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Oscillators

3.0 AF Sine Wave Oscilllators

Introduction

What you'll learn in Module 3

Section 1.0 Oscillator Basics.

Section 3.0 Introduction.

« Fixed Frequency RC Oscillators.
« Variable Frequency RC Oscillators.

Section 3.1 The RC Phase Shift Oscillator.

* Phase Shift Networks.
Cascaded High Pass Filters.
Cascaded Low Pass Filters.
« Frequency of Oscillation.
* RC Phase Shift Oscillator Using a Bipolar Transistor.
« Buffered Phase Shift Oscillator.

Section 3.2 Phase Shift Oscillator Practical Project

« Building a Phase Shift Oscillator.
¢ Phase Shift Oscillator Tests & Measurements.

Section 3.3 The Wien Bridge

« Operation of the Wien Bridge Circuit.
« The Variable Frequency Wien Bridge.
» Development of the Wien Bridge Oscillator.

Section 3.4 Wien Bridge Oscillators

» Lamp Stabilised Wien Bridge Oscillator.
« Diode Stabilised Wien Bridge Oscillator.
* Wien Bridge Oscillator With AGC.

Fixed Frequency RC Oscillators

Single Frequency p @ Ly
Oscillators that produce :

a sine wave output at o®
audio within the
frequency audio band
have many uses. Audio
oscillators are also usec \
to produce sounds such as the simple warning
beeps in anything from automobiles to airliners.
Oscillators may produce a single sine wave with a
carefully controlled frequency, or may output a
range of frequencies by having multiple frequency
controlling elements, such as RC filters, selected
by a series of switches or keys, and have their
wave shape manipulated by extra circuitry for use
in such systems as electronic keyboards..

Variable Frequency RC Oscillators
Audio oscillators

frequencies from about
20Hz to 20kHz (the
audio spectrum) and up
to about 100kHz for
ultrasonic purposes. Variable frequency oscillators

are used in audio signal generators that are eslstmttesting amplifiers and fault tracing in nyan
electronics systems. The RC oscillators used fsdlapplications can be capable of producing

signals up to around 1MHz or more.
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Typical RC Oscillator Frequencies

Although there is some crossover of the frequerttiascan be
produced by high frequency RC and low frequency LC
oscillators, at frequencies below about 100kHzitdmes less
practical to use LC tuned circuits, because thesiphl/size of

inductors and capacitors required for resonanteese

frequencies becomes too large. Lower (audio) freque
oscillators therefore use various designs of R@rfitircuits to .
produce the necessary phase shifts in the feegizhikrom the Frequency

output to input of the amplifier section of theseidators.
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Oscillators — Module 3 ] . :
3.1 The Phase Shift Oscillator Tl

What you'l |learnin Module 3.1

After studying this section, you should be able to:
 Understand the operation of a Phase Shift Oscillator.
« Describe the effects of using multiple filters on the frequency of oscillation.
» Know relevant formulae for the frequency of oscillation.

* Describe the advantages of buffered phase shift oscillators. 4007 _ - - , -y ﬁ N
: - Oscillator '

Frequency

The Phase Shift Network Fig. 3.1.1 High Pass

This circuit uses the property of RC filters to saa

phase shift, and by using multiple filters, a fesdlbcircuit with exactly 180° phase shift can be
produced. When used with a common emitter amp|ifidrich also has a phase shift of 180°
between base and collector, the filters producéipeseedback to cause oscillation to take place.
The RC network commonly used is that of a high piétss, (Fig. 3.1.1) which produces a phase
shift of between 0° and 90° depending on the fraquef the signal used, although low pass filters
can also be used.

If a number of identical filters are used in casgad g3 I I o
with the output of one filter feeding the inputtbé ) 1 l 5 l 3
next, as shown in Fig. 3.1.2 a total phase shift of : :

exactly 180° will be produced at one particular o o

frequency. Usually three filters are used with each
filter producing a phase shift of 60° at the regdir
frequency.

Fig. 3.1.2 Three Cascaded High Pass Filters

As any single high pass filter can produce a plasage of up to 90°, it would seem that, in

theory, only two such networks, would be neededvéier, using two filters with each producing a
90°phase shift would mean that, as the phase gnaply. 3.1.1 shows, the phase response curve is
quite flat at and above 90°, so any drift in fregmyewould have little effect on the 180° phasetshif
produced. This would mean that if the frequencthefoscillator changes, due to a change in
temperature for example, there would be hardlycdrange in the amount of phase shift, so
frequency stability would be poor. It can be seemfFig. 3.1.1 that at 60° or 45° the phase
response curve is much steeper, and so with thtees foroducing 60° each, or four filters

providing 45° each, to make up the required 18@Yuency stability will be much better.

Using multiple filters in this way does create athpoblems however. The frequency of oscillation
can be worked out by a fairly simple formula,

1
1= 2m(N6)CR

But because this formula is based on calculationmflividual filters, it  Filter 1 Fiter 2
does not fully take into account the effect of cecting the filters in

cascade, which causes of one filter to be 'loauethe input impedance  C1 ’ ]Xcz
of the next, as shown in Fig.3.1.3, where the impytedance of filter 2, R1

made up of the reactancedpof C2 and the resistance of R2 effectively R?
changes the value of the output resistor of filtéR1) as they are ‘
effectively connected in parallel with it. Changitig output impedance O O
of the filters in this way causes the frequency/ich the filter Fig. 3.1.3 Loading Effect

produces the required phase shift to change, sorajtthe oscillator
frequency. The more filters that are cascaded thrsemhe effect becomes, also making it more
complex to accurately calculate the frequency efghase shift oscillator.
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In addition to the loading effect caused by thecaded filters, the input impedance of the amplifier
also contributes to the overall loading on the plsdsft network. This loading caused by the
amplifier can be minimised however, by ensuring tha amplifier has as high an input impedance
as possible, for example using an op-amp insteadBIT amplifier.

Due to the loading effect caused by the use ofiplelfilters and the added complexity of an
additional filter, the four-filter 45° phase shiftodel is seldom used, even though using four $lter
does give slightly better frequency stability. Atbe poor frequency stability of the two-filter
model makes the three-filter oscillator the mostalghoice.

RC Phase Shift Oscillator Using a Bipolar Transisto  r
The circuit shown in Fig. 3.1.4 uses three higlspas

filters (C3/R4, C2/R3 and C1/R2) to produce 180° - i N
phase shift. A sine wave of approximately 3Vpp Wi'mgﬂc 10K 10K
minimum distortion is produced across the load | I —<ou
resistor R5. The frequency of oscillation is givBn |_‘C1 2 4
| 10nF 10nF 10pF
_ 1 TR1
Jo 21(V6)CR -
10K H R6 )
390R

c5
In several tested practical examples of this circui -FUUMF
the actual frequency produced was within 7% of th ——0 o
calculated value. Fig. 3.1.4 BJT Phase Shift Oscillator

The basic BJT phase shift oscillator is a usefd asurce of low frequency sine waves but does
have a number of drawbacks:

*There can be quite a wide difference betweercdéh®ulated frequency value and the
actual frequency produced.

*The waveform amplitude is generally not welbdiaed so a good wave shape is not
guaranteed without additional circuitry.

*They are difficult to design in variable frequgriorm as this would involvganging
together either 3 variable capacitors or 3 largete resistors, and such components are
not readily available.

Buffered Phase Shift Oscillator

An improvement on the standard BJT version of the

phase shift oscillator is obtained by using op amp N .
buffers to reduce the loading on the phase sttt fi

circuits.

the excellent Op Amps for EveryorieDesign
Reference fronTexas Instrumentsises one section
(IC1a) of a quad Op Amp package for an amplifier
with a gain of just over 8 (R2 + R1) to replace the
1/8 losses in the three filters.

Fig. 3.1.5 Op Amp Buffered Phase Shift Oscillator
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IC1 b and c provide non-inverting buffers (eachhvétgain of 1) so that the filters R3/C1 and
R4/C2 are loaded only by the extremely high impedaof the op amp input. While the output of
the circuit could be taken from the junction of 88/ this point has a high impedance and is
therefore not able to drive any low impedance load.

However the fourth section of the quac 9o
op amp (IC1d), is not required as part

of

Filter Gain

the o‘scnlator, and f:an therefore be use rat 600/; High Pass o
as a ‘no extra cost’ output buffer e with High o
amplifier, providing a low impedance £ Pass Filters
output. This enables the oscillatorto g o7 : ~0dB

. . . . 5] B -
easily drive other circuits or such £ \ BdB
devices as a small loudspeaker. ; ~ LowPass

Filter Phase :

Notice that this design uses low pass, 607 Fat 60° /
rather than the high pass filters that ar o0 with Low Lo~
common in BJT phase shift oscillator Pass Filters | ' .

designs. 10 30 100 300 1k 3k 10k 300k 1M

Fig. 3.1.6 Comparison of 60° Frequencies in
High & Low Pass Filters

Because the 60° phase shift point in a low pates filccurs at a different frequency to that inghhi
pass filter (see Fig. 3.1.6) the frequency of ¢etiin is higher, around 2.76kHz with low pass
filters compared with about 690Hz when high passré are used. Fig. 3.1.6 also shows that the
gain of an individual filter (high or low pass)-&dB, which is equivalent to 0.5 in voltage gain,
which (being less than 1) is a loss. Thereforehihee low pass filters in Fig. 3.1.5 will contrileud
total loss of 0.5 x 0.5 x 0.5 = 0.125 or 1/8th, mieg that for a closed loop gain of 1 the amplifier
will need a gain of 8.

To make sure the oscillator starts up howeverigatyy higher gain is needed, so the gain of ICla
is set by R1 and R2 as 1M/120k = 8.33. This is iciamably lower than the gain of 29 required for
the BJT version in Fig.3.1.4.

In Fig. 3.1.5 there is virtually no loading of tiker circuits, due to the presence of the op amp
buffers. Because the frequency of oscillation eflaffered amplifier shown in Fig. 5 is higher than
that in Fig.3.1.4, due to its use of low passfdfehe frequency of oscillation for Fig. 3.1.4 dfid.
3.1.5 must be calculated differently.

Although both oscillators use the same values fan& C (10K2 & 10nF), the BJT version shown
in Fig. 3.1.4 has its frequency is calculated as:

fa_

2n(v6)CR
_ 1
21 x2.449 x10exp® x 10exp

= 650Hz

However, because the op amp version in Fig. 3.4e5 low pass filters, a change in formula is
needed: —

_ 1.732
271 x10exp™® x 10exp’

= 2.76kHz
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The loading effect, or lack of it can also affdw t ——— Outpu
frequency, changing the actual frequency of a ralct '

phase shift oscillator from the calculated value, - Gnd‘_‘. waffprages
theoretically by as much as 25% in BJT circuits.

However, when the two oscillators described herewe * © I'w'__' ' - :’ 4t ':) -
tested, the error between the calculated and actual ;w3 & "5 5 » o TG0 w
frequency in both cases was less than 7%; witlenth « = = » R1" Ted U wrew _02'---__ -

|

error range expected due to component toleranuss, t

is another problem that is greater with phase shift j
oscillators than LC oscillators, due to the inceshs whotiantsr = . . O
number of components (three RC pairs controllimg th . , . ?,.""___ :..,‘c_fl,u, "
frequency instead of just one LC pair in LC ostilfg). =« = = » -‘#h‘zbnj" D
" wm oo B S8 ®FED R R

g {8 7‘\ 8 g
- aw -c.théh-;Il Er e
-.-gu-_-:—':"";' " e EBER L N B

Fig. 3.1.7 Buffered Phase Shift
Oscillator on Breadboard
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Oscillators — Module 3
3.2 BJT Phase Shift Oscillator Practical Project

What you'll learn in Module 3.2

After Studying this section, you should be able to:
« Build a Phase Shift Oscillator from given instructions.
« Test a Phase Shift Oscillator for correct operation.
» Take measurements on a Phase Shift Oscillator.

Building a Phase Shift Oscillator
Try this circuit out for yourself; download full ﬂ D D
R3 R4
10K 10K

0+9v

constructional details to build the phase shifiltzdor R
shown in Fig 3.2.1 using either breadboard (proto | I
board) or strip board, then test the oscillatogsration |_‘C1 Q
using a multi-meter and oscilloscope. A really efifiee
way to learn about oscillators!

TR1

R2
This Phase Shift oscillator produces a sine wavputu '™ H
in excess of 3Vpp at an approximate frequencyget k
the values chosen for the filter components. Other
values may be used to vary the frequency obtained.

The circuit will operate from a 9V battery, or a [pGwer _
supply of 9 to 12V. Supply current at 9V is lesartimA. — .

Fig. 3.2.1 Phase Shift Oscillator

/]
- -;._._:'._. £ TYTEETTIT
The circuit can be built on breadboard as showFigrs.2.2 ‘_ WLy gagys sssus

for testing purposes. To make the amplifier gainakde, R6

-:U
-
e 30
.:U
.-h-
I |
-
. 3
le
g
..m

4 £
can optionally be replaced by a 1K variable resisthis Can  « « « s o+ woyuds s o s :(::4
be adjusted to find the value that gives the bestevshape | | | c1l wnnoO'Jca: S :/:
and reliable amplitude. e e -6 S ww
Construction on Breadboard - - :
Components List. R2= % s s » _—
TR1 = 2N3904 g ——
Cl1,C2&C3=10nF [ = '
C4 =10pF .
C5 = 100pF 5 3 .s
R1 = 100K L - & & & aa
R2, R3& R4 = 10K
R5 = 4K7 Fig. 3.2.2 Phase Shift Oscillator
R6 = 390R Breadboard Version

Additional Components For Stripboard Version
Strip board 9x25 holes R1 R3
3 way connection block (Optional) -

9V battery connector (Optional)

Tinned copper wire (for links)

Insulated flexible wire(for external connections)

R4 RS

T e L e -

Fig. 3.2.3 Phase Shift Oscillator
Stripboard Version
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Construction - Stripboard Version

222120191817 161544 13121110 9 8 7 6 54 3 2 ¢ Mak

1. Ona piece of 9 x 25 hole strip board, mark hole saz o
Al on both sides of the board as shown in Fig. e D v t' o 0 00 a e &
3.2.4 to ensure that counting the strips and holes w La';‘g%-“-z-:- ERTER N RSB S S g

H { if ] [ i w :H
for placing track cuts and components always aurdho o %xdf c,S_f ,‘3’ X ‘T‘,m oot I
starts from the same point. o0 @@oXo RO CIOIOOICROIONOEOICIIO F
grordukso e n O ooooooodfy g
OO O D0ORIR O 0 000D oo oY H

2. Mark the holes where track cuts are to be made. G L T e
Double check their correct position before % Trackeut ) Solder —— Component

(on component side)

cutting. )
3. Make the track cuts.

Mok 2345678001123 1516171B1002A223425

4. Solder the wire links in place.

B 0 er } =L=
5. Solder the components in place in the following - 0
order.
6. Resistors.

7. Polyester capacitors.

. . Fig. 3.2.4 Phase Shift Oscillator
8. Transistor (check for correct e b ¢ positions Layout on Stripboard

before soldering).

9. Electrolytic capacitors, (check for correct polarity before soldering).

10. Terminal Block.

Carefully check for any short circuits made by soldridging adjacent tracks, and for any poorly
soldered joints.

Connect up the power supply, and connect an oscolge to the output.

Once the circuit is oscillating reliably, carry dhbe tests indicated on the Phase Shift Oscillator
Measurements Test Sheet.
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BJT Phase Shift Oscillator Measurements

Having built the phase shift oscillator, eitherlmeadboard or strip board, check that the cirsuit i
oscillating satisfactorily by displaying the outpuiveform on an oscilloscope.

1. Calculate the design frequency of the oscillaging: f = 1/2t(V6)CR = Hz.

2. Using a multi-meter, take the DC measuremendscamplete Table A.

3. With an oscilloscope connected to TR1 colle(ot the circuit output terminal) draw at least
two cycles of the collector waveform on the gridole Enter the time/division and volts/division
settings of the CRO in the spaces provided.

4. From the waveform, calculate and record theeslo Table B.

Table A Table B

The supply voltage

Peak to Peak Voltage

The supply current

TR1 collector voltage DC level of the wave

TR1 base voltage Periodic time T of the wave

TR1 emitter voltage Frequency of the wave (1/T)

V/Div ps/Div
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Oscillators — Module 3
3.3 The Wien Bridge Oscillator

What you'll learn in Module 3.3 The Wien Bridge Circuit

After studying this section, you should be able to: For frequencies much below 1MHz RC oscillators
« Understand the operation of the Wien Bridge Circuit. become more practical than LC types because of the
« Calculate the frequency of a Wien Bridge oscillator. physica' size and expense of the inductors and

* Understand the relationship between gain and phase H ; ;
in a Wien Bridge oscillator. capacitors requweo! at low frequencies. A problgm
B e e arises Wlth_ RC os_cnlators however, when a variable
frequency is required.

In LC oscillators a single tuned circuit contrdie frequency, which can be changed simply by
making either a single inductor or a single capacitiriable. The frequency of oscillation in RC
types, such as thghase shift oscillatois controlled using multiple RC combinations toguce
the correct amount of phase shift at the requireguency.

To alter the frequency, it is therefore necessaiter the value of at least three componentseeit
resistors or capacitors simultaneously. Even thaoughpossible to manufacture ganged variable

capacitors, the size of capacitors needed at layv é&idio) frequencies means that the capacitors
would have to be physically too large to be pradiie.

It is also possible to manufacture multiple varatdsistors but much more difficult to ensure that
the tracking of such components is accurate enawglgs the resistance of the multiple resis®rs i
varied, they must each change their resistanceaatlg the same rate. Again the cost of suitable
components becomes impractical for many purposes.

In addition, it is possible to build Wien Bridgecdkators having very low levels of distortion
compared with Phase Shift designs.

The Wien Bridge

The original Wien Bridge circuit shown in Fig. 3l3vas developed in
1891 for the purpose of accurately measuring cégagalues. To find
the unknown value of C1 for example, when the otleenponent values R1 R3
are known, an AC signal is applied across the tisnd the value of
another component (e.g. R1) is varied by a caldorgbtentiometer. At @ c1
some point, the bridge will ‘balance’ when the aaif resistances in the
R3/R4 arm matches the ratio of impedances in tloehtawes of the arm C2 R2 R4
including C1, R1, C2 and R2. This will be indicatgdboth sides of the T

ammeter ‘bridge’ being at the same potential saribeer indicates zero IR
current. At this point it is possible to calcul#te value of the unknown  Fig. 3.3.1 The Wien Bridge
capacitor C1.

L

A second use for the Wien Bridge is to measurer&mawn frequency. If all the component values
are known, the same bridge balancing procedurdearsed to measure, by calculation, the
frequency of the AC supplied.
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Oscillators — Module 3
3.4 Wien Bridge Oscillators

What you'll leam in Module 3.4 Building Wien Bridge Oscillators with Modern

After studying this section, you should Components

be able to:

Understand the operation of Wien Bridge
Oscillators.
» Lamp controlled circuits.

* Diode controlled circuits. —)
* AGC controlled circuits.
Construct a lamp controlled Wien Bridge out
oscillator from given instructions.
O

Fig. 3.4.1 Basic Lamp Stabilised
Wien Bridge Oscillator

The Wien Bridge oscillator can still be built usisignilar principies 1o ine early Hewiett Packard
versions, but with modern components.

Fig. 3.4.1 shows a basic Wien Bridge Oscillatongs filament lamp with an op amp. Itis a
property of filament lamps that the resistanceheftungsten filament increases in a non-linear
manner as the filament heats up. The lamp in Fg13s connected in the negative feedback
potential divider that sets the gain of the norentimg amplifier. The gain of the amplifier is st

R3+R,, )
Ry e

Therefore the greater the resistance of the lampother the

amplifier gain. By choosing a suitable lamp, thengd the amplifier
can be automatically controlled over an appropniatge. Usually a
lamp with a maximum current flow of around 50mAless is used, to
give an initial gain of more than 3 as the osaltadtarts, falling
quickly to 3 as the lamp heats up.

Hewlett’s original 1939 design used a high voltageuum tube
(valve) and relatively large lamp, with modern lgaltage
semiconductors however, it is not easy to findalé filament lamps  Fig. 3.4.2 Typical T1 Miniature

that have a suitable voltage range and a low enougknt to avoid Filament Lamp Compared
overloading the amplifier, although useful lamps séill be found, With a Match Head
usually of the wire ended T1 or ‘grain of rice’ ggpbut even they 120 115Q

are becoming more difficult to find in componenppliers
catalogues, as LED types become more popular fovtitage

=
[=]
[=]

w
o

lighting. )

s
Fig. 3.4.2 shows a low current filament lamp des@jto work S 60:
from 5V at 45mA, and Fig. 3.4.3 is a graph takemira typical % 40
example, showing how its positive temperature coiefit 2
resistance varies with voltage. (Note that rescdamithout any 20: 150

temperature dependant characteristics would bexglst line). 0
The useful area of the lamp characteristic, wheeddrgest change
in resistance occurs is shaded green, the oscdlataplitude is
stabilised by making use of this area. Howeverabse filament
lamps are not made as electronic control devicasufacturers do

1 2 3 4 5
Voltage (V)
Fig. 3.4.3 Non-linear resistance

of a filament lamp
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not usually provide graphs such as that in Fig, iM@n using a lamp as a stabilising component it
is necessary to first construct a graph for theplémnbe used, and decide on the active area.

The gain of the amplifier in Fig. 5 depends onrdite of the values of the feedback resistor R3 and
the lamp. For oscillations to start, the amplifi@in needs to be greater than 3, but to work
correctly after the initial start up the gain mhet3. Using the formula:

R3I+R,,..)
Ry e

This requires the lamp to be half the resistandaefeedback resistor R3 to provide the necessary
gain of 3, but slightly less than twice the resistof R3 at start up.

To find a value for R3 that will give the correchaunt of gain at start up and during oscillatias, i
value should be slightly greater than twice theigalf the lamps resistance at the lower end of the
green shaded area (i.e. 2 XB8 6(?) to give a gain >3, but no greater than twicevhiee of the
lamp’s resistance at the upper limit of its usafape (i.e. 2 x 75 = 15Q), the gain should then
stabilise at 3, with the oscillator providing ardistorted sine wave output.

To obtain an undistorted output at a specific atagt, it is useful to initially use\ariable resistor
of about 1K2 in place of the feedback resistor. Varying thestes will show the limits between the
greatest amplitude before distortion and the smsiadimplitude for stable operation. The resistance
of the variable control can then be measured fiedvilue of feedback resistor that provides a
stable and undistorted wave of acceptable amplitimde test circuit, built using a LM324 op amp
with a supply voltage of +9V to +12V a value oftB& 822 proved ideal.

To find values for R and C in the Wien Bridge thait K Ehove SEWEE WeREe Sl
give a specific frequency: R el APt

:---&-nna----:'
EEEEEEEE R R
EE R B R R R R RN R W
"
"

The formula for frequency: tsesssnnws

o faseEE: :
Joe™ 3RC % T

;;.rblil -
e, gt
Can be re-arranged as: sww gt TR e ,,,_ﬁac'z' o
- = svo =wwesw mEee@Cnd:e
1 1 L] _g'co.l-_‘ll'..amp.l-l L L]
R= and C= ——— -
Jose2mC /. 2nR

Fig. 3.4.4 Lamp Stabilised Circuit
on Breadboard

These calculations will almost inevitably producdues .
that do not match available components so it véll b i I
necessary to chooseeeferred valuelosest to the B s e B &
calculated one. It may be possible to make up an od \| ISR S I R
value from two preferred values to get closer # th s e el
required frequency, remembering that component i L '"jd:'i g
tolerances will make absolute accuracy difficulbtiain. W

The test circuit shown in Fig. 3.4.4 used 10K a@dnF,

which gives a calculated frequency of 159Hz, the

measured frequency turned out to be 157Hz. Theubutp

wave is shown in Fig 3.4.5.

Fig. 3.4.5 Output Waveform from
Lamp Stabilised Circuit
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Construction on Breadboard

The circuit in Fig. 3.4.1 can be built on breadlooasing Fig 3.4.4 as a guide, and calculating the
values of C1, C2, R1 and R2 from the informatioowvab Experiment with your own values, but for
initial testing purposes, a list of components usdtie circuit shown in Fig 3.4.4 is given below

Components List.

IC1=1LM324

C1 & C2=100nF

R1 & R2=10KQ

R3=68Q

Lamp = T1 5V 45mA wire ended lamp

At the time of writing (2013) suitable lamps are available from Rapid Electronics UK)

Lamp Stabilised Wien Bridge Oscillator Measurements

Having built the Wien Bridge oscillator on breadlmbaheck that the circuit is oscillating
satisfactorily by displaying the output waveformamoscilloscope.

1. Calculate the design frequency of the oscillaging: f = 1 H
o 2aRC

2. Using a multi-meter, take the DC measuremerdscamplete Table A.

Table A

The +V supply

The -V supply

3. Record the chosen value for the feedback redk8o Q

4. With an oscilloscope connected
to the oscillator output, draw at
least two cycles of the output
waveform on the grid below. Enter
the time/division and volts/division
settings of the CRO in the spaces
provided.

5. From the waveform, calculate
and record the values in Table B.

Table B

Peak to Peak Output Voltage|

DC level of the wave

Periodic time T of the wave

V/Div ps/Div

Frequency of the wave (1/T)
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Diode Stabilised Wien Bridge Oscillator
An alternative to lamp stabilisation is providedusinga ~ * "

pair of diodes in parallel with the feedback resists
shown in Fig. 3.4.6.

H
+

In this circuit the gain of the non-inverting antigli is c2 R2|] UFM out
controlled by the ratio of R3 to R4. Initially tigain set by T o
R3 and R4 will be just slightly greater than 3sthilll Fig. 3.4.6 Basic Diode Stabilised
allow oscillations to start. Wien Bridge Oscillator

Once the signal fed back from the output producgaeform across R3 that approaches 0.6Vpp
the diodes will begin to conduct. Their forwardiséance will reduce, and because they are in
parallel with R3, this effectively reduces the veabf R3 and so reduces the amplifier gain.

The main problem with this method is that the outpave can be more prone to distortion than in
the lamp stabilised circuit, as the diodes willdeo distort the waveform peaks if the gain set by
R3 and R4 is slightly higher than needed. This alsans that the oscillator’'s output amplitude is
somewhat restricted if distortion is to be miningise

Fig. 3.4.7a shows
that with the correct
gain, producing an
output of 1.2Vpp and
the diodes just on the
edge of conducting,
the circuit provides
an undistorted
output, but with only
a slight increase in

S.Utgm tot 1.t4 tV Pp the Fig. 3.4.7a Correct Gain Gives Fig. 3.4.7b With Output at only
lodes start to Undistorted Output at 1.2Vpp 1.4Vpp Output Starts to Distort

conduct more heavily and slight distortion is atiga
becoming apparent. Careful examination of Fig.7h4. g4
shows the peaks of the sine wave are just begirinibg  4k7
asymmetrical, with the rising slope of the waveept

than the falling slope. Any further increase inpuit

would cause greater distortion.

Variable Frequency Wien Bridge o
a
Fig. 3.4.8 shows a practical diode stabilised dinsith  4gor

variable frequency that can be built on breadbtard
learn by experiment.

: RS
The range of frequencies may be extended usinereift *Approimate L 2K2

itor values for C2 and C3 as indicated in th Frequency Range >3

capacitor values for C2 and C3 as indicated in the C2/3 = 1000F 30Hz- 300Hz | R1b
diagram. The gain of the amplifier is set by thgoraf C2/3 = 10nF 300Hz - 3kHz [ 100K
R1 to R2 and R2a at 3.04. If R2a is omitted the gai €23 = InF 3kHz - 30kHz
increases to 3.136, which still gives an outputvaitt o
slightly increased distortion as shown in Fig. 4. Fig. 3.4.8 Diode Stabilised Variable

Frequency Wien Bridge Oscillator
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An interesting experiment is to replace R2/R2a bgrgable resistor (4k7) and see the margin
between distortion (too much gain) and failure $oiltate (too little gain) by slightly changing the
gain.

The values of the gain setting components in Ey83are carefully chosen to give a gain just
greater than 3. It is the ratio of the componethtesrather than the values themselves that govern
the amount of gain. What is the effect if R1, RA &Ra are replaced by 47K, 22K and 1K
respectively?

Potentiometer problems +V Adjust control
over full range

Some problems crop up when using real components ot
breadboard that do not readily show up in computer

simulations. These include a particular problemmnvhe VR1a Voltmeter should VRI1D
using variable resistors in Wien Bridge oscillators read OV at all
ov settings
(but most probably won't)
Ideally both resistors in @al potentiometewould have Fig. 3.4.9 Testing
identical resistance values. Small differencesarenally Potentiometer Tracking

not noticeable when using these potentiometerenes

audio systems for example, but unless a consideehbunt is spent on buying special
potentiometers that not only have matched resistahat also each change resistance by exactly
the same amount as the wiper contacts of bothtoesisiove, quite small mismatches can cause
problems in circuits such as the Wien Bridge.

The resistance from the wiper to either end ofréisgstance track should be identical on both
controls for any angle of rotation of the contibhe effect of inaccurate tracking is that at some
angles of rotation, VR1a and VR1b may not be egakiles and the balance of the bridge circuit is
upset, then the amplitude of oscillation may varnypscillations may even cease altogether. A
simple method of testing the tracking ability alw@al potentiometer is shown in Fig 3.4.9.

Both potentiometers are connected across a lowg®kupply, (low enough voltage to avoid
excessive current through the control), and a wetiémconnected between the two sliders. As the
control is adjusted over its full range, the votamn both sliders should be the same and so the
voltmeter will always read zero volts. It is magely that with standard potentiometers the reading
will not remain at zero but the test can help inading the most suitable dual control.

Crossover Distortion

The circuit suggested in Fig. 3.4.8 uses one sediio
a LM324 quad op amp, which has an output that
works in class A but changes to class B with large
signals. This can make it susceptibletossover
distortion The recommended way to eliminate this is
to force the output to work in single ended class A
mode by connecting an external resistor between th
output and either ground or supply. In this cireuit
10K resistor (R3) to supply eliminates crossover
distortion. For different signal and supply leviie
value of R3 may need to be varied, again - experimg

Fig. 3.4.10 Crossover Distortion
in the LM324 Output
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Wien Bridge Oscillator with AGC

A JFET can be used to .

. . . Approximate
provide automatic gain Frequency Range
control (AGC) as shown in C3 =100nF 30Hz - 300Hz
Fig 3.4.11. This can C2/3 = 10nF 300Hz - 3kHz
provide a larger amplitude C23 = 1AnF 3kHz - 30kHz
output and less distortion
than the diode version, anc R1 R3
unlike the lamp stabilised 560R AKT
version, uses readily
available components.
This circuit has a variable
frequency using a dual I ‘ [ _l_‘ VR1
ganged potentiometer \ ; 1DDI?
arrangement similar to the D1 T co
diode stabilised circuit, 1N4148 oN3819| —1
with R6 and R7 reducing : R7
the load on the amplifier ol = R2 K2
output if the bridge 0.47pF 4K7 C3 |
potentiometers are adjuste ) :
to zero ohms. R5 is added : R1b
to prevent crossover | | | 100K
distortion problems. ni‘; oy *

Fig. 3.4.11 Wien Bridge Oscillator with AGC

Fig. 3.4.12 showsan ... GOTLT Ciies iius sanas suces civec oo
experimental Wien Bridge AGC oscillator e i
built on breadboard. It has useful frequenc?1:'-3‘?_;'33}}{15{535 ff?;{;;f:fii” S lCa:
ranges as shown in Fig. 15 although the =~ s:iiiiiizirosestes e

output can be found to reduce in amplitude “m PRI o
at the extreme upper frequencies (above ti a;_:-:f'-:.?.,.n g

L S

range indicated) in each range, due to the '
loading of the output by the low resistance :: 215 ol -
of the potentiometers. Fitting higher value | T
resistors for R6 and R7 reduces this effect Fig. 3.4.12 AGC Wien Bridge Oscillator on Breadboard

g Sy cun wane

but also restricts the frequency range.

Fig. 3.4.13 illustrates a typical sine wave outpuikHz
10Vpp.

Fig. 3.4.13 AGC Wien Bridge
Output 10Vpp 1kHz

OSCILLATORS MODULE 03.PDF 16 0 E. COATES 2007-2013



www.learnabout-electronics.org Oscillators Module 3

Automatic Gain Control (AGC)

Fig. 3.4.14 shows a computer simulation of
the oscillator waveforms during the first 6
45ms after start up, and how the AGC syste 44 G)\
stabilises the amplitude of the output wave. ¢, 2

The output wave of IC1 is coloured green arg 0~ L1 i
. . . }_2_ Ly A
the input signal is shown by the blue (y 1

waveform. The controlling voltage applied tc -6:
the gate of TR1 is coloured red. The numbe _g-
in circles refer to the numbered paragraphs T

&

1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45

below. milliseconds

The gain of the amplifier is initially set by the Fig. 3.4.14 AGC Action at Start-up

ratio of R4(10K) and R3(4K7)

. 10K + 4K7
G I —————— .
ain 1K7 3.13

1. For the first few milliseconds after switch dime voltage on TR1 gate is 0V, therefore the
drain/source channel has a very low resistance acedpvith R3 and the gain of the amplifier is
3.13, and after 5ms the output waveform beginsda gapidly.

2. The output wave is fed back to D1, which reetifihe negative half cycles of the wave to
produce a negative DC voltage that grows negat@gI 1 charges.

3. As TR1 gate becomes more negative, the resstanbelJFETincreases, adding to the
resistance of R3 and reducing the amplifier gain.

4. The output amplitude falls too far, slightly ow®mpensating, but this reduces the negative gate
voltage allowing the output to increase again.

5. After about 45ms the gate voltages\$ettles at about —2V and the system stabilisegahmeat 3
and the input wave can now be seen to be 1/3 drti@itude of the output wave.
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3.5 AF Oscillator Quiz

Try our quiz, based on the information you can fm@scillators Module 3. You can check your
answers by using the online version at:

http://www.learnabout-electronics.org/Oscillators/osc35.php

1. Refer to Fig. 3.5.1. How much is the feedback si  gnal phase shifted by C3, R4?

r -
a.) 900 1:::( |2 1:.: 1&; Illlt?
| TN
10 I ToF

el

b) 60° o

[

0 45° i} l THI

106 L *

d) 30° [ "~ TW .
Fig. 3.5.1

2. Refer to Fig. 3.5.1. What is the approximate fre  quency of oscillation?
a) 440Hz

b) 550Hz
) 650Hz

d) 2.7kHz
3. An advantage of Wien Bridge oscillators compared to Phase Shift types is that::
a) Wien bridge oscillators can be used over a much wider frequency range than Phase Shift types.

b) It is easier to make variable frequency oscillators with Wien Bridge types than Phase shift types.

¢) Wien bridge oscillators can use op-amps.

d) Wien bridge oscillators always have a lower output impedance than Phase Shift types.

4. If each low pass filter in Fig. 3.5.2 hasavolt  age gain of 0.5, how much gain will be requiredfro ~ m the amplifier
for oscillations to start?

a)l - vy
4

b) 1.3
c)8.3

d) 29

5. Refer to Figs. 3.5.2.and 3.5.1 Which of the foll  owing comparisons is true?
a) Frequency calculation is more complex in Fig. 3.5.2 than in Fig. 3.5.1.

b) The filters used in Fig. 3.5.2 cause less distortion than in Fig. 3.5.1.
¢) Loading on the phase shift networks in Fig. 3.5.2 is reduced, compared to Fig. 3.5.1

d) The output impedance of Fig. 3.5.2 is higher than that of Fig. 3.5.1
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6. Which formula in Fig 3.5.3 should be used forfi  nding the frequency of oscillation of a buffered ph ase shift
oscillator?

a. b.

a) ] |
) /= Tare I 2(NG)RC

C) C. d.

R i

d) “  2mRC o 2VRC

7. If the circuit in Fig. 3.5.4 is supplied withan ~ AC signal and the ammeter reads zero amperes, what  is the phase
relationship between points X and Y?

a) 180°
b) 90°
c) 45°

d) 0°

8. What is the purpose of the lamp in Fig. 3.5.5?

a) To stabilise the frequency of oscillation. R,D_ R3

b) To indicate the oscillations are present. 1

c) To prevent distortion « o

d) To give over current indication. Fig. 3.5.5

9. Refer to Fig 3.5.6. What is the purpose of TR1?

a) To provide automatic gain control (AGC) for IC1

b) To provide automatic frequency (AFC) control for IC1

¢) To provide a high impedance input for the feedback system. '] R

d) To provide a constant current DC supply for IC1.

10. Refer to Fig 3.5.6. What is the approximate low  frequency limit |

of the Oscillator? o
1M 148
a) 70Hz
b) 150Hz I
c¢) 1.5kHz
Ju
d) 7kHz Fig, 3.5.6

OSCILLATORS MODULE 03.PDF 19 0 E. COATES 2007-2013



