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Analogue concepts:

Analogue quantities
An analogue signal is one which has a continuous track through time. It can vary continuously both in
amplitude and frequency. An audio signal is a very good example of an analogue signal...
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Amplifier Characteristics

Ideal Characteristics
Amplifiers are used in the vast majority of electronic and fibre-optic systems. There are many types of
amplifier, as you shall see later, but there are some ideal characteristics which are common to all varieties;

Gain
This is the amount that the amplifier boosts the input signal. The input signal is typically a voltage or a

current, and the output is a larger (or smaller) version of this signal. The ideal case is that the gain can be
any value we wish, without side effects.

Bandwidth

For many amplifiers the ideal bandwidth will be infinite i.e. i 3lly well at all frequencies.
Some amplifiers may be designed to work only within at a sele frequencies, so infinite bandwidth
will not be ideal in those cases.

Input Impedance

Very often the input impedance is desired to
would ideally have infinite input impedan
output impedance of a preceding amplifi

oad preceding circuitry. Some amplifiers
ay need a finite input impedance to match the

Output Impedance
The output impedance of an am
drive high curren

desired to be low, or zero. This will allow the amplifier to
s a loudspeaker or other type of transducer.

Noise
Noise in an am
nearby circuitry, lo

rom the amplifier itself (its components or design), the power supply,
ing as antennae, or even external sources such as radio/CB broadcasts.

The ideal amplifier wil ate noise and will be immune from noise originating from outside sources.

Thermal Drift

When components age their temperature-specific characteristics change. This can result in diminished
performance and drift from normal operation in an amplifier. The ideal amplifier will not be susceptible to
thermal drift of any kind.

Common Notation
A table of common notation used in amplifiers is shown below. This workbook will explain all new notation
as it arises in various sections.
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Notation | Description
Ay Voltage Gain

A; Current Gain
A, Power Gain
Zin Input Impedance

Zout Output Impedance
Q Point | The quiescent operating point

CE Common Emitter (bipolar amp.)
CB Common Base (bipolar amp.)
CS Common Source (FET amp.)

h, or hy, | h-parameters used for amplifier analysis

DC and AC Behaviour
Bipolar transistor amplifiers (using npn or pnp transistors) tend to b s in order to
provide a steady operating point (Q-point) which is in the linear region i aracteristic

performance. When an AC input is applied to such an amplifier then ill preset the
amount of AC gain produced. Bipolar transistors are current-cg t the DC bias voltages set
the conditions for these currents. Bipolar transistors will ha put clrrent (collector to
emitter) for any given input (base) current.

Vices are voltage-controlled and
d by the voltage on the controlling

For field-effect transistors the situation is somewh
the current through the output terminals (sour
input terminal (gate).

For any type of amplifier the DC conditions imi rameters for the AC signal swing. Many
modern systems use operational a ide DC gain or AC gain.

Inverting OpA

— PUT

The circuit above is an example of an inverting amplifier. It takes this name because the input signal is
presented to the inverting terminal of the OpAmp (via R1). When we analyse OpAmps we come to assume
that the voltage between the two input terminals of the OpAmp is zero. This being so, we see that the RHS
of R1 is virtually connected to ground. In that case it is clear that the input impedance of this inverting
amplifier is R1 itself. The output signal is an inverted version of the input signal.
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Non-Inverting OpAmp

Clearly the input signal is connected to the non-inverting ‘+’ termi the n this’éonfiguration
the ideal OpAmp has infinite input impedance. The output signal is a inve versi fthe input

signal.

Limitations

All amplifiers have their limitations. The DC supply v r limit on the amount of AC
voltage at the output. When power, and an input si i i amplifier then the transistors will
be conducting. No transistor can conduct wit ss any of its terminals. An AC
amplifier which is supplied by a +12 V DC s i r be able to supply 12 V AC at the output because
the output transistor(s) will consume a sm at supply voltage.

If the gain of the amplifier is set to onditions) and a large input signal is applied then the

design time. It i ansistor if it is desired that it should dissipate 10 Watts of
power. Such a

Common Applicatio
Amplifiers can be used in many applications. They can be constructed with bipolar transistors, field-effect
transistors, thermionic valves, operational amplifiers or optical components. There are far too many
applications to list here. However, the list below indicates some notable uses for amplifiers...

=  Audio amplifier

=  Power amplifier

= DC amplifier

= Current amplifier

» Instrumentation amplifier
= Buffer

=  Filter
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= Video amplifier

= Communications amplifier
=  RF amplifier

= Line driver

Internal Circuitry of 741
The internal circuitry of a 741 OpAmp is copyrighted material. However, a good description of this chip may
be found here.

Analysis of Operation and Performance

Use of Quantitative Methods
In order to analyse the performance of single-stage transistor
of a set of tools known as h-parameters. These are presenté

For operational amplifiers we do not normally use h-
analysis of voltages and currents.

Equivalent Circuits

General Amplifier
The following circuitd
(Vs) and its inter,
voltage of Vi is

plifier. The portion on the left contains the input signal
Innects to the actual input resistance of the amplifier (Ri). A
al resistance.

To the right of th put stage of the equivalent circuit. The voltage gain of the amplifier is

denoted by K here. The voltage times the voltage developed across the input resistance will give the
source voltage (KVs) i t section. This drive current through the output resistance of the amplifier
(Ro) and also through the load resistor (RL). A voltage of Vo will be developed across the load resistor.

Rs Ro

Ri§ T\J’i RL; T\J’o

Vs KVi
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Bipolar Junction Transistor Amplifier (BJT Amplifier)
To model CE bipolar junction transistor amplifiers we employ a hybrid-pi model. The parameters used
within this model are commonly referred to as ‘h-parameters’. This general model is given below.

I, hg I,
> VAR

Vl hrevz | hfell hoe V2

Each of the terms in this hybrid-pi model are explained as follows...

Term used Explanation

Vi Input voltage
I Input current
Vs Output voltage
I, Output current

ut is open-circuited (i.e. when I; = 0)

From this hybrid-pi model we may deduce the following equations...
Vi = hily + h,..V,
Iz = hfell + hoeVZ

We shall next build and analyse a CE amplifier. The two equations above will be used to confirm its
operation.
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Computer Modelling

The circuit diagram below shows a 2N3904 general purpose NPN transistor connected in common emitter
(CE) mode.

12J_

T

R1 §56|< Rc %5 6k -

"—&"OUt
C1
| K 2N3904
10u
.
V1 R2 Z 10k Re % 1k
R
This circuit was constructed using the MicroCap circuit simula ilab download on Moodle.

The design and operation of the circuit is as follows...

= The transistor needs to be DC biased so that gel(Vout) sits at half of the supply

voltage is 12 V then we would like Vo
=  We would like a collector quiescen A. Since we have 6 V across the Rc then its value
will be 6/1mA = 6 kQ. We must cho
kQ for Rc, as shown.
= Arule-of-thumb for the deSign of CEx amplifiers is to let the DC voltage across the emitter

e datasheet for our 2N3904 transistor and refer to figure 11 which
und 150 when the collector current is 1 mA. This indicates that we

divider of resistors (R1 and R2). Another rule-of-thumb is to let the current through R2 be around
25 times the base currenti.e. 25 X 6.7 pA = 167.5 pA. Since the voltage across R2 is equal to the
voltage across Re (1 V) plus the base-emitter voltage (normally around 0.7 V for silicon) then we
have a total of 1 + 0.7 = 1.7 V across R2. The value of R2 is then 1.7/167.5pA = 10.15 kQ. Our
nearest preferred (commercially available) resistor value is therefore 10 kQ, as shown.

= The next resistor to determine is R1. Since we have a 12 V supply and 1.7 V of this appears across
R2 then we must have 12 — 1.7 = 10.3 V across R1. The resistor R1 provided current to the base of
the transistor AND R2, so the current flowing through R1 must be the sum of the base current and
the current through R2 i.e. 167.5pA + 6.7uA = 174.2uA. The value of R1 must therefore be
10.3V/174.2puA = 59.1 kQ. Our best preferred value is 56 kQ, as shown.
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= When a sinusoidal signal (V1) is presented to the amplifier then we do not wish this to upset the
careful DC conditions which we have set up. For this reason we need a capacitor (C1) to block the
DC from the AC in that region of the circuit. We shall be injecting a 5 kHz signal into this amplifier,
so choose a capacitor with a low reactance at 5 kHz. Capacitors of 10 uF are commonly available,
and if we chose this value then the reactance at 5 kHz would be 1/2nfC = 3.18 Q. This is a very low
reactance and will have a negligible effect on the operation of the circuit. We therefore include a 10
WF DC blocking capacitor, as shown.

Transistor amplifier design is not an exact science. When transistors are manufactured their parameters
can vary quite significantly from one to the other, even in the same production batch. The procedure and
rules-of-thumb presented above are quite a usual tactic to produce functional CE amplifiers.

Within the MicroCap simulator, by clicking on ‘Analysis’ then ‘Dynamic DC’ the es around the

circuit are shown, as follows...

These are in fair,
measurement

ose agreement alculations. Changing the settings to current-only

1.268m
182.816uj | 1.085mf5. 6k -

® yout
C1 1.085m

in Il el A

10u @l
(O ()l 176.2280]k k

=
N

#

L
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These current readings are also in pretty close agreement with our calculations.

Curves representing the four h-parameters for the 2N3904 transistor are given in figures 11, 12, 13 and 14
of the datasheet. The table below gives interpolated values for a collector current of around 1 mA...

Datasheet term | Value, given [ = 1 mA
Rt 150
hoe 9x107% [mhos]
hie 3.5kQ
e 1.3x107*

We may now use our model equations for this design...

Vi = hiely + hyetVs [1]
12 = hfell + hOEVZ [2

Since we know that I, is the collector current then this is 1 mA. Also, V, sen iescent output
voltage, which is 6 V. Let’s now transpose equation [2] to find th or brid-pi model value for
I;, which is the base current...

I, = hoeVa  0.001— (9 x

I = pHA
hse

That’s quite close to what the simulator gives
Voltage Gain
The CE amplifier under considerat S.asi ource signal (Vin) of 0.1 V peak and a frequency of 5
kHz. To simulate the performang i in terms of voltage gain it is necessary to perform a
‘Transient Analysi time along the horizontal axis and the magnitude of our
selected param ical 3 0 this click on ‘Analysis’ then ‘Transient’. A dialogue box

appears and sh

ESNEET)
—|pl=)
and... | Stepping. .. | PSS... | Properties. .. | Help... |£I§I
Time Range I im Run Options Marmal 'I
Maximum Time Step | 1u State Variables  |zerg vl
Number of Points | 1001 ¥ Operating Paint ™ Accumulate Plots
Temperature ILinear ;I 27 [~ Operating Point Only ™ Fixed Time Step
Retrace Runs 1 ™ Auto Scale Ranges [ Periodic Steady State
[ Ignore Expression Errors Page I P I X Expression I Y Expression I ¥ Range | ¥ Range | > I
Ia Im I% - _l I Il_ I'I' I\-' (VIN) I.!'—\ubJAIways I.!'—\uba.ﬁlways
Ia Im I% - _l I I?__ I'I' I\-' (vouT) I.!'—\ubJAIways I.!'—\ub].ﬁlways
Ig Im I% - _l I I_ I I I."—\ubJAIways I.!'—\ub].ﬁlways
Z
b

Page 13 of 29 edexcel

Approved Centre


http://www.mit.edu/%7E6.301/2N3904o.pdf

Unit WorkBook 4 — Level 4 ENG — U19 Electrical and Electronic Principles — LO4 Digital & Analogue Electronics
© 2018 Unicourse Ltd. All Rights Reserved.

Click ‘Run’ and the following results show...

Micro-Cap 11 Evaluation Version
150.00m . . Common Emitter Amp 2 CIR

100.00m

S0.00m;|

0.00m!

0 00m;

100 00m’

700

6.00/

N

1.00m

The input voltage here is shown in blue. This is 200 mV pea is the same as 100 mV peak).
The red plot is the output. Its marker indicates a peak-to-peak e of around 1.0 V. We may

A rule-of-thumb for such amplifiers is that is roughly determined by the ratio of the
collector resistor and the emitter resi

To perform asi i amplifier press ‘Analysis’ then ‘Ac...’. A setup dialogue box
appears. This s

-
AC Analysis Limits

{ - L=
TTRun Add | wpand... Stepping. .. | Properties... | Help... | EI @I
Frequency Range ILog ;I I 50Meg, 1 Run Cptions Mormal 'I
MNumber of Points I 1001 State Variables Zero vI
Temperature ILinear LI I 27
Maximum Change % | 5 ¥ operating Point
Moise Input NOME ;I ™ Auto Scale Ranges
Moise Output 2 [™ Accumulate Plots
- Ignore Expression Errors Page I P I X Expression | ' Expression I X Range I Y Range I > I
Ia m I% - IE _I I Il_ IF IdB(‘u‘(\.‘DUT}} IAutoAlways IAutoAlways
CmEMEE -/ [ | T
IE m I% - IE _I I I_I I IAutoAlways IAutoAlways
#
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The frequency range is set from 1 Hz to 50 MHz, as shown. We are asking for the output voltage to be
shown in decibels, which will allow us to find the -3 dB points and thus find the bandwidth for the
amplifier. Press ‘Run’ to see the response...

Micro-Cap 11 Evaluation Version

17 50 Common Emitter Amp 2.CIR

|
|
|
15.00 _ : j |
|
|
!

12.50 0
/[15.109M,11.538]

1.892,11.513

10.00|

7.50|

5'001 10 100 1K 10K 10M 50M
Left Slope
[BldB(V(VOUT)) 11.513 1.623n
F (Hz) 1.892 1.000

this amplifier. As the frequency
drops below around 10 Hz then the output voltage diminis is true for when the frequency

approaches around 4 MHz. The flat portion
side of this we see the points marked iny . ence in frequency between these two points is

the bandwidth is 15.109 MHz.

Output Power
The output power ed across the load resistor. The quiescent DC conditions

on the load resi A and a voltage of 6 V. The power developed in the resistor is
then the produ .edIPmA X 6V =6 mW.

As an AC signal is i plifier then the output will swing to its greatest extents as the input
swings to its peak values (positi nd negative peaks). The peak power for the amplifier will therefore be
much greater than 6

Distortion

Distortion can occur when the frequency of the input signal is too high. It can also occur when the
magnitude of the input signal is too large. The Transient Analysis below shows the distortion which results
when our amplifier has an input signal of 2 V peak (i.e. 4 V peak-to-peak)...

Page 15 of 29 edexcel

Approved Centre



	INTRODUCTION
	Analogue concepts:
	Analogue quantities
	Amplifier Characteristics
	Ideal Characteristics
	Common Notation
	DC and AC Behaviour
	OpAmp Basic Circuits
	Limitations
	Common Applications
	Internal Circuitry of 741
	Analysis of Operation and Performance
	Use of Quantitative Methods
	Equivalent Circuits
	General Amplifier
	Bipolar Junction Transistor Amplifier (BJT Amplifier)
	Computer Modelling
	Voltage Gain
	Frequency Response and Bandwidth
	Output Power
	Distortion
	Input and Output Impedance
	Types and Benefits of Amplifiers
	Power
	Class A
	Class B
	Class AB
	Tuned Amplifier
	Small-Signal Amplifier
	Operational Amplifiers
	Analysis of an Inverting OpAmp Circuit
	OpAmp Differentiator
	OpAmp Integrator
	Active Filters
	Low-Pass Filter
	High-Pass Filter

	Digital concepts:
	Logic using switches
	Logic using voltages
	Binary Counting
	Standard Logic Gates
	Buffer
	Line Driver
	Decoder
	Multiplexer




