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Introduction
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1. About analog circuit experiments

One of the ultimate goals for the study and research of electronic science and
technology is to design and manufacture a variety of electronic equipment.

A modern circuit typically contains analog circuits, digital circuits and computer
circuits. Circuit systems consisting of analog circuits are becoming less and less. Analog
circuitry is, however, often part of the circuit system. Thus analog circuit theory and
technology is one of the major topics in microelectronic circuit design.

The procedure of learning circuit design could be divided into three phases: basic
circuit theory, wunit circuit design and fabrication, circuit system design and
manufacturing. For analog circuits, the course about analog circuits taught in the
classroom covers basic circuit theory, which could be considered as the first phase of
learning about analog circuits. This course is aimed at verifying basic circuit theory,
laying the foundation for unit circuit design and fabrication, which could be considered
as the second phase. In addition, there is an experiment which could be considered as an
initial, relatively simple circuit system design practice.

Analog circuit experiments is a course of further learning analog circuits by
experiments after the analog circuit theory course, which is a critical phase of learning
about analog circuits.

2. Contents of learning in this course

(1) Use learned knowledge to do verifying experiments

In the experiments, students will learn to use oscilloscopes, signal generators,
multimeters, dc power supply sources, etc. They will learn to recognize the physical
significance, physical dimension, accuracy, etc. of data obtained by instruments. They
will also learn to use common circuit drawing, simulation, analysis, printed circuit
board design software applications, such as EWB and Protel; and learn to use common
circuit experiment tools, such as a breadboard and soldering iron.

(2) Read component datasheets

Components shown in the analog circuit textbooks are mostly ideal components.
You will choose suitable nominal components in circuit design. You will inevitably
encounter real components in analog circuit experiments. Moving from a theoretical
knowledge of the ideal component to an understanding of the nominal component, and

finally to a concrete ability to use the real component requires a substantial amount of
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learning.

Take a resistor as an example. In the ideal component, there is only one parameter
to describe a resistor; namely, the resistance value. In the nominal component, there
are at least the following characteristics: material, structure, rating power, nominal
value and accuracy. In the real component, beyond the descriptions of nominal
component there are at least the following characteristics: thermal stability, aging
characteristic, component quality grade, etc. Also, the real resistance value of the
resistor is usually similar to the nominal value of the resistor, but not exactly equal to
the nominal value.

Take an op-amp as another example. For an ideal op-amp, there are at least the
following assumptions: open-loop gain is infinite, input impedance is infinite, common
mode rejection ratio is infinite, input offset voltage is zero, input offset current is zero,
and the output resistance is zero. There are a great variety of op-amps. The op-amps
used in this experimental course are the LF351 and the OP07, the datasheets of which
can be found at http://www. 2lic. com/. The datasheet of an op-amp describes the

nominal op-amp which is more complex than the ideal op-amp. The nominal op-amp is

the basis for op-amp circuit design and analysis. A performance parameter in the

-datasheet of a nominal op-amp is often given minimum, typical, and maximum values;
this shows that the performance parameters of real op-amps with same type may be
different from each other, but should be within the performance parameter range of the
nominal op-amp.

Due to the differences between real components and ideal components for a circuit,
the performance of the real circuit and the performance of the circuit designed with ideal
components are different; sometimes these differences may be large. Therefore,
analyzing a real circuit must take the relevant parameters of the real components into
account, which complicates the analysis. Taking real component performance
parameters into account, using the theory of linear systems to analyze the experimental
circuit, allow results obtained by the analysis to often correspond quite closely with the
real measured results. This is very useful for precision circuit design.

(3) Analyze unfamiliar circuits by applying knowledge learned

For example, in Lab 4, students analyze the equivalent internal circuit of the
integrated power amplifier LM386; in Lab 10, they analyze magnitude frequency
characteristic of the fourth-order low-pass filter.

(4) Design circuits by applying knowledge learned

For example, Lab 12 requires the experimenter to design a small-signal amplifier.

(5) Design part of an electronic system by applying knowledge of analog circuits
from this course, along with knowledge from other courses

For example, Lab 13 requires the design of a programmable amplifier, along with
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the input dynamic compression and A/D sampling circuit.

3. Examples of issues in circuit design and analysis

(1) The interference in a circuit caused by dc power source coupling

Consider the example shown in Figure 0 - 1, in which there are a small-signal circuit and
a large-signal circuit in the same circuitry. The current from the dc power source to the large-
signal circuit through the equivalent power source internal resistor R, causes the output voltage
dc power source fluctuation. For the small-signal circuit, the transistors would directly or
through resistors and other components be linked with the dc power source, so that the output
voltage fluctuation of the power source caused by the large -signal circuit would inevitably
appear in the output of the small-signal circuit. In some circuitry without dc power supply
decoupling circuit, the voltage fluctuation coupled to the small-signal circuit could even prevent
the whole circuit from working normally.

Consider also the example shown in Figure 0 — 2, in which a decoupling circuit is
added. When the current to the large -signal circuit is small, the dc power source
supplies current to the large-signal circuit and at the same time, charges the capacitor
E,, the dc current from the dc power source is not reduced much. When the current
required by the large-signal circuit is large, at the moment when the output voltage of
the dc source begins to decrease, both the dc power source and the capacitors supply
current to the large-signal circuit instantaneously, so the dc current from the dc power
source is not increased much. Thus the output voltage fluctuation of the dc power
source is greatly reduced. For the small-signal circuit, through the decoupling circuit
filtering, the voltage fluctuations of the dc power supply to the small-signal circuit are
further reduced. By choosing appropriate values of R and C in the decoupling circuit,

the interference caused by the power source coupling can be reduced to a tolerable level.

Vee I 'Tt—
{ E, I C,
R Large Small
signal signal Small
unit unit signal
unit
T

Figure 0 -1 Illustration of dc power source

Figure 0 -2 Illustration of dc power source de
coupling and grounding path coupling

coupling and grounding path decoupling

There is also ground path coupling interference in the circuit system shown in

Figure 0 - 1. An example of the grounding path decoupling configuration shown in
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Figure 0 — 2 is known as “one point grounding”. For the dc power source, the current
through the grounding path back to its negative terminal is equal to the current from its
positive terminal. The grounding path on a circuit board has resistance. Different units
on the circuit board sharing a mutual grounding path can produce grounding path
coupling. So, different units on the circuit board sharing a mutual grounding path must
be avoided. There are more than ten units on the experimental board. Although all the
grounds of the units are connected, the path and distance from each unit to the point of
the dc power source are different. In an experiment, multi-point grounding, or
grounding to other units could cause circuit output noise and/or interference to increase,
and could even cause self-excitation. Taking Lab 4 as an example, the current of the
power amplifier is larger than that of the voltage amplifier, and without “one point
grounding” and “nearest grounding”, self-excited oscillation will probably be caused by
feedback due to grounding path coupling.

For an electronic circuit with several units, you must partition the board area to arrange
the different units, and connect all the unit grounds at the ground of the dc power source, so
as to achieve dc power supply decoupling and grounding path decoupling.

(2) Linear distortion caused by the circuit with limited pass-band width

Usually most of the signals are transient signals, such as voice signals, which have
a certain bandwidth. If the pass-band of a linear circuit is wider than the bandwidth of
the signal, and the circuit has linear phase, the output signal has no distortion.
Otherwise, there will be distortion. The distortion caused by a circuit with limited pass-
band width is called linear distortion. The narrower the pass-band of the circuit, the
larger the overshoot and the longer the transition time of circuit step response.

For example, consider the circuit which is a second-order band-pass circuit with center
frequency 1000 Hz, with an input of a 1000 Hz sine filled square wave. Figure 0 — 3 shows the
output waveform of the circuit with Q, & 0. 1, which is almost the same as the input
waveform. Figure 0 — 4 shows the output waveform of the circuit with Q, =~ 30, which is
obviously different from the input waveform. Usually, for circuit transient response, it is

hoped that the transition time is short, and the overshoot is small, as shown in Figure 0 - 3.

021
% % 0.1 7
G £ 0
> =]
Z -0.11
-0.24
Figure 0 -3 Output waveform when the Figure 0 -4 Output waveform when the circuit
circuit with 9, =0. 1 with Q, =30
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(3) Nonlinear phase shift distortion

For a signal passing through a circuit, the output signal phase will lag the input
signal phase. For a wideband signal through a circuit, only if the circuit phase frequency
characteristic is linear, that is

do(w) _
dw

— constant. -1

Will the time delay of different frequency signal components through the circuit be the
same, otherwise nonlinear phase shift distortion will occur. In equation (0 -1), the 4
(w) is the phase which is the function of angular frequency; “—" indicates that the
circuit is a physical system in which output lags input.

Figure 0 - 5 shows the superposition of two signals, frequency: f;= 6 MHz, f,=
18 MHz; amplitude: V= 3V, V,= 1V; phase: 6,,= 0°, 0,,= 0°. Figure 0 -6 is the
superposition of two signals, phase: 6, = 0°, §,= 20°, the frequency and amplitude are
same as Figure 0 — 5. The figures show that the superimposed time domain waveforms
with different phases are not the same. For output of the time domain waveform to be

observed, distortion such as shown in Figure 0 - 6 is not allowed.

Oscxibuncipe,

1 4856 ns
1.9839 v

[ 1308 6862 us

1.8085 v

Figure 0 - 5 Simulation of superposition of Figure 0 - 6 Simulation of superposition of two
two sine waves with same phase sine waves with phase shift

(4) Nonlinear amplitude distortion—harmonic distortion

Harmonic distortion is a common circuit nonlinear distortion.

If a circuit, with an input sine wave with period T, produces an output signal still
of period T, but which is no longer a sine wave, then this phenomenon can be
quantitatively described as harmonic distortion. Taking x(z) = X sinwyt as input, the
output y(#) can be represented as a Fourier series

4o

2 -+ Ea,,cosnwot—f—b,,sinnw ot

n=1

y() =

=2+ 2 Aycos (nwot — g). 0-2)

n=1
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The second harmonic distortion and third harmonic distortion are defined as follows

— A

d3=&X1OO,d2—A X 100. 0-3)
1 1

Thus total harmonic distortion of the signal is defined as

g YATF AT+ F AL -

A, (0-4)

4. About computer circuit simulation

In this course, we use Electronics Workbench and Protel to do computer circuit
simulation, both of which are SPICE-based software.

It must be noted that the circuit in a computer simulation is not a real circuit.

In simulation, each component in a circuit is represented by a mathematical model.
Mathematical models link the schematic in the circuit window with the mathematical
representation. The mathematical representation of a circuit is a set of simultaneous,
nonlinear differential equations. The set of nonlinear differential equations is
transformed into a set of nonlinear algebraic equations. These equations are further
linearized to a set of linear algebraic equations. The set of linear algebraic equations is
efficiently solved numerically. So, the accuracy of the component models determines the
degree to which simulation results match real-world circuit performance.

5. Postscript

Due to the curriculum schedule, now some students may be not able to understand
some of the issues mentioned above because they haven’t yet studied topics such as
circuit and system, linear algebra, integral transformations, etc. I hope that after
completing the courses mentioned above, students will return to study these issues again
in order to have a clear, objective understanding of the circuit analysis and design.

Analysis and design of circuits must be based on circuit and system theory, in
which magnitude frequency characteristics and phase frequency characteristics of a
circuit are very important, but are often ignored. Some people say analog circuit analysis
and design mainly rely on practical experience, and the errors of the circuit can be
smoothed away or even eliminated by adjustments based on experience. This statement

is incorrect.

FHZRIT
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1. Components shown in the analog circuit textbooks are mostly ideal components.
You will choose suitable nominal components in circuit design. You will inevitably
encounter real components in analog circuit experiments.

B L B BB T L PR B AR T . FE R BRI b R S FEE B AR AR
JCfF. TERLHLE PRSI0 v, AR AN A sk 6 3 38 3 S oo

2. The real resistance value of the resistor is usually similar to the nominal value of
the resistor, but not exactly equal to the nominal value.

S o e, BEL % i, BEL{ELHE 5 1% L BEL A AR PR 22 AN 22, (ELE AN A% 55 T AR PR 1R

3. A performance parameter in the datasheet of a nominal op-amp is often given
minimum, typical, and maximum values; this shows that the performance parameters of
real op-amp with same type may be different from each other, but should be within the
performance parameter range of the nominal op-amp.

BHE T P bR AR IS UM YERESBUR W 45 B IME B BUE | BoRME, X R I [R) 8L 552
BRIz i P RE S B0 B 2Z 8] A AT REAS 8], (B SR AEARARIZ I RES BTE 2 N

4. Taking real component performance parameters into account, using the theory of
linear systems to analyze the experimental circuit, allow results obtained by the analysis
to often correspond quite closely with the real measured results.

TR SERR T RES A, I R SIS s pr SC B L B, AT TR B S5 R S
SRR A5 R AR TR

5. Different units on the circuit board sharing a mutual grounding path can produce
grounding path coupling. So, different units on the circuit board sharing a mutual
grounding path must be avoided.

FEHL AR AR SoT R AT 5 R R R . Rt . A0 755k Sl B AR B A [R] 0
AL

6. The narrower the pass-band of the circuit, the larger the overshoot and the
longer the transition time of circuit step response.

L 0% P AR A ) L 7 BERC W 7 P A ) B AC  ad JREA RR [R

7. Will the time delay of different frequency signal components through the circuit
be the same, otherwise nonlinear phase shift distortion will occur.

B AN [R) 451 38 1 15 5 4 B S e P B P B AR A ] 75 DK R A AR R PEAHRE R L

8. In simulation, each component in a circuit is represented by a mathematical

model. Mathematical models link the schematic in the circuit window with the
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mathematical representation. The mathematical representation of a circuit is a set of
simultaneous, nonlinear differential equations. The set of nonlinear differential
equations is transformed into a set of nonlinear algebraic equations. These equations are
further linearized to a set of linear algebraic equations. The set of linear algebraic
equations is efficiently solved numerically. So, the accuracy of the component models
determines the degree to which simulation results match real-world circuit performance.

P ES, B JoF i HBCARRIR R . XEHCA BRI IBUF R IA X SR RS 1
HE B R PR AR R . R BRI BCE R AR M TR . AEA R O R
HP AL A AR ERBOT R . Z I BA M — PR AR BT RH . KR
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Lab1 Common-Emitter Voltage Amplifier

St — HREHREBEBAE

Purpose

@ Learn to use electronic instruments to measure parameters of electronic circuits.

® Learn the method of adjusting the quiescent operating point (simplified as
Q-point) of the common-emitter voltage amplifier.

® Measure the forward current gain coefficient of a BJT, the voltage gain, Bode
plot, the harmonic distortion, the input resistance and the output resistance of the

common-emitter voltage amplifier.

Pre-lab

@ Be familiar with the working principle of the common-emitter voltage amplifier.

® Set the Q-point, calculating voltage gain, input and output resistances of the
common-emitter voltage amplifier.

® Study the method of measuring the magnitude frequency characteristic curve and

nonlinear harmonic distortion of the amplifier.

Apparatus

Dual trace oscilloscope;
Signal generator;
Digital multimeter(DMM).

Introduction

The experimental circuit is a common-emitter voltage amplifier as shown in Figure
1-1. The resistor divider is consisted of Ry, R, and Ry, which biases the base of the
transistor. The emitter resistors (R, , R, ) construct the dc series-series negative
feedback biasing. Because of it the temperature stability of Q-point of the amplifier is

improved.
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