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PREFACE

OUTLINE OF THIS MANUAL

Laboratory Explorations accompanies the text Microelectronic Circuits, Seventh
Edition, by Adel S. Sedra and Kenneth C. Smith, and includes an extensive list of
laboratory experiments to complement Part I of the textbook. Each experiment
can be run in a conventional microelectronic circuits faboratory setting or may
use myDAQ, an instrumentation board by National Instruments, to assist under-
graduate students in their electronics education.

A course that covers Part 1 of the textbook usually assumes a prerequisite
course in linear circuit analysis, as well as familiarity with differential and inte-
gral calculus. Some students (but not all) will have had exposure to differential
equations, but few will be familiar with frequency-domain analysis. Device con-
cepts and semiconductor physics are often taught in a separate course. The micro-
electronics course provides students with their first exposure to nonlinear circuits
(diode and single-transistor circuits). It is also one of the first courses in an electri-
cal/computer/electronics curriculum that contains a strong design component.

The goals of these laboratory experiments are to develop “practical™ skills
and to reinforce topics (including design practices) that are covered in the course:
the experiments have been chosen to complement the lecture material. Most
experiments have some component of design. e.g., where a student has to choose
resistor values so as to meet some design specification. Although specifications
are stated as absolutes, we encourage instructors to remind their students that, in
microelectronic circuit design, the target is usually a range of values and that the
real underlying expectation is to meet a specification within a certain tolerance. In
some labs. guidance has been given on how to select component values. However,
instructors should remember that there are many different ways of meeting design
specifications, and a bit of creativity can lead to lifelong learning!

The suggested experimental setup in the laboratory includes an oscilloscope,
a function generator, a power supply. and a digital multimeter. At the authors’
home universitics. lab groups sign out a kit that includes a breadboard for pro-
totyping, several 1% tolerance resistors and capacitors (standard values include
100 €. 1 kO, 10 kQ, and 100 k@), a set of junction diodes. a quad 741 op-amp
(1.LM348). and a few MOSFET and BJT transistors. It is amazing how much can
be done with so little! Students are required to prototype the main circuit to be
tested, on their breadboard, prior to the lab session.

Ultimately, the real goal is for this manual to serve as a complement to the
main textbook: as such, much of the expository material has been omitted here.
and references are made to specific sections of the book.

Microelectronics is an exciting and constantly changing field. We hope that
students will enjoy this material!




Preface

LABORATORY STRUCTURE

Vi

The laboratory experiments in this manual have been selected to complement the
material covered in Part | of Microelectronic Circuits, Seventh Edition, by Sedra
and Smith. Experiments are selected from among the circuits presented in the
textbook and the end-of-chapter problem sets.

We begin with six labs (denoted Labs 2.1 to 2.6) on op-amp -based circuits
(S&S Chapter 2). Diodes are covered in Labs 4.1 to 4.3 (S&S Chapter 4). MOS-
based circuits at DC are covered in Labs 5.1 to 5.4 (S&S Chapter 5). and bipo-
lar transistors at DC are covered in Labs 6.1 to 6.4 (S&S Chapter 6). MOSFET
and bipolar transistor amplifiers are covered in Labs 7.1 to 7.16. Finally, to make
things interesting. Lab 7.17 makes interchangeable use of « MOS and a bipolar
transistor in an amplifier circuit.

The experiments in this manual have varying levels of difficulty. We have
designed most of them so that they can be completed in approximately 3 hours.
This would typically be broken up as follows: (1) 45 minutes of circuit design and
simulation, (2) 30 minutes for prototyping, (3) 60 minutes to run the experiment
and record results in the student’s lab book, and (4) 45 minutes for post-experiment
analysis and simulations. All experiments in this manual have been tested by an
undergraduate student, Pral Bhojak. for duration and ease of understanding.

Next, we suggest several potential sequences of experiments, accommodat-
ing courses with 6 labs and 12 labs. Each sequence begins with a few op-amp
and diode-based labs and is followed by several transistor-based labs. We pro-
pose sequences that are heavy on MOSFET experiments. others that are heavy
on BIT experiments, and finally sequences that include both MOSFET and BT
experiments.

[2-lab sequence with a focus on MOSFETs:

s 2.1.24.2541,42,43.51.52,53,71.73.77
12-lab sequence with a focus on BITs:
c 21.24,2541.42.43,61.62,03.79, 711,715
12-Iab sequence with a mixed focus on both MOSFETs and BJTs;
c 2.0,24.2541,42.43.51.7.1,77.6.1.79,7.17
O-lab sequence with a focus on MOSFETs:
+  24,42,51,53,7.1,77
6-lab sequence with a focus on BJTs:
e 2.1,42.6.1,63,79, 715
6-lab sequence with a mixed focus on both MOSFETs and BITs:

e 2.1,42,51,71.61.79
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MYDAQ VS. IN-LAB MEASUREMENT

National Instruments’ myDAQ system includes £15-V power supplies, analog 1/0
{analog signal generation and an oscilloscope, both running at 200 kS/s), digital
/O, and a digital multimeter, all of which can be interfaced to a student’s own
breadboard. In other words. it encompasses most if not all the equipment that
would be used in a lab for a typical first course in low-frequency microelectron-
ics, e.g., one that covers Part I of Sedra and Smith: more advanced topics, such
as frequency response of devices, require more sophisticated lab equipment that
runs at higher frequencies. and these are therefore not the focus of the present
manual. myDAQ connects to a computer via a USB connection and is controlled
by software. Each experiment in this manual can be completed with a computer,
a myDAQ board, and a lab kit similar to the one just described, i.e.. containing a
relatively restricted set of components.

The introduction of myDAQ begs the following question: Should we change
our approach to microelectronics pedagogy? Let us first look at several ways in
which myDAQ could be incorporated into a course.

Using myDAQ as a complement to regularly scheduled laboratory sessions

[n this model. students are encouraged to prototype the circuit for an experiment
in advance of a lab session. With myDAQ. they can verify the circuit’s functional-
ity and take some preliminary measurements., e.g., DC bias points. Under these
circumstances. the lab session may be run quite difterently than it is now. Lab
instructors and teaching assistants can become more effective by focusing on con-
cepts and on experimentation (and exploration!) rather than on figuring out how
a cireuit has been incorrectly wired. It also helps with the lab availability issuc,
since most of the “tedious™ lab work can now be done outside normal lab hours.

Using myDAQ as a replacement for laboratory sessions

In smaller universities and colleges, running a fully equipped laboratory facil-
ity can be an expensive proposition. As of 2014, National Instruments sells
myDAQ for under $200 (Nore: all prices in U.S. dollars), a protoboard that inter-
faces directly to myDAQ sells for $52, a parts kit sells for $77. and a basic bread-
board with jumper cables sells for $i1. Given the low cost of purchasing an entire
myDAQ-based system, microelectronics courses can now be introduced to uni-
versities and colleges where no such course existed before, especially if the cost of
the board is amortized over several courses (e.g., the prerequisite linear circuits
course, a Sedra & Smith Part [ course, and a design project course).

Using myDAQ in supplementary experiments to complement lectures/tutorials

With myDAQ, it becomes reasonable to expect students to prototype a circuit
under study, e.g.. from a problem set, during their self-study time. Much of the
cabling normally associated with lab experiments in microelectronics is inte-
grated onto myDAQ. and hence the prototyping time is shortened. After design
and simulation using MultiSim, a circuit from a problem assignment can be rap-
idly prototyped and measured in a matter of minutes. Hence, it may make sense
for an instructor to assign myDAQ-based exercises in class or as part of a problem
set. | suggest using myDAQ for a few tutorials.

vil
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STUDENT LOGBOOK STRUCTURE

There is debate among faculty and lab instructors about what students should
write in their logbooks. Should lab reports be long and descriptive or short and
tabular? Should students describe their methodology or focus on recording meas-
urement results? Should lab reports be written up during the ab session or after-
wards? Which results should students enter into their logbook? Should we quiz
students on their lab results? How can instructors provide useful guidance and
feedback?

There may be no single best answer to the foregoing questions, and the prin-
ciple of academic freedom demands that all instructors use their best judgment
based on student background preparation, personal preference, and local consid-
erations. But we will at least offer our own opinion: Less is Moore!

The scientific method has a tendency to work well when hypotheses are kept
simple: Study the effect of one variable at a time! Experiments in microelectron-
ics are no different. Study one circuit. Examine one principle. For this reason the
experiments in this manual have been kept short and to the point, and they refer
to specific principles that are cross-referenced in the main text. Students should
focus on recording key results that relate directly to that principle: What were
the operating conditions (e.g.. voltages at the DC operating point on a clearly
annotated circuit diagram), key waveforms (e.g.. input and output signals). and
important measurements that relate directly to the circuit (e.g., droop voltage in a
peak rectifier. or gain and -3-dB point in an amplifier).

To allow experimental concepts to “sink in,” it may also be useful to quiz
students on what they learned in an experiment. There are many opportunities
during a term: during lab sessions, tutorials, midterms. and final exams. Potential
questions can be drawn from the “Post-Measurement Exercises” section in each
lab. This type of testing reinforces the notion that experimentation is a critical
part of the learning process that does not end with the completion of the experi-

mentand handingin of a lab report for grading. but includes an understanding of

what was actually done.

Finally, we encourage all students to include a short concluding statement
in all labs, indicating the main points that were learned. As educators. we like to
think that our students are learning to think: asking for such concluding state-
ments provides each student an opportunity (o pause and reflect on what has been
learned.

DEVICE CHARACTERIZATION

viii

We recommend that students do labs 5.1 (NMOS) and 5.2 (PMOS) prior to the
other MOSFET labs und labs 6.1 (NPN) and 6.2 (PNDP) prior to the other BJT
labs. In these labs, students characterize their transistors and extract parameters
that can be used in further hand analysis and simulations. Based on measure-
ments, we have extracted the following parameters for some of the diodes and
transistors used in our own experiments:
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IN4003 diode: i)y = 0.315 mA @ v), = 0.70V
MCI4007 NMOS: &, = 108 mA/V2. V,, =145V, IV, = —68.5 V
MC14007 PMOS: k, = 1.56 mA/V2, 1, = 1.5V, 1, = 121 V
NTE2321 NPN: B = 1846, V,= 162V

NTE2322 PNP: B = 1068, 1/, = 482V

Datasheets for these devices are all easily available online. Instructors may wish
to collect some at the beginning of the term to hand them out to the class. Several
experiments require large coupling capacitors. Usually, you will need electrolytic
capacitors that require appropriate polarization. Other experiments require a
current measurement using a power supply’s internal digital current meter. If this
is not available, you may need to indirectly measure current through a voltage
measurement across a small series resistor.

KEY FEATURES

This edition of the laboratory manual accompanies Microcelectronic Circuits.
Seventh Edition. by Sedra and Smith.

+  Experiments arc written in a concise way. with clear steps.

+  Coverage includes both MOSFE'T and bipolar devices, including PMOS,
NMOS. NPN. and PNP transistors.

+  Experiments start from concepts and hand analysis and include stmulation,
measurement, and post-measurement discussion components.

»  Experiments are designed to be completed either in a traditional laboratory
setting or using the National Instruments my[DAQ board.
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LAB 2.1

Inverting Op-Amp Configuration
(See Section 2.2, p. 64 of Sedra/Smith)

OBJECTIVES:

To study an operational amplifier and an inverting amplifier by:

«  Completing the analysis of the circuit and selecting resistors that satisfy
design specifications for two values of voltage gain.

«  Simulating the circuits to compare the results with the paper analysis.

« Implementing the circuits in an experimental setting, taking measurements.
and comparing circuit performance to theoretical and simulated results.

MATERIALS:

»  Laboratory setup. including breadboard
« 1 74l-type operational amplifier (obtain its datasheel)
«  Several wires and resistors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L2.1:

FIGURE L2.1: Inverting amplifier
= circuit. See Fig. 2.5, p. 65 5&5.

Design two versions of the circuit in Figure L2.1: one that achieves A, = ~10 V/V,
and one that achieves A4, = 100 V/V. Assume a I-kHz input waveform v, of



LAB2.1 INVERTING OP-AMP CONFIGURATION

50 mVi - Your circuit may only draw up to 50 A of current from v

(it will

sig

draw more from V, and V7). Use suppliesof ¥, =—}" = 15 V.

Hand calculations

Simulation

Sketch the circuit in your lab book. clearly labeling the op-amp terminals.
What values of R must you use to satisfy the current constraint? What is the
input resistance of the circuit?

What values of R, do you need to use to meet the two gain specifications? Is
the problem completely specified?

Simulate both circuits using a transient simulation with a 50- mVpk ok 1-kHz
input sine wave Vsig- In your simulations, assume that your input voltage
source v, has an output resistance of 50 Q. Use values of R, and R, based
on your p]eceding calculations.

Plot the input and output waveforms. What is the DC voltage at the inverting
terminal of the op-amp?

What are the simulated voltage gains of your circuit?

PART 2: PROTOTYPING AND MEASUREMENT

Assemble the circuit with 4, = 10 V/V onto a breadboard. Do not include
the 50-Q output resistance of v,

Using a digital multimeter, measure the DC voltages at the input. output, and
inverting terminal, while leaving the input tied to ground.

Using a function generator, provide a I-kHz 50- MV ok sine wave to the
input. Using an oscilloscope. observe the output voltage waveform.

Using a power supply, provide a DC input to the circuit in increments of 0.1
V. from -1 V to +1 V. Record the values of v, and plot your results.

Repeat the measurements for the gain 4. = - 100 V/V, but this time sweep-
ing the DC input to the circuit in increments of 0.01 V., from 0.1 V
to +0.1 V.

Using a digital multimeter, measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

For both circuits, calculate the voltage gains you obtained in measurement.
Explain any discrepancies between the experiments. simulations. and hand
analysis.

Recalculate the theoretical gains of the circuit using the measured resistor val-
ues. Are the recalculated values closer to your measured gains?



LAB2.1 INVERTING OP-AMP CONFIGURATION

PART 4 [OPTIONAL]: EXTRA EXPLORATION

» In your measurement setup, gradually increase the frequency of the input
sine wave until the output’s amplitude is about 70% of what it was at lower
frequencies. At what frequency does this happen? This represents the -3-dB
frequency of the circuit.

» In your measurement setup, gradually increase the amplitude of the input
sine wave until the output becomes distorted. At what amplitude does this
begin to happen? Can you explain this phenomenon?



LAB 2.2

Non-Inverting Op-Amp Configuration
(See Section 2.3, p. 73 of Sedra/Smith)]

OBJECTIVES:

To study an operational amplifier and a non-inverting amplifier by:

* Completing the analysis of the circuit and selecting resistors that satisfy
design specifications for voltage gain.

*  Simulating the circuits to compare the results with the paper analysis.

* Implementing the circuits in an experimental setting, taking measurements,
and comparing performance with theoretical and simulated results.

MATERIALS:

*  Laboratory setup, including breadboard
« 1 741-type operational amplifier (obtain its datasheet)
e Several wires and resistors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L2.2:

R)
R, v
. ’\\\ } +
1 -
= o O
e
e /[ +
) v v
-+ -
Vi j)
\T =" FIGURE L2.2: Non-inverting amplifier

= circuit. See Fig. 2.12, p. 74 S&S.

Design the circuit in Figure L2.2 such that 4, = 11 V/V. Assume an input wasve-
form vy, of S0 MV, . Use suppliesof V=~ =15V,




LAB 2.2 NON-INVERTING OP-AMP CONFIGURATION

Hand calculations
»  Sketch the circuit in your lab book. clearly labeling the op-amp terminals.
= What values of R, and R, do you need to use to meet the gain specification?
Is the problem completely specified”? If not. what needs to be specified?

Simulation
*  Simulate your circuit using a 50-mVy, . I-kHz input sine wave vg,. In your
simutation. assume your input voltage source vy, has an output resistance of
50 Q. Use values of R, and R, based on your preceding calculations.
»  Plot the input and output waveforms. What is the DC voltage at the inverting
terminal of the op-amp?
*  Whatis the gain of your circuit?

PART 2: PROTOTYPING AND MEASUREMENT

* Assemble the circuit onto a breadboard. Do not include the 50-Q output
resistance of vg,.

*  Usinga digital multimeter, measure the DC voltages at the input. output, and
inverting terminal, while leaving the input tied to ground.

+ Using a function generator, provide a I-kHz 50-mV . sine wave to the
iput. Using an oscilloscope, observe the output voltage waveform.

+  Using a power supply, provide a DC input to the circuit in increments of (.1
V. from -1 V to 1 V. Record the values of v, and plot your results.

*  Using a digital multimeter, measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

+  Calculate the voltage gain you obtained in your measurement. Explain any
discrepancies between the experiments. simulations, and hand analysis.

*  Recalculate the theoretical gain of the circuit using the measured resistor
values. Is the recalculated value closer to the measured gain?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

« In your measurement setup. gradually increase the frequency of the input
sine wave until the output amplitude is about 70% of what it was at lower
frequencies. At what frequency does this happen? This represents the -3-dB
frequency of the circuit.

* In your measurement setup. gradually increase the amplitude of the input
sinc wave until the output becomes distorted. At what amplitude does this
begin to happen? Can you explain this phenomenon?



LAB 2.3

Difference Amplifier
(See Section 2.4, p. 77 of Sedra/Smith)

OBJECTIVES:
To study an operational amplifier and a difference amplifier circuit by:

+ Completing the analysis of the circuit. and selecting resistors that satisfy
design specifications,

*  Simulating the circuit to compare the results with the paper analysis.

* Implementing the circuit in an experimental setting, taking measurements.
and comparing its performance with theoretical and simulated results.

MATERIALS:

*  Laboratory setup. including breadboard
* 1 741-type operational amplifier (obtain its datasheet)
= Several wires and resistors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L2.3:

FIGURE L2.3: Difference amplifier
circuit. See Fig. 2.16, p. 79 S&S.

elect resistor
kQ. Assume
=15V.

S
values such that the differential input resistance R,y = R, + Ry =2

Design the circuit in Figure L2.3 such that 4,= 10 V/Vand 4, = 0.
input waveforms vy and v, of S0 mV,, . Use supplies of 1, = -}



LAB2.3 DIFFERENCE AMPLIFIER

Hand calculations

Simulation

Sketch the circuit in your lab book. clearly labeling the op-amp terminals.
What values of R,. R,, R:. and R, do you need to use to meet the gain and
input resistance specifications? Is the problem completely specified?

Usea 50-mV,, ., I-kHz input sine wave applied to v;; and another 50-mV .,
I-k Hz input sine wave applied to v;> that is 1807 out of phase with v;. In your
simulation, assume your input voltage sources have an output resistance of
50 Q. What are V', and V,,,? What are I, and V.7

Plot the input and output waveforms.

Report the DC voltage at the inverting terminal and the output of the
op-amp.

What is the simulated value of the differential gain?

PART 2: PROTOTYPING AND MEASUREMENT

Assemble the circuit onto a breadboard. Do not include the 50-Q output
resistance of your signal sources.

Using a digital multimeter, measure the DC voltages at each terminal. Leave
both inputs grounded.

While leaving v, grounded. provide a DC input to v;; in increments of 0.2V,
from -2 V (o 2 V. Record the values of v, and plot your results.

While leaving v, grounded, provide a DC input to vp> in increments of 0.2V,
from -2 V to 2 V. Record the values of v, and plot your results.

Using a function generator. provide a I-kHz 50-mV, , sine wave to inpul
v and ground input v, Using an oscilloscope, capture the output voltage
waveform.

Using a function generator, provide a I-kHz 50-mV, . sine wave to input
5 and ground input v,y Using an oscilloscope, capture the output voltage
waveform.,

Using a digital multimeter, measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

Calculate the values of 4, und A4, obtained in your measurement. What
is the common-mode rejection ratio (CMRR) of the circuit? Express the
CMRR in units of decibels. Explain any discrepancies between the experi-
ments, simulations, and hand analysis.

Recalculate the theoretical gains of the circuit, using the measured resistor
values. Are the recalculated values closer to your measured gains?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

In your measurement setup. replace R> with a resistor that is 10% smaller in
value and remeasure 4, and A4
conclude?

How do their values change? What do you

[N



LAB 2.4

Instrumentation Amplifier
(See Section 2.4.2, p. 82 of Sedra/Smith)

OBJECTIVES:
To study an instrumentation amplifier circuit by:

«  Completing the analysis of the circuit and selecting resistors that satisfy
design specifications.

+  Simulating the circuit to compare the results with the paper analysis.

» Implementing the circuit in an experimental setting. taking measurements.
and comparing its performance with theoretical and simulated results.

MATERIALS:

»  Laboratory setup. including breadboard
»  Three 741-type operational amplifiers
*  Several wires and resistors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L.2.4:

FIGURE L2.4:
Instrumentation amplifier.
Based on Fig. 2.20(b),

p. 83 S&S.



LAB2.4 {NSTRUMENTATION AMPLIFIER

Design the circuit in Figure L2.4 such that 4, = 110 V/V. Select resistor
values such that the first stage provides a gain of 11 V/V (magnitude) and R, =
I kQ and the second stage provides a gain of 10 V/V. Use supplies of V, =
-V =15V

Hand calculations

+  Sketch the circuit in your lab book, clearly labeling the op-amp terminals.
*  What values of R;. R>, Ry, and R, do you need to use to meet the gain and
input resistance specifications? Is the problem completely specified?

Simulation

+ Use a 50-mV . 1-kHz input sine wave applied to v, and another
50-mV i o 1-kHz input sine wave applied to vy, that is 1807 out of phase
with V. In your simulation. assume your input voltage sources have
an output resistance of 50 . What are V,; and V.7 What are V,, and
Vorem?

»  Plot the input and output waveforms for all simulations.

»  For all simulations, report the DC voltage at the inverting terminal and out-
put of cach op-amp.

*  What are the simulated values of differential and common-mode gain?

PART 2: PROTOTYPING AND MEASUREMENT

» Assemble the circuit onto a breadboard. Do not include the 50-Q output
resistance of your signal sources.

*  While leaving vp grounded, provide a DC input to v in increments of 0.01 V,
from ~0.1 V to +0.1 V. Record the values of v, and plot your results,

e While leaving v;; grounded, provide a DC input to vj; in increments ot .01 'V,
from —0.1 V to +0.1 V. Record the values of v, and plot your results.

«  Using a function generator, provide a I-kHz 50-mV,, ., sine wave to input
v,y and ground input v;,. Using an oscifloscope, capture the output voltage
wavelorm.

+ Using a function generator, provide a 1-kHz 50-mV,; ,, sine wave to input
v» and ground input v, Using an oscilloscope. capture the output voltage
waveform.

«  Usinga digital multimeter. measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

«  Calculate the values of 4, and 4, obtained in your measurement. What
is the common-mode rejection ratio (CMRR) of the circuit? Express the
CMRR in units of decibels. Explain any discrepancies between the experi-
ments, simulations, and hand analysis.




LAB2.4 INSTRUMENTATION AMPLIFIER

»  Recalculate the theoretical gains of the circuit, using the measured resistor
values. Are the recalculated values closer to your measured gains?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

« In your measurement setup, replace Ry with a resistor that is 107 smaller in
value and remeasure 4, and A,,,. How do their values change? What do you
conclude?
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LAB 2.5

Lossy Integrator
(See Section 2.5.1-2.5.2, p. 87 of Sedra/Smith)]

OBJECTIVES:
To study a lossy integrator and its time-domain and frequency-domain behavior by:

+  Completing the analysis of the circuit and selecting resistors and capacitors
that satisfy design specifications.

+  Simulating the circuits to compare the results with the paper analysis.

«  Implementing the circuit in an experimental setting, taking measurements,
and comparing its performance with theoretical and simulated results.

MATERIALS:
*  Laboratory setup, including breadboard
» 1 741-type operational amplifier (obtain its datasheet)
*  Several wires
*  Resistors and capacitors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L2.5:

R,
— "\ N/ —e
R y
,\‘ {
/\>—4r—o
Vi J:““ g /T v :

FIGURE L2.5: Lossy integrator.
=" See Fig. 2.25, p. 92 S&S.
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LAB2.5 LOSSYINTEGRATOR

Design the circuit in Figure L2.5 such that its gain at DC is -10 V/V and its -3-dB
frequency is | kHz. Select resistor values such that the input resistance is 1 k€.
Use suppliesof V, =~} =15V

Hand calculations

«  Sketch the circuit in your lab book. clearly labeling the op-amp terminals.

«  What values of R. R, and C do you need to use to meet the gain, -3-dB
frequency. and input resistance specifications? Is the problem completely
specified?

Simulation

o Simulution I: Perform a transient simulation of your circuit. Use a 50-mV ;o
input sine wave. In your simulation, assume your input voltage sources have
an output resistance of 50 Q. Simulate your circuit at frequencies of 100 Hz.
500 Hz. 1 kHz. 2 kHz. and 5§ kHz. What do you observe? Plot the input and
output waveforms for all simulations.

o Simulation 2: Perform an AC simulation of your circuit. In your simulation,
assume your input voltage sources have an output resistance of 50 €. Plot the
magnitude and phase response of your circuit in a Bode plot. Based on this
simulation, what is the voltage gain at low frequencies. and what is the -3-dB
frequency?

PART 2: PROTOTYPING AND MEASUREMENT

« Assemble the circuit onto a breadboard. Do not include the 50-£2 output
resistance of your signal sources.

«  Usingadigital multimeter, measure the DC voltages at the input. output, and
inverting terminal, while leaving the input grounded.

«  Using a function generator, provide a 50-mV . zero-DC sine wave to the
input. Using an oscilloscope. capture the output voltage waveform for input
frequencies of 10 Hz, 100 Hz, 500 Hz, 1 kHz, 2kHz, and 5 kHz.

+  Vary the input frequency until the output reaches approximately 70% of its
low-frequency magnitude. Record this as the -3-dB frequency.

«  Using a digital multimeter, measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE
«  Calculate the measured voltage gain at low frequencies.
«  Recalculate the theoretical gain and -3-dB point of the circuit, using the
measured resistor values. Are the recalculated values closer to your measured

values?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

« Apply a 10-Hz -V, zero-DC square wave at the input and plot v,,. What
is the maximum rate of change in v(,?

12



LAB 2.6

Lossy Differentiator
(See Section 2.5.3, p. 94 of Sedra/Smith)

OBJECTIVES:

To study a lossy differentiator and its time-domain and frequency-domain
behavior by:

+  Completing the analysis of the circuit and selecting resistors and capacitors
that satisfy design specifications.

+  Simulating the circuits to compare the results with the paper analysis.

+ Implementing the circuit in an experimental setting, taking measurements,
and comparing its performance with theoretical and simulated results.

MATERIALS:
«  Laboratory setup. including breadboard
« 1 74l-type operational amplifier (obtain its datasheet)
+  Several wires
»  Resistors and capacitors of varying sizes

PART 1: DESIGN AND ANALYSIS

Consider the circuit shown in Figure L2.6:

[

= FIGURE L2.6: Lossy
differentiator. Based on
= Fig. 2.27(a) on p. 95 S&S.

Design the circuit in Figure L2.6 such that its high-frequency gain is —10 V/V, and
its -3-dB frequency is 100 Hz. Select resistor values such that the input resistance

13




LAB2.6 LOSSYDIFFERENTIATOR

at high frequencies (i.e., where the capacitor acts like a short circuit) is 1 kQ. Use
suppliesof V, =—F_=15V.

Hand calculations
«  Sketch the circuit in your lab book. clearly labeling the op-amp terminals.
»  What values of R, R,. and C do vou need to use to meet the gain, -3-dB
frequency, and input resistance specifications? Is the problem completely
specified?

Simulation

o Simulation I: Perform a transient simulation of your circuit. Use a 50-mV v
input sine wave. In your simulation, assume your input voltage sources have
an output resistance of 500 €. Simulate your circuit at frequencies of 100 Hz.
500 Hz. 1 kHz, 2 kHz, and 5 kHz. What do you observe? Plot the input and
output waveforms for all simulations.

o Simulation 2: Perform an AC simulation of your circuit. In your simulation,
assume your input voltage sources have an output resistance of 50 Q. Plot the
magnitude and phase response of your circuit. Based on this simulation, what
is the voltage gain at high frequencies, and what is the -3-dB frequency?

PART 2: PROTOTYPING AND MEASUREMENT

» Assemble the circuit onto a breadboard. Do not include the 50-€2 output
resistance of your signal sources.

«  Usinga digital multimeter, measure the DC voltages at the input. output, and
inverting terminal. while leaving the input grounded.

+  Usinga function generator, provide a 50-mV ., sine wave to the input. Using
an oscilloscope, capture the output voltage waveform for input frequencices of
100 Hz, 500 11z, 1 kHz, 2 kHz, 5 kHz, and 100 kilz.

»  Vary the input frequency until the output reaches approximately 70% of its
high-frequency magnitude. Record this as the -3-dB frequency.

«  Using a digital multimeter. measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

»  Calculate the measured voltage gain at high frequencies.

«  Recalculate the theoretical gain and 3-dB point of the circuit, using the
measured resistor values. Are the recalculated values closer to your meas-
ured values?

PART 4 [OPTIONAL]: EXTRA EXPLORATION
*Apply a 10-Hz 1-V  zero-DC square wave at the input and plot v, What

does the output look like? What is the maximum rate of change in v(?
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LAB 4.1

Diode I-V Transfer Curve
(See Section 4.2, p. 184 of Sedra/Smith)

OBJECTIVES:
To study junction diode terminal characteristics by:
+  Analyzing, simulating, and building a diode-based circuit.

+  Taking measurements and applying transformations to obtain the diode 1-V
curve. ~

MATERIALS:

«  Laboratory setup. including breadboard
*  One junction diode (e.g., IN4003)
«  Several wires and a resistor

PART 1: SIMULATION

FIGURE L4.1: Circuit used to characterize junction diode terminal characteristics. Based on Fig. 4.23
p. 209 S&S.
Consider the circuit shown in Figure L4.1. Simulate the circuit by varying v, from

-3V to +3 Vin increments of 0.1 V. Generate a plot of ip vs. v, and v vs. v, Do
you see a resemblance between the two graphs?
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LAB4.1 DIODE!-V TRANSFER CURVE

PART 2: MEASUREMENTS

Assemble the circuit onto a breadboard. Using a power supply. vary the input
voltage from -3 V to +3 V in increments of 0.25 V. For each point, measure the
output voltage v, using a digital multimeter, and report the current consumption
ip indicated by the power supply. Measure the value of the resistor.

PART 3: POST-MEASUREMENT EXERCISE

* Generate a plot of vey vs. vy and a plot of iy vs. v, Since iy = vo/R, do the two
plots generally agree?

*  Since the diode voltage is v, = v, - v generate a new plot of i, vs. vy, Is it
what you expect?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

*  Iyouhave access to a semiconductor parameter analyzer, generate the i, vs.
rp curve using the analyzer. How does it compare to the curve you generated
in Part 3?

16



LAB 4.2

Fun with Diodes I: Rectifiers
(See Section 4.5, p. 207 of Sedra/Smith)

O0BJECTIVES:
To study diode-based rectifier circuits by:
« Analyzing, simulating, and building several rectifier circuits.

« Noting that many diode-based circuits are easy to assemble. In this fab. you
will build several circuits that require only a few simple components.

MATERIALS:

Laboratory setup, including breadboard

«  Several junction diodes (e.g.. IN4003)

+  One i-type operational amplifier

¢ Several wires, resistors, and capacitors of varying sizes

FIGURE L4.2: (a)
Half-wave rectifier,
(b) peak rectifier, and

glz
T\
§ (¢) precision rectifier.
=
1

Circuits are based on
_ Fig. 4.23 p. 209, Fig.
4.27 p. 215, and Fig.
4.29 p. 220 S&S.
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LAB4.2 FUN WITH DIODES I: RECTIFIERS

PART 1: SIMULATION

Half-wave rectifier
Consider the half-wave rectifier shown in Figure L4.2(a). Simulate the circuit using
a 10-Vo o I-kHz sinusoid and a 1N4003 diode. Provide a plot of y;and v vs. 7.

Peak rectifier
Consider the peak detector shown in Figure L4.2(b). Simulate the circuit using a
10-V o 1-kHz input sinusoid for the two following sets of parameters. For both
simulations. provide a plot of v;and v, vs. 7. and report the peak voltage (V) and
the ripple voltage (V).

«  Peak detector I Use R; = 1 kQ. C =47 uF. IN4003 diode
*  Peak detector II: This time use R; = 100 Q, C =47 yF, IN4003 diode

Precision rectifier
Consider the precision rectifier shown in Figure L4.2(c). Simulate the circuit using
a 10-Vy o 1-kHz sinusoidal input. a 741 op-amp. and a IN4003 diode. Provide a
plot of vyand vy vs. 7. Use R, = 10 kQ.

PART 2: MEASUREMENTS

»  For each circuit, assemble the circuit, apply the required waveform using a
function generator, and capture the input and output voltage waveforms on
an oscilloscope.

+  For the peak rectifier, record the values of V), and V.

«  Usinga digital multimeter, measure all resistors to three significant digits.

PART 3: POST-MEASUREMENT EXERCISE

¢ Using your measured resistor values. resimulate your circuits. How do the
updated results compare with your simulations, and experiments? Explain
any discrepancies.

*  What conclusions do you draw from the two different peak rectifiers?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

Can you turn the precision half-wave rectifier into a precision peak rectifier?
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LAB 4.3

Fun with Diodes II: Limiting and
Clamping Circuits
(See Section 4.6, p. 221 of Sedra/Smith)

OBJECTIVES:
To study diode-based limiting and clamping circuits by:

«  Analyzing, simulating, and building several circuits, including peak detec-
tors, clamp circuits, and hmiter cireuits.

+  Noting that many diode-based circuits are easy to assemble, in this fab you
will build several circuits that require only a few simple components.

+  Using an oscilloscope’s X-Y mode to plot output vs. input voltage.

MATERIALS:

«  Laboratory setup, including breadboard
+  Several junction diodes (e.g.. IN4003) and Zener diodes (c.g.. IN4733A)
«  Several wires, resistors, and capacitors of varying sizes

() )
AWM~ %o e

t —
V. Vi < v,
Xﬁ
S J

FIGURE L4.3: (a)
Limiter, (b) Zener
diode limiter, (¢)
clamping circuit,
and (d}) voltage
doubler. Circuits
are based on
Figures 4.33 p.
223, Fig. 4.35p.
225, and Fig. 4.36
p- 226 S&S.

A
./
Ry
A
+ O

‘i|-1
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LAB4.3  FUNWITH DIODES HI: LIMITING AND CLAMPING CIRCUITS

PART 1: SIMULATION

Consider the circuits shown in Figure 1.4.3(a)-(d). Simulate each circuit with the
parameters indicated next. For each simulation, provide a plot of v, and v, vs. 1.

*  Diode limiter (Figure L4.3(a)):
o Use K =1 kQ and IN4003 diodes.
o Simulate using a 5-V, . 100-Hz input sinusoid with no DC component.
o Use your simulator’s X-Y mode to plot v, vs. v,
»  Zener diode limiter (Figure L4.3(b)):
o Use R=1k&Q and IN4733A Zcener diodes.
o Simulate using a 15-V,, . 100-Hz input sinusoid with no DC
component.
o Use your simulator’s X-Y mode to plot v, vs. v,
*  Clamped capacitor (Figure L4.3(¢)):
o Use R, = 10kQ, C =47 uF, and a IN4003 diode.
o Simulate using a 2-V,, . 100-Hz input square wave with no DC
component.
o What are the highest and lowest voltage values?
*  Voltage doubler (Figure L4.3(d)):
o Use R; = 100 kQ across the output € = €, =47 1F, and 1N4003 diodes.
o Simulate using a 5-V,,  100-Hz input sinusoid with no DC component.

PART 2: MEASUREMENTS

*  For each circuit. build the circuit, apply the input waveform specified above
using a function generator, and capture the output voltage waveform on an
oscilloscope. For circuits (a)—(¢), what are the highest and lowest output volt-
age values?

*  For the imiter circuits. use the oscilloscope’s X-Y mode to plot v, vs. v,

+  Using a digital multimeter, measure all resistors to three significant digits.

*  Further exploration |t Can you change the limiting voltages for the first cir-
cuit to approximately +1.4 Vand -1.4 V?

*  Further exploration 11: Can you turn the clamped capacitor into a negative
clamp?

PART 3: POST-MEASUREMENT EXERCISE

*  Doany of your measurement results differ significantly from what you expect
and from the simulations? Explain.

PART 4 [OPTIONAL]: EXTRA EXPLORATION

+  Can you modify the voltage doubler so it produces a positive output voltage?
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LAB 5.1

NMOS [-V Characteristics
(See Sections 5.1-5.2, p. 248 of Sedra/Smith)

OBJECTIVES:
To study NMOS transistor 1-V curves by:

+  Simulating a transistor to investigate the drain current vs. gate-to-source
voltage and drain-to-source voltage.

« Implementing a circuit and taking measurements of the 7, vs. Vg and 1)) vs.
Vg curves.,

o Extracting values of k,,, ¥, and A,,.

MATERIALS:

+  Laboratory setup. including breadboard
+ ] enhancement-type NMOS transistor (e.g.. MC14007)
+  Secveral wires

PART 1: SIMULATION

FIGURE L5.1: Transistor measurement circuit. Related to Table 5.1 in S&S.

Consider thecircuitin Figure L5.1. Enter the circuitinto your simulator’s schematic
editor, applying DC voltage supplies to the gate and drain of the transistor.
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LABS5.1  NMOS |-V CHARACTERISTICS

Ipvs. Vg
While setting Vp¢ to a constant value of 5 V. sweep the gate voltage from 0 V to
5 Vin increments of (.1 V. Plot a curve of 7, vs. V;¢. At what value of V¢ does
the current turn on?

Ipvs. Ve
For three values of V¢ (2.5 V. 3.0 V, and 3.5 V), sweep the drain voltage from 0
V to 5 Vinincrements of 0.1 V. Plot the curves for I, vs. V¢ onto a single graph,
clearly indicating the value of V¢ next to each curve.

PART 2: MEASUREMENTS

Assemble the circuit from Figure L5.1, using a power supply to generate the DC
voltages.

Ipvs. Vg

While setting V)¢ to a constant value of 5 V. sweep the gate voltage from 1.0V to
3.5 Vin increments of 0.25 V (note, we have reduced the number of data points
with respect to the simulations), and measure the drain current using the power
supply. (Noie: Not all power supplies allow you to measure current accurately: if
this 1s the case for your lab setup. you may place a small resistor in series with the
drain and measure the voltage drop across the resistor.) Plot a curve of I, vs. Ve
At what value of V¢ does the NMOS turn on?

Ipvs. Ve
For three values of V¢ (2.5 V. 3.0 V. and 3.5 V). sweep the drain voltage from 0
V to 3.5 Vin increments of 0.5 V, and measure the drain current using the power
supply. Plot the curves for I, vs. Vy¢ onto a single graph, clearly indicating the
value of V¢ next to cach curve.

PART 3: POST-MEASUREMENT EXERCISE

Simulation vs. measurement
What are the main differences between vour simulated and measured curves?
Can you explain the differences?

Parameter extraction

(1] Threshold voitage, V,,
From the measured 7, vs. V¢ curve, at what value of 1, ¢ does the NMOS turn

e

on? Set this as the threshold voltage V,,. of your transistor.

(2) MOSFET transconductance parameter, K,

Based on the value of drain current /p at V¢ = 3.0 V. and using the saturation
model for the trausistor, t.e.. I, = (1/2)k, (Vo - V). extract the value of &, =
u, Cod WIL). Using your extracted values of V,, and k. plot a curve of I, vs. Vs,
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LAB5.1  NMOS IV CHARACTERISTICS

using the saturation model, and compare with your simulated and measured
curves. Are there any differences? Can you explain the differences?

(3] Early voltage, V,
Based on your measured I, vs. V¢ curves for a saturated transistor, extract the
Early voltage V. Does V', change significantly for each value of V¢? What is the
average value of V,? Based on your average value of ¥, calculate &, = 1/V,.
Repeat Steps | to 3 for your measured results.
Summarize your results in the following table.

MEASURED
Vi [V
k, [mA/V?]
A IV

PART 4 [OPTIONAL]: EXTRA EXPLORATION

If you have access to a semiconductor parameter analyzer, generate the [, vs. Vg
curves using the analyzer. How do they compare to the curves you generated in
Part 37 Re-extract values of V. k,,, and A,,.
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LAB 5.2

PMQOS |-V Characteristics
(See Sections 5.1-5.2, p. 248 of Sedra/Smith)

OBJECTIVES:
To study PMOS transistor [-V curves by:

«  Simulating a transistor to investigate the drain current vs. gate-to-source
voltage and drain-to-source voltage.

* Implementing a circuit and taking measurements of the I, vs. Fg, and I, vs.
Vep curves.

*  Extracting values of &, V. and 4,,.

MATERIALS:

*  Laboratory setup. including breadboard
* [ enhancement-type PMOS transistor (e.g.. MC14007)
*  Several wires

PART 1: SIMULATION

FIGURE L5.2: Transistor measurement circuit. Related to Table 5.1 in S&S.

Consider the circuit in Figure L5.2. Enter the circuit into your simulator’s sche-
matic editor, applying DC voltage supplies to the gate and drain of the transistor.
In the diagram, the source is indicated as the reference node (ground). What volt-
ages would you need to apply if another node, e.g., the drain. were labeled as the
reference?
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LAB5.2 PMOS IV CHARACTERISTICS

lpvs. Vg
While setting V), to a constant value of 5V, sweep the gate voltage from 0 V to
-5 Vin increments of 0.1 V. Plot a curve of [y vs. V.. At what value of Vg, does
the PMOS turn on?

Ipvs. Vg
For three values of Vg, (2.5 V. 3.0 V, and 3.5 V), sweep the drain voltage from 0 V
to -5 V in increments of 0.1 V. Plot the curves for [, vs. Vg, onto a single graph,
clearly indicating the value of Vg next to each curve.

PART 2: MEASUREMENTS

Assemble the circuit from Figure L5.2, using a power supply to generate the DC
voltages. Note the polarities of the voltage sources. You may need to be creative
to get the correct polarities! Remember that for a PMOS transistor thatison, V.
Vps and 1, will be positive quantitics.

Ipvs. Vg

While setting Vg, to a constant value of 5V, sweep the gate voltage from 1.0 V to
-3.5 Vin increments of 0.25 V (note, we have reduced the number of data points
with respect to the simulations), and measure the drain current using the power
supply. (Nore: Not all power supplies allow you to measure current accurately: if
this is the case for your lab setup, you may place a small resistor in series with the
drain and measure the voltage drop across the resistor.) Plot a curve of Iy, vs. Fg..
At what value of V¢, does the current turn on?

Ipvs. Vg
For three values of V¢ (2.5 V. 3.0 V, and 3.5 V), sweep the drain voltage from 0.0
V to-3.5V in increments of 0.5 V, and measure the drain current using the power
supply. Plot the curves for [, vs. Vg, onto a single graph., clearly indicating the
value of Ve, next to each curve.

PART 3: POST-MEASUREMENT EXERCISE

Simulation vs. measurement
What are the main differences between your simulated and measured curves?
Can you explain the differences?

Parameter extraction

(1) Threshold voltage, V,,

From the measured [, vs. Vg, curve, at what value of Vg, does the PMOS turn
on? Set this as the threshold voltage V), of your transistor, but express it as a nega-
tive number to be consistent with practice.




LABS5.2  PMQOS |-V CHARACTERISTICS

(2] MOSFET transconductance parameter, k,

Based on the value of drain current 1, at Vi, = -V, + 1 V, and using the satura-
tion model for the transistor, i.e.. I, = (112)k,(Vgq; ~ |V,,|). extract the value of
k, = 1,Co (WIL) Using your extracted values of ¥, and k. plot a curve of /; vs.
Ve using the saturation model, and compare with your simulated and measured
curves. Are there any differences? Can you explain the differences?

(3] Early voitage, V,
Based on your measured /;, vs. Fp curves for a saturated transistor, extract the
Early voltage V. Does V, change significantly for each value of V¢? What is the
average value of V,? Based on your average value of 1. calculate &, = 1/V,.
Repeat Steps | to 3 for your measured results.
Summarize your results in the following table.

MEASURED
Vi IV
h, [MA/V?
A [V

PART 4 [OPTIONAL]: EXTRA EXPLORATION

If you have access to a semiconductor parameter analyzer, generate the [, vs. Ve
curves using the analyzer. How do they compare to the curves you generated in

Part 37 Re-extract values of V), &, and A,
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LAB 5.3

NMOS at DC
(See Section 5.3, p. 276 of Sedra/Smith)

OBJECTIVES:
To study DC biasing of an NMOS transistor by:

»  Completing the DC analysis of three circuits: (1) an NMOS biased in the
saturation region, (2) an NMOS biased in the triode region, and (3) a diode-
connected NMOS transistor.

»  Simulating the circuits to compare the results with the paper analysis.

+ Implementing the circuits in an experimental setting, taking measurements,
and comparing their performance to theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:
+  Laboratory setup, including breadboard
» | enhancement-type NMOS transistor (e.g., MC14007)
«  Several wires and resistors of varying sizes

PART 1: NMOS IN SATURATION MODE

Consider the circuit shown in Figure L3.3.4:

\/—P
l—/\V /\ /\ /_:)

R;

<« \ / \/\/—$—A \/\v/\\
|
| |
/_J

FIGURE L5.3.1: NMOS-based circuit for saturation- and triode-mode operation. Related to Fig. 5.24 in
S&S.

27




LAB5.3 NMOSATDC

Design the circuit in Figure L5.3.1 such that 7, = 1 mA. ¥, =0V, and J,, = +5 V.
Use suppliesof V, = - = [5V.

Hand calculations

*  Sketch the circuit in your lab book, clearly labeling the transistor’s three
terminals.

*  Based on the specifications, calculate V.

*  From the datasheet. find the threshold voltage V,, of the transistor (Note: The
datasheet may use a different symbol, e.g.. V4, ... ) or alternately use your
value from LAB 5.2. What is V,i? (Nore: The datasheet indicates a range of
values of 'V, that you will find among the batch of transistors. Use the “nomi-
nal™ value in your calculations. but remember: Your actual transistor has a
value of ¥, that falls somewhere in that range, which will slightly affect your
measurement results!) What is V?

* You now have enough information to calculate R. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

* You also have enough information to calculate R . Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

* What values of Ry and R, do you need to use? Is the problem completely
specified?

Simulation
* Simulate your circuit using the values of Ry, R;, R, and R, based on your
preceding calculations.
* Report the values of Vg, V), Vi and I, How closely do they match your
calculations? (Remember: The simulator has its own, more complex model of
the real transistor, so there should be some small variations.)

Prototyping and Measurement
* Assemble the circuit onto a breadboard.
«  Using a digital multimeter, measure ¥, Vg and V).
* Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
* Whatare the measured values of ¥, gand 1,2 How do they compare to your
pre-lab caleulations? Explain any discrepancies.
* Based on the measured values of 17, and V¢ and your measured resistor val-
ues, what is the measured value of /;, based on your lab measurements?

PART 2: NMOS IN TRIODE MODE

Redesign the circuit in Figure L5.3.1 such that 7, = 1 mA, ¥, = +2 V, and
Vps = 0.5 V. Use supplies of 1, = -1V = |5 V. Note that you must use the triode
model.
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LAB5.3 NMOSATDC

Hand calculations

Simulation

Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.

Based on the specifications, calculate Vo, -and V. Whatis V2

You now have enough information to calculate Rg. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

You also have enough information to calculate Rp. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

What values of R, and R, do you need to use? Is the problem completely
specified?

Simulate your circuit using the values of Rg. Ry, Ry, and R, based on your
calculations.
Report the values of Ve, Vp, ¥, and 1. How closely do they match your
calculations?

Prototyping and Measurement

Assemble the circuit onto a breadboard.

Using a digital multimeter, measure Ve, Vg and V. Report them in your
lab book.

Using a digital multimeter. measure all resistors to three significant digits.

Post-Measurement Exercise

What are the measured values of Vi, ¢and V4?7 How do they compare to your
pre-lab calculations? Explain any discrepancies. Is the transistor in the triode
operating region?

Based on the measured values of ¥, and Vg and your measured resistor val-
ues, what 1s the measured value of /;, based on your lab measurements?

PART 3: DIODE-CONNECTED NMOS

Consider the circuit shown in Figure L5.3.2:

v FIGURE L5.3.2: Circuit with diode-connected
NMOS transistor.
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LAB5.3 NMOSATDC

Design the circuit in Figure L5.3.2 such that /;, = 1 mA and Rg = 15kQ. Use sup-
pliesof V, =-}V_=15V.

Hand calculations

«  Sketch the circuit in your lab book, clearly labeling the transistor’s three
terminals.

«  What is the operating region of the transistor? Based on the specifications,
calculate V)~ What are Vgand V))?

«  You now have enough information to calculate Ry, Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

Simulation
+  Simulate your circuit using the value R, based on your calculations.
«  Report the values of V. V., and [, How closely do they match your
calculations?

Prototyping and Measurement
«  Assemble the circuit onto a breadboard.
«  Using a digital multimeter. measure Fg and V. Report them in your lab
book.
«  Usinga digital multimeter. measure all resistors to three significant digits.

Post-Measurement Exercise
+  How do the measured values compare to your pre-lab calculations? Explain
any discrepancies.
«  Based on the measured values of ¥, and F and your measured resistor val-
ues, what is the measured value of 7, based on your lab measurements?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

« In this exploration, reuse the circuit from Part 1 as well as the values of R
and R, that you calculate for that circuit. However, replace the R-R, voltage
divider with a 10-k€2 20-turn potentiometer, with the central pin connected
to the transistor gate. This will allow you to adjust the DC voltage at the gate.

+  Gradually increase the gate voltage. and make recordings of Vo, V. and V
as you sweep the gate voltage. What do you observe? Are the trends what you
expect them to be? Can you indicate the transition points between the differ-
ent transistor operating regions?
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LAB 5.4

PMOS at DC
(See Section 5.3, p. 276 of Sedra/Smith])

OBJECTIVES:
To study DC biasing of a PMOS transistor by:

»  Completing the DC analysis of three circuits: (1) a PMOS biased in the
saturation region, (2) a PMOS biased in the triode region, and (3) a diode-
connected PMOS transistor.

«  Simulating the circuits to compare the results with the paper analysis.

+  Implementing the circuits in an experimental setting, taking measurements.

,1 and comparing their performance to theoretical and simulated results.
.‘ «  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

*  Laboratory setup, including breadboard
: * 1 enhancement-type PMOS transistor (e.g., MC14007)
! *  Several wires and resistors of varying sizes

PART 1: PMOS IN SATURATION MODE

Consider the circuit shown in Figure L5.4.1:

L\/\
L <R,

< <

v

A

b= EJ
hS l
Ry 2 FIGURE L5.4.1: PMOS-based
j { Ry circuit for saturation- and
Ve j v triode-mode operation.
Related to Fig. 5.24 in S&S.

Design the circuit in Figure L5.4.1 such that [, = 1 mA, ;=0 V,and V,,=-5V.
Use supplies of V, =V =15 V.
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LAB5.4 PMOSATDC

Hand calculations

«  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.

«  Based on the specifications, calculate V).

«  From the datasheet, find the threshold voltage V,, of the transistor (Nore:
The datasheet may use a different symbol. e.g.. ¥y . .. ), or alternately use
your value from LAB 5.1. What is V? (Nore: The datasheet indicates a range
of values of ¥, that you will find among the batch of transistors. Use the
“nominal” value in your calculations. but remember: Your actual transistor
has a value of V,, that falls somewhere in that range, which will affect your
measurenent results slightly!) Whatis 1?

«  You now have enough information to calculate Ry. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

«  You also have enough information to calculate R,,. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

< What values of R, and R, do you need to use? Is the problem completely
specified?

Simulation
«  Simulate your circuit using the values of Rg, R, Ry, and R, based on your
preceding calculations.
«  Report the values of V. Vp. V. and [ How closely do they match your

calculations? (Remember: The simulator has its own, more complex model of

the real transistor, so there should be some small variations.)

Prototyping and Measurement

»  Asscmble the circuit onto a breadboard.
«  Usinga digital multimeter. measure Fe. Vg, and Vp.
«  Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
e What are the measured values of Fg,, and V¢p? How do they compare to your
pre-lab calculations? Explain any discrepancies.
«  Based on the measured values of 1, and ¥ and your measured resistor val-
ues, what is the measured value of 7, based on your lab measurements?

PART 2: PMOS IN TRIODE MODE

Redesign the circuit in Figure LS.4.1 such that 7, = 1T mA, V), = -2V, and Vep =
0.5 V. Use supplies of ¥, = -F* = 15 V. Note that you must use the triode model.

Hand calculations
«  Sketch the circuit in your lab book, clearly labeling the transistor’s three
terminals.
«  Based on the specifications. calculate V- and V. Whatis V2
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LAB5.4 PMOSATDC

*  You now have enough information to calculate Rg. Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

*  You also have enough information to calculate R, Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

*  What values of Ry and R, do you need to use? Is the problem completely
specified?

Simulation
«  Simulate your circuit using the values of Ry, R, R, and R, based on your
caleulations.
*  Report the values of Vg, Vp. V. and I;,. How closely do they match your
caleulations?

Prototyping and Measurement
+  Assembilc the circuit onto a breadboard.
+  Using a digital multimeter, measure Fe. Vg and Vp. Report them in your
lab book.
+  Using a digital multimeter. measure all resistors to three significant digits.

Post-Measurement Exercise
*  Whatare the measured values of Vg, and V¢p? How do they compare to your
pre-lab calculations? Explain any discrepancies. Is the transistor in the triode
operating region?
*  Based on the measured values of 1, and V¢ and your measured resistor val-
ues. what is the measured value of I, based on your lab measurements?

PART 3: DIODE-CONNECTED PMOS

Consider the circuit shown in Figure L5.4.2:

FIGURE L5.4.2: Circuit with diode-connected PMOS transistor.
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LAB5.4 PMOSATDC

Design the circuit in Figure L5.4.2 such that /;, = 1 mA and R¢ = 15 kQ. Use sup-
pliesof V., =V =15V.

Hand calculations

*  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.

*  What is the operating region of the transistor? Based on the specifications,
calculate V- Whatare Vgand 1,)?

* You now have enough information to calculate R, Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

Simulation
+  Simulate your circuit using the value R, based on your calculations.
* Report the values of Vg, 1y and 7. How closely do they match your
cafculations?

Prototyping and Measurement
*  Assemble the circuit onto a breadboard.
+ Using a digital multimeter, measure V¢ and V. Report them in your lab
book.
*  Usinga digital multimeter. measure all resistors to three significant digits.

Post-Measurement Exercise
* How do the measured values compare to your pre-lab calculations? Explain
any discrepancies.
* Based on the measured values of ¥, and Vo and your measured resistor val-
ues, what is the measured value of /), based on your lab measurements?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

*In this exploration, reuse the circuit from Part 1 as well as the values of R
and R, that you calculate for that circuit. However. replace the R -R, voltage
divider with a 10-k€Q 20-turn potentiometer, with the central pin connected
to the transistor gate. This will allow you to adjust the DC voltage at the
gate.

* Gradually increase the gate voltage. and make recordings of V. V. and
as you sweep the gate voltage. What do you observe? Are the trends what you
expect them to be? Can you indicate the transition points between the differ-
ent transistor operating regions?
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LAB 6.1

NPN |-V Characteristics
(See Sections 6.1-6.2, p. 306 of Sedra/Smith]

OBJECTIVES:
To study NPN transistor I-V curves by:

«  Simulatinga transistor to investigate the collector current vs. base-to-emitter
voltage and collector-to-emitter voltage.

«  Implementing a circuit and taking measurements of the Jo-vs. Vyy and [ vs.
Ve curves.

»  Extracting values of B and V.

MATERIALS:

«  Laboratory setup. including breadboard
+ 1 NPN transistor (¢.g., NTE2321)
+  Several wires

PART 1: SIMULATION

FIGURE L6.1: Transistor measurement circuit. Related to
= Fig. 6.13 in S&S.

Consider the circuit in Figure L6.1. Enter the circuit into your simulator’s schematic
editor, applying DC voltage supplies to the base and collector of the transistor.

Iovs. Ve
While setting ¥, to a constant value of 5V, sweep the base voltage from 0 V to
0.8 V in increments of 0.1 V. Plot a curve of .- vs. V. At what value of V- does
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LAB6.1  NPNI-V CHARACTERISTICS

current begin to conduct? What are the values of /g and /- when Vp, = 07 V?
Based on these numbers, what is your estimate of f3?

levs. Ve
For three values of Vg, (0.6 V, 0.7 V, and 0.8 V), sweep the collector voltage from
0V to2 Vinincrements of 0.1 V. Plot the curves for /- vs. V- onto a single graph.
clearly indicating the value of V¢ next to each curve.

PART 2: MEASUREMENTS

Assemble the circuit from Figure L6.1, using a power supply to generate the DC
voltages.

lovs. Vg,

While setting V.. to a constant value of 5 V. sweep the base voltage from 0 V to
0.8 Vin increments of 0.1 V, and measure the collector current using the power
supply. (Note: not all power supplies allow you to accurately measure current; if
this is the case for your lab setup. you may place a small resistor in series with the
collector and measure the voltage drop across the resistor) Plot a curve of /- vs.
Vi At what value of Vy,-does the current turn on? Using small resistors placed
in series with the base and collector terminals, measure 1z and /-for V. = 0.7 V?
Based on these numbers, what is your estimate of 3?

levs. Vi
For three values of Vi, (0.6 V, 0.7 V. and 0.8 V), sweep the Vi, from O Vito IV
in increments of (.1 V. and measure the collector current using the power supply.
Plot the curves for 1. vs. V., onto a single graph, clearly indicating the value of
Ve iext to each curve.

PART 3: POST-MEASUREMENT EXERCISE

Simulation vs. measurement
What are the main differences between your simulated and measured curves?
Can you explain the differences?

Early voltage, V,
Based on your simulated /.- vs. Ve curves for an active transistor, extract the
Early voltage ¥ ,. Does V, change significantly for each value of Vy,? What is the
average value of V?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

If you have access to a semiconductor parameter analyzer. generate the /- vs. Ve,
curves using the analyzer. How do they compare to the curves you generated in
Part 3? Re-extract values of B and V.

36



LAB 6.2

PNP |-V Characteristics
(See Sections 6.1-6.2, p. 306 of Sedra/Smith)

OBJECTIVES:
To study PNP transistor 1-V curves by:
Simulating a transistor to investigate the collector current vs. base-to-emitter
voltage and collector-to-emitter voltage.
Implementing a circuit and taking measurements of the /.- vs. Vygand /.- vs.

Vi.c-curves.
+  Extracting values of B and V.

MATERIALS:

«  Laboratory setup, including breadboard
¢ 1 PNP transistor (e.g., NTE2322)
*  Several wires

PART 1: SIMULATION

1

FIGURE L6.2: Transistor measurement circuit. Related to Fig. 6.13 in S&S.

Consider the circuit in Figure L6.2. Enter the circuit into your simulator’s sche-
matic editor, applying DC voltage supplies to the base and collector of the transis-
tor. In the diagram, the emitter is indicated as the reference node (ground). What
voltages would you need to apply if another node, e.g.. the collector. were labeled
as the reference?
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LAB6.2 PNPI-V CHARACTERISTICS

levs. Vg
While setting V.- to a constant value of 5 V. sweep the base voltage from 0 V to
0.8 Vinincrements of 0.1 V. Plot a curve of /- vs. Vp;p. At what value of V5 does
current begin to conduct? What are the values of Iz and /- when Vi = 07 V?
Based on these numbers, what is your estimate of 37

levs. Ve
For three values of V5 (0.6 V. 0.7 V. and 0.8 V). sweep the collector voltage from
0V to -2 Vin increments of 0.1 V. Plot the curves for - vs. V- onto a single
graph. clearly indicating the value of 175 next to each curve.

PART 2: MEASUREMENTS

Assemble the circuit from Figure L6.2, using a power supply to generate the DC
voltages. You may need to be creative to get the correct polarities! Remember that
for a PNP transistor that is on, V. ¥Vpen and I will be positive quantities, so the
base and collector voltages will be negative.

levs. Vg

While setting V.- to a constant value of 5 V, sweep the base voltage from 0 V to
~0.8 Vin increments of 0.1 V. and measure the cotlector current using the power
supply. Plot a curve of /.- vs. V5. (Note: Not all power supplies allow you to meas-
ure current accurately: if this is the case for your lab setup, you may place a small
resistor in series with the collector and measure the voltage drop across the resis-
tor.) At what value of V., does the current turn on? Using small resistors placed
in series with the base and collector terminals. measure fyand /-for Viyp =07 V.
Based on these numbers. what is your estimate of 37

lovs. Vg,
For three values of 1,5, (0.6 V, 0.7 V, and 0.8 V). sweep V- from 0V to 1 Vin
increments of 0.1 V. and measure the collector current using the power supply.
Plot the curves for [, vs. V- onto a single graph. clearly indicating the value of
V- next to each curve.

PART 3: POST-MEASUREMENT EXERCISE

Simulation vs. measurement
What are the main differences between your simulated and measured curves?
Can you explain the differences?

Early voltage, V,
Based on your simulated 7, vs. Vo curves for an active transistor, extract the
Early voltage V,. Does ¥, change significantly for each value of 7,57 What is the
average value of V?
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LAB6.2 PNPI-VCHARACTERISTICS

PART 4 [OPTIONAL]: EXTRA EXPLORATION

If you have access to a semiconductor parameter analyzer. generate the [ vs. V.
curves using the analyzer. How do they compare to the curves you generated in
Part 37 Re-extract values of B and V.
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LAB 6.3

NPN at DC
(See Section 6.3, p. 333 of Sedra/Smith)

OBJECTIVES:

To study DC biasing of an NPN bipolar transistor by:

+  Completing the DC analysis of three circuits: (1) an NPN transistor that is
biased in the active region, (2) an NPN transistor that is biased in the satura-
tion region, and (3) a diode-connected NPN transistor.

+  Simulating the circuits to compare the results with the paper analysis.

* Implementing the circuits in an experimental setting, taking measurements,
and comparing their performance with theoretical and simulated results.

+  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:
*  Laboratory setup, including breadboard
. I NPN transistor (c.g., NTE2321)
+  Several wires and resistors of varying sizes

PART 1: NPN IN ACTIVE MODE

Consider the circuit shown in Figure L6.3.1:

7
1 " FIGUREL6.3.1: NPN-based circuit. Related to Fig. 6.29(a) in S&S.

Design the circuit in Figure L6.3.1 such that /.= 1 mA, V=0V, and V.= +5V.
Use supplies of V', =1 = 15 V. Use § = 100.
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LAB6.3 NPNATDC

Hand calculations

»  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.

*  What are 7 and 1,7 Based on these numbers, what ts V?

*  You now have enough information to calculate Ry and R,. Are the calcu-
lated values available in your kit? Can you achieve these values by combining
several resistors? Comment.

«  Derive the Thévenin equivalent of R; and R,. What values of R, and R, do
you need to use to achieve ¥y = 0 V? Remember that 7/ = 0. Is the problem
completely specified? If not, what needs to be specified?

Simulation
»  Simulate your circuit using values of R, R, Ry, and R, based on your
caleulations.
«  Report the values of V., Ve Vi, I, e, and 1. How closely do they match
your calculations? (Remember: The simulator has its own, more complex
model of the real transistor, so there should be some small variations.)

Prototyping and Measurement
«  Assemble the circuit onto a breadboard.
+  Using a digital multimeter, measure Vg, Ve, and V.
+  Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
*  Whatare the measured values of 1, and V,.,.? How do they compare to your
pre-lab calculations? Explain any discrepancies.
*  Based on the measured values of V- and V. and your measured resistor
values, what are the measured values of I, I and [/, based on your lab
measurements?

PART 2: NPN IN SATURATION MODE

Redesign the circuit in Figure L6.3.1 such that /o= I mA [, = [.2mA. V= +2V,
and V., = 0.2 V. Use supplies of 17, = -7 = 15 V. Note that you must use the
saturation model.

Hand calculations

«  Sketch the circuit in your lab book, clearly labeling the transistor’s three
terminals.

+  Based on the specifications, calculate Vyand 17,

*  You now have enough information to calculate R, and R,. Are the calcu-
lated values available in your kit? Can you achieve this value by combining
several resistors? Comment.

* Whatis Bieed?

*  What values of R, and R, do you need to use? Is the problem completely
specified?
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LAB6.3 NPNATDC

Simulation
*  Simulate your circuit using values of Ry Ry Ry, and R, based on your
calculations.
*  Report the values of Vi, Ve, V. 1y I, and 1. How closely do they match
your calculations?

Prototyping and Measurement
* Assembile the circuit onto a breadboard.
+  Using a digital multimeter, measure 1, V. and V. Report them in your

lab book.
«  Usinga digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
* Whatare the measured values of V,-and V7 How do they compare to your
pre-lab calculations? Explain any discrepancies.
*  Based on the measured voltages and resistor values. what are the measured
values of 1., I and I based on your lab measurements? What is By, ceq?

PART 3: DIODE-CONNECTED NPN

Consider the circuit shown in Figure L6.3.2:

FIGURE L6.3.2: Circuit with diode-connected NPN transistor.

Design the circuit in Figure L6.3.2 such that /. = 1 mA and R, = 15kQ. Use sup-
pliesof V., = -1 =15 V. Use = 100.

Hand calculations
«  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.
* Whatis the operating region of the transistor? Calculate V..
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LAB6.3 NPNATDC

«  You now have enough information to calculate R Is the calculated value
available in vour kit? Can you achieve this value by combining several resis-
3 y Y g
tors? Comment.

Simulation
+  Simulate your circuit using the value R based on your calculations.
«  Report the values of V., V., Ig, I, and [, How closely do they match your
calculations?

Prototyping and Measurement
+  Assemble the circuit onto a breadboard.
«  Using a digital multimeter, measure V- and V5. Report them in your lab
book.
«  Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
+  How do the measured values compare to your pre-lab calculations? Explain
any discrepancies.
+  Based on the measured values of ¥, and V- and your measured resistor
values, what are the measured values of /.. [~ and 7, based on your lab
measurements?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

« In this exploration, reuse the circuit from Part 1 as well as the values of R
and R that you calculate for that circuit. However, replace the Rj-R, voltage
divider with a 10-k€ 20-turn potentiometer. with the central pin connected
to the transistor base. This will allow you to adjust the DC voltage at the
base.

«  Gradually increase the base voltage. and make recordings of ¥y, Ve, and Vy
as you sweep the base voltage. What do you observe? Are the trends what you
expect them to be? Can you indicate the transition points between the differ-
ent transistor operating regions?
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LAB 6.4

PNP at DC
(See Section 6.3, p. 333 of Sedra/Smith)

OBJECTIVES:

To study DC biasing of a PNP bipolar transistor by:

*  Completing the DC analysis of three circuits: (1) a PNP transistor that is
biased in the active region, (2) a PNP transistor that is biased in the satura-
tion region, and (3) a diode-connected PNP transistor.

«  Simulating the circuits to compare the results with the paper analysis.

« Implementing the circuits in an experimental setting. taking measurements,
and comparing their performance with theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

*  Laboratory setup. including breadboard
* | PNP transistor (e.g., NTE2322)
*  Several wires and resistors of varying sizes

PART 1: PNP IN ACTIVE MODE

44

Consider the circuit shown in Figure 1.6.4.1:

FIGURE L6.4.1: PNP-based circuit. Related to Fig. 6.29(a) in S&S.

Design the circuit in Figure L6.4.1 such that /.= 1 mA, 1, =0 V,and V.= -5 V.
Use supplies of J', = -1 = 15V. Use p = 100.




LAB6.4 PNPATDC

Hand calculations

»  Sketch the circuit in your lab book, clearly labeling the transistor’s three
terminals.

*  What are Ipand /,? Based on these numbers, what is V7

*  You now have enough information to calculate R, and R,. Are the calcu-
lated values available in your kit? Can you achieve these values by combining
several resistors? Comment.

¢ Derive the Thévenin equivalent of R, and R,. What values of R, and R, do
you need to use to achieve V5= 0 V? Remember that /; = 0. Is the problem
completely specified?

Simulation
*  Simulate your circuit using values of R, R, R,, and R, based on your
calculations.
* Report the values of Vi, Ve, Vi I I~ and T, How closely do they match
your calculations? (Remember: The simulator has its own, more complex
model of the real transistor, so there should be some small variations.)

Prototyping and Measurement
* Assemble the circuit onto a breadboard.
*  Using a digital multimeter, measure ¥y, Ve, and V.
*  Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise
*  Whatare the measured values of V5 and V.2 How do they compare to your
pre-lab calculations? Explain any discrepancies.
*  Based on the measured values of V- and V¥, and your measured resistor
values, what are the measured values of I, I,- and 7, based on your lab
measurements?

PART 2: PNP IN SATURATION MODE

Redesign the circuit in Figure L6.4.1 such that /. = I mA. 7/, = 1.2 mA, V,.=-2V,
and V= 0.2 V. Use supplies of V., = 17 = 15 V. Note that you must use the
saturation model.

Hand calculations

*  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.

*  Based on the specifications, calculate ¥ and 17,

*  You now have enough information to calculate R.-and R,. Are the calcu-
lated values available in your kit? Can you achieve this value by combining
several resistors? Comment.

* What s Biyeed’

¢ What values of R, and R, do you need to use? Is the problem completely
specified?
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LAB6.4 PNPATDC

Simulation
* Simulate your circuit using values of R, Ry, R;, and R, based on your
calculations.
*  Report the values of Vi, Vi, Vg, 1, I and I How closely do they match
your calculations?

Prototyping and Measurement
* Assemble the circuit onto a breadboard.
*  Using a digital multimeter, measure V., Ve, and V. Report them in your
lab book.
*  Usinga digital multimeter. measure all resistors to three significant digits.

Post-Measurement Exercise
*  What are the measured values of Vygzand V.7 How do they compare to your
pre-lab calculations? Explain any discrepancies.
+  Based on the measured voltages and resistor values, what are the measured
values of /.. I~ and 1y based on your lab measurements? What is By, ey

PART 3: DIODE-CONNECTED PNP

Consider the circuit shown in Figure L6.4.2:

FIGURE L6.4.2: Circuit with diode-connected PNP transistor.

Design the circuit in Figure L6.4.2 such that 7= 1 mA and R, = 15kQ. Use sup-
plies of V, =} = 15V, Use B = 100.

Hand calculations
*  Sketch the circuit in your lab book. clearly labeling the transistor’s three
terminals.
*  Whatis the operating region of the transistor? Calculate V..
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LAB6.4 PNPATDC

You now have enough information to calculate R Is the calculated value
available in your kit? Can you achieve this value by combining several resis-
tors? Comment.

Simulate your circuit using the value of R based on your calculations.
Report the values of Ve, Vi I 1. and 1. How closely do they match your
caleulations?

Prototyping and Measurement

.

Assemble the circuit onto a breadboard.

Using a digital multimeter, measure V- and ;. Report them in your lab
book.

Using a digital multimeter, measure all resistors to three significant digits.

Post-Measurement Exercise

How do the measured values compare to your pre-lab calculations? Explain
any discrepancies.

Based on the measured values of V.. and V- and your measured resistor
values, what are the measured values of 7. I, and [, based on your lab
measurements?

PART 4 [OPTIONAL]: EXTRA EXPLORATION

In this exploration, rcuse the circuit from Part | as well as the values of Ry,
and R -that you calculate for that circuit. However, replace the R-R, voltage
divider with a 10-k€ 20-turn potentiometer, with the central pin connected
to the transistor base. This will allow you to adjust the DC voltage at the
base.

Gradually increase the base voltage, and make recordings of V. Ve and V.
as you sweep the base voltage. What do you observe? Are the trends what you
expect them to be? Can you indicate the transition points between the differ-
ent transistor operating regions?
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LAB 7.1

NMOS Common-Source Amplifier
(See Section 7.5.1, p. 467 of Sedra/Smith]

OBJECTIVES:

To study an NMOS-based common-source (CS) amplifier by:

*  Completing the DC and small-signal analysis based on its theoretical
behavior.

*  Simulating it to compare the results with the paper analysis.

» Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

+  Measuring its output resistance.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

*  Laboratory setup, including breadboard

» T enhancement-type NMOS transistor (e.g.. MC14007)
*  3large (e.g., 47-uF) capacitors

+  Several resistors of varying sizes

*  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.1:

FIGURE L7.1: Common-source

R = amplifier circuit, with coupling
=R capacitors, and resistor R; for
DC-biasing purposes. Based on
Fig.7.55 p. 468 S&S.
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LAB7.1 NMOS COMMON-SCURCE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4, = -5 V/V. Use
supplies of ¥, ==V =15V, R, = 50 Q. R; = 10kQ. R; = 10 kQ, and design the
circuit to have Ip = 1 mA. Obtain the datasheet for the NMOS transistor that will
be used. In your lab book, perform the following:

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book, replacing the three
“large-valued” coupling capacitors Cey. C, Cq by open cireuits (for simplicity
you may also omit vy, Rg,. and R;). What is the DC current through R.;?
Based on the information just given. you have enough information to
caleulate Vo = Vi — V. What is its value? What is the value of ¢,,? What is
V7 Remember: Your actual transistor will have a value of 1, that will vary
from its nominal value. which will alter your measurement results slightly!
Calculate r,,.

You now have enough information to calculate Rg. Show your calculations.
Is the value you calculate for Rg available in your kit? Can you achieve this
value by combining several resistors? Comment.

Note: At this stage we know neither Vg nor Ry,

Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model. replacing the capacitors with short
circuits (what happens to Rg?), and replacing V7, with an AC ground. What
happens to V' 7 Label the gate of the transistor as v,. i.e., the small-signal volt-
age at the input.

What is the ratio of v/ry,? How would you approximate it in further
calculations? \

Derive an expression for A, = v /v, What is the value of R, that produces a
small-signal voltage gain of ar least A, = -5 V/V? Is the value you calculated
for R, available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the drain? Does this satisty the assumption that
the transistor should be operating in the saturation region? Explain.

What is the output resistance, R,?

Simulate your circuit. Use capacitor values Cop = Cpa = Cg =47 ul, and the
values of Rgand R, based on your preceding calculations. Use a 10-mV 0.
1-k Hz sinusoid with no DC component applied at v,

From your simulation, report the DC values of V. V). and 1), How closely
do they match your calculations? (Remember: The simulator has its own more-
complex model of the real transistor, so there should be some small variations.)
From your simulation, report A,. How closely does it match your calculations?

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified compo-
nent values and those just calculated. Note that R, represents the output
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LAB7.1 NMOS COMMON-SCURCE AMPLIFIER

resistance of the function generator, and therefore you should nor include it
n your circuit.

PART 3: MEASUREMENTS

*  DC bias point measurement: Using a digital multimeter, measure the DC
voltages of your circuit at the gate (), source (V). and drain (1) of your
transistor.

*  AC measurement: Using a function generator, apply to your circuit a
10-mV, . 1-kHz sinusoid with no DC component. (Nore: Some function
generators allow only mputs as smalt as 50 mV,, . If this is the case, use
that value instead.)

«  Usingan oscilloscope, generate plots of v, and v, vs. 1.

s Output resistance R, Replace R; with a 1-MQ resistor and repeat the
AC measurement. What is the amplitude of the output waveform? Adjust
R, until you find a value such that the amplitude of the output wave-
form 1s approximately 50%, of what it was for the 1-MQ load. This new
value of R, 1s the output resistance R,. How does it compare to the value
you caleulated earlier in Step 27 Hinr: It cannot be greater than the value
of Ry).

*  Further exploration: What happens to the shape of the output signal as

you increase the amplitude of the input signal. e.g., to 1 V7 At what

input amplitude do you begin to see significant distortion? Can you
explain this?

Using a digital multimeter, measure all resistors to three significant digits,

PART 4: POST-MEASUREMENT EXERCISE

*  Calculate the values of Vv and V¢ that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.

»  Based on the measured values of 17, and V¢ and your measured resistor
values, what is the real value of 1, based on your lab measurements?

*  What is the measured value of 4.7 How does it compare to your pre-lab
calculations? Explain any discrepuancies.

«  Hint: The single biggest source of variations from your pre-lab simula-
tion results will be due to variations in the transistor threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

» lnstead of tying R, to ground, try tying it to the drain terminal of the transis-
tor. Repeat the DC bias point measurement and the small-signal gain meas-
urement. What has changed? Do R and R¢need to be altered to meet design
specifications?
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LAB 7.2

PMOS Common-Source Amplifier
(See Section 7.5.1, p. 467 of Sedra/Smith]

OBJECTIVES:
To study a PMOS-based common-source (CS) amplifier by:

«  Completing the DC and small-signal analysis based on its theoretical behavior.

«  Simulating it to compare the results with the paper analysis.

+ Implementing it in an experimental setting. taking measurements. and com-
paring its performance with theoretical and simulated results.

*  Measuring its outpul resistance.

+  Quulitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

»  Laboratory setup, including breadboard

« 1 enhancement-type PMOS transistor (e.g.. MC14007)
+ J3large (e.g., 47-uF) capacitors

«  Several resistors of varying sizes

+  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.2:

< H
R Re: u__+ }‘;_
+
< . FIGUREL7.2: Common-source amplifier

Yy > ¢ circuit, with coupling capacitors, and
j_ ~  resistor R for DC-biasing purposes. Based
= - on Fig. 7.55 p. 468 S&S.
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LAB7?.2 PMOS COMMON-SOURCE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least A, = —5 V/V. Use
suppliesof 1, =-V =15V, R;, =50Q, R, = 10kQ, and R, = 10 kQ. and design
the circuit to have 7, = 1 mA. Obtain the datasheet for the PMOS transistor that
will be used. In your lab book. perform the following.

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book, replacing the three “large-
valued” coupling capacitors C¢. Ca, Cg by open cireuits (for simplicity you
may also omit v, Ry, and R;). Whatis the DC current through R,?
Based on the information just given, you have enough information to calcu-
late Vi = Ve — V)| Whatis its value? What is the value of ¢,? What is V,?
Remember: Your actual transistor will have a value of V,, that will vary from
its nominal value, which will affect your measurement results slightly!
Calculate r,.

You now have enough information to calculate Rg. Show your calculations.
Is the value you calculate for R available in your kit? Can you achieve this
value by combining several resistors? Comment.

Note: At this stage we know neither Vg, nor R,

Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model, replacing the capacitors with short
circuits (what happens to R¢?), and replacing ¥ with an AC ground. What
happens to V.7 Label the gate of the transistor as v, i.e., the small-signal
voltage at the input.

What is the ratio of v/vy”? How would you approximate it in further
calculations?

Derive an expression for A, = r./v,. What is the value of R, that produces a
small-signal voltage gain of ar least A, = -5 VIV? Is the value you calculated
for R, available in your kit? Can you achieve this value by combining several
resistors? Comment.,

What is the DC voltage at the drain? Does this satisfy the assumption that
the transistor should be operating in the saturation region” Explain.

What is the output resistance, R’

Simulate the performance of your circuit. Use capacitor values € = Cpy =
Cy =47 uF and the values of Rgand R, based on your preceding calculations.
Usea 10-mV - -k Hz sinusoid with no DC component applied at v,

From your simulation, report the DC values of V. Vg, and 7, How closely
do they match your calculations? (Remember: The simulator has its own, more
complex model of the real transistor. so there should be some small variations.)

From your simulation, report A,. How closely does it match your calculations?

PART 2: PROTOTYPING
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Assemble the circuit onto your breadboard using the specified compo-
nent values and those just calculated. Note that Ry, represents the output




LAB?7.2 PMOS COMMON-SOURCE AMPLIFIER

resistance of the function generator, and therefore you should nor include it
in your circuit,

PART 3: MEASUREMENTS

DC bias point measurement: Using a digital multimeter, measure the DC
voltages of your circuit at the gate (V). source (V). and drain (V) of your
transistor.

AC measurement: Using a function generator, apply to your circuit a
10-mV oi 1-kHZ sinusoid with no DC component. (Note: some function
generators only allow inputs as small as 50 mV . If this is the case, use
that value instead.)

Using an oscilloscope, generate plots of v, and v; vs. 1.

Outpur resistance R, Replace R; with a 1-MQ resistor and repeat the AC
measurement. What is the amplitude of the output waveform? Adjust R, until
you find a value such that the amplitude of the output waveform is approxi-
mately 50 of what it was for the 1-MQ resistor. This new value of R, is the
output resistance R,. How does it compare to the value you calculated earlier
in Step 2?7 Hinr: It cannot be greater than the value of R,

Further exploration: What happens to the shape of the output signal as you
increase the amplitude of the mput signal, e.g., to 1 Vi 7 At what input
amplitude do you begin to see significant distortion? Can you explain this?
Using a digital multimeter. measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

Calculate the values of Vg, and Vg, that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of 17, and Vg and your measured resistor val-
ues, what is the real value of /7, based on your lab measurements?

What is the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V,,.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

Instead of tying R, to ground, try tying it to the drain terminal of the transis-
tor. Repeat the DC bias point measurement and the small-signal gain meas-
urement. What has changed? Do R, and R need to be altered to meet design
specifications?
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LAB 7.3

NMOS Common-Source Amplifier
with Source Degeneration
(See Section 7.3.4, p. 431 of Sedra/Smith])

OBJECTIVES:

To study an NMOS-based common-source (CS) amplifier with a source-
degeneration resistor by:

+  Completing the DC and small-signal analysis based on its theoretical behavior.

+  Simulating it to compare the results with the paper analysis.

+ Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

«  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

«  Laboratory setup. including breadboard

« 1l enhancement-type NMOS transistor (e.g., MC14007)
« ZXlarge (e.g., 47-uF) capacitors

»  Several resistors of varying sizes

+ Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.3:

A Cy FIGURE L7.3: Common-source amplifier cir-
v . '——i cuit, with source-degeneration resistor Ry,
= coupling capacitors, and resistor R for DC-
biasing purposes. Based on Fig. 7.37
p. 432 S&S.
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LAB?.3 NMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

Design the amplifier to achieve a small-signal gain of at least 4, = -4 V/V, with

R =220 Q. Use suppliesof V., =—V =15 V. R;, =50 Q. R; = 10kQ, and R; =

10 k€, and design the circuit to have I, = 1 mA. Obtain the datasheet for the
| NMOS transistor that will be used. In your lab book, perform the following.

DC Operating Point Analysis

+  Sketch a DC model of the circuit in your lab book. replacing the three
large-valued coupling capacitors Cpy. Cea. Cg by open circuits (for sim-
plicity you may also omit v, Rg.. and R;). What is the DC current
through R?

+  Based on the information just given, you have enough information to calcu-
late V,p-= Vi g— V,,. Whatis its value? What is the value of g,7 Whatis 17,7
Remember: Your actual transistor will have a value of 1, that will vary from
its nominal value, which will slightly alter your measurement resutts!

*  Calculate r,.

*  You now have enough information to calculate Rg; + R¢r. Show your calcu-
lations. Whatis R,?

+  Arethe values of Ry and Ry available in your kit? Can you achieve the val-
ues by combining several resistors? Comment.

*  Note: At this stage we know neither V¢ nor R,

AC Analysis

+  Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model, replacing the capacitors with short
circuits (what happens to R»?). and replacing J, with an AC ground. What
happens to I ? Label the gate of the transistor as v,. i.e.. the small-signal volt-
age at the input.

*  What is the ratio of v/vg,? How would you approximate it in further
calculations? ‘

»  Derive an expression for A, = v, /v;. What is the value of R, that produces a
small-signal voltage gain of at least A, = -4 VIV s the value you calculated
for R available in your kit? Can you achieve this value by combining several
resistors? Comment.

» What is the DC voltage at the drain? Does this satisty the assumption that
the transistor should be operating in the saturation region? Explain.

Simulation
»  Simulate the performance of your circuit. Use capacitor values Cpy = Cg =
C¢=47-pF, and the values of Rgp, Rgy. and R, based on your preceding cal-

culations. Use a 10-mV . 1-kHz sinusoid with no DC component applied

at v

sige

»  From your simulation, report the DC values of Vi, Fpy. and I, How closely
do they match your calculations? (Remember: The simulator has its own,
more complex model of the real transistor, so there should be some small
variations.)

+  From your simulation, report A,. How closely does it match your
calculations?
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LAB 7.3 NMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

PART 2: PROTOTYPING

Assemble the circuit onto your breadbeard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should ot include it in your
circuit.

PART 3: MEASUREMENTS

PART 4

DC hias point measurement: Using a digital multimeter, measure the DC
voltages of your circuit at the gate (1), source (V). and drain (V) of your
transistor.

AC measurement: Using a function generator, apply to your circuit a
10-mV,, . 1-kH7 sinusoid with no DC component. (Nofe: Some function
generators only allow inputs as small as 50 mV,, . 1f this is the case. use
that value instead.)

Using an oscilloscope, generate plots of v, and v, vs. 1.

Further exploration I: What happens to the shape of the output signal as you
increase the amplitude of the input signal. e.g.. to I Vo .7 At what input
amplitude do you begin to see significant distortion? Can you explain this?
Further exploration 2: What happens if you decrease R to 200 Q but keep
R + Ry, constant?

Using a digital multimeter. measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of V¢ and V¢ that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of V) and Ve and your measured resistor val-
ues. what is the real value of /;, based on your lab measurements”?

What is the measured value of’ 4.7 How does it compare (o your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

L]
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In your circuit. switch Rg; and Rg,. Measure your new DC bias point and
small-signal voltage gain. What has changed? What remains the same? Can
you explain this?



LAB 7.4

PMOS Common-Source Amplifier

with

Source Degeneration

(See Section 7.3.4, p. 431 of Sedra/Smith])

OBJECTIV

To st
resis

MATERIAL

ES:

udy a PMOS-based common-source (CS)amplifier witha source-degeneration
tor by:

Completing the DC and smali-signal analysis based on its theoretical behavior.
Simulating it to compare the results with the paper analysis.

Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

Qualitatively secing the impact of transistor-to-transistor variations.

S:

Laboratory sctup, including breadboard

I enhancement-type PMOS transistor (e.g., MC14007)
Jlarge (e.g., 47 -uF) capacitors

Several resistors of varying sizes

Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.4:

FIGURE L7.4: Common-source amplifier circuit,
with source-degeneration resistor Rs;, coupling
capacitors, and resistor R for DC-biasing purposes.
Based on Fig. 7.37 p. 432 S&S.
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LAB7.4 PMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

Design the amplifier to achieve a small-signal gain of at least 4, = - 2.5 V/V. with
R =900 Q. Use supplies of 7, ==V =15V, R;,, =50 Q. R, = 10kQ. R;=10
k€, and design the circuit to have /, = 1 mA. Obtain the datashect for the PMOS
transistor that will be used. In your lab book. perform the following.

DC Operating Point Analysis

AC Analysis

Simulation

58
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Sketch a DC model of the circuit in your lab book, replacing the three
large-valued coupling capacitors Cq, Ces. Cy by open circuits (for sim-
plicity you may also omit vg,. Rg,. and R;). What is the DC current
through R;?

Based on the information just given. you have enough information to cal-
culate V- = Vg —1V,,[. What is its value? What is the value of g,,> What
is Vg2 Remember: Your actual transistor will have a value of V,, that will
vary from its nominal value. which will alter your measurement results
shightly!

Calculate r,,.

You now have enough information to calculate Rg + Rg,. Show your calcu-
lations. What is Rg»?

Arc the values of Ry, and R available in your kit? Can you achieve the val-
ues by combining several resistors? Comment.

Note: At this stage we know neither Vg, nor Ry,

Sketch a small-signal model of the circuit in your lab book. replacing the
transistor with its small-signal model, replacing the capacitors with short
circuits (what happens to Rg»?), and replacing 17 with an AC ground. What
happens to }.? Label the gate of the transistor as v;, i.e., the small-signal
voltage at the input.

What is the ratio of v/v;,? How would you approximate it in further
calcutations? )

Derive an expression for A4, = v /vi. What is the value of R, that produces a
small-signal voltage gain of at least A, = -2.5 V/IV? Is the value you calculated
for R, available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the drain? Does this satisfy the assumption that
the transistor should be operating in the saturation region? Explain.

Simulate the performance of your circuit. Use capacitor values Cop = C =
Cy¢ = 47 uI" and the values of Ry, Ry, and R, based on your preceding cal-
culations. Use a 10-mV . 1-kHz sinusoid with no DC component applied
at V.

From your simulation, report the DC values of Ve, Vop. and I How closely
do they match your calculations? {Remember: The simulator has its own,
more complex model of the real transistor, so there should be some small
variations.)

From vyour simulation, report 4. How closely does it match your
calculations?



LAB?.4 PMOS COMMON-SOURCE AMPLIFIER WITH SOURCE DEGENERATION

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should not include it in your
circutt.

PART 3: MEASUREMENTS

PART 4

DC bius point measurement. Using a digital multimeter. measure the DC
voltages of your circuit at the gate (V). source (V). and drain (}/)) of your
transistor.

AC measurement: Using a function generator, apply to your circuit a
10-mV k. 1-kHz sinusoid with no DC component. (Note: some function
generators only allow inputs as small as 50 mV, . If this is the case, use
that value instead.)

Using an oscilloscope, generate plots of v, and v; vs. 1.

Further exploration I: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g.. to 1 V. 7 At what input
amplitude do you begin to sec significant distortion? Can you explain this?
Further exploration 2: What happens if you decrease R, to 200 Q but keep
R¢p + R, constant?

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of Vg, and Vgp that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of ¥y and Vg and your measured resistor val-
ues, what is the real value of /;, based on your lab measurements?

What is the measured value of 4.7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hinr: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

In your circuit. switch Rg and Rg,. Measure your new DC bias point and
small-signal voltage gain. What has changed? What remains the same? Can
you explain this?
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LAB 7.5

NMOS Common-Gate Amplifier
(See Section 7.3.5, p. 439 of Sedra/Smith)

OBJECTIVES:
To study an NMOS-based common-gate (CG) amplifier by:

*  Completing the DC and small-signal analysis based on its theoretical behavior.

+ Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

* Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

+  Laboratory setup, including breadboard

* 1l enhancement-type NMOS transistor (e.g., MC14007)
* 2large (e.g.. 47-uF) capacitors

*  Several resistors of varying sizes

« Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.5:

FIGURE L7.5: Common-gate amplifier
circuit, with coupling capacitors. Based on
Fig. 7.39 p. 439 S&S.
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LAB?7.5 NMOS COMMON-GATE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4, = 5 V/V. Use sup-
pliesof V.= -1 =15V, R;, = 50 Q, and R, = 10 kQ, and design the circuit to

Sig

have /;, = 1 mA. Obtain the datasheet for the NMOS transistor that will be used.
In your fab book, perform the following.

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book. replacing the “large-
valued” coupling capacitors C; and ¢ by open circuits (for simplicity you
may also omit v, R, and R)).

Based on the information just given., you have enough information to calcu-
late V- = Vo~ V,,- What is its value? What is the value of g,,? Whatis V?
Remember: Your actual transistor will have a value of V,, that will vary from
its nominal value, which will alter your measurement results slightly!
Calculate r,.

You now have enough information to calculate Rg. Show your calculations.
Is the value you calculate for R available in your kit? Can you achieve this
value by combining several resistors? Comment.

Note: At this stage we know neither Vg nor R,

Sketch a small-signal model of the circuit in your lab book. replacing the
transistor with its small-signal model. replacing the capacitors with short
circuits, and replacing ¥V, and 17 with an AC ground. Label the source of the
transistor as v;. i.c.. the small-signal voltage at the input.

What is the ratio of w/v,,” How would you approximate it in further
caleulations? ‘

Derive an expression tor A, = v, /v;. What is the value of R, that produces a
small-signal voltage gain of af least A, = 5 VIV? Is the value you calculate for
R, available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the drain? Does this satisty the assumption that
the transistor should be operating in the saturation region? Explain.

Simulate the performance of your circuit. Use capacitor values Cep = Cpn =
47 uI" and the values of Ry and R, based on your preceding caleulations. Use
a 10-mV o, I-kHz sinusoid with no DC component applied at v,

FFrom your simulation, report the DC values of Vg Vg and 1. How closely
do they match your calculations? (Remember: The simulator has its own. more
complex mode! of the real transistor. so there should be some small variations.)
From vyour simulation. report A, How closely does it match your
calculations?

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified compo-
nent values and those just calculated. Note that R, represents the output

sig
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LAB?.5 NMOS COMMON-GATE AMPLIFIER

resistance of the function generator, and therefore you should #or include it
in your circuit.

PART 3: MEASUREMENTS

DC bius point measurement: Using a digital multimeter, measure the DC
voltages of your circuit at the gate (1), source (V). and drain (}/)) of your
transistor.

AC measurement: Using a function generator, apply a 10-mV . 1-kHz
sinusoid with no DC component to your circuit. (Note: Some function gen-
erators only allow inputs as small as 50 mV ., 1f this is the case. use that
value instead.)

Using an oscilloscope, generate plots of v, and v, vs. 1.

Further exploration: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g., to 2 Vi, .7 At what input
amplitude do you begin to see significant distortion?

Using a digital multimeter. measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

Calculate the values of V¢ and V¢ that you obtained in the lab. How do
they compare to your pre-tab calculations? Explain any discrepancies.
Based on the measured values of V,, and Vg and your measured resistor val-
ucs, what is the real value of /;, based on your lab measurements?

What is the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION
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Using the function generator, add a 1-V DC component to the input v,;, and
repeat the measurements. Do you still get the same DC operating point and
voltage gain 4,7 Why or why not?



LAB /.6

PMOS Common-Gate Amplifier
(See Section 7.3.5, p. 439 of Sedra/Smith)

OBJECTIVES:
To study a PMOS-based common-gate (CG) amplifier by:

+  Completing the DC and small-signal analysis based on its theoretical behavior.

+  Simulating it to compare the results with the paper analysis.

+  Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

»  Laboratory setup, including breadboard

+ 1l enhancement-type PMOS transistor (e.g., MC14007)
+ 2large (e.g., 47-ul) capacitors

+  Several resistors of varying sizes

+  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.0:

FIGURE L7.6: Common-gate amplifier circuit, with coupling capacitors. Based on Fig. 7.39 p. 439 S&S.
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LAB?.6 PMOS COMMON-GATE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4. = 5 V/V. Use
supplies of V., = -V = 15V, R, = 50 Q, R; = 10 kQ. and design the circuit to
have I, = 1 mA. Obtain the datasheet for the PMOS transistor that will be used.
In your lab book. perform the following.

DC Operating Point Analysis

AC Analysis

Simulation

.

Sketch a DC model of the circuit in your lab book. replacing the “large-
valued” coupling capacitors C and C» by open circuits (for simplicity you
may also omit vy,. R,. and R;).

Based on the information just given. you have enough information to calcu-
late Vor- = Vg~ 1V, |- Whatis its value? What is the value of g,,” What is V?
Remember: Your actual transistor will have a value of ¥, that will vary from
its nominal value, which will alter your measurement results slightly!
Calculate r,.

You now have enough information to calculate Rq. Show your calculations.
[s the value you calculate for R available in your kit? Can you achieve this
value by combining several resistors? Comment.

Note: At this stage we know neither Vg nor R,

Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model, replacing the capacitors with short
circuits, and replacing V', and ¥ with an AC ground. Label the source of the
transistor as vy, i.e., the small-signal voltage at the input.

What is the ratio of v/r;,? How would you approximate it in further
caleutations?

Derive an expression for 4, = v, /v, What is the value of R, that produces a
small-signal voltage gain of at least A.= 5 VIV? s the value you calculate for
Ky available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the drain? Does this satisfy the assumption that
the transistor should be operating in the saturation region? Explain.

sig

Simulate the performance of your circuit. Use capacitor values Cp = Cq =
47 ulF and the values of Rgand R based on your preceding calculations. Use
a 10-mV, o, 1-kHz sinusoid with no DC component applied at vg,.

IFrom your simulation, report the DC values of Fg,. Vyp, and 1. How closely
do they match your calculations? (Remember: The simulator has its own, more
complex model of the real transistor, so there should be some small variations.)
From your simulation, report A. How closely does it match your
caleulations?

PART 2: PROTOTYPING
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LAB?.6 PMOS COMMON-GATE AMPLIFIER

Assemble the circuit onto your breadboard using the component values spec-
ified and calculated earlier. Note that R, represents the output resistance of
the function generator, and therefore you should nor include it in your circuit.

PART 3: MEASUREMENTS

PART 4

DC bias point measurement: Using a digital multimeter. measure the DC
voltages of your circuit at the gate (}7,), source (V). and drain (Vp) of your
transistor.

AC measurement: Using a function generator, apply a 10-mV . I-kHz
sinusoid with no DC component to your circuit. (Note: Some function gen-
erators only allow inputs as small as 50 mV,, . If this is the case, use that
value instead.)

Using an oscilloscope, generate plots of v, and v, vs. 1.

Further exploration: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g.. to 2 V. 7 At what input
amplitude do you begin to see significant distortion?

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of V. and Fg, that you obtained in the lab. How do
they compare to vour pre-lab calculations? Explain any discrepancies.
Based on the measured values of ¥, and Vg and your measured resistor val-
ues, what is the real value of /), based on your lab measurements?

What is the measured value of 4.2 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

Using the function generator, add a 1-V DC component to the input vy, and
repeat the measurements. Do you still get the same DC operating point and
voltage gain 4,7 Why or why not?
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LAB 7.7

NMQOS Source Follower
(See Section 7.3.6, p. 442 of Sedra/Smith)

OBJECTIVES:

To study an NMOS-based source follower by:

*  Completing the DC and small-signal analysis based on its theoretical behavior.

*  Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:
+  Laboratory setup, including breadboard
. I enhancement-type NMOS transistor (e.g., MCI14007)
*  3large (e.g., 47-uF) capacitors

*  Several resistors of varying sizes
e Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.7:

FIGURE L7.7: Source follower circuit, with coupling capacitors, and resistor R for DC-biasing purposes.
Based on Fig. 7.42 p. 444 S&S.
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LAB?7.7 NMOS SOURCE FOLLOWER

Design the amplifier such that 7, = 1 mA and 4, = 0.8 V/V. Use supplies of
Vo=-V_=15V.R,;, = 50Q, and R, = 10 kQ. What is the minimum value of
R, that satisfies the requirements? Obtain the datasheet for the NMOS tran-
sistor that will be used. In your lab book. perform the following.

DC Operating Point Analysis

.

AC Analysis

Simulation

Sketch a DC model of the circuit in your fab book, replacing the large-valued
coupling capacitors C, and C¢ by open circuits (for simplicity you may also
omit vg,. R.. and R;). What is the DC current through R,?

Based on the required value of 7,,, what is V,,; = Vao— VT What value of R
must you use?

Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (try a T model, ignoring r )., replac-
ing the capacitors with short circuits. and replacing ¥V, and V' with an AC
ground. Label the gate of the transistor as v, 1.e.. the small-signal voltage at
the input.

What is the ratio of v/r;,? How would you approximate it in further
calculations? )

Dertve an expression for A= v /v,

What is the value of ¢, What is 4.7

What is the minimum value of R, that satisfies the design requirements?
Calculate the output resistance of your amplifier.

Simulate the performance of your circuit. Use capacitor values Cp = Cpn =
47 pul and the value of R based on your preceding calculations. Use a
10-mVyi s 1-kHz sinusoid with no DC component applied at v,

From your simulation, report the DC values of V¢ V. and 1. How closely
do they match vour calculations? (Remember: The simulator has its own. more
complex model of the real transistor, so there should be some small variations.)
From your simulation, report 4. How closely does it match your
caleulations?

e

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should nof include it in your
cireuit.

PART 3: MEASUREMENTS

DC bias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the gate (V) and source (V) of your transistor.
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LAB 7.7 NMOSSCURCE FOLLOWER

AC measurement: Using a function generator, apply a 10-mV, .. I-kHz
sinusoid with no DC component to your circuit. (Note: Some function gen-
erators only allow inputs as small as 50 mV .. If this is the case. use that
value instead.)

Using an oscilloscope, generate plots of v, and v; vs. ¢,

Using a digital multimeter, measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

Calculate the values of V¢ and Vg that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of V7, and V¢ and your measured resistor val-
ues, what is the real value of I, based on your lab measurements?

What is the measured value of 4.7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

What would happen if you used the function generator with 50-€2 output
resistance to drive your load resistor directly? What gain would you get?
What would happen if the output resistance of the function generation was
changed from 50 Q to 5 k€? What do you conclude? Recall the value of out-
put resistance you caleulated carlier.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

68

Add a 500-Q resistor between the function generator output and capacitor
C . How does the gain of your circuit change? Can you explain this?
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LAB /.8

PMOS Source Follower
(See Section 7.3.6, p. 442 of Sedra/Smith)]

OBJECTIVES:
To study a PMOS-based source follower by:

+  Completing the DC and small-signal analysis based on its theoretical
behavior.

*  Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

* Laboratory setup. including breadboard

* lenhancement-type PMOS transistor (e.g.. MC14007)
¢ 3large (e.g., 47-uF) capacitors

*  Several resistors of varying sizes

*  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.8:

L\/ {
S

>

e

FIGURE L7.8: Source follower
circuit, with coupling capacitors,
and resistor R; for DC-biasing
purposes. Based on Fig. 7.42

p. 444 S&S.
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LAB7.8 PMOS SOURCE FOLLOWER

Design the amplifier such that /), =2 mA. Use supplies of V, = -1 = 15V, R, =
50, and R; = 10 kQ. What is the minimum value of R; that satisfies the require-
ments? Obtain the datasheet for the PMOS transistor that will be used. In your

lab book. perform the following.

DC Operating Point Analysis
»  Sketch a DC model of the circuit in your lab book, replacing the large-valued
coupling capacitors Cyp and Cg» by open circuits (for simplicity you may also
omit v, R, and R;). What is the DC current through R;?
«  Based on the required value of 1), whatis V- = Vg - |V, |7 What value of
R¢ must you use?

AC Analysis

*  Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (try a T model, ignoring r,), replac-
ing the capacitors with short circuits, and replacing V, and ¥V with an AC
ground. Label the gate of the transistor as v, i.e., the small-signal voltage at
the input.

*  What is the ratio of vi/vy,? How would you approximate it in further
caleulations? '

*  Derive an expression for A, = v /v,

*  Whatis the value of ¢,,? What is 4,?

* Whatis the minimum value of R, that satisfies the design requirements?

*  Calculate the output resistance of your amplifier.

Simulation

*  Simulate the performance of your circuit. Use capacitor values Cpy = Cpn =
47 uF and the value of Rg based on your preceding calculations. Use a
10-mV e I-kHz sinusoid with no BC component applied at v,

*  Fromyoursimulation. report the DC values of Vi, V., and I, How closely
do they match your calculations? (Remember: The simulator has its own,
more complex model of the real transistor, so there should be some small
vartions.)

*  From your simulation. report A,. How closcly does it matceh your caleulations?

PART 2: PROTOTYPING

* Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator. and therefore you should nor include it in your
cireuit.

PART 3: MEASUREMENTS

o DCbius point meusurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the gate (V) and source (V) of your transistor,
’0



PART 4

LAB?7.8 PMOS SOURCE FOLLOWER

AC measurement: Using a function generator, apply a 10-mV, ., 1-kHz
sinusoid with no DC component to your circuit. (Nofe: Some function gen-
erators only allow inputs as small as 50 mV,,, ... If this is the case. use that
value instead.)

Using an oscilloscope, generate plots of v and v, vs. 1.

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of Vg, and Vg, that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of V, and V., and your measured resistor val-
ues, what is the real value of [, based on your lab measurements?

What is the measured value of 4.2 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

What would happen if you used the function generator with 50-Q output
resistance to directly drive your load resistor? What gain would you get?
What would happen if the output resistance of the function generation was
changed from 50 Q to 5 k€Q? What do you conclude? Recall the value of out-
put resistance you caleulated carlier.

Hinr: The single biggest source of variations from your pre-lab simulation
results will be due to variations in the transistor’s threshold voltage V.
Remember: Its value will be somewhere within the range indicated on the
transistor’s datasheet.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

Add a 500-Q resistor between the function generator output and capacitor
C . How does the gain of your circuit change? Can you explain this?
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LAB 2.9

NPN Common-Emitter Amplifier
(See Section 72.5.2, p. 470 of Sedra/Smith])

OBJECTIVES:
To study an NPN-based common-emitter (CE) amplifier by:

+ Compieting the DC and small-signal analysis based on its theoretical
behavior.

+  Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and
comparing its performance with theoretical and simulated results.

+  Measuring its output resistance.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

*  Laboratory setup, including breadbourd

* | NPN-type bipolar transistor (e.g.. NTE2321)
s 3 large” (e.g.. 47-ukF) capacitors

*  Several resistors of varying sizes

*  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.9:

e
. (‘v" i ¢
Sk, Zw }4 L
i é R, - FIGURE L7.9: Common-emitter ampli-
" =
> Vi Kl fier circuit, with coupling capacitors, and
= ) V. resistor R, for DC-biasing purposes. Based

= on Fig. 7.56 p. 470 S&S.
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LAB7.9 NPNCOMMON-EMITTER AMPLIFIER

Design the amplifier to achicve a small-signal gain of at least 4, =200 V/V. Use

suppliesof ¥, ==V =15V, R

=50Q, R; =10kQ, and R; = 10 kQ, and design

\l"

the circuit to have /.- = I mA. Although there will be variations from transistor
to transistor, you may assume a value of § of 100 in your calculations. Obtain the
datasheet for the NPN transistor that will be used. In your lab book, perform the
following:

DC Operating Point Analysis

AC Analysis

Simulation

.

Sketch a DC model of the circuit in your lab book, replacing the three “large-
valued™ coupling cupacitors Cy. Cennand Cp, by open cireuits (for simplic-
ity you may also omit v,. R, and R;).

What are the values of /5 and 7,7 W]mt is the value of ¥p?

Determine a value of R, that produces a base-emitter voltage drop of 0.7 V.
What is V.72

Is the value of R available in your kit? Can you achieve this value by com-
bining several resistors? Comment.

Note: At this stage we know neither Vg nor R

Sketch a small-signal model of the circuit in your lab book. replacing the tran-
sistor with its small-signal model (¥, is Targe. so you may ignore 7). replacing
the capacitors with short circuits (what happens to R?). and replacing V,
with an AC ground. What happens to V! Label the base of the transistor
as v, i.e., the small-signal voltage at the input. What are the values of g,
and #p?

What is the ratio of vi/v;,? Can you approximate it?

Derive an expression for A, = v,/v.. What is the value of R that produces a
small-signal voltage gain of ar least A, = =200 V/V? [s the value you calculate
for R -available in your kit? Can you achieve this value by combining scveral
resistors? Comment.

What is the DC voltage at the collector? Does this satisty the assumption that
the transistor should be operating in the active region? Explain.

What is the output resistance, R,?

Simulate the performance of your circuit. Use capacitor values (' = Cen =
(.= 47 uF and the values of R and R -based on your preceding calculations.
Use a 10-mV 1. 1-kHz sinusoid with no DC component applied at v,

From your simulation, report the DC values of ¥y Vg Iy Iocand I, How
closely do they match your calculations?

From your simulation, report 4. How closely does it match your
calculations?

e

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified compo-
nent values and those just calculated. Note that R, represents the output
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LAB?7.9 NPN COMMON-EMITTER AMPLIFIER

resistance of the function generator, and therefore you should not include it
in your circuit.

PART 3: MEASUREMENTS

DC bias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (Vg). emitter (V). and collector (V) of your
transistor.

AC measurement: Using a function generator, apply a 10-mV, . I-kHz
sinusoid with no DC component to your circuit. (Nore: Some function gen-
erators only allow inputs as small as 50 mV,,, . If this is the case. use that
value instead, but you may expect some distortion in the output waveforni.)
Using an oscitloscope, generate plots of v, and v, vs. 1.

Outpur resistance R, Replace R, with a 1-MQ resistor and repeat the AC
measurement. What is the amplitude of the output waveform? Adjust R, until
you find a value such that the amplitude of the output waveform is approxi-
mately 50% of what it was for the 1-MQ resistor. This new value of R, is the
output resistance R,,. How docs it compare to the value you calculated carlier
in Step 2?2 Hint: 1t cannot be greater than the value of R,

Further exploration: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g.. to 1 V7 At what input
amplitude do you begin to see significant distortion?

Using a digital multimeter, measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

Calculate the values of ¥y and ¥ that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of Vg, Voo and V- and your measured resistor
values, what are the real values of all currents based on your lab measure-
ments? How do they compare to your pre-lab calculations? Based on the meas-
ured values of currents. what is the actual value of B for your transistor?
What is the measured value of 4.2 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in B.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

4

Instead of tying Ry, to ground, try tying it to the collector terminal of the
transistor. Repeat the DC bias point measurement and the small-signal gain
measurement. What has changed? Do R, and R, need to be altered to meet
design specifications?



LAB /.10

PNP Common-Emitter Amplifier
(See Section 7.5.2, p. 470 of Sedra/Smith]

OBJECTIVES:

To study a PNP-based common-emitter (CE) amplifier by:

«  Completing the DC and small-signal analysis based on its theoretical behavior.

«  Simulating it to compare the results with the paper analysis.

«  Implementing it in an experimental setting. taking measurements, and com-
paring its performance with theoretical and simulated results.

= Measuring its output resistance.

«  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

+  Laboratory setup, including breadboard

+ 1 PNP-type bipolar transistor (e.g., NTE2322)
o 3large” (e.g., 47-uF) capacitors

+  Several resistors of varying sizes

* Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.10:

FIGURE L7.10: Common-emitter ampli-
fier circuit, with coupling capacitors,
and resistor R, for DC-biasing purposes.
Based on Fig. 7.56 p. 470 S&S.
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LAB7.10 PNP COMMON-EMITTER AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4, = =200 V/V. Use

suppliesof I, =—V =15V, R

g =50 Q0 R, = 10k€Q, Ry =10k€Q, and design the

circuit to have /- = I mA. Although there will be variations from transistor to
transistor, you may assume a value of § of 100 in your calculations. Obtain the
datasheet for the PNP transistor that will be used. In your lab book, perform
the following:

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book, replacing the three “large-
valued” coupling capacitors Cep. Ces, and Cp, by open circuits (for simplic-
ity you may also omit vg,, Rg,, and R)).

What are the values of I}, and 1,7 What is the value of V?

Determine a value of R that produces an emitter-base voltage drop of
approximately 0.7 V. What is 1,

Is the value of R available in your kit? Can you achieve this value by com-
bining several resistors? Comment.

Note: At this stage we know neither },. nor R,.

Sketch a small-signal model of the ctreuit in your lab book, replacing the tran-
sistor with its small-signal model (1, is large so you may ignore r,). replacing
the capacitors with short circuits (What happens to R,?), and replacing V
with an AC ground. What happens to 1,7 Label the base of the transistor as v,.
i.e., the small-signal voltage at the input. What are the values of ¢, and .2
What is the ratio of v/v,? Can you approximate it?

Derive an expression for A, = v /v, What is the value of R, that produces a
small-signal voltage gain of ar least 4. =200 V/V? Is the value you calculate
for R¢-available in your kit? Can you achieve this value by combining several
resistors? Comment.

Whatis the DC voltage at the collector? Does this satisfy the assumption that
the transistor should be operating in the active region? Explain.

What is the output resistance, R,,?

Simulate the performance of your circuit. Use capacitor values Cpy = Cpq =
=47 el and the values of R and R, based on your preceding calculations.
Use a 10-mV . 1-kHz sinusoid with no DC component applied at v,
From your simulation, report the DC values of ¥, Vo Iy, I, and 1. How
closely do they match your calculations?

From your simulation, report 4. How closely does it match your calculations?

PART 2: PROTOTYPING
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Assemble the circuit onto your breadboard using the specified component
values and those calculated earlier. Note that R, represents the output
resistance of the function generator. and therefore you should nor include it
in your circuit.




LAB7.10 PNPCOMMON-EMITTER AMPLIFIER

PART 3: MEASUREMENTS

PART 4

DC bias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (V). emitter (V). and collector (V) of your
transistor.

AC measurement: Using a function generator. apply a 10-mV . [-kHz
sinusoid with no DC component to your circuit. (Nore: Some function gen-
erators only allow inputs as small as 50 mV . .. If this is the case, use that
value instead. but you may expect some distortion in the output waveform.)
Using an oscilloscope, generate plots of v, and v; vs. 7.

Output resistance R,: Replace R, with a 1-MQ resistor and repeat the AC
measurement. What is the amplitude of the output waveform? Adjust R, until
you find a value such that the amplitude of the output waveform is approxi-
mately 507 of what it was for the 1-MQ resistor. This new value of R, is the
output resistance R,. How does it compare to the value you calculated earlier
in Step 22 Hint: It cannot be greater than the value of R,

Further exploration: What happens to the shape of the output signal as you
increasc the amplitude of the input signal, e.g., to 1V 7 At what input
amplitude do you begin to see significant distortion?

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of ¥, and Vo that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of Vg, ¥, and ¥ and your measured resistor
values, what are the real values of all currents based on your lab measure-
ments? How do they compare to your pre-lab calculations? Based on the meas-
ured values of currents. what is the actual value of B for your transistor?
What is the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in p.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

Instead of tying Ry, to ground. try tying it to the collector terminal of the
transistor. Repeat the DC bias point measurement and the small-signal gain
measurenient. What has changed? Do R and R, need to be altered to meet
design specifications?
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LAB /.11

NPN Common-Emitter Amplifier
with Emitter Degeneration
(See Section 7.3.4, p. 431 of Sedra/Smith)

OBJECTIVES:

To study an NPN-based common-emitter (CE) amplifier with an emitter-

degeneration resistor by:

*  Completing the DC and small-signal analysis based on its theoretical behavior.

* Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theorctical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

«  Laboratory setup, including breadboard
¢ | NPN transistor (e.g., NTE2321)

* 3large (e.g.. 47-uF) capacitors

*  Several resistors of varying sizes

*  Wires
PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.11:

v,
élq
: — —0
G H_ b
Ceo

{ F_ALﬁﬁ B2y
g\,Q = Ry l

< (>R; |
L <G FIGURE L7.11: Common-emitter amplifier
Ve l—«‘ riv circuit, with emitter-degeneration resistor
il = = Rgq, coupling capacitors, and resistor Ry for
T ‘ DC-biasing purposes. Based on Fig. 7.38
v p. 435 S&S.
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LAB?.11  NPN COMMON-EMITTER AMPLIFIER WITH EMITTER DEGENERATION

Design the amplifier to achieve a small-signal gain of at least 4, = 2.2 V/V, with
Ry =2.3kQ. Usesuppliesof =V =15V, R, =50Q, R; =10kQ, and Rp =
10 k€, and design the circuit to have /- = I mA. Obtain the datasheet for the NPN
transistor that will be used. In your lab book, perform the folowing.

DC Operating Point Analysis

AC Analysis

.

Simulation

Sketch a DC model of the circuit in your lab book, replacing the three “large-
valued” coupling capacitors Cey. Cea. and Cp by open circuits (for simplicity
you may also omit vy,. R,. and R;).

What are the values of 1, and 7,2 What is the value of Vp?

Determine a value of R + R, that produces a base-emitter voltage drop of
0.7 V. What is /.7 What is R,;?

Are the values of Ry and R, available in your kit? Can you achieve these
values by combining several resistors? Comment.

Note: At this stage we know neither Ve nor R

Sketeh a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (¥, is large. so you may ignore 7).
replacing the capacitors with short circuits (What happens to R»?), and
replacing 7, with an AC ground. What happens to 12 Label the base of the
transistor as v,. i.e.. the small-signal voltage at the input. What are the values
of g, and ry?

What is the ratio of v,/vg,”? Can you approximate it?

Derive an expression for A, = v, /v;. What is the value of R that produces a
small-signal voltage gain of ar feast A, = 2.2 VIV Is the value you calculate
for R, available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the collector? Does this satisty the assumption that
the transistor should be operating in the active region? Explain.

Simulate the performance of your circuit. Use capacitor values Coy = Cen =
(= 47 uF and the values of Ry, Ry, and R based on your preceding cal-
culations. Use a 10-mV, . I-kHz sinusoid with no DC component applied
at vg,.

From your simulation, report the DC values of ¥y, Vg I, { o and 1, How
closely do they match your calculations?

From your simulation, report A
calculations?

. How closely does it match your

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should rror include it in your
circuit.
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LAB?7.11

NPN COMMON-EMITTER AMPLIFIER WITH EMITTER DEGENERATION

PART 3: MEASUREMENTS

PART 4

DCbias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (Vp). emitter (V), and collector (V) of your
transistor.

AC measurement: Using a function generator, apply a 10-mV, . 1-kHz
sinusoid with no DC component to your circuit, (Note: Some function gen-
erators only allow inputs as small as 50 mV,, . If this is the case. use that
value instead.)

Using an oscilloscope, generate plots of v, and v, vs. 1.

Further exploration I: What happens to the shape of the output signal as you
increase the amplitude of the input signal. e.g.. to 1 Vo .7 At what input
amplitude do you begin to see significant distortion?

Further exploration 2: What happens it you decrease Ry to 500 Q but keep
R + R~ constant?

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of ¥, and V., that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancices.
Based on the measured values of V. Ve, and 1y and your measured resistor
values, what are the real values of all currents based on your lab measure-
ments? How do they compare to your pre-lab calculations? Based on the meas-
ured values of currents. what is the actual value of B for your transistor?
What is the measured value of 4,7 How does it compare (o your pre-lab cal-
culations? Explam any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in .

PART 5 [OPTIONAL]: EXTRA EXPLORATION
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In your circuit, switch R, and R,. Measure your new DC bias point and
small-signal voltage gain. What has changed? What remains the same? Can
you explain this?



LAB /.12

PNP Common-Emitter Amplifier
with Emitter Degeneration
(See Section 7.3.4, p. 431 of Sedra/Smith)

OBJECTIVES:

To study a PNP-based common-emitter (CE) amplifier with an emitter-degener-
ation resistor by:

.

Completing the DC and small-signal analysis based on its theoretical behavior.
Simulating it to compare the results with the paper analysis.

Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

Laboratory setup, including breadboard
I PNP transistor (e.g., NTE2322)

3 large (e.g.. 47-ul) capacitors

Several resistors of varying sizes

Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.12:

FIGURE L7.12: Common-emitter amplifier
circuit, with emitter-degeneration resistor
Ry, coupling capacitors, and resistor R;; for
DC-biasing purposes. Based on Fig. 7.38

p. 435 S&S.
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LAB?7.12 PNP COMMON-EMITTER AMPLIFIER WITH EMITTER DEGENERATION

Design the amplifier to achieve a small-signal gain of at least 4, = —2.4 V/V, with

Rp =21 kQ. Use suppliesof V, =—1 =[5V, R

=50 Q. R; = 10k, and Ry =

sig

10 k€. and design the circuit to have /- = | mA. Obtain the datasheet for the PNP
transistor that will be used. In your lab book, perform the following:

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book, replacing the three “large-
valued™ coupling capacitors Ce, Cen, and Cp, by open circuits (for simplic-
ity you may also omit rg,. R;,, and R;).

What are the values of I,; and 1,2 What is the value of Vy?

Determine a value of Ry + Ry that produces an emitter-base voltage drop
of 0.7 V. Whatis ;2 What is R?

Are the values of Ry and R, available in your kit? Can you achieve these
values by combining several resistors? Comment.

Note: At this stage we know neither Vi nor R,

Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (F, is large, so you may ignore ).
replacing the capacitors with short circuits (what happens to R;5?). and
replacing } with an AC ground. What happens to V,? Label the base of the
transistor as vy, i.e., the small-signal voltage at the input. What are the values
of g, and r?

What is the ratio of vi/v,,? Can you approximate it?

Derive an expression for 4, = v /v, What s the value of R that produces a
small-signal voltage gain of ur least A. = 2.4 V/V? Is the value you calculate
for R-available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the collector? Does this satisty the assumption that
the transistor should be operating in the active region? Explain.

Simulate the performance of your circuit. Use capacitor values Cpy = Cpy =
Cp-= 47 ul and the values of Ry, Ry, and R -based on your preceding cal-
culations. Use a 10-mV .. 1-kHz sinusoid with no DC component applied
at v,.

From your simulation, report the DC values of ¥ Vi 1, leoand [, How
closely do they match your calculations?

From your simulation, report 4,. How closely does it match your
calculations?

=

PART 2: PROTOTYPING
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Assemble the circuit onto your breadboard using the specified component
values and those calculated earlier. Note that R, represents the output
resistance of the function generator, and therefore you should nor include it
In your circuit,



LAB7.12 PNPCOMMON-EMITTER AMPLIFIER WITH EMITTER DEGENERATION

PART 3: MEASUREMENTS

«  DC bius point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (Vp). emitter (Vg), and collector (V) of your
transistor.

«  AC measurement: Using a function generator, apply a 10-mV, . 1-kHz
sinusoid with no DC component to your circuit. (NVote: Some function gen-
erators only allow inputs as small as 50 mV,, . If this is the case. use that
value instead.)

»  Using an oscilloscope, generate plots of v, and v; vs. ¢,

s Further exploration I: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g.. to 1 Vi 7 At what input
amplitude do you begin to see significant distortion?

s Further exploration 2: What happens if you decrease Rz, to 500 Q but keep
R + Rp» constant?

«  Using a digital multimeter, measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

»  Calculate the values of V', and V. that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.

+  Based on the measured values of V. V. and V) and your measured resistor
values. what are the real values of all currents based on your lab measure-
ments? How do they compare to your pre-lab calculations? Based on the meas-
ured values of currents, what is the actual value of B for your transistor?

*  Whatis the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

»  Hint: The single biggest source of variations from your pre-lab simutation
results will be due to variations in B.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

* In your circuit, switch R,y and R;». Measure vour new DC bias point and
small-signal voltage gain. What has changed? What remains the same? Can
you explain this?
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LAB /.13

NPN Common-Base Amplifier
(See Section 7.3.5, p. 439 of Sedra/Smith]

OBJECTIVES:

To study an NPN-based common-base (CB) amplifier by:

«  Completing the DC and small-signal analysis based on its theoretical behavior.

+  Simulating it to compare the results with the paper analysis.

« Implementing it in an experimental setting, taking measurements. and coni-
paring its performance with theoretical and simulated results.

«  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

+  Laboratory setup. including breadboard

* | NPN-type bipolar transistor (e.g., NTE2321)
* 2 large (e.g., 47-uF) capacitors

= Several resistors of varying sizes

«  Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.13:

FIGURE L7.13: Common-base
amplifier circuit, with coupling
capacitors, and resistor Ry for
DC-biasing purposes. Based on
Fig. 7.39 p. 439 S&S.
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LAB7.13 NPN COMMON-BASE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4, > 50 V/V. Use
supplies of V, = -7 = 15V, R, = 50 Q, and R, = 10 k€. and design the cir-

cuit

to have /.- = 1 mA. Altlmtfgh there will be variations from transistor to

transistor, you may assume a value of B of 100 in your calculations. Obtain the
datasheet for the NPN transistor that will be used. In your lab book, perform
the following.

DC Operating Point Analysis

AC Analysis

Simulation

Sketch a DC model of the circuit in your lab book, replacing the large-valued
coupling capacitors Cp and Cea, by open circuits (for simplicity you may
also omit vy, R,. and R;).

What are the values of Igpand 1.7

Determine a value of Ry, that produces a base-emitter voltage drop of (0.7 V.
Is the value of R available in your kit? Can you achieve this value by com-
bining several resistors? Comment.

Note: At this stage we know neither Vo nor R

Sketch a small-signal model of the circuit in your lab book. replacing the
transistor with its small-signal model (ignore r), replacing the capacitors
with short circuits, and replacing ¥, and V7 with an AC ground. Label the
emitter of the transistor as v, i.e.. the small-signal voltage at the input. What
are the values of ¢, and r.?

What is the ratio of v/v,? Can you approximate it?

Derive an expression for 4, = ro/vi. What is the value of R . that produces a
small-signal voltage gain of ar least 4, > 50 VIV? Is the value you calculate
for R available in your kit? Can you achieve this value by combining several
resistors? Comment.

What is the DC voltage at the collector? Does this satisfy the assumption that
the transistor should be operating in the active region? Explain.

Simulate the performance of your circuit. Use capacitor values Cpp = Cpn =
47 b and the values of R, and R, based on your preceding calculations. Use
a 10-mV - 1-kHz sinusoid with no DC component applied at v,

From your simulation. report the DC values of Vi, Vip Jp. I and I, How
closely do they match your calculations?

From your simulation. report A. How closely does it match your
caleulations?

PART 2: PROTOTYPING

Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of'the function generator, and therefore you should nor include it in your
cireuit.
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LAB7.13 NPN COMMON-BASE AMPLIFIER

PART 3: MEASUREMENTS

PART 4

DC bias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (V). emitter (V). and collector (V) of your
transistor.

AC measurement: Using a function generator. apply a 10-mVy, . 1-kHz
sinusoid with no DC component to your circuit. (Nore: Some function gen-
erators only allow inputs as small as 50 mV,, .. If this is the case, use that
value instead. but you may expect some distortion in the output waveform.)
Using an oscilloscope, generate plots of v, and v; vs. 1.

Further explorution: What happens to the shape of the output signal as you
increase the amplitude of the input signal, e.g., to 1 Vi 7 At what input
amplitude do you begin to see significant distortion?

Using a digital multimeter. measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of ¥y and Vi that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of V. and ¥, and your measured resistor val-
ues, what are the real values of all currents based on your lab measurements?
How do they compare to your pre-lab calculations? Bised on the measured
values of currents, what is the actual value of § for your transistor?

What is the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in .

PART 5 [OPTIONAL]: EXTRA EXPLORATION

.
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Using the function generator, add a 1-V DC component to the input vy, and
repeat the measurements. Do you still get the same DC operating point and
voltage gain 4,7 Why or why not?




LAB /.14

PNP Common-Base Amplifier
(See Section 7.3.5, p. 439 of Sedra/Smith]

OBJECTIVES:

To study a PNP-based common-base (CB) amplifier by:

.

Completing the DC and small-signal analysis based on its theoretical behavior,
Simulating it to compare the results with the paper analysis.

Implementing it in an experimental setting. taking measurements, and com-
paring its performance with theoretical and simulated results.

Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:

Laboratory setup. including breadboard

1 PNP-type bipolar transistor (e.g., NTE2322)
2 large (e.g.. 47-ul") capacitors

Several resistors of varying sizes

Wires

PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.14:

FIGURE L7.14: Common-base
amplifier circuit, with coupling
capacitors, and resistor Ry for
DC-biasing purposes. Based on
Fig. 7.39 p. 439 S&S.
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LAB7.14 PNPCOMMON-BASE AMPLIFIER

Design the amplifier to achieve a small-signal gain of at least 4, > 50 V/V. Use
suppliesof V, =17 = 15V, R, = 50 Q, and R; = 10 kQ. and design the circuit
to have /-= 1 mA. Although there will be variations from transistor to transistor.
you may assume a value of B of 100 in your calculations. Obtain the datasheet for
the PNP transistor that will be used. In your lab book, perform the following.

DC Operating Point Analysis

*  Sketch a DC model of the circuitin your lab book, replacing the large-valued
coupling capacitors Cy and Cy» by open circuits (for simplicity you may also
omit vg,, Ry, and R)).

*  What are the values of 7 and 1,7

*  Determine a value of R, that produces an emitter-base voltage drop of
0.7 V.

+ Is the value of R, available in your kit? Can you achieve this value by com-
bining several resistors? Comment,

s Note: At this stage we know neither Vpnor R .

AC Analysis

»  Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (ignove r.). replacing the capacitors
with short circuits, and replacing V, and V7 with an AC ground. Label the
emitter of the transistor as v,. i.c.. the small-signal voltage at the input. What
are the values of g, and r.?

* Whatis the ratio of vi/v,,? Can you approximate it?

* Derive an expression for A, = v /v, What is the value of R that produces a
small-signal voltage gain of ar least A, > S0 VIV? 1s the value you calculate
for R available in your kit? Can you achieve this value by combining several
resistors? Comment.

* Whatis the DC voltage at the collector? Does this satisfy the assumption that
the transistor should be operating in the active region? Explain.

Simulation

*  Simulate the performance of your circuit. Use capacitor values Cpq = Cpy =
47 uF and the values of R and R, based on your preceding calculations. Use
a 10-mV oy 1-kHz sinusoid with no DC component applied at v,

s From your simulation, report the DC values of ¥y, Vo g I and 1, How
closely do they match your calculations?

*  From your simulation, report A. How closely does it match your
calceulations?

PART 2: PROTOTYPING

88

* Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should not include it in your
cireuit.




LAB?7.14 PNP COMMON-BASE AMPLIFIER

PART 3: MEASUREMENTS

s DCbias point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (V). emitter (V,), and collector (V) of your
transistor.

* AC measurement: Using a function generator. apply a 10-mV, . 1-kHz
sinusoid with no DC component to your circuit. (Note: Some function gen-
erators only allow inputs as small as 50 mV,, .. If this is the case, use that
value instead, but you may expect some distortion in the output waveform.)

*  Usingan oscilloscope, generate plots of v, and v, vs. 1.

s Further exploration: What happens to the shape of the output signal as you
inerease the amplitude of the input signal, e.g.. to | Vo 7 At what input
amplitude do you begin to see significant distortion?

+  Using a digital multimeter, measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

*  Calculate the values of V., and V.~ that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.

*  Based on the measured values of V- and V. and your measured resistor val-
ues, what are the real values of all currents based on your lab measurements?
How do they compare to your pre-lab calculations? Based on the measured
values of currents. what 1s the actual value of B tor your transistor?

*  What is the measured value of 4,7 How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

*  Hint: The single biggest source of variations from your pre-lab simulation
results will be due to variations in 3.

PART 5 [OPTIONAL]: EXTRA EXPLORATION

* Using the function generator, add a 1-V DC component to the input v, and
repeat the measurements. Do you still get the same DC operating point and
voltage gain 4,7 Why or why not?
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LAB 2.15

NPN Emitter Follower
(See Section 7.3.6, p. 442 of Sedra/Smith]

OBJECTIVES:
To study an NPN-based emitter follower by:

+  Completing the DC and small-signal analysis based on its theoretical behavior.

+  Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

*  Qualitatvely seeing the impact of transistor-to-transistor variations.

MATERIALS:
»  Laboratory setup, including breadboard
. I NPN transistor (e.g., NTE2321)
*  3large (c.g., 47-uF) capacitors
»  Several resistors of varying sizes
+ Wires
PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.15:

FIGURE L7.15: Emitter-follower circuit, with coupling capacitors, and resistor R; for DC-biasing
purposes. Based on Fig. 7.43 p. 446 S&S.
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LAB?7.15 NPNEMITTER FOLLOWER

Design the amplifier such that /,-= 1 mA and 4. = 0.95 V/V. Use supplies of V, =
-V =15 V. R, = 50 Q, and Ry = 10 kQ. What is the minimum value of R, that
satisfies the design requirements? Obtain the datasheet for the NPN transistor
that will be used. In your lab book, pertorm the following.

DC Operating Point Analysis
»  Sketch a DC model of the circuit in your lab book, replacing the large-vatued
coupling capacitors C and C- by open circuits (for simplicity you may also
omit v, R,.and R;). Whatis /5? What are Vand V2
+  Based on the required value of /.., what is R

AC Analysis

«  Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (try a T model, ignoring r,), replac-
ing the capacitors with short circuits, and replacing V, and ¥ with an AC
ground. Label the base of the transistor as v;, 1.e., the small-signal voltage at
the input.

*  What is the ratio of w/v
calculations?

*  Derive an expression for 4. = v /v;.

*  Whatis the minimum value of R, that satisfies the design requirements?

*  Whatis the value of ¢,? What is r,? What 1s 4,?

*  Calculate the output resistance of your amplifier.

7 How would you approximate it in further

sig

Simulation

»  Simulate the performance of your circuit. Use capacitor values Cp = Ci
= 47 uF and the value of R, based on your preceding calculations. Use a
[0-mV,, . I-kHz sinusoid with no DC componentapplied at v,

»  From your simulation. report the DC values of Fpp, Vo and 7. How closely
do they match your calculations? (Remember: The simulator has its own,
more complex model of the real transistor, so there should be some small
variations.)

* From your simulation, report A
calculations?

How closely does it match vyour

e

PART 2: PROTOTYPING
* Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-

ance of the function generator, and therefore you should nor include it in your
cireuit.

PART 3: MEASUREMENTS

* DCbius point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (V) and emitter (1) of your transistor.
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LAB7.15 NPN EMITTER FOLLOWER

PART 4

AC measurement: Using a function generator, apply a 10-mV,, k- 1-kHz
sinusoid with no DC component to your circuit. (Nore: Some function gen-
erators only allow inputs as small as 50 mV .. If this is the case. use that
value instead.)

Using an oscilloscope, generate plots of v, and v, vs. 1.

Using a digital multimeter, measure all resistors to three significant digits.

: POST-MEASUREMENT EXERCISE

Calculate the values of 17y, and - that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.
Based on the measured values of ¥y and Vi and your measured resistor val-
ues, what is the real value of /- based on your lab measurements?

What is the measured value of 4,? How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

What would happen if you used the function generator with 50-Q output
resistance to drive your load resistor directly? What gain would you get?
What would happen if the output resistance of the function generation was
changed from 50 Q to 5 k€2? What do you conclude? Recall the value of out-
put resistance you calculated earlier.

Hinr: The single biggest source of variations from your pre-lab simulation
results will be due to variations in B.

PART 5 [OPTIONAL]: EXTRA EXPLORATION
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Add a 500-Q resistor between the function generator output and capacitor
Cep. How does the gain of your circuit change? Can you explain this?



LAB /.16

PNP Emitter Follower
(See Section 7.3.6, p. 442 of Sedra/Smith)

OBJECTIVES:
To study a PNP-based emitter follower by:

*  Completing the DC and small-signal analysis based on its theoretical
behavior.

+  Simulating it to compare the results with the paper analysis.

* Implementing it in an experimental setting, taking measurements, and com-
paring its performance with theoretical and simulated results.

*  Qualitatively seeing the impact of transistor-to-transistor variations.

MATERIALS:
*  Laboratory setup, including breadboard
* 1 PNP transistor (e.g., NTE2322)
»  3large (e.g., 47-uF) capacitors
*  Several resistors of varying sizes
*  Wires
PART 1: DESIGN AND SIMULATION

Consider the circuit shown in Figure L7.16:

SV,
ng } RH 1 ! 'JT -
j i FIGURE L7.16: Emitter follower
i Vi = circuit, with coupling capacitors, and
‘ resistor R for DC-biasing purposes.

= Based on Fig. 7.43 p. 446 S&S.
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LAB?7.16 PNPEMITTER FOLLOWER

Design the amplifier such that /,-= 1 mA and 4, = 0.95 V/V. Use supplies of V, =
=V =15 V. R, = 50 Q. and R, = 10 kQ. What is the minimum value of R, that
satisfies the design requirements? Obtain the datasheet for the PNP transistor
that will be used. In your lab book. perform the following.

DC Operating Point Analysis
»  Sketch a DC model of the circuit in your lab book. replacing the targe-valued
coupling capacitors C and Cy- by open circuits (for simplicity you may also
omit vy, Ryo. and Ry). Whatis 7,7 What are Vyand V2

*  Based on the required value of /-, what is R

AC Analysis

»  Sketch a small-signal model of the circuit in your lab book, replacing the
transistor with its small-signal model (try a T model, ignoring r.), replac-
ing the capacitors with short circuits, and replacing 1, and V' with an AC
ground. Label the base of the transistor as v, 1.e., the small-signal voltage at
the input.

*  What is the ratio of vi/v
calculations?

* Derive an expression for 4. = v /v,

*  Whatis the minimum value of R, that satisfies the design requirements?

* Whatis the value of g,,? What is r.? What 1s 4.

*  Cualculate the output resistance of your amplifier.

? How would you approximate it in further

sig

Simulation

*  Simulate the performance of your circuit. Use capacitor values Cpy = Con
=47 uF and the value of R based on your preceding calculations. Use a
10-mV . 1-kHz sinusoid with no DC component applied at v,

«  Fromyoursimulation. report the DC values of Vpp. Ve and I How closely
do they match your calculations? (Remember: The simulator has its own.
more complex model of the real transistor, so there should be some small
variations.)

*  Prom your simulation, report 4. How closely does it match your
calculations?

PART 2: PROTOTYPING

* Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Note that R, represents the output resist-
ance of the function generator, and therefore you should nor include it in your
cireuit,

PART 3: MEASUREMENTS

* DChius point measurement: Using a digital multimeter, measure the DC volt-
ages of your circuit at the base (V) and emitter (V) of your transistor.
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LAB7.16 PNPEMITTER FOLLOWER

«  AC measurement: Using a function generator, apply a 10-mV, . 1-kHz
sinusoid with no DC component to your circuit. (Nore: Some function gen-
erators only allow inputs as small as 50 mV,, . If this is the case. use that
value instead.)

»  Using an oscilloscope, gencrate plots of v, and v; vs. 1.

«  Using a digital multimeter, measure all resistors to three significant digits.

PART 4: POST-MEASUREMENT EXERCISE

»  Calculate the values of V., and V- that you obtained in the lab. How do
they compare to your pre-lab calculations? Explain any discrepancies.

«  Based on the measured values of ¥y and ¥V, and your measured resistor val-
ues, what is the real value of /- based on your lab measurements?

+  What is the measured value of 4,? How does it compare to your pre-lab cal-
culations? Explain any discrepancies.

+  What would happen if you used the function generator with 50-Q output
resistance to drive your load resistor directly? What gain would you get?
What would happen if the output resistance of the function generation was
changed from 30 Q to 5 k€? What do you conclude? Recall the value of out-
put resistance you calcutated earlier.

e Hinr: The single biggest source of variations from your pre-lab simulation
results will be due to variations in .

PART 5 [OPTIONAL]: EXTRA EXPLORATION

.

Add a 500-Q resistor between the function generator output and capacitor
Cy. How does the gain of your circuit change? Can you explain this?

95



LAB 7.1/

NMOS vs. NPN: Common-Source/
Common-Emitter Amplifier
Comparison

OBJECTIVES:

To compare MOS- and BJT-based amplifiers by:

*  Building and characterizing an NMOS-based common-source (CS) amplifier.
*  Replacing the NMOS transistor with an NPN transistor and recharacter-
1izing the new common-emitter (CE) circuit.

MATERIALS:

*  Laboratory setup. including breadboard

* lenhancement-type NMOS transistor (¢.g.. MCI14007)
. I NPN transistor (¢.g., NTE232])

* Jlarge (c.g., 47-uF) capacitors

»  Several resistors of varying sizes

*  Wires

Consider the two circuits shown in Figure L7.17. Note the structural similarity
between the two circuits,
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FIGURE L7.17: (a) NMOS common-source amplifier, and (b) NPN common-emitter amplifier.
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LAB7.17 NMOSVS.NPN: COMMON-SOURCE/COMMON-EMITTER AMPLIFIER COMPARISON

PART 1: CS DESIGN AND MEASUREMENT

Hand calculations
Design the CS amplifier in Fig. L7.17(a) to achieve a small-signal gain of at least
A, =5 VIV. Use supplies of V, = -V =15V, R;, =50 Q, R; = 10kQ. and R|[|R,
= 10 kQ. and design the circuit to have /;, = 1 mA and a DC voltage at the gate
Vi=0V. Use Cy = Cen = Cg = 47 uF. What is the expected DC voltage at the
source of the NMOS?

Simulations
Simulate the performance of your circuit. Use a 10-mV,, . 1-kHz sinusoid with
no DC component applied at v, Report the DC value of V. What is 4.7

Prototyping
Assemble the circuit onto your breadboard using the specified component
values and those just calculated. Once more, R, represents the output resist-
ance of the function generator, and therefore you should nor include it in your
clreutt.

Measurements
Using a digital multimeter, measure the DC voltages of your circuit at the gate
(1)), source (V). and drain (V) of your transistor. Then, using a function genera-
tor. apply a 50-mV,y . 1-kHz sinusoid with no DC component to your cireuit.
Using an oscilloscope, generate plots of v, and vy vs. 7. Whatis 4,2

PART 2: CE DESIGN AND MEASUREMENT

Hand calculations
Consider the CE amplifier in Fig. L7.17(b). The main difference from the CS
amplifier is that we have replaced the NMOS transistor by an NPN transistor
(and changed some of the notation!).

Setting R, = R¢, R¢ = Ry, and Cp = Cg, and keeping V- = Fg (use your
measured value) and /7, = I, what DC voltage I'; do you require at the base of
the NPN transistor? (Hins: An active NPN transistor has a base-emitter voltage of
approximately 0.7 V). What new values of Ry and R, do you need to use to achieve
this value of I, while keeping R ||R, = 10 k€Q? Since I;; # 0, you will need to derive
the Thévenin equivalent circuit.

Simulation
Simulate the common-emitter circuit using the earlier values (including the new
values of R, and R,). What is the voltage gain of the new circuit? Whatare Vi, Ve,
and V.7 How do they compare to V. V. and Ve in the CS circuit?

Prototyping

Assemble the new circuit onto your breadboard using the specified component
values and those just calculated. You should be able just to replace the NMOS
with an NPN transistor, and replace R, and R, with their new values.
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Measurements
Using a digital multimeter, measure the DC voltages of your circuit at the base
(Vp), emitter (1), and collector (V) of your transistor. Then, using a function
generator. apply a 50-mV,_ .. 1-kHz sinusoid with no DC component to your
circuit. Using an oscilloscope, generate plots of v, and v, vs. 7. Whatis 4.7

PART 3: COMPARISON

List all the similarities and differences you can think of between the two

amplifiers.
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CONCLUDING REMARKS

The authors wish you well in your continued studies!
And remember . . . it will all work out in the end. If it hasn’t worked out yet,
then it clearly isn’t the end!
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