ANALOG INTEGRATED CIRCUITS

FUNDAMENTALS

Gey
APPLICATIONS

VIDEO COURSE
STUDY GUIDE

Return_for use by other employees

MAGNETIC PERIPHERALS INC.

G, éé‘rﬁb?:géxgxcom&morﬂ RIGID DISK ENGINEERING

PO. Box 12313
1984

Oklahoma City, Oklahoma 73157



THIS COURSE IS INTENDED FOR
Electrical engineers who have graduated some time ago and feel the need to
refresh and update their knowledge on transistor circuits.,
Electrical engineers who have graduated recently but feel the need to have
a quick review and then go much more in depth and coverage than normally
encountered in undergraduate study of tramnsistor circuits.
Other engineers and scientists who like to acquire the necessary knowledge
on transistor circuits in a very short time,

THE GOALS OF THE COURSE ARE
Starting with the fundamentals, present a thorough and extensive under—
standing of the low—frequency behavior of the bipolar tramsistor.
Present and discuss in detail commonly used discrete and integrated analog
circuits.
Provide design oriented practical information that can be used readily.
Provide the necessary tools, skills, and confidence for analyzing as well
as designing analog transistor circuits,

HOW THE GOALS ARE ACHIEVED
By solving one practical circuit problem after another.
By demonstrating the actual performance characteristics of some of the
widely used circuits that are discussed.
By pntting‘together circuits that are commonly used as building blocks to
design more complex circuits,

SUGGESTED STUDY FORMAT

1. View the videotape.

2'

Then try to reproduce all derivations on your own. Since the lectures are
entirely on analysis and discussion of practical and useful circaits, being
able to derive all the results by oneself demonstrates intimate knowledge

and understanding of the circuits involved.
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PREFACE
The course deals with bipolar transistor analog circuits that are essential
in the design of a large variety of amplifiers. The entire series consists
of 19 videotapes, averaging about 43 minutes in length, devoted to a
thorough understanding of widely used amplifier circuits. For convenience,
the series is divided into four modules.
Module A: Bipolar Transistor Fundamentals and Basic Amplifier Circuits.
The characteristics of diodes and bipolar transistors are presented and
discussed. Then the small-signal equivalent circuits are derived. Large
and small-signal characteristics of common—-emitter, common—base, common—
collector, and composite transistor amplifiers are derived and discussed.
(Seven lectures with five demonstrations.)
Moduie B: Current Sources and Applications.
Widely used dc current sources are presented and discussed in detail.
(Four lectures with one demonstration.)
Module C: The Differental Amplifier.
The differential amplifier is discussed in detail. (Four lectures with
three demonstrations.)

Module D: _Class A, B, and AB Output Stagés and pA741 Operational Amplif-

ier.

Class A, class B, and class AB output stages are discussed in detail.
Finally, the versatility of the circuits discussed in various modules is
demonstrated by showing how they are put together in the design of the

pA741 operational amplifier. (Four lectures with two demonstrations.)

iv



PREREQUISITES
Working knowledge of circuit theory. Knowledge of Laplace transformation
is not necessary.
Understanding of basic transistor circuits. Determined individumals can
acquire this knowledge while taking this videotaped course since it covers

the basics as well as more advanced material.

REFERENCES

Analysis and Design of Analog Integrated Circuits, P.R. Gray and R.G.

Meyer, Wiley 1977. This is a basic reference and can be used as textbook
to supplement the videotaped lectures,

Basic Integrated Circuit Engineering, D.J. Hamilton and ¥.G. Howard, McGraw
Hiil. 1975.

Introduction to Integrated Circuits, V.H. Grinich and H.G. Jackson, McGraw

Hill, 1975.

Applied Electronics, J.F. Pierce and T.J. Paulus, Bell and Howell, 1972.
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MoDLLE A

LECTURE SUMMARIES
7 —7
Characteristics of diodes and transistors.

The pn junction diode equation is presented and discussed. The input and
output characteristics of the bipolar transistor are derived from the
Ebers—Moll model. Circuit models are obtained with Vbe or Ib as a depen—
dent parameter. Departures from the Ebers—Moll model are discussed.

Demonstration: The output voltage of a discrete transistor is compared

with an integrated circuit.

The small-signal eguivalent circuit of transistors.

Using the forward-active—region large—signal characteristics of the
transistor, the small-signal input— and output— equivalent circuits are
obtained. T By B, and r  are defined graphically as well as mathemati-
cally.

The common—emitter amplifier.

The large—signal characteristics of the common—emitter amplifier with
resistive load are presented. The small-signal characteristics are
derived, and the expression‘of gain as a function of the.operating point is
obtained and plotted. The common—emitter amplifier with current-source
load is discussed,

Demonstration: The transfer characteristics of common—-emitter amplifiers

with resistive and current-source loads are compared.
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4.

The common—base and the comﬁon—emitter amplifier.

Genera] analysis of transistor circuits. The large—-signal characteristics
of the common-base and common—emitter amplifers are derived. The operating
point of a tramsistor circuit having a resistance and a voltage source con~
nected in series with each terminal lead and ground is obtained. The
small-signal equivalent circuits facing each source are derived.

Demonstration: Distortions caused by voltage and current excitations are

compared for small and not so small sinusoidal output—-signal amplitudes.
Input and output—-equivalent circuits. Tnput- and outpuot—-equivaleant cir—
cuits for the common—emitter, common-base, and commomn-collector amplifiers
are obtained with and without the T, of the transistor.

CC-CC, CC-CE, and CE-CB amplfiers. Equivalent circuits of composite Cc-CcC,
CC-CE, and CE-CB transistors are obtained. The large- and small-signal
characteristics of the cascode amplifier are derived.

Demonstration: The collector characteristics of the transistor are com—

pared with the cascode—connected transistor.

Biasing. The power—supﬁly sensitivities of base—current and base-voltage
controlled-bias circuits are compared. Fixed collector—current bias cir
cuits using ome and two power supplies are given. The need for using dc
current sources for biasing is shown.

Demonstration: Power supply sensitivities of fixed base—current and fixed

base-voltage bias circuits are compared.
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10.

11.

—

MoDULE B
==

LECTURE SUMMARIES
Dc current sources. The ideal and actual dc curremt source characteris—

tics are presented. Methods are given for measuring the output charac-
teristic curve. Equivalent circuits of current sources using a single
transistor with ome or two power supplies are derived. The basic
integrated circuit used for current source genmeration is introduced and
discussed.

Dc current sources. Current sources based on a common reference are

given. Causes for mismatches in current sources are discussed. The Widlar
current source is introduced and its reduced dependence on power supply
voltages is shown.

¥Widlar and cascode current sources. The output equivalent circuits of the
Widlar and cascode current sources are derived. Different value current
source circuits based on a common reference are given, A stabilized bias
circuit for an amplifier is discussed.

Demonstration: The characteristics of a simple, a Widlar, and a cascode
current source are compared.

The common—emitter amplifier with resistive and active loads. The 1large-
and small-signal characteristics of the common—emitter amplifier are dis—
cussed graphically and analytically for three kinds of loads: resistive,
jdeal current source, and actual current source. The expression showing

the dependence of the gain on the output operating point is derived.
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MODULE C

e
LECTURE SUMMARIES

72 — 18

2, The differental amplfier. The large— and small-signal characteristics of

13.

14.

15.

the differential amplifier are derived. Input- andboutput~equiva1ent cir-
cuits arc given,

Demonstration The transfer characteristics and the variations of the
base—to—emitter voltages of the differential amplifier are displayed.

The differeﬁtig! gmglifiet.(cht'd). The input is decomposed into the
common—and ditfcrence—modc compcnents, and the co;responding half circuits
are obtained; The‘cxpressicns for'the common-— gnd difference-mode gains
are Adcrived; Thc«common—mode—rejection ratio is defined and a method for
improving it iékgiven. Mismatches in..tesistor and catuiaticn current

#alues are shown to result in the offset voltage;

The diffetential‘amplifier.(Contfd). Offset current is defined and calcu-

llated,' A ”method~for measuring offset voltége and current is given. The

input reszstance and the gain of two d1fferentia1 amplif:crs are compared '
A d1fferent1a1 amp11f1er with an active load is presented and the effect
of m1smatchesvin saturation currents on the outpnt voltage is calculated.

Demonstration: A method for measuring ratios of saturation currents is

‘given,

The differential amplifie;;(ccnt'd). The common- and difference—mode

gains of the differential amplifier with active load are calculated ~ The

" expression for the offset voltage is obtained, A current dxffc:ence

~ amplifier using a single power supply is presented and discussed.

Demonst;ation:' The transfer characteristics of the differential amplifier

with active 1load is displayed. The effect of mismatches in saturation

currents is demonstrated.



16.

17.

18.

MOTN/LE

LECTURE SUMMARIES
: Jo — 19
The class—A emitter—follower output stage. The transfer characteristic of

the class—A emitter—-follower output stage is derived and plotted. The

small-signal gain is calculated and is shown to be practically constant
regardless of the value of the collector curreat. Expressions for instan-—
taneous and average output power and power conversion effciency are

obtained.

Demonstration: 'The transfer characteristic and input and output waveforms

of the class—A output stage are demonstrated.

The class—A and class-B output stages. Instantaneous and average power
dissipation expressions for the class-A output stage are obtained and
plotted. The points for maximum collector power and standby collector
power dissipation are shown. on the load line. The transfer curve of the
class-B émitter-follower output stage -showihg crossover distortion 1is
presented. Various waveforms needed for power calculatibns are given, and
the ﬁower conversion efficiency is obtained.

The class—AB output stage.. The transfer characteristic of the class—AB

output stage is derived as a function of the base—to—base voltage, and it
is plotted to show how crossover distortion can be eliminated. Means for

generating the base—to—base voltage are presented and discussed.

Demonstration: The transfer characteristics and waveforms associated with

the class—AB amplifier are demonstrated.
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19. The pA741 operational amplifier. The pA741 operational ﬁmplfiet is used

as an example to show how the various circuits presented and discussed in
previous lectures are put together to design an integrated circuit opera-
tional amplifier. With the two inputs grounded and the output at zero,
all quiescent currents are calculated. Then, the amplifier is parti-
tioned into the input differential stage, the intermediate gain stage,
and the output stage. The small-signal input— and output- equivalent
circuits are calculated for each stage and then put together to determine

the overall gain. Feedback is used to stabilize the gain.
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