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l. COURSE DESCRIPTION IN ABET FORMAT

I ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course
Assessment Summary of Class Semester Averages for Outcomes
End of Semester Course Outcomes Assessment Reports

1. TESTS
Summary of Topics covered by Test
Original Test Questions & Master Solution/grading scheme used
(Summary of topics can be a separate page or include on the assignment itself)

Above Average (Graded original work )

Average (Graded original work )

Below Average (Graded original work )
Il. QUIZZES

Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used

Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )

IV. HOMEWORK ASSIGNMENTS
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used

Above Average (Graded original work )

Average (Graded original work)

Below Average (Graded original work )
V. LABORATORY REPORTS

Summary of Topics covered by lab
Laboratory Handout/Instructions and Grading Scheme

Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )

VI. PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme

Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )

[Include any other evaluation used and omit any method above method (Test, Quizzes, Homework,

Laboratory and Project reports) that was not used]




Course Description

in ABET Format

Please use the following format for the course syllabi (2 pages maximum in Times New Roman 12 point font)

1. | Course number and name:

ELEG 4304 ELECTRONICS - 11

2. | Credits and contact hours:

3 credit hours; 3 contact hours

3. | Instructor’s or course
coordinator’s name:

Dr. Mohan Ketkar

4, | Textbook: Title:

MICROELECTRONIC CIRCUITS

Author:

A.S. Sedra and K.C. Smith

Publisher, Year & Edition:

Oxford University Press, 8" Edition

a. Other Supplemental material

1. 1.0. Attia, “Circuits and Electronics: Hands-on learning
with Analog Discovery”

2. Handouts

3. Electronics Circuits books in the library

5. | Specific course information

a. Brief description of the content of the course (catalog
description)

Design and analysis of single and multistage amplifiers,
difference amplifier, frequency response of amplifiers. Feedback
concepts. Analysis and design using discrete and integrated
circuits.

b. Prerequisites or
Co-requisites

ELEG 3304 or ELEG3043 Minimum Grade of C

c. *Indicate whether a required, elective, or selected
elective (as per definition provided) course in the
program

Required

Specific goals for the course specific outcomes of
instruction (e.g. The student will be able to explain
the significance of current research about a particular
topic.)

Students will be able to:

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are addressed
by the course.

The specific goals for the course specific outcomes listed on the
left column will address the following student learning outcomes:

1. Understand the characteristics of operational
amplifiers and should be able to design
electronic circuits using operational amplifiers

2. Understand the operational characteristics of
diodes, MOSFETSs, and BJTs

3. Be conversant with basic electronic circuits
such as rectifiers, inverting amplifiers, non-
inverting amplifiers, integrators, differentiators,
clipping and clamping circuits.



https://pv-pssbw-102.pvamu.edu:9020/PROD/bwckctlg.p_display_courses?term_in=202110&one_subj=ELEG&sel_subj=&sel_crse_strt=3033&sel_crse_end=3033&sel_levl=&sel_schd=&sel_coll=&sel_divs=&sel_dept=&sel_attr=

4. Recognize and analyze various MOSFET and BJT
amplifier circuits

5.
6. Use PSPICE or MATLAB to solve electronic circuits’
problems
7.
8. Design, construct, test electronic circuit that satisfies Outcome 2
multiple constraints An ability to apply engineering design to produce solutions that
meet specified needs with consideration of public health, safety,
and welfare, as well as global, cultural, social, environmental, and
economic factors
7 | Brief list of topics to be covered Review of Electronic devices

Transistor Amplifiers

Building Blocks of Integrated Circuit Amplifiers
Differential and Multistage Amplifiers

Output Stages and Power Amplifiers

Frequency Response of Amplifiers

Feedback Amplifiers

*Required courses are required of all students in the program, elective courses (often referred to as open or free
electives) are optional for students, and selected elective courses are those for which students must take one or
more courses from a specified group



I ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome 1:
An ability to identify, formulate, and solve complex engineering problems (CEP) by applying principles of

engineering, science, and mathematics.

Outcome 6:
An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering

judgment to draw conclusions.

Assessment Summary of Class Semester Averages for Outcomes
(Should be provided for Fall 2019 through Spring 2022 Assessment Period)

Outcomes 2
Semester Semester Class
Average (%)
Fall 2021 78.2
Fall 2020
Fall 2019 80.2
Comments
The average has trendgd upwar'ds to above 80%.
On Trend Of | o e e e e
Data o istont sl
(Improving or |
deteriorating)

*Expected Semester Class Average = 70% (or as defined by the program)
Ideal Semester Class Average =70% (or as defined by the program)



End of Semester Course Assessment Report
This summary contains the following Information
1. Performance Statistics

e Total number of students in class

 The class average performance (stated as %) in each course
outcome assessed in this class and the two previous times course
was assessed.

» The acceptable class average for the class in each outcome area as

set by your Department. You cannot use any number of your
choice

 Percentage of students who scored below the expected average in

each outcome.
2. Implementation Summary

 Brief summary of plans implemented during the semester based

on last assessment report
3. Perceived Problems

e Instructor’s critical evaluation of perceived problems that
affected students’ performance. Realistic problems should be
identified throughout the semester and summarized in this section
of the report.

4. New Plans for Addressing Problems

* Instructor’s plans for addressing the perceived problems the next
time the class is taught. These should be specific enough for
another instructor to implement. Most of these should be things
that, you, the instructor can implement to help students to
Improve. Be creative.

5. Overall Trend over last three assessment periods

* Instructor’s summary of overall performance trend for each

outcome measured over the last three periods.

5. Were Expectations Met?

Answer YES if the class average was above the expected average and the
stated percentage of students scored at or above the expected average, else
answer NO.



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
ELEG 4043 ELECTRONICS 11
FALL 2021 SEMESTER
Report Prepared by: Dr. Mohan Ketkar

Report Date: December 15, 2021

Outcome 2

Number An ability to apply engineering design to

of produce solutions that meet specified
Analysis Students needs with consideration of public
health, safety, and welfare, as well as
Semester Type v

global, cultural, social, environmental,
and economic factor.

Expected Expected %
Class Percent of Students
Average students meeting
ator ACIass Expected
above verage Average
average
Fall 2021 Direct 22 75 70 78.2 86
Fall 2019 Direct 20 75 70 80.3 95
Items implemented There is no data from previous year’s report

from previous report or | since the criteria have changed.
after meeting previous

Implementation S

Summary

Perceived problems This was the semester with face-to-face
are directly related m(:de of operation after three sbelmesters of
online operation. Major problems were

to th? PC and the inability to gather relevant information and
sub items under cite references. The time given for the project
Perceived t:> completion was little, short. Students were
unable to complete analysis on software and

Problems building and optimizing the performance.

Project based on topics from initial chapters
will give students enough time.

All of the plans suggested for the sub-
Plans for address outcomes will address the problems

specific measures encountered for this outcome.

Plans for to address PC and
Addressing their sub areas
Problems :>
Overall Ascertain if there
were improvements
Trend over OVer previous Students’ performance was above the

expected average.

Periods

Were
Expectations |> >

Met? YES




Course Grades downloaded from Canvas

Participation Course
Course and design Final
design Final attendance Tests | Project(s) | Exam
Test 1 Test 2 Test 3 Project(s) Exam Current Current | Current | Current | Current | Current
Student (155204) | (155461) | (155462) | (155451) | (155452) Score Score Score Score Score Grade
1 85 70 60 90 89 88 77.5 90 89 84.5 A
2 85 80 20 80 66 80 82.5 80 66 76.8 B
3 95 90 65 95 76 100 92.5 95 76 88.8 A
4 85 85 80 74 100 85 80 74 82.2 c
5 35 50 70 80 35 64 60 80 35 56.9 A
6 85 90 80 50 92 90 80 50 76.17 B
7 20 30 5 75 60 69 25 75 60 49.9 c
8 38 65 25 80 25 79 51.5 80 25 52.02 c
9 50 30 80 75 20 80 65 75 20 55 c
10 80 45 70 90 45 100 75 90 45 71.5 B
11 40 55 60 60 66 56 57.5 60 66 60.4 c
12 70 90 35 85 80 100 80 85 80 83 A
13 70 85 94 90 40 85 89.5 90 40 74.3 B
14 50 80 35 80 76 84 65 80 76 73.2 B
15 50 40 20 85 51 96 45 85 51 59.9 c
16 65 65 50 80 64 76 65 80 64 68.8 B
17 35 40 15 80 68 92 37.5 80 68 60.6 c
18 62 55 20 0 80 58.5 0 39.25 F
19 50 60 0 36 60 0 34.55 F
20 42 70 65 85 69 96 67.5 85 69 74.3 B
21 60 55 50 85 73 68 57.5 85 73 68.7 B
22 65 60 25 85 71 92 62.5 85 71 72.5 B
23 75 55 45 80 65 62 65 80 65 67.7 B




Electronics 11

FALL 20201

Title of Assignment: TEST 1

TOPICS COVERED IN TEST 1

Test 1 covered the following topics:

MOSFET Amplifiers
BJT Amplifiers

Circuit Models

Voltage Gain calculations

PoNbE



ELEG4304 Fall 2021

Test#1

September 16

Name

Question #

Max Points

Obtained

30

40

30

Total points

100

Closed book, Closed notes.

No cell phone allowed. No sharing of calculators.

After finishing your test, scan all pages into a pdf file.

Upload your file on canvas under Test # 1.

Handover your test to the instructor.




l. For the amplifier let Voo =5V, Ro = 10 kQ, Vi = 1V, k’n = 20 pA/V?, W/L = 20, Vs =2 V, and A =

0.
Von @) Find the dc current Ip and the voltage Vps
(b) Find gm
(© Find the voltage gain
(d) If vgs = 0.2 sin wt volts, find vgs assuming that the small-signal

approximation holds. What are the minimum and maximum values of Vps?

o—]
e

Il. For the following circuit:
a) Determine the type of the transistor and type of configuration of this amplifier

V' = 410V b) Assuming g of 100, determine VE, I, Ic, and Vc
c) Determine gm, re, and rx
d) Sketch ac equivalent circuit (use T model)
Re =10k ©) Calculate the gain Ay

Uy

Vo ==10V

i A CE amplifier circuit utilizes a BJT with £ =200 biased at Ic = 0.5 mA; it has a collector resistance Rc
=10 kQ. Find gm, Rin, Ro, and Avo. If the amplifier is fed with a signal source with a resistance of 10 kQ2, and a
load resistance R. = 10 kQ is connected to the output terminal, find resulting Ay and G,. If the peak voltage of
the sinewave appearing between base and emitter is to be limited to 5 mV, what vsig is allowed, and what output
voltage signal appears across the load.






Name 7 e Y2 P

ELEG4304 Fall 2021
Midterm Exam

September 16

Question # Max Points Obtained

I 30 g C
Il 40 3 135

. T
I 30 <0
Total points 100 (,f 2

Closed book, Closed notes.
No cell phone allowed. No sharing of calculators.

After finishing your test, scan all pages into a pdf file.
Upload your file on canvas under Test # 1.
Handover your test to the instructor.



L For the amplifier let Vpp =5V, Rp=10kQ, ¥,= 1V, k’» =20 pA/VE W/L=10, Vos=2V, and

Voo (a) Find the dc current /p and the voltage Vps

(b) Find gm

(c) Find the voltage gain

(d) If vgs = 0.2 sin af volts, find vus assuming that the small-signal
approximation holds. What are the minimum and maximum values of
Vps?
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II. For the following circuit:
a) Determine the type of the transistor and type of configuration of this amplifier

V- = +10V b) Assuming £ of 100, determine Vg, Ig, Ic, and Ve
c) Determine gm, re, and 7z
d) Sketch ac equivalent circuit (use T model)
e) Calculate the gain 4, <

101000‘“
X= 19° _ p.qq01
702
JTc= KIe = 420 MzMJ
__wzv( I¢ R(.

_ 104 1cRe=
V= -10 {az0-7424
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, oy Ay = ;: “\\VE VE o7




11 A CE amplifier circuit utilizes a BJT with = 160 biased at /c = 0.4 mA; it has a collector resistance
Rc =10 kQ. Find gm, Rin, Ro, and Ayo. If the amplifier is fed with a signal source with a resistance of 10 kQ,
and a load resistance R, = 10 kQQ is connected to the output terminal, find resulting 4, and G,. If the peak
voltage of the sinewave appearing between base and emitter is to be limited to 5 mV, what vy is allowed,
and what output voltage signal appears across the load.
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10 AF-
Ve

10K
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ELEG4304 Fall 2021
Midterm Exam

September 16

Question # Max Points Obtained
| 30 e A 5
I 40 3 5
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Total points 100 x 5

Closed book, Closed notes.
No cell phone allowed. No sharing of calculators.

After finishing your test, scan all pages into a pdf file.
Upload your file on canvas under Test # 1.
Handover your test to the instructor.



For the amplifier let Vop =5V, Ro=10kQ, ¥;= 1V, k’» =20 pA/V2, W/L =10, Vs =2V, and

k4

Voo

A=0.
v (a) Find the dc current %nd the voltage'\VD7s,

(b)  Findgm / 5

L\D, Ry 10K (©) Find the voltage gain /v v

J

(d) If vgs = 0.2 sin @ volts, find vy4s assuming that the small-signal

s V95 approximation holds. What are the minimum and maximum values of
= i v o

Vps? v
Qa W =N
> Ip- ‘l’i k'n 7 (Vos —-V'e-“)

Ips.1 s 3
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Vs Vi

¢ fv=

Vismn= -V



I1. For the following circuit:
a) Determine the type of the transistor and type of configuration of this amplifier

V- = +10V b) Assuming S of 100, determine Vg, Ir, Ic, and Ve
c) Determine gm, re, and 7z
d) Sketch ac equivalent circuit (use T model)
e) Calculate the gain 4,
(S
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I ACE amph\f/'ler circuit utlllZ\}S a BJT with #= 160 biased at /c = 0.4 mA; it has a collector resistance
Rc=10 kQ. Find gm, Rin, Ro, ~and Avo. 1f the amplifier is fed with a signal source w1th a re51stance of 10 kQ,
and a load resistance R =10 kQ is connected to the output terminal, find resulting Ay “and (Iv If the peak
voltage of the sinewave appearing between base and emitter is to be limited to ir_n_V what vy is allowed,

and what output voltage signal appears across the load.
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After finishing your test, scan all pages into a pdf file.
Upload your file on canvas under Test # 1.
Handover your test to the instructor.
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ELEG4304 Fall 2021

Test# 2

October 14
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Question #

Max Points

Obtained

40

30
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Total points

100

Closed book, Closed notes.

No cell phone allowed. No sharing of calculators.

After finishing your test, scan all pages into a pdf file.

Upload your file on canvas under Test # 1.

Handover your test to the instructor.




The current-steering circuit below is fabricated in a CMOS technology for which nCox = 400 nA/V?,
1pCox = 100 pA/V2, Vin =05V, Vip =—0.5 V, V’an =5 V/um, and V’ap = 6 V/um. If all devices have L =
0.5 pwm, design the circuit so that Irer = 20 pA, I2 =80 pA, I3 =14 =60 pA, and Is = 100 pA. Use the
minimum possible device widths needed to operate the current source Q2 with voltages at its drain as
high as +1.0 V and to operate the current sink Q5 with voltages at its drain as low as — 1.0 V. Use the
power supply £1.2V. Specify the widths of all five devices and the value of R. Find the output
resistance ro2 of the current source Q2 and the output resistance ros of the current sink Q5

Transistor Qz in following circuit is operating as a CE amplifier with an active load provided by
transistor Q2, which is the output transistor in a current mirror formed by Q2 and Qs. (Note that the
biasing arrangement for Q1 is not shown.) Neglecting the finite base currents of Q2 and Qz, and
assuming that Q1 and Q2 have five times the area of Qs, find the value of Irer and I. If Q1 and Q2 are
specified to have [Va| = 16 V, find the total resistance at the collector of Q1. Find gm1 and r-1 assuming
that 1 = 80. Find Rin, Av, and Ro.

FVoe= 427V

For the constant-current source circuit shown, find the collector current | and the output resistance. The
BJT is specified to have g = 80, Vse = 0.7 V, and Va = 16 V. If the collector voltage undergoes a change
of 2 VV while the BJT remains in the active mode, what is the corresponding change in collector current?
(Note the change is dependent on ro and Rour, So need to find that first)

—

+3V

23k}
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ELEG4304 Fall 2021
Test #2
October 14
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Closed book, Closed notes.
No cell phone allowed. No sharing of calculators.

After finishing your test, scan all pages into a pdf file.
Upload your file on canvas under Test # 1.
Handover your test to the instructor.



L The current-steering circuit below is fabricated in a CMOS technology for which z,Cox = 400 pA/V?,
UpCox =100 PAVE, Vin=05V, Vp=—05V, V'an= 5 V/pm, and V"4 =6 V/um. If all devices have
L =0.5 um, design the circuit so that Jrer =20 pA, I =80 pA, Is = I;= 60 pA, and /5= 100 pA.
Use the minimum possible device widths needed to operate the current source Q2 with voltages at its
drain as high as +1.0 V and to operate the current sink 05 with voltages at its drain as low as — 1.0
V. Use the power supply +1.2V. Specify the widths of all five devices and the value of R. Find the
output resistance ro2 of the current source 02 and the output resistance o5 of the current sink 05
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II. Transistor Q; in following circuit is operating as a CE amplifier with an active load provided by
transistor O, which is the output transistor in a current mirror formed by Q> and Q3. (Note that the
biasing arrangement for Q; is not shown.) Neglecting the finite base currents of Q2 and O3, and
assuming that Q; and Q: have five times the area of Os, find the value of Irer and I. If Q; and Q> are
specified to have |V4| =16 V, find the total resistance at the collector of Q;. Find gms and ru
assuming that 8; = 80. Find Rin, Av, and Ro.

+Vee= +27V C;IV“\ ’

m——————

lun) =V

ﬁ/" XO

IVM: GV v
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III.  For the constant-current source circuit shown, find the collector current [ and the output resistance.
The BIJT is specified to have =80, Va:=0.7V, and V4= 16 V. If the collector voltage undergoes
a change of 2 V while the BJT remains in the active mode, what is the corresponding change in
collector current? (Note the change is dependent on r, and Rour, s need to find that first)
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Closed book, Closed notes.
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After finishing your test, scan all pages into a pdf file.
Upload your file on canvas under Test # 1.
Handover your test to the instructor.



/B The current-steering circuit below is fabricated in a CMOS technology for which u,Cox = 400 pA/V?,
UpCox =100 pA/V2, Vin=0.5V, Vip==0.5V, V4 =5 V/um, and V"4, = 6 V/um. If all devices have
L= 0.5 pm, design the circuit so that Iggr = 20 HA, I =80 pA, I = I;= 60 pA, and Is = 100 pA.
Use the minimum possible device widths needed to operate the current source Q2 with voltages at its
drain as high as +1.0 V and to operate the current sink 05 with voltages at its drain as low as — 1.0
V. Use the power supply +1.2V. Specify the widths of all five devices and the value of R. Find the
output resistance 7,2 of the current source 02 and the output resistance 75 of the current sink Q5
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I1.

Transistor O; in following circuit is operating as a CE amplifier with an active load provided by
transistor O>, which is the output transistor in a current mirror formed by Q> and Q;. (Note that the
biasing arrangement for Q; is not shown.) Neglecting the finite base currents of Q> and 03, and
assuming that Q1 and Q: have five times the area of Q3 find the value of Izzrand 1. If Q) and Q> are
specified to have V4| = 16 V, find the total resistance at the collector of Q. Find gy and rz
assuming that #; = 80. Find Rin, Av, and Ro.
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1. For the constant-current source circuit shown, find the collector current 7 and the output resistance.
The BJT is specified to have =80, V3:=0.7 V, and V= 16 V. If the collector voltage undergoes
a change of 2 V while the BJT remains in the active mode, what is the corresponding change in
collector current? (Note the change is dependent on r, and Rouz, so need to find that first)
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L The current-steering circuit below is fabricated in a CMOS technology for which z,Cox = 400 HA/V?,
p1Cox = 100 PA/VZ, Vi =0.5V, Vip=—0.5V, V"4n =5 V/pm, and V" 4p = 6 V/um. If all devices have
L = 0.5 pm, design the circuit so that Jrer = 20 pA, 2= 80 pA, I3 = I;= 60 pA, and I5= 100 pA.
Use the minimum possible device widths needed to operate the current source 02 with voltages at its
drain as high as +1.0 V and to operate the current sink 05 with voltages at its drain as low as — 1.0
V. Use the power supply +1.2V. Specify the widths of all five devices and the value of R. Find the
output resistance r,2 of the current source Q2 and the output resistance 7,5 of the current sink Q5
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I Transistor Q; in following circuit is operating as a CE amplifier with an active load provided by
transistor (>, which is the output transistor in a current mirror formed by Q> and Q3. (Note that the
biasing arrangement for Q; is not shown.) Neglecting the finite base currents of Q> and Q3, and
assuming that Q; and Q> have five times the area of 03, find the value of Jzzrand 1. If Q; and Q> are
specified to have [V4) = 16 V, find the total resistance at the collector of Q;. Find gm; and rz
assuming that #; = 80. Find Rin, Av, and Ro.
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IIl.  For the constant-current source circuit shown, find the collector current 7 and the output resistance.
The BIT is specified to have # =80, Vs =0.7 V, and V4 = 16 V. If the collector voltage undergoes
a change of 2 V while the BJT remains in the active mode, what is the corresponding change in
collector current? (Note the change is dependent on r, and Rour, so need to find that first)
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FALL 2021

Final Exam

Final covered the following topics:

CMOS Amplifiers

Frequency Response

Miller effect and Open circuit Time constant method
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l. An amplifier is fabricated in a CMOS technology for which
,llnCox =2 ,llpCox =200 MA/VZ, (W/L)n = 100, and (W/L)p = 200, Van =

IVap| =20 V, and | = 800 pA.

‘[:/)

(a)
(b)
(©)

(d)
(e)

R‘--:-: GJ_'I__’

S

Describe the type of amplifier and function of each transistor.
Calculate Voy for Q1 and Q.

Calculate short circuit transconductance for differential input,
Gmd

Calculate Ro

Calculate the differential voltage gain, Aq

Consider the MOS amplifier fed with a signal source having an

internal resistance Rsig = 20 kQ. The amplifier has R. = 10
kQ, Om = 2 mA/V, o= 20 kQ, Cgs =20 ﬂ:, Cdg =5 fF.

(@) Sketch high frequency equivalent circuit

(b) Find the mid-band gain, Awm

(c) Using Miller effect determine Ceq and Cin

(d) Determine the upper 3 -dB frequency fh

(e) Find frequency of transmission zero, fz

Consider a bipolar active-loaded CE amplifier having the load current source implementation with a pnp
transistor. Let the circuit be operated at a 1 mA bias current. The transistors are specified as follows:
S (npn) =200, Van =130 V, Vap =-50V, Cr = 16 pF, C. = 0.3 pF. The amplifier is fed with a signal
source having a resistance of 36 kQ.

(@) Determine Am
(b) Determine Cin

(c) Determine fn using the Miller effect
(d) Determine fy using the open-circuit time constants
(e) Determine the Gain-bandwidth product.

For the following feedback amplifier circuit

(a)
(b)
(©)

(d)
(€)

Identify the type of mixing-sampling

Find expression for frand ideal value of At

Sketch the circuit breaking the loop between drain of
Q1 and gate of Q2

Find expression for closed loop gain Ag

If gm1 =0Om2 =4 MA/V, Rp1 = Rp2 = 10 KQ, R; = 1 kQ,
R2 = 9 kQ, determine £, Af, A, and As
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An amplifier is fabricated in a CMOS technology for which
tnCox =2 ppCox = 200 pA/V2, (W/L)y = 100, and (W/L), = 200,
Van=|Vap| =20V, and I = 800 pA.

(a) Describe the type of amplifier and function of each transistor.

(b) Calculate Voy for Qi and Q.

(c) Calculate short circuit transconductance for differential input,
Gmd

(d) Calculate R,

(e) Calculate the differential voltage gain, Aq
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II. Consider the MOS amplifier fed with a signal source having an internal resistance Rsig =20 kQ. The
D amplifier has Ry, = 10 kQ, gm =2 mA/V, 1, = 20 kQ, Cys =
20 fF, Cgg = § IF.
(a) Sketch high frequency equivalent circuit
Ry & (b) Find the mid-band gain, Am
= R (c) Using Miller effect determine Ceq and Cin
(d) Determine the upper 3 -dB frequency f
(e) Find frequency of transmission zero, {7
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. Consider a bipolar active-loaded CE amplifier having the load current source implementation with a
prp transistor. Let the circuit be operated at a 1 mA bias current. The transistors are specified as
follows: S (npn) =200, Van =130 V, Vap=-50 V, Cx = 16 pF, Cu. = 0.3 pF. The amplifier is fed
with a signal source having a resistance of 36 kQ.

(a) Determine Ay

(b) Determine Ci, g Cw
(¢) Determine frusing the Miller effect K h £
(d) Determine f3; using the open-circuit time constants (3% Yo ‘o Vo
(e) Determine the Gain-bandwidth product. n ‘ = -
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IV.  For the following feedback amplifier circuit

(@)  Identify the type of mixing-sampling

(b)  Find expression for frand ideal value of Ay

(c) Sketch the circuit breaking the loop between drain of
Qi and gate of Q2

(d) Find expression for closed loop gain A5

(e) If gmi = gm2 =4 mA/V, Rp1 = Rpz = 10 kQ, R1 = 1 kQ,
R =9 kQ, determine /3. Af3, A, and Ar
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An amplifier is fabricated in a CMOS technology for which
1inCox = 2 ptpCoax = 200 pA/V2, (W/L)n = 100, and (W/L), = 200,
Van=[Vap| =20V, and 1 = 800 pA.

(@) Describe the type of amplifier and function of each transistor.

(b) Calculate Vy for Qi and Qa. =

(c) Calculate short circuit transconductance for differential input,
Gmd.

(d) Calculate R,

(e) Calculate the differential voltage gain, Ag
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II. Consider the MOS ampliﬂer‘ fed with a signal source having an internal resistance Rsig = 20 kQ. The

amplifier has Ri. = 10 kQ, gm =2 mA/V, 1, =20 k_(@
20 fF, Cgg =5 fF.
C(’a‘)*Sk equency equivalent circuit

Find the mid-band gain, Am
(c) Using Miller effect determine Ceq and Cin
(d) Determine the upper 3 -dB frequency fi/
(e) Find frequency of transmission zero, fz
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II.  Consider a bipolar active-loaded CE amplifier having the load current source implementation with a
pnp transistor. Let the circuit be operated at a 1 mA bias current. The transistors are specified as
follows: £ (npn) =200, Van =130 V, Vap =-50 V, Cx = 16 pF, C, = 0.3 pF. The amplifier is fed
with a signal source having a resistance of 36 kQQ. =

Determine A
(b)- Determine C, Rsi 9 =3k Q
(c) Determine f7;using the Miller effect
(d) Determine f using the open-circuit time constants
(e) Determine the Gain-bandwidth product.
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IV.  For the following feedback amplifier circuit

(a) Identify the type of mixing-sampling

(b)  Find expression for frand ideal value of Ay

(c) Sketch the circuit breaking the loop between drain of
Q1 and gate of Q2 .

(d) Find expression for closed loop gain 445

(e) If gmi = gm2 =4 mA/V, Rp1 = Rp2 = 10 kQ, R; = 1 kQ,
Ra> =9 kQ, determine S, A5, A, and As
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4.13
L An amplifier is fabricated in a CMOS technology for which
nCox =2 ppCox = 200 pA/V2, (W/L)a = 100, and (W/L), = 200,
Van=[Vap| =20V, and I = 800 pA.

(a) Describe the type of amplifier and function of each transistor.

(b) Calculate Voy for Qi and Q.

(c) Calculate short circuit transconductance for differential input,
Gmd

(d) Calculate R,
(e) Calculate the differential voltage gain, Aq
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1 Consider the MOS amplifier fed with a signal source having an internal resistance Rsig = 20 kQ. The
D

amplifier has Ry, = 10 kQ, gm =2 mA/V, 1, =20 kQ, Cgs =
20 fF, Cqg =5 fF.

(a) Sketch high frequency equivalent circuit

(b) Find the mid-band gain, Am

(c) Using Miller effect determine Ceq and Cin

(d) Determine the upper 3 -dB frequency fi

(e) Find frequency of transmission zero, f



III.  Consider a bipolar active-loaded CE amplifier having the load current source implementation with a
pnp transistor. Let the circuit be operated at a 1 mA bias current. The transistors are specified as
follows: B (npn) =200, Van =130 V, Vap =-50 V, Cz = 16 pF, Cp = 0.3 pF. The amplifier is fed

with a signal source having a resistance of 36 kQ.

(a) Determine Ay
(b) Determine Cix
(¢) Determine fusing the Miller effect

(d) Determine fr using the open-circuit time constants Q 5

(e) Determine the Gain-bandwidth product.
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IV.  For the following feedback amplifier circuit

(a) Identify the type of mixing-sampling

(b)  Find expression for Brand ideal value of 4y

(c) Sketch the circuit breaking the loop between drain of
Qi and gate of Q2

(d)  Find expression for closed loop gain A/

()  Ifgmi =gm=4mA/V,Rp1 =Rp2=10kQ, R; =1kQ,
Ra =9 kQ, determine /3, 4/, A, and 4y
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ELECTRICAL & COMPUTER ENGINEERING
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
ELEG4304 ELECTRONICS II
FALL 2021
Instructor: Dr. Mohan Ketkar
Title of Assignment

Design of Class AB Power Amplifier

Outcome 2

An ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factor

Involves identifying the specific needs to be met by defining/understanding the problem
and developing plans for the project to satisfy the need

Involves conducting a review of the literature and performing preliminary design by
generating alternative ideas/solutions and applying creativity

Involves performing detailed engineering design leading to specification and
fabrication/selection of components for system being designed.

Involves consideration of one or more of the following (Please check those involved in
this assignment.)

Public health

Safety and welfare

Global factors

Cultural factors

Social factors

Environmental factors

X Economic factors

Involves fabrication and testing of model or prototype

Brief justification of the suitability of assignment for the outcome

Students will select circuit configuration from the various circuits studied and expected performance.
Implementation of Safety and protection features are required. Students will design the amplifier to meet
given specifications. Utilize circuit simulation to evaluate performance such as power level, distortion, and
frequency response. Students will also perform a sensitivity analysis for critical components.




ELEG 4304 Fall 2021
Course Design Project

In this project you are going to design a Class AB audio power amplifier to meet desired specifications. Once you have
designed, you will need to run simulation using MultiSim and optimize your design. You will need to refer to Ch 12 of
the text and other references to design your circuit which has additional safety features.

Your project report should include the design, schematics, figures, tables, pictures, simulation results, conclusions, and
references. Length of the report should not be less than 12 pages including cover sheet.

You must upload your report on Canvas and Taskstream by November 23 midnight.

Class AB Audio Power Amplifier specifications:

Design a Class AB Audio Power Amplifier with following specifications. The additional requirements are safety,
environmental impact, and economical aspects of your design. Choice of design/selection of parts should include short
circuit protection and thermal runaway and minimal impact on environment when parts get recycled.

Power Output: At least 5 Watts in 6.2 Q fixed load

Overall Efficiency greater than 50%

Distortion must be less than 0.5 %

Use dual power supply (e.g., £ 6 V). Specify the power supply rating you selected.
Transistors available 2N3904, 2N3906, TIP31C, TIP 32C

Op-Amp available LM 741.

Diodes: 1N4001, 1N4148

Sensitivity: Input signal 100 mV rms across 10 kQ for full output power.

Frequency range: 20 Hz to 20 kHz

Note you may need to use multistage configuration. Search the literature to come with most economical configuration.
Run simulations on your design using MultiSim. Redesign to meet or exceed the expectations.

Present your design with specifications of each component. Please estimate the cost the amplifier based on retail prices of
each part.

Extra Credit: To build your design and test. Parts will be made available.



ELEG4304 ELECTRONICS 11

FALL 2021
j:kw Garett™
GRADING SCHEME FOR ASSIGNMENT _~
( Item Points | Maximum
achieved | Points
1. Design objectives and constraints
e Plan of the project :
e Involve safety and economic features ?-) O 30
2.  Literature review and preliminary design L
¢ Simulation results S 5
3.  Circuit design
e Calculations and simulations l o 15
e Include safety and economic considerations
4. Conduct experiments and/or simulation -
e Collect data to show that your designed circuit \ 5 20
meets the design specifications
S. Analysis and interpretation of results
e Present data in tabular form or graphical form. \ (‘ 15
e Use of appropriate statistical method to
analyze the results.
6. Discussion of results and Conclusions \ O 10
e Draw appropriate conclusions
7. General write-up of report
Grammar and adequacy of graphs and figures
Proper labeling of graphs and figures S 5
Proper references
8. Composite Grade (_{ LS 100
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Design of a class AB Audio Amplifier

Design Criteria:

Operational Range 20 Hz — 20 kHz

Efficiency 50% or greater
Power Delivery Minimum of 5 Watts to a 6.2 ohm load

Distortion Less than 0.5%

The design must also include short circ\?protection and thermal runaway prevent\iy/“

Parts Available:
Transistors: 2N3904, 2N3906, TIP31C, TIP32C
Op-amps: LM 741
Diodes: 1N4001, 1N4148
Resistors: Any

Thermal Runaway:

Thermal runaway occurs when the heat generated causes electrical parameters to change in
such a way that even more heat is produced, leading to a positive feedback loop of heat. To
stop thermal runaway in this amplifier circuit two resistors of ,véry low value are placed at the
outputs of the power transistors (see figure 1). (

5&?@7

2N3806

Q3
TIP31C

Figure 1:

Thermal Run-
away Preven-
tion Resistors



Short-Circuit Protection:
To protect the circuit in case the output is accidentally short circuited to ground. A voltage
sensing transistor is placed across the thermal runaway resistor (see figure 2). This is so that
when the large current is drawn during the short circuit scenario a large voltage is then pro-
duced between the emitter and the base. This causes the transistor to start conducting which
\}l?wlﬁwers the currint at the base of the darlington pair output. This is essentially acting as a

rrent limiting device. Pw‘f@ W / ( { 47
O [ Aéay

(&b
Figure 2: Short-Cir-
cuit Protection Tran-
sistor



Design 1:
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Results:
Table 1: *Results gathered using a 6.2 ohm load*

Frequency (Hz) P(supply) (W) P(load) (W) Efficiency (%) Distortion (%)

[ 20 21.7 13.7 63.13 0949
10k 14.81 4.72 31.87 4,56
20k &}0?9 1.29 12.18 5.16

( & (Ve .
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Discussion:

In design 1 the amplifier does not get below 0.949% distortion and then gets more and more

distorted as the frequency increases. This same picture of the amplifier getting worse the

higher the frequency can also be seen in the efficiency of the amplifier. As the problem seems

rse the higher the frequency, it points to something not being able to keep up with

er frequency switching. The most likely culprit is the op-amp. So in design 2 switching
the op-amp out with a high speed switching transistor, in a common emitter voltage amplifier

\formas the pre-amp stage, the 2N3904, will perform better.
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Results:
Table 2: *Results gathered using a 6.2 ohm load*

Frequency (Hz) P(supply) (W) P(load) (W) Efficiency (%) Distortion (%)
20~ 54.306 28.9 53.217 0.265
0k 54.306 28.9 53.217 0.000
’\/ 20k 54.306 28.9 §53.217 0.268
Discussion:

Just changing the op-amp out from design #1, to the 2N3904 high speed switching transistor,
improved the overall performance to such a degree that it does not just meet the design mini-
mums but exceeds them in every category. Design #2 delivers almost six times the minimum
required power to the 6.2 ohm load. Design #2 maintains a 53% efficiency across the opera-
\;i?ai range. Design #2 never exceeds a distortion greater than 0.268% over its operational
{ range.

Conclusion:
As predicted the LM 741 was not able to keep up with the high speed switching. Replacing it
with the 2N3904 in a common emitter voltage amplifier configuration made the amplifier
work as needed. The resistors in the pre-amp stage and the biasing stage are common values,
this means they are cheap and easy to get. However the values for the thermal runaway resis-
tors are more uncommon and thus are more expensive. The thermal runaway resistors need
to have as small a value as possible so that they do not absorb power that should be going to
the load. Therefore, even thiu/ghg:lie} are more expensive they can’t really be replaced. The

cost of the working design (design'2) comes out to be:

Part Part # Number Required Price per part for order

of 100

50 ohm resistor RC0402JR-0750RL 1 $0.007

1.1 kohm resistor ERJ-UP3F1101V 2 $0.086

1 mohm resistor PML100HZPJV1L.0 1 $0.575

80 mohm resistor ERJ-B2CFR082V 1 $0.20

2N3904 2N3904TF 3 $0.167

2N3906 2N3906TF 2 $0.161
TIP31C TIP31C 2 $0.

Total: 791



/
Deéfgn Methodology:

\_”" 1took a practical approach to designing this amplifier circuit. Firstly I took the
theory such as voltage/power amplification, short circuit protection, thermal
runaway prevention methods and laid them out in the order that they would be
required. Then I started with an approximate value of the resistors, this gets
around where the amplifier needs to be performing. An example would be from
design 1 [ knew that I needed to start with at least a 62-65x amplification on the
pre-amp stage. After getting roughly where you need to be then you start tuning
the amplifier by adjusting the resistors until the distortion, power delivery, and
efficiency are where you can accept them. This makes the design process less
easier as some of the values that are helpful in calculations are not easily ob-
tained from the data sheets available for the parts. An example of this is the cur-
rent gain on the 2N3904 you must interpolate the approximate value from a log-
arithmic graph, this is really unhelpful as it is for only one value of I.

\



Sources:

(1]

(2]

[4]

(5]
[6]

https: //www.mouser.com/

Mouser helped me find the prices foxth€ various components so that I could take into
cosideration the price of each component.

ON Semiconductor, “General Purpose Transistors,” 2N3906 datasheet, Rev. 4,
Feb. 2010.

ON Semiconductor, “General Purpose Transistors,” 2N3903 & 2N3904
datasheet, Rev. 9, Aug. 2021.

STMicroelectronics, “Power Transitors,” TIP31C datasheet, Rev. 1, Apr. 2006.
STMicroelectronics, “Power Transitors,” TIP32C datasheet, Rev. 2, Nov 2006.

National Semiconductor, “Operational er’ LM741 datasheet, Aug 2000.
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