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PREFACE

This laboratory manual is intended for use in ENG2200 Linear circuit course. Every care
was taken in preparing this manual, however no one is perfect. If you find any typos or
errors in this manual, contact the course director.

To the student:

The objective of this lab is to get you familiar with the instruments used in electric and
electronic circuits measurements and testing. It will introduce you to the concept of “lab
book” and to how to design, implement and test simple electric circuits.

The lab will be done in groups of 2. Each lab consists of 2 parts. The prelab part will be
done before you arrive to the lab. It will be submitted at the beginning of every lab. Then
you have to do the experiment and take results. At the beginning of the next lab you
should submit the lab report for the previous lab.

Each lab covers a specific topic in the course that will be clear from the lab title. It is your
responsibility to read the theoretical part from the text book and the course notes before
you go to the lab.

After you connect the circuit on the breadboard, check with the TA before connecting
power. Please read the safety rules and troubleshooting hints before you start your first
lab. Please be alert and use common sense during performing the experiment.

You have to maintain a laboratory book or journal, the TA must sign each page before
you leave the lab. The journal will be checked once or twice during the term in order to
be sure that you successfully did that part. Tips for maintaining a good journal is
explained in this manual, please read the chapter titled lab notebook carefully.

The TA is there to help you, if you have any question ask the TA. A simple question
might save you a lot of time and trouble later. Remember, you are dealing with expensive
equipment.

To the TA:

Please read the experiment before you come to the lab. In the lab you have to approve the
schematic diagram and the circuit connection before you power up the experiment. Your
job is to prevent any accidental mishaps that might injure students or destroy any
equipment.

To the course Director:

The course director responsibility is to be sure that the lab is properly equipped, the TA is
qualified to run the lab, the marked reports are returned to the students in a timely manner
and supervising the TA.
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Laboratory Notebook

Keeping a complete and accurate lab notebook is a very important part of your
engineering education. Lab notebooks are a complete record of what you do in the lab.
You record in it your thoughts, experiments you ran, assumptions, and results. Your lab
notebook can play a vital role in protecting your intellectual property (IP). Although it is
highly unlikely that you need IP protection for your experiments in this course, getting
used to maintain a good lab notebook is a very important part of your engineering
education).

If you ask an IP lawyer what to write in the notebook? The answer would be
“everything”. However, we will try to simplify this for you.

First a notebook must be bound not spiral, the idea is in a bound notebook you can’t
remove (or add) pages without being clearly noticed.

Bound notebook

e s Yeradan3s 194
r o : :
i % % Enrico Fermi lab notebook (from
= ¥ University of Chicago library)

In your notebook you must include your thoughts, what do you want to achieve from the
experiment together with the results.

A good rule of thumb (actually 2 rules) are the following:
e Can someone with your technical background read the notebook, understand what
you did, and can reproduce the same results.
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e If you come back 6 months from now, can you read your notebook and
understand your thoughts at the time, and being able to modify or expand on your
work

The notebook is not only used to protect your IP, but it is also used to document
compliance with procedures especially testing procedures, safety standards, or
environmental protection regulation and standards. Every page in the notebook must be
sequentially numbered signed, and dated (use unambiguous dating, for example use May,
8, 2012 not 5/8/2012 since the later may means May 8" or August 5™ depending on
where you are in the world). Use pens not pencils in your notebook. Errors must be
crossed with a single line not obliterated. Sometimes you can learn a lot from your
mistakes. Any alteration to the notebook must be signed and dated. Also, it is a good idea
to leave few blank pages at the beginning of the notebook; you might want to make a
table of contents later. What to include in the notebook can be detailed by the 5 W’s used
by newspapers. The list is very exhaustive and is given only for information purpose; in
this course we will use a simpler model. You can look at the following reference.

J. B. McCormack et al “The complementary roles of laboratory notebooks and
laboratory reports” IEEE Transactions on Education. Vol. 34, No. 1 February 1991 pp
133-137
The 5 W’s are
Who
Experimenters
Sponsors
Witnesses
What
Brainstorming possible solutions
Experimental design
Results: samples and raw data
Analysis of data
Difficulties encountered
When
Projected completion date
Explanation of delays
Progress
Where
Location of equipment
Location of models and samples
Address of author
Why
Statement of problem
Authorization and funding
Rational for engineering decisions

In this course, you are responsible for the following in your notebook
¢ Numbering, dating and signing every page
e Use X or Z for parts that you did not use in the page
e Start every experiment on a new page
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¢ Include experiment title, objectives, data collected, and observation (any deviation
from what you expected, any difficulties you faced, ...)

e Describe your results.
In this course, you have to write in the notebook the values of the components you are
using; for every component, write the nominal value and the value that you actually
measured (there is a tolerance between these two values). Failing to do this, you will get
ZERO in the experiment.
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Resistor Color Code

There are many types of resistors, both fixed and variable. Axial-lead resistors (mainly
used in labs using breadboards, surface mount resistors (used in printed circuit boards),
variable resistor (potentiometer), and thermistor (a resistor its value depends on the
temperature and could be used to measure temperature). In this lab we will be dealing
mainly with axial-lead carbon resistor.

Figure 1. Different types of resistors

You can get the value of the axial-lead resistor using the color-code. The color code is a
4-bands of color (5 bands for precision resistors) that determine the value of the resistor.
For 4 colors resistors, the first two colors determine the digits, the third one is the
multiplication factor, and the last one is the tolerance. For 5 colors, the first three colors
determine the digits; the last two are for multiplication factor and tolerance. The value of
every color is shown in the following table

Color value | MULTIPLIER Tolerance
BLACK 0 X10°
BROWN 1 X10!
RED 2 X10°
ORANGE 3 X10°
YELLOW 4 X10*
GREEN 5 X10°
BLUE 6 X10°
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VIOLET 7 X10’
GRAY 8 X10°
WHITE 9 X10°
Gold - X10? + 5%
Silver - X102 +10%
None - - + 20%
For example

For example: consider the image to the
right, the bands are Brown (1), green (5),
brown (1), gold (5%)

15 x 10* = 150 ohm with 5% tolerance

%015% tolerance

Figure 2. An axial lead resistor

Every resistor has a nominal power; you have to be sure that the resistor you are using is
rated for the power generated in your circuit.
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Capacitors

There are three basic types of capacitors, electrolytic capacitors, film capacitors, and
ceramic disk capacitor

Disk ceramic Electrolytic Film capacitor

Figure 3. Different types of capacitors

Electrolytic capacitors are made of aluminum or tantalum plates. A very thin layer of
insulation is formed electrolytically (electrochemical reaction) on one of the plates. This
layer could be very thin, so a large capacitors could be made. The tolerance of the
capacitor value is not good though.

Another point with electrolyte capacitors is they have to be connected in a specific way
(one plate to the positive voltage and the other to the negative voltage). If they were
wrongly connected, the chemical process forming the insulation may be reversed. Also
they have a relatively high series conductance which makes them unsuitable for high
voltage application (why?). The long lead is connected to the positive voltage.

Disk ceramic capacitors use ceramic for insulation, ceramic has a very high dielectric
constant (100-200 times that of regular plastic). They are suitable for high frequency.
Film capacitors have a very good performance with good tolerance. They are bulky
though.

Capacitors usually display their values. For large capacitors, the value may be written on
the capacitor (22pF). Smaller capacitors display the values in a compact form. They use
three digits and a letter (X y z) and a letter. The three digits display the value in pF as xy *
10” pf (for example 234 = 23*10° pF = 230 nF. The letter indicates the tolerance (J=5%,
K=10%, M=20%). Also the operating voltage is written. For example

123K 330V means 12*103pF=12 nF with max. V=330V

-10-
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Breadboards

Breadboards is a plastic board with holes in it that are used to prototype simple circuits.
IC chips are inserted in these holes and wires are used to connect them according to the
schematic. In this lab, you will be using breadboards to implement the circuit in every lab

session.

Figure 4. Breadboard

If you open the breadboard, you will find that these holes are connected with wires. For
example, in the Figure above, all the holes in the top row are connected together. The
same for the second top row, the bottom row and the second bottom row as shown in the
figure below. These rows are usually used for power rails. For example the top row is
connected to the power supply and the second top row to ground. If you want to connect
power to any location in the breadboard, connect a wire to one of the holes in the top row
and connect the other end of the line to where you want power to be

Usually used for power
rail

Figure 5. B readboard showing the power rail

The middle matrix of holes are used for connection. Each column of holes is connected
internally by a wire as shown below (blue lines).

-11-
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Used for connection

. DA A48
:-...."...no

Figure 6. Breadboard showing the matrix connection

(

GIOBAL SPECHALTIES

p;to tj«%qrd 18

Figure 7. Breadboard with the connection

-12-
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Safety rules and Operating Procedures

It is very important to follow the safety rules. These rules are to protect you personally
and to avoid injuries (or may be even death). These rules are also important to protect the
equipment’s in the lab; some of these equipment are very expensive.
General safety rules

e No eating, drinking, or smoking in the lab

e Perform the experiment you are supposed to, do not perform unauthorized

experiments.

e Read the handout before you start.

e Follow the instructions by the TA or the lab engineer.

e Be always neat,

Electrical safety Rules

You are working in an electrical/Computer engineering lab. All the equipment in the lab
are electrical. Electricity can harm or kill you. You have to be very careful in order not to
hurt yourself.

Most people think that electric shocks can kill, and that depends on the severity of shocks
(voltage). The higher the voltage, the more harm the shock can cause. However, that is
not completely true. Current not voltage that cause harm. Surprisingly, very small amount
of current can cause death. For example you can get 1000 Volts shock at home in winter
when you touch a door knob or a faucet. While, 1 Ampere can easily (very easily) kill
you.

The effect of current is shown below

Current Effect

1-5mA Sensation

5-20mA Muscle contraction (you might not be able to let go)
20-100mA Pain, difficulty in breathing

100-300mA Ventricular fibrillation

>300mA Possible death

Having said that, the actual harm depends on many factors. The point of entry and exit of
the current plays a very important role. Current passing through the heart causes a lot
more harm that current flowing between two fingers in the same hand. For example, if
you touch a live wire with your hand, and the current will flow to ground through your
shoes, it will most probably passes through your heart. Touching live wire and ground
with 2 fingers in the same hand will probably not flow through the heart.
Another factor is the skin being wet or dry. The skin resistance drops dramatically if it is
wet (less resistance means more current for the same voltage source).
Some safety tips for you
e Always power down all electrical equipment while connecting the circuit. After
the circuit is connected, check it one more time and then you can power the
equipment. If any doubt, check with the TA.
e Do not touch any wire without powering down the equipment.

-13-
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¢ If you want to make changes to the circuit, power it down first, and then do any
changes.

e Keep your hands dry (more resistance means less current).

e Avoid extension cords, if you have to, check with the TA or the lab engineer
before using them.

e If you are going to leave your bench, even for a short time, power the circuit
down.

e Report any faulty equipment (or you think they are faulty) to the TA or the lab
engineer.

e |If you smell any burning plastic smell, disconnect the circuit right away and
report it to the TA or lab engineer.

¢ Voltage above 50V (RMS) AC, and a little higher than that for DC is considered
dangerous, use extra care in such a situation.

e If someone suffers a series electric shock, he/she may be knocked unconscious. If
he/she is still in contact with a live wire, immediately turn off the power before
touching that person.

e Call for emergency medical assistance, you may administer first-aid if you are
familiar with that.

e Do not use water to extinguish electrical fire.

e If you are using soldering iron, it can get very hot, be careful.

e Use wrist strap if you will be touching chips, especially CMOS chips, it could be
damaged very easily.

-14-
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Trouble Shooting Hints

1.

Be sure that the power is ON, as simple as this is it is a major reason of
complaining “the circuit is not working”

2. All the ground connections are connected properly
3.
4

Be sure that the measuring equipment are connected properly.

You should have a schematic diagram of the circuit before staring
implementation. Go through the circuit and the schematic to be sure the circuit
actually implements the schematic diagram.

All supply voltages are connected and are working properly. Sometimes you have
to measure the supply voltage to be sure it is identical to what is shown on the
display.

If everything up to this point is O.K. (very unlikely), you might have a defective
component (breadboard, resistor, ...) or a device. In this case, you have to trace
your circuits measuring voltages at different nodes and comparing them with what
you expect.

The TA is always there to help you.

-15-
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Report Format

You are required to submit a prelab and a lab report for every lab session (first lab has no
lab report). All lab reports and prelabs should be neatly typed.

Prelab

Prelab is submitted at the beginning of the lab. You should prepare it before you arrive to
the lab. No late prelabs will be accepted. If you do not have it before the lab, you get a
zero for the prelab.

The first page of the prelab/lab report is as follows

York University

Dept. of Computer Science and Engineering
ENG2200

Electric Circuits

Lab (Prelab) Report

Lab x

Lab name

Submitted by name 1
name 2

Date

The work in this report is our own. We have read and understood York
University academic dishonesty policy and we did not violate the senate
dishonesty policy in writing this report.

Signature

For the prelab, just you have to answer the questions in the lab document.

For the lab report; it should consists of the following sections

-16-
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Abstract: A brief statement (few sentences) mentioning what you did in the lab and your
results.

Analysis: If you were asked to perform any theoretical calculations, that should be done
in the Analysis section.

Experiment setup and results: That is the main part of your lab report. If you
constructed any circuits, a schematic diagram should be drawn to represent the circuit.
The components measurements and other measurements should be stated here. If you are
required to draw any graphs or plots, that also should be stated here. Any tables should be
here too.

Simulation results: If you were asked to perform any simulation, the simulation results
should me mentioned in this section. Code is also presented here if you were asked to.
Discussion: If you were asked to compare experimental work to theoretical work, or to
explain parts of your experiment, it should be here

Conclusion: State what parts of the lab objectives you achieved, any difficulties you met,
you can even mention some suggestions to the labs in order to increase the students
experience in your opinion.

-17-
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LAB O_A: SPICE Tutorial

In this example we will construct a simple resistive circuit and measure the currents in,
and voltages across, the different resistors.

Start All Programs = cadence - OrCAD 16.6 Lite - OrCAD capture CIS Lite

You will be prompted with an error message saying License was not found.

Would you like to launch the lite version

Click *“Yes”. You can check don’t ask me again if you do not want to be bothered again.
OrCAD capture CIS Lite windows appears

Click on the project New in the getting started window, or File > New —> Project.

The new project windows appear

-~

New Project

Nste
] Cancel |
Create a New Project Using Help |

% (+" Analog or Mixed 4/D

Tip for New Users

,E " PCBoard Wizard Create a new Analog or
Mizxed A/D project. The
u new project may be blank
’, " Programmable Logic Wizard or copied from an existing
¢ | template,

%J [ Schematic

Choose Analog or Mixed A/D

Browse to the appropriate directory location, and name the project MySimpleCircuit
Then OK.

A new project Window appears, choose “Create Blank Project”. The following screen
appears

-18-
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=@ X
cadence

B ocan CoptugEISs Lte - [/ - (SCHEMATIC : PAGET)]
bbb dar e Bsen -R_Q A% oW EL GEENBOEA ] BCS
iscremaTIclbi = o 0 @ @ /4 4 4 Ao)ve1ew
e - b ()
= [N
i
1=
14
b fan
ALY
e, 3 e
TR
%
T
"\&%
>

7 0 7 g T 0 T T 0 7 ¥ 0 W 7 0 T 0 W

W File Location C \Users aboeiasec 35 OrCAD_COpHare/ 16 6 DiCapture i

o @& w|

You will get the schematic page, with a ground node in it and text to tell you to copy and
paste the ground in your design. If you did not get the ground node do not panic, you can
place it from the “part” menu.

Every circuit must contain a ground and the name of the node is “0” that is the number

ZEro.

Select

y
L,g_\

g
o P

Place part

Place wire

b 228A0 0 420
WS T T T L

Place net alias

&4

& oF

Place ground

-19-
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On the right there is a group of fast access keys, the most important is the place part
(could also be accessed from the menu bar Place - part. The place ground button
(ground is also a part you can access it from the place part button or menu. The place
wire (also from the menu Place - Wire). Place net alias (also from the place menu, and
the place ground as shown in the expanded figure

That schematic page is the window where you will build your circuit. The parts will be
placed in the schematic one part at a time.

Go to Place - Part, the following window appears (or click on the place part in the side
fast access buttons).

The window could be floating, or could be pinned to the right upper corner of the
schematic page. Also it may contain different libraries depending on the initial
configuration of the software.

Place Part

- |23
Part: oK I
Cancel |

Part List:

ZN1595/EVAL - Add Library... I
ZN5444/EVAL 7

541528/EVAL — " Remove Library |
555D /EVAL

7400/EVAL Part Search... |
7401/EVAL

7402/EVAL

7403/EVAL

7404/EVAL

7ANRIEVBI N Help I

— Graphic-
O i
ANALOG_P £ s
BREAKOUT :
Desn Coche ~Packaging
VAL
sovAcEe ik
SPECIAL Pac [ B
Type:

. A

Highlight Source library and write VVdc in “part”. As soon as you right V, all parts that
start with V appears, Choose VVdc (A DC power supply) as shown below.

-20-
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3 Place Part - [

Part:

0K
vdc

) Cancel
Part List:

Add Library...

i

Part Search...

ISIN

ISRC Remove Library
STIM1

STIM4 |

STIMB

VAC

VFXP

Litaies Greptic—————

ABM * Normal

ANALDG N

BREAKOUT

Design Cache

EVaL

ISFFM R

STIM16
_ ! Help |
ANALOG_P

SOURCE

SOURCSTM

@ Tz

Packaging
Parts per Pkg: 1

Jv

OVde—=

|

Type: Homogeneous g

SPECIAL

L > |

After you chose VDC click O.K (or double click on the part name). The window
disappears and the symbol appears attached to the mouse cursor. Go anywhere in the
schematic and left click, a copy will be inserted. After that the part still attached to the
mouse cursor and you can insert more DC power supplies if you want. We just need one,
so right click on the mouse and choose end mode (or hit the Esc key).

Highlight ANALOG library and type r in part, the following window appear.

-21-
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Place Part I 23 i
Part: oK ]
r
o Cancel

i ]
F - Add Library...
FPOLY
GPOLY
H E Part Search... |
HPOLY
K_Linear
L
(— ] Hep |
R war i HEID
Libraries: - Graphic
ABM 7 Mol
ANALOG = % R?
ANALOG_P ' )
BREAKOUT ‘

Design Cache - Packaging —/\/\/\/—
EVaL
SOURCE Eatepe(F o 1k
SOURCSTM o |_ 'l
SPECIAL E

Type: Homogeneous g

Click 4 times in the schematic to place 4 resistors

Note

If you choose ANALOG P library, then you type r in part a resistor will appear as shown
below.

You notice that the shown resistor appears identical to the resistor in ANALOG except
for the 2 numbers 1 and 2 at the 2 ends of the resistor.

Important

Note that in Spice every resistor (2 terminal devices in general) added has 2 terminals 1
and 2. When you rotate the part (by highlighting it and pressing “r”) the part is rotated
counter clockwise. So when the shown R is rotated (even the one without the node
numbers displayed) it will rotate such that terminal 2 up and 1 is down as shown in the
figure blow..

When SPICE calculates the current in the resistor, it will take the positive direction of the
current entering from 1 and leaving from 2. If you rotate it once such that 2 is up, if the
current is entering from 2 it will be shown as negative current. You can rotate it twice
after that to make terminal 1 up.

-22-
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| Place Part - Ii 1

r

. Cancel I
Part List:
c Add Library... |
C_war
I Remove Library I
|
R_var Part Search... I

Help I
Libraries: - Graphic
ABM (v
ANALOG = Nomal R?
ANALOG P Corvar :
BREAKOUT - 1 2
Design Cache ~ Packaging —/\/\/\/—
EVAL
SOURCE Respeike: 1k
SOURCSTM I v|
SPECIAL
Type: Homogeneous g
2 1
IAN,2
2 —"\/\,— 1
Resistor After 2 rotations 2
1

After 1 rotation

After 3 rotations

Then you have to add a ground. In SPICE THERE MUST BE A NODE NUMBERED 0
without it SPICE will not work.
Click on the button “GROUND” in the side menu as shown below, place the ground
anywhere in the schematic. BE SURE TO PUT THE NUMBER 0 in Name. SPICE
assumes that every circuit has a ground (node 0), if there is no node 0 we will not be able
to simulate your circuit. If you did not do that, you can do it later as will be explained

-23-
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s N
Place Ground i
|GND
Cancel I

GND I8 /’\
GND_EARTH — Add Library... |
GND_FIELD SIGNAL R

ﬂ GND_POWER Remove Library

3| |GND SIGNAL - -

E - Help I
Libraries:
CAPSYM
Design Cache
SOURCE Name:

Now the schematic looks like the following.

Note also that you can place part by clicking on the part button in the side menu.

If you forgot to name the ground “0”, there is another way to do it.

Double click on the ground symbol. The property editor appears, in the field called Name
type 0.

IO Gt TR P

B Fie Desgn Edt Yew Tock Plce SAnahis Maco  Actessones Options Windew Help cadence - = «
ST == = ] B A AR U ey R L&Q |
2508 AAALSIO1 0
f B e pe e *,

(oA s g e | somnd

P [ oo | [Dasiee (OaPogmny] [P Fowi < Gamsctpcontin on

| { Cadar Lecation X Coordinate | Lecation ¥-Coordinate Warne MOOEMAME

TR - | s

Name (must be 0) To close the £ d4

property editor Sk

15 I\Fans J Scamanc o fFisriets fFne T Biscrs \coais (Fors K ianas e

g 7 T T R
4 File Location G VAPRD 16 1OrCAD_Cagture/ 16 & 0/Capure ini
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[ OrCAD Capture - [/ - (SCHEMATICI ; PAGEL)]

E File Edit View Place Macro PSpice Accessories Qplions Window Help

o|s|@| 8] +[n[e] 2l 6w - gleals] vl:v|a]w|=] ] ) el

tl,‘_l » |,| pl@]‘??l Vl +"'| I |;I
3 1

1 El 1

plololnicle [gls | elBfl L eIy A1

[0items selected Scale=116% X=2.00 Y=390

Click on R2, then CTL-R to rotate the resistor into the vertical position. Repeat the same
for R4. You can also right click on the resistor and choose rotate.

Now we want to connect the parts using wire. go to the menu Place = wire, or click on
wire in the side menu (third button). Go to V1 click on the upper terminal of V1 and
move the cursor to R2 and clock on the left terminal of R2. Repeat to connect the parts as
shown below.

-25-
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;_ﬁ_omu Capture - [/ - (SCHEMATIC1 : PAGEL)] _

E File Edit View Place Macro PSpice Acc i Options  Wind Help

D@ 8] &|=|®| 26w = Ble[ale vV |@m|m]=] i8] b 2|

=1 = I sl P T o el
5 |

1 E] 1

[l e ][0 71|

]
£
&

'_|>-|u|o[|:11<lz || 8|7 e+

I

|0 items selected Scale=116% =010 Y=3.90

Note that the value of the voltage source is OV, all the resistors have a value of 1 KQ. The
names of the resistors are automatically numbered R1, R2, ...

Put the mouse cursor over 0Vdc (the value of the voltage source). Double click, the
following window appears. Choose Value only, and change 0Vdc to 10Vdc. Do the same
for the 1K value of each resistor and change it R2 = 2K, R3 = 500, R4=800. By clicking
on the part name (R1) you can change the name of the part also. You can also click on
Change (Font part) and you can change the font and size of the displayed value. That
makes it easier to read especially if you will cut and past the circuit in your report.

Display Properties | &
: - Font
Name: DC Avial 7 (default)
Value: [0vde Change... | Use Defaut
- Display Format =
" Do Not Display
Ve Or -
" Name and Value  Rotati
" Both if Value Exists  ap* " 270°
0K Cancel Help
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The schematic now appears as follows. (I changed the font size to 10 to make it easier to
read). Double click on the name (R1 for example), click on font change and set the size to
any size you want.

Click on the wire connecting the top of R4. Click on N1 from the side menu, or Place -
Net Alias. A square a window appears, put Vout in Alias, after OK move the cursor to
touch the top wire of R4 and place it there. The right click and end node. Then save the
file using File = Save.

(0 0ca0 o crmarics paceor) RN S S S =
@ File Edit View Place Macro PSpice Accessories Options Window Help - & |l %
o[e(a] 8| &[®|e| = e - gl vy |alm]E| s ) e

=) =l R S P el A e
s 1

I»]

[=|vlo|af«| 7 [%]8] <] |45 |<3]~ ]+ |t E|]0 ]

R1 R3
AW ' AR
1k 500
.| W
- 10\!’#};
R2 R4
2k 800 W

=
[«] | i

1 item selected Scale=116% X=6.20 ¥=3.90

Now the file is saved and ready to be dealt with by SPICE.

To start the simulation, go to the top menu PSpice > New Simulation Profile. In the
name field, enter P1 and none in the “inherit from” field, click create. A simulation
setting windows appears

In the Analysis tab, set the “Analysis type” to “Bias Point”. then OK.

Now we are ready to run the simulation. Go to PSpice - Run and the simulation starts
running. The following window appears. The simulation complete line in the bottom left
window indicates the simulation has finished running.

You can use the menu View = Output File and the output file appears.
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2 o st
W esus||ine|oc|mEEmey ru |

AR (MExE|REP .| [KEFG AT Ay

| B ame e

Simulation Complete
/

Mo recooraed ploduct confionaation eied PE|
4| == Profle: "SCHEMATIC1 1" [C! o, CHEMS

4
Reading and checking cicut
Crcut tead in and checked, no o
Caieulating bias port
Bia pork calculated
Siemdation complelr: -
< 0 1 B By ey

ForHelp, press FI | [100% WEENEENNEN

The outut file appears in the top window. The output file contains a lot of information
about the circuit and the output; here we concentrate on 2 parts of the file.

The first part is the SPICE netlist (shown in the red oval).

It describes the circuit we constructed. For example the first line V_V1 N00024 0 10V.
Since the element starts with a V, it is an independent voltage source between nodes
N00024 (the positive terminal) to node 0 (ground) and the value is 10 V. Spice picks
numbers or names for the net that we did not specify. Fir the alias we used Vout, it
appears as the name of one of the node.

If you scroll down, the last line is shown below. It indicates the voltage values of the
different nodes (for example, Vout is 2.7119 V and so on).

XXXX show enable V and |

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE
VOLTAGE

(VOUT) 2.7119 (N00024) 10.0000 (NO0031) 4.4068
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¥4 SCHEMATIC1-p1 - OrCAD PSpice A/D Demo

.
j =@ = |

“Eile Edit. View Simulation. Trace Plot Tgole: Window ! Lick: |
“;] 21 1P @2 H\[smmmm-m »

QPR MERE |(LEB W F ||KMFAAGSHYFL

[E] mysimplecircuit-SCHEMATIC1-pl.out (active) = £

*Libraries:

* Local Libraries :

* From [PSPICE NETLIST] section of pspiceev.ini file:
.lib "nom.lib"

*Analysis directives:
.PROBE
+INC "mysimplecircuit-S

| BE afo o

#%%% TNCLUDING mysimplecircuit-SCHEMATICl.net #**%*
* source MYSIMPLECIRCUIT

m

i V. V1 N00024 0 10Vde
R_R1 N00024 NOOO31 1k
R_R2 0 NO0O31 2k

\ R_R3 NOO031 VOUT 500

\ R_R4 0 VOUT &00

#*%% RESUMING mysimplecircuit-SCHEMATICl-pl.sim.cir ***+*
.INC "mysimplecircuit-SCHEMATICl.als"™

#x4% TNCLUDING mvsimplecircuit-SCHEMATICl.als *##*+&

X|| Mo recognized product configuration selected. -
Al = Profile: "SCHEMATICT-p1" [ C:\Users\Mokhtar\Documents
Reading and checking circuit =
Circuit read in and checked, no errors
Calculating bias point
Bias point calculated
Simulation complete

(]« n + | A %]\ Analysis £ Watch ), Devices J

For Help, press F1

L= e

1)

DC Sweep
Now, we will perform a DC sweep. We change one (or more) of the DC sources and

check the voltage across, or current, in an element.
Go back to the schematic diagram, top menu. Choose PSpice - edit simulation profile,

you get the following window
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e

h
Simulation Settings - p1 3
| General Analysis |inciude Files | Libraries | Stimulus | Options | Data Collection | Probe Window |
Analysis type: -Sweep variable 1
[DC Sweep v| | @ Vohagesowce  Name: w1
" Current source i I—LI
" Global parameter
" Model parameter | 00% name |
' " Temperature Parameter name [—
| ‘ |
Il ~ Sweep type ]
[1Save Bias Point o [P Start value: |1
[]Load Bias Point i
End value: |1 0
' " Logarithmic IDecade 'l
I Increment: |1
' " Value list |
' ok | Cancel Aoply Help
e — /

In the Analysis tab set the “Analysis type” to be DC Sweep. Choose primary sweep from
“Options”.

In Sweep variable, choose Voltage source

Set name to V1 (The name of the voltage source in your schematic).

In Sweep type, choose linear, start value = 1, End value = 10, increment = 1.

PSpice will change the voltage source V1 from 1 to 10 in linear increment of 1.

Now Apply and O.K..

In Schematic choose PSpice = run

A windows appear
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8 SCHEMATIC -1 - OrCAD Popeee VD Dema

Fle Edit Yiew Gmulstion Trace Piot Tgok Window Help ol
O @S SCHEMATIC ]
QaBmY MHswdE =%

B mysimpiecircuit-SCHEMATICpl (scthve) =& s

B &d

06D coument\courer\ENG 221005\ Simple Crcul_Vmpirplecicuschemati |4

W =B 0" "M ', LT
That window indicates that the simulation is completed; a linear sweep was done on the
voltage source V1 from 1 to 10.

Note that the upper window contains the X-axis with V1 varying from 1 to 10 as we set.
Nothing appears in the window, we have to choose what we want to see.

Go to Trace - add trace, a window appears

The right panel include all signals that you can trace. The left panel includes macros and
operations.

from the right panel, choose V[Vout], note that is the net label we choose for our output
voltage

V[Vout] appears in the trace expression field, click O.K.

Now the diagram showing the relation between Vout and V1 appears.

Again, go to top menu Trace - add trace

The previous window appears.

Click on “-* from functions or Macros

Click on I[\VV1] from simulation output variables

Click on “*” from functions or macros

type 1000 in the trace expression box.

Now the trace expression box contains —1[\VV1]*1000

Click O.K.

The following graph appears
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Simulation Dutput Variables Functions or Macros

[, Iﬁmalog Operators and Functions LI
w), N N .
}gg} v Analog 0

I[Rd) L .

[1\a}] .

V(0] v Yoltages ;

V(NDDD24) @

VNOOD31) ¥ Curnents ABS()

V[R1:1) = ARCTAN()

VIR1:2) ATAN()

VIR21) - AVG()

V[R22) v Alias Names aVEN )

V(R3:1) r Cos()

V(R3:2) ()

V(R4:1) DB()

V(R4:2) ENVMAX] . )

V[V1:4) ENVMIN(, )

V[V1:-) EXP()

V{Vout) G()

V1[R1) IMG()

V1(R3) LOG()

VI[V1) : ‘ LOG10()

V2(R1) 27 variables listed M)

V2(R2) N MaX[) oY
Full List

Trace Expression: (1] { Cancel J Help |

u 2.0 2.50 3.50 u.a .50 500 5.50 6.5U 7.50 .50 9.0 9.50  q0.u
)« = 1{U1) =1000

The plot shows two graphs, the green one is Vout and the red one is I[V1].

Now, why did we do —I[\V1]*10007?

I[V1] is the current flowing in the v1 source, by definition the current in a voltage source
is flowing from the positive terminal to the negative terminal. That is a negative quantity
(since the actual current is leaving the positive terminal of VV1).
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That should be O.K., however the value of the current will be negative, and the graph will
be resized to show both positive and negative values. We prefer to see the current in the
positive direction as we imagine the current will be flowing gin the circuit.

Also, the value of the current will be in the milli ampere range. if we leave it as is it will
be a line almost on the X-axis. If we multiply it by 1000 the value will be in the ampere
range and will show as a decent size graph as we see in the Figure above.

That concludes our first circuit.

Transient analysis

Now start a new project called RC1 to simulate the step response of a simple RC Cicuit.
Draw the following circuit. Do not forget to cgane the name og the ground from GND to
0 or SPICE will not work. Save the file

R1
gAY
2k
10Vdc i—_—w T C1
10uF

Now, we have to set the simulation profile.
Top menu PSpice = new simulation profile.
Call it tran, no inheritance from other profiles, then O.K.
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' B
Simulation Settings - Trans Y

General Analysis Ilndude Files | Libraries | Stimulus | Options | Data Collection | Probe Window |

Analysis type: .

|T|me S —— LI Run to time: |1IJIJms seconds [TSTOP)
Options: Start saving data after: IU seconds

% General Settings Transient options

[ IMonte Caro/Worst Case Maximum step size: seconds

[ |Parametric Sweep

[ |Temperature (Sweep)
[1Save Bias Point
[JLoad Bias Point Output File Options...

¥ Skip the initial transient bias point calculation [SKIPBP)

OK Cancel Pf Help
| | |

. "

In the Analysis tab choose analysis type to be Time domain (transient), general setting
Choose the run toi time 100 msec. (the time constant in the circuit is 20 ms, we will run it
five times that). Also start saving data after set it to O.

Click on “Skip the initial transient bias point calculation”. This is very important if you
want to see the transient response. Without it SPICE will calculate the bias point
(Capacitor voltage is 10V) and use it to start simulation. In this case you will not see the
transient period and the voltage will be a constant 10V. Click Apply and OK.

Go to the top menu PSpice = run

The output window appears as before without any traces.

Go to Trace - add trace

The add the following traces

V[C1:2] Note this isthe upper terminal of the capacitor, if you choose V[C1:1} that is
connected to ground and always O.

Choose also trace —I[\VV1]*1000 as before

To make the graph lines thicker, right click on the graph curve, choose property and set
the thickness as you wish. Here is the output
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B 1c1-SCHEMATIC1-Trans (active) o|[®@][=

! ! I A H 2 } : | | <
Bs 16ms 20ms 30ms Ans 98ms 108ms
a U{C1:2) - I(U1) =1660

Now for a little bit more complicated input source. Instead of a DC voltage source, use
PWL (piece wise linear) source. A piece wise linear source is defined by the voltage
values at different times. For example consider the following source.

B o >
1 23456 7 89 10 t in msec
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The above waveform is piece linear waveform. It stays at 0 V till 1 msec. Then it, goes
linearly from 0 to 5 V for another millisecond. Stays at 5 V for 4 msec. then it goes
linearly to O in 4 msec.

Replace the DC source in your circuit with a PWL source.

Highlight V1 in the schematic and delete it

Insert part, from library source choose VPWL

Insert it in the schematic

Connect it to the circuit

Now double click on the source to open the property editor

o] Fie Edé View Place Macio Accessories Optons Window Help ;;Iélﬂill
2lslal 5| sfwle] Z-|p 5 alalala) vllelElE] o) & 1)

[ i == 2 P O e B 8 2

[NewCokmn..] Apply | Displey...| Delete Propenty | Fiterby: [< Cunent propeties > =] e |

[Source Package| SourcePart| T | T2 | T3 | T4 [ 15 [ 16 | 17 [ T8 [ va [ v2 | w3 [ wva| vs | w6 | vz | vs |value|
1]+ SCHEMATICA : PAGE1 : V1 VP PPV Norma WAL

AIrINFarts £ soemammes A Phs A Tmeskes A Greas A pors A almses ] 1ed [
Ready

In the Parts tab (bottom part of the window) start inserting columns. Insert columns with
the following names and values

Name |T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

Value |0 10 100 | 101 | 200 [210 |220 |230 |240 |250

Name |V1 |V2 |V3 |V4 |V5 |V6 |V7 |V8 |V9 |VIO

Value |0 1 1 0 0 0 0 0 0 0

Apply and exit.

Edit the simulation profile to make the simulator runs for 300 msec. Run the simulator.
Using Trace - add trace add V[C1:2] and V[V6:+]. Note that V6 is the name of the
PWL source in my simulation. The result should look like that
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B rc1-SCHEMATICI-Trans (active) o |[@][=

S Soms 108ns -3 200ms
o U(U6:+) u(c1:2)

Exercise
Simulate the following circuit

L=20 mH
R1 = 5K

\ C=20 uF R2=10K

Vi=1l0V
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V=10V e

Simulate three cases as follows
1. R=1I0QC=10pFL=0.25mH
2. R=2Qsame Cand L
3. R=25QsamelLandC
Submit the following
The schematic of the circuit (one schematic is for the three cases)
The SPICE code (one code is enough)
Graph showing the voltage across the capacitor and the coil for every case.

AC Analysis

In this section, we XXXXXX
Start a new project and construct the following circuit

R1
Ay
10k
1 R2 =61
1Vac 3 10k 5u
OVdT

Choose the parameters as shown.
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in the Vac source, double click on 1Vac and choose a value of 1 (there is no change here,
just to know how to set it).

Save the file,

In capture, top menu PSice - New simulation profile, choose a suitable name, no
inheritance.

Set the parameters as shown. Click OK.

& - | |
Simulation Settings - acsweepl >

General Analysis | include Fies | Libraries | Stimuius | Options | Data Collection | Probe Window |

Analysis type: AC Sweep Type-
IAC Sweep/Noise LI " Linear Start Frequency: IU_1
Options: (¢ Logarithmic End Frequency: [10kHz
IDecade v I Points/Decade: |11
S.Fl’_arametnc S»Zr;ep ) Noise Analpsis - =
emperature (Sweep
[[]Save Bias Point ™ Enabled Age |
[]Load Bias Point l—
Output File Options
I™ Include detailed bias point information for nonlinear
controlled sources and semiconductors (.0P)

oK | Cancel | Aoy |  Heb

T -

PSpice = Run, the probe widow appearé.
Now, top menu Trace - add trace add V(Vout)
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100mY -+

180mHz 300mHz 1.8Hz 3.0Hz 30Hz 108Hz 308Hz 1.08KHz
U(Uout)

3.0KHz 10KHz

Now we can see Vout vs frequency.
For Bode plot, we would like to plot Vout in dB. In that case Trace - remove all traces.

Then add a new trace. From the output variable choose Vdb(Vout) (choose V(out) then
insert db after V).

Add another trace Vp(out) (again insert p after V in V(Vout). This is to show the phase of
Vout.

You can also divide the display into 2 plots. From the top menu choose Plot - add plot
to window. Another plot will be inserted. The active plot will have “SEL >>" to its left. If
you click in the inactive plot, then it becomes active and “SEL >>" moves next to it.

Also you can use Vdb(Vout) or db(V(Vout)) to plot Vout in dB. Also for the phase of
Vout you can use Vp(Vout) or p(V(Vout)).
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T t T f t U T 1
100nHz 308nHz 3.0Hz 30Hz 188Hz 300Hz 1.0KHz 3.0KHz 10KHz
v Udb(Uout) : Up(Vout)

» db{ U{Vout))

1808d -+ T T T T T T T T T 1
180nHz 300nHz -BHz 3.0Hz 30Hz 100Hz 300Hz 3.0KHz 10KHz
= p{ UW{Uout))

Active Circuits

Now you should be familiar with Orcad capture and PSpice. The next 2 examples
illustrate how to simulate circuits that contains active elements (operational amplifiers
and transistors).
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Operational Amplifiers

Construct the circuit shown below. Few new things in SPICE will be explained here.
First, the operational amplifier LM324 is in the library EVAL. Insert it like any other
circucit elements.

The LM324 has 5 terminals. Terminal 1 is the output, 2 and 3 are the negative and
positive inputs. 4 and 11 are power inputs. 4 must be connected to the positive voltage
supply, 11 should be connected to the negative power supply (+15, -15).

In the schematic, node 11 is connected to a VVdc of -15 V. However node 4 is connected
in a slightly different way. This is usually done to decrease the clutter in the schematic
due to wires crossing each other. VVoltage source of 15V (V1) is constructed and
connected to ground. Then we place a net alias use the top menu Place - Net alias (or
use the side menu the button labeled N1, third button from top). We place a net alias
connected to the positive terminal of the voltage source V1. Then we add another net
alias (with the same name) and connect it to terminal 4 of the opamp. Note that any two
net aliases with the same name are considered to be connected.

Make a simulation profile to simulate the bias point. What is the value of Vout?
Modify the simulation profile to make it DC sweep. Change the value of V3 from 0V to
3V in 0.5V increments and simulate your design, add trace for Vout, you will see the
following graph

,/(L

U3A

- 1 Vout

R1 = cu
—AA £ ;
4k M324
+| V3 R2
2Vdc:— Ahv

| ve
-15Vde=—

R
15vde — =
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B opampl-SCHEMATICI-in1 (active) S fai=

o UQUout)

You can see clearly that Vout = -0.5Vin as expected for an inverting amplifier
configuration.

Replace the V3 source with a Vsin (from the source library). Set the offset voltage to 0V,
amplitude to 1V and frequency to 1 KHz.

Change the simulation profile to Transient. Do not check the box Skip the initial transient
point calculation SKIPBP. Run and display the traces. You will find that the sine wave
does not look nice, go back to edit simulation profile and set max step size to 0.01 ms
(PSICE chooses it automatically). Now the output looks like the following. Again Vout =
-0.5 Vin
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B op2mpl-SCHEMATICL-inl (active o |[@][=

S
a U{Uh:z+) - U{Uout)

Now, change the Vsin source to Vac.
Edit the simulation profile to simulate AC sweep. Change the voltage from 1Hz to
100MHz run the simulation, view the result and add trace for Vout, the result is

E opampl-SCHEMATIC1-inl (active) o &=

’lf

LaBmny

3 i,lIJHU-I

208mnU I

1808mY -

] | . | : . H |
1.0Hz 10Hz 100H2 1.0KHz 100KHz 1. 0MHz 10HHzZ 100HHz

o U{Vout)
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MOSFET

In this part, we will simulate a MOSFET transistor. Start a new project and call it
simplenmos. Construct the circuit shown below.

z Rf

2k
] Vi
10Vdc = P1
G1 "
L
7 dC:TVZ S:\AbreakN

The only new thing here is the MbreakN. In Spice a device starts with M is a MOSFET
transistor. From the Breakout library choose “MbreakN 3”. Use net alias to name the
three nodes of the MOSFET to G1 (gate) S1 (source) and D1 (drain).

Now, we will learn how to set the parameters of the NMOS transistor. Highlight the
transistor, right click and choose Edit properties. The property editor appears.

Click on the scroll;ing bar and drag it to the right until you see the property L and W
Click in L and type 1e-6 (I um length for length) and in W type 10e-6 (10 um for width).
Click apply and close the property editor.
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' OrcAD Capture - Property Editor] =)

E File Edit View Place Macro Accessories Options Window Help :- "' ’l
(@] £| ¥ |88 o] Mueakna = AR|s|&| vy | @] E] 5] B 2]

= 1= 1L s 9P 4 e Y

New Cohumr.. | Apply | Display...| Delete Pioperty | Fier by: [< Cunent properties > =] Hep

| Designator]|  Graphic | 0 | [ Path| Type| L [ m Iliumel HR8 [ nRD [ WRG | <

JE: SCHEMATICA : PAGET : M1 MbreakN3 Normal | Mbreah "J PSpie llocel 00071 _ i
[« [ ¥ ]\Parts 4 Schematic Nets £ Pins A Title Blocks 4 Globals £ Ports £ Aliases /. ]! v =1
Ready | A

Now, we will edit the SPICE model of our transistor. Highlight the transistor. Highligh
the transistor, fromthe top menu choose Edit - Pspice Model

& orcap Capture -/
m File - View Pia:e Macm PSpice  Accessories Options Window Help
= Undo CtleZ  feakN3 e I [N R [ N e ] e e R B I
T Redo
Ble Repeat F4 -”
] I T I 3 I
Cut Ctrl+X
Copy Ctri+C
Paste Ctrl+V
Delete Del
i Select All Ctri+A
Properties... Ctrl+E
Part
PSpice Madel
L] PSpice Stimulus é R1
= , 2k
irror
1V D1
Rotate Ctrl+R OVde =
z r—k————
Group | M1 |
G1 = |
Ungroup Ctri=U ﬁ e
3 |
Find... Ctri+F - V2 | MbreakN I,
Global Replace... TVdCT i R
N 3
=

The model editor appears.
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AL S AN LSALAIALC) I — A ~
NMOS_1 - OrCAD Model Editor Demo - [Mbreakn] A =B8] =
[@& File Edit View Model Plot Tools Window Help - J[&] x
D|d@E] &[0 ]a|s] 5] W= ][]
Models List [2]| | .model Mbreakn NMOS F
Model Name | Type
Mbreakn* MOS
i v »
Ready NUIM |

Delete the line .model Mbreakn NMOS
Copy and paste the following model.

.MODEL Mbreakn NMOS LEVEL =3

+ TOX = 200E-10 NSUB = 1E17 GAMMA = 0.5
+PHI=0.7VTO=0.8 DELTA=3.0

+UO =650 ETA=3.0E-6 THETA=0.1

+ KP = 120E-6 VMAX = 1E5 KAPPA = 0.3
+RSH=0NFS=1E12TPG =1

+ XJ =500E-9 LD = 100E-9

+ CGDO = 200E-12 CGSO = 200E-12 CGBO = 1E-10
+CJ=400E-6 PB=1MJ=0.5

+ CJSW = 300E-12 MJSW = 0.5

It should look like
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f . l @8 =% |
NMOS_1 - OrCAD Model Editor Demo - [Mbreakn] i = L
File Edit View Model Plot Tools Window Help [- ][&][x]
Di(Q|@|R] »[(@ ala|a|] 5] =] ][]
Models List (]| | .MODEL Mbreakn NMOS LEVEL = 3 -
+ TOX = 200E-10 NSUB = 1E17 GAMMA = 0.5
Model Namel Type |
e O + PHI = 0.7 VIO = 0.8 DELTA = 3.0
+ UC = 650 ETA = 3.0E-6 THETA = 0.1
+ KP = 120E-6 VMAX = 1E5 KAPPA = 0.3
+ RSH = 0 NFS = 1E12 TPG = 1
+ XJ = 500E-9 LD = 100E-9
+ CGDO = 200E-12 CGSO = 200E-12 CGBO = 1E-10
+ CJ = 400E-6 PB = 1 MJ = 0.5
+ CJSW = 300E-12 MJSW = 0.5
|
1]
1
«[m r |l » |
Ready [ INuM ] A

8

Top menu File >save, then close the model editor dialogue box.
Now the circuit is ready to be simulated.

In Schematic, top menu PSpice - create new simulation profile
Choose a suitable name and inherit from non

Set the Run to time to 100ms and the maximum step size to 0.01ms.
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-
Simulation Settings - Sim1

XS

Analysis type:
|T1me Domain (Transient) LI

Options:

[JMonte Carlo/Worst Case
[ IParametric Sweep

[ ]Temperature (Sweep)
[]Save Bias Point

["ILoad Bias Point

General Analysis [hdude Files | Libraries | Stimulus | Options | Data Collection | Probe Window |

Run to time: |100ms seconds (TSTOP)
Start saving data after: ll] seconds

~ Transient options

Maximum step size: |lll]1 ms seconds

I Skip the initial transient bias point calculation (SKIPBP)

Output File Options...

oK | Cancel | oply Help

Apply and close the box.

From the top menu in schematic chose PSice = Run
The simulation result window appears.

You can go to view —> output File to view the output file. Examine the file. You will find
a complete description of your circuit is spice as follows

**** INCLUDING nmos_1-SCHEMATIC1.net ****

* source NMOS_1

R_R1 D1 N00024 2k
V_V1 N00024 0 10Vdc

V. V2  Gl07Vde

M_M1 D1 G1 0 0 Mbreakn

+ L=1e-6
+ M=10e-6

Close the output file window; go to View - Simulation results to get the simulation

result window.

Add trace and choose I(R1), a plot of the current appears.
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You will notice that the current is negative (-0.5 pA). The current in the Rsistor must be
positive. Why the current is shown as negative?

Keep in mind that the current in the resistor R1 I(R1) is the current entering the first
terminal. When you inserted the resistor it was horizontal, to place it in a vertical position
you highlighted it and hit “r” or right click rotate. That rotated it counterclockwise and
terminal 1 is the bottom terminal of the resistor. Thus the current flowing into the
transistor is going from terminal 2 to terminal 1 of the resistor, which makes it negative.
To correct this, highlight the transistor, hit “r” twice and terminal 1 is the upper terminal
of R1.

Run the simulator, add trace I(R1) and it looks like the following (current is positive).
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4.24ms 6.606ms  8.66ms  10.06ms 12.06ms 14.06ms  16.00ms  18.
o I(R1)

Time

Adding a library

The student Capture comes with few libraries added already. if you want to add another
library, first you have to locate it. In the example here, I will describe how to add ON_bijt
library (a library for BJT transistors).

Go to http://www.cadence.com/products/orcad/pages/downloads.aspx you will find a
huge number of libraries from different manufacturers. Searc for ON Semiconductor, and
then for on_bjt. You will find two files on_bjt.lib (the model library) and on_bijt.olb (the
symbol library).

Download these two files, store them with the rest of libraries of Capture (on my machine
C:\PSP\Capture\Library\Pspice).

Then go to capture, add a part. When you get the choose part windoe, choose “Add
Library”. Navigate to the directory where the library is and open the library on_bjt.olb.
You still need to do this in your schematic design.

In capture, go to Pspice> Edit Simulation Profile (or New Simulation Profile if you do
not have any).

In the Simulation Setting Window, click on the Libraries tab. browse to the new library
location and choose on_bjt.lib (you can add it as global, or local to this profile only).
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LAB 0 _B: PSPICE and Capture

OBJECTIVE
The objective of this lab is to get familiar with Orcad Capture and PSPICE.

In this lab, you will be asked to simulate a number of circuits. For each simulation you
will submit the following

Schematic diagram from Capture with the circuit

SPICE code

Required graphs

Data tables if applicable

Part 1
For the following circuit

R1 _
\ /V\/ — J\f\/\\’ i \;‘,YA _J‘\fﬂ.vf\ Y
1k 2k 1K 1.2k
10Vde - V1 @1 = R6
= R7 100mAdc = R5 T 1.5k
1k 750 '

Using Capture and PSpice construct and simulate the circuit shown above.

Get the currents in every branch and voltages of every node

Draw a plot showing the power dissipated in the R1 resistor as V1 changes from 2 to 20
Vv

Construct a Thevenin equivalent circuit for the above circuit as seen by R6. Note that R6
should not be part of the Thevenin equivalent circuit. basically what you should do is
construct (modify) the above circuit to calculate Thevenin voltage source and Thevenin
resistance.

Hint get the open circuit voltage and short circuit current, or the open circuit voltage and
the resistance seen by R6 after removing sources, you can do this by replacing R6 by a
current source with 1A and calculating the voltage across it. Also note that SPICE cannot
deal well with hanging nodes, so instead of open circuit, add a resistance that is much
bigger than any resistor in the circuit.
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Part 2
For this part, simulate the following circuit using Capture and PSpice

R1 L1
Vout
NS Ny
M
1k 10uH

. V2
sSVde—

il E

3 R
1k T - &

10nF

Plot Vout vs. time Choose the time scale to show the transient response of the circuit.
For the values shown, you should not get overshoots. (not underdamped).

Change the value of the capacitor to get a reasonable underdamping. What is the value
you choose? Plot VVout vs. time to show the step response.

How long did it take VVout to reach 90% of its steady state value?

Part 3
Construct the following circuit

L1
10 mH

R2
I . 1kQ

— T 10nF

Simulate the circuit displaying the current in the resistor R2 as a function of time. Choose
the time to show the complete behaviour of the current in R2.
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Part 4
Construct the following circuit
R1 L1 L2 L3
AN YY) il] YY) YY) Vout
1k 10uH 10uH 10uH
V1 T Cl L4 - C3
Ve 1n 3 10uH 20n
Oovdc

Simulate this circuit showing Vo, and Vi, as a function of frequency (consider the range

from 10Hz to 50MHz).
Repeat the above step showing Vou/Vi, in dB instead of the absolute value
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LAB 1. Operational Amplifiers

Get the datasheet for LM741CNNC/NOPB-ND (the operational amplifier you will use in
the lab). You can get it from wwwe.tigerdirect.ca

Objective:

e The objective of this lab is to study the operational amplifiers and its use in basic
configuration (inverting amplifier, non-inverting amplifier ...)

e To be able to simulate opamp circuits using SPICE.

e Understanding how the operational amplifier can be used as an integrator and
differentiator and constructing an integrating circuit and testing it.

e Understanding the frequency response of the op-amp and its effect on gain

e Constructing circuit to illustrate the slew rate of the amplifier and measuring it.

Introduction:

Operational amplifiers are very useful building blocks in many electronic circuits. The
operational amplifier is an amplifier with a very high (ideally infinite) open loop gain,
very high input impedance (ideally infinite) and very low output impedance (ideally
zero). The operational amplifier is available as an IC as shown below,

The Chip pins are as shown below
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Offset Null —11 U gl NC

7 V+

Inverting I/P __l_
>

3 / Output

Non-Inverting I/P

V- 4 I Offset Null

Since this is your first opamp circuit, some hints are in order here to produce a good

design and avoid common mistakes.

Grounding: Keep all grounding wires short, the longer the wire the longer the resistance
and the more deviation from the ground.

It is a good idea to use bypassing capacitors with power supplies. For opamps we usually
add a large bypass capacitor at the point of entry of the DC power to the board (10uF). If
you have more than one opamp you can use a small capacitor (0.1 uF) near the power
supply pins as shown in the Figure. The capacitor will form a low impedance path to the

ground for high frequency noise on the power line.

+12V

—— 10uF
0.1pF

IHH \/MH }J

12V T o
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As you can see from the above Figure, pin 8 is not connected, pins 7 and 4 are for power,
2 and 3 for input and 6 is for output. Pins 1 and 5 are for offset nulling, we will use this
later. For now consider them to be not connected.

Prelab

1. Simulate the circuit shown in Fig 2_1 using PSpice. Find the output voltage and
the current in each resistor.

Compare the simulation results with the solution using a simple opamp model.

Submit the schematic, code and results

R2
AA—
68k
R1 LFa11 ¥
A 2 :
39k b
e f Vout
Ul
V3 ~
2Vdc=
Figure2 1

2. Inthis part, you will simulate an integrator. The integrator circuit is shown in
Figure 2_2 below. As we mentioned in the class, the integrator does not need R2,
we have to add it for practical consideration.

For the input, consider a Vpulse from the source library.the source parameters are set

as follows:

TD Time delay till the first pulse =0
TR Rise time, 1 psec

TF Fall time 1 psec

V1 first level = 0OV

V2 Second level =2V

PW Pulse width = 1msec

PER period = 5msec.
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a. Simulate the circuit Fig. 2_2 using Capture and PSPICE after removing
R2.

b. Repeat the simulation with R2 = 1IMQ.

c. Repeat the simulation with R2=10KQ and R1 = 5KQ

R2
MWV
1Meg
C1
I
- 0.1uF
R1 )
vin > %OK -
o1t L_>vout

Figure: 2_2

In your report, show Vin and Vout for the 3 cases above.
Discuss in your report how is that circuit works as integrator and what are the differences

between the three cases above?

LAB

PART I: Inverting opamp

Assemble the following circuit (Fig 2_3) using the LM741 on a breadboard. Note that
the power connections are not shown. Make V+ to be +15V and V- to be -15V.
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R3
10k
— M
. 3 N U1A
1
=1 | > vout
T >Vin —Affy—e - '
10k LM324
R2
a\\%
33k
Figure 2_3

After finishing the layout, get the TA to check the connection.

Apply a sinusoidal input signal of 0.5 V (p-p) with a frequency of 1 KHz.

Show both the input and output signals on the oscilloscope.

Measure the amplitude of the input channel and output channel. How close the gain is to
the calculated results assuming an ideal opamp?

Draw the 2 waveforms in your report.

Insert DMM to measure the input current into the circuit (out of the function generator).
Measure the Vin (either by using the scope or the DMM)

Calculate the input resistance of the amplifier circuit. How close the measured results are
to the theoretical result?

PART Il Integrator

In this part, we will use the operational amplifier to perform integration.
Construct the circuit you used in prelab (Fig 2_2).

Connect Vin to the signal generator output

Adjust the signal generator output to be a 500 Hz sine wave with 1V p-p
Display both input and output on the scope

Sketch (or print) the input and output (you can sketch it in your notebook and print it for
the report).

Change the input to a square wave with the same frequency

Display the input and output on the scope and sketch them

Sketch (or print) the input and output

Is it what you expected? Explain

Change the input to a triangular waveform

Sketch (or print) the input and output

Is it what you expected?
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PART lll: Slew rate

Remember from the class notes and the text book that the output of an operational
amplifier cannot change with a rate higher than the slew rate. In this experiment we will
illustrate the concept of slew rate and measure it.

The slew rate, as mentioned above, is the maximum rate the amplifier can change its
output. It is measured in V/usec.

Our goal is to design a circuit and test the limit of its output change. One way is to
construct an amplifier (inverting or non-inverting), or a voltage follower. In this part we
will use an inverting amplifier. Design an inverting amplifier with a gain of about 2. The
resistors available to you are (100K, 33K, 12K, 6.8K).

Start with a square wave (1 p-p V) with frequency of 5 KHz.

Display the input and output signal on the scope.

Through a combination of increasing frequency and scaling the oscilloscope output till
the output appears as a decaying exponential as shown in the figure below, calculate the
slew rate and compare it with the nominal value in the data sheet

Vout

Slope= slew rate

0sr
06
04r

nz2r

time
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PART IV: Gain-Bandwidth product

Review the concept of gain-bandwidth product.

Construct an inverting amplifier with a gain of about 2. We will measure the output
voltage and compare it with the input for different frequencies.

Keep in mind that we do not want the slew rate effect. The output voltage must be small
to avoid that (the slew rate is measured in V/usec. The greater the V, the greater the slew
rate effect).

You have an idea about the approximate GBP from the data sheet. Take measurements
and construct a table showing Gain, B.W. and GBP.

How close it is to the nominal value?
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Lab 2: Diode

OBJECTIVE:

Understand the basic operation and characteristics of the diodes.
Using the scope to display the i-v characteristics of the diodes
Understanding basic circuits that contain diodes

Understand the half and full wave rectifier

Designing, implementing, and testing simple circuits with diodes

INTRODUCTION

Diodes are 2-terminal devices that act differently depending on the polarity of the voltage
applied to it

™~
L

Anode Cathode

The diode allows current to flow in only one direction (usually, since in the breakdown
region the current can flow in the opposite direction). Typically the i-v characteristics of a
diode look like the following graph (numbers may vary from diode to diode).

iA

Forward J |

|
Compressed I
—Vzx scale | .

T

=
e
“
<

|
|
Breakdown | | Reverse
|
I

Expanded scale
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We would like to measure the i-v characteristics of the diode; we will do this in two
different ways. First, we construct a simple circuit that allows us to measure the current
for different values of the voltage across the diode and plot them. Second, we will use the
scope to display the i-v characteristics of the diode.

PRELAB

1. Simulate the following circuit (Fig 3_1) using Orcad Capture and PSpice.

R4
ANN—% Vout

5K gZ D2

V6 D4 D1N4002
VOEE = OV\E\; D1N4002

VAMPL =5 D1 Y D3
FREQ = 100Hg D1N4002 D1N4002

§ R3

1k

Figure: 3_1

Plot the input voltage and the voltage across the two diodes D4 and D1 (you may
want to use net alias to make this step easy).

Plot the input voltage and the voltage across the two diodes D2 and D3.

Plot the input voltage and the current in R3 and R4 (you have to be careful with
the units to produce a reasonable graph).

2. Construct the circuit shown below in Fig 3_2 using Capture and simulate it for 80
msec. Show the voltage across the 100K resistor.
This is a half wave rectifier. As you see this is not really DC.
Now, connect a 1juF capacitor across the 100K resistor, simulate the circuit and
show the voltage across the 100K resistor.
If I want the variation in the voltage level to be limited to 10%, what is the
minimum capacitor value to achieve that? Show the output voltage produced by
SPICE.
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D1
N
%
MBD101
V1 § R1
VOFF =0
VAMPL = 2\@ 100k
FREQ = 50
Figure: 3-2
LAB
Part |

Construct the following circuit (Fig 3_3). Get the TA to check it before proceeding.

R1
100 Q
V1 D1
1V
Figure 3_3
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The diode available in the lab is 1N4933. Get the datasheet of the diode
(www.digikey.ca) and check the maximum reverse voltage and the average forward
current. You have to be sure not to exceed these values in your experiment (the average
forward current is quite high, but you still have to check the datasheet).

Vary the input voltage, measure the current in the diode and the voltage across the diode.
Plot the i-v characteristics for this diode in the forward region.

Part Il

In this part you will use the previous circuit to estimate the diode parameters (parameters
extraction).
An accurate equation for the diode current vs voltage is given as

Vo
Ip=ls/e™ -1

For Vd > 0.3 V you can neglect the -1 and the equation becomes

Vo
_ nVv-
Ip=1s/e™"

The values of n and Is can be different from a diode to another diode. You will measure
them for the diode you are given in the lab.

Construct a circuit similar to the one in Fig 3_3, be sure to measure the value oif the
resistor.

Take 2 measurements for 2 different Vp’s and Ip’s,

Now, you have 2 equations in 2 unknowns, with simple algebraic manipulations, you can
getnas

You can find n,
Then find Is
Compare the values you got with the values from the data sheet.

Part Il

In this part, you will plot the “i-v” characteristics of the diode using the scope.

Set the scope in the x-y mode

The main idea is that if we connect the x (horizontal) to measure the voltage, and the y
(vertical) to measure the current. By sweeping the voltage the current will be displayed
on the y axis. The voltage across the diode is easy to measure. But, how to measure the
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current? By measuring the voltage across a sensing resistance Rsens, the current is
proportional to the voltage.

Construct the following circuit (Fig 3_4)

OF "1

Rsens
100 Q

Figure: 3 4

Note that the function generator is floating, do not connect the ground to Rsens or you
short it and a huge amount of current will flow through the diode destroying it.

Also, Ch 2 should be inverted to give the correct polarity.

Start with the function generator set to 2 V p-to-p. Adjust the scope setting to see a
standard looking i-v curve for the diode.

Increase the input voltage to 4 V p-to-p. What is the effect on the i-v curve?

What is the limit on the input voltage in such a circuit?

Part IV
In this part, we will construct a full-wave rectifier circuit.
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Figure: 3 5

Construct the above circuit. Set R = 1 KQ.

Set the input to be 50 Hz sine wave with a 5 V p-to-p.
Display and sketch the output on the scope.

Now, shunt the load with a 10pF.

Display and sketch the waveform

PART V
In this part, you are required to measure the dynamic resistance of the diode. To recall
dip
T‘d = |/
avd iD:ID

Construct a circuit to measure the dynamic resistance of the diode. Given the data sheet
of the diode, justify your choice of Ij,.

Show the schematic to the TA before you start

Compare your results with the datasheet.

-67-



Lab manual EECS York University

Lab 3 Mini-project Power Supply Design

In this project, you will design a power supply. Ideally, we will start with the power
outlet and a step-down transformer to reduce the voltage to around 10 V. However, due to
some safety concerns, we cannot do it this way.

Instead, we will use the function generator to generate a sine wave with a frequency of 50
Hz and a magnitude of 6 V. A schematic diagram of the power supply is as follows

/\/ Full-wave Filter Zener R.
rectifier regulator

Figure: 4 1

The rectifier is just a full wave or half wave rectifier as shown below,

Filter
Full-wave Zener

= rectifier Regulator

Figure: 4 2
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A list of parts that you may need for your design.
e 10KQ resistors
50KQ resistors
100 pF, and 10 pF capacitors
Diodes 1N4933 (Digikey part number 1N4937-TPMSCT-ND)
Zener Diode BZX79-C5V1,113 (Digikey part number 568-1671-1-ND)

The first step is to download the datasheets for the 2 diodes from digikey website.

For the 1N4933 you have to check the maximum current and the PIV (peak inverse
voltage). Your report must mention these values and you have to be sure (and show in
your report) that you must not exceed these values.

For the Zener diode, the datasheet is for a family of diodes, be sure to use the C5V1. Get
all the relevant information that you need (the limiting currents and voltages, and Vzo,
Iztest, aNA Vzeest). YOU Will need this information for your analysis. Be sure to show in
your report all the relevant information.

Prelab

The prelab, consists of 2 parts

First:

Using SPICE, simulate the above circuit using the following values
R1=1KQ, Ry ag = 10KQ.

Using diodes D1N4002 (from the eval library).

Zener diode D1IN750 (also from the eval group).

What is the value of C to make the ripple less than 1% of the nominal value?

Second:

Design a rectifier/power supply using an input voltage of 10V. Be sure that the ripple
does not exceed 1% of nominal value for a load resistance of 50 KQ (Vzes: Of the Zener
Diode).

Use 1N4933 (diodes) and BZX79-C5V1,113 (Zener). Get the values you need from the
datasheets.

What is the capacitor value required for this? Show your work.

What is the load regulation when you connect the load to the Zener regulator? Consider
the load to be 50 KQ resistor.

LAB
In the lab, you have to implement the rectifier you designed in the second part of the

prelab. The only thing is that you are restricted to use only the capacitors values
mentioned above (100 pF and 10 pF or combination of them).
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What is the effect of using such capacitors on the ripple value and the line regulation?
Calculate the line regulation and load regulation in your report.

Show the voltage across the load on the scope, and sketch it in your notebook and in the
report.

Important: The 100 and 10 YF capacitors are electrolytic capacitors. That means they
should be connected in a specific way (one of the terminals should have a positive value
compared to the other all the time. Be sure not to violate this).

Change the load resistor to 5 KQ. Sketch the output you see on the scope (or print it).
Calculate the line regulation and load regulation in your report
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Lab 4: MOSFET |

OBJECTIVE:

To introduce the student to the MOSFET transistor

To characterize the NMOS transistor
Design an amplifier using MOSFET

Introduction

In this experiment, we will use the CD4007UB CMOS chip. It is a 14-pin chip with three
NMOS and three PMOS transistors. Get the datasheet from www.digikey.ca for this

device.

14
bl
T
N [ ]
81- 5 & |s 10 | 12
J"} __l'ﬁ :
o =1
=
7 4 9
Ves*7 92CS- 2503%
VYpp*14

Terminal No.14 — VDD
Terminal No. 7 — VSS

FUNCTIONAL DIAGRAM
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V
2(P) Drai . \J/ | Voo, Q1,2,3(P) Substrate
Q2(F) Drain le 14 Q1(p) Drain
Q2(P) Source —+ 2 13 —}— QI1(P) Source
Q2 gates £ 3 12 1 Q3(N) Drain Q3(P) Source
Q2(N) Source  —— 4 11 -~ Q3(P) Drain
Q2(N) Drain ~ —|— ° 10 —— Q3gates
Qlgates —+ 6 9 —— Q3(N) Source
Vss, Q123 (N) Substrate {7 8 —— QI(N) Drain
Q1(N) Source

Note that pin 7 MUST be held at the most negative voltage in the circuit (ground in
this experiment). Pin 14 MUST be held at the most positive voltage in the circuit.
Check your course notes to why?

Also, note that MOSFET transistors are very susceptible to damage due to
electrostatic charge. Use the hand strap and the anti-static mat to ground yourself
before you touch the MOSFET chip.

Prelab

For every circuit you build in this lab, simulate it using SPICE and Capture

LAB

Part I: The DC transfer characteristics of an NMOS inverter

In this part, you will construct an NMOS inverter and show its DC characteristics.
Construct the following circuit.

SetR =10 KQ,and VDD =10V

Vary Vi, and measure V. Take measurements at Vout = increments of 0.5 V. The
maximum value of Vin should be 10 V. Keep in mind that we want to measure V,, so be
sure to take measurements to show V..

Draw the 1/O characteristics of the inverter.
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Vbop

The graph should look like the following graph.

Cut- , Saturation , . .
DS A off |L‘_ == THOGE ==

A

VDD

Vos, P =~

B

= VGS‘ -V,

|
I
|
|
|
|
|
|
I
|
|
I
|
|
|
|
B |

|
I
|
|

0 v, Vosl, Vs Ugs

(b)
From the characteristics, what is V; ?
Identify the three regions of operation on your plot.

Part Il: Calculating ro and A

In this part, you will calculate ro and A.
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Considering the channel modulation, the i-v characteristics of the NMOS looks like the
following.

AM1 /Sf?
R2
10KQ %_' VVV |[ CcD4007
R1
1MQ

Adjust the potentiometer to get a current ip of 1 mA. The drop on the 5 KQ resistor is 5 V
(You have to measure the resistor and use the actual value not the nominal value,
however for the purpose of illustration in this lab, we will assume it is exactly 5 KQ).
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Now your operating point is 1 mA and 5 V (shown as Q1 on the graph).

Remove R3 from the circuit (close the switch). Now the whole 10 V is applied to vps
That will take us to another operating point Q2. Measure vps and ip of of the new
operating point Q2.

Calculate Avps and Aip .

Calculate ro.

Calculate A You can do this since the slope of the line is 1/ro.

Part Ill: Common Source Amplifier.

In this part, you will design a common source amplifier.

12V

R3
100 Q

|| | c2
|| | 1pF
c1 R2
@ 14F % 1MQ
0.1V

R4
10 kQ

VA

Construct the above circuit.

Input is 0.1V with frequency of 5 KHz.

The output is across R4.

Show the input and output waves.

Can you think of a way to show the input and output signals without the effect of C1 and
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In your report, you have to address the following points.
e Is this the best biasing configuration? Can you suggest a better one?

e Why do we need C1 and C2?
e What is the effect of C1 and C2 on the amplification?
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LAB 5: BJT L.

OBJECTIVE:
e Become familiar with BJT transistors.
e Measure the DC characteristics of a BJT.
e Building and testing a BJT amplifier.

Read the appropriate lectures and chapter 6 of Sedra and Smith book.
INTRODUCTION

In this lab, we will use 2N3904TA transistor. Get the data sheet for the transistor. Note
that in the data sheet the parameter hge is what we referred to as B in the class.

2N3904

-9

TO-92
EBC

Prelab

For every circuit you build in this lab, simulate it using SPICE and Capture

Part | DC Analysis

In this part, you will show the Ic-Vce characteristics of a transistor. Draw this for 2-3
values of Ig.
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Construct the following circuit

R2

10 kQ
R3

4.8kQ

— 12V
R4 a1
1kQ 2N3904
R1

100 kQ

|+

Maintain a constant Ig by adjusting the potentiometer and measure the voltage across the
resistor R1. In case there is no potentiometer, use a power supply between the base and
the emitter instead. In this case, you adjust the power supply output to control Ig.

Use the 6 V output of the power supply for the gate-emitter voltage supply. Then change

the 12 V (20 V output of the power supply) and measure Vce.
Record your measurements and draw the set of curves. You should get a curve like this
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Saturation

region

i. A /
|
b=

I

|

|

|

Ugp = """

Active
region ~

-UBE:...

UcE

Instead of Vge use Ig.

What is 3 for the different values of I in the active region?
What is Va?

Part Il Amplifier

In this part, you will build a common emitter amplifier and test it.
Construct the following circuit.
What is the Ic and Vce?
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12V

R3
33 kQ

VWA

R2
3.3kQ

VWA

Cc2

VWA

1 uF
| H
| | 2N3904
c3 R6
1uF 3.3kQ
RE —1 c1
5000 — | 100 uF

R7
100 kQ

Connect the function generator to the input and produce a 5 KHz 0.5 V signal
Display and print both input and output signals on the scope

What is the gain?

Plot the gain vs. frequency from 1 KHz to 1 MHz.
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