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1. Introduction to OrCad PCB Editor

OrCad PCB Editor 15.7
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1: Introduction to PSpice

In the past, students traditionally verified tHalsoratory electronic circuits by building them on
breadboards and measuring the various nodes weitipibropriate laboratory equipment. By using a
computer simulation program, such as PSpice, stsidan obtain results before they come to lab.
Hence the laboratory experiments become reinforoetoghe subject matter at hand.

The use of a computer simulation program allowssthdent to easily subject the circuit to various

stimuli (such as input signals and power suppljatians) and to see the results in either a tabular
format or plotted out graphically using PSpice’stgarocessor called Probe.

An Outline of PSpice

PSpice simulates the behavior of electronic cisooiit a digital computer and tries to emulate both
the signal generators and measurement equipmédnasuaultimeters, oscilloscopes, curve tracers,
and frequency spectrum analyzers.

Types of Analysis Performed by PSpice

PSpice is a general-purpose circuit simulator dapaftperforming four main types of analysis: Bias
Point, DC Sweep, AC Sweep/Noise, and Time Domaimgient).

Bias Point

TheBias Pointanalysis is the starting point for all analyaistiis mode, the simulator calculates the
DC operating point of the circuit. Options inclucidculating the detailed bias points for all non-
linear controlled sources and semiconductors (.@#jorming sensitivity analysis (.SENS), and
calculating the small signal DC gain. (.TF)

DC Sweep
TheDC Sweepanalysis variea voltage source over a range of voltages in dgraesssnumber of
increments in a linear or logarithmic fashion.

AC Sweep/Noise

The AC Sweep/Noiseanalysis varies the operating frequency in a fise¢éogarithmic manner. It
linearizes the circuit around the DC operating paird then calculates the network variables as
functions of frequency. The start and stop freqig=nas well as the number of points can be
assigned. Spice will compute the effective noleage spectral density that appears aCthiput
Voltagenode because of internal noise sources (.NOI8Ehis analysis the detailed bias points for
all non-linear controlled sources and semicondadt@P) can also be performed.

Time Domain (transient)

TheTime Domain (transient) analysis is probably the most popular analysishis mode, you can
plot the various outputs as a function of timehe Btarting and ending times for the various ats
be input. The accuracy (smoothness) of the oplpta can also be controlled by regulating the
maximum (time) step size.
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2: Getting Started with Orcad Capture CIS, Releasd5.7

You start a new project (program) by going tofile menu in the upper left corner, thidew, and

thenProject.

The following screen will appear. Be sure thatAlmalog or Mixed A/D button is activated. (see
figure below) Change it if necessary. Thi¥ERY important.

Newr Project

=
[«1}
2
[}

Create a Mew Project Uszing

¢

s + Analog or Mized &40

" PC Board ‘wizard

" Programmable Logic ‘wizard

7a (7

5
+

o

i

[ Schematic

Location

3

0k

Cancel

il

Help

Tip for Hew Users

Create a new Analog or
Mixed &/0 project. The
new project may be blank
or copied franm an existing
template.

Browse...

You will need to fill in the top line Bme with a file name (use Start-Up Example) and the
bottom lineLocation with the path name. This is the directory where will be storing your

“Project”.

Now the following screen will appear. Since yoe siarting a new project, change the button
settings as shown below. Activate Beeate a_ank project button and left-click OK.

Create PSpice Project

" Create based upon an existing project

ok

&

Cancel

i,

Help
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Now you should come up to a blank schematic ectiges.

¥ Capture CIS - Demo Edition - [/ - (SCHEMATICA : PAGE1)]

B Fie Edt View Place Macro PSpice fccessoriss Options ‘indow Help
olele] 8] 2mR ol OE 3 slsas] vlrEEE] s el

I = L ol ke R |

|| ¢ |Emos)s]=| + ||l ] & ]

A

119 o] |8 R EAY S|

i Py

0 items selected [Seale=100%  #=6.40 Y=2.70

| Glf Stark-Up Procedures. .. ¥ Cant. 0 & n#s 220PM

You can now start adding components and symbglsuoschematic, by using tiace Part...
menu sequence, or the special icon (the uppermejtom the right hand toolbar.

The following screen will appear.

Place Part rg|
||Ea":
Cancel
Part List:
STIM4/SOURCE ~ Add Libramy...
STIM&/SOURCE B
Sw_tClose/ENVAL Femove Librany
Sw_t0pen/EVal
T/ANALOG Part Search...
TZ2coupled/EVAL
T3coupled/EVAL Filter
TLOSSY/AMNALOG s
uh 741 /EVAL
VAC/SOURCE =
WDC/SOURCE Hel
WEXP/SOURCE b/ e
Libraries: Graphic
o~
~

Packaging

Parts per Pka:

Type:
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If all of the Libraries shown do not appear on ystreen, and they probably won't, goidd
Library . There you will find a list of available librage For this first example, you will need the
analog.olb, the eval.olb, and the source.olb liesarAdd them now.

Note: that only parts from the Libraries that are higjted are shown in tHeart List window.

At this time, highlight all of the libraries. Thetart entering your parts. When you have fourd th
required part, either by entering its name inRag window or by highlighting its name in tiiart
List window, Ieft-click@ to place the part onto trehematic. You can continue left-clicking to
place multiple copies of the same part or rigltkdlo end this selection.

Practice now by entering the schematic shown beldhange the default values and orientations to
those shown below.

NVde == § R1
100

To change a value, or a reference, highlight tipeaggpiate value (left-click) and then double left-
clicking. When you have added the resistor (R}, the power supply (Vdc) symbols, enter the
ground symbol labeled “0”, which is located in the/PSpice/source.olb” library. Recall that gver
circuit has to have a node “0”. Left-clitk Applpdiclose the page.

You can rotate parts by highlighting the part {&itk) and bringing up the part menu (right click)
or by pressing the “r” key on the keyboard. B&pice Component Layoutescription on the
next page.

Now its time to add the connecting wires.

Use thePlace, Wiremenu sequence or the icon on the right hand eadear. (second one from the
top) Connecting wires requires that you drag thess hair” over the end of the part and left-click
This “solders” one end of the wire. Drag the vir@nother connecting point and left-click again.
You have now “soldered” the other end.

You are now ready to simulate your circuit.
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PSpice Component Layout

All two leaded passive components have an impligehd and a “2” end. Whenever you place a
component, it takes a default position, for exarmplesistor, capacitor, or inductor will take a
default position with its “1” end to the left asostm in (a). A component may be rotated by
activating it, then right-clicking and selectiRgtate, or by typing the letter “r" (see example b).
Each rotation moves the component counterclockinys#0°. To get the “1” end facing up, you
must rotate the component 3 times from its defansition as indicated in (c)

2 1

1D—’\N\I—D2 %Jk ZD—’\/\/\,—Dl %lk
1k

1 2

(a) Default (b) First rotation (90 deg)  (c) Second rotation (90 deg) (d) Thircation (90 deg)

PSpice utilizes the implied “1” and “2” ends fa ltandling of current directions and voltage
polarities, for example, it represents currentrasreng a device from its “1” end and leaving i “
end, and it represents a positive voltage at iteftl with respect to its “2” end. Knowing about
component layout is important when you are viewiogr results in Probe and especially important
when setting up initial conditions. For examplgall set a capacitor’s initial voltage to 10V, R®pi
will place 10 volts across the capacitor with 8 énd positive with respect to its “2” end.

If you have placed the device in your circuit upsitbwn, its polarity will be reversed from what you

expect. If this happens, disconnect its wiringat@it 2 times (to get it to the desired direction
rewire, and reset any initial conditions.
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DC Bias Simulation

To start the simulation process, openRispicemenu. The first choice availableNgw
Simulation Profile. Left-click on it and the following window will@pear.

New: Simulation &l

Marne:

"
Cancel
[-1

Irnherit Fram;
|none ﬂ

Foot Schematic:  SCHEMATICT

Give the New Simulationldame For now use Voltage Points

Note: You could have done the same thing byllekitay on the 8 button on the toolbar.

Left-click [Creatp and the next screen will appear

Simulation Settings - Yoltage Points

General Analyziz | Configuration Filesl Dptions] Data Collection ] Probe W’indow]

Analysis bype:;

Output File Options

[ Inchude detailed bias point information for nonlinear contralled
) zources and semiconductors [LOF)
Options:

[ Perform Sensitivity analysiz [SENS)

General Settings
[ 1Temperature [Sweep] |

[1Sawe Bias Point
[Load Bias Poirt [ Calculate small-sighal DC gain [.TF)

oK | Cancel Apply Help

For a DC analysis, select tBeas Pointsetting in théAnalysis type: window. Since we do not need
that process in this part of our example, go tdPttmbe Window tab, uncheck the box next to the
Display Probe Windowsetting and then left-clidk QK.

Now you are ready tBun a simulation.
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Go to thePSpicetab and seled®un.

The simulation window will appear. When the siniola has completed, close this window and the
schematic will reappear. When the V, |, and W tmgtons are activated, the results of the voltage,
the current , and the power dissipated in that coapt will be shown. The tool buttons alongside
the V, I, and W buttons allow you to alternatelggte a highlighted value OFF and ON

K% Capture CIS - Demo Edition - [f - (SCHEMATICY : PAGE1)]

E File Edit Wiew FPlace Macro PSpice Accessories Options  Window Help = | 5%
olza] & [u[e] ol mlm] feewe = @lelale) vl lalE= o s el
[SCHEMATIC Voltage Paints _~| 01| B || Bleels2| @] [v o1 & Jw o]
5 1 3 1 3 1 E I 1 7
Bl
] -
Y
Hi
1
5
Eiv) ._\n = i
. J150.0m ] FiR
%m o0
i K = B
0 F
|
g Id
G
k2
O
H =
2
2
Tour Name
LPurdue Uniwersity
Ttle
Start-Up Example
ize | Document Number rev
O A
Diate:  Sundav, hisrch 36, 3004 Bt 1 of 1 i
] | 2
) 0items selected Scale=100%  ®=6.40 ¥=5.20

| &Y start-up Procedures.... %] Capturs CI5

)



Linear Resistance

In this segment you will plot out the current vsltage characteristics of a linear resistor.
The resistor network is repeated below.

. V1
4Vde —— R1
- 100

o

As before, go to thBSpicetab, or the =] button, and createNew Simulation Profile. This time
give it theName“Resistance

The simulation profile setup for a DC Sweep is sindeiow.

Simulation Settings - Registance

General Analysis | Configuration Files] Dptiuns] Data Collection ] Frobe Windaw]

Analyziz type: Sweep varable
* ‘olkage source Name: I\ﬂi
i " Current source I—_|
_ptlas. - (" Global parammeter
Primary Sweep " Model parameter
[15econdary Sweep ~ li
[konte Carlofwforst Case Temperature
[C1FParametric Sweep
1T emperature [Sweep] Sweep lype
[15awe Biaz Point & Linear Start walue: -
[ILoad Biaz Paint - End value: I-'Wi
" Logarithrmic
Increment; 0.5y
" %alue list |

0k | Cancel Help

CIick@I to apply the values and close this winddMow re-run PSpice. When the circuit is
finished simulating, the Probe window will apped@he X-AXIS will already be set up with a scale
of -4V to +4V in increments of 1V. Left-click oh@Trace menu or on the toolbar menu. This
brings up theéddd Traceswindow. Highlight and left-click I(R1) to addtib theTrace Expression

®)



line at the bottom of the screen. Left-clickiCD)rings up the plot of the resistor current tig. t
resistor voltage.

HEMATICT-Resistance - PSpice 4/D Demo, - [Resistance.dat {active]]

Eile Edit View Smulation Trace Plob Tools Window Help g8 = E|ﬁ

A2 2EEHSE [ SCHEMATICT Resistance || »

REAEWQ MEXE % EF

&
&
=
] B Resistance.d...
= Simulation nnning... ~
‘ == Profile; "SCHEMATIC1-Resistance” [ E:\Orcad Capture CIS, Release 1

Reading and checking circuit

Circuit read in and checked, no erors

DC analysis

DC Analysis finished

Simulation complete w

End= 4

NNT= 4 T [ [ [ (T[]

If your resistor “curve” is negative that means ryasistor is “backwards” in the circuit. Disconhe
the resistor, rotate it 18@nd reconnect the wires. Re-simulate the citolget an image similar to
that shown above.
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Non-Linear Resistance

In this segment you will plot out the current vsltage characteristics of a non-linear resistive
device, specifically the D1N4148 diode.

The diode network is shown below.

R1
AN
500
%t
10vde — Y D1
T D1N4148
)

Re-wire your circuit, change the values of the congmts, and add a 1N4148 diode.

Again create &lew Simulation Profile. The simulation profile set up for a DC Sweeghswn
below.

Simulation Settings - DC Sweeep

General Analysis lCorrfiguvatinn Files] Options ] Data Collection ] Probe Window]
Analysis type: Sweep variable
- * altage zource Mare: ’\"'17
Ont " Current source ’—_l
Uptions: " Global parameter
¥ Primary Sweep " Model parameter
[1Secondary Sweep ~ ’7
[IMaonte Cardo/Worst Case Temperature
[|Parametric Sweep
[ Temperature {Sweep) Sweep type
[15ave Bias Poirt & Linear Start walue: i
[Load Bias Point s el Ii'IDV
" Logarithrnic
Increment: 0oy
" Walue list |
QK | Cancel | | Help |

Click@ to close this window and run pie. When the circuit is finished simulating, the
Probe window will appear. At that point, you wilaint to change the x-axis from V_V1 to
V1(D1). Pull down the Bt menu and click on the AxiseBings... option. This will bring
up the following menu.
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Axis Settings .

HAuis | Y s || ¥ Gnd | ¥ Grid

[rata Range Usze Data
() At Fange @ Ful
(&) Use Defined () Restricted [analog)
o to | 1.0 to
Scale Proceszing Options
(®) Linear
O Log [ Performance Analysis
Auxie Tithe

Auiz Yariable. .

] Use this title

| OF. |[ LCancel ] [ﬁave A Default][ Feset Defaults ] [ Help ]

Click on the Axis \ariable button and then choose V1(D1). After yauehchosen the x-
axis the above window will reappear. Now set tlagalRange to &kr Defined and adjust

the settings to what you prefer. In the above @tai®V to 1.0V was selected. When you
close this window, you can now select your Y-arasé¢. Use the I(D1) selection to plot the

Ip vs. \p diode characteristics.

CE:; SCHEMATIC1-DC Sweeep - PSpice A/D Demo_ - [DC Sweeep.dat (active)]

B Dle Edit View Smuiation Trace Plot Tools Window Help gS!

g @ uS SCHEMATICT-DC Sweeep »
CCNR S s B | 25 7% B e oF
|
|
=]
[
" BB DC Sweeep
= Simulation running Al |
| =Profil; "SCHEMATICT DC Sweeep” [E\Dcad Caplure C15, Releass 15.7ADiode Example- | |4
Fieading and checking citcuit
Circuit read in and checked, no errors
DC Analysis Stat= 0 VVI= 10 End= 10
DIC Analysis finished
Simulation complete -
< 3 Y Analysis { watch }\ Devices

Vyi= 10

E:\Orcad Capture CIS, Relea:

se 15.7\Diode Example-PSpic

1E! SCHEMATIC1-DC Sw... Links



Operating Point

In the previous section we used the variable velagply, V1, to plot the characteristics of a
1N4148 diode. Let us now add the load line tcath@ve plot to find the operating point, commonly
called the “Q” point of the circuit.

Bring down ther race menu and click on th&dd trace... , or click theAdd Trace icon on the
toolbar. This brings up thedd Traceswindow. In the Trace Expression box, using thebtiu
brackets from the Analog Operators and Functioososeon the right side of the window, include
the following expression [-2e-3*V1[D1]+20e-3]. ft€licking @ adds the second straight line,
the load line, to the plot.

Activating theToggle cursaicon on the toolbar brings up the Probe cursongleith the data
point window. When the cursors are placed on tiet pf crossing of the two plots, the results can

be seen on the first row. In this example V1(D¥66 mV and I(D1) = 18.485 mA.

1= SCHEMATIC1-DC Sweeep - PSpice A/D Demo: - [DC Sweeep.dat (active)]

B Ble Edit Yew Smulstion Irace Plot Tooks Window Help RS -
Sr mEEHS SCHEMATICT-DC Sweeep »
?e|a i ¢ B | 3 A0 e[| 7K NC oF M R0 0 ) T
&
®
=
I
18.485n |
. 960_428p
B DC Swesen
x| Simulation unning.. PN ElR
' = Frofile: "SCHEMATICI-DC Sweesp' | E:\Drcad Capture CIS, Release 15 7\Diode Example- A
Pieading and checking circul
Circuit read in and checked. no erors
DC Analysis Start= 0 V.VI= 10 End= 10
DC Analysis finished
Simulation complete v
< 3 Y Analysis { Watch }, Devices
Toggle Display of cursar Vvi= 10 100% [ it

I SCHEMATICI-DC Sw...
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Markers

In the twoprevious examples we chose the parameters to flayis on the Y-Axis in thadd
Traceswindow.

In Probe, you have the ability to preset which parameterswant to display. On th&ction
toolbar, there are four toolbar buttons that can be usethis purpose.

@99 2| 2|

They are, from left to right:  Voltage/Level Marker
Voltage Differential Marker(s)
Current Marker
Power Dissipation Marker

Placing one, or more, of thelstarkers on your schematic before running the Simulation
automatically sets up th&robe display.

Below is an example of adding t@airrent Marker .

s

4vde —— R1
100

Now when you run your simulation, the Probe displéth the result(s) will automatically appear.
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Parametric DC Sweep

As an example of performing a parametric DC swiel,is, varying the parameter or value of a
component, let's find the power dissipated in &tesas the value of that resistor varies andtplet
results.

You will recognize that this is the Maximum Poweaiisfer curve.

Starting with the basic schematic:

mgg

Bh =  G0We %RL
1k

o

In order to do a sweep of the values of resistary®l need to change its value from a fixed number
to a variable text. Say we call it {OHMS}

Bh == GG %RL
- [OHMS}

-

Note: the text OHMS is enclosed in curly brackefs {OrCad will treat this as a parameter.

Now go to the Rice Rrt menu, under thePECIAL library, select a “part” calleBARAM . If this
library is not on your list, you will have to addising the Ald Library.| button. It is called
special.olbin thepspicefolder. Now place this selected “pdRARAM) near your “variable” load
resistor. Double left-clicking on it, brings up teoperty Editor . Left-click on thg New Colunfin
button give the variable a name, in this case weising the variable name OHMS, and a value (one
that is reasonable for your design). This valuebei used as the default condition if you choase t
do another type of simulation on this design. tbhsevalue 2. Apply it and then highlight this new
column. Left-click[ Display].. and then activétie button labeletlame and Value When you

close out the [Property Editor] your schematic sthénok like this:

(14)



Fith

+

Bth

"z

Gl

=

To start the simulation process, openRiSpicemenu. The first choice available is thew

FARAMETERS:
OHMS = 2

RL
% OHMS}

Simulation Profile. Left-click on it and the following windowill appear.

Hews Simulation

M ame:

Inhert From:

|r'|l:II"IE'-'

R oot Schematic:

SCHEMATICT

X
[ ]
Cancel
= |

Give the New Simulation ldame. For now, useMax Power Sweép
Left-click [Creatp and the next screen will appear

Simulation Settings - Max Power Sweep

Analysiz tpe:

Sweep variable

2p

General Analysis lEnnfiguratinn Files] Dptiu:-nsl D ata Collection ] F'rc-l:-e\a\-"indow]

" Vaoltage source li
" Current source l—_|
+ Global parameter
" Model parameter

X

[]Secondary Sweep
[Ikonte Carlo™worst Caze
[|Parametric: Sweep

" Temperature

Parameter name: |OHMS

] Temperature [Sweep) Sweep type
[(15ave Biaz Point & Linear Start value: 0.001
[1Load Bias Point - End value: Imi
" Logarithraic
Increment: 1
™ Walue ligt |
0K | Cancel Help
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Activate theGlobal parameter button and add the name of your parameter, witthaucurly
brackets, that you are sweeping. In this caseOHMS. The sweep type will hénear. Since you
will want to sweep the resistor value fror@& to 30Q’s in steps of X2 you will enter these values
in the appropriate places. Note that you couldentér &Start value of 0Q’s since this would result
in a divide by zero, which is illegal. If you tityyou will get an error message. Go try it, RBpice
and see the results. Instead, you can use @P8kmall number close enough to 0.

If everything was entered correctly, the simulatio run without any errors, and the following
screen will appear:

L SCHEMATICT -Max Power Sweep - PSpice A/D Demo - [Max Power Sweep. dat {active]]

§Eile Edit View Smulation Trace Plob Tools Window Help g8 ) E|ﬁ
ERdE == | SCHEMATICT Max Power || b
Rt MExE %

] B Max Power ..,

Simulation running. .. ~ | =
== Profile; "SCHEMATIC1-Max Power Sweep™ [ E:\Orcad Capture CIS, R 1|
Reading and checking circuit

g'g‘;;ﬁ?;" and ehecked, no eors Start = 1.000E-03 OHMS = 23 End= 20
DC Analysis finished

Simulation complete w

< b

=%

For Help, press F1 OHMS = 29 i00%  INNEENEEEN

Add a trace by left-clicking on thErace menu or on the toolbar button. il

This brings up thé&dd Tracesmenu. Since you are looking for the power digeiphén a resistor as
a function of its value, highlight the W(RL).
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Add Traces

Simulation Dutput YV ariables

Y1[D1)

Full List

# ¥ Analog
-
¥ Waltages
Iv Curents
v Power
-
v alias Names

-

B3 variables listed

Functions or Macros

|Analog Operators and Functions j

1]

N
!
@

ABS[)
ARCTAN[ )
ATAN( )
VG ]
G ]
Cos()

D[l

DE[]
ENVMER] ]
ENVMING |
ExP()

Trace Expression: |W'[F|L]

Ok | Qancel| Help |

Left-clicking @ brings up the plot on the power vs. OHMS graph.

EE:; SCHEMATICT -Max Power Sweep - PSpice A/D Demo - [Max Power Sweep. dat (active)]

B fils Edt view Smulstion Trace Blot Tools Window Help pg

CRAN-S - =]

BRE B M %B B P o

8
5 W(RL)

| SCHEMATICT -Max Power || »

"B MaxPower...

[ Simulation manning. A
| = Profie: "SCHEMATIC1-Max Power Sweep” [E:MDrcad Capture CIS, R
Fieading and checking circuit
B"EC;L_:\:;T;‘?;” and checked, no eimors Slart= 1000503
DE Analysis finished
Simulation complete v

L%

OHMS = 23 End= 30

OHMS = 23 ST [ [ ([ (T[]

To confirm your result:

a1

loF
Left-click theToggle cursortoolbar button: Then left-click theCursor Max toolbar button.
(the leftmost one) The cursor will move over te thaximum point on the curve and in Brebe
Cursor window, the result A1 = 9.0010 (XB) and 100.000 (100 watts) will appear.

an



Thévenin and Norton Equivalents

You can use the Bias Point simulation method to fire Thévenin and Norton equivalent circuits.
As you recall, the Thévenin's Theorem states thgtwo-terminal bilateral dc network can be
replaced by an equivalent circuit consisting oitgal voltage source and a series resistance, as

shown below.

Fith A

Thévenin Equivalent

The voltage sourceyHs also the “open circuit” voltage opE The resistance s also the internal
resistance of the circuit;R

The Norton Equivalent circuit consists of an idaakent source and a series resistance.
a

IN CD RN §

Norton Equivalent

The current source is also the “short circuit” current ogd The resistance\Hs also the internal
resistance of the circuitR(as above)

With this in mind, you need to solve, i.e., rua tbrCad circuit simulation, PSpice, three timeggeon
to find the “open circuit” voltage, once to findettshort circuit” current, and a third time to fitite

“internal resistance”. Using the following circai an example

Rl R4 a
e My
330 81
W == g R ; R2
ol 51 100
E
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First, solving for the “open circuit” voltage, leatb Voc = 9.302 volts.

Rz =2} &

330 B

vwi;j gm gRS gR

A0ViE 51 100 100Meg

i 0

Note: the placement of the 100M@gresistor across the output A-B. Since PSpice does
simulate properly with a “floating” component, yoan simulate an open connection by inserting a
very large resistor.

Second, solving for the “short circuit” currentadis to §c = 58.97 mA.

RZ

330

Il

"
=

"
2

4

Third, to solve for the “internal resistance”, @rfeSpice cannot measure resistances directly, you
have to do it indirectly. First set all internalsces to zero, i.e. voltage sources to “shortd” an
current sources to “opens”. Now connect a cuseutce of 1 Adc to points A-B, the resultant
voltage at points A-B will be the “internal resista”. In this example,R= 157.7Q.

Rz Fit N [157.7]
e :

330 21

R1 3% |
2% F " @ 1me

1

-

Voc o 9302V _
loc 58.97mA

This confirms our previous simulations singe,, = Ry, =
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AC Inputs

Shown below are the five types of AC inputs, alaiittp sample inputs:

V8 V1
VAC 1Vac VSFFM VOFF =0V é
VAMPL = 1V
Ovde FC=30MHz [
MOD = 5V
FM = 5kHz
VOFF =2V _
VSIN VAMPL = 10V & VPULSE % = (5)¥ V1
FREQ = 5kHz TD =2ms
TR =0.1us
TF =0.1us
PW =5ms
PER = 10ms
VPWL V4 VEXP % 2 é¥ V2
VPWL_RE N _TIMES TD1 = 7ms
VPWL_RE_FOREVER TC1 =1ms
TD2 = 15ms
TC2 =5ms

TABLE OF AC INPUT STIMULI

VAC - a sine wave input used for AC Sweep Analytsiat is for viewing an output as a function of
frequency.

VSIN - a sine wave input used for transient anajytkiat is for viewing an output as a function of
time.

VSFFM - creates a Single-Frequency Frequency Médualaource.
VPULSE - creates a rectangular repetitive pulsénigethe parameters specified.

VPWL - an pulse input where you can create your type of single pulse or triangular waveform.
Used in a transient analysis simulation. Pointtherpiecewise linear source are entered in the
Property Editor

VPWL_RE_N_TIMES - is the VPWL repeated N times.
VPWL_RE_FOREVER - is the VPWL run continuously.

VEXP - Creates a single exponential waveform.
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Time Domain (Transient Analysis)

In the transient analysis mode simulation, you kélldisplaying the amplitude of an ac signal as a
function of time.

The example series RL circuit, being driven by as@urce, is shown below. Use ¥8IN
component part for the voltage source V2.

R2

Vin Vout
MWy

100

VOFF = 0V nD
VAMPL = 1Vpk
FREQ = 1kHz

B \ANNT =

I

Note, any time you simulate a circuit with an inugit is a good practice to include a series
resistance. The inductor model is an ideal modtél mo series resistance. When OrCad performs
any type of AC simulation, it first does a DC Bssulation to calculate the quiescent (DC)
operating points. An inductor with no series itasise, i.e. a DC short circuit, could result in
erroneous results.

Before we can simulate, we must create a Simulatiofie. As before, open tleSPicemenu tab,
and create Blew Simulation Profile. This time give it th&lame“AC Transient”

Mew Simulation §|

Marne;
|.-’-'-.E Trangient
Caricel
Iriherit Framm:
| hiohe ﬂ J

Root Schematic: SCHEMATICT
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The simulation profile setup for an AC Transieralggis is shown below.

Simulation Settings - AC Transient

Gemeral Analysis ]Eunfiguratinn Filesl Dptions] Data Collection ] Frobe 'W'induw]

Analyziz type:
Time Domain [Transient]ﬂ Fun to time: amz second:s [TSTOP)
Options: Start zaving data after: |0 geconds
General Settings Transient optiorss
[CMuonte Carlowiarst Caze M axirnum step size: |10u seconds
[C1Parametric Sweep ) o ) i . i
[T emperature [Sweep) [ Skip the initial transient bias point calculation [SEIPER)
[]5ave Biaz Point
[JLoad Bias Point

Output File Options. .

(] 8 | Cancel Apply Help

We will be using the General Settings option. &itie AC generator was set to a frequency of
1kHz, I have set thRun to time to 3msec to display 3 complete cycles. Also kehelwosen to

display approximately 100 points per cycle, thenefdhave set th®l aximum step sizgunder the
Transient optiong to 10usec.

Click@ to apply the values and close this winddMow run PSpice. When the circuit is finished
simulating, an empty Probe window will appear. KraXIS will already be set up with a time
scale set to 3msec in increments of 0.5msec. diek-on theT race menu or the shortcut on the
toolbar menu. This brings up tAeld Traceswindow. Highlight and left-click the outputs thaiu
would like to have displayed. | have chosen V(Ygdihie voltage across inductor L1 and its series
resistance R3, and V(Vout) - V(Vin), the voltagelacross resistor R2, to add it to Tirace
Expressionline at the bottom of the screen.

Note that | have created the second expressionibyg @ subtraction operation on V(Vout) and
V(Vin).
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Add Traces

Simulation Output W ariables Functions or Macroz
* |.6.nalog Operators and Functions j
[8]] ~ Y
1) v Analog i
IR2) *
IR21) N +
R3] -
3] v Yoltages i
I1Ve] @
V2] v Cuments BBS()
Time ARCTAM(]
(0) ¥ Bower ATAN(]
WILT:1) r AVG[)
WIL1:2) G L]
WIND3112) : Cas()
VIR v Alias Mames bl
WIRZ:2) - DE[]
WIR3T) EMuMas ]
WIR32) EMVMING . )
W2+ EXP[]
| i2r G[]
IMG[ )
Wy o) LOG( )
WL1) ; : LOG10[)
YIR2] 33 wariables listed M1
alik] ~ ] ] v
Full List
Trace Expression: |V[Vout] o) W [in] ok | LCancel | Help |

Left-clicking @ brings up the plot of both vadfa drops as a function of time..

iz SCHEMATICT-AC Transient - PSpice A/D Demo. - [AC Transient. dat (active)]

le Edit Wiew Smulation Trace Plot Tools Window Help Eﬂ; _ = ﬂ
SRRl
BB M B 2% F

| SCHEMATIC1AC Transien | »

E
&
=

—4B88mu

-8 o8ny

s B.5ms
o UfUout} = U(Uout}- U(Uin}
1 E AL Transient

|| Reading and checking circuit ~ | A
Al Circuit read in and checked, no erars £l

Calculating bias poirt far Transient Analysis
Bias point calculated

Transient Anslysis Time step= 4.308E-06  Time = 3.000E-03 End = 3.000E-03
Transient Analysis finished
Simulation complete v

< L4 '\ Analysis A Watch A Devices f
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AC Sweep Analysis

In this mode you will be looking at the ac sigreasl using the results to determine the ac gaineof t
circuit.

You will use the circuit shown in the following shatic.

24vdc

J———

4.3k

< Rb Cout MAG = OK
560k Jk Vout PHASE = OK

MAG = OK > 1k
PHASE = OK our
7 s in Qt
s RL
u 2.7k
Q2N2222
~o

For the voltage source V1, use ¥W&C part. The/SIN part is used for th&€ransient Analysis
simulations.
225

—

Note the use of a new symbol: In thePart menu, this is listed agPRINT1 (in the
SPECIAL library). This symbol is used to tell PSpice that wish to include some characteristics
of this node in your output file.

Double-left clicking on the symbol will bring upefroperties Editor screen.

Under the column designated AC er@#¢. Under the columns designatddG andPHASE,
enterOK. Continue entering OK under any other charatietisat you wish to examine and record.
You don't have to enter OK as | have. Enteringtlaing will activate the property.

If you wish to display the name and/or the valtihe characteristic on the schematic, as shown on
the input node Vs, highlight the column and prassRisplay. J.button.

The following screen will appear:

Display Properties EI

Font
Aiial 7

Walue: ’m— LChange... | gseDefault|

Digplay Format
" Do Mot Display
™ Walue Only

+ Mame and Yalus

Marme: MAG

Rotation
" Marne Orly o0 1800
£ Both i Value Exists car Oz

ak. | Cancel Help
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Here you can make your choices for displaying yimet®l properties.

To start the simulation process, openRispicemenu. The first choice availableNgw
Simulation Profile. Left-click on it and the following window will@pear.

New Simulation PX|
Hame:
|
Cancel
Inherit Fram:
| nione ﬂ
Foot Schematic:  SCHEMATICT

Give the New Simulation ame. For this example, usea¢ Gairl. Left-click and the next
screen will appear

Simulation Settings - ac Gain

General Analysis ]Cnnfiguration Files] Dptinns] Data Collection | Probe Windnw]

Analysis type: &C Sweep Type

AL Sweep/MNoise ﬂ * Linear Start Frequency: |1kHz
Options: ™ Logarithmic End Frequency:  |1kHz
General Settings T otal Paints: 1

[ IMonte CarloMwarst Case

[C1Parametric Sweep ey

[ Temperature [Sweep)

[15ave Biaz Paint [ Enabled

[1Load Biaz Paint

111

Output File Options

I Inchude detailed bias point information for nonlinear
caontrolled sources and semiconductors [LOP]

QK | Cancel ‘ Apply | Help |

Choose thé\C Sweep/Noisaunder theAnalysis typeoption. Since in this example we will be
looking at only one frequency, (i.e. 1kHz) setAt@ Sweep Typeas shown above. Under the
Probe Window uncheck th®isplay Probe Windowsetting.
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Run the simulation and open the output file (eithgng the shortcut icon on the left side or under
PSpice andView Output File). At the end of the output file you will find teC Analysis results,
a portion of which is shown below.

wx AC ANALYSIS TEMPERTURE = 27.000 DEG C

FREQ VM(VOUT)  VP(VOUT)

1.000E+03 2.798E-03  -1.789E+02

Frk 12/31/06 23:08:44 *+kekx PSpjice Lite (July 2006) ***++* |D# 10813 ****

** Profile: "SCHEMATIC1-ac Gain" [ F:\Orcad Cap®ICIS, Release 15.7\ac example-pspicefiles\scietaat gain.sim)

wk AC ANALYSIS TEMPERAURE = 27.000 DEG C

FREQ  VM(VS) VP(VS)

1.000E+03 1.000E-03 0.000E+00

In this example, the frequency (FREQ), magnitudelé¥ind phase (VP) are displayed for the output
signal node (Vout) and the input signal node (Vs).

Recall that for your reports, you can modify, aoldor delete anything from the output file, just as
you would with a text file (which it is). Hence weuld calculate the ac gain and include it in the

simulation report.
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Digital Simulations

After creating your new project, (as was describguhge 1) we can now start the digital simulation
process. Open tHeSpicemenu. The first choice availableNew Simulation Profile. Left-click
on it and the following window will appear.

MNew Simulation E|
Marne:
|
Cancel
Inherit Fran:
| hoRe ﬂ
Foot Schematic: SCHEMATIC

Give the New Simulationdame For now we can use Digital”.

Left-click [Creatp and the next screen will appear

X

Simulation Settings - Digital

General &nalysis ]Eunfiguration Files] Dptiu:uns] [ata Collection ] Probe Windu:uw]

Analpziz type:
Tirms Domain [Transient]ﬂ Biun to time: 4.0z zeconds [TSTOR)
[ Start zaving data after: |0 seconds

Transient options

General Settings
[IMonte Carlosworst Case tdaximum step size: seconds
[Parametric Sweep

[ Temperature [Sweep)
[]Save Biaz Paint
[]Load Biaz Point

[ Skip the initial transient bias point calculation [SKIPBR)

Output File Dptionz. .

QK. | Cancel Apply Help

Notice that the BRn to time: and thet&t saving data after: times were set to 4.0 rdDeseconds
respectfully. This is because we will run our daion fromt=0tot=4.0 ms.

Next go to the Options tab and set ttatggory: to Gate-level Simulation.
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Simulation Settings - Digital

Generall Ainalysis l Configuration Files  Options | Data Collection | Probe ‘Window

ray - - Timing Mode
Sirmnulation -
Simulation " Minimum
{* Typical
" Maimum

" Worst-case [mindmax]

[ Suppress simulation emror messages in waveform data file,
Initialize all flip-flops to: |5 -

Default |/0 level for &40 interfaces: |—1i‘

Advanced Options. .. | Reset |

Ok | Cancel Apply | Help |

When simulating digital circuits that contain ffipps or their derivatives, or circuits that contai
both analog components and digital flip-flops @itlderivatives, you need to initialize the data
storage devices. In OrCad Capture, you do thiscbgssing the Optidns tab under the Simulation

Settings menu and then highlighting the Gate-I8imlulation in the @tegory window. An example
is shown below.

Simulation Settings - Digital

General] Analysiz ] Configuration Files  Optiots | Data Collection | Probe 'window

Categony: .
e - - Tirning Mode
Analog Simulation .
Gate-level Simulation " Minirnum
* Typical
" Mawimum

" Warst-case [mindmax)

[ Suppress simulation error messages in waveform data file.

Initialize all fip-flaps to: M -

Default 170 level for 4D interfaces: |—'Ii|

Advanced Dptions... | Beset |

ok | Cancel | Apply | Help |

On the line labelethitialize all flip-flops to: change the options from “X” (logic don’t care) to
either a “0” (logic Zero) or a “1” (logic ONE).
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Use of Digital Input Stimuli

OrCad Capture has 6 types of digital input stimuli:

Digital “HI”, Digital “LO”, Digital Clock, Voltage Pulse (an analog pulse generator), Digital
Stimulus, and File Stimulus.

Digital "HI" Digital "LO"
>
$D_HI/SOURCE $D_LO/SOURCE
V1= V1
Digital Clock 85’;|T,\'A“’E'E:5-ﬁgs DSTM2 Voltage "Pulse" \'I%Z
DELAY = TR =
DigClock/SOURCE STARTVAL =0 VPULSE/SOURCE TF=
OPPVAL=1 PW =
PER =
Digital Stimulus e File Stimulus STV
STIMX/SOURCE FileStmX/SOURCE =
X 21,4,8,16 X= 1,2,4,8,16,32 SIGNAME =

TABLE OF DIGITAL INPUT STIMULI

Digital “HI” andDigital “LO” are constant digital “1” and digital “0” inputschare found in the
PWR icon on the right hand side toolbar.

The rest of the Digital Input Stimuli are foundtive Placemenu and th@art selection or in the
Place part icon.

Digital Clock - a digital “1” and digital “0” clock generator whe parameters can be input and
changed from the logic diagram.

Voltage “Pulse”- an analog “one time” voltage pulse generatdrdts has parameters that can be
input and changed from the logic diagram.
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Digital Stimulus - a digital input whose wave shape is specifiethinProperty Editor. Shown
below is the Property Editor for a single line BagiStimulus - STIM1/SOURCE.

DSTM3

K%l Capture CIS - Demo Edition - [Property Editor]

: File Edit Wiew Options ‘Window Help -8 x
O|s|@| 5| $R|e| 2| @] o sla|ala| vldve|sE=] b b 2
[SCHEMATIC1-Dugital i =11=1 A = e s e e e
[Mew Column | Apply | Display. | Delote Propety | Fitsr by [« Cunent properties » ~| _Hep |
[ Color Jco 1]co 2|co 3| Col co |co |co 7|co |co |co 10~
j SCHEMATICA : PAGET : DSTM1 | [opaut 050 1ms 1 2ms 0 3ms 1]

Note in the example above COMMAND 1 is 0s 0, COMMAR is 1ms 1, COMMAND 3 is 2ms

0, and COMMAND 4 is 3ms 1. As you can guess theans that at 0s, the starting time, the digital
input is logic “0”, at 1ms the logic input is lodit”, at 2ms the logic input is logic “0”, and atn4

the logic input is logic “1". These times are rsalute values. They could also have been wrdtten
COMMAND 1 is 0s 0, COMMAND 2 is +1ms 1, COMMAND 8 i+t1ms 0, and COMMAND 4 is
+1ms 1 - relative time values.

For multiple inputs, a series of digital inputs ¢enspecified using the STIM4, STIM8, and STIM16
inputs. Shown below is the Property Editor fouadjline Digital Stimulus - STIM4/SOURCE

DSTM1

&%/ Capture CIS - Demo Edition - [Property Editor] BE|E\
T Fle Edit view Options Window Help -8 x
Y1V 2 et e s g = i N e T R o i 4 T S A
| e == S e P e 4
| Mew Eo\umm...l Apply | Display...| Delete Property | Filter by: ‘< Current properties » j Help
[ Colar [co 1[co 2[co 3]co co co [co 7[co [co [co 11~
j SCHEMATICY : PAGET :DSTM1 | [yt 00000 1ms 0001 | 2ms 0010 3ms 0011 fdms 0100]

File Stimulus- a means of inputting large amounts of digitpLits via a text file. In the following
example a four (4) input file stimulus is connedietivoAND gates via a bus wire (to be described
in the next section).

DSTM4 D[0.3]

FILENAME = TEST.stm
SIGNAME = D0,D1,D2,D3

U1A
DO 1

D1 2

7408

D2 4

D3 5




In this example, the digital signal transitionsdamals DO, D1, D2, and D3 are specified in theg fi
named “TEST.stm” that was created by a text editch as NotepadDO NOT use a word
processor.

This file must be stored in your project under‘Bienulation Profile” folder that you have
previously created. In the example shown on theipus pages, it would have bdeigital .

LISTING OF FILE “TEST.stm”

D3,D2,D1,D0
Oms 0000
ims 0001
2ms 0010
3ms 0011
4ms 0100
5ms 0101
6ms 0110
ms 0111
8ms 1000
9ms 1001
10ms 1010
11ms 1011
12ms 1100
13ms 1101
14ms 1110
15ms 1111

; Header, listing the signal namesofider)
; This header must be placed on the first line
; Comments are placed after the ;
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Use of Bus Wires

A scalar wire, the one that we have been usingiatlg, can carry only a single signal. A bus wire
can carry multiple signals. This can cut downr@number of wires on your schematic, thereby
making the schematic easier to read.

Looking at the example block diagram below

DSTM2 D[0..3

FILENAME = SIMX.STM
SIGNAME = D0,D1,D2,D3,

DO 3 4 DObar

D1 3 4 Dlbar

D2 3 4 D2bar

u24B
D3 3 4 D3bar
7404

You can see that we have multiple signals comimgpfa single wire. This is the bus wire.

Along with that, | have used a multiple FileStinpir source, in this case a FileStim4 source. The
four means that it can inject 4 signals simultasgouThere are also 2 input, 8 input, 16 inputl an
32 input versions in the OrCad Capture sourcerlbra

The FileStim text file is created and labeled an“RILENAME = “ line in the same way. But now,
on the “SIGNAME = “ line, multiple signal names da@ entered. As shown in the example above,
the letter designation can be anything but thexsfdfiowing it must be a number, and IN
SEQUENCE Typically it is the numerical sequence of sigralailable.

At the signal exit points, notice the use of “BUSTRY” lines. A bus entry is used to tie a sigraal t
a bus. The advantage of using bus entries insfeaiies is that two bus entries can be connected at
the same point on a bus without connecting theatdgif two wires are run directly to a bus at the
same location, the signals are connected.

The nodes at the gates are marked with the apptepit Alias. If you start with the lowest
numbered node, for example DO, place it on the@piate wire and then continue placing the rest
of the nodes in sequence, tiet Alias name will increase automatically.

Now one more thing needs to be done. The busmis be labeled with the names of the signals.

In this case, DO to D3. Using tRéacemenu and thdlet Alias selection, create the label of the bus
wire as shown below.
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Place MNet Alias |X

DI0.3]

Help

Place théNet Alias name on the bus wire and you're all set.
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1: OrCad PCB Editor 15.7

OrCad PCB Editor 15.7, formally called Layout, &sbd on the Cadence Allegro layout program. It
is a powerful circuit board layout tool that hasla¢ automated functions one needs to complete the
layout of a multilayer printed circuit board.

You start a new project (program) by going toFile menu in the upper left corner, thidaw.

The following screen will appear:

Project Directory:  E-/ECET 237/Labs/Lab 02/allegro
Dirawing M ame: | | [ﬁrnwse.._l [ Cancel ]
Drawing Type: | Board
HOelp
Board s
Board [wizard] =3
kodule W

Package sumbol
FPackaos svmbol lwizard] ™

We will begin our session by opening a blank filet us call it Start-Up Example to be located in
my Start-Up Example—Allegro directory and highlightthe Board (wizard).

Project Directory:  E:.../Start-Up Example - Allegro
Drawing M ame: |Start-L||:| Example.brd | [Eruwse... ] [ Cancel ]
Drawing Tope: | =ia=is NOTEET|
nelp

Board -

Joard [wizard] =

Module B

FPackage symbal

Packaae sumbaol Dwizard]
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® Board Wizard

Thiz wizard helpz vou to get started with a board design.
|Jzing thiz wizard, vou can define the following:

- Drawing unitz, size, and origin
Import Data - Board outline
- Gnd zpacing
Parameters - Board crosz-zection
- Initial congtraints

MF'TE A Thiz wizard alzo generates route keepin, place keepin, and arbwiork,
Information? filrm defiritiors.
Custom Data Y'ou alzo can import custom templates and technology files that

cohtain Alleqro data and parameters. The initial board that you
create with this wizard can be modified by uging the interactive
commands in the Allegro Editor.

< Back Finizh Cancel ] [ Help

Follow the six steps in the board wizard to congptee PC board initialization.

Now it is time to place the components on the board
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