector to your circuit;
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To change the label, double-click on the text OFFPAGELEFT-R:

Display Properties [ x|

—Font
Avrial b (default)

Name: MName

“Walue:

Change... | QseDefauItl

— Display Format

_ — Color
€ Do Mot Display
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Type the text Vo to change the label to Vo and then click the OK button:
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] Cile Edit View Place Mocro  PSpice  Accessories  Options  Window  Help
- - el 8] s8] o] prreactiErTa &IH&I&I_I_I_I_LI_IJ_IJ
Display Properties [ x| T slol]=] |2l 2] 8 VI L1 ] W=
- = T ‘EIF
Name: MName _FD_m =
Arial b (defaulf) ; Yo" _',
/4 L | B
value: I\'fD Change... | Usze Default | ia R1 Middle 35 i =
. AN " A ]
— Display Format ‘ 2.7k | ]
: —Color +| / +| =
© Do Mot Display v | < R2 < Rz BE
— - 10K [of
& Yalue Only T;;:=15 2 E
" Mame and Value : | | =
— Fiotation * ’ i
© MName Only & 0 180 i
€ Bath if Value Exists - QD“ - E?U“ ! . &
o] o0
0K Cancel | Help | 14 L,—' =
1 e selected Scoles202% X=340 Ys2 60

You will need to drag the text Vo closer to the offpage connector:
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1.1. Using the Cache to Place Parts
1.J. Saving Your Schematic

Now that we have finished the schematic, we need to save it. Select File and then Save from the menus. The File

pull-down menu will appear:
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When we first created the project, we specified a name and directory location for the project, so we do not need to specify
them here.

1.K. Editing the Title Block

The title block contains information about you, your company, and the schematic. We will be using the title block to
identify the student, class, and university where the schematic was created. There are four ways we can modify the title
block. The first way shows how to change the title block for the current schematic. This method must be repeated each time
you create a new schematic. The second way shows you how to tell Capture information about yourself that is used in every
schematic you create. This could be information such as your name, company, address, and phone number. The third method
shows how to select a different title block from a list of available title blocks already created. The fourth method is to create a
new title block and save it in a symbol library.

1.K.1. Modifying the Title Block in the Current Schematic

The first thing we want to do is place your name and class information on your schematic. In the bottom right corner
of your schematic is a title block. To see this block we must scroll the view of the page to the bottom right corner. To do this,
click the LEFT mouse button on the vertical and horizontal scroll bars as shown below:

¥ Orcod Copture - Lite Edition - [/ - (SCHEMATIC] : PAGET)] x [SCHEMATICT ; PABETI]
M Cile Edit View Place Macro  PSpice  Accessories  Options  Window  Help ¥ Film Edit View Placo o Plpice  Accessoies Options Window  Holp 18] x|
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' i ' ] i ' ’ ! ' A
o -
3 o
T b a
a 3
& Title block. —
e o _If il é‘l
4|  Click here. e | \ =
T 0C=15 = '_
j‘ R Roge-Hulman Institute of Technalogy 3'
ol el i
= -0 = T, = =
) A
= Z i I L
O W 12 T
d 180% =2, 70 e selechod o100 7500

This is a title block that | created for this text and my students. In Section 1.K.4 we will show you how to customize this title
block for your needs. There are three items that we can change: <OrgAddrl>, <OrgAddr2>, <Revision>, and <Project Name>. To
edit an item, double-click the LEFT mouse button on the item. For example, double-click the LEFT mouse button on the
text <OrgAddr1>
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PART 2
Introduction to Probe

Probe is a program that will display the results obtained from PSpice graphically. We will be using Probe
extensively throughout this manual to display the results of simulations. Various aspects of Probe are discussed in sections
throughout this manual. However, if you pick specific examples you may miss those showing how to use some of the tools
provided by Probe. The result may be that a section in the manual you are currently using refers to a tool in Probe that was
discussed in a section that you did not cover. To avoid this problem, we will review how to use the most frequently used
tools.

To demonstrate Probe, we will simulate a power supply circuit with a Transient Analysis. Although this may be too
complicated a circuit for beginning students, the methods discussed in Probe can be used with any analysis. We are using this
simulation because it provides many interesting waveforms. Open the project named Section 2.opj. This file is located on the
CD-ROM that accompanies this text and may also be loaded on your hard drive. During installation of the library files, the
circuit files are loaded into a subdirectory named “Book Circuits” in the Orcad Lite installation directory. If you chose the
default installation options, this directory will be named C:\Program Files\Orcadlite\Book Circuits. You can use the files in
this directory, or the files located on the CD-ROM. Note: If you attempt to run this example directly from the CD-
ROM, or open the file from the CD-ROM and then use the Save As command to save the file to the hard drive, you
will get a write error. To use the circuit from the CD-ROM, use the Windows Explorer to copy the file from the CD-ROM
to your hard drive. Then use the Windows Explorer to change the properties of the file to not read-only. To change the
properties with the Windows Explorer, run the Explorer and select the file. Next, select File and then Properties from the
Explorer menus. You can then remove the checkmark from the box next to the text Read-Only. Note that the read-only
property may or may not be selected when you first look at the properties and may not need to be changed. For more
information on copying a single file from the CD-ROM, and then opening the file, see Section A.3 on page 621.

For this example, we will assume that you are opening the files that were copied to your hard drive during the
installation. Select File, Open and then Project from the Capture menu bar:

Open HEBA
Loak jn: DC ) j - £ EAv
|1 $8Dir for PC Fundamentals linetpub [1Scope
|_1$$MNew Dir One CIMultimedia Files C1SP4
-1 $OEMS My Download Files [isTB
e . |IZ1BACKUP 1My Music CITEMP
Lavdbngon |2 coDrROM CJoLymPUS CIUSERS
il i |1 Circuits [ paprport CIwindow
4 D PROGRAM FILES\ VUSER OLB [:l DELL [:l Parts2k DWlNNT
|I_1DRVLIB 1Program Files C1v2000F
. | [
L _,J Files ot type IOrcad Froject (*.opj) J Cancel |

Select Open. We will assume that you installed Capture on drive C: in directory \Program Files\OrcadL.ite. (ThIS was the
default installation location.) For this installation directory the example circuits will be located in directory C:\Program
Files\OrcadLite\Book Circuits. First, select the directory named C:\Program Files\OrcadL ite\Book Circuits:

Iﬁomnd Cnplurs Lite Edmon [Seaalon Lm;], =]
_l:ﬂ*

_I_I_IJ_I_I_I_I_H—'l _I_I_I_I_I_I_I_I_I_IJ_I_'&‘J

Opan Froject [11=]
Lookjn, | =4 Boak Circurts [+] + @ ey M@~

TExarcise 4-5.0p] £
_?I:xerusa 4-6.0p)
[ Exercise 4-8 op
i Exorcie 510 opi
_?Exeruse 5-11a.0pj

;Chns: ‘-ﬂ_
i Chapt
T Exomy =
B Ecamy &
_l Exnmp i

'_Trnm'

 Exarei

94
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After you select the directory Book Circuits, a dialog window will display the files

in that directory:

Dpen [ 2] ]
Lack in: I 3 Book Circuits j & £ B
L_i:Appendix D.2 opj: D Example 5-1.opj D Exercis
:\[ A pi D Example 5-2.opj D Exercis
:\[ Appendix.opj D Exercize 3-1.opj D Exercis
:\[ Chapter 5.0pj D Exercize 3-2.opj Exercis
:\[ Chapter ¥.opj D Exercise 3-3.opj Exercis
:‘[ Example 4-7_opj D Exercize 3-4.opj Exercis
K 2l
File: name: | Open I
Files of type: ID[cad Project [*.opjl LI Cancel |

£

We would like to open the file named Section 2.0pj so click on the text Section 2.

Open

Look in: I@ Book Circuits

|r| & @ ek E-

opj as shown:

D Section 114.o0pj
D Section 1J2.0pj
D Section 1J3.0pj
D Section Tk.opj
D Section 1M .opj

5 ection 2,00
< -

D Exercize 3-8.opj

D Part 1 Schematic_opj
D Section 1.1.opj

D Section 1.opj

D Section 112.opj

D Section 113.0pj

D Section
D Section
D Sechion
D Section
D Section
D Section

0]

File name: |Section 2opj

Files of type: IDrcad Project [*.opj)

Open I
LI Cancel |

A

Click the Open button to open the file:

.k!‘: Orcad Capture - Lite Edition - [Section 2.opj] |_ Ell E]
Design Edit Yiew Tools PSpice Accessories Reports Options Window Help = =] x|

= File
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£ File |'E‘i, Hierarchyl

= O Design Resources.
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@ Library
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+ 0 PSpice Resources

| Reading Design Variants Information |Session Log

Next, we need to open the schematic page. Click the LEFT mouse button on the

as shown below to expand the tree:
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Next, we need to expand the tree to list the schematic pages of the project. Click the LEFT mouse button on the as
shown below:

.". Oread Capture - Lite Edition - [Section 2.opj] .". Oread Capture - Lite Edition - [Section 2.opj]
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Click here.
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This project has one schematic page. To open the page, double-click the LEFT mouse button on the text PAGEL:

£¥ Orcad Copture - Lite Edition - [Section 2.opj] I¥ Orcad Capture - Lita Edition - [/ - (SCHEMATIC] | PAGET)]
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Double-click on
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DEAL | g m ¥ o4

| D | ol

l

"
g

3 1 S e B P 5 B D

Ilh

Ready Session Log Ready 0 flerns selecled  Scele=100%  %=1,30 ¥=1,10

Use the scroll bars and zoom facilities to fill the screen with the circuit:
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Notice that the file has two nodes labeled Vo and Vin.
To simulate the circuit, select PSpice and then Run from the Capture menus:
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[section 2-SCHEMATICT-Exampla [ [=]= [y SCHEMATIC1-Example Transiant Anakysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Exampla HEIE

:.E SCHEMATICT-Exampla Transient Analysis - PSpice AD Lite

B Gile Cdit View Simulation Trace Plot Tools Window Help 8 =1=]x] [ Eile Cdit Vinw Simulstion Trace Plot Tools Window Help 88 -1=]x]
B ES ) -NE = || [SCHEMATIE [T i S ElS LB |- > | | [SCHEMATICIExamp] |[ P n
O @ M ™| =Xy of |7 ¥ - o7 0y ) By we F (o ] o |7 M - 0 v kg 0 8
- * From [PSPICE NETLIST] section of d:'\Program Files\Orcadlite\BSpice\Pdpice,in +]
+1ib "nesm, 1ib"”

+1ib "class, lib”

BEE od

4| L ] o q
0 Anabysin f Waich A Deicas [ 2] | | TR Anstysis fWaich A Deaces /

2= 1 oo AERERERNE EEE For Help, press F1 b~ |
The above left screen shows that PSpice is working correctly. If your screen matches the above left screen, you can continue
with the remainder of this example. The above right screen indicates that PSpice generated an error message. The error is
that PSpice cannot find the library class.lib. If you see the above right screen on your computer, you may have not properly
installed the libraries for this text. See Section A.2 on page 619 for the procedure for installing the libraries. After you have
installed the libraries, attempt to run this example again.

We will discuss the PSpice A/D Lite window. It has three sections: a message window, the Probe display window,
and the PSpice simulation status window.

For Help, press F1

Copyright 2005 Marc E. Herniter. This document may not be reproduced without the express written consent of Marc E. Herniter.



98

- sEus
RN K-S

Message window.

M ferve B | = 20

Introduction to Probe

1 SCHEMATIC1-Example Transient Analysis - PSpica A/D Lite - [section 2-SCHEMATIC1-Exampla ..

B bile Edit View Simulation Trace Plot Tools Window Help 88

"

Cadence PSpice

[3n

Probe window. ]

For Help, press F1

PSpice status
window.

tysis f Wntch A Denicars

= 1 100%

We will briefly show how to manipulate these windows. You can close either of the two bottom windows by clicking on the
2 in the upper left corner of the window. For example, we will close the message window:

B bile Edit View Simulation Trace Plot Tools Window Help 88

1 SCHEMATIC1-Example Transient Analysis - PSpica A/D Lite - [section 2-SCHEMATIC1-Exampla ..

- g WS =) [EerEmaTICExmmp |

G e Mo M B

s SCHEMATIC1-Example Tranzient Analysis - PEpica A'D Lite - [section 2-SCHEMATIC1-Example ... MEIE

B file Edit View Simulation Trace Plat Tools Window Help o8 =1=] =]
- s WS B [SCHEMATICI-Examp [ P
G4mO MiEwd |[PRXYP o | IREFdp Ay
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i

oo AERERERNE EEE

oo AERERERNE B

The message window is closed, and the PSpice simulation status window expands to fill the empty space. Next, we will close

the simulation window:

B File Edit View Simulation Trace Plot Tools Window Help 88
- SEus "
G4mO MiEwd |[PRXYP o | IREFdp Ay

[ECREMATIC Examp |[ P n

[y SCHEMATIC1-Example Transiant Anakysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Exampla ..

MEIE
l=1x]

The Probe window now occupies the entire window.

oo AERERERNE B

s SCHEMATIC1-Example Tranzient Analysis - PEpica A'D Lite - [section 2-SCHEMATIC1-Example ... MEIE
B Gile Edit View Simulation Trace Plot Tools Window Help o8 =1=] =]
- SEus B [EEREMATICTExamp [ P |n
AWM MEwd =X o | | RYEFEAdAspE

oo AERERERNE| B

To get the message and simulation status windows back, use the menus. To display the message window, select

View and then Output Window from the menus:
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To display the simulation status window, select View and then Simulation Status Window from the menus:
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When we are running a simulation, we want the simulation status and the message windows to be visible because
they give us information on problems with the simulations and indicate the progress of the simulation. When we are plotting
traces, we would like Probe to use the full screen so that the traces are as large as possible. To toggle between these two
conditions, select View and then Alternate Display from the menus:

#Z SCHEMATIC1-Exampla Transient Analysis - PSpica A/D Lite - [section 2-SCHEMATICT-Example ... MEIE

B Cile Cdit |view Simulstion Trace Plot Tools Window Help 8
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&) Output Files
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GG 0o M B2 ¥

To toggle back to the original display, select View and then Alternate Display again from the menus:
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Select the display that you prefer to use. For most traces shown in this text, we will show the Probe window in full screen.
Note also that your probe screen will have a black background. To make the screen captures more readable, the background
color of the probe screen has been changed to white for the remainder of this book. This was accomplished by modifying the
[PROBE DISPLAY COLORS] section of the pspipce.ini file located in the OrcadL.ite/PSpice directory.

2.A. Plotting Traces

We will now add some traces. In the schematic we have labeled two nodes, Vin and Vout. Since we know the
names of the nodes, we can easily plot the voltages. We will first plot Vin. To add a trace, select Trace and then Add Trace

from the menu bar:

i-|SEUS e

GE@a M E |

fFr Eourier
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Cursor
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Goal Functions
% Eval Goal Funclion. .

ER ad

You can also press
the INSERT key to add

Add trace(s] 1o 1he selected plot
—

atrace.
0 o 26w 30ms  hbws  SOms  B0ws 76w B0ms 90w 100m
Time

|

Add Troces

Simulation Qutpun Vanisbles Functians or bacras

F | Anslag Opersaars and Functions

e EIfCI B
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The left pane lists all of the traces we can plot. The right pane displays mathematical operations we can perform on the
traces. It lists digital waveforms (we do not have any in our circuit), voltages, currents, and power. It also lists what are
referred to as alias names. Aliases are different names that refer to the same thing. For example, in our circuit the cathodes of
D3 and D4 are connected to the input of the voltage regulator and the capacitor. The node is also labeled as Vin. We can
refer to the voltage of this node in several ways. This node could be addressed as pin 1 of D4, pin 1 of D3, pin 1 of C1, pin
IN of the voltage regulator, or as Vin. Thus, to display the voltage at this node, we can use any of the aliases mentioned.
Each node will have many aliases, and thus the list shown in the left pane is very large. Note that almost all trace types are
displayed: Analog, Voltages, Currents, Power, Alias Names, and Subcircuit Nodes:

Simulation Output Variables

Analog voltages
and current traces are
displayed. Cib)

M 1.02)
I<_U1x1.021)
1§%_UTx1.Ebg)
1§%_UT 1 Eflg)
IG<_U1 21 Eoparng)
13_1U1 x1.Gig)
1f<_U1 x1.R1)
1§%_UT 1 Rl
10<_U1 1. Ribcl)
13_1U1 x1.Rbg)
1{<_U1 x1 Reldz)
1§%_UT %1 Rl

Full List

v Analog
[ Digital
¥ Yoltages
¥ Currents
[ Power

[0 Maise (v3{Hz)

[ Alias Names

245 variables listed

Add Traces

rFunctions or Macros

IAnang Operators and Functions j

0 Ol
!
@

ABS()

ARCTAN)

ATAN)

AVGE)

AWVGH(L)

COS()

o)

DE(}

E MRS

ENWIAING, )

EXP()

G()

IMGEY

LOG()

LOGI0()

M)

AR L]

Trace Expression I

ok I (_Eance\l Help |

Because all of the options are selected, many names are shown in the left pane. Note that the voltage regulator is a subcircuit.
A subcircuit is shown as a single block on the schematic, but it may be composed of several circuit elements within the
subcircuit. The left pane is currently displaying all subcircuit nodes and the aliases for the subcircuit nodes. If you scroll

through the list, you will see too many traces.

We would first like to display Vin and Vout. The list of traces is too long and the traces are not easily spotted. Vin
and Vout are analog voltages so we will select only the Analog, Voltages, and Alias Names boxes:

r Simulation Output Yariables

Only these three
options are selected.

V{UT:GND)
W{UTIN)
W{U1:0UT)

Full List

¥ Analog

[ Digital

v Yoltages

[T Currents

[T Power
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W Alias Names

43 variahles listed

Add Traces

rFunctions or Macros

IAnaIDg Operators and Functions j
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!
@
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AYGE)
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COSs()

o)
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ExP()

Gi)

IMG()

LOG()

LOGI0()
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MAX() -]

Trace Expression I

ok I (_Eance\l Help |

This list is now shorter and we can locate the line V(VIN) more easily. Scroll down the list until you find the trace labeled
V(VIN) and then click on the text to select it. It should become highlighted:
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~ Simulation Output Variahl Functions or Macros
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Full List
Trace Expression; [V({VIN) Cancel Help

To plot the selected trace, click the OK button:
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BiFile Edit View Simulation Trace Plot Taols Window Help [88 1s] x|
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Next we will plot VVo. Press the INSERT key. This is a shortcut that will open the Add Traces dialog box:

~ Simulation Output Variahl Functions or Macros
I‘ IAnang Operators and Functions j
¢ @&
V! Analo

/() N K 0 Ll
VICT 1) -

icT 2) O Qigital .
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\/(ND0S36) [T Subcircuit Nodes ENVMARL )

\V(NO0E2T) ENWMIN.)

INODBES) EXF()

V{UT:-GND) G()

VIUTIN) IMG()

WV{U1:0UT) LOG()
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) 43 variables listed M)

VIND = MAX() [l
Full List
Trace Expression; I\ Cancel H_IEIP

Click on the text V(VO) to select the trace:
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~ Simulation Output Variahl Functions or Macros
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Full List
Trace Expression. I\/(\/O) Cancel Help

Click the OK button to plot the trace:
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We can add many traces to the plot. Next we will display the current through D1. Press the INSERT key to obtain the
Add Traces dialog box:

Add Traces

~ Simulation Output Variahl Functions or Macros

I‘ IAnang Operators and Functions j
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Trace Expression; I\ Cancel H_IEIP

Presently the dialog box shows only analog voltages. We wish to plot a current, so specify the options as shown:
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<1
Only analog current
traces are displayed.

Introduction to Probe

Add Traces

[~ Simulation Qutput Yarishl
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15 variables listed

Full List

Functions or Macros

IAnang Operators and Functions j

MA() -l

Trace Expression; I

Concel || Help

Cadence PSpice

We see that only the options Analog and Currents are selected. The left pane displays only the currents. Click on the text I(D1)

to select the trace:

Add Traces

Functions or Macros

IAnang Operators and Functions j

0 N

MA() -l

- Simulstion Output Yarishl
1(C1 ¥ Analog
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15 variables listed
Full List
Trace Expression II(DW)\

Cancel || Help

Click the OK button to plot th

e trace:
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Your y-axis may
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]
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(1=

Tons Hins (17 ELT

As a last example, we will show how to use one of the mathematical operations in the right pane of the Add Traces

dialog box. Press the INSERT

key to obtain the dialog box:
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~ Simulation Output Variahl Functions or Macros
I‘ IAnang Operators and Functions j
¢ @&
) V! Analo
I©1) g 0 n
ID2) -
03 [ Digital .
ID4)
Load) [ Voltages ;
I1UT:GND) @
UTIN) ¥l Cuprents ABS[)
IU1-0UT ARCTAN()
61 [T Power ATAND
IE<FMRT pint) AVG()
IXFMRT ping) [ Moise (v3/Hz) AVEX(,)
IFMRT pind) COS()
ID<FRAR-pind) ¥ Aliss bames D()
Time DB()
[T Subcircuit Nodes ENVMARL )
ENWMIN.)
EXP()
G}
IMG()
LOG()
LoG10()
15 variables listed
M)
MAX() [l
Full List
Trace Expression. I Cancel Help

We will plot the time average current through D1. The AVG function will perform this function. Click the LEFT mouse
button on the text AVG() to select the function:

Add Traces

~ Simulation Output Variahl Functions or Macros
I‘ IAnang Operators and Functions j
¥ B
&B;; W Analog 9 0
03 O Qigital .
ID4) -
Load) [ Yoltages ;
I{U1-GND)
UIN) ¥ Curents aB3()
IU1-0UT ARCTAN()
1) ¥ Bower ATAN
I<FMRT pint) _
IE<FMRT pin2) [ Nejse () q AVGX(,)
IFMRT pind) . COS()
ervrienal  Function s laes 80
ime
Selected [T Subcircuit Nodes ENVMARL )
ENWMIN.)
EXP()
G}
IMG()
LOG()
15 variables listed Ih‘/lo(?m()
MAX() [l
Full List
v
Trace Expression: IA\/G@ Cancel Help

Notice that the text AVG() appears in the Trace Expression text field and that the cursor is positioned between the parentheses
waiting for a trace. Next, click the LEFT mouse button on the text I(D1). This will select the trace and place it within the
parentheses of the AVG function:

Add Traces

~ Simulation Cutput Yariakl r~Functions or Macros
F [nalag Operstors and Functions -]
[¥] Analo: # [
] 9 0
[ Digital .
[ Yoltages ;,
@
V! Currents amis()
ARCTAN()
T Bower TN
Trace [ Noise {¥Hz) _Avex(,)
selected. [ Alies Nemes g?)ﬁ()
- DB()
[T Subcircuit Nodes ENVMAKY )
ENVMING,)
ExP()
G()
IMG()
LOG[)
LOGT0()
Thvariables listed
M()
MAX() [
Full List
Trace Exprassion: [AVG(DT] Cancal | | Help

This trace is plotting the time average of the current through D1. Click the OK button to plot the trace:
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HEIE

[section 2-SCHEMATIC-Exampla
_1=]x}

s SCHEMATIC1-Example Tranzient Analysis - PEpica A'D Lite

B bile Edit View Simulation Trace Plot Taols Window Help g8

- US| L wR | | [SoREMATICEamp [
AAMO MEYE|[FXP . J||KEFYATAREL
7] ;

B
—o

T ______________________________ :
Your y-axis may L i : ; : : Added trace. I

have a slightly = SRR RS AN LD .
different scale. ' l I \ [
O
“G‘. 10m 2;!5. ﬂl'-hs hﬂlu‘. £ 0 (1.9 'H"h. Bﬂr‘w‘. Q0ms 1000
o UEUIN) » U(U0) = IC(D1) = AVG(I(D1)) ik
- |

The trace starts out small but we can see the fourth trace.

2.B. Deleting Traces

We now have a number of traces on the plot. We can remove individual traces easily. We will remove trace V(VO).

Click the LEFT mouse button on the text V(VO) as shown below:

s SCHEMATIC1-Example Tranzient Analysis - PEpica A'D Lite

HEIE

[section 2-SCHEMATIC-Exampla
_1=]x}

B file Edit View Simulation Trace Plot Tools Window Help g8
- US| L wR | | [SoREMATICEamp [
4O MiEw®E |(PXP o | REFSp AP
7] ;

o

B ad
—o

- Click the LEFT mouse
1 [ _____ button on this text.
' i *

1 \
1 RS
10 + + + + +
s 10m 200 3wz LT U £ 0 (1.9 Tons Bns Q0ms 1000
o WIVIN) » U(00) » I(P1) = AVECICR1))
Time

The text will become highlighted in red, indicating that it is selected. When the text V(VO) is highlighted in red, press the

DELETE Kkey. The trace will be removed:

s SCHEMATIC1-Example Tranziant Annlysis - PEpice A/D Lite - [section 2-SCHEMATIC1-Exampla [_[=]=

B bile Edit View Simulation Trace Plot Taols Window Help g8 _1=]x}

- US| L wR | | [SoREMATICEamp [

AAMO MEYE|[FXP . J||KEFYATAREL
Wi , .

o

B ad
o

FT T SR

+ [ '
L1 S L1 Tons

3 10 200 Bns
© U(VIN) = D(D1) = AVGCICR1))

Delete all traces but V(Vin) using this method:
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[\% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HEE

BiFile Edit View Simulation Trace Plot Taols Window Help [88

RE

ERA-T-N=F HJ tmloo |JJ|SCHEMAT\C1—Examp I

}\1||

X

Waae MiExs [MEY - | AYFeatage

48U

i = 0[

au

»E

t t t t t t
Bs 18ns 28ms 38ns 4Bms 58ns 68ms
o UCUIN)

Time

t t
78ns 88ms

t
98ns  1868ns

2.C. Using the Markers to Add Traces

107

In this example we are currently describing, both Probe and Capture are running. We would like to switch back to

Capture. We can switch windows using two methods:

1. Hold down the ALT key and press the TAB key. Continue to hold down the ALT key and release the TAB key. When you
do this, a window will pop up and display the icons of the programs currently running. One of the icons should be the

ﬁi

Capture icon

Capture icon, release the ALT key. The Capture window will pop to the top.

2. You can use the Start menu to switch to the Capture window. If the Start menu is not displayed on the screen, bring the
mouse to the bottom of the screen to display the Start menu, and then select the Capture button.

i¥ Orcad Capture - Lite Edition - [f - (SCHEMATIC1 : PAGE1]]

E] File Edit Yiew Place Macro PSpice Accessories Options

Window Help

=151x]

o|2|a] 8] L]=]|@] 2] oFFPAGELEFTL

7] BlSSl8] i@l =] ¥ 2]

L]

T 1o00u

1

T Lo
Load
18

[SCHEMATICI-Example -] 2|2 2 |2] 2]es]£]2] v]E| 1 |‘—»|W|w+||
T T - ‘ j
“1 %
j 5
L
HL
oo 03 l
HFRR +
+ [ = = | Diws4m D WS40 jnal
AMPLITUDE = 162 _ _ ]

@ FREQUENCY = 60 WIN =115 ¥0=24 = A
- |__For Transient Anaysis Orty 0 iR
IDEAL oz D4 E
[ M54 M54 =
¥in ]
H ¥ <P
FEH

A
o

[=lolola] <]/ [%]

1

\D items selected

[Scale=120%

®=2.80 Y=3.50

. Press the TAB key until the black box encloses the Capture icon. When the box encloses the

We can now use the markers to display the currents or voltages in the circuit. To obtain a voltage marker, select PSpice and
then Markers from the Capture menu bar:
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¥ Orcad Capturs - Lite Edition - [/ - (SCHEMATIET ;. PAGE1)]
¢ Filn [dit View Ploce Macro | Pgpice  Accessorins  Options  Window  Help 18] x]
Ble(@] @] L|u|n] o] GrE New Simulstion Profile = [mlmfm] v ] 7]
Edit Simulation Profile )
SCHEMATIC-Example T1 -] D[] ¥ Fun F11
| View Simulation Results F12 3. 0l
| Wiew Dutput File .
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View Netlst i
L
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(A AMPLITLEE = 167 - | ]
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Voltage Differential Bins Paints % 0 5o =
Current Imo Pin == ) e = |
Powar Dissipation >
1 Advanced =
Plot Window Templatas =]
Show All G i
Hidn All 15 —
Delatg All =
List T -%
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1] ] o
0 itoms sedected [Scalo=120% %5430 va180

Voltage Level will display the voltage at a node relative to ground. Voltage Differential will display the voltage between

any two points. With Voltage Differential, you will be required to place
positive reference for the voltage difference, and the second marker will

two markers. The first marker will designate the
designate the negative reference for the voltage

difference. Current Into Pin will display the current into a device. You will need to place the marker on one of the pins to

the device.

We will look at the voltage at the cathode of D1 relative to groun
will become attached to the mouse pointer:

d. Select VVoltage Level from the menu. A marker

£¥ Orcod Capture - Lite Edition - [/ - (SCHEMATICT : PA £¥ Orcod Copture - Lite Edition - [f - (SCHEMATICY : PAGE1)]
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Move the mouse to position the pointer as shown:

£¥ Orcad Capture - Lite Edition - [/ - (SCHEMATIC1 : PAGE1)]
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Click the LEFT mouse button to place the marker. Move the mouse away:
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1] -0 o >
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A marker is placed on the wire and a new marker is attached to the mouse pointer. We can place more markers if we want.
Press the ESC key to terminate placing markers. The marker will change to the color the trace is displayed in Probe. On my
computer, all Probe traces are displayed in black, so the marker is displayed in black. If your marker turns green, then the
trace will be displayed in green on the Probe screen.
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Use the ALT - TAB key sequence to switch back to Probe.” A new trace will be displayed:

SHEMATICT - Example Transmenl Anabysis - PSpce AL Lile - [section 2-SCHEMATICT Example .. BB

.hll Edit View Simulation Trace Plol To

: Window Help 88 =15]x]

@ - sﬁua B oo |5Ch‘=?'.e\'|'IC1E»¢nmp| P m

@LQWQ Wi s B 520 8 ook | |7 F i B 2

aw T ¥

@

B

k]

a

]

= U{VIH} - UID1:E)

s 1ins 20ons dbns hdns Shns &ons 7ons dons 9Bns 10805

* See Page 107 for a more detailed description of how to switch between windows using this method.
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We see that the voltage specified by the marker is displayed. Markers are convenient because we do not need to know the
node names to plot a trace. Note that the name of this trace is V(D1:2), hardly an obvious name. Use the ALT - TAB key
sequence to switch back to Capture:

141

Flace vo

¥ Orcad Copture - Lite Edition - [/ - (SCHEMATIC] : PAGET)]
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Next we will plot the voltage of source V1 using the voltage differential markers. Select PSpice, Markers, and then
Voltage Differential. A marker will appear:
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Move the mouse to position the marker as shown:
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Click the LEFT mouse button to place the marker. As you move the mouse away, you will notice that a marker is placed on
the wire and that a second marker is attached to the mouse pointer:
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on the marker as shown:
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Click the LEFT mouse button to place the marker. Move the mouse pointer away:
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Press the ESC key to terminate placing markers. | will zoom in on the markers to show that one marker has a plus sign and
the other has a minus sign:
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These markers display the voltage difference between the two markers. To view the trace, switch to the Probe window using
the ALT - TAB key sequence.” The new trace will be displayed:
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Last, we will use a current marker to display the current through an element. Use the ALT - TAB key sequence to
switch back to Capture:
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We would like to plot the capacitor current. Select PSpice, Markers, and then Current Into Pin. A marker with an | will
become attached to the mouse pointer:

* See page 107 for a more detailed description of how to switch between windows using this method.
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Position the marker as shown. Type R to rotate the marker.
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i File Edit View Ploce Mocro PSpice  Accessories  Options  Window  Help =] x|

olela] @) 3 [l oo orrrseere 7] BISSl8] vF |amE]n
SCHEMATICT-Exampie 11 -] mlol b [B] @t @] 8] V][] 1 fw]e]

vin

|

==1

elololol< ] (3 [ [slalal ST lo =l o ]

E‘\.'i fiN ou

Position the current e ‘ LM7815C

marker here. T 1000u GhD
0 0 [
1] | _I_1
Feady 0 erms selecied Scoles200% X=360 Y=410
Click the LEFT mouse button to place the marker. If you get the message:
Orcad Capture m

& Current marker will be ignored unless connected to a
pin.

you missed the pin. Move the marker up or down one grid increment and try again. The marker must be placed at the end of
a pin connected to a device. After you click the LEFT mouse button to place the marker and do not receive an error message,
move the mouse pointer away:

¥ Orcod Capture - Lite Edition - [/ - (SCHEMATIC] : PA
W Gile Eda Yiow Ploce Macro Ppice  Accossories Options  Window  Holp _lslx]|
olela] 8] wlE] o] prrracrera -] RIGIAI&] vl ]alm]n] [v] =) 2]
SCHEMATIC Exnmple T -] Elo] b |2 @lee] 2] 8] (v ][] 1 [afw]=]
— El
Vin =
| a
1 ]
U1 —|_I
I:(\ I.\ om—
—N ou i‘
3 . &
N 4 o ‘ LM7815C o
1000u =]
| )
0 0 |
-1[4]
L — of
Reody 0 e sedocted  Scole=Z50%  %s3,10 v=4,10
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The marker is now attached to the end of the top pin of the capacitor. Press the ESC key to terminate placing markers. Use

the ALT - TAB key sequence to swit

ch back to Probe.” The current trace will be displayed:

& SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HEIE

-100-

B File Edit View Simulation Trace Plot Tools Window Help [B =1=] x|
4-|sEE3 HJ tBR|oo |“|SCHEMAT\C1-Examp I P m ‘
Re@e [ MExE|[MEP o [ AV FEEASANY Y

T 200 T T T T T T

a8

@

X 0 O U A0 OO N A TORNOO SO0 W OUROONY 1 OO Y O W
E

[ Added trace. ]

-288

t t t t t t t t t
s 10ms 20ms 30ms Loms Sons 60ms 70ns 80ms 90ms  1006ms
a UQUIN) » U(D1:2) + UUAz+,U1:-) » I(C1) = I{C1)

Time

‘ /|

The current trace is small, but its peaked shape is easy to spot.

2.D. Zooming In a

nd Out

We now have a number of traces displayed. However, the current trace is small. Suppose that we would like to look
a little closer at a peak in the current waveform. We can do this by using some of the zoom features provided by Probe.

Select View and then Zoom from t

[% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ...

he menu bar:

The menu lists 5 ways to zoom in and out. Select Area. The cursor will be replaced by crosshairs:

Bl File Edit |View Simulation Trace Plot Tools Window Help |§ -1=]x]
st 2, Fit
8 |ah;w¥@w oot |
&
f aas &l Output File Qul "
? 2087 && Simulation Results “\ Area Crl A‘
2 )= Simulation Queue / Redraw Gt
=) = Pan - New Center You can also
28 QOutput Window i H
= 1804 Simulation Status Windoj type CTRL_A to
Toolbars. .. Zoom In on an
| | [+ Status Bar area.
Workbook Mode
9-f [68 Alternate Dispfay Shift+F12
@
You can also
use this toolbar
-1e81-—{ button to zoom in
on an area.
-200 t t t + + t t t t
i3 18ms 28ms 38ms hBms 50ms 60ms 7oms 88ms 98ms  180ms
o U(UIN) « U(D1:2) + U(U1:+,U1:z-) » I{C1) x I{C1)
| Time
| | s

* See page 107 for a more detailed description of how to switch between windows using this method.
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& SCHEMATIC1-Exampla Tranzient Analysis - PSpice A'D Lite - [section 2-SCHEMATIC1-Example . & SCHEMATIC1-Exampla Tranzient Analysis - PSpice A'D Lite - [section 2-SCHEMATIC1-Example .
B Cite Cdit | View Simulation Trace Plot Tools Window Help g8 =1=]x] B Cite Cdit View Simulation Trace Plot Tools Window Help &8 =1=]%]
0 - o o I <. - - EEES IEE =il b0
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® 2007 8 Simulation Results : ° e | H H H
. Fedrow M : j
& i Simulation Queue Pan - Mew Conter & H H
& Output Window T H H 1 a H ¢
1007 Simulation Status Window e o e o Tt S S SRl 100+ Rt SO B
] | £ ] £ £
] Toolbars.. { ] £ 3
+ Status Bar i ! : !
f Workbook Mode 5 T g \-:’:;V
U o8 Alternole Display ShilttF1z PR B o Foe -.}‘E!:- , =i b.
|L® Abays On Tog I ||: £
T ] \ 7 T i
1 || i | II
T Vo1 i
100 1aeit Lo beverf 100}
\/ l" / \/ A
\ 3 \ / i\ J
\/ \J W i\
200+ : 1 1 | 200+ : ' 1 i } ' ' .
5 10w 20m ELS s S 5 5 10w 20m ELS s S e Tons Bins Blws 1000
o UEUIHY « UE01:2) = W(MAEe,00am) o DEEA) = IEE1) o UEUIHY « UE01:2) = W(MAEe,00am) o DEEA) = IEE1)
Time Time i
Zoam in on selected area of graph BR| |scectyonores [ Crosshairs. l

Position the crosshairs as shown below:

B File Edit View Simulation Trace Plot Tools Window Help [g2 18]
E R~ =p HJ tmB|ao HJ|SCHEMATICW-Examp I b n |
2R @A | MErse B k2 8 of || W 5 M A
—[ 208 - - - - - - -
o . . . . .
=]
&
ol [T 0 O S 0 W
= : ; :
aft
180 ---me e | FEEEE FTLEN R - . . R 51 A ) T
; ; [ Crosshairs. ] ;
200 ! ! ; ; ; ; ; ; ‘
os 16ms 28ms 36ms 4oams coms 66ms 7ons gons 90ms 106ms
a UQUIN) & U(D1:2) + UU1z+,U12-) & I(C1) = 1(C1)
Time
Specify an area ‘ | ‘ m

Click and HOLD the LEFT mouse button. While continuing to hold down the mouse button, move the mouse down and to

the right. An outline will appear:
[% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HEl

BiFile Edit View Simulation Trace Plot Tools Window Help |§ =18 x|
ERAI= 2~ == HJ dme|on |JJ|SCHEMAT\CT-Examp [l » [ n |
@ Q@ Mo B[ 2E W\ of | W A R

= ™ : : : : : : .

&

@

lﬁ 188

E

[ Zoom outline.

188+

-208

t t t t t t t t t
i3 18ms 28ms 38ms hBms 50ms 60ms 7oms 88ms 98ms  180ms

o U(UIN) « U(D1:2) + U(U1:+,U1:-) » [{C1) = I{C1)
Time
Specify an area | | m
—
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The portion of the plot inside the outline will be enlarged to fit the screen. Move the mouse to make an outline as shown

above and release the mouse button. The display will zoom in on the area:

PEpica AD Lite - [section 2-SCHEMATIC1-Exampla

s SCHEMATIC1-Example Tranzient Anabysis

B bile Edit View Simulation Trace Plot Taols Window Help g8 _1=]x}

-S| LR [ECAEMATIC I Examp [ P n
AAMO MEYE|FXP . J||KREFdAF AR

TR ; I : : : : - =]
&
&
a

. \:
T t t t t T +
m.Gms 77 .0ns Ph . e 26 . Bng TH.Ons an. ans ar.ins L B
5 UEUIH) - U(D1:2) « UEUIze U)o I(ET) < I(ET)
. - » 4 » - - . _Iil‘ll‘_ -
< | ¢

We can use the same technique to zoom in further. This time, type CTRL-A to zoom in again with the same method. Draw an

outline as shown:

[section 2-SCHEMATICT-Exampla

Spice AD Lita

- EMATIC1-Exampla Tranzient Annbysi
B Gile Edit View Simulation Trace Plot Taols Window Help |68

=1zl

- S ES ||| [ECREMATIC -Exnmp || P |n
GAa@A MErwd =R wd X, :

SH.AT : =]
.;&_1
&
a
]

[ Zoom outline.

E 1 Y . v '
T0.6Rs 77 nc 2h. Bac 26 . 0nc TR ns an. 27 . ns S0 Bas T
o U(UIN) « U(D1:2) « W(Uize Uiz} « I(C1) ~ I(C1)
Tine
0]

] | |

Specify an area

When you release the mouse button, Probe will zoom into the specified area:

PEpica AD Lite - [section 2-SCHEMATIC1-Exampla

[l SCHEMATIC1-Exampla Transient Analysis
B file Edit View Simulation Trace Plot Tools Window Help g8

-15]x}

LR L L [SErEMATIC Examp |[ » | n
®E M@ O M B |= 2% o YL

[ : E
&
& 1.0
]

1.9
6.9t t t t t i =
EL L F7_00ns TH._O0ns 9. ins ELN [ an.rins

o UCHIN) « W(B1:2) « B(UTze B12-) o I(E1) « I(E1)
Time
< | 0|

Suppose that we do not like the present view. To return to the previous view, select View, Zoom, and then

Previous:
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B Cite Cdit | View Simulation Trace Plot Tools Window Help g8 =1=]x] B Gile Cdit View Simulstion Trace Plot Tools Window Help g8 -1=]x]
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Toam 10 tha previous zoamad area -I For Help, press F1

A second method for zooming in is selecting View, Zoom, and then In. This will zoom in around the cursor by a

fixed percent. Select View, Zoom, and then In. The cursor will be replaced by crosshairs:
i SCHEMATIC1-Exampla Transient Analysis - Pipica A/D Lite - [section : A i SCHEMATIC1-Exampla Transient Analysis - Pipica A/D Lite - [section 2-SCHEMATIC]-Example ... MEIES
B Cile Edit | View Simulation Trace Plot Topols Window Help g8 =1=1x] B Cile Edit View Simulation Trace Plat Tools Window Help g2 =1=0x]
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Q& a0 .'.,'.:F.'{.- Qm@.: t @6, 8 0 | frve B | 20 40 ook || 0 N S 4 g
ool gsim:llnliun-ﬁasuhs W aren Silalo | = el | : A H . H H T =
: Simulotinn Wassage Eravious i : i \ i ] i 5 :
é wo.q M Simulation Queue E::r_u:w Qaman"”L j‘ll 'E 1 ] ; : j
& Oytput Window ; : -
Simulation Status Window
E 0.0 Toalbars.. E
+ Status Bar
Workbook Moda
0.0 88 Alternate Display Shill+F12 - : ; T
o - 0 A O
|
| ; |
w00 / w00 . J
\i i i ) Crosshairs. /
:"L.:“;:uplybi::mf UDITZ) - VU1 ’f:é’?i Caeny e e, (e :"L.:“;:uplybi::mf 1T MU e ’f:é’?i Caeny e e, (e
< | ] ] | ]
Zoam in on o specilied point ) Click of th desired center af zoom in gparation Ao |
Place the crosshairs as shown above and click the LEFT mouse button. Probe will zoom in around the location of the

HEIE

[section 2-SCHEMATIC-Exampla

crosshairs:
pica AD Lite

EMATIC1-Exnmple Transiant Anahysis
Eile Edit View Simulation Trace Plot Taols Window Help g8

=] B |2 || [SEREMATIC Examp) |[ P n
AaMmMa MiEwE |(PmxP o) kY -

.2 : =
8
&
a

' t + + 3
0. ns 1. 10ns 3z.

75 . lns 2. Bac 27005 PH . Bas 79 .ons
o WEUIH) « B(D1z2) « WUz 01z-) « I(E1) « I(E1)
Time

'|
We can repeat the procedure and zoom in further. Select View, Zoom, and then In to obtain the crosshairs. Place the
crosshairs where you would like to enlarge the plot and click the LEFT mouse button:
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EMATIC1-Exnmple Transiant Anabyais - PSpica A/D Lite - [section 2-SCHEMATICT-Exampla [_[=]=
File Edit View Simulation Trace Plot Taols Window Help g2 _1=]x}
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| | v

Selecting View, Zoom, and then Out is the opposite of selecting View, Zoom, and then In. Select View, Zoom,
and then Out. Crosshairs will appear. Place the crosshairs where you would like to zoom out. When you click the LEFT
mouse button, Probe will zoom out around the crosshairs:
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Click o the ﬂeill'é_d canter of zoom out oparation -I -J

You can zoom out more if you wish.
To return the plot to its orlglnal view, select View, Zoom, and then Fit. This will fit the entire plot to the screen:
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Zoam 10 show all traces and Isbels -l Spacty length of nest run !

Before continuing we must close the current data file in Probe, and close the current schematic in Capture. In Probe,
select File and then Close to close the data file.
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Close currend data file in plot window
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Next, select File and then Close in Capture to close the

schematic. Save the changes if asked.
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Select File and then Close Project. Save the changes if asked.
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Crealing PSpice Nelkst
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Creating PSpice Metist

Writing PSpice Flat Netlist DVORCAD PSMAMCIRCUIT FILESSECTION 2-SCHEMATICT net
PSpice netitst generation complete

[Session Log

2.E. Adding a Second Y-Axis

In the previous example, we had several traces on a single plot. Some of the traces became hard to see when the
magnitude of the numerical values of the traces differed by large amounts. A typical example would be plotting a voltage
trace and a current trace on the same plot. Typically voltage traces may be in volts and currents may be in milliamperes or
microamperes. When Probe plots traces with different units on the same plot, it plots the magnitude of the numerical values
on the plot. If we plot a voltage that ranges from 0 to 5 volts and currents that range from 0 to 5 mA, both traces will be
plotted with a y-axis that can accommodate numerical values from 0 to 5. With this scale, the current trace will be displayed
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close to zero and it will be hard to see any detail. We will use the circuit below to illustrate. The name of the circuit is
Section 2e.opj. Open the file from the Program Files\OrcadLite\Book Circuits directory in the same manner as we did with
file Section 2.opj at the beginning of this chapter. See pages 94-95 for a detailed procedure of opening a file from this
directory. The schematic is shown below:
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Press the F11 key to simulate the circuit and run Probe:
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Add traces V(Vin) and I(R1). You should see the following plot:
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We see that the trace of I(R1) looks like it is constant at zero. This is because the numerical values of the current are 1,000
times smaller than those of the voltage. Delete the trace I(R1):"

*See page 106 for deleting traces.
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To fix this display problem, we will add a second y-axis. One y-axis will be used for the voltage trace and the second y-axis
will be used for the current trace. The advantage of this arrangement is that the two y-axes can have different scales. To add

another y-axis, select Plot and then Add Y Axis:
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Note in the screen capture above that the axis we just added is selected. The next trace we add will be displayed using the
selected axis, in this case, the new axis. Add the trace I(R1):

s SCHEMATICT - Tranzient Fun Demo - PSpice A/D Lite - [zection 2e-SCHEMATIC]-Transient Fun [_|=]=
Eile Edit View Simulation Trace Plot Taols Window Help g8 _1=]x}
-S| LB | D || [SRemanc Tans | [ P n
AAMO MEYE|[FXP . J||REFYAFAREL
h S, G.om ; v )
L) h.OnR
&
[
@ 3.0k
L ¥ onR
1. 0mf
o
»> H
S0y 1. 0mi + + )
[ 0. 25 hes .bns 0.8 1. 0ms
O] = vevimy [+ 1(R1)
Time
For Help, press F1 Time= 1 DOOE-03 O [ [T 111l !

Traces that are added are placed on the selected y-axis. Below, the >> symbol indicates that the second y-axis is selected:
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Cadence PSpice

Suppose we want to plot (Vo). This plot would fit best on the first y-axis. To select a y-axis, click the LEFT mouse button

on the axis:
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For Help, press F1 AES [ [ (1111 !
Now that the first y-axis is selected, we can add trace V(VO):
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Note that trace V(VO) is placed in the list of traces for y-axis 1.

Copyright 2005 Marc E. Herniter. This document may not be reproduced without the express written consent of Marc E. Herniter.



Cadence PSpice Introduction to Probe 123

2.F. Adding Plots

We will use the circuit of the previous example to illustrate how to display multiple plots on the same window.
Switch back to Capture using the ALT - TAB key sequence.” We will start with the schematic:
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Press the F11 key to simulate the circuit and run Probe:
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For Help, press F1 Tima= 1 000E-03

Add the trace V(Vin):

For Help, press F1
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We will now create a second plot. Select Plot and then Add Plot to Window:

* See page 107 for a more detailed description of how to switch between windows using this method.
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Notice that the top plot is selected. All new traces are added to the selected plot. Add the trace I(R1):
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We would now like to add the trace (Vo) to the lower plot. To select the lower plot and make it active, click the LEFT
mouse button on the lower plot:
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The bottom plot is now selected. Add trace V(Vo):
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We see that the newly added trace is placed on the selected plot. We can add more plots to this page if we wish. Select Plot

and then Add Plot

to Window. A third plot will be added to the window:
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2.G. Adding a Window
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Probe has the ability to display multiple windows. Each window can display different traces. We will continue now,
starting at the end of the previous example. Select Window and then New Window to create a new window:
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Add the trace V(Vin):
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Although we can see only one window, there are two windows open. To display both windows at the same time, select
Window and then Tile Vertically:
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These plots do not look good when displayed in this manner. Select Window and then Tile Vertically:
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New traces are added to the selected window. To select a window, click the LEFT mouse button on the window you wish to
use. For example, click the LEFT mouse button on the rightmost window. It will become selected:
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Add the trace V(V0) to the selected window:
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Notice that the trace is added to the active plot in the active window. To enlarge a window, click the LEFT mouse button on

the maximize icon @ as shown below:
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To switch between windows, we can use two methods. All of my screen captures shown recently show the Probe

window occupying the entire window. In this mode we use the menus to switch between windows. Select Window from the
Probe menus. The pull-down menu displays which window is currently selected and allows us to select a different window:

Copyright 2005 Marc E. Herniter. This document may not be reproduced without the express written consent of Marc E. Herniter.



Cadence PSpice Introduction to Probe 129
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The checkmark shows that window A is selected. You can use the windows to switch to a different window. Below, we will
ay window B:

displ
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The second method of switching between windows requires us to use the alternate display. To toggle between
displays, select View and then Alternate Display from the menus:

# SCHEMATICT Transiant Run Dama - PSpica A/D Lite - [(B) sadion 2 SCHEMATIC] Transiont ... MEIES i SCHEMATIC1 Transiant Run Damn - PSpica A/D Lite - [{B) sadion 20 SCHEMATICT Transiant R I3
B Cile Edit | View Simulation Trace Plot Topols Window Help g8 1= x| B Gile Cdit View Simulation Trace Plot Tools Window Help 8 =1=] =}
W - | tp_ Zoom * [ P |n - WS B |2 || [SCREMATIC Trans | [ P | n
®, 6, @ Q8 Gircuil File R L WG 0O e B | Ao | F A

= & Output File
o i 28 Simulation Results H T H T 1 Y T

2 i Simulation Queus 2

E ] Output Window & o
Simulation Status Window
a [+
) Toolbars..
# Status Bar
Workbook Moda G500+ 1 i t ¢ ' i T '
[ B 0.2ms D3ms Dohes 0.5ms Oodes D.7ms DBms 0.0 1.0
Lo ] ] Shill+F12 = WIVIN)

@ A Tine  /~

T 7 o B ) soctio mﬁ Use these tabs
i Fl i =3 to switch between
H : EMATICT-Transsent Fun Demo™ [ DAGHC: .
i ; windows.
Teme step|
i ' N\

SO0+ i . i v I b h 3 i !

[ 0.0ps 02w 0.3ms Ohes 05ms Ddms 0.7ns D8es 0.09ms 1.0ns = ‘] | |

bl Tini C [T ] Aanatysis £ Weich &, Devices |

Surich hatwean standard and ahamate displsy mades Time= 1. 000E-03 oo BERNREEE BEE| For Help, press F1 Tima= 1 000E-03 oo AERERERNE EEE

You can now use the tabs to switch between the windows. We will switch back to the previous display to show screen
captures in full screen for the remainder of this text.
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2.H. Placing Text on Probe’s Screen

We will use the circuit named Section 2.0pj. Open this file:”

Press the F11 key to simulate the

Add the trace V(Vin):
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circuit and then run Probe:
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Cadence PSpice

We can place text on the screen by using the menus or by using the button bar. We will first use the menus. Select Plot and

then select Label:

*We used this circuit at the beginning of the chapter. Follow the instructions on pages 94-95 to open the file. If you
saved changes to file Section 2.opj earlier, your Probe screen may display some waveforms when Probe starts.
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Type the text string you would like

Click the OK button. The text string

to display. Type Input to Voltage Regulator:

Text Label

Enter text label:

IInputtD “oltage Regulatar

(8] Cancel |

will replace the mouse pointer and move with the mouse:
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Position the text as shown below and click the LEFT mouse button. The text will be placed and the normal mouse pointer

will return:
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There may be fragments of text on your screen. To clear these fragments, type CTRL-L:
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For Help, press F1

Any text now displayed on your screen is actually on your screen.
Next, add the trace for the output of the regulator, V(\V0), to the plot:
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The second method of adding text is to click the ABC button as shown below:
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After clicking the ABC button the Text Label dialog box will open:

Text Label [ x|

Enter text lakel:

[0];4 Cancel |

Type the text Regulator Output Voltage and press the ENTER key. Position the text as shown and click the LEFT
mouse button:
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You may need to type CTRL-L to redraw the screen to remove text fragments.

2.1. Placing Arrows on the Screen

We will now place arrows on the previous plot to point from the text to the appropriate traces. To add an arrow

select Plot, Label, and then Arrow. The mouse pointer will be replaced by a pencil ‘% :
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Position the point of the pencil at the place where you would like the tail of the arrow to start. In our example, we place the

pencil to the right of the text Input to Voltage Regulator. Click the LEFT mouse button (do not click and hold the button). An

arrow will appear on the screen and change its length as you move the mouse:
on 2-SCHEMATICT-Exampla [_]=]=]
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Position the head of the arrow as shown below and click the LEFT mouse button to place the arrow. When you click the
LEFT mouse button the arrow will be drawn on the screen and the pencil will be replaced by the normal mouse pointer.
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2.J. Moving Items on the Screen

Items that we place on the Probe screen can be moved with the same techniques we use to move items in Capture.
We will first move the text Regulator Output Voltage. Click the LEFT mouse button on the text Regulator Output Voltage. The
text should turn red, indicating that it is selected. Next, click and drag the selected text to a new location:
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For Help, press F1

Position the text in a convenient location and release the mouse button to place the text:
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For Help, press F1

We can use the same technique to move the arrow. Click the LEFT mouse button on the arrow to select the arrow.
It should turn red, indicating that it is selected. Next, place the mouse pointer at the center of the selected arrow and click and

drag the arrow to a new location:
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For Help, press F1

Position the arrow as shown below and release the mouse button to place the arrow:
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]
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5 1 s 200 B K Shns 1o 7l Blns 9Brs 100
o UUIH) + UEU0)
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For Help, press F1

2.K. Using the Cursors

The cursors can be used to obtain numerical values from traces. To display the cursors, click the cursor button

as shown below:

i EMATIC1-Exnmpla Tranziant Anabysis pica AD Lite 2-SCHEMATIC1-Exampla [_[=]=
B Bile Edit Yiew Simulation Trace Plot Tools Window Help | g8 -15]x}
- S| &£ B | o | [SCHEMANC Eamp P | n
@ a @ % W G W (2P RS S AN

o : : :
- i i
. Input to Voltdge Regulator
2| AL
- 1
a i : Click on this
Hequiatot |
@ w : | button.
10U
w i i ; ; ; i
[ 1B 2on B i e v Tihves e L [T
& W{UIN) - W)
Tine
For Heip. press F1 !

After clicking the button, the cursors will be displayed:

[ [=]=

-15]x}

[section 2-SCHEMATIC-Exampla

s SCHEMATIC1-Example Tranzient Analysis - PEpica A'D Lite

B bile Edit View Simulation Trace Plot Taols Window Help g8

- WS A W | [SCREMATIC) Fxamp |[ P |n
@ 8, Mma M B |20 AN F A A Y
Wi ; .

Input ‘te Valtdge Regulatar

FYTRG RN, N W

Dutputivel tage: :

B

1
Proba Cursar
A1 = D.00D, 7.797E-18
A2 = D.0DD, 7.797E-18
i u_00e, [N1T]
[ i i i i i i
ez WOms  SBes  G0ws  TOms  BOms  OBms 100w

B 10 200
{2]VEVINY = V(W)

For Help, press F1
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The cursors are positioned at the leftmost data point of the first trace so they cannot be easily seen. A new dialog box is
displayed on the Probe screen. This dialog box displays the coordinates of each cursor and the difference between the two

cursors. (There are two cursors.)

Cursor 1.

[ Cursor 2.

X-axis coordinate

of cursors. of cursors.

[ J |

Y-axis coordinate

]

Probe Cuisor

Difference between
coordinate values of cursor
1 and cursor 2.

Al B.6888, 7.797E-18
A2 = 8.0688, 7.797E-18
dif= B.8488, B.8488

For this example and any other examples that use the cursors, the numerical values of the coordinates of
your cursors may be slightly different than those shown in the examples since the points you choose may be different
than those chosen in the examples.

The cursors can be controlled using the mouse buttons or the keyboard. The left mouse button moves cursor 1 and
the right mouse button moves cursor 2. Also, the left and right arrow keys (jl) move cursor 1, and the SHIFT key plus the left
and right arrow keys (jl) move cursor 2. Place the mouse pointer as shown below:

H& SCHEMATIC1-Exampla Transient Analysis - PSpica AD Lite - [section 2-SCHEMATICT-Example ... IEE
B Eile Edit View Simulstion Trace Plot Tools Window Help g8 —1=]x]
- S ES ) -JE [SCHEMATICExamp || P m
@, 5 60 [ free B |2 A o A F G
Wiy T T ) ; ) .
= Input ita Val r:§1; Requlatar :
P i : .
&
a
]
- i Place mouse
{ [proba cursar pointer here.
: A= B.BED, 7.797E-18
i A2 = B.008, T.797E-18
| - B.owe, 0_000
o i i i i i i i i
[ < 20ms 30w NOms  SBes 60 7Oes  BOes  O0s 100
[SIUCUIH) « U{uD)
Time
For Help, press F1 -I

Click the LEFT mouse button. Cursor 1 will move to the location of the pointer:

e SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC]-Example ... MEIE
B File Edit View Simulation Trace Plat Tpals Window Help g8 =1=1x]
-l dS -1 - [SCrEMATICH-Examp [ P n
® 5 80 M B |m %0 g A FAGHAYY

W ' . . T .
Z ge Requlator

8 :
|
a
] i

- : |~
i Praba Cursor -
i nM = 53.722m, 32.09
H hE = 0,000, 7.797E-18
i dif= 53.722m,  32.098
[ | i i ' | i i ' i
[ 5 200 ET Kins Sl (123 7w Bins Dons 10
1Z1VEVIN) = V(o)
Time
For Hein, press F1 A |

The coordinates of )
your cursor may be
different than those
shown here since the
point you chose may
be different than the
one displayed here.

J
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Next, press and HOLD the right arrow key (I). The cursor should move to the right:

a SCHEMATIC1-Exampla Tranzient Analysis - PSpice AD Lite

[section 2-SCHEMATICT-Exampla .

B Gile Edit View Simulation Trace Plot Taols Window Help |68 _1=1x]
-l dS -1 - [SCrEMATICH-Examp [ P n
® 5 80 M B |m %0 g A F G N
bl | : H . T ¥ :
5 I Input ita Vel r:i-|; Regulator ;
& | : 3 : 3
a ETTESE
i‘ i
]
i Outputivgl
POTTR 1) OSSR TSN . DM [N ooy sttt Rl
100+ :
Froba Cursar
N1 = 6299, 37519
0z = 0000, 7.797E-18
: dif=_ 6299w, 32.519
[ | i i ' | i + ' i
[ 5 20w E1 Ko S (1 70w Blns Doz 100
[21UEUIH) - uua)
Time
For Help, press F1 -I

Cadence PSpice

If you press the left arrow key (j), the cursor will move to the left. Note that as you move the cursor, the values in the Probe

Cursor dialog box change.

Next, we will move cursor 2. Place the mouse pointer as shown:

i SCHEMATIC1-Exampla Transient Analysis - PSpica A/D Lite_~ [section 2 SCHEMATIC1-Example ... MEIE
B Gile Edit View Simulation Trace Plot Tools Windew Help |68 _=1%]
-l dS -1 - [SCrEMATICH-Examp [ P n
® 5 80 M B |m %0 g A F G N

O ; ; ; ; ;
5 I Input ita Vel r:i-|; Regulator ;

& : 3 . i
b ol NS ST B W, O 0 NN ., OOY 0, WU S NSO 0.V . Y U, NS
i‘ i
]

i : Output! vl
b e e L e S
sl Place mouse
Proba Cursor pointer here.
A= 42994,  32.519
A2 = B.008, T.797E-18
dif=  62.99hm,  32.519
[ | i i ' | i + ' i
[ s 20w 30es kOes  SOes  éBes  70ms BOns  Oms 100w
[SHUCUINY « U(O)
Time
For Help, press F1 -I

Click the RIGHT mouse button. Cursor 2 will move to the location of the pointer:

B Fi

le Edit Yiew Simulation Trace Plot Tools Window Help |E

& SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [MEIE

- 1= x]

i-@sEs| [rma[oc]

|[EcrEMATIC Examp [ » [ n ‘

e aa |k

5au

v B |17 8 [k |

Input ito Yoltage Regulator

EY T P EET R L

LELETT R

28U

FEY:TT RO A UUEAN U RUT . NORN . R N SO N NSO S, WO AF A W WY S0 SO 0, NS . WO

N

Note that these
dotted lines are

different.
\.

L LI R e T T TP T Er PR PR L EEEE SEEPEPEPERPE FEPPEPREEE B
Probe Cursor
A1 = 62.433m, 32.691
A2 = 69.6003m, 26435
dif= -6.5784m, 6.2552
su i i : i : i Bl : i
s 18ms 20ms 38ms 4Bms 50ms 60ns 70ns 808ns 968ms  100ms
[TIUCUINY = UCUO)
Time
\Fur Help, press F1 \
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Notice that the dotted lines of the cursor are slightly different for the two cursors. Next, press and HOLD the SHIFT key and
press and HOLD the right arrow key (SHIFT-I). Cursor 2 should move to the right:

ELE SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HEIE

Bl File Edit View Simulation Trace Plot Tools Window Help @ == x|
ERA=3 - ‘ H BB oo “|SCHEMATIC1—E>(amp I b | n |
RA QA [ MiveE |7 B [ | AN A UARAY Y
O | | | | | | 1
Q Input ito Voltage Regulator | :
2 ORI A W W M
& sl N N AN N TN NN N NN N
= I N\

280 -

T T s s S
Probe Cursor
A1 = 62.433n, 32.691
A2 = 72.286m, 31.53%
dif= -9.853m, 1.1551
o : : : : : : : : f
os 16ms 208ns Ions Lans 5 Bms 60ns 78ns 8ams 90ms 108ns
{TIUCUIN) + UQUO)
Time
|F0r Help, press F1 ‘ ‘ | @

If you hold down the SHIFT key and press the left arrow key (SHIFT-j), cursor 2 will move to the left.
Presently, both cursors are displayed on the trace V(Vin). An indication of this is given by the dashed box around
the symbol for VV(Vin), as shown below:

ELE SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HEIE

Bl File Edit View Simulation Trace Plot Tools Window Help @ == x|
ERA=3 - ‘ H BB oo “|SCHEMATIC1—E>(amp I b | n |
Qe @A [Wise B [12F W \[d | PR LE LS
= Lau T T T T T T T T T
® ! 1 ! ' ' ‘ ' ' '
Q Input ito Voltdge Regulator
U'El H i H
T RS . NOUAY A5 N A NSURY I N Y Y . Y N 0 O . N Y I\
E
28U-r-

Dashed box
indicates that both : ‘ : : : ‘ : : :
B 11T b N [ —
cursors are used : | ; : 5 | : : :
i i H . H H H . Probe Cursor
with this trace. ; | ; : : 3 A1 = 52.433m,  32.691
: : : : : : A2 = 72.286m, 31.535
dif= -9._853m, 1.1551
ou ; \ ; ; ; \ — . .
0s 10ns 20ns 30ns 1ONS 50ms 60ns 70ns sons 90ms  106ns
TEIUCUINY <+ U(UD)
Time
|F0r Help, press F1 ‘ ‘ | ﬂ

To place cursor 1 on trace V(Vo), click the LEFT mouse button on the marker for trace V(Vo):
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_'[% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HE B

B File Edit View Simulation Trace Plot Tools Window Help [gf =151x]
ERAN-2-N=F= | [t m@|oo | | [ECHEMATICT Exarmp | b n |
@ Q@ Q| M se B 1025 W o [ok | X EET

:;j oy j ; ; : : : : : '

& Input {to Yoltage Regulator

] | : :

@ 30”_ R . :_ [ [P — _—— _.:_ - ___I RPN g :_._ P ._: SR, RN T Np—— .i_ _—— P, .

E

28U -

10 . - (AR R A I R S P
Click on this : : ' : : ' :
symbo|_ ' ' ' ' Probe Cursor
: : : : A1 = 62.433n, 22_691
: : : ' ' : A2 = 72.286m, 31.535
: : : : : : dif= -9.853m, 1.1551
o } i i i i i i i
os 1\hs 20ns a0ns 40ns 56ns 60ns 7ons sons 96ns  106ns
{GIUUIN) - U{UD)
Time
[For Help, press F1 | | E

Cursor 1 will jump to trace V(o). Notice that a new dotted box encloses the symbol for trace V(Vin) and a different dotted
box encloses the symbol for V(Vo).
[\% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HIE B

BiFile Edit View Simulation Trace Plot Taols Window Help [gf 1=}
a-lesEa | e m@|oe | [SCrEMATICTExarmp | » | m |
RAMR (Mo B 1% W\ of | [ rdmstasy

o neu ; ; ; : : : T : '

& Input ito vYoltdge Regulator

‘.E i i i

&l NN\

E

Notice that the

two dotted boxes
are different. i ; ; : : :
" : : Regulator Output Yoltags

RIS TN S s S [ R L T . dbennees . [

. . . . . . Probe Cursor
: : : : : : A1 = 62.433n, 15.105
' : : : : ! A2 = 72.286m, 31.535
dif= -9.853m, -16.430

oy : t t t t t f t t
bs Hims 28ms 30ms 4ons 5 oms 6Bms 78ms #8ms 98ms  188ms
@:U(UIN) (S1u(u)

Time

|For Help, press F1 | | | ﬂ
The dot patterns of the boxes match the dot patterns of the lines of two cursors. These dotted boxes indicate which cursor is
attached to which trace.

To place cursor 2 on trace V(Vo), click the RIGHT mouse button on the marker for trace V(Vo):
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' SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ...
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Click the RIGHT

— mouse button on this

P SO symbol.
Regulator Qutput Voltagé
10v :
Probe Cursor
A1 = 62.433m, 15.165
A2 = 72.286m, 31.535
dif= -9.853m, -16.430
o i ; ‘ ; ‘ ; — l .
a5 18ns 20ms 38ms 48ms 50ms 6Ams 70ms 88ms 98ms  186ms
‘o:UCUIN) {%;UU0)
Time
\Fur Help, press F1 \ @

The second cursor will ju

mp to the (Vo) trace.

B File Edit View Simulation Trace Plot Tools Window Help 28

0 SCHEMATIC 1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example
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48U

Inputfto Voltége Regulator

FYTTIE R . NS N S, Y A NS . WY U W SO

i I s[

28U

éegulatof Outpuﬂ Voltagé

HAVEWMMM M

108U+
Probe Cursor
A1 = 62.433m, 15.165
A2 = 72.286m, 15.165
dif= -9.853m, 421.219u
au : ; ; : ; f — l f
Bs 18ns 28ns 38ms 48ms 58ns 68ms 78ms 88ns 98ns  1868ms
o U(UIN) {3}U(u0)
Time

\Fnr Help, press F1 |

We can use the same method to move the cursors back to trace V(Vin).
The cursor that you used most recently (cursor 1 or cursor 2) is the active cursor. There are several tools in the
button bar for positioning the active cursor. Some of the buttons are described below:

Positions the cursor to the absolute maximum of the trace.

Positions the cursor to the absolute minimum of the trace.

Positions the cursor to the next local maximum.

Positions the cursor to the next local minimum.

2.L. Labeling Points

The cursors are used to find numerical values of a trace. Once important points are found, the coordinates of those

points can be placed on the plot. The cursor that you used most recently is the active cursor. Place cursor 1 on trace V(Vin) at
the point shown:
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[% SCHEMATIC1-Example Transient Analysis - PSpice A/D Lite - [section 2-SCHEMATIC1-Example ... [HE

=lslx]

BiFile Edit View Simulation Trace Plot Tools Window Help (B2

Cadence PSpice

|t me

B |EEES e
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Cursor one
placed here.

& hou
2 ' ! ' -
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E
200+- B R e L e PP P PR R PP EEPEEEE PP R EEEREEEEEP

put§ Yol tagaE

Probe Cursor

A1 = u46.062m, 32.738
A2 = 72.286m, 15.185
dif= -26.284m, 17.633
ou : : : : : : : : :
as 16ms 28ms 38ms Loms 58ms 68ms 70ms 88ms 96ms  108ms
TIU(UINY S51U(U0)
Time
I I e

For Help, press F1

Since we just moved cursor 1, it is the active cursor. To label the coordinates of the active cursor, select Plot, Label, and
then Mark. The coordinates will be displayed on the screen:

[ SCHEMATIC1-Exampla Transiant Anal

HEBR

[section 2-SCHEMATICT-Exampla

PSpica AD Lite
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HEIE
_1=
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=3
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W ' o N
- - I T T ANETA
] = Line i
@ Eoly-ling ] i
* Transient Arrow ;
Box .
Tt i Circla PPN I PR | P 1 JNPURPT PNRTRI O L0, PO, Coordinates of
: Ellipse
: . -« sut voitsd  CUrSoOr 1 placed here.
100+ 100
i £ i Praba Cursor 3 Proba Cursor
2 : i f1 = hb. 0@, 32738 : A1 = b6 O0m,  32.738
: i i A2 = 72.286m,  15.105 i A2 = 72.206m,  15.105
: : : H dif- -26.284n,  17.633 : dif- -26.204m,  17.633
o ' ' ' ' i ' ' ' o i | ' + i . 3 |
[ 18ns  20ms 30es  MOes  SOes 60s  7Oms BOms  O0ms 100 [ < 30ms  30ms  AOes  SBes  &0ms TOes 8Os O0ms 100
EILTCTI NS S UCUIH) - U{E0)
Time Time
Merk currant cursor incation with velue -I For Help, press F1

To hide the cursors, click the LEFT mouse button on the cursor button

MEIE

= EMATIC1-Example Transiant Anabysis a A/D Lite - [section 2-SCHEMATIC-Exampla [ [=]= ATIC1-Exampla Transient Analysis a A/D Lite - [section 2-SCHEMATIC-Exampla
File Edit View Simulation Trace Plot Taols Window Help g2 _1=] x} Eile Edit View Simulation Trace Plat Tools Window Help 58 _1=]x}
CRA-3-=E. ] iR |: [SEREMATICT Examp ([ P |n - WS Ltmn|: Bl P n
REAMA M ™ | 2K 4 RN FAGANYY REAMO MEwS XY o ol A S R W T
L T v T v Aoy T T T
@ ¢ 3 H @ 3 H ¢
% Input ito Vol tdge Regulator i : 3 £ 3 Input ito Vol tdge Requlator :
al NS A CNEANETANN AN AN AW AN B CI AN YA
o N . . o
® : Click this button. ®
st st
;::'.'R_Ju'|dl'.'.1 Output Vo B::-_-;_Ju1al-.-.1 Output Vo u
100 100
Proba Cursor +
A1 = L6002, 32.738 :
H H2 = 72.280m, : H
H H dif= -26.284m, H H
" i i ' i i + + i " i i ' i i + + i
L e 200 LY LLU S0 LLd T B Doms 100w L 2 200 LY LLU S0 LLd T B Doms 100w
=IMCVIH) = W(u0) = WEVIH) « Wivo)
Time Time
For Help, press F1 ! For Help, press F1 !

We can now move any of the items on the screen. The steps for moving any item are the same as shown in Section 2.J.
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PART 3
DC Nodal Analysis

The node voltage analysis performed by PSpice is for DC node voltages only. This analysis solves for the DC volt-
age at each node of the circuit. If any AC or transient sources are present in the circuit, those sources are set to zero. Only
sources with an attribute of the form DC=value are used in the analysis. If you wish to find AC node voltages, you will
need to run the AC Sweep described in Part 5. The node voltage analysis assumes that all capacitors are open circuits and
that all inductors are short circuits.

3.A. Resistive Circuit Nodal Analysis

We will perform the nodal analysis on the circuit wired in Part 1 and shown on page 36. The circuit is repeated

below:
R1 R35
e VATAY My
2.7k IMeg
+__ +
— v § R2 +
T DCc=15 5k n
-0

We will show several different ways of finding the node voltages and branch currents. First we will use the bias display
markers provided by Capture.

We must first set up the analysis. Select PSpice and then New Simulation Profile from the menus:

K% Capture C15 - Demo Edition - [/ - [SCHEMATICY : PAGET]]
W] Cile Ldit View Place Macio | Phpee Ac nies  (ptions  Window el 12]]]
alela] &] 1 [u]e) - | MERETITCTTR— &ja|al8) v [ (Sl &)
Ll E IR T
T Z!IT
Larale Nolksl =
View Nethist ;
Marknes b I 1 H
| oy e s &l |[New Simulation [ x| I
+ W + W Il N .
— Hame:
‘ s ‘ IMeg = Create
i +| i | I
— w1 < R2 +
b = = sk Rz &
T be=15 ok = Canicel |
‘ | H Irkeit Fran:
- %
Al Ir‘u:une TI |
0 5]
_';,A Root Schematic:. SCHEMATIC
1] ] .
Cregte & new imelshon profie. 0 wems velected Tcoles200%  Wald0 Vel XD

Enter a name for the simulation. I will type DC Node Voltages and click the Create button:

158
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Simulation Settings - DC Mode Voltages n I

General | Analysis ICaniguraliUn Filesl Dptiunsl Drata Collection | Probe W'induwl

Bun ta time: I'IDDDns seconds [TSTOP]

N ow 5 imulatinn m I Options: Start saving data after. ID seconds
General Settings Transient option:
[IMonte Carlofwforst Caze Maximum step size: seconds
ﬂal‘ﬂEZ [C1Parametic: Sweep X - X X . R
ErEEItE T emperature (Sweep) [ Skip the initial transisnt bias point calculation (SKIPEP)
Save Bias Point
DC Mode Valtages e
I d |: | [ILoad Bias Point Output File Options... |
aCE |
Inherit From:

E—— |

Foot Schematic:. - SCHEMATICT

ok I Cancel | Apply | Help |

The bias point analysis is automatically run each time PSpice runs so we do not have to specify any settings. However, we

will specify the simulation settings to only run a bias point calculation. Click the LEFT mouse button on the down triangle
T as shown to see the list of available simulations:

Simulation Settings - DC Node Voltages

ﬂ Simulation Settings - DC Node Voltages ﬂ
General | Analysis |Configuration FiIesI Dplionsl Diata Collection | F‘robeWindowI General | Analysis |Configuration FiIesI Dplionsl Diata Collection | F‘robeWindowI
Analysiz type: Analysiz type:
Bun to time: I'II]EII]ns seconds [TSTOP]

Bun to time: I'II]EII]ns seconds [TSTOP]
Start saving data after: IU seconds

Transient aption:

Maximum step size seconds

[T Skip the initial ransient bias point calculation (SKIPEP)

Output File Options. .. |

Time Domain [Tranzsient]

IDC Sweep

AL Sweep/MNoize

Bias Paint
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[|Parametric Sweep
] Temperature [Sweep)
[]Sawve Bias Point

[ ]Load Biaz Paint

Start saving data after: IU seconds

Nient aption:

Maxinwg step size seconds

goint calculation [SKIFEF)

Output File Options. .. |

[Ikonte Carlosfarst Casze
[|Parametric Sweep

] Temperature [Sweep)
[]Sawve Bias Point

[ ]Load Biaz Paint

Click here.

ok I Cancel | Apphy | Help | ok I Cancel | Apphy | Help |
Select the Bias Point selection:
Simulation Settings - DC Mode Voltages I Simulation Settings - DC Mode Voltages I
General | Analysis ICUnfiguraliUn Filesl Dpliunsl [rata Collection | PrUbeW’indUWI General | Analysis ICUnfiguraliUn Filesl Dpliunsl [rata Collection | PrUbeW’indUWI
Analyziz type: Analyziz type: — O . .
. put File Option:
T Domain [T ransierl = Bun ta time: I'IDDDns seconds [TSTOP]

Time Domain [T ransient]
DC Sweep
AC Sweep/Moise

Start zaving data after: IU zeconds

Trangient option

General Setlings ™| Perform Sensitivity analysis [ SENS)
Masirum step size: seconds [ Temperature [Sweep) Chutput wariablefz): I

I Include detailed bias point information for nonlinear controlled
souices and semiconductors [OF)
DOptions:

[Parametric Sweep

. . . . i R [(15ave Bias Point

1 Temperature [Sweep) [ Skip the initial transient bias point calculstion [SKIFBP) Load Bias Faint 7] Caloulate small-signal DT gain [.TF)

[]Save Bias Point From lnput soume nanme: l—
[Load Bias Foint Output File Optians... |

To Dutput vanable I

oK I Cancel | Apply | Help |

oK I Cancel | Apply | Help |

This selection specifies that only the Bias Point simulation will run. We do not need to specify any output file options

because we will be displaying the results on the schematic. Click the OK button to save the simulation profile and return to
the circuit.

We will run the analysis to calculate all node voltages and all branch currents. Select PSpice and then Run from the
Capture menus:
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PSpice will run and the PSpice A/D Lite window will be displayed:

DC Nodal Analysis
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When the message window says Bias point calculated, the simulation is complete. We can now display the voltages and

currents. Switch back to Capture to view the circuit. On my circuit, no voltages or currents are displayed:

dition - [/ ||u|u~||n PAGET])

1 E”T
=
s
R35 |
- R1 T
W\ VW 1+
1
‘ 2.7k IMeg =
v | + =]
V1 < R2 + |
= > sk < Rz o
‘( pDC=15 < £

[0oems selected

3 ] S R B ET

By

Tdes200%  Ha100 =100

Before continuing, we will make sure that we enable the display of voltages, currents, and power on the schematic.
Select PSpice and then Bias Points:
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Note that there is a checkmark next to the text Enable. If your menu selection does not have a checkmark, as shown above,
you will not be able to display voltages and currents on your schematic. If you do not have a checkmark displayed next to
menu selection Enable, select Enable from the menu to toggle the checkmark on. If a checkmark is displayed, click the
LEFT mouse button on the schematic somewhere to hide the menus.

We will first display the node voltages. To toggle the voltages on or off, click the LEFT mouse button on the V

button ﬂ in the Capture button bar;
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Clicking on the ﬂ button will toggle the display of node voltages on or off. Click on the E’ button until the node
voltages are displayed:
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The screen capture above displays the voltages for every node. If your screen looks like one of the following:
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DC Nodal Analysis
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then you have node voltages, plus branch currents and/or power data displayed. To hide the branch currents, click the LEFT

mouse button on the | button I Ias shown below:
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Clicking this button will toggle the display of branch currents on and off. Click the Iil button to hide the branch currents.

% Capture C15 - Demo Edition - [/ - (SCHEMATICT : PAGE1]]
i file Edit View Place Macie Phpice Accessores (ptions Windew Help

SEHEMATIET-DE Mo Vallags =

== D S T | e Y |

0 S e =] Y o = 7Y =Y N Y BT 0 5 [550 [61 |

R35

IMeg

AR o+ g

AN B B EE

)
o
4
3
=

o |

Tieady ey velecied

S caes 200

Bl lolol</|FIALE]

B

Hal 20 el T0

To hide the power data, click the LEFT mouse button on the W button |E| as shown below:
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Clicking this button will toggle the display of power data on and off. Click the |EI button to hide the power data.
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We now only have the node voltages displayed, so we can clean up the schematic a bit.

The node voltages are a little bit too close to some of the components. The numbers can be moved like any graphic
on the screen. Move the numbers to clean up the circuit a little bit:
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We see that dashed lines are drawn from the data to the node to which they refer. This makes it easy in complicated circuits

to figure out which number belongs to which node.

Some of the node voltages displayed are unnecessary and we would like to hide them in the schematic. For
example, there is a node voltage number telling us that ground is at zero volts. This is unnecessary and we will hide it. First,
click the LEFT mouse button on the text OV as shown. It will become selected and displayed in pink:
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Use this technique to hide the 15.00V number:
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Suppose that we have hidden a node voltage and we would now like to display it. To do this, click the LEFT mouse
button on the wire of which you would like to display the node voltage. The wire will turn red, indicating that it has been
selected. | would like to display the voltage of the node between V1 and R1 (the one | removed previously) so | will select

the wire shown b
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When the wire is highlighted in pink, click the LEFT mouse button on the Toggle Voltages On Selected Net button |_l

The voltage for the node will be displayed:

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]

gL

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]

i Eilm Edit View Placn Wacio Fhpice Accessoies  Options Widow  Help 1]
DO O R E - [ —— DG S S D DR
SCHEMATIET O Mode vaiao =] e ] (@lee 8] 8] [ £ 1 [ ]w]+]

! i Ax

Ri 9.723 R3s =

" : W ]

I 2.7k I El

il [ Click on this button. ] =]

= y d 5

e Sk = o

: T pc=15 < 10k :

\ |

El

o Al
I8 1 ol

Ve tokcied Scaeed00% 210 74210

i Eilm Edit View Placn Wacio Fhpice Accessoies  Options Widow  Help 1]
i3 3 T L o S e 1 53 3 . 1 I
SCHEMATIET O Mode vaiao =] e [ 5] [@]ee 8] 8] [V 2] 1 i w] ]

. ! : A

Em R 5.723 il Al

21K iMeg 7'

v + =

== = R2 *+ |

Sk < Rz =

ST e = 10k =

Node voltage is how j

displayed. =]

B

i oA
(1] 1 _l'1

1 bem selected Sceles200%  WaldD el £

Now that we know all of the node voltages, we would like to display the branch currents. First, hide the node

voltages by clicking the LEFT mouse button on the V button 1’ The voltages should no longer be displayed:

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]

i Eilm Edit View Placn Wacio Fhpice Accessoies  Options Widow  Help 1]
i3 3 T L o S e 1 53 3 . 1 I
[SerERATiCT 0 Hode vataor =] o] b 5] | @es] 18] [ 2] 1o fw]]

'S 3 1 le

Em R 5.723 il Al

I . AN, H W, :

21K 1Meg -

— - : o 5

T bc=1s [ Click on this button. ] sRe =

| 5

B

. A
I8 1 ol

1 bem selected Scoes200N  WaldD Yol 0

i Eilm Edit View Placn Wacio Fhpice Accessoies  Options Widow  Help 1]
1 3 T B 0 LY e Sl i e -3 8 VY 0 59 E
SCHEMATIET O Mode vaiao =] e[| 0[] (@lee[ 8] 8] v ] o] 1] ]w]«]
T T o T le
Ri R35 %
1
2.7k IMeg 7
.| 4 |
— < R2 + L]
T = = sk = Rz o
| pe=1% = 10k ™
. |:|
3]
o A
(14 | _l'1
Pooy T rem 1ebecied Soake-200 =110 o160

To display the branch currents, click the LEFT mouse button on the | button Iil The branch currents will be displayed:
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We can move the displayed numbers in the same manner as we did with the node voltages. Move the numbers so that the
schematic is a little clearer:

1.954mANNCY 9.627uANAE
ek VAYY VALY
2.7k
mEn Mo g
+ + .
— W1 § R2 +
T = 5k Rz
T pe=1s Rz
1.954m;
=0

With currents we need to know which number refers to which circuit element and which direction the current is
flowing. Dashed lines are shown connecting the numbers to a terminal of an element. The numbers shown are for positive
currents entering the indicated terminals. For example, there is 1.954 mA entering the negative terminal of V1. This indicates
that this voltage source is supplying power to the circuit. As another example, there is 1.954 mA entering the positive
terminal of R1, and 9.627 pA entering the positive terminal of R35. In the drawing below, | have manually added arrows to
the drawing to show the direction of the currents.
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AW AW
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Branch currents can be hidden using a procedure similar to what we used to hide node voltages. Click the LEFT
mouse button on the text 1.254mA at the bottom of the screen. It will become highlighted in pink:
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Click the LEFT mouse button on the Toggle Current On
disappear:
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We can hide as many currents as we wish.

Suppose that we have hidden a number of the branch currents, and we now wish to display one of the hidden
currents. Displaying hidden branch currents is a little different than displaying hidden node voltages. Node voltages are

) L . ) ) \i
associated with wires, so, to display a node voltage, we selected a wire and then clicked the |H button. Branch currents are

1
associated with circuit elements. To display a current into an element, select the element and then click the |i| button. As
an exercise, remove branch currents so that your circuit resembles the screen capture below:

¥ Capture CI5 - Demo Edition - |/ - (SCHEMATICY - PAGET]]
i File Edit Yiew Place Mocio Papice Accessones Options Window Help
[ = = S o = ] e N o =2 Y (= £ Y 0 [0 ) I
SCHEMATIET-DE Mode Vallag: = ':hjlb | By J‘?Iﬁ \-'[ .-|I W=
7 f o T le
=
: R35 [i]
1 EEmD R 9.627uAd T
W\ W\ :
1
‘ 2.7k IMeg =
.| o =
= < R2 * =)
< L
- > sk < Rz o
T pe=15 ] < 10k i3
=]
e
A il
i -4
14 ] _l'i
0 fems sebected o200 We170 a2 40
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The currents through R2 and through Rz are not shown. We will display the current through R2. Click the LEFT mouse
W —

button on the positive pin of the graphic for R2
selected.

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]
o Cile Edit View Place Macio Pipice Accessones Options Wndow

Help

B|RIAR] v @@

- & <] [Pl

Click here on this

. It will become highlighted in pink, indicating that it has been

Bl ALA] VAT W]
3 1 j

graphic to select this pin.

b 627u/
+ VW + VW
‘ 2.7k \ IMeg
= = R2 *
= > sk < Rz
—‘— Pesw | = 10k
0
14 ] _l'|
0 #ems 1ekecied Scoes200X  Wal T a2 4

e EE O Eki
S

3 ] 9 R B ET

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]
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SCHEMATIET DL M Vollags = ':hjl b || B2y J‘?Iﬁ \-'[ l T W]
T T T le
=
Tl
. G 527, 1
Pin selected. anh i
+ VWY 1+
1
| e IMeg =
.l + =]
=i < Rz2 g &
= > sk < Rz o
T bc=15 1 < Yok =
=]
led
3
0 QI
- B
[l | o
1 kem selecied Scoes200% M1 Ye2 S0

i
Once the pin is selected, we can display the current into the selected pin. Click the LEFT mouse button on the |i| button to

display the current:

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]

o Cile Edit View Place Macio Pipice Accessones Options Wndow Help i file Edit View Place Macie Phpice Accessores (ptions Windew Help
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T 3 1 le T 03 1 le
= =
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‘ W\ " + : W\ W\ :
27k . ] A ‘ 27k IMec A
: Click on this button i : +Lﬂm = =
— W to display the current. &/ - =l — W 4 R2 ] |
= < o = W sk < o
T pe=15 = ok = T pe=1s = 10k 3
=] =]
= =
= Numerical value of =
= & current displayed. ||
. B I A
1] 1 _.'_‘ 1] 1 _"_|
1 kem selecied coles200%  Ma19 Va2 0 1 kem selecied Scoles200%  Ma2 W) Yel 20

For the next example, we would like to hide all of the voltages and currents. Use the 1’ and Iil buttons to hide

all node voltages and branch currents:

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]

W] Cile Ldit View Place Macie Phpice Accessores  Options Window [elp
0 = e =] Y o = 7Y =Y 8 Y BT 0 £ 550 61 |
SCHEMATICLOC Moda Vallage =] =[] B [2] #]re]218] v]e] 1 [ufw]=]
T o T
| R1 R35
W\ W\
‘ 2.7k IMeg
v | +
= < R2 #
= > sk < Rz
“' DG =15 , S
0
1] 1
Pesdy 1 kem selecied coes200% M1 el 50

AN B B EE

Bl lolol</|FIALE]
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We would now like to display the power absorbed by all elements in the circuit. To display the power, click the LEFT
mouse button on the E button:

¥ Capture 015 Dema Edition [/ (SCHEMATICY - PABETI] ¥ Caphure 15 Demo Edition [/ - (SCHEMATICY : PABETI
o Gl [dit View Place Macio Phpice Accessores (ptions Window [elp =18 =] i Eilm Edit View Placn Wacio Fhpice Accessoies  Options Widow  Help 1]
Bl=la] 8] L]w]8] S]] TE @ e 3 Y EEVE YT T O 3 1 T Y e B il el g - NS . ) T A
SCHEMATICLDC Hode vallage =] =[] 0 [2] #]re] 18] v] ]t | [w]= SCHEMATIET DL Hode Valtags =] :'E'_‘I | AEIREE ﬁ?lﬁ v s I_J
£~ o
R3 m R3S ]
H R1 =1 [=3] e
i iy
‘ 1 i = /T ‘ . 3
2.7k . . LA ‘ 2.7k El
Click on this button & ”jf"’ ¥|
. < + =
i to display the power. = | > R2 + all
T pCc=15 Rz el = ST = B2 =
¥ ok =
] -
0 = | 0 Dl
I 0 n
(1] ] _l‘I 1] 1 _l‘I
oy T ke ssbecied SoaeelW R-1N T Rood 0 fem vekecied Soaeed00 RIS T2

The numbers display the power absorbed by every element in the circuit. Move the numbers around to make the circuit more

readable:
10.31m
RT .- AEN) 65U
el VALY FtATY
2.7k IMeg
+| DC=15 +
— V1 § R2 +
T . 5k Rz
S = 10k
[29.32mW] [18.9 1mw
926.8n
-0

Notice that dashed lines associate a number with a circuit element. Note that the power numbers displayed for resistors are
all positive. This means that those elements are absorbing that amount of power. The number displayed for the voltage
source is negative, indicating that the element is sourcing power to the circuit.

EXERCISE 3-1: Find the DC node voltages for the circuit below:

R1
Wy
2.7k
R2 v2
A |
1K *
. N DC =12
— W § R3 +
T DC=12 3.3k ; R4
- 1.5k
=0

SOLUTION: Set up a bias point analysis, run the simulation, and then display the voltages on the schematic.
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R1
; + WY ;
12.00 27K
R2 V2
AW - : il
1k ; '
+ + ' DC=12
— R3 +
T Dc=12 3.3k R4
; 1.5k
0V
=0
EXERCISE 3-2: Find the DC node voltages for the circuit below:
V1 R3

ApAE
AN
=~ 3
ApSE
Y

N |l
N
DC =15 + 2.2k
R1 1 3.3k
1k DC =2m

1

-0

HINT: A DC current source is the part called IDC.
SOLUTION: Set up a bias point analysis, run the simulation, and then display the voltages on the schematic.

9.042 Vi 5,958\ R3 3.575

1 +| | ‘ | . T— WY
DC =15 . 2.2k .
+ R2 § R4
§ R1 C) 11 1k 3.3k
1k DC = 2m
oV

3.B. Nodal Analysis with Dependent Sources
To illustrate an example with dependent sources, we will perform a node voltage analysis on the circuit below. If
you are unfamiliar with wiring a circuit, review Part 1. Create the circuit below.
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—==
o | <
0 OFFPAGELEFT-L
Ground Offpage connector
==
_3 | {4
R
Resistor E
L Voltage-controlled
?_ voltage source
VDC
DC voltage
source

The way this element is wired, the voltage at node Vx is 5 times the
voltage across R1: Vy = 5(Vp - V). If you zoom inl on the voltage-con-
trolled voltage source, you will see the graphic shown in Figure 3-1.
Notice that the plus (+) and minus (=) terminals are open circuited. These
connections draw no current and only sense the voltage of the nodes to
which they are connected. The right half of the graphic contains the
dependent source. The voltage of this source is the gain times the voltage at

the sensing nodes.

DC Nodal Analysis

171

V1 V2 V3
s o o
R1 R3
i LA
R2 +|
V1 ) E1 3k — 2
N i =
DC=12 @) Qi e =17
"GAIN =5
_vL_
-0
The new part in this
circuit is the voltage- .

controlled voltage source.

Figure 3-1: Voltage-controlled voltage

_|_

source.

We must now set up a Bias Point simulation. Click on the New

Simulation Profile button _I to create a new profile (in the last section, we selected PSpice and then New Simulation

Profile from the menus):

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]

] fil [dit View Place Macio Phpice Accessones (ptions Window |lelp -1 jEd|
FIEICIRE] (= = 2 e =) N o s - (= £ [ 70 (0 e ) Bl 5 QD
- =l 5] Sleel &L [V ] 1wl
. e Saradaion rofe] ; : ZHT
5
Vi vz v3 T Mew Simulation m I
Click here. jf' o ol W ame:
| —+ + AN ——t %] L | b
Tk R2 < % - Create
vio+| - 3 — w2 ol ||
Bl e L F 1 b T = -‘—’;
DC=12 [ & b | PeEY IE Cancel |
GAIN=5 & Inherit From:
I E’l Ir‘u:une vI |
0 =
_l;lE Fioot Schematic:  SCHEMATICT
. g
Cregte & new melshon profie. 0 wems velected Scoes200X  Wa1 W) Ye050

Specify a name for the simulation profile and then click the Create button:

1To zoom in on a particular spot on the screen, select View and then In from the Capture main menu. The cursor
will be replaced by crosshairs (+). Move the crosshairs to the spot on the screen where you want to zoom in. Click the LEFT
mouse button. Repeat the steps to make the drawing larger if necessary.
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Sinddaton Sotings Voagos atodes |

General | Analysis ICaniguraliUn Filesl Dptiunsl Drata Collection | Probe W'induwl

Analyzis type:

Tire Domain | i Bun to time: I'IDDDns seconds (TSTOP)

- - Start saving data after. |0 zecands
Mew Simulation m I Options: -

General Settings
[IMonte Carlofwforst Caze Maximum step size: seconds

[C1Parametric Sweep
ErEEItE 1T emperature (Sweep) [ Skip the initial tramsient bias point calculation (SKIPEP)
[15ave Bias Paint

I ame:

"oltages at Modes X
I [l [CILoad Bias Point Output File Options... |

Cancel
Inherit From:

I yluyl= hd I

Foot Schematic:. - SCHEMATICT

ok I Cancel Apply Help

Specify a Bias Point Analysis type:

Simulation Settings - Voltages at Nodes n I

General | Analysis ICUnfiguraliUn Filesl Dpliunsl [rata Collection | PrUbeW’indUWI

Analyziz type:

[ Bias Point selected. - Dutput File Olption:

I Include detailed bias point information for nonlinear controlled
souices and semiconductors [OF)

DOptions:

General Setlings ™| Perform Sensitivity analysis [ SENS)
] Temperature [Sweep) Chutput wariablefz): I

[]Sawve Biaz Paint

ILoad Bias Paint ] Caleulate smallsignal DC gain [.TF)

From lnput soume nanme: I
To Dutput vanable I

oK I Cancel | Apply | Help |

We will display the results on the schematic and we do not need to specify any Output File Options. Click the OK
button to save the settings.

Select PSpice and then Run to simulate the circuit:

] HEMATICT Volt des - PSpic -
e _Mucis | Phplon | Acowssies Doion: Wdew Help __ald]x Ede Yinw Sumlalon Tgole Weow Hely g8
] S Hew Smudation Profde =] GEED 1 | i S L — :
o[=]d] 8] B 215 L Smdation Potta g e e e = D |SEES ||| || [T | AL
Yiew Simddation Nesulls F12 [rlulw] | - LA G MEvwE ey eS| YDy ntvs
Vi Output File j|T o
Cieste Methit = *
Wpewr Nl i a
Markess ' [
Vi Hax Posnds b V3 BN ﬁ
| R1 | R3 | I
el ]
Vi +| FWW— ]
| 1k R2 = sk, 5
v+ £ * = — v ||
| o
_— Ny IE— - T DCe=17 |
DC=12 r 9 Vi - i
- «L
GAIMN =5 E
~
| g [ S neres 2lE
| | = Profie: "SCHEMATIC ¥okagas ot Hodes™ [CAON— 2]
0 = Rasdes and chishag crcut
b Cotast imdd e chachomed. o s
i) [ Sep—
= Bias pont caleudsied
-1A Sieudatin conglete =
1] | v I I— . {3151\ Anshais £ Wach  Dovcer ]
Tiun Ppece il e acive profls [Tkemi velecind Scue200% W2 20 Te0ED Fo i, praaa F1 M T |
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When the simulation is complete, switch to Capture to display the circuit:

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]
i File Edit Yiew Place Mocio Papice Accessones Options Window Help =] ]
ol=la) (&) fwe] Sl mE e o RIAIAR] v alm]n] ]
SCHEMATIC) Vallages o Node =] =[] B [2] #]re| 18] (v] o] 1 [ufw]=]
T T T I le
=
Tl
Vi V2 va =
R: | ¥l
s + FLEN )
Re > sk, | z
vioo i * = — v &
1 . L& e T pc=17 =
pc=12 [ 9 R - =
S -
GAIN =5 ‘ =]
— 3
0 g
A
_'l-_l "
Pesdy 0 #ems relecied Scoles200%  MaZd0 el 0O

If the node voltages are not displayed, use the steps detailed in the previous section to display node voltages on your
schematic:

V1 V2 V3
N

+
EAN
53
v}
O

I
by

|
&

DC=12

The same results are also contained in the output file. To examine the output file, select PSpice and then View Output File
from the Capture menus. The output file will be displayed by Capture:

¥ Capture 15 - Demo Edition - [/ (SCHEMATICT - PABET]] ¥ Capture CI5 - Demo Edition - [CADRCAD PEMAN\Circuit Files\Scction_38 PSpicoFiles\SCHEMATICTWohages of Nodes'V, . I ED
] Cile Lot View Place Macio | Phpee Accessoses Options Window Help =18] =] T Gile Ldit Options Window Help e [-JJEd|
NECIERLNEE ::“::::: T = RIRIA&R] v |@]n oj=a) (&) f]we] Sl e s BEY 2 ENEY T D u] &)
SCHEMATICT Vallagns ol Nodi =] £ Bun Fie ] o el SCHEMATIC) Vallages = Nod =] | o] B %] 810|005 [ ] 1 [infw] =]
—  Yeow Suulabon Hesulls F12 = T j =
=I[%] Pre 02/04/04 214112 n
Cavale Malal T
View Nethist —__ ** Profile: "ECHEMATI Velrvages ar Nedes™ [ C:VORCAD PEMMNACircuir Files\Section 3B-PEpicel
Makers C e
i Diax Pointx ’ v ] CIRCOIT DESCRIPTION
3, 0 | . 0 ;
—ANA—4 4 =W _‘| I
1k R2 :: 5%k, iy
vi o+ 3k = — V2 & |
| = E1 = o " Creating circe le ~Voltages at Nodes.cir™
DE=is — L i_; - — Vi | DC=17 — v WARNING: THIS TICALLY GENERATED FILG.ELY LE — SIMULATIONS
™ T “ R N il
: ] 112.5V +t I
Fremil = 5 Click here_ to
0V N 571 secvion oz enese]  SCIOIl the window
: : down.
== [m] I
0 =
-—I' (*]) Winliaa(*]] Dialina(*)) NOISE(mliaa("])
4]
1] v a1
[View Ppice mulabon oulpu fle for e acive [0 fems elected Scoes200% a1 30 7060 Towdy e 1, Cal 1

The node voltage results are contained near the bottom of the file. Click the LEFT mouse button on the vertical scroll bar
until you see this text:
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SCHEMATIC] Vellagns st Nek =

Window  Help

% Capture CI5 - Dema Edtion - [CAORCAD PSMAM\Caewit Files\Section_ 38 PSpieeFiles\SCHEMATIC T Welages ot Hodes'V, ., ] E3
T file Edit Dptions

BE G 0 e i = o B ¥ [ N 01 51 A )
b= = I O T S | e N M N
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*r Profile: "SCHEMATIC
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PSpice Lite (Jan 2003)

1-Volcages o Nodes® [ CrAORCAD PSMAM\Circuic Files\Section _3B-PSpicel
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The results show the voltages at the specified nodes relative to ground, and are the same numerical results as
displayed on the schematic. To close the text editor program, select File and then Close from the Capture menus. You will
return to the schematic:
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& Heddag Cockas opi brace WODE  VOLTAGE NODE  VOLTAGE vi o+ E1 Ik = — va
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EXERCISE 3-3: Find the DC node voltages for the circuit below:

2 3
e N
R1 R3
A AN
2k + 2k

R2
2k

| +

W1
DC=24

F1

@
GAIN =3

R4
2k

HINT: F1 is a current-controlled current source. Note that node 4 is connected to ground with a wire. Thus, the voltage of
node 4 should be zero volts. Node 4 is necessary because it joins the lower terminal of R2 to the current-sensing terminal of
F1.

SOLUTION: Set up a Bias Point analysis and then simulate the circuit. The results can be viewed on the schematic or in the
output file:
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1 2 3
A N N
24 00V 5.000VY 6.000
W — W
2k + 2
R2
L 2k
W
T DC=24 F1 *
- 4 ] R4
' 2
GAIN = 3
Ji;
0

¥ Capturc C15 - Demo Edition - [CADRCAD PEMAN\Circuil Files\Exercite_3 3 PEpiceFiles\5 CHEMATICT\Biar\Bias, oul] [[=]=]
T File Edit Options  Wiendow  Holp
G RO EE o I P B
SCHEMATIET Bias =] ol v [2] S]] 8] ] 1w+
*r RESURING Bias.cip "*°F ;]
«END
a
T 0L/04/04 $1:86:48 TTTITTTTIITITIT pipice Lite (Jan J003) TrrrTTTTITrITovecs
T Profile: TSCHEMATICI-Bims™ [ C:\ORCAD FPIRAN\Circuit Files\Exercise J=]-FipiceFiles\SCHER.
SHALL SIGNAL BIAS SOLUTION TERFERATURE = 47.000 DEG C
NODE VOLTAGE NODE VOLTAGE HODE VOLTAGE HODE VOLTAGE
1 4.0000 1 &.0000 a] =¢.0000 41 0.000
VOLTAGE SOURCE CURRENTS
NARE CURRENT
v_va ~9.000E-03
E_F1.VF_F1 3.000E-03 -
M| v
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EXERCISE 3-4: Find the DC node voltages for the circuit below:

V2 V1
N N
Vi1
]
+ T
+ + DC =38 + R4 G1
R1 R3 =
VX 7 _®
18 4 @
R2 |
- MMy +— . GAIN=0.5
+
2 —;—
-0
A
V3

HINT: G1 is a voltage-controlled current source. The current through G1 is 0.5 times the voltage Vx. Note that Vx is the
voltage at node V2 minus the voltage at node V3. It is not necessary to add the text Vx to your circuit.
SOLUTION: Set up a Bias Point analysis and then simulate the circuit. The results can be viewed on the schematic or in the

output file:
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I ’\é\/\/ 1 4 GAIN=0.5
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=

sree JOB STATIETICS SOMMARY
Lre 1,00l 1 5

3.C. Diode DC Current and Voltage

We will now use PSpice to find the diode current and
R1 voltage in the circuit of Figure 3-2. The diode current is given as
Ip = Ifexp(Vo/mV7) — 1]. ls is the diode saturation current and is 10
g Tk amps for this example. V7 is the thermal voltage and is equal to 25.8
oy mV at room temperature. n is the emission coefficient for the diode
and its default value is 1. PSpice automatically runs all simulations at

DC=5 room temperature by default.

Is=TE-15 When you use a diode in a circuit, you will have to specify a
model for the diode. In our case, the model will tell PSpice the value
of Is for our diode. The class libraries have a number of predefined
Q7 models that are usually used in a classroom environment. However,
the model for this diode is not in our libraries so we will have to
Figure 3-2 define a new model for it. The part for the diode you should use is
Dbreak. This diode is used to define your own model. Draw the

circuit below:
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o £t Yow Do Moo T ot Dtons Minew o =)
— ole|d] & Lwl@] o] ME prmemers =] BIRIAI&] vl |almln] 8] )
% -0 0 sleh 2] Plale Vel wlwl=]
R ' ' ElS
0 =
- Vd 1
Resistor Ground R ]
a
= Offpage-L — Vi iR |
vDC Offpage connector . T Dc=5 VAR =
DC voltage source Dbreak =
JJ D1 I 5
T Dbreak 0 el
1a ———— ot
Dbl’eak 0 bemn 1elected Scaes25N  Ha120 Yl 6O
Diode used to define your own model. Note for this example: If you use file Section_3c.opj from
the CD-ROM or from the files copied from the CD-ROM to your

hard drive during installation, you may have problems with the
libraries during the simulation. For this example, you should draw the circuit from scratch and not use the provided
example files.

We must now define the model for the diode. Click the LEFT mouse button on the diode graphic, . The
graphic should turn pink, indicating that it has been selected. Next, select Edit and then PSpice Model from the Capture

menus:
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Cut Chiik E
:;Ino:v F:"f v .E-- Dbreak™ Du de
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The right screen is the PSpice model editor and it tells us that the model we create will be saved in a file named
SECTION_3C.Lib. The model for the part we selected is displayed by the model editor; in this case the model name is
Dbreak. In this model, Rs is the series resistance of the diode and Cjo is the junction capacitance. The only parameter that
we will change for this example is the saturation current Is. Note in the screen capture above that the default value of Ig is
1x10™ amps. We can use the model editor to create a new model. Change the name of the model to Dx and change Is to
le-15:
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ction_3c_lib:Dbreak - PSpice Model Editor Demo - [Model Text]
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Select File and then Save to create and save the model:

|T8 section_3c.lib:Dbreak - PSpice Model Editor Demo - [Model Text] L_‘ section_3c_lib:DX - PSpice Model Editor Demo - [Model Text]

File Edit Y¥Yiew Model Plot Tools ‘“indow Help =181x] ile Edit ¥Yiew Model Plot Tools Window Help =181x]
L oo W= ]+ e el ] 3 mle) Sllala] o] A=) el
Mc Eb,e Cjo=.1pF Ra=.1 Models List Zl|| .model DX D Is=1e-15 Cjo=.1pF Rs=.1
M Model Name-

Save As... DX Diode
Print___

Print Preyiew

Page Setup...

Export to Capture Pamt Libraty...
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After we save the model, it is listed in the left window pane. This window pane lists all of the models contained in the library
we are editing, in this case Section_3c.lib. Select File and then Exit to return to the schematic. Notice that the diode model
name has changed from Dbreak to Dx:
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Next, we must set up the bias point simulation. Select PSpice and then New Simulation Profile:
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Enter a name for the profile and then click the Create button:
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New Simulation E I
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TR | . |
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Select the Bias Point Analysis type and click the OK button:
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Select PSpice and then Run to simulate the circuit:
Herniter.
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The messages indicate that an index file does not exist for the library file Section_3c.lib, and that PSpice will create the file.
Library files (files with the .lib extension) are text files that contain model information. Some of the library files in the
professional version of PSpice contain thousands of models. To reduce the simulation time, the libraries are compiled once
into index files (files with extension .ind). During a simulation, PSpice reads the index file to get the model information it
needs, not the library file. PSpice can read index files much more quickly than library files. The library file is provided
because it is a text file and easy for humans to read. If you create a new library file or edit a model in an existing library file,
PSpice will compile the .lib file into an .ind file. PSpice will leave the index file alone if no changes have been made to the
library file. Compiling a library file into an index file can take a long time so it is done only when necessary. The warning
messages are telling us that the index file for Section_3c.lib does not exist and it is creating the index file. If you run the
simulation again, these warning messages will not be generated because the index file already exists. If you make changes to
the diode model, you are changing the model in library Section_3c.lib. Warning messages will again be generated stating that
file Section_3c.lib has changed and it must recreate the index file for that file.

In this case, the messages do not indicate a serious problem and we can view the results. Bring the Capture window

to the top:
mj r;:||:||) w} ﬁifﬂmﬂ] V[ |r| W] |
AR
Vd T
R1 ; =
1
AN J. :
| F VWV i
, m x :
=N k) |
[ pc=5 3 B =
| DX =]
| |
1 -
= af
0 g
Al
#:nlw [T ey velecied Scaes 2N mmmmlrl

Use the techniques covered on pages 160 to Error!Error! Bookmark not defined. to display the node voltage at Vd and the
DC current flowing into the diode:
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vd
R1 Y
752.5mV
+ W\
N 1k
— W1 4. 248mA
T DC=5 N/ D1

We see that the diode current is 4.248 mA, and the diode voltage is 0.7525 volts. Note that the node voltage displayed gives
the voltage of the node relative to ground. Since the other side of the diode is grounded, the voltage displayed is also the
diode voltage.

EXERCISE 3-5: Find the diode current and voltage in the circuit below:

R1 R3
W Wy
1k 500
+| + i D1
— V1 R2 Dx
T Dbc=10 1k

SOLUTION: Use the same diode parameters as in the previous example. Set up a Bias Point analysis and then simulate the
circuit. The results can be viewed on the schematic or in the output file:

R1 R3 752.5mV
+ /\/\/\/ + W\’
1k 500
4.248mAN
+] + Vi D1
— V1 R2 Dx
T DC=10 1k
J__
-0

The diode voltage is 0.7525 V, and the diode current is 4.248 mA. The diode voltage and current of this circuit are the same
as the diode voltage and current of the previous example. This result should be expected since the Thevenin equivalent of
V1, R1, R2, and R3 in this exercise is exactly the same as the circuit of the previous example.
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3.C.1. Changing the Temperature of the Simulation

In the last simulation we found the diode voltage and current at the default temperature of 25 °C. Suppose we want
to simulate the circuit at a different temperature? This can easily be done by selecting the temperature option in the
simulation profile. We will continue with the circuit of the previous simulation:

R1
VWV
1k
N
— v v/ Dt
[ DC=5 DX

We now wish to edit the simulation profile. Since we are using a previously created profile, we need to open the profile
rather than create a new profile. Select PSpice and then Edit Simulation Profile from the Capture menus to edit the existing

profile:
% Capturc CI5 - Demo Edition - |/ - (SCHEMATICY - PAGET]]
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Yorw Sumeilalson Hewllz F12 j énal}'sis t_','DBZ _ . .
View Dutput File BIEy Dutput File Option:
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i Morkees b ' 1 Dptions:
Dias Poirds v 1 [EY—T—— ™ Perform Sensitivity analysis [ SEMS)
""l- ] Temperature [Sweep) Chutput wariablafz): |
" = []Save Biaz Point
| = ILoad Bias Paint ™I Calculate small-gignal DC gain [.TF)
— V1 i D1 Ell From Input souce name: I
3
i i Dc = 5 DX = Too Dutpuat variable: I
o | i
= 0 gl
Iy
1141 _-I_I ok I Cancel | Apphe | Help |
L smdston prolle 0 et sebected o e ]

The Bias Point simulation is already selected from the previous example. Here we need to specify the temperature of the
simulation. By default, all simulations are run at 25°C. To specify a temperature other than the default, select the
Temperature [Sweep) option:
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Simulation Settings - Diode Bias Voltage I Simulation Settings - Diode Bias Voltage I
General | Analysis I Configuration Files I Options I [rata Collection | Frobe ‘window I General | Analysis I Configuration Files I Options I [rata Collection | Frobe ‘window I
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put File Option:
I - _l @ Run the simulation at temperature: I T
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The Temperature [Sweep) allows us to specify a single temperature or a list of temperatures. If you specify a list of
temperatures, the simulation will be run several times, once for each temperature you place in the list. We only need to run
the simulation once, so fill in the dialog box as shown:

Temperature
(Sweep) enabled.

General | Analysis |Configuration FiIesI Dplionsl Diata Collection | F‘robeWindowI

Analysiz type:

IB\as Paint 'l & Run the simulation at temperature: [100 | *C

' Repeat the simulation for each of the temperaturet:
Dptions: I

(W General Settings

[]Save Bias Pain

ok I Cancel | Lpply | Help |

Temperature enl Enter a list of temperatures, separated by spaces.
' Y Forexample, 0 27 125
[ ]Load Biaz Point

Simulation will run
at 100°C.

We have specified the simulation to run at 100°C. The simulation of the previous simulation did not specify a temperature
and the simulation ran at the default temperature of 25°C. Notice in the screen capture above that there is a checkmark in
the box next to the Temperature (Sweep) option. The temperature sweep will not run if this box is not checked. The
option above specifies that the Bias Point simulation will run at 100°C. Click the OK button to return to OrCAD Capture.
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Select PSpice and then Run to run the simulation and then display the diode current and voltage on the schematic:
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3.D. Finding the Thevenin and Norton Equivalents of a Circuit

Capture and PSpice can be used to easily calculate the Norton and Thevenin equivalents of a circuit. The method we
will use is the same as if we were going to find the equivalent circuits in the lab. We will make two measurements, the open
circuit voltage and the short circuit current. The Thevenin resistance is then the open circuit voltage divided by the short
circuit current. This will require us to create two circuits, one to find the open circuit voltage, and the second to find the short
circuit current. In this example, we will find the Norton and Thevenin equivalent circuits for a DC circuit. This same
procedure can be used to find the equivalent circuits of an AC circuit (a circuit with capacitors or inductors). However,
instead of finding the open circuit voltage and short circuit current using the DC Nodal Analysis, we would need to use the
AC analysis.

For this example, we will find the Thevenin and Norton equivalent circuits for the circuit attached to the diode in
EXERCISE 3-5. The circuit is repeated below:

K% Capture C15 - Demo Edition - [/ - [SCHEMATICT : PAGET]]
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This circuit is difficult because it contains a nonlinear element (the diode) and a complex linear circuit. If we could replace
V1, R1, R2, and R3 by a simpler circuit, the analysis of the nonlinear element would be much easier. To simplify the analysis
of the diode, we will find the Thevenin and Norton equivalent circuits of the circuit connected to the diode; that is, we will
find the Thevenin and Norton equivalents of the circuit below:
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R1 R3
A A >
1k 500
+| +
— 1 R2
T bc=10 1k
>0
We will convert this circuit into the Thevenin equivalent;
Rth
el VAVAY >

P

Once we find numerical values for VVth and Rth the entire circuit of EXERCISE 3-5 reduces to:

Rth
—y

+

I Dx

For determining the diode voltage and current, this circuit is much easier to work with than the original. This example is
concerned with finding the numerical values of the equivalent circuit. The analysis of the circuit above was covered in
Section 3.C. We will now find the Thevenin and Norton equivalent circuits of the circuit shown below:
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e TAVAY + oD
1k 500
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+

T DC=10 1k

>y

We will first find the open circuit voltage. This is just the voltage across the two terminals in the circuit shown above. First
we must add a ground to the circuit. This is necessary because PSpice requires all circuits to have a ground reference:
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The lower terminal is now at ground potential, zero volts.

There are several errors in the circuit above. One is that there are two offpage connectors in the circuit and neither
of them have labels. All offpage connectors must be labeled or errors will be generated and the simulation will not run. There
are actually labels on the schematic: | just moved them far away to clean up the screen capture:
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I will delete the lower offpage connector, and rename and move the upper offpage label:
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A second error is that there is only one element connected to the upper right node (now labeled Voc). That is,
nothing is connected to the right terminal of the 500 Q resistor. PSpice requires that all nodes have at least two elements
connected to them. To fix this problem, we must add another element to the circuit that does not affect the operation of the
circuit. To simulate an open circuit, | will add a resistor of value 100T. The suffix T in PSpice is a multiplier with a value of
10%. Thus, a resistor with the value 100T will have a resistance of 100x10™ Q. This value is significantly larger than all
other resistors in the circuit and is an open circuit for all practical purposes. Thus, we will simulate the circuit below:
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Set up the DC Bias simulation (select PSpice and then New Simulation Profile) and then run PSpice (PSpice and then
Run). When the simulation is complete, display the node voltage at VVoc on the schematic:

R R3 EE
" . " : Woc

1k 500
+| + +
= W1 R2 Roc

T DC=10 1k 100T
J__ )
-0

The open circuit voltage is 5.000 volts.
Next we must find the short circuit current. We will start with the original circuit as shown below:
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Cadence PSpice

We can short the two terminals together by placing a very small resistance between the two terminals. The current through
this resistance will be equal to the short circuit current. We will use a resistance of 1 fQ or 1x10™° ohms. For all practical
purposes this is zero resistance and a short. Modify the circuit as shown:
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Simulate the circuit and display the current through Rsc on the screen::
e VAVAY e VAVAY
1k 500
5.000mA
+] + +
_— W R2 § Rsc
T DC=10 1k 1f

We see that the short circuit current is 5.000 mA.

Ro="sc “5.00mA

Voc  5.000V

=1000Q

We can now find the Thevenin resistance by dividing the open circuit voltage by the short circuit current:
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Our Thevenin and Norton equivalent circuits are shown below:
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T 5 mA 1K
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EXERCISE 3-6: Find the Thevenin and Norton equivalent circuits for the circuit below:
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3.E. Transistor Bias Point Detail

One of the first things you should do when you are simulating an amplifier circuit is to check the transistor operat-
ing point. If the transistor bias is incorrect, none of the other analyses will be valid. If another analysis does not make sense,
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check the operating point. When PSpice finds the bias point, it assumes that all capacitors are open circuits and that all

inductors are short circuits.

For a BJT, the Bias Point Detail gives the collector current, the collector-emitter voltage, and some small-signal
parameters for the BJT at the bias point. For a jFET, the Bias Point Detail gives the drain current, the drain-source voltage,
and some small-signal model parameters at the bias point. The results of the Bias Point Detail are contained in the output file.
We will illustrate the Bias Point Detail analysis with the circuit below:

% —=
-0
—R___
Resistor 0
Ground
L Q1
\/TT [ qZn3904
—_— Q2N3904
DC voltage -
source NPN small-signal
BJT

K% Capture C15 - Demo Edition - [/ - [SCHEMATICY : PAGET]]
b Gilo [dit View Place Macio | Piper Accossones (ptions Window Llelp 1] %]
B=]d] & ]ul@] o a3 N . T 5 £ U 0
-] [ 1 Y 0
o[
] =
H L
< RC M
= 470 a
Kl
al =
"~ danas 3
s Gl
=
| * ]
< R2 = RE =t
> 15 > 180 =l
E’I
= 5
1 ] LAl
1 o
Create & new imeshon profie, 0 wems velected Scaes ) a2 T el B0

K% Capture C15 - Demo Edition - [/ - (SCHEMATICY : PAGE1]]

W] Cile Ldit View Place Macie Phpice Accessores  Options Window [elp

o=a| & | oo e ] RIRIA&] v [a]n] ﬂ'

==
i =
+ + I
= R1 RC m
30 470 i
_TE g h |_ﬁ Q2N3904 E"
| ) @
H < R2 RE i
=9 180 =
gl
= :
Al
18 o

e =1 I ) 0 s A

Pesdy 0 #ems 1ekecied Scales101%  Ma500 Yed 20

Mew Simulation E I

Marme:
,
|

Canicel |
Inherit From:
Inl:une ;I |
Root Schematic:  SCHEMATIC

Specify a name for the new profile and click the Create button:
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T |

General | Analysis ICUnfiguraliUn Filesl Dpliunsl [rata Collection | PrUbeW’indUWI

Analyziz type:
T Bomam [ ranson i Bun to time: I'IDDDns secands [TSTOP)
- - X Start zaving data after: |0 zecands
Mew Simulation E I ptions: g d |
General Setlings Transient optian
N [IMonte Carloworst Case Maximum step size l— seconds
(=)=

[]Save Bias Point
[ ]Load Bias Point

Output File Optians... |
Cancel
Inherit From:

[Parametric Sweep
ErEEItE 1 Temperature [Sweep) ] Skip the initial ransient bias point calculation (SKIPEP)
BT Bias Boint

TSR | . |

Foot Schematic:. SCHEMATICT

oK I Cancel | Apply | Help |

Specify the Bias Point Analysis type and select the option to include detailed bias point information for nonlinear
controlled sources such as BJTs.

Simulation Settings - BJT Bias Boint I

General | Analysis ICUnfiguraliUn Filesl Dpliunsl [rata Collection | PrUbeW’indUWI

Analyziz type:

Output File Option

Biias Point

[V include detailed bias pont infarmation for nonlinear contralied
isources and semiconductors [.OF)
DOptions:

General Seffings Perform Sensitivity analysis [ SENS)
- - ] Temperature [Sweep) Chutput wariablefz): I
Blas POII"It [15ave Biaz Paint . .
SeleCted. Load Bias Paint Laleulate small-signal DT gain [.TF)

From lnput soume nanme: I

Option

selected.

oK I Cancel | Apply | Help |

Click the OK button to accept the settings. We can now run the simulation. Select PSpice and then Run from the Capture
menus or press the F11 key. PSpice will run:

i SCHEMATICT BJT Bias Be

Ppice A/D Demo
Ede Vinw Swilabion Tgols Welow Help g
- SEES || LB |

|| [SEHEMATICT ST Bims Bt | b |n

ok 8 o v 2

ﬂ itk nesw e e rom.ned bor levary e nom i [+
| Making indest fle for lboory CAOCADADECAD 10,0 D
Pléaie b pabere. This may take saversl mirdes

Caeral inacd e cheechmel. 1 snims

Caleudal

Bias ned
Simulgfion comglets =
| | 0

For Help. pesat F1

A

[T 5 ]\ Anabis £ wlohch £ Devices [

[ T |
The results of the analysis are contained in the output file. Select View and then Output File:
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i SCHEMATICT BJT

e SCHEMATICT BJT Bia

1=

> || (e s | b n B |2 || [SOERTca smoa | b |m
{ ok IR F A Ay . GO | BEwE | XY | KEFdprGaspy
. . -
< E evn 03/08/04 08:47:55 searusenruarns Popice Lite |Jan 2003) Seesarsesussavees
a : a
® (B Jimlation Slabi Window ® ** Peofile: "SCHEMATICI-BJT Biss Botme” [ C:\OECAD PIsam\Circuic Files\Section 1E-PSpiceFiles\SCHEN
Toolbars....
] a assr CIRCUTT EESCRIFTION
a a
& ]
*r Creating circult file "BIT Bias Boint.cie”
** UABNTND: THIS AUTCMATICALLY CENEFATED FILE WAY EF OVERVRTTTEN BY SURSEQUENT SIMILATICNS
i _‘IJ
] [FJ et BBl

ﬂ Fcking nesw e e mom e bor levary Ble nom i (=] | &) T T T ﬂ Fcking nesw e e mom e bor levary Ble nom i (=] | &) T T T
: Making index file for lbrary CADCADVDWCAD_10.0. D Ll - : Mas et fl Worory CADTADACAD 100 D¢ | -

Plenie be patisrt. This may take saversl Ml Plenie be patisrt. This may take saversl Ml

Ciecut i 1 an ek, o arcns Ciecut i 1 an ek, o arcns

Coleuing biss pord Coleuing biss pord

Biay pond caleulsied Biars pownd caleulsled

Sienafion cockts - Siemdhon conglete <

L] dI:I\Mkﬁ\Uﬂ(h’\Dm:r‘ ‘I I Ll il:l\Mkﬁ\Uﬂ(h’\Dm:r‘

) —
LT T L L [ TTTTTTTTI | IR [l _SENEEEEEES EOE|

To view the text file in a full window, select View and then Alternate Display:

T SCHEMATIC) 84T

Plet Touls Wndow Holp | g8

o- ** D2/D8/D4 OR:4T:58 ** Fipice Lite (Jan 2003} *revesrerreviases m
- ** Profile: "SCHEMATICL-BIT Biss Bodnt® [ €:,0zCAD Ffmen\Cizcuic Files\Secuien 3E-PipiceFiles\SCHEMATICIVET
@ =
% Fopice Lite (Jan 2003) wevesssvesessesss CIRCOTT DESCRIMTION i
L
& I C Lhea) SCHER
o " [ Output Window
m ¥ Smmdation Status Window
B - ** Ceesting circuit Eile “INT Bias Boint.cir” .
Toolbars... 0 WARNTNG: THTS AUTONATICALLY GENERATED FILE MA' CIICk here LATIORS
v Status Har
 orbonk Mode e Lnents to see more
= . caE" ¥ Local Lihra 1
Wl - D FILE MAY BE OVERVRITTEN BY SUBSEQUENT SINULATIONS * Prom [FSPICE NETLIST] section of £2\0eCAD\OsC of the file.
# Abnags In Top J11b "nom. 1a0"
[y _Id +1ib "elass, 11kt
«f v

[EY 0T Bz Dok 'nlﬂ'ul'(su ditectives:

Mg new et nom rd o Ry e nom i
Mihirag waeos B i oty £ ADWCADADMCAD_101.0_D
Pleane be patient. This may tahe several mirutes.

lﬂmhmurmcmamzduwm:
To see the results, click the LEFT mouse button on the vertical scroll bar to scroll the window through the remainder of the

file. You will first see the node voltages:

ECHEMATICT BJT B int - PS mo - [BJT B ind, out. 1]

PROBE Vialias|v)) I[aliss(v)) Wialias|v}} Dialias(v)] NOISE[alias("}}
+INC ", . \ECEEMATICL.net”

v INCLUDING SCHEMATICL.mec *ove
o I

* 80 CTION

0oL NODI2S NOOL13S NOOL2S (ZMIS04 _IL]
L] L]
Jori_WENEEENNEE SRR | CADICAD PSmanh Cicut Fled\Sechion E F5ew el tes\SCHEMATICI VT Bias Dont\GIT i L TTTTITTIT

[E] Fde it Wi Simdabon Lisce Plol Tgols Wedow Help | g8 =1=%]

&

=T OL/09/00 OB:4Ti 88 =vereresvesTs pipace Lite [Jan 2003) vreverrearseeses

** Profile: "SCHEMATICI-BIT Rins Roint™ [ C:\D:CAD Ffmas\Cireuit Files\Section 3E-P3piceFiles\ICHENATICILBT

SMALL SIGRAL DIAS SOLUTION TEMPERATURE = 27,000 DEG ©

MOCE  VOLTAGE MUDE  VOLTAGE WODE  VOLTAGE NODE  VOLTAGE

(MOOLZ5)  6.4423 (NODLZ3) 3,287 (NDOLIS) 4,045 (NOOZEZ) 15,0000
VOLTAGE SOUTCE CURPENTS
NATE CUFRENT T
LA -2, 102E-02

TOTAL PONER DISSTPATION  3.15E-01 WATTS

o
*eer 0I/08/04 OB;47:58 *resvessereees Bipice Lite (Jan 2003} *eevesvessssesves

** Prafile: "SCHEMATIC1-BJIT Bias Baint™ [ C:\0:zCAD PRaan\Cizcuit Filea\Scction 3F-P23piceliles\S2CHEMATICIABY
ol _rl_]
CADICAD PSmanh Cicut Fled\Sechion E F5ew el tes\SCHEMATICI VT Bias Dont\GIT i L TTTTITTIT

Since we did not place any BUBBLES or name any wires, the node names are a bit cryptic to us. If we were interested in the
node voltages, we could have named some of the wires or placed a few BUBBLES at the nodes in question.

Further down in the file we see the OPERATING POINT INFORMATION:
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OFERATING POINT INFURIATION TENFERATURE = 27,000 DEG €

werr BIPOLAR JUNCTION TRAMIISTORS

HANE a1

BODEL 0904

™ 113804

® 182802

e T ATE-0L

vr =2, 02400

VCE 3, 14E+00

BETADC Lo61E2

Gt 5,02E-01

BRI 2. 5702

R 1. 00E+01

Fil 4208400

CEE L.B&E-10

cac &4k

=1 0.00E400 =

BETAAC 1. S0E+02

CEK/CBNE 0. 00400

FT/FTR 4962408
ol _r[J
CADCAD PmantCocut Flei\Sbehon JE Fopsceried SCHEMATIC | LIT Bias Dort\BIT B[ [ 100

193

#%#%+ BIPOLAR. JUNCTION TRANIIITORS

HANE n_a
HODEL Q2N3304
1B 1.13E-04
ic 1.52E-02
VEE 7.47E-01
WEC -2. 40E400
WCE 3. L4E+00
BETADC 1.61E+02
GH 5.82E-01
RPFI 2. 57E+02
RX 1.00E+01
RO 4. 20E+03
CEE 1.84E-10
CEC 2.34E-12
Cas 0. 00E+00
BETALC 1.50E+02
CEX/CEXZ 0. 00E+00
FT/FT2 4. 96E+08

These results show several parameters for the BJT. In particular I¢ is 18.2 mA and Ve is 3.14 volts. Had there been
more than one BJT in the circuit, the operating point information would be displayed for all BJTs. Similar information is
shown for MOSFET, jFETs, and other three-terminal devices. To close the Text Editor program select File and then Close
from the menus:
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EXERCISE 3-7: Find the bias point for the transistor circuit:

DC Nodal Analysis
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+

W
DC=12
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Rh
100k
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Rc
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i SCHEMATICT BJT Bias - PEpice A/D Demo - [BJT Biascut 1]
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*% Profile: "SCHEMATICI-BIT Bins™ [ C:\OeCAD PEmamiCiecuir Files\Exercise 3-7

OFERATING POTNT INFORNATION TENPERATURE =  27.000 DEG ©

PEpioeFilea\ SCRERATICLVBIT Bi

Fox Help. preat F1 100%

3.F. Summary

All capacitors are replaced by open circuits.
All inductors are replaced by short circuits.

#%%% RTPOLAR JUNCTION TRANSTSTORS
NAME n_olL
MODEL 1zN3904
1E 3. BEE-05
i 6. 16E-03
VEE 7.15E-01
VBC -9, 60E-01
VCE 1. 6TE+ID
EETADE 1. GOE+0Z
GH 2. 20E-01
RPI 7.63EHIZ
RX 1. 00E+0L
RO 1. 22E+04
CEE 7.29E-11
CEC Z.62E-12
Cas 0. DOE+ID
EETAALC 1. BBEHDZ
CEX/CEX2 0. OOE+00

The DC Nodal Analysis finds the DC voltage at every node in the circuit. The voltages are relative to ground.
The results are given in the output file. Use Examine Output from the PSpice menu to view the results.

All AC and time-varying sources are set to zero (IAC, VAC, Vsin, Isin, Vpulse, etc.).

e Node voltages and element currents can be displayed on the schematic using the V and | buttons :"T_H_I_l
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