SECTION ONE
Lab Equipment: Using Your Tools
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Section One: Lab Equipment (Using Your Tools)

SECTION OVERVIEW

This sectionwill be a review on lab equipment usage and safety precautions. The first step in validating any new design should
be an accurate simulation. In this course, PSPICE willsee to simulate all the designs that will be used. In this section
proper usage of the variable power supply, function generator and oscilloscope will be reviewed.

Objectives

1 Be able to complete each lab in a safe manner.

1 Be able to utilize the oscillaspe settings appropriately.

1 Understand how to setup a lab power supply for single and dual channel supply.
1 Be able to use PSPICE to simulate semiconductors and integrated circuits

Materials

9 Oscilloscope probe, BNC to alligator clips calisst leads.
1 Solderless breadboard and jumpers
1 Your textbook,Sedra and Smittfor referencePages 174182

Design constraints

Box 1 lists the design constraints for the power supply. Keep these in mind as you complete each section of each lab. Each
criterion muste met. On th&/eb-page you can find the full project specification document. As you progress through the
process of building your power supply, you need to use the specification document to build your system. Just like in any
engineering job, you need build to the specification. The project requirements are listed and explained in more detail in the
specification.

Two channels, one positive and the other negatwen referenced ground.

Each channel must [able tosupplyat least 900mA per channsbntinuously at voltages between £2 and2V.
Current limiting circuitry for eah channel, protecting above Iy ++ 10%.

Voltage ripple less than 0.75Yin amplitude per channekith both channels fully loaded to 900mA.

External connections for leadsd voltage adjustment.

Easily accessible AC power switch.

A clearly visible power indication light.

Safely equipped with a cooling fan that should not normally be running’Bt @@ should reach rated speed aroul
95°F.

U Power supply assembled safalyd with no electrical hazardand utilizes a safety fuse.

coocoocccc
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Section One: Lab Equipment (Using Your Tools)

Box 1: Power Supply Design Constraints

PRE-LAB

Nothing will be required for tunm in Section Onelf you would like to get started, start creating yourlisetfor Part Six,
(which appears later in this sectiotf)you are not familiar with the PSPICE commands listeBart Six, you cafind
examples in th®SPICE reference document

In future sections of this lalyou will be asked to desighe circuit element prior to coming to lab. Yobaild submit these
sections in théormat as indicated by thproject specification documenAt the endf the entire labyou will be asked to
submit a fullycompleted project specification document.

LAB

This lab is dividednto six partsiab safetyrules, cost analysis of parts, understand the oscilloscope and signal generator
settings, power supply block diagram, and SPICE simulation of &ull-waverectifier.

Part One 1 Lab safety rules

The most important component in any lab work is the ability to complete it safely. This means not only preventing harm to
yourself or others, but also not damagihglab equipment.The TA may ask you tteave the lab if your actions are not safe.

Make a note of the following lab safety rules:

1. Power supply: The power supply in this lab interfaces with the electrical system of the building. Any connections tha
are energized to 120 VAC must be coverethwhrink wrap before plugging in the power cord. This is especially
important in Sectioff wo.

g The TA may ask that to see that the circuit is safe before it is
energized.

Even though later labs will use low voltage DC, these may still contain shock
hazards.

2. Filter Capacitors: The filter capacitors used in Section Two are only charged to 18 VDC or less. However, their higt
capacity gives the potential for a significant source of current long after the power supply is unplugged.

& Always treat a circuit as if it were energized! Never work on a power supply while it is
plugged in.
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Section One: Lab Equipment (Using Your Tools)

Lab safety rules (Contd.)

3. OneeHandRule:A very i mportant rule to follow is often called the 0
an electrical systewith more than one hand. Only using one hand precludes the possibility of a path of current from
one hand to the other, by way of your heart. Your TA will remind you of this rule if you do not follow it carefully.

Causing pes to get hot; emit smoke,r even cause | oud fibangodo noi ses aper al | a part
and you may even destroy a transistor. This is all part of the learning process.

Part Two T Cost analysis of parts

An I mportant aspect obletoaxneateaadasigntratenot dondy meetshhe design bomstraings, bat also
does so with minimal cost.

In this courseyou will be required to turn in schematics of your final desagong with a tally of the parts and the cost of
these parts. Any cir@s built for extra credit will not count towards the total cost of your design. The cost analysis is part of
your project specification document and should be neatly integrated into the documer&eactaber Eight

Groups that meet all the design coasits and have the cheapest power supplies will be awarded extra points.

Part Three i Understand the oscilloscope and signal generator settings

It is imperative that you understand how to use an oscilloscope properly and in a timely manner. Fanolliesedewith: AC
and DC coupling mo daadprobe Gdvpensstion. ki this $eetigou will peose, that you know how to
calibrate probesand measure AC and DC components propasiyvell

In order to understand the oscilloscope settifamw these steps:

1. Plug intheprobe, compensate it, and make sure you are in the proper gain mode (10x, 100x, etc.).

2. Create a 60 Hz sinusoidal AC signal of 200 mV amplifwdéh DC offset of 1V with your signal generator.

3. Use the oscilloscope to measuhe signal generator output. Measure the offset and AC signal sepdratedC and
DC coupling modes).

4. Save the output with TekVisa (OpenChoice) to your computer. Plot the AC and DC recorded data separately. Show the
peak and frequency (period) aldy.

5. Each lab member should calibrate their probe.

http://classes.engr.oregonstate.edu/engr/winter2002/engr201/engr201tds210.html

Page 4 ECE 322 Manual © 2009 Oregon State University


http://classes.engr.oregonstate.edu/engr/winter2002/engr201/engr201tds210.html

Section One: Lab Equipment (Using Your Tools)

It is important that you understand the operation of an oscilloscope and be able to use it properly. You will
g frequently use an oscilloscope in Signals and Systems Il (ECE 352), Microprocessor System Design (ECE 473)
and in the Senior Design Project.

Part Four i Power supply block diagram

The power supply that is built in this course can be described using a functional block dmgamshe one shown in
Figure 1 In any complex engineering design, functional diagrams are important in breaking up the overwhelming design int
small manageable piecdsgure 1lis a simplified block diagram of the power supply project.

With respect to lgurel, note the following:
U Thisis an example of hownewould specify each of the signals entering or leaving such a block.
U The designtarts at the power cord and ends at the voltage regulators.
U Internal to the supplythere are many different stdystems that perform a variety of different tasks.
U Duringthe course othis term you will be designing circuits thdalfill therequirematsfor all of theseblocks

Power Supply :;> ;
O O
[ [
c cC
= o
AC to DC Rectifier ;| ;'
+ O
AC e OUTPUT VOLTAGE ADJUSTABLE
Power reee > FLTER | 7| REGULATOR GND——O REGULATED DC
- O

Thermal Protection with Fan Op

TEMPERATURE
SENSOR 9 FAN CONTROL e

Figure 1: Simplified Block Diagram for the Power Supply
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Section One: Lab Equipment (Using Your Tools)

The following tablgTable 1)shows the various external connection specifications for the power supply.

Name Direction Description
Frequency: 60Hz
AC Input Input Voltage: 120VAC
Maximum Current: 0.5 Amps
Voltage Range @12V
. Max Current @ All Voltages: 0.9 Amp
Positive Voltage Output Output Current Limit: 1 Amp +- 10%
Maximum Ripple: 0.75 \ep
Voltage Range: -2 to-12V
: Max Curr ent @ All Voltages: 0.9 Amp
Negative Voltage Output Output current Limit: 1 Amp + 10%
Maximum Ripple: 0.75 \pp
Positive Supply Over Curren Output Turn On: 1 Amp +/- 10%
Indicator (optional) P Indication: Visual or Audible
Negative Supply Over Currel Output Turn On: 1 Amp ++10%
Indicator (optional) b Indication: Visual or Audible
. . Adjustment Method: Dial/ Potentiometer
Positive Voltage Adjustment Input Eull Scale: Single Tumn
. . Adjustment Method: Dial/ Paentiometer
Negative Voltage Adjustmen Input Eull Scale: Single Turn

Table 1. External Connection Specifications for the Power Suply
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Section One: Lab Equipment (Using Your Tools)

Part Five T SPICE simulation of a full-wave rectifier

In thelntroduction to Electrical ad Computer Engineering: Concepiass (ECE 112)you would havdearned tacreate
SPICE net lists In this lah you will need b be able t@reate and read thee net lists.Refer toAppendix Aor information
on PSPICE net lists, models, and simulagion

The name ASPICEO is a generic term to describe a cir¢(
exist, among which PSPICE and HSPICE are most commonly used. In this lab, you will be using PSPICE.
Youcouldcreat e a .cir file by hand and not depend on PIGE
AD Student oo program to simulate your <circuit.

As you know, aiode only has two terminals, making it an easy defac&hich to create a net lishry. Simulate the circuit,
asshown inFigure2, using the 1N4004 model for the diodes.

. v+
Cndoos o 4NdoOa S o
1 4700u
 60H3 1N4004  1N4004 o ;L _
I T T  Ro =500
o 4700u. - o
. V-

Figure 2: Full-Wave AC-DC Voltage rectifier with ripple filter.

This circuit is a fulwave AGDC rectifier with capacitors acting to smooth the output. Resistors R1 and R2 are models of a
load. Each load is one channel of the rectifier. Varying their resistance will provide different currents through tfieeloads

R1 and R2).
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Section One: Lab Equipment (Using Your Tools)

Using the circuitm Figure 2, measuf@nalyzehe following:

1. Measure the output voltage (V+ to ground andd/ground) for load resistance of 100, 500K4f0d 10K Y. (The
output will not be exactly DC, bwtill have somamperfection which is theripple.

2. Report the riple amplitude and frequency under the different load condit{ditte that esistor Rrepresents an
output resistance of the source of.IThe SIN stimulus simulates a 24VAgsourcg.

3. Vary the size of the filter capacitors C1 and C2. What is the adfette ripple?

4. Perform a transient analysis on the outpisingthe followingguidelines

SIN <offset> <ampl> <freq> AC transient sinusoidal stimulus

.TRAN <time_step> <time_stop> . , -
Transient analysis specifier

.PRINT TRAN output_variables  Allows theresults fronthetransient analysis to be an output in the fol
of tablesandreferred to as print tables in the output file.

In PSPICE AC stimulus, the amplitude is specified, not the RMS value. Be very careful when referring to AC

values. It is best to just always specify whether you are referring to RMS, amplitude (0-peak), or peak-to-peak
voltages. Use this convention: VAC ms, VACo.peaks VACp.p.

Also note that for sinusoidal waveforms, V.3 J2 A/, ,- Therefore the wall outlet is: 120 VAC, 169.7 VAC,.
peaks OF 339.4 VAC,,,.. All forms are equivalent.

5. Note that you are performing a transient analysis. It takes some finite time for the output to stabilize. Which circuit
components cause this? A common nketss to run the transient analysis for too long or not long enough.

If you need help with PSPICE commands, refer to the PSPICE documentation on the CDROM (in the back
g of your textbook). Itis located at D:\Orcad\document\PSpcRef.pdf, as well as on the TekBots Web-page
for this course. Use the web to search for examples as well.
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Section One: Lab Equipment (Using Your Tools)

In engineering problems, it is often useful to consider limiting situations. For example, what happens to the output
. as ClandC2 are very large, i.e. infinite? PSPICE cannot simulate infinite, instead use 1 Farad, (which is very
@\ large for a capacitor).

Similarly, what happens to the output, as R1 and R2 become very large, (i.e. no load attached)? This can be
simulated by making R1 and R2 very large, i.e. 1M Y. Be careful, however, to allow sufficient time for the circuit
to stabilize. Also, be mindful of the RC time constant.

Meas

ure/ analyze using Figure 2 (Contd.)
6. Use simulation results to determine the voltage across both load registonsV- to V+).

7. Determine the minimum and maximum voltafleeeping in mind thathere should be a ripple in the voltagg)so,
determinethe frequency.

Note: You will needtouse an AC voltage source (using the SIN stimuliss)vell ag h e i tinfeRstepl
time_stop ¢ o mnmamdaito have your simulation run for several milliseconds.

You may al so want otuot puuste vile.gél &griiMifg cfftRW Dt voltage.
8. Repeat these simulations for a load resistor of 10K, 40d 100KY .

STUDY QUESTIONS/ TURN-IN

The postlab/ report br each week will vary slightlyso please pay attention to what the questionspaiar to starting your
lab. The postabs will consist of either questions to be answered separately, or having yadga ypdr project specification
documentd match your results. Sotnaes it will be a combination of the two.

The following need to be turned iat the beginning of the next lab session (Section Tyo

1. An Excel graph of the oscilloscope measurementsGrand DC coupling modes from Part 4. Show the amplitude and
frequency of the AC component.

2. A copy of you simulation results from Part SiXxnclude measurements of the ripple voltage and frequency with each
load current. Comment your PSPICE hsttasmuch as possible.

3. Lastly, turn in youranswers to the study questionbelow. Please write your answers to the following set of study
guestions on a different sheet of paper. You may type your answers, or write them neatly by hand. Keep your answ
clea and concise.

© 2008 Oregon State University ECE 322 Manual Page 9



Section One: Lab Equipment (Using Your Tools)

a) How is voltage ripple affected by load current (size of load resistors) and filter capacitors? What is the
frequency of the voltage ripple and how is it related to the stimulus?

b) How significant is the output resistance of the source?Mpat load currents is it namegligible (>5%
change in output)?

V 1A Signature:

(Lab workreadable/ turneth).

CHALLENGE

There will be several challenges throughout this course. Full credit for each challenge question will reaulyedsamen (or
printed) schematialongwith a detailed report on your solution to the challenge problem.

1. Simulate the circuit ifrigure3 using PSPICE and the models that you have downloaded. Run the simwigtion
various values for R4Hint: You will need to use a sudircuit). What is the maximum current through R4 before the
circuit fails to operate properly? Once you have a feel for the output of the circuit, describe in detail how the circuit
operatego create this output.

D;‘ Vout
i [
i K814
TIPZEG
Vio. 1k = R4
12 — “ 3 -
Y R1 - - B2
390 1 Ve = 820k
n - 3
= LM7 21 B =
" | vz
25y —— - R3
= j— : . 330k

Figure 3: Challenge problem circuit
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Section Two: Rectifier and filter design

SECTION OVERVIEW

This section deals with rectifier and filter design. Following are the objectives, matedalesign constraints for this lab.

Objectives

1 Become familiar with the device characteristics of diodes
1 Understand the design tradés between half and fulivave rectifiers
1 Design and build your own rectifier and filter for your power supply that sritbetdesign constraints

Materials

Oscilloscope probe, BNC to alligator clips calaed test leads.

Solderless breadboard and jumpers

Your lab parts kit

MatLab or similar graphing program

Your textbook Sedra and SmitHor reference5th Ed.Pages174-182or 6th Ed.195-204.

E R I

Design constraints

Box 2 lists some of the design constraints for your final power supply that will apply to the-BC rectifier block. Be sure
that you know all of the constraints and requirements to avoid confusion. dieeskevays listed in thBroject Specification
DocumentKeep these in mind as you complete this lab. Each criterion must be met.

1 Two channels, one positive and the other negative when referenced ground.

1 Each channel must be capable of supplying at B2&mA per channel continuously at voltages between +2 and
+12V.

1 Current limiting circuitry for each channel, protecting above 1AL8P%.

1 Voltage ripple less than 0.73Y per channel, with both channels fully loaded to 900mA.

9 Easily accessible AC powewsch.

1 A clearly visible power indication light.

1

Power supply assembled safely and with no electrical hazards and utilizes a safety fuse.
Box 2: Final power supply design constraints

This section makes several references to various AC voltages. In this section, the AC voltages are RMS values.
However, you should be aware that AC voltages are sometimes given in peak-to-peak values.
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Section Two: Rectifier and filter design

PRE-LAB

This lab and everlab after it, will requirea prelab assignment to be complet@dor to your scheduled lab time. You will be
required to show the work you diand sometimes will be turned in for a grade. This work is an important part of each lab
and will be graded. Not having any part of your-fade done at the beginning otlavill result in a loss of all pHab points.

1. Readpagesl95204 (orl72-184in 5th edition)in your text Understand how a haWave and fullwave rectifier
works Understand how a capacitor is used smooth the rectified AC. Become familidiguitie 420 (Figure 3.24in
5th edition)of your text book. In this sectipg o u  wi | | be designing and buil din
transformero, fADiode rectifiero, and AFiltero.

g Bring a copy of the 1N4004 diode datasheet.

2. Derive or find the equation for voltage ripple (in your terthalfwave and fulwave voltage rectifiers. In MatLab, or
asimilar program, plot the theoretical voltage ripple amplitudehesfilter capacitor sizei(e. log plot 1nF to 1F)for a
half and full-wave rectifier with:

U Load CurrentlA.
U Source Frequency: 60 Hz
U Source Amplitude: 24 VAC

LAB

This lab is divided into six partgiode device characteristics, half and full wave rectifier design, rectifier and filter for
your power supply, transformer/ wall outlet output resistance, power indicator LED, and connector hardware.

Part One i Diode device characteristics
An ideal diode acts as a short to current flowing in the forward direction, and acts like an open circuit to curreninflinging

re¢yer se direction. A real di ode Hhliaesr. Acommmon aharacterigatiosn bfaliodesas
a graph to relate the current flowing through a-Vdtuwve e &
The sl ope of this | ine i s a\Wcovetistasgtmigheline. or 1/ r esi stance.

In Part One, you will learn taneasure the }V characteristics of a 1N4004 diodeas well as taneasure 1y of your 1N4004
diode.
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Section Two: Rectifier and filter design

Measure the I-V characteristics of the 1N4004 diode
In order tomeasure the-V characteristics, follow these steps:

1. Build a circuit as shown below in Figure which consists of a 1N4004 diode and a resistor to control the current
(It might be easiest to use half of agriometer).

Lab Power Supply

7 V_d

v
@]
&)
U

Figure 4: Diode Testing Schematic

2. Set your lab power supply to/3and attach it to the circuit.

3. Measure the voltage drop across the diode and the current flowing through it. Take at least 10 sets of@ata from
100 mA. Open up Excel or MatLab at your workstation and record the data directly while you work. Take enough
data to accurately reproduce the dimear IV characteristics.

4. Plot your data.
5. Now, answer the following:

a.
b.
C.
d. What is the forward voltage drop reported on the datasheet?

Do your measured values look likdat you expected?
Is it accurate to use O/7as an approximation of forward voltage drop for your diode?
If not, what range of currents would this approximation be useful for?
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Section Two: Rectifier and filter design

Measure ry4 of the 1N4004 diode

Notice that g is the small signal resistancetbediode. Typically the voltage across a diode is a large DC bias plus a small
variation from this bias. When working with small signdtlss convenient to use a linear approximatidnhe |-V
characteristics of a diode, thereby approximating the response of the diode to small signals as purely resistive. For this
approximation to hold, the small signal must be much less than the D@ leiagpically <10% of the DC bias).

In Figure 5,the bas or Qpoint is the intersection of \idan Idy. The linear approximation (solid line) applies for small signals
superimposed upon tHzC bias.

N Slope=1/r4

Quiescent

(Q)-point

vd

Figure 5: Q-point and ryq

In order to measure of the diode, followthese steps:

1. Bias your diode with currents of 1ImA, 10mA, 100mA, and 500mA DC.
2. Make a small changén either direction) in the bias curreaind record the corresponding change in diode voltage.

3. Use these current and voltage data sets to estigimieeach bias current.

DV dV(l.)
The definition is: o (I DC) : [|)||mo DI dIDC

4. Doessmall signal resistanagincrease or decreasas bias (DC) current is increased?
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Section Two: Rectifier and filter design

Part Two i Half and full-wave rectifier design

The process of converting AC to D€ called rectifying. There are two basic types of rectifiers: theveale and the full
wave. In this section, you will be designing and building both.

The output of a rectifier is typically filtered to make the output as smooth as reasonably pbissilgeer, despite filtering,
the output varies significantly under higher currents: hence, a voltage regulator is normally used in addition, when a stable
voltage supply is required.

Design and build a full-wave rectifier

In order to implement the abeyfollow these steps:

1. Design and build a full wave rectifier that will convert 60Hz 10\64@ DC, to support a load that draisnA.
Design the rectifier to have less than,}¥ipple voltage. If you are having troublpou may want to modify your

simulation inSection Ondor these spefications and verify your design.
Generate the AC using the signal generator and use resistors to create a 1mA load.
Measure the DC output using the DC coupling mode of the oscilloscope.

Measure and record the ripple tagje and frequency using the oscilloscope.

a WD

Now, answer the following:
a. Are you able to measure peak voltage in both DC and AC coupling mode?
b. Is it easier to measure the ripple voltage in DC or AC coupling mode?

c. Your ability to make ripple voltage matchwrodesign calculations is limited by the tolerance of the
capacitor (which isoften as high as £20%). Were you within 20% of what you calculated for ripple
voltage?
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Section Two: Rectifier and filter design

Design and build a half-wave bridge rectifier

In order to implement the above, folldhese steps:

1. Convert your full wave rectifier design to a half wave bridge rectifier. Use the same capacitor as you did in the ful
wave rectifier.

2. Use the signal generator to create the A& a variable resistor to create a 1mA load.

Measure and recdrthe peak DC voltage and peak ripple voltage.

4. Now, answer the following:

w

a. Based on your measurememhich rectifier would you choose to use to support the load?

b. What design tradeffs does your chosen rectifier type hawempared to the other typgThink about
comparisons of price, reliability, time to build, quality of the DC, and why you might use each type of
rectifier).

c. Which parts are the most expensive and how does this contribute to your choice of rectifidPaype?
numbers are included Appendix C: Parts

Part Three i Rectifier and filter for your power supply

Your power supply will need to convert 60Hz 120Va¢cdown to a usable-22V DC. The first step is to step down or reduce
the AC voltage to 24VAGs using a transformer.

I may want to refer to your Electrical Fundamentals Il (ENGR 202) notes for information regarding transformg
vecifically, you will want to be familiarizing yourself with transformer turns ratios and center-tap transformer

You shouldnow be abé toanalyze an@dnswer the following questions
1. If the secondary windings can pass up to 1A of cusrrehat is the maximum primary side current that can be
supplied?
2. You will be using the center tap on the secondary side as your power supply.ghthatgoltage will be present
on the other two leads of the secondary qd&ichisr e f er enced t o your\ power sup

3. The transformer included in your kit can support both 115VAC and 230VAC on the primary side. For 115VAC
supply, you use the primarside center tap (yellow) and one of the end wires (black). What would your turns ratio
and output voltage bé you accidentally connected 115VAC across the outer two Jeaudsdid not use the center

tap on the primary side?
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Section Two: Rectifier and filter design

Part Three has been dividlento the following suksectionsdesign, lead usage of the transformer, electrical safety, and
assembly of the power supply.

Design

Now that you have constructed a few examples of rectifiers, you will need to implement the design that you craated in yo
pre-lab, by observing the following:

i

cC: . C C

Select an appropriate value for the filter capacitor.

Be sure that your rectifier meets the specifications for thebkutk, so that your power supply will be a success.
Remember that the input voltage was ab@WARC, as per your assumptions in the-fab.

You will use the included transformer in your kit to convert the YAC of the wall outlet down to this 24VAC.
You can use the schematic (in the next-sabtion: Figure 6), to help you in using the transier.

Lead usage of the transformer
Figure 6 is a schematic that illustrates the usage of the transformer.

fuse : 120:24 VAC rms
AC switch black: white
Power g
Circuit

yellow black
% ground

red
Figure 6: Schematic of transformer usage

white

The primary side centdap will not be utilized. However it is still enezgd and must be safely terminated. Figure 7 illustrates
proper termination using heat shrink wrap.

Figure 7: Safely terminated wire

Electrical Safety
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Section Two: Rectifier and filter design

In this sectionyou will be building circuits that will be energized by high voltage A@plement tle safety instructions in the
following cautiontable before moving further:

1. Ensure that all leads and connections are secure, and that they are covered with heat shrink to
insulate them.

& 2. You must also solder the fuse holder to the black lead of the power cord.
Do not energize this circuit, until your TA has approved the safe assembly of your circuit.

w

4. Donotf orget to follow the fione hando rule that

Refer toFigure8 for an example of how to safely make connections for your high voltage leads. The power switch and fuse
have been installed on the primary side of the transformer.

Figure 8: Safely made connections for high voltage

© 2008 Oregon State University ECE 322 Manual Page 19



Section Two: Rectifier and filter design

Assembly of the power supply

Before you place any components, you should have a good idea as to where you want to place all of the components. See
Figure for an example of how you might arrange the components. Place yopogents inside the empty case to get an idea
of where you want to place everything.

To help you along, this manual will give you suggestions about where to place your various components on the prototyping
boards. You do not need éxactlyfollow these sggestions, but be aware that you will need to fit qait@w things into your
supply case.

Figure 9: Example layout of the power supply components

Build your rectifier and filter circuit on one of the@iit boards in your lab kit.

You will want to make sure the transformer wires are soldered securely.

Be careful that no part of the circuit protrudes so far that it may come in contact with
the aluminum base or one of the screws.
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Section Two: Rectifier and filter design

Part Four - Transformer/ wall outlet output resistance

Your transformer incurs losses at high currents. How do you know tHisf®. (Power losses often produce waste heat). This
implies that the transformer has finite output resistance. The wall outlet also has finite output resistance.
In this section, you will neetb do the following:

U Make an estimation of the output resistance of the transformer.
U Make an estimation of the output resistance of the wall power outlet.

Part Five - Power indicator LED

This is a good time to include your power indicator LED. In otdeto this, follow these steps:
1. Size your resistor, such that the maximum forward current of the LED is not exceeded, but is still sufficient to light tk
LED.
2. Remember that the voltage can get as high as 18 VDC when the power supply is not loaded.
3. Refer b the LED data sheet to get this information.
4. You will want to pay attention to which supply you use, (either the negative or the positive supply), as it will affect th
direction in which to insert the LED.

Part Six - Connector Hardware

You may use a dtto create mounting holes for all of the components. Suggested drill sizes are shown below
Power cord 5/ 8 0

Circuit board holes 1 / 8 0

Power LEDi 3/ 16 0

Transformer screws1 / 4 0

Power switch 1 / 4 0

Binding post§ 5/ 1 6 0

Potentiometers 5/ 1 6 0

If you have never used a drill befptben ask ameone to show you how. But do et them drill all your holes for you and
take away the satisfaction of a job well done.

Have fun assembling your power supply. Go slowly when necessary and feel fregu@stsins of your group partner when
you dondét understand part of this section. Ot her gr oufg
values. YouTA is always able to help yoif,needed.

= =4 =4 -8 -8 _9_9

& The filter capacitors will remain charged even after the unit is unplugged. It will take a 2K Y
resistor about ninety seconds to discharge the capacitors.
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Section Two: Rectifier and filter design

STUDY QUESTIONS/ TURN-IN

In addition to study questions and documents to-tythis section introduces you to the project specifications that will be
included hencef omitrh dosc pmment 6. your o6t u

Project Specification

As mentioned before, you are building a power supply that meets a project specification document. For many of the following
labs you will be reminded to update the project specification with your schematicsfanaation. Since this is the first time

you have done this, go to thedl¥page and download a copy of tAeoject Specification Document

In Section6 of the documenthere are places to enter information about the various schematics for edutbcsulyou will
need to complete this section and update other portions of the specifiEationthe extlab time, you will need to turn in a
copy of the sections that you have updated in the preceding week. To help you this one time alone, you geparheads
which sections you need to update for this lab.

The following sections of thBroject Specification Documeneed to be updated:

1 Section 6.2 i AC Rectifier Block
1 Section8 I Parts List and Costs Analysis
1 Sectionl I Revision History
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Section Two: Rectifier and filter design

TURN-IN

The following need to b&urned in,at the beginnng of the next lab (Section Threg

Student Name: Lab Section Time

Test (from Project Specification) Measurements TA Signature

7.1.1- AC RECTIFIER- TWO CHANNELS ONE POSITIVE
AND THE OTHER NEGATVE WHEN REFERENCED D V
GROUND

7.1.2- AC RECTIFIER - RECTIFY 60Hz, 120VACRMS
TODC

7.1.3- AC RECTIFIER- CAPABLE OF SUPPLYINGAT V
LEAST 900MA AMP PER CHANNEL CONTINUOUSLY

7.1.4- AC RECTIFIER- VOLTAGE RIPPLE OUT OFTHE
FILTER IS LESS THANO.75WP-P PER CHANNEL WITH V
BOTH CHANNELS FULLY LOADED TO 900vA

7.1.5- AC RECTIFIER- EASILY ACCESSIBLEAC
POWER SWITCH

7.1.6- AC RECTIFIER- A CLEARLY VISIBLE POWER
INDICATION LIGHT

7.1.7- AC RECTIFIER- ASSEMBLED SAFELY AND
WITH NO ELECTRICAL HAZARDS AND UTILIZES A V
SAFETY FUSE

Thewritten project specification to be turned in next week includes:
L0Project Specification Sections for this | abés
91 Block Diagram
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Section Two: Rectifier and filter design

1 Interface Definition
1 Schematic and theory of operations
1 Parts List Changes and Testing Results

The prelab to be completed (before lab begins next week), includes:
1 Prelab for Section Three.

Lastly, turn in youranswers to the study questionbelow.

Study Questions

Please write your answers to the following set of study questions on a different sheet of paper. You may type yourranswers, o
write them neatly by hand. Keep your answers clear and concise.

a. At what voltage does current begin tovi through your diode in Part O this section?

b. If you designed a circuit that used the forward voltage drop of your diode as a voltage reference, what
voltage would be provided with a forward current of 10mA?

c. The values that you measured for peak and ripple voltage were different between the half and full wave
rectifier from ParfTwo. What was the difference in the peak voltages? What causes thismiii#er

d. What was the difference in the ripple voltages? What causes this change?

How do your ripple measurements afuy full bridge design of Part Threempare with the PSPICE
simulation? What can explain the differences?

f. Comment on the significance ofgloutput resistance of the transformer and wall outlet on the output
voltage in your PSPICE simulation under high load currents (1A).
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Section Two: Rectifier and filter design

CHALLENGE

The IV curve of a diode is not always the same. Recall thatantronic Materials and Devicd&CE 317) you learned that
the current through a diode depends on device characteristics that vary with temperature.

Bearing that in mind, analyze and answer the following questions:

1. Describe the effect temperature has on a diode at the atomic level.

2. Plot addition&l-V curves for your diode with significant changes to temperature. You could use 32°Fa0d°C)
212°F (100 °C)as these are easy to maintain accurately during testing. Use as many temperatures as needed to
accurately predict the shift in thev curve. Ensure the current is not so high that it causes the diode to heat up on its

own.
3. Explain how the shift in the'V is explained by your answers Questiorn#1.
4. Using plots othel-V curves, create a method to easily measure temperature with a diode.

5. Use the .TEMP function in PSPICE to simulate elevated temperatures. Pléf 8imulation result under various
temperatures.

To get extra credit for the challenge problem submission, you will need tmtthra following:
U A typed report containing yoamswers to the above questions
U Any additional }V plots that you created.

U An explanation ohow a different diode, or even a transistor, might be more suitable than the diode that you
chose for your design.
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Section Three: Voltage regulators (Design and building)

SECTION OVERVIEW

This sectionis a (threeweek long design and building project to create variable voltage regulators for your power supply.
Instead of using prbuilt integrated circuits (ICs), the voltage regulator Wwél built from discrete component The power
supply will provideboth positive and negative voltage (relative to grouadyl therefore requirdbat both a positive ah
negative voltage regulator lbiesigned and built. Recall that in Sectilomo, you used the center tap on the secondary side of
your transformer as the common node, or ground.

From now on, the term Apower supplyo wild.l refer to

You will not be usingthel abdés power supplies.

Objectives

Be able to use a cursteacer, to determine the characteristics of a transistor.
Understand the relationships betweeajg W, and |.

Understand the operation of a simple tkensistor voltage regulator.

Identify when a Darlington Pair should be used.

Be able to design and build a positive voltage regulator from discrete components.
Be able to design and build a negative voltage regulator from discrete components.
Add overcurrent protection to your power supply.

E W W I

Materials

Ogilloscope probe and test leads.

Solderless breadboard and jumpers

Your lab parts kit

Semiconductor datasheets (TIP29C, 2N4401)
BJT characteristic equation summary

= =4 =4 -8 -
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Section Two: Voltage regulators (Design and building)

Design Constraints

Box 3lists the design constraints for your voltaggulators. Keep these in mind as you complete each section of this lab.
You must meet each criterion.

0 Two channels, one positive and the other negative when referenced to ground.

U Each channel must be capable of supplying at least 900mA per chantirl@osly at voltages between +2 an
+12V.

U An overload to limit current to 1 amp (10%).

External connections for leads and voltage adjustment.

U Power supply assembled safely and with no electrical hazards.
Box 3 Voltage regulator design constraints

: C

PRE-LAB

The lab portion of Section Three has eight parts that must be completed in four weeks. You may work ahead if you
like, but do not fall behind. In order to understand the prelab questions you must read the lab for that week first.

The Prelab foreach Lab Part has been outlined below:

Week 1| Complete Prdab for Partsl, 2 3 and
Week 2| Complete Prdab for Parts 5, 6, and |
Week 3| Complete Prdab for Part 8

Week 4| Finish up

Be sure to organize th@e-labs according to thie respectve partsin this labsection. Leave a page or two between thelgioe
for each partsothatyou can add notes and comments. Asanexampiee fAisampl ed | ab notebook
section.

d You will need to refer to the data sheets for the 2N4401 NPN transistor and the TIP29C transistor, for the Pre-Lab of
this section (Section Three).
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Section Three: Voltage regulators (Design and building)

Pre-lab for Part One
For the prdab in this part, implement the following:

1. Read thetlectrical Characteristicsection of the data sheet for the 2N4401 NRMdgistor. Pay close attentibmthe
information on \je(sat), te( sat ), and ©b. Notiee odthadathai shegtpscal ly

2. Locate theAbsolute Maximum Rating®ction (including the thermal characteristiCshey appear separately) and
record the values found there.

3. Look over the graphs on the dataeet that show howtelatesto ¥, Vee a nd b .
4. Repeat #1 for the TIP29C NPN power transistor

5. Explain the circumstances under which you would choose to use the 2NdiOdhen you would choose to use the
TIP29C transistor.

6. Bring in a printed cop of the datasheets used for the above comparisons. You should have datasheets for the TIP29C
and 2N4401.

Pre-lab for Part Two

Analyze the circuit used in this section, with and without emitter resistance. This includes the mode of operation, operating
current (L), base current, and gain.

Pre-lab for Part Three

For the préab in this part, implement the following:
1. Write out an explanation for the operation of the volteaggilator circuit in Figurell
2. For the given R1 and R2 values, what would g&pect the output voltage to be? Explain.
3. What will be the operating mode ofl@nd (%? (Assume that i\n/is from your rectifier circuit).

Pre-lab for Part Four

1. How would you modify lhe circuit implemented in Part Thresg that the output voltage candienged by turning a
potentiometer(used as a variable resistor)? Sketch a schematic of the circuit you propose to implement.

2. Write out an explanation in your noteboa& towhy or how your modification makes the output voltage adjustable.
3. Include a tale that provides a cost analysis for your modification.
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Section Two: Voltage regulators (Design and building)

Pre-lab for Part Five

1.

Review sectior7.6.3 (5th Ed.14.7.2 of your textbook for the operation and advantages of a Darlington pair
configuration. Sketch a schematic of the voltage regulatoriginehich has beemodified with a Darlington pair in
place ofQ1 in Figure 1.

Why would you consider implementing the Darlington pair with a TIP29C and a 2N@d$tead of two TIP29C
transistors or 2N4401 transistors)?

Calculate the current gain ofCarlington pair consisting of a TIPC29C and a 2N4401 using the data sheets.
Update your cost analysis.

Pre-lab for Part Six

1.

2.
3.
4,

How would you modify the voltage regulator circuit implemented in Pas, in orderto ensure it operates within the
specifial voltage range? Sketch a schematic of the circuit you propose to implement.

Write out an explanatioas towhy or how your modification ensures Q2 is not accidentally damaged.
Update your cost analysis.
Bring a copy of vy ou rulatortiicuitand dhovwpitacsyour TAv e v ol t age reg

Pre-lab for Part Seven

1.

3.

Design a negative voltage regulator similar to the positive voltage regulator. Sketch a schematic of the circuit you
propose to implement.

Compare the datasheets for the transistors usée@ inggative regulator to those used in the positive regulator. How do
they differ? How will this impact the performance of the regulator?

Update your cost analysis.

Pre-lab for Part Eight

1.
2.

3.

Explain how shorting the output would damage the circuit. Wakdolute maximums are being violated?

Design an addition to your voltage regulator that will limit the output current to 1A. Sketch a schematic of the circuit
thatyou propose to implement.

Write out an explanation in your noteboa& tohow your limitingcircuit works.
Update your cost analysis.
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Section Three: Voltage regulators (Design and building)

LAB

The lab for this section has the following eight par@nsistor device characteristics, relationships between ¥, Vceand

I, two-transistor voltage regulator, variable voltage supply, Darlington pair sage, positive adjustable voltage
regulator, negative voltage regulator, and oveicurrent protection. Finally, the circuit design is tested after Part Eight is
completedYou may work ahead if you like, but do not fall behind.

Part One 1 Transistor Device Characteristics

Your TA will demonstrate how to use the cutvacer to measure the-IVpeand k - Ve curves (for several \values.

g Pay close attention to what your TAO®8s demo, si nc ensigtoru

As it becomes available, use the curve tracer to tAkeurves of one of your 2N4401 transistors. From these plots determine
and record ¥, ro, Vhe(sat), b.ee g m, -.DWhera poskible, compare these values to the data sheet. Ndiéferences
from the values that you measured.

Part Two T Relationships between Vye, Vee and |
In this part, you willuse the following
1 Potentiometers as variable resistors to vagyavid ;.. Note the change in. Bnd in the gain that this causes.

1 Unregulated voltage from your power supply to power the circuit.
1 Afan, as your load.

Now, build a test circuit, asfollows:
1. Insert a 2N4401 transistor into your breadboard.

2. Place a potertimeter on the transistor base, so that it
forms a voltage divider between ¥nd ground of your
rectifier output.

Note: This will use all three leads of the potentiometel

3. Adjust the potentiometer so that the output of the
voltage divider is OV.

Figure 10: Test circuit
Build a test circuit (Contd.)
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Section Two: Voltage regulators (Design and building)

4. Attach the fan between™\bf your rectifier and the transistoollector.
5. Use a potentiometer as a variable resistor between the transistor emitter and ground.

Make sure this potentiometer is set to zero ohms or as close to it as

& possible.

6. Turn on the power supply to energize the circuit. If you have ibaittrrectly, the e is less than ¥{on) and the fan
will not be turning ((= 0 Amps). Equivalently, insufficient base current is flowing into the base to allow non
negligible collector current to flow.

7. Slowly raise the base voltage until the fan jusgibs to turn. Record theyy Ve, and L at this point. What is the gain?
What is the voltage drop across the fan?

Voed _ _ _ __ ____ Veed _ _ _ _ _ P e o ____ .

8. Continue raising the base voltage until the voltage dropsache fan is 12V. Record gaineWee, and , and the
voltage drop across the fan.

Vbe 3 Need o ___ 3 o ____ .

9. Slowly add resistance to the emitter of the transistor by adjusting anoth@otediometer. What effect does this
have on the values that you just measured? What is the relationship between emitter resistance and the voltage drc
across the fan (your load)? What effect does it havg?Eritter resistance provides negative feedptincks bringing
stability to the circuit.

Part Three i Two-Transistor Voltage Regulator

A power supply is not very useful if we cannot control the output voltage. In Part Two, you probably noticed that tee voltag
out of the rectifier changed slightlyhen you applied a load. This is a typical response of a transformer to increased load. It
can be especially annoying if you have to measure V+ every time you make a change to the loading on the system. It wou
also be nice to remove the voltage ripgle that you can provide clean power to sensitive circuits.

In this part, you will build a very simple twipansistor voltage regulator that uses negative feedback to control output voltage.
Negative feedbacls a type of feedback, where the system redpan an opposite direction to the perturbation. In this case, if
the output voltage begins to rise, the system acts to c
output, which in turn i$ed back to an earlier part of the circulvou are not expected to know how to design this circuit: so, a
schematic will be provided, which BBgurell on the next page. U2N4401 transistors for Q1 and Q2.
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Section Three: Voltage regulators (Design and building)

Build the voltage regulator, as shownFigurell, on your soldetess breadboard. Measure output voltage with no load and
with a ImA, 10mA, 100mA, and 200mA load. Circuit characteristics can change over time: so, hold each current for one
minute and measure the voltage again, before you praoebd next current setting.

Yin (unregulatad) YWout (regulatad)

Figure 11: A two-transistor voltage regulator

Now, analyze and answer the following:

i
i

Did you notice any problems with Q1 while measuring output voltage at each current?

None of the loads you applied exceeded the 600mAgaff the 2N4401 transistor: then, why did Q1 fail to work
correctly?

Calculate the power being dissipated in Q1 and compare it with the maximum power dissipation of the 2N4401. Was
this maximum limit exceeded?

Based on the maximum power dissipaticaicalate the largest current that your circuit can provide. Does the circuit
satisfy all of the design requirements?

Now that you have had a chance to become familiar with the operation of the circuit, it is time to dive into how it works.
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Section Two: Voltage regulators (Design and building)

U R1is a pullup resistor and was used in every class fhoimoduction to ECE: Concep(&CE 112) tdDigital Logic
Design LaboratorfECE 272). Its purpose is to keep Q1 in saturation, unless something else can pull down on the
base of Q1 harder than R1 is trying tdlpt up.

U Q1 is |like a water valve: as you Aopeno it, mor e cur
to flow, and bring it out of saturation to reduce the current flowing out of the emitter. If Q1 is fully saturatadptite
voltage is nearly equal to the input voltage.

U The voltage at the node between R2 and R3 has a constant voltage. It is determined by Q2. What mode should Q2
operated in?

U R2 and R3 form a voltage divider that has agetermined voltage. Ifoltage is constant, then adjusting the values of
R2 and/ or R3 have what effect on Q2? Does the current flowing through R2 ever change? Will the current flowing
through R3 ever change?

U Q2 enables the negative feedback to the sydtgrturning the valvéQ1) more ondnd therefore saturating QDy,
more off @nd thereford r i ngi ng Q1 out of sat ur atandopas} thisimdmaton i QR 2
which in turn controls Q1.

Think about how this circuit works to maintain a constaittage, and be able to explain it in your own words. Do not proceed
if you do not understand this circuit well enough to explain its operation to-gdéaststudent in EECS.

Part Four 7 Variable Voltage Supply

This voltage regulator is very limitethere is no way to change the output voltage. Modify the circuit so that the output
voltage can be changed by turningaaiable resistor, (that is: half of a potentiometeBe able te@xplain why your design
causedheoutput voltage to be adjustable. d®ed the minimum and maximum voltage attainable when using the fan as a
load.

Using a 2N4401 transistor for Q1 limits your voltage regulator, (and you should have determined this already). Replace Q!
with a TIP29C transistor. Why does this transistorkazetter than a 2N4401 in this situation? If you are not sure of the
difference, rebuild the circuit iRigure11, (but using a TIP29C for Q1 this time).

Load the circuit to 100mA and 200mA and compare yourlte$o what you had previously, when Q1 was a 2N4401. It may
also be helpful if you look at the maximum current and the power that each transistor is capable of.

Vary the output voltage while using the fan as a load. What is the minimum and maxirainalédét voltage? How does this
compare to when Q1 was a 2N4401? Can you meet the design constrahegodject specificatich
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Section Three: Voltage regulators (Design and building)

If TIP29C is not performing the same as the 2N4401, refer to the transistor data sheets and think about the way this circu
operates. Can you determine what changed and why?

Part Five T Darlington Pair Usage

A common way to overcome the limitations of pewmnsistors, yet obtain the high gamio use a Darlington Pair. Refer to
your class notes and sectid.3 (5h Ed.:14.7.2 of your text bookas needed.

Modify the twotransistor voltage regulator tailize a Darlington pairin place ofQ1l. The Darlington pair will use the
TIP29C and a 2N4401.

As in Rart Four, varytheoutput voltage while using the fan asoad. What is the minimum and maximum attainable voltage?

Treating the Darlington Pair as a single transistor, measure its gain while powering the fan. Calculate the gain of the
Darlington pair by using data sheet valugisat is, byusing the h values from the data sheet graphs that correspond te the |
values you are using). Compare your measured and calculated values of gain.

Part Six T Positive Adjustable Voltage Regulator

The voltage regulator you built in Part Five is almost a compleidasor, though a few more additions need to be considered.

The potentiometer that is used to set the current into the base of Q2 can accidentally be adjusted to the extent
that Q2 may get damaged by exceeding its V¢ limit. Modify your design to fix this.

However, nake sure that modifications do not preclude you from meeting all of the design constraints.

Noisy loads like the fan require that you place an electrolytic capacitor on the voltage regulataoagripuihd Since a
capacitor appearskke a short to high frequency signdlsey pass through it to ground, rather than interfering with your
regulator output. This capacitor will remove high frequency noise that some loads will generate. Pick a large electrolytic
capacitor to remove the rs& of the fan and other large loads that could cause noise.

This voltage regulator works a lot like the LM78L05 voltage regulator you udejital Logic Design LaboratoryECE
272). Refer to your ECE 272 lab notes or the LM78L05 datasheet to detevhahgou should add to the input and output of
your voltage regulator.
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Section Two: Voltage regulators (Design and building)

Carefully consider the layout of the inside of the case befordggin. You may want to build your power supply from irput
to-outputblocks. An example layout of the blocks is simomw Figure 12Build the voltage regulator on the circuit board once
you are happy with your design.

g You can drill a hole in the metal case, so that the potentiometer is accessible when the cover is installed.

Figure 12 Example layout of voltageregulators
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Part Seven 1T Negative Voltage Regulator

At this point of the lab, you have a working positive voltage regulator! Now, all you need to do is to design and build a
negative voltage regulator.

You will have to design this regulator on your owsing the knowledge you gained from building the positive voltage

regulator. It may be difficult to build the negative voltage regulator, as everything may seem backwards from the veay you ar
used to thinking. However, you may find it helpful to start wité basics. Go back to the design for the-tiamsistor voltage
regulator, and adapt it to allow current to flow in the opposite direction. If it helps you, draw arrows on the schemnthécs f
positive regulator. Then, turn them around in the mativerthey would be, in the negative regulator.

Once you have a twtransistor version working, expand on the design until it includes the same features and components as
the positive voltage regulator. Seek help, as needed, from your group partnegyatips; or your TA.

Be very careful when you insert polarity sensitive components.
& The ground terminal is at a higher potential than your negative channel.

Part Eight i Over-Current Protection

Hopefully, you have not accidentally shorted one ottbof your voltage regulator outputs. If you digen you probably
noticed a column of smoke rising up from a blob that used to be a trandstomeed to design an addition to both of your
voltage regulators to causeeth to shut down if more than lid drawn from either regulatofcommonly referred to abe
channels).

Recall that in Part Three, the transistor Q2 maintained output voltage by pulling Q1 out of saturation. In other wbeds, it p

base current away from Q1, when it was providirggrmuch current at the output. You will also need to add a transistor to pull

this base current away from Q1 (i.e. pull Q1 out of saturation), when the load current is too high. Q2 uses output voltage t

create a base current that gets amplified. Thikofway t o sense when the curtotegmon i s 1A and u
your transistorso thait will pull Q1 out of saturation.

Donot worry about being able to wire 6 aswithQ2 tThirkofshewltagr 6 s emi tter to
requirements of your emitter. Make sure that the collector voltage is high enough above the emittetwaliagecurrent to
flow away from the base of Q1.

Do not forgetto implementover-current protection for both the positive and negative veltagulatorsShow your completed
design to the TA for approval. Once approved, add the componentsrteoftaige regulators. Be careful to install them
correctly,without causing angamageo any of thecomponents.

Testing
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To test the design circuifpllow these steps:

1. Power up your power supply, and touch one of the voltage regulator leads to ground.
2. Use multimeters to monitor current and output voltage, and to thus verify that the circuit is working properly.

3. If your design is adequate, the cunrehould stabilize at around 1A, and the voltage drop will be as low as needed, in
order to match this current drawn, given the impedance of your regulator circuits.

If you forgot to attach a heat sink to the TIP29C, then it is probably starting to get very
hot, and could exceed a thermal limit.

Stop the test and install the heat sink if not yet installed. Then, resume the test.

4. If the regulator is robust and working as designed, running the design for thirty seconds is adequate to praoge.the de:

& Running the design for an indefinite time could short the output.

5. Repeat the test on your other channel.

6. Demonstrate your working power supply to the TA.

a. Ifyour regulator stops working, then the first thing to do is to check for a lose wire.

b. If you know a part was damaged from heat or too much current, then check your transistors to
d see if they got damaged.

c. Itis not unusual for one transistor to get damaged, resulting in an internal short that then
damages other transistors.
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STUDY QUESTIONS/ TURN- IN

Project Specification
As mentioned before, you are building a power supply that meets a project specification document.

Update the following in th€roject Specification Documerand submit a copy of thepdated pages to your TA:

1 Section 6.3 i Positive Voltage Regulator Block
1 Section 6.4 I Negative Voltage Regulator Block
1 Section 8 i Parts List and Costs Analysis

1 Section1 I Revision History
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TURN-IN
The following need to beurned in,at the beginning of the next lab (Setton Four).
Student Name: Lab Section Time
Test (from Project Specification) Measurements TA Sighature

7.18 - VOLTAGE REGULATORS - ONE POSITIVE
CHANNEL WHEN REFERENCED TO GROUND IS CARBLE
OF SUPPLYING AT LEATS 900vMA CONTINUOQUSLY (2 ~
12V)

7.1.9 VOLTAGE REGULATORS - ONE NEGATIVE
CHANNEL WHEN REFERENCED TO GROUND IS CARBLE v
OF SUPPLYING AT LEAS -90OMA CONTINUOUSLY (-2
~-12V)

7.1.10- VOLTAGE REGULATORS- MUST SUPPLY A
RANGE OF AT LEAST2 ~ 12V UNDER ALL LOAD V
CONDITIONS

7.1.11-VOLTAGE REGULATORS- POSITIVE CHANNEL V
HAS OVERLOAD PROTECTON TO LIMIT CURRENTTO
1A +10% -

7.1.12-VVOLTAGE REGULATORS|T NEGATIVE
CHANNEL HAS OVERLOAD PROTECTION TO LIMIT V
CURRENT TO-1A +10%

7.1.13- VOLTAGE REGULATORS- POWER SUPPLY

ASSEMBLED SAFELY ANDWITH NO ELECTRICAL V
HAZARDS
7.1.14-VOLTAGE REGULATORS- BJT USAGE V
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Thewritten project specificationto be turned in next week includes:
[Project Specification Sections for this | abés
91 Block Diagram
1 Interface Definition
1 Schematic and theory of operations
1 Parts List Changes and Testing Results

The prelab to be completed (before lab begins next week), includes:

[0 Prelab for Section Four.

Lastly, turn in yournswers to the study questionbelow

circuits:

1. Explain in your own words how the twaansistor voltage regulator in Part Three responds to increases araksdscre

in load current. Include in your explanation every affected voltage, current, and the effect this has on the trans
Also, include an explanation of why turning the potentiometer causes the output voltage to change.

2. When you changed Q1 from2&4401 to a TIP29C transistor, the gain was reduced. You had to compensate by
building a Darlington Pair to amplify the base current of the TIP29C. Explain what physical difference inside th
TIP29C changed to support higher currénit also resulted iloweringthe gain.

g You may find it helpful to look at your ECE 317 notesandtext,t o fi nd the equation

3. Why do PNP transistors exhibit a lower gain than NPN transistors?

4. The TekBot base that you builtintroduction to ECE: Concep(&€CE 112) has a charger board with a voltage
regulator onit. Calculate thevoltageatfestd A T10 on the chrg.1 board.

You may need to refer to your op-amp notes from Electrical Fundamentals | (ENGR 201), to remember the
basics regarding input voltages to an op-amp.

5. Assume that the TL431 is set to 2.5V. Compare the design and gmstrofoltage regulator to the chrg.1 board

Note: Do not include C3and parts to the left of,ibr parts to the right of T,in your comparison.
Do not forget to include an actual dollé@sost for the chrg.1 board in your comparison.
Be detailed iryour analysis of the chrg.1 board
Suggest at least one change that you could makettoetther improvehe functionality, or reducehe cost
(without affecting minimum performase).
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Section Two: Voltage regulators (Design and building)

CHALLENGE

1. Add an LED to each channel that Miirn on when theres an overcurrent condition. Make sure that your design does
not exceed any of the maximum limits of the LED under any operation condition.
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Section Three: Voltage regulators (Design and building)
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Operational Amplifiers: Temperature-Controlled Fan
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Section Four: Operational amplifiers (Temperature-controlled fan)

SECTION OVERVIEW

In this sedbn, you will resume the task of building your power supply. Use your knowledge of operational amplifiers (Op
Amps), to construct a circuit that will control the speed of a cooling fan based on temperature.

Objectives

1 Design a circuit with an operatioraplifier
1 The op amp controls the speed of the fan, based on the temperature inside the power supply case.

Materials

1 Your lab kit and power supply
1 Test leads and oscilloscope probes

Design Constraints

Box 4lists some of the design constraints for twe controller. The best source for these constraints iBritject
Specification DocumenKeep these in mind as you complete each section of this lab. Each criterion must be met.

U Safely equipped with a cooling fan that should not normally be ruratii@°F, but should still be able to rea
rated speed around 95°F.
U Design should use an @mp, and a BJT (or MOSFET) to control the fan speed.

U Assembled safely and with no electrical hazards.
Box 4: Fan controller design constraints

PRE-LAB

For the Prdab for Section Four, complete the following:
1. Using SPICE, design and simulaeircuit that will control the speed of a fan based on temperature. (You can model
the fan as a resistdout choose the resistor value carefully).
Refer to your notes from Electrical Fundamentals | (ENGR 201), if you have forgotten how to use an Op-Amp or your
g own notes from this course. For more information about the thermistor and the fan in your kits, you may want to visit

the supplier Web-site and check the datasheets for the components. If this is not sufficient, perform experiments to
verify the values of the components.

Hint: Doublecheck the current needed for the,fand make sure your circuit can handle it.
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Section Four: Operational amplifiers (Temperature-controlled fan)

2.

LAB

Bring a printed copy of the datasheets for thegpased in this lab. These should indutie datasheets for the LM/UA
741 (or some other epmp), thethermistor, and any transistdisatyou may useén this lah

There is only one part/ task for the lab portion in Section Four, which fartheontroller . In order to design and build a
circuit that automatically varies the cooling fan speed, based on the input from a thermistor, follow these steps:

1.
2.

Build your design on solderless breaboard.
Test your design The fan should turn slowly, or notalt, when the temperature sensor is cool (about5T).

The thermistor you wil!/| be using is of typ
means that the resistance of the thermistor lowers as the temperature rises.

About the voltage: The votage on the fan is about 11PV when the sensor is warifi.e. atabout 90- 95°F).

Do not forget that the fan represents a load, and therefore needs to be included while
designing.

Verify the operation: Verify thes operating points, by comparing the fan speed at room temperature, and while the
sensor is being pinched between warm fingers.

Add the controller to your power supply. Carefully considéie sensor and fan placememsorderto obtain thebest
cooling and most accurate measuremehtemperature.

Demonstrate your working designto the TA.

Power supplies can be cooled passively, (i.e. without a fan). This type of design would
require you to mount the TIP29/ TIP30 transistors to the case.

Another consideration with this design is that the part of the case to which you mount your
transistor, must have numerous cooling fins.
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Section Four: Operational amplifiers (Temperature-controlled fan)

TURN-IN
The following need to burned in,at the beginning of the next lab (SectiorFive).
Student Name: Lab Section Time
Test (from Project Specification) Measurements TA Sighature

7.1.15- THERMAL PROTECTIONBLOCK - FUNCTIONAL
COOLING FAN

7.1.16 THERMAL PROTECTION BLOCK - DESIGN
SHOULD USE ANOPAMPAND A BJTORMOSFETTO VvV
CONTROL THE FAN

7.1.17- THERMAL PROTECTIONBLOCK - THE FAN
AND ITS CONTROL CIRQJIT ARE ASSEMBLED SAELY V
AND WITH NO ELECTRICAL HAZARDS

Thewritten project specificationto be turned in next week includes:
L0Project Specification Sections for this |labés circuits:

Block Diagram

Interface Definition

Schematic and theory of operations

Parts List Changes and Testing Results

= =4 -8 A

The prelab to be completed (before lab begins next week), includes:

0 Prelab for Section Five.

Lastly, turn in yourmnswers to the study questionbelow

1. Write adescription of the type of circuit that you have built. Include a discussion of whether it has positive or

negative feedb&g is inverting or norinverting, andaboutthe gain. Explain why you chose this design and how it
works.
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Section Four: Operational amplifiers (Temperature-controlled fan)

2. Does the current flowing through your thermistor cause it to heat up? How much power are you dissipating in th
thermistor? Explain why you do opbdhot consider this power dissipation to be a problem.
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Section Four: Operational amplifiers (Temperature-controlled fan)

CHALLENGES

1. Modify the fan controller to have hysteresis, thereby causing the fan to continue running until the temperature has
fallen below that value, (which caused the fan to turn on). For teigmeyour fan should actually turn off when cool,
rather than just slowing down.

2. Mount your fan in a way that either increases performance, reduces noise, looks cool, or all of the above. Make sure
that your fan modification is safe and does not expogebades.
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SECTION FIVE
MOSFETSs: Discharging Filter Capacitors
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Section Five: MOSFETSs (Discharging filter capacitors)

SECTION OVERVIEW

You may have noticed that the power LED on your power supply stays on for a longvenafter you turn off the power
switch. This is a result of large filteapacitorsyhich slowly dischargthrough the LEDbut still retain large amounts of
energy long after the power is turned off. In this se¢tyon will be improving the safety of your power supply by designing a
circuit that will discharge these cajirs to a safe voltagavithin momentsf the powereingturned off.

Objectives
1 Design a circuit to discharge the filter capacitors to a safe volédiggethe power is turned off

Materials

9 Your lab kit and power supply
i Test leads and oscillosceprobes

Design Constraints

Error! Reference source not found.lists some of the design constraints for the capacitor discharge circuit. The best source
for these constraints is ti¥oject Specification Documeri{eep these in mind as you complete this lab. Each criterion must
be met.

U Discharges the filter capacitor on each channel to under 3V in five seconds or less, when the main
switch is turned to off, and when there is no load present on the otfitet supply.
Design using one (or more) MOSFETS.

Does not increase the ripple voltage of the capacitor when the power supply is turned on beyond tr
requirements outlined for the power supply in earlier sections.

U Safely assembled.
Box 5: Filter capacitor discharge circuitdesign constraints
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Section Five: MOSFETs (Discharging filter capacitors)

PRE-LAB

For the preab in this section, implement the following:

1. Using PSPICE, esign and simulata circuit that will discharge the filter capacitpasper the design constraints of
Box 5.

2. Use the following hits to help you with the design simulation.

Hints: (@)  You may find it useful to think of this design as/hmg two parts.

(b) The first partis how to use the MOSFET drain and soylioeorderto create a path to discharge
the filter capacitors.

(c) The second part i® decice as tohow to turn this path on and gffthen the power switch is
turned off (and onjespectively

(d) Once you turn off youpower switch, the voltage across your rectifier capacitors does not change
quickly. What happens tté voltage acrodtie secondanpf yourtransformer once you turn off
your power switch?

3. Bring a printed copy of the datasheets for the parts used in your diesigh

LAB

There is only one part/ task for the lab portion in Section Five, whicle fsltér discharge circuit. In order tobuild a circuit
that quickly discharges the filter capacitomhen the power is turned ¢follow these steps:

1. Build your design on solddess bread board.

A common and simple way to discharge filter capacitors is to place a resistor across the capacitors.
However, bear in mind that this increases the voltage ripple and therefore, it can still take up to a
minute to discharge these large capacitors.

2. Test your design, making iuallthedesign constraints are met
3. Add the circuit to your power supply.
4. Demonstrate your working design to the TA.
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Section Five: MOSFETs (Discharging filter capacitors)

TURN-IN

The following need to beurned in,at the beginning of the next lab

Student Name:

Lab Setion Tim

e

Test (from Project Specification)

Measurements

TA Signature

7.1.18- CAPACITOR DISCHARGE BLOCK - THE FILTER
CAPACITOR FOR THE PGITIVE CHANNEL DISCHARGES
TO UNDER3 VOLTS IN 5 SECONDS OR LESS WHENHE
MAIN POWER SWITCH IS TURNED TO OFF AND NO
LOAD PRESENTS ON THEOUTPUT OF THE SUPPLY

7.1.19CAPACITOR DISCHARGE BLOCK - THE FILTER
CAPACITOR FOR THE NEBATIVE CHANNEL DISCHARGES
TO UNDER MAGNITUDE OF -3 VOLTS IN 5 SECONDS OR
LESS WHEN THE MAIN FOWER SWITCH IS TURNEDTO
OFF AND NO LOAD PRESENTS ONTHE OUTPUT OF THE
SUPPLY

7.1.20- CAPACITOR DISCHARGEBLOCK - DESIGN
USED ONE(OR MORE) MOSFETS

7.1.21- CAPACITORDISCHARGEBLOCK - CAPACITOR
RIPPLE VOLTAGE STLL MEETS SPEC OUTLINED IN
EARLIER SECTIONS

Thewritten project specificationto be turned in next week includes:
Sections for this |

[0Project Specification

A

abos

1 Block Diagram
1 Interface Definition
1 Schematic and theory of operations
1 Parts List Changes and Testing Results
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Section Five: MOSFETs (Discharging filter capacitors)

Lastly, turn in youranswers to the study questionbelow.
1. The voltage of the capacitors discharges quickly at first, then more slowly after a second or two, and then finally it
seems to stop dischargingxplain the following:
(a) Why is the discharge rate not constant?
(b) Why does the discharge stop, when a voltage still remains across the capacitors?
(c) How could you cause the voltage to continue to drop all the way to 0V?

(Hint: You should know thersswer to this, using the knowledge from many earlier courses.)

2. Provide a clear description of the current and voltages of each component in your discharge circuit, when:
(a) The power switch is on.
(b) In the seconds following the switch being turned off.

(c) Also, justify why you are able to exceed the component limits, even if your circuit does exceed any limits at ar
time.

3. Calculate the time it takes for your circuit to discharge the filter capacitors to 37% of the operating voltage.
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Section Five: MOSFETSs (Discharging filter capacitors)

CHALLENGES

1. Your power supply does not warn you of cearrent conditions. Design and build a circuit to sound a buer
light an LED), if either channel exceeds a current linés defined by the power supply design constraints in earlier
sections).

2. Even witha circuit to discharge the filter capacitors, your power LED may glow dimly long after the power supply is
turned off. Design and implement a modification that will cause the power LED to turn off immediately after the
power switch is turned off
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SECTION SIX
Power Supply (Final Assembly and Testing)
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Section Six: Power supply (Final assembly and testing)

SECTION OVERVIEW

This section idasicallyfor addingthefinishing touches to your design, completihgassembly, and having it tested.
Modify your case to make it uniquely youifthere is tme. Other modifications to improve safety, performance, or features
are encouraged.

Objectives

9 Add protection from external voltage sources

1 Completethe process dbuilding the power supply

9 Testthepower supply to ensure compliance with design coms&a
1 Add creative modifications tthe power supply

Materials

1 Your lab kit and power supply
i Test leads and oscilloscope probes

Design Constraints
Refer to Box 1 (in Section One) for the design constraints that your power supply must meet.

Testing Procedure

Your TA will test your power supply, by following tH&ystem tests from the project specification (section 7¥2u may
want to run some of these tests on your pwrorderto ensurehatyou will pass them during the official test.

PRE-LAB

Forthe prelab in this sectionbringthe following:

1. One printedcopy of your final presentation.
2. Oneprinted copy of your finisheBroject Specification Document
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Section Six: Power supply (Final assembly and testing)

LAB

There are four parts for the lab portion in Section Sigtect the external voltage sarce, finish building the power
supply, test the power supply, and creative additions to the power supply

Part One (Optional) i Protect the external voltage source (Optional)

It can be difficult to actually test that your circuit is workimsgncethis involves using dangerous voltages in the ldnwever,
your simulation results should have let you determihetherthe external voltage source was able to discharge to ground
without damaging your power supply.

g You may want to show your design to your TA before you begin soldering.
Build the circuit into your power supply (on both channels).

Part Two i Finish building the power supply

Now is the time to wrap up any loose ends and fix any circuits thadtdeork like you want them to. You shl use this
time to make surthat the power supply imeeting all design constraints atiét itwill be able to pagthetestingphase

Part Three i Test the power supply

Your TA will test your power supply when you are ready. You must have youwerpaypply tested for full credit. If your
design fails to paghistestingphasethen you may either accept partial creditfix your design and have ittested.
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Section Six: Power supply (Final assembly and testing)

Part Four 1 Creative additions to the power supply

Part of the fun of designing andilding your own circuits and projects is that they are unique and distinctly yours. This
section will give you suggestions and ideasow to improve or customize your power supply. You are encouraged, but not
required to makereative modificationg-ollowing are some of the creative modification suggestions to the power supply:

1. Paint your case to make it look cool or interesting. Show off your painting skills and artistic abilities.

Mount the cooling fan in a way that improves air flow. You camause a fan with buiin LED lights or other
features.

Add interior lighting. Case lighting is not just restricted to computers!
Use Plexiglas to allow people to see the circuits and inner workings of your power supply.
Add a receptacle to the back ottbhaseso that you can use a detachable power cord.

Add analog gauges to indicate output voltage and current. You can use a switch to select the channel being displayed
on each gauge. See Figurefor an examp of a power supply that @san analog voltage gauge.

N

o 0 hA W

7. The power supplies in the lab usevenrsegment displays to indicate voltage and current digitally. Use your digital
logic board and a foudigit, sevenrsegment display to indicate voltage and currevibu will probably want to use a
3.5-digit A/D converter rather than a simple serial or parallel output A/D converter. Output frorB-digit A/D
converter is already formatted for a basenumber systemand is intended for this type of applicatioSeeFigure
14 for an example of a power supply thatsa digital display.

Figure 13: Analog voltage gauge Figure 14: Digital voltage display
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Section Six: Power supply (Final assembly and testing)

PRESENTATION

For the presentations:

i
i

[T e e e S

Eachgroup of students will have one pengaresent their design.
The presentewill be chosen randomly.

Themaximum time limit for each presentation i$2 minutes(Up to9 minutedor presentation, remaining for
guestions)

The TAs will have tested the power supplies prior to the presentations

The presentation will be scheduled for the last 1.5 hours of the lab.

Laptop, blackboard and overhead presentations will be acceptable.

A room with a white or blackboard/ screen will be reserved and announced.

Attendance by althegroups registerenh the lab section is mandatoit % ofthe presentation grads deductedor
absentees).

The presenter (and the team indirectly) will be evaluatedbased orithe followingkey elements of the presentation

1.
2.

The presenter demonstrates a cleatarstandingf the design implemented.

If thedesigndid not workfor the teamthepresentation highlights tretepsthatwere taken to identify and fix the
situation. If the "fix" did not workthe presenter provides an explanation of what the teamhd do next to
troubleshogtand why?

If thedesignwas a departurgom the standard schematic in the mantred,presenter is wefirepared with an
explanation of how it workgndwhy it was chosen over the given schematic.

If thedesign speticationswere changedby prior consent from the TA), then thssexplicitly statedandthe
altereddesignis discussedn the presentation

Theslides/transparencieare clear and completand withoutgrammatical errorg the text.

The presenter exhibits good speeéefivery (such as: naooking at the floornottalking tohim/herselfinstead oto
the audienceetq. For tips on how to present well, reAdpendix C: PresentatioRointersin this document

The presenter keeps to ttime limit.
The presenter has the atylto answer questions from instructors, TAs and other peers present in the room.
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Section Six: Power supply (Final assembly and testing)

TURN-IN
Student Name: Lab Section Time
Test (from Project Specification) Measurements TA Signature
7.2.1- EACH CHANNEL MUST BE CAPABLE OF SUPPLYING vV

AT LEAST 90OMA PER CHANNEL CONTINUQJSLY

7.2.2- VOLTAGE OUTPUT BETWER +2 AND *#12 VOLTS vV

UNDER 900MA LOAD

7.2.3- AN OVERLOAD TO LIMIT CURRENT TO+1A £10% V

7.2.4- SAFELY EQUIPPED WITHA COOLING FAN THAT
SHOULD NOT NORMALLY BE RUNNING AT 700F,BUT \Y

SHOULD REACH RATED $EED AROUND950F

7.2.5- DISCHARGES THE FILTERCAPACITOR ON EACH
CHANNEL TO UNDER3 VOLTS IN 5 SECONDS OR LESS
WHEN THE MAIN POWER SWTCH IS TURNED TO OF AND Vv

THERE IS NO LOAD PREENT ON THE OUTPUT & THE
SUPPLY.

7.2.6- EXTERNAL CONNECTIONSFOR LEADS AND V
VOLTAGE ADJUSTMENT

7.2.7- ASSEMBLED SAFELY ANDWITH NO ELECTRICAL V

HAZARDS

7.2.8- VOLTAGE RIPPLE OUT OFEACH CHANNEL LESS
THAN 0.75VPER CHANNEL WITH BOTH CHANNELS FULLY V

LOADED TO 900VA
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Section Six: Power supply (Final assembly and testing)

7.2.9- UTILIZES A SAFETY FUE \Y
7.2.10- EASILY ACCESSIBLEAC POWER SWIT®H \%
7.2.11- A CLEARLY VISIBLE POWER INDICATION LIGHT V
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Section Six: Power supply (Final assembly and testing)
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APPENDIX A
Lab Equipment Overview
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Appendix A: Lab equipment overview

HOW TO USE A LAB POWER SUPPLY

Power supplies like the one showrFigurel5 are easy to usence the basics are understood. Use the supplies independently
in this lab. Make sure both tracking buttons are in this setting.

Tektronix Ps2i0

CURRENT VOLTAGE
R woer B 3
= i - SERES N .
w PARALLIL = oves ’
(040
cc- <GV L I i \ cc. &V Y
® ,_l - © @ ®
- - ¥
—  stavt —— "% ~ TRACKING ——— PN MASTER ———
-0V 2A — 0-30V 2A SV MXED 32
o POWER B8y & - - = + - s

) lelete @ e @0

Figure 15; Tektronix PS280 DC Power Supply
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Appendix A: Lab equipment overview

Following is an explanation of the controls/ indioas on the power supply;

1. The fA CURRE NThis seks the rhaximum current that the channel will saurbes isalsouseful to prevent
accidentally putting too much current through your circuit.

2. The VOL T A GEhisis ksedtdselect the outputitame that the supply will maintain.

f
3. The AAMPSO a n the Yioka@eamdSrrent being supplied can be read in the LED digpjayssitioning
the slidevVP®®tavee ni Vi@QLTSO.

g The LED read-out may not be as accurate as you need. So, use a voltmeter to set the voltage if precision is required.

4. Theg e e n A C. Vhis meahsithgaltdnstant voltage is being supplieaidthis isalsothedesired conditiorfor
the power supply.

5. The r ed n:hi<dneans that gchnistant currenbeing maintained, regardless of your voltage setting. This
current is going to be the maximum current that you

your circuit or increase the current limit to a more suitable value.

6. Connectors: Normally, youwould use the red and black banana jacks to connect your circuit to the power supply. Th

green connect or sanddheyemayibe asedtab yow grouttthweverghjs is not usually required.

An earth ground is a connection to the planet Earth. The third prong of a power cord is also an
earth ground.

Note: There are times when you need to supply a negative voltage. In thigaaseuld connect the red, positive

connector to your cirdut 6 s g r.dhemadtacimtbedbkack, negative connector to the node where negative

voltage is desired.
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Appendix A: Lab equipment overview

PSPICE NET-LISTS AND SIMULATIONS

Some people prefer to write theietlists by hand,while others prefer to use the PSPICE schematic tool tdeciefor them.
If you use the schematic tool to generate your, lisen you will need to edit the list to give it humaadable names. Let us
supposehat you wanted to create a st for the simple circuit shown iRigure16.

Follow these step®tcreate a ndtst:

1. You would first need to draw the circuit as you didEiectrical Fundamentals (IENGR 201).

R1
" 100 N
"= Wi T
-T R2 1k J
a 100

Figure 16: A very simple circuit

2. Run thenetlist generatoby selectingAnalysis menuA CreateNet-list. A *.net file will be creatd in the same

directory as the schematic. Theneratechetlist is shown in Figurel?. This netlist
contains computegenerated variables and is difficult to read and understimdever, aetter (and preferred
approach would havieeen to manually create the st as shown in Figure.

* Schematics Netlist * * zimwle_ circuit.net

R_R3 5N_0002 5N_0001 1k

v vl SN_0003 0 5v WVl 2 1 o

R_R2 0 §N_0002 100 ;}_ 3 1 133

c Cl SN_0002 SN_0001 .1lu R‘; o i 1k

] ] g -
R_R1 SH_0003 $N_0001 100 o 2 1 _1u
Figure 17: Generated netlist Figure 18 Hand-created netlist
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Appendix A: Lab equipment overview

Create a net-list (Contd.)

3. A netlist is just the beginning of the processstructions must be given to indicaeactlywhat analysis you want
performed on the circuit.

, As an engineer, it is far more professional to be able to write your own net-lists that are neat and easy to read.

If you are not familiar with net-lists, then you may choose to have PSPICE generate your net-lists until you can
remember how, but do not come to rely on this crutch.

4. Add these commands to yonetlist.

5. Saveit as a *.cir file.

6. Open this fil ePSRGCEANStuddnée. pr Tolge asn mMpl est simul ation of
asshown inError! Reference source not foundo.

v simple_circuit.cir
* Basic analysis te find node veoltages

. OF

V1 30 5w
Rl 31 100
R2 02 100
R3 21 1k
C 21 .lu
.prope

.ERD

Figure 19: A simple analysis

7. An outputfile is generated once this circdite has been simulated. Create your own *.cir. file
8. Run the simulator
9. Read the outputile and analyze/ observe the following:

(@) What kind of information is present?

(b) This kind of simulation is informativebut gets boring quickly.

(c) It would, thereforebe a lot more interesting if we could run the analysis with different values for the voltage
source V1.
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Create a net-list (Contd.)
10.The circuit shown irError! Reference source not found0 demonstrates several new concepts.

* gimple_circuit.cir
¥ Basic analysis to find node weltages

. OP

V1 140 sv
Rl 31 140
RZ2 0 2 140
R3 21 1k
C1l 21 .1lu

.DC w1l 0 10 1
.print DT WVI(Z)
Drooe

. END

Figure 20: A more useful analysis

11.InFigure20,ot i ce t he command fA. DC V 1DCGwetploftledaltage sburdée¥1 c o mmand does &
starting 40V and increasing to A0in 1V increments.

of analysis, where a DC vol

A ADC sweepbo e
d o a voDaQe, anerd@gvoltage, afd.thB @ibkage by t  t ¢

ref
simul ation. The command
which to increment each time

12.Also, inFigure20,ie | ast command adauseda pridbut gfthe Nade 2 \DIGge¥ tp the ocditput
file. This type ofthedataoutput is useful to:

(@) Find numerical valuegquickly.
(b) Import the data into a different plotting program.

13.The outputfile will now have the DC sweep values of V1 automatically inclydedhat you know which value of the
Node 2 voltage corresponds to which V1 value. dptical view of these values is often valuable.

14Add a trace for fAV1IO0 and nV( 2ihadetoceet graphiqaliplotiprstanputteer t he si mul at
values from the outptitle into a separate graphing program.
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Appendix A: Lab equipment overview

15.The .print commaahs can be used just likem@ace in the graphical output.od can measure both currents and voltages
simply by adding additional parameters to fipento statement. For example, you could add V(1), I(1), and t§2)et
the voltage and current for boibodes 1 and 2.

SIMULATING SEMI-CONDUCTORS AND INTEGRATED CIRCUITS IN
PSPICE

The PSPICE program contains informatiegarding only the most basitomponentssuch asoltage sources, resistors, and
capacitorslf you want to use a specific diode, transistwr opamp in your circuityou must use a SPICE model.

A model is a long lisbf parameters that describe a complex circuit element in the basic components that SPICE can
understand. For example, a real diode can be modeled as a voltageis@er=s with a resistor. A detailed model will also
include many of th®evice Physicéeatureghat you learned about Electronic Materials and Devicd&CE 317), such as
junction capacitance.

The schematic entry tool has some basic libraries that isaso that you do not have to ute models. However, you
would be lucky to find thexactdevice that you need. At begbu might find a similar device that you can uiseorderto get

a rough ideaf how your circuit might perform. For exampleethbraries contain models for a 1IN4002 diode and a 2N3904
transistor but you will be using a 1N4004 diode and a 2N4401 transistor. The 1N4002 can probably be usédmgeably
but the transistors will act slightly different.

Manufacturers oftemake SPICE models available for downloadgdthis will probably be your most reliable source for
SPICE models. An example of a 1IN4004 diode PSPICE model is shown in

Figure 21. You may find it easier to downldahis model from the Fairchild Semiconducteb-site, ratherthan typing it in
by hand.
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In Figure 21, p y
use by

particul ar
addi

ng

* 1M4004 — 1A 400V General Purpcse

t++++++++++++

RBectifier

MODEL  1M4004 D
IS = 3.693E-09
RS = 1.756E-02
M= 1.774
XTI = 3.0
EG = 1.110
CJo = 1.732E-11
M= 00,3353
VI o= 0.39805
FC = 0.5
ISE = 6.665E-10
HE = 2.103
BY = 400
IEV = 1.0E-03

Figure 21: Model of a 1N4004 diode
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SeeFigure2222 for an example of a nditst that replaces R1 with a diode.

the end of vyour

part

Notice that instead of pasting all the textrajure21 into the netlist, you can save it in a separate,fa@dtheninclude it with

the A.i

nco

command.

using monstrous models like the LM741-amp.

Also, notice that the nelft i

device.
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entry f
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A diode only has two terminals, making it an easy defocevhichto create a ndist entry. The first net is the anode and the
second is the cathode.
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Appendix A: Lab equipment overview

Notice that t he.TH i

* zimple_circuit.cir

* Basic analysis tc find neode veoltages
. OF

.inc 1X4004.med

vi X0 5v

D1 3 1 1m4004
R2 0 2 100

R3 21 1k

C1 21 .1lu

LDC W1l 0 10 1
.print DC ViZ2) V(1)
.prope
.END
Figure 22: Net-list using a model

asubcircuittt hen you must use an AX0 name i

sdeésbramesest iP1aN4004

nstead.

model

speci fi

© 2008 Oregon State University

ECE 322 Manual

Page 73



Appendix A: Lab equipment overview

HOW TO USE THE TEKTRONIX CFG250 FUNCTION GENERATOR

In this sectionyou will be using a function generator as your small signal AC souricgire 23 shows &ektronix CFG250
Function Generator

/!\ Be careful not to load the function generator by more than 10mA, as it is not designed to support large current loads.

To attach your function generator to the circuit, follow these steps:

1. Attach your BNC to alligator c¢clips cable to the fiMaindo output
2. Sette A Vol t s Out ahe@2V sri®-20W tahge, depending on your voltage requirements.

Press the AFunctiono button corresponding to the waveform yol
Press the ARangeo button for the desired range.

Adjust the AFrequeequendyy. di al to the desired fr

Turn the power on to the function generator.

I f your signal needs a DC c o,apadusttdthe dgsitetl DC basipoirfftisehe A DC Of f set ¢
your oscilloscope to measure the DC offset).

8. Adjust the AAmMmpl i tywd sto tledastted settirgwhileFusirgg @ruoscillascope to precisely
measure the output signal.

N O R

9. Attach the signal generator to your circuit.
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Figure 23: Tektronix CFG250 Function Generator
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DOCUMENT OVERVIEW

Modern engineering requires groups of engineers to work together, possibly across large distances, to develop sophisticated
systems. In order for all of the parts of a project to work together, a project specification doeswitehtDevelopment of a

project specification documentadwaysthe first step in any project. Unless all engineers working on the project have the

same understanding of the project pieces, the final result will not function.

Project specification dmments come in many a varied format/ outlook. Sometimes they will be formal written documents like
those submitted for patent approval. Other times thty may
explanation, but help an eimger to stay focused. For this course, you will be writing a project specification that is somewhere
between the two. You will have a formalized structure to follow, including typographical layout and document length.

It is important to realize that imany of the courses you will be taking up in later terms, you will be asked to produce design
specifications. The sections and content may vary slightly for each course: so, pay attention to what is asked for, in the
requirements. For example, in ydsenor Designcourse, you will be asked to write a verydapth design specification for

your final project. Remembering what you have done in these early courses will dramatically improve your success during the
senior design implementation.

DEVELOP THE PROJECT SPECIFICATIONS

When developing any project specification, a few general steps should be taken. In order to make a complete design, use these
basic guidelines:

U Conduct a technology review.
U Come up with a togevel design.
U Outline the testing process.

Conduct atechnology review

The first step in developing the project specifications i
technology review This can be achieved thus:

U Find projects similar to yours.
U Review other similar progs.

U Tabulate the results with a comparative analysis.
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U Make final analytical conclusions from the review.
Find projects similar to yours

This first step involves finding similar projects and digging into thesemhow they were accomplishe®ften timesthis
could be combined with a market analysis as well, if the project will result in a product to be sold.

When working on a new project, you may find that there is nothing on the lines of what you want to design, in existence yet
(This is a good thingsince it means you have something no one else has, and can set your own standard for it.) But, it also
means that you cannot make a direct comparison. However, you are most likely to find at least one other project that has s
of the same aspects fooyr comparison. For example, you might not be able to find many examples gbtiarszpower
generators; but, DC generators have a lot of similarities.

Review other similar projects

Ideally, you should review an infinite number of projects that helptgaunderstand what others have done, but infisign

awful big number. As a rule of thumb, the more the better, and the more complex the problem, the more projects to compai
that are necessary. For the simple project in this cofivedo six projecs should be sufficient. If you are having trouble

finding projects to review, be sure to search projects under the topics of commercial products, student projects, large scale
generators, and the like.

Tabulate the results with a comparative analysis

Once a full technology review has been conducted, you should be able to generate a table that has your project as well as
other reviewed projects together. The table should kayenformation that allows you to compare themin the method
Aapp!l elssandor apges t o oranges. o For example, 1if there is
output watts, and method of generating power, you can compare your project with that, using the same parameters.

Make final analytical conclusions from the review

Using all of this information you should be able to decide orighrires and design tradeoffs required, so that you can
explain your project specification. It is important that all of your design choices are backed by $elehthieasoning, and
that you understand the basis of the analysis that you are using to make each decision.

This is a powerful tool, because if any of your base assumptions are changed by new information, you can quickly revise a
decisions that wermade, to conform to the new information.
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Come up with atop-level design

Any design can be broken down into three componémsis, outputs, and function To come up with the final design,
follow these steps:

0 Start with a generic design.
U Remove any amguity.
U Split the generic design into more wdkfined components.

Start with a generic design
This simple idea can be easily (and often is), represented as a block diagram like the one in Figure 1.

Input(s) Output(s)
- >

Block

000
000

- s

Figure 1: Generic desigrrepresented in a block diagram

This simple design could have any number of inputs and any number of outputs. Its function could be defined as simply as,
fiDefinitonl: | nput 1 is added to I nput 2, and i cbeaseconpletas, Out put 1.0 Hov
fiDefinitionIl: 1 nput 1 wi | | be used to power the system.o

Remove ambiguity

In the above definitions, even though the number of words in the description is about the same, the amount of ambiguity in
Definition Il is much larger. Thiambiguity is what leads to mistakes and differences between what two engineers design. For
example, if one engineer assumes that the system will be supplied with 2000W of energy, and another engineer assumes they
only need to supply 10W of energy, nothivdl work well or as expected.
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Split the generic design into more well-defined components

To illustrate how you could make a generic design more-deflhed, consider the design for a generator. For a generator, you
might start with a block diagram likee one in Figure 1. This diagram is the simplest one that could be produced. From this

si mple diagram, you should use 6top down designbdé to spl
smaller components allow you to specify evergce of your design clearly and concisely.

Description: The generator block accepts motion input, and through magnetic coupling, genefe
voltage and current capable of charging a portable device identified by the desig

=

Signal Name Direction Description

Mot InThis is the

ion put energy
input to
the
system.
Motion

Rotationa
Min.
Speed:
100 RPM
Max.
Speed:
2000
RPM
Nomin

Figure 2: Example of a design with weldefined components and their descriptions

The question that rises idow do you know when to split a componenblock into further components?

You should split any componehtock that you cannot fully understand how to implement, into further components. For
example, you may not know how a digital wrist watch performs. However, once broken into its individual parts, such as:
display, crystalputtons, state machine, casing, battery, etc, you might find it easier to understand. If one of those pieces is
ambiguous, you would again further split it down in more-soimponents, to get a more complete picture.
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Outline the testing process

The finalyet very important section of the design specification is explaimavg the project will be tested to ensure that it
meets the requirements and goals defined in the project specification.

This could involve outlining the following qualitative/ quantit@ testing procedures/ requirements:
U Measurements.
U Long-term usage.
U Destructive testing
U Others.

The tests that are chosen will be depend on and determined by the project. By and large, these tests are very simple.

For example, if arequirementforad i gn i s that the device be portable, the test fo
device portability by having one member of the team pick the dev
specify it as: AThe ddéwaincOwiplolunnet weidghvi mdr not be | arger than
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OVERVIEW

The purpose of any form ¢échnical communicatiois to inform, not impress. Classes that need students to tpeobrical
presentationactually require one that falls in the genrdafnal presentation. This document falls in the same genre too.

In addition, there is sometimes the requirement for the student to submit the written matter of that presentationsofhard or
copy. This doument is therefore intended to help you with some basic tips to refine the outlook of a technical presentation,
both for the presenter as well as for the presspmpred, 6s document.
well-presented, ppfessional presentation.

OBJECTIVES

Any formal presentation has the following key features that presenters need to focus on:
Writing the document to be submitted for the presentation.

i
U Outline of the presentation content/ slides.

U Communicating effectivg through presentation media.

U Dressing right and using the right body language for the presentation.

Writing the document to be submitted for the presentation
Assuming that you have resrchedhe presentation subject very well, and have sufficientreledant presentation matter,
write/ type a rough draft arttien refine it as you progress.
The tips for the written material (that you would submit at the end of the lab) include:
U Outline of the document content.
i Content of the document.
U Language of thavritten document.
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Outline of the document content

The outline of the document (i.e. introduction/ body of the document/ conclusion), are explained later in this document unde
the sectionOutline of the presentation content/ slides.

Content of the document

The content of the document would be similar to what you present in class as well. Following are some quick tips to start y«
on the content of the document, as well as on the slides:

Make a rough draft: Write down a synopsis of your goals, whiwbuld essentially be the purpose of the document.
Research the goalstUse reliable Internet resources/ the Library/ conduct surveys or interviews and get valid
information to support your goals.

List five important facts: Depending on the length of the dwuent, select any five goals/ concepts on which to focus
the basis of your document, and arrange them in order of chronology/ priority.

Add appropriate visuals: A picture is worth a thousand words. Any part of the document text that can be replaced/
enriched with a visual will create more impact than just phaixt.

Cite all your resources:Check all authodate citations and all entries in the reference list for both accuracy and
conformance to the format being imposed for your document.

Proofread: Use the spelichecker and/ or have a friend peslit the document before submission.

Language of the written document

Each document has a voice. Here are a few tips to observe, in order to ensure the language is not offensive or ambiguous:

1.

w

Use a clear and farmal style, avoiding unnecessary jargon and acronyms. Acronyms can be used when it is
understood by both the audience and the writer.

Preferably, use the first person and active voice.

Avoid language that might be construed as sexist/ racist/ polticedbrrect.

Analyze the audience (international/ mdtiltural/ academic diversity). For anatass, technical presentation/
submission, the presenter typically does not need to worry about the nature of the audience, but this is a handy tip tl
most pesenters tend to overlook.
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Outline of the presentation content/ slides
These tips are of paramount importance to forming a powerful outline for any technical document and/ or presentation slides:

1. Start with a welcomeslide.
The first slide welcomes thaudience, (and it is worthwhile to make a mention of notable attendees), and then
introduce yourself. (This would conform to the coypage of your written document).

2. Spell out your conclusion or summary first.
Most people attending a presentation widrhiember" no more than five conceptieally, the presenter should have a
list of the five most important points/ concepts/ facts that should be remembered. This introduction with the concepts
shouldspell out the agenddor your presentation. Giving yoaudience a framework of understanding at the
beginning allows them to easily integrate information into tfF
that information. o

3. Highlight the main concepts, using visuals and minimum text.
a) Use an 18oint (or higher) font size for your slides. Also, use an appealing butdigthbright solid
background color for the slides.

b) From the abowenentioned five primary concepts, allocate an average of two slides of text to each main
concept.

c) Have about fouto five key points for each concept.

d) Write these key points briefly in short otieers, and elaborate on the points in the speech instead.

e) About three visualsfor the entire presentation should be sufficient, as long as they give appropriate and
complete backing to the associated content.

f) Too much information, smaBize text, and unclear visuals renders the presentation less effective in terms of
messagalelivery.

4. Cite any sourcedor visuals/ text, by mentioning it verbally or including it on théeslin a smaller footer area..

5. Have a strong conclusionMake the closing short and sweet.-fRate the three dimensions of your message (what,
why and how) in a powerful orgide finale to the presentatiof.good rule of thumb is to use 4156 % of yaur time
for theopeningand 510% for theclosing.

6. Questiontime. Make the discussion open to questions from the audience after your closing. Answer the questions as
briefly and concisely as you can. It is best to paraphrase the question beforerangwter clarify it in your mind and
to make sure you understand the question. If yonotl&now the answer, say so. Dotriry to make one up.
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Communicating effectively through presentation media

To make your presentation more than just a stgmdpech with the whiteboard and markers as your tools, add pizzazz to
your presentation by taking advantage of the multimedia t@alsfirm with your professor/ TA as to what multimedia
will be available for that day/ classroom Any of the following will makeyour presentation more effective:

If a computer will be available for your presentation, digital slides maybe a good choice for your presentation. However, me
an intelligent decision because i f s lafiod, ésnotendangenyoir ne e d e
presentation by using them.

If you do decide to make digital slides, bear these guidelines in mind:

U Use Microsoft PowerPoint or even Adobe PageMakeiTheseare ideal for adding color, background theme,
convenience and dynamappeal to your presentation.

U Read and use the tips meutlne a theplesentatiortconeent/slidesy it ®u £ r ea@adt
PowerPoint slides.

t Confirm with your professor/ TA regarding what storage media {.e. USB mass storage remable disk, CD, etc)
you can use, and/ or if you can bring your own P@iotebook, or if there is wireless network access, with which to
launch your PowerPoint presentation.

U Allow the audience at least half to one minute to read a slide with important, edmgiieted points and stress or
elaborate on them verbally.

U Do not read your slides for your audience, because they can usually do that themselves. Instead, use your time to
maximize impact by elaboration or descriptions and examples.
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Dressing right and using the right body language for the presentation

The document and slides are not the only aspects for the presentation. In order to be effective in delivering the message, th
presenter needs to bear in mind a few-geints as well. This has to dativdressing appropriately and using the right body
language.

The ideal way to present yourself successfully is to use the three main components eppssotationcommonly called
the three Vs: Visual, Vocal,andVerbal.

Visual

The first thing you audience members see is your appearance. Your body language will also send the audience a message.
Before you get a chance to say a word, some of them will already have judged you based solely on how you look. Your visual
outlook therefore comprises obyr attire andbody language

Tips for presentablattire:
U You can never be faulted for looking "too professional,”" even if the audience is dressed down.
Formal clothing makes the audience accord you respect.
Comfortable clothing helps the presenter vmaround easily.
Be certain that your outfit and accessories do not detract the audience from your presentation.
Avoid anything that makes noise or looks flashy, like jangling bracelets or earrings.
Avoid having money and keys in the pockets, espedigjlgu have a tendency to put your hands in the pockets.

cC:

Tips for using the righbody language
U Do not cross your arms or fidget.
U0 Use gestures to emphasize points, but be careful not to flail your arms around.
U The most effective stance is a forwardrignot swaying back and forth or bouncing on your feet.
u

Make regular eye contact with audience members, holding the connection to complete an idea. Look around with a
panoramic view while you speak. Effective ey@ntact helps draw listeners into youesph.

U Nodding to emphasize a point also helps make a connection with the audience. If you nod occasionally, audience
members will too- creating a bond.
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Vocal
If you have ever listened to people speaking in a monotone, or too softly, you know howtdiffs to pay attention. There
are sixvocal cuego remember: pitch, volume, rate, punch, pause, and diction.

U Pitch and volume It is very important to speak loud, clearly and enunciate. When you look down, your voice drops.

U Rate: If you rush yourdelivery, the audience will have to work too hard to pay attention. Vary your tone and speed an
tailor your delivery rate to accommodate any regional differences. Keep your chin up while speaking, and do not bur
it in notecards.

U Punch and pauseEmphaize or "punch” certain words for effect, but do not forget to incorporate pauses to give the
audience time to let important points be understood.

U Diction: Proper diction is also essential; if you are not sure how to pronounce a word, look it up ousde itot

Verbal

There are threeerbal communication ruleso remember:
U Use descriptive and simple language.
0 Use short sentences.
U Avoid buzzwords and jargon.

Video-tape your presentation or practice in front of a friend. Watch your expressiondahgdsge, vocal and verbal
delivery, and your confidence level. See if you have smiled enough and in appropriate places.

CONCLUSION

As with most documents, this documeniceps the main points to remember for the final presentation:

1. Know the purpose, audence, and logisticg§such as timdimit for presentation, whether each member talks or just a
team representative talks, and the visual equipment available for the presentation).

2. Prepare and research adequatelywith an opening that creates impact, araliasing that ends with strength).
3. Create a userfriendly draft (that makes use of the available multimedia, such as PowerPoint presentation).

4. Most important of all: PRACTICE WELL prior to giving your presentation. (Video-tape yourself or envision a
setup similar to the presentation while practicing the speech delivery).
5. Arrive early (to meet up your team, check that the visual equipment works, go over the slides).

Apply the delivery techniquesas a presenter (visually, verbally and vocally).
7. Handle questims and answers with tact(Stick to the timdimit, so that there is time for the Q&A session).

o
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8. Be confident(especially after you have read and applied the above techniques for an excellent presentation)!

REFERENCES

Following is a list of sources that wereferred to extensively, in the making of this document. You are encouraged to refer to
these sites, for more presentation pointers, apart from those outlined in this document.

1. Society for Technical Communication
http://www.stc.org/

2. The Art of Communicating Effectively
http://www.presentatioointers.com/

3. National AV supply
http://www.nationalavsupply.com/

4. Chicago Manual of Style
http://www.libs.uga.edu/ref/chicago.html
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SECTION OVERVIEW

This document gives you an overview of the functions offldronix TDS 210 Oscilloscopeused in the ENGR 204203

labs. It also shows you how to properly connect the oscilloscope with your circuit to measure different quantities. You will

notice that the oscilloscopeaften referred to in lab as well as iblemanualsaé scoped or so.met i

y

Read the lab handout The Oscilloscope first, to understand the meanings of the terms used in this guide, specific to the
Tektronix TDS 210 oscilloscope. Most of the information presented in this handout is taken from the manual

Tektronix Oscilloscope TDS 210.

A

Read the section on Safety carefully, and make sure you understand every detail. Overlooking or not
bearing in mind the safety precautions explained in the Safety section could cause severe property
damage and can also be hazardous to you.

SYMBOLIC REPRESENTATION

Similar to all other devices in electrical engineering, there also exists a standard symbol (including alternative syrttmols) f

me S

6oscoped

oscilloscope in schematiddnfortunately, this symbol is not widely used, nor is it easy to recognize. The symbol used for the
oscilloscope in the documents and handouts for ENGR 201 and 202 is shown in Figure 1. The symbol shows a circle (as with
all other measuring devices), atvab vertical lines representing the two vertical plates in a tube of an analog scope. Figure 2
shows the BN&onnector for one channel and the corresponding terminals.

Ch1
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Figure 1. Symbol for an oscilloscope Figure 2: BNC-connector on an oscilloscope

SAFE USAGE OF THE OSCILLOSCOPE

Although the oscilloscope measures the voltage between two terminals as any multimeter does, there are important differe
between oscilloscopes that are: (i) elttad to the power grid, and (ii) staatbne, battenpowered multimeters. The ground
wires of the inputs (channel, trigger, etc.) are internally connected together. The ground wires are connected (haod or soft)
the earth ground of the power source.

2' You should always assume that the grounds of the BNC-connectors (outer metal part) on the scope are connected

[

together and most likely connected to the earth ground of the power source. This also applies to the BNC-
connectors of the function generator.

A hard connectionto the earth ground of the power source means that the ground is connected directly to these#irth. A
connectionmeans that an internal circuit makes sure that the ground and the earth are on the same voltage level, but has r
direct canection. This internal connection of the grounds restricts what voltages you can measure in a circuit.

d Before making connections to the input or output terminals of the oscilloscope, ensure that the oscilloscope is
properly grounded.

Following are heconnectionsthat you can or cannot make, using the oscilloscope:

1. You can only measure voltage levels with reference to a common ground in the circuit, (as shown in Figure 3), i.e. y
canonly measure the voltages on the nodes as defined for the olbalgevmethod referenced to ground, but you
cannotdirectly measure the voltage between any two nodes, (as shown in Figure 4).

| chr
RV (LD

N -

L |Ch?
Ry 2V, (|

Figure 3: Correct connection, since the ground node Figure 4: Faulty connection, since the ground node
in the oscilloscopes the same as in the circuit in the oscilloscope short circuits theesistor R2 —

‘ 22 Manual With the Ch 2 ground connection to V2 93
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Oscilloscope connections (Contd.)

2. If you connect a function generator or a second oscilloscope to iyouit,cyou have to use the same common ground
for all instruments, (as shown in Figure 5). You cannot connect the oscilloscope to a different ground as the ground
the function generator, (as shown in Figure 6).

3. The connection shown in Figure 6 is thest dangerous one, because you will be involving the power supply in the
fault connection that causes a large fault current. The least danger that can be caused as a consequence of this fau
current is that it will trip the circuit breaker or blow a fubat it can also cause a greater damage such as melting the

ground connection and causing damage to the scope or even to you.

Figure 5: Correct connection, since the ground node Figure 6: Faulty connection, since the ground node
of the oscilloscope andunction generator (solid line) of the oscilloscope and the function generator is
is the same as in the circuit (dashetine) connected to V2 by the Ch 1 groun@donnection

If it is necessary to measure the voltage across R1 in Figure 2 to Figure 6, you have to make a 'diffeasoti@imaet’ and
use the math functions that are provided by the oscilloscope. In order to do so, connect the oscilloscope as show in Figur:

and subtract the two measured voltagesMle= Venz - Veni.

Because of the connection between the circuit mglcand the earth ground of the power supply, there are other related issues
that you have to consider, such as the floating ground.

d If you are working with power circuits, transformers or systems with several different ground nodes, you have to be
especially careful. Refer to a manual of your equipment for further explanation. .
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FUNCTIONAL CHECK

Perform this quick functional check to verify that your instrument is operating correctly.

Se\ Sel S

ONIOEE PROBEI COMP
button
U 55 & n
o O O + FYRPEY
0O 0 0 0 i O‘O o]
PASSED 000 R CH1
flo oo
Turn on the instrument. Connect the oscilloscope probe to Push the AUTOSET button.
Wait for the confirmation that any Channel 1. Within a few seconds, you should se
and all seltests have passed. Attach the probe tip and reference lead a square wavenithe display, (which i
the PROBE COMP connector. approx. 5V at 1 kHz).

Repeat Steps Il and Il for Channel 2
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PROBE COMPENSATION

Perform this adjustment to match your probe to the input channel. This should be done whenever you attach a probe for th
first time to any inptichannel.

PROBE COMP m
| Overcompensated
00 0O
000 S (W W
Q0 0 Undercompensated
( i SN I T
Compensated correctly

Perform a functional check for the channel to which the Check the shape of the displayed waveform.

probe is attached. . .

If necessary, adjust yoprobe by turning the small
Make sure that the probe is properly connected to the screw on the probe. (This adjusts the RC time constal
PROBE COMP connector. the probe by varying C).
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OPERATING BASICS

The front panel, as illustrated in Figure 7, is divided into a number of functional areas. This section provides yquigkth a
overview of the controls and the information displayed on the screen.

The operating basics are divided into the following-sabtionsdisplay area, vertical controls, horizontal controls, trigger
controls, connectors, and control buttons.

04 | O

olo

Figure 7: Front panel of Tektronix oscilloscope TDS 210 and TDS 220

Page 98 ECE 322 Manual © 2009 Oregon State University



Appendix D: Tektronix TDS 210 oscilloscope

Display Area

In addition to displaying waveforms, the display area provides detailed information about waveforms as well as instrument
control settings. The display area is detailed infelewing subsectionswaveform displayanddisplay modes

1 2 3 4 /5
/
gy e
12 b1
s | | ]
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Fig. 8: Displayarea

Waveform display
Depending on the type, waveforms will be displayed in three different styles: black, gray, and broken.

Black indicates a live waveform display.

Gray indicategeference waveforms and waveforms with persistence applied.
Broken indicates the waveform display accuracy is uncertain.
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Appendix D: Tektronix TDS 210 oscilloscope

Display modes
Following are some of the features of the display modes:

i

Icon display indicates:
Acquisition mode, (which add be sample, peak detection or average mode).
Selected trigger slope for edge triggering.

Trigger status indicates:
If there is an adequate trigger source, or if the acquisition is stopped.
Indicates the difference (in time) between the center gtatamd the trigger position.

Center screen:
Equals zero.

Marker status indicates:
Horizontal position, since the Horizontal Position control actually moves the trigger position horizontally.
Trigger level.

Readoutstatus indicates:
Numeric value of th trigger level.
Trigger source used for triggering.
Window zone timebase setting.
Main timebase setting.
Channels 1 and 2 vertical scale factors.

On-line messages
Displayed in the display area momentarily.

On-screen markers:
Show the ground refereagoints of the displayed waveforms. (If there are no markers, it means that the
channel is not displayed).
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Appendix D: Tektronix TDS 210 oscilloscope

Vertical Controls
The following table details the usage for the vertical controls of the oscilloscope:

Contirol Usage
CH1 (CH2) and CURSOR 1 (3  Vertically adjusts the channel 1 (2) display, or positions cursor 1 (2).
MATH MENU Displays the waveform math operations menu.
CH1 (CH2) MENU Displays the channel input menu selections and toggles the channel display on a

VOLTS/DIV (CH1 and CH2) Selects calibrated scale factors.

Figure 9 illustrates the vertical controls of the oscilloscope

Figure 9: Vertical controls

© 2008 Oregon State University ECE 322 Manual Page 101



