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Preface

The hobby of electronics can be a bewildering one at times.
There seems to be an ever increasing range of electronic com-
ponents and circuit configurations for them to operate in. A
mass of data is associated with these components and circuits,
ranging from the mundane such as resistor colour codes, to
more specialised data such as performance figures for special-
ist integrated circuits. Most electronics hobbyists accumulate a
large amount of data from sources such as books, magazines,
and electronic component catalogues. This brings the problem
of locating each piece of data that is required, if it is actually
present in the collection.

The aim of this book is to provide a large collection of data
for the amateur electronics enthusiast, so that much of the
information he or she will require is available in a single source
where it can be quickly and easily located. It would obviously
be unrealistic to claim that this book contains all the data that
will ever be required by the average electronics enthusiast.
However, it contains a wide range of data covering subjects
such as common circuits, MIDI, computing, radio, colour
codes, logic integrated circuits, operational amplifiers, transis-
tors, and other types of semiconductor. The aim of the book is
not to provide a course in electronics, and some background
knowledge of the subject is needed in order to fully utilize this
publication. In most cases the reader is not simply presented
with raw data though, and most of the data is backed up by
explanatory notes.

R. A. Penfold
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Chapter 1
CIRCUIT DATA

This chapter covers basic design data for a range of common
circuit types. These include 555 astable and monostable
circuits, meter series and shunt resistances, series and parallel
tuned circuits, etc. In addition to basic design formulae, a num-
ber of useful tables and graphs are provided. Note that basic
operational amplifier circuits and transistor amplifier circuits
are covered in separate chapters dealing with operational
amplifiers and transistors.

L-C Tuned Circuits

There are two types of simple L - C tuned circuit, which are the
parallel and series varieties. These are shown in Figures 1.1(a)
and 1.1(b) respectively. When added into the signal path a
parallel tuned circuit provides a low impedance at most
frequencies, but a high impedance at or close to the resonant
frequency. In theory at any rate, there is infinite impedance
through a parallel tuned circuit at the resonant frequency.
When used in the manner shown in Figure 1.1(a) a parallel
tuned circuit therefore provides a notch response. This type of
circuit is sometimes referred to as a “wavetrap”. A parallel
tuned circuit is more frequently used in the manner shown in
Figure 1.2, where it provides a bandpass response. In practice
the tuned circuit is often used as the load for an amplifier, rather
than in the manner shown in Figure 1.2. The result is still a
bandpass response. A series tuned circuit has a high impedance
at most frequencies, but a low impedance close to resonance.
Series resonant tuned circuits are little used in practice. In both
cases the resonant frequency is given by the formula:-

f=1/2rn VLC

These tables shows the approximate resonant frequencies
for some example L - C values.



(a)

L1
i
In Out
o— 7o)
(b)

L1 C1
O——=<S<5— “——o
In Qut
o —0

Fig.1.1  (a) Parallel resonant and (b) series resonant
tuned circuits
O I * O
T |
In N1 == Cl Out
I
o . ° O
Fig.1.2 A parallel tuned circuit used as a bandpass

filter




Inductance sp

0.1uH 225MHz
0.2uH 159MHz
0.4pH 112MHz
1.0uH 71.2MHz
2.0uH 50.3MHz
4.0uH 35.6MHz
10uH 22.5MHz
20uH 15.9MHz
40uH 11.2MHz
100pH 7.12MHz
200pH 5.03MHz
400uH 3.56MHz
ImH 2.25MHz
Inductance sop

ImH 712kHz
2mH 503kHz
4mH 356kHz
10mH 225kHz
20mH 159kHz
40mH 112kHz
100mH 71.2kHz
200mH 50.3kHz
400mH 35.6kHz
IH 22.5kHz
Inductance 500p
10mH 71.2kHz
20mH 50.3kHz
40mH 35.6kHz
100mH 22.5kHz
200mH 15.9kHz
400mH 11.2kHz
IH 7.12kHz
2H 5.03kHz
4H 3.56kHz
10H 2.25kHz

10p
159MHz
112MHz
79.6MHz
50.3MHz
35.6MHz
25.2MHz
15.9MHz
11.2MHz
7.96MHz
5.03MHz
3.56MHz
2.52MH:z
1.59MHz

100p

503kHz
356kHz
252kHz
159kHz
112kHz
79.6kHz
50.3kHz
35.6kHz
25.2kHz
159kHz

In

50.3kHz
35.6kHz
25.2kHz
15.9kHz
11.2kHz
7.96kHz
5.03kHz
3.56kHz
2.52kHz
1.59kHz

20p

112MH:z
79.6MHBz
56.2MHz
35.6MHBz
25.2MHz
17.8MHz
11.2MHz
7.96MHz
5.62MFEz
3.56MHz
2.52MHz
1.78MHz
1.12MHz

200p
356kHz
252kHz
178kHz
112kHz
79.6kHz
56.2kHz
35.6kHz
25.2kHz
17.8kHz
11.2kHz

2n

35.6kHz
25.2kHz
17.8kHz
11.2kHz
7.96kHz
5.63kHz
3.56kHz
2.52kHz
1.78kHz
1.12kHz

40p
79.6MHz

56.3MHz
39.8MHz
25.2MHz
17.8MHz
12.6MHz
7.96MHz
5.63MHz
3.98MHz
2.52MHz
1.78MHz
1.26MHz
796kHz

400p
252kHz

178kHz

126kHz

79.6kHz
56.3kHz
39.8kHz
25.2kHz
17.8kHz
12.6kHz
7.96kHz

4n
25.2kHz
17.8kHz
12.6kHz
7.96kHz
5.63kHz
3.98kHz
2.52kHz
1.78kHz
1.26kHz
796Hz

100p
50.3MHz
35.6MHz
22.5MHz
15.9MHz
11.3MHz
7.96MHz
5.03MHz
3.56MHz
2.25MHz
1.59MHz
1.13MHz
796kHz
503kHz

In
159kHz
113kHz
79.6kHz
50.3kHz
35.6kHz
22.5kHz
15.9kHz
11.3kHz
7.96kHz
5.03kHz

10n
15.9kHz
11.3kHz
7.96kHz
5.03kHz
3.56kHz
2.25kHz
1.59kHz
1.13kHz
796Hz
503Hz




Inductance Sn 10n 20n 40n 100n

100mH 7.12kHz 5.03kHz 3.56kHz 2.52kHz  1.59kHz
200mH 5.03kHz 3.56kHz 2.52kHz 1.78kHz 1.13kHz
400mH 3.56kHz  2.52kHz 1.78kHz 1.26kHz  796Hz
IH 2.52kHz 1.59kHz 1.12kHz  796Hz 503Hz
2H 1.59kHz 1.12kHz  796Hz 563Hz 356Hz
4H 1.12kHz 796Hz 563Hz 398Hz 225Hz
10H 712Hz 503Hz 356Hz 252Hz 159Hz
20H 503Hz 356Hz 252Hz 178Hz 113Hz
40H 356Hz 252Hz 178Hz 126Hz 79.6Hz
100H 252Hz 159Hz 112Hz 79.6Hz 50.3Hz

Meter Resistors

The sensitivity of a current meter can be reduced if a shunt
resistor is used, as in Figure 1.3(a). It can be made to operate
as a voltmeter by adding a series resistor, as in Figure 1.3(b).
In both cases it is essential to know the resistance of the meter
in order to calculate the value of the extra resistor. This formu-
la gives the value for a shunt resistor:

Meter R x Meter I
Required I - Meter I

For example, if the meter resistance is 100 ohms, its full scale
value is 100 milliamps (0.1A), and a full scale value of 1 amp
is required, the required shunt resistance is 11.11 ohms (100 x
0.1/1- 0.1 = 11.11).

The value of a series resistor is calculated by first working
out the total resistance through the meter and the series resistor.
This is just a matter of applying Ohm’s Law, and dividing the
required full scale voltage by the meter’s full scale current. For
instance, suppose that a meter having a full scale value of ImA
(0.001A) must be used as a voltmeter having a full scale value
of 100 volts. This gives a total resistance of 100000 ohms
(100V/0.001 A = 100000 ohms), or 100k in other words.

A voltmeter must not draw much current from the main cir-
cuit, so it is normally based on a SOu A, 100pA, SO0uA, or ImA
meter. The total resistance for meters of these sensitivities is
equal to 20k, 10k, 2k, and 1k per full scale volt. Thus our ImA

4



(a)
+ O
| +
Input R1 (/) ME1
™
-0
(b)
+ O
H R1
Input L+
/) ME1
- O
Fig.1.3  (a) Adding a shunt resistor to a meter, and (b)
adding a series resistor

meter requires a total resistance of 100k (100 volts at 1k per
volt equals 100k).

Deducting the resistance of the meter gives the value for the
series resistor. For instance, if the meter has a resistance of 500
ohms (0.5k), in our example the correct value for the series
resistor is 99.5k (100k — 0.5k = 99.5k). With high full scale
values the resistance of the meter will be very low in relation to
the full resistance of the circuit, and it can then be ignored. In
this example the meter’s resistance is only 0.5% of the total
resistance, which would be insignificant in many applications.

5




Digital Meters

The situation is rather different for digital panel meters, which
are generally voltage rather than current operated. Unless the
meter is supplied with an internal shunt resistor, it will proba-
bly have a full scale value of 0.1999 volts, rather than a certain
current. It is obviously not possible to recalibrate a digital
meter, so the only practical alternatives to the basic sensitivity
are full scale values of 1.999, 19.99 and 199.9 volts. These
require attenuation factors of nine to one, 99 to one, and 999 to
one respectively. The input resistance of the meter is normally
so high that it can be ignored. Figure 1.4 shows the circuit for
attenuator that can be used to reduce the sensitivity of a digital
panel meter. This table shows the values of R1 and R2 for full

Digital Panel Meter

+ Input -
R2
———t

"

(B Input (L
+

Fig.1.4  Using an attenuator to provide a digital panel
meter with a higher full scale value




scale values of 1.999, 19.99, and 199.9 volts. In each case the
input resistance is over 10M.

Full Scale Voltage RI R2
1.999v 10M 1.111M
19.99v 10M 101k
199.9V 10M 10.01k

Obviously the values for R2 are a bit awkward, as none
of them are preferred values. The required values must there-
fore be made up from two or three resistors wired in series. For
example, a value of 1.111 megohms can be made by using a 1.1
megohm resistor in series with a 11k component.

Current measurement requires a shunt resistor to be added
across the meter, as in Figure 1.5. Again, there are only a lim-
ited range of realistic full scale current values since recalibra-
tion of a digital meter is not possible. This table shows various
full scale values and the shunt resistances required to produce
them.

Digital Panel Meter

+ Input -
R1
P g
0 Input (6}
+ —

Fig.1.5  Using a digital panel mster to provide current
measurement




Full Scale Value

Shunt Resistance

19.9uA 100k
199.9nA 10k
1.999mA 1k
19.99mA 100R
199.9mA 10R
1.999A IR
19.99A 0.IR

L.E.D. Current

Calculating the value of a current limiting resistor for a l.e.d. is
very simple, but seems to get many people decidedly vexed. A
l.e.d. must normally be fed from the supply, logic output, or
whatever, via a series current limiting resistor, as in Figure 1.6.
Otherwise the l.e.d. will draw a very high current, possibly
damaging both the l.e.d. itself and the driving circuit. The
essential point to bear in mind is that the forward voltage across
al.e.d. is much higher than the voltage across a forward biased
silicon diode. It is about 1.8 volts or so, as opposed to about

V+ O

R1

AN

D1

Fig.1.6 A le.d. is normally driven via a series resistor




0.6 volts or so for a normal silicon diode. The voltage across
the series resistor is therefore about 1.8 volts less than the
supply voltage. The first step is to deduct 1.8 volts from the
supply voltage to obtain the voltage across the l.e.d. Ohm’s
Law can then be used to calculate the value of the series resis-
tor, and this is just a matter of dividing the voltage across the
resistor by the required l.e.d. current.

Suppose that a l.e.d. must be driven at a current of 10 mil-
liamps (0.01 amps), and that a 9 volt supply is to be used. The
voltage across the series resistor will be 7.2 volts (9 — 1.8 volts
equals 7.2 volts). Dividing 7.2 volts by .01 amps gives a value
for the series resistor of 720 ohms. In practice the nearest pre-
ferred value above the calculated value often has to be used. In
this case a 750 ohm resistor would be used. This gives a typi-
cal Le.d. current of 9.6 milliamps, which should give good
results.

Provided the supply voltage is adequate, it is possible to
drive two or more l.e.d.s in series, as in Figure 1.7. Remember
though, that 1.8 volts per l.e.d. has to be allowed when calcu-
lating the voltage across the series resistor. In this example
there are three l.e.d.s in series, giving a total of 5.4 volts across
the Le.d.s. With a9 volt supply this would give only 3.6 volts
across the series resistor. Al.e.d. current of 10 milliamps would
therefore require a 360 ohm series resistor.

555 Monostable
Figure 1.8 shows the circuit for a basic 555 timer used in the
monostable mode. Cl is merely a supply decoupling capacitor,
and it is advisable to use a fairly high value here (at least 100p)
as the 555 tends to “crowbar” the supply on output transitions.
Most low power 555s are largely free from this problem, and
require less decoupling. The circuit is triggered by briefly puls-
ing pin 2 low. In this case “low” means less than one third of
the supply potential. A basic 555 monostable can only operate
as a pulse stretcher, so it is important that the input pulse ends
before the output pulse in due to finish. Otherwise the output
pulse will be elongated.

The output pulse duration is set by R1 and C2, and is equal
to 1.1 R1 x C2 seconds. For example, values of 470n and 680k

9




V+ O

oV o

Fig.1.7  Using several l.e.d.s in series gives less
voltage across R1

give a pulse duration of 0.35156 seconds (0.47 x 0.68 x 1.1 =
0.35156 seconds). It is generally more convenient to work in
megohms and microfarads, rather than ohms and farads, as in
this example. A positive output pulse is produced incidentally.
R1 should have a value of no more than 20 megohms. The
minimum recommended value is 3k, but values down to 1k are
generally safe, particularly when low supply voltages are used.

This table shows the output pulse durations for a range of C
and R values, and this should aid the selection of suitable
values for R1 and C2.

10



p

O +5 to 15V

R1
4 8
l 7
A ¢y Ic1 |3
—O Out
T 100u | g INESSSCP
2 1
O In
T c2
. 0 QV
Fig.1.8  The basic 555 monostatle configuration
RI C2 Pulse Duration
1k 1n 1.1ps
1k InS 1.65us
1k 2n2 2.42ps
1k 3n3 3.63us
1k 4n7 5.17ps
1k 6n8 7.48us
1k 10n 1lps
1k2 In 1.32us
1k2 InS 1.98us
1k2 2n2 2.904ps
1k2 3n3 4.356ps
1k2 4n7 6.204pus
1k2 6n8 8.976ps
1k2 10n 13.2ps

11




1k5
1k5
1k5
1k5
1kS
1kS
1k5
1k8
1k8
1k8
1k8
1k8
1k8
1k8
2k2
2k2
2k2
2k2
2k2
2k2
2k2
2k7
2k7
2k7
2k7
2k7
2k7
2k7
3k3
3k3
3k3
3k3
3k3
3k3
3k3
3k9
3k9
3k9
3k9
3k9

In

InS
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
In

1n5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n

In5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7

12

1.65us
2.475us
3.63us
4.95us
7.755us
11.22ps
16.5us
1.98us
2.97us
4.356ps
6.534ps
9.306us
13.464us
19.8us
2.42us
3.63us
5.324us
7.986us
11.374pus
16.456pus
24.2us
2.97us
4.455us
6.534us
9.801us
13.959us
20.196ps
29.7us
3.63us
5.445us
7.986ys
11.979us
17.061us
24.684ps
36.3us
4.29us
6.435us
9.438us
14.157us
20.163pus



3k9 6n8 29.172ps

3k9 10n 42 9us
4k7 In 5.17us
4k7 In5 7.755us
4k7 2n2 11.374us
4k7 3n3 17.061us
4k7 4n7 24.299s
4k7 6n8 35.156ps
4k7 10n 51.7us
5k6 In 6.16us
5k6 In5 9.24us
5k6 2n2 13.552us
5k6 3n3 21.78us
5k6 4n7 28.952us
5k6 6n8 41.888us
5k6 10n 61.6us
6k8 In 7.48us
6k8 InS 11.22us
6k8 2n2 16.456us
6k8 3n3 24.684us
6k8 4n7 35.156ps
6k8 6n8 50.864us
6k8 10n 74.8us
8k2 In 9.02us
8k2 1n5 13.53us
8k2 2n2 19.844s
8k2 3n3 29.766us
8k2 4n7 42.394us
8k2 6n8 61.336us
8k2 10n 90.2us
10k In 11us

10k In5 16.5us
10k 2n2 24 2us
10k 3n3 36.3us
10k 4n7 51.7us
10k 6n8 74.8us
10k 10n 110us

Each time the value of R1 or C2 is raised by one decade, the
pulse duration is increased by a factor of 10. Thus, a pulse
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duration of 1.353ms (1353ps) could be obtained using values
of 82k and 15n. Values of 820k and In5 would provide the
same pulse duration, as would values of 8k2 and 150n.
Although most low power 555s are accurate at pulse durations
down to at lus or less, it is advisable to use the standard 555 at
pulse durations of no less than Sps.

100u
10u
o 1
Q u
2
)
o
S 100n}|
Q
10n
in

10us 100us ims 10ms 100ms 1s 10s
Pulse Duration

Fig.1.9 555 monostable timing graphs

The graphs of Figure 1.9 also help in the selection of suit-
able timing values, but these only enable approximate values to
be selected. Some calculation or reference to the timing com-
ponent table will be needed if values are being selected for
critical applications.

CMOS Monostables
The circuit diagram for a simple monostable based on two
CMOS NOR logic gates is shown in Figure 1.10. This is
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[ -0 +3 to 15V
*_ P R1
IC1 pin 14 A
- 1 C1 S
IC1a S_IL i IC1b 4' © Out
2 6
IC1 pin 7 IC1 = 4001BE

Fig.1.10 A simple CMOS monostable circuit

triggered by a low-to-high transition at normal CMQOS logic
levels. Unlike the 555 astable, this circuit is not retriggerable.
Therefore, each positive output pulse will end at the correct
time, even if the input is held in the high state. The duration of
the output pulse is not as predictable as that of a 555 mono-
stable. C1 and R1 are the timing components. The pulse dura-
tion is approximately 0.65 C1 x R1 seconds. For instance, val-
ues of 100k and 10n (0.01pn) would give a pulse time of rough-
ly 0.65ms (0.IM x 0.01p x 0.65 = 0.00065 seconds, or
0.65ms).

Figure 1.11 shows the circuit diagram for an alternative
form of CMOS monostable. This is based on two CMOS
NAND gates. It is triggered on a high-to-low transition, and
the output pulses low when the circuit is triggered. As before,
the duration of the output pulse is approximately 0.65 C1 x R1
seconds. R1 can have any value from about 4k7 upwards.
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1 o +3 to 15V

. iIC1 = 4011BE
IC1 pin 14
1 5
I O— C1
ICla 3'|—- IC1b " Out
2 6

i .
IC1 Tln 7 ? -
: 0 0OV

Fig.1.11  An alternative monostable circuit

This table shows approximate pulse durations for a range of
values for C1 and R1.

RI Cl Pulse Duration
10k In 0.65us
10k In5 0.975us
10k 2n2 1.43us
10k 3n3 2.145us
10k 4n7 3.005us
10k 6n8 4.42us
10k 10n 6.5us
12k In 0.78us
12k InS 1.17us
12k 2n2 1.716us
12k 3n3 2.574ps
12k 4n7 4.507us
12k 6n8 5.304us
12k 10n 7.8us
15k In 0.975us
15k InS 1.462us
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15k
15k
15k
15k
15k
18k
18k
18k
18k
18k
18k
18k
22k
22k
22k
22k
22k
22k
22k
27k
27k
27k
27k
27k
27k
27k
33k
33k
33k
33k
33k
33k
33k
39k
39k
39k
39k
39k
39k
39k

2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
In

InS
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
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2.145ps
3.217ps
4.582us
6.63us
9.75us
1.17us
1.755ps
2.574ps
3.861pus
5.499us
7.956ps
11.7ps
1.43pus
2.145ps
3.146ps
4.719us
6.721pus
9.724ps
14.3us
1.755ps
2.632us
3.861us
5.791us
8.248us
11.934pus
17.55us
2.145ps
3.217ps
4.719ps
7.078us
10.081pus
14.586ps
21.45us
2.535ps
3.802us
5.577us
8.365us
11.914ps
17.238us
25.35us



47k
47k
47k
47k
47k
47k
47k
56k
56k
56k
56k
56k
56k
56k
68k
68k
68k
68k
68k
68k
68k
82k
82k
82k
82k
82k
82k
82k
100k
100k
100k
100k
100k
100k
100k

The timing graphs of Figure 1.12 are useful when selecting
timing component values for the two CMOS monostables, but
they only enable approximate values to be determined.

In

1n5
2n2
3n3
4n7
6n8
10n
In

1n5
2n2
3n3
4n7
6n8
10n
1n

1n5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n
In

In5
2n2
3n3
4n7
6n8
10n

3.055us
4.582us
6.721ps
10.081us
14.358us
20.774us
30.55us
3.64us
5.46us
8.008us
12.012us
17.108us
24.752us
36.4us
4.42us
6.63us
9.724us
14.586us
20.774ps
30.056us
44.2us
5.33us
7.995us
11.726ps
17.58%us
25.051ps
43.706us
53.3us
6.5us
9.75us
14.3us
21.45ps
30.05s
44 2us
65us
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100n

10n
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10us 100us 1ms 10ms 100ms 1s 10s

Pulse Duration

Fig.1.12 Timing graphs for the CMOS monostables

555 Astable

The circuit diagram for a basic 555 astable (oscillator) appears
in Figure 1.13. Like the 555 monostable, it is advisable to use
a large decoupling capacitor if a standard 555 is used. In
theory it is necessary to include C3 tc filter out stray pick-up at
the modulation input of the 555. In practice this capacitor is
normally omitted, with no signs of any ill effects.

The output waveform at pin 3 of IC1 is a pulse signal, but
for a normal 555 astable it is never a squarewave. This is due
to the way in which the timing circuit functions. The timing
components are R1, R2, and C2. C2 charges to two thirds of
the supply voltage via R1 and R2, and then discharges to one
third of the supply potential by way of R2 and an internal
transistor of the 555. The circuit oscillates indefinitely in this
fashion, with the charge on C2 going to and fro between one-
third and two-thirds of the supply vcltage. The output at pin 3
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7 3
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I IC1
R2
T 100u 555
6 5
2 1

C3

-
TCZ T100n
e 0 QV

Fig.1.13 The basic 555 astable circuit

is high while C2 is charging, and low when it is discharging.
The output of the standard circuit can not be a squarewave
because C2 charges through R1 and R2, but only discharges
through R2. This results in a charge time which is longer than
the discharge time, although making the value of R1 low in
comparison to that of R2 minimises the disparity. The operat-
ing frequency is equal to:

f = 1.44/{(R1 + 2R2) C2}

As a simple example, suppose that C2 has a value of 10n,
and that R1 and R2 are respectively 10k and 100k components.
First the total effective timing resistance must be calculated.
This is equal to twice 100k plus 10k, which is clearly 210k
(0.21M). This is multiplied by the value of C2, which is 0.01p,
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giving an answer of 0.0021. Finally, dividing 1.44 by this fig-
ure gives the operating frequency in kertz. According to my
calculator this works out at 685.71Hz. Note that, once again, it
is easier to work with the resistance values in megohms, and
the capacitance value in microfarads, rather than in ohms and
farads.

The time for which the output is high is given by the
formula:

t =0.693 (R1 + R2) C2 seconds

The low output period is given by the formula:
t = 0.693 R2 x C2 seconds

Applying these formulas to the example values used previ-
ously, the high output time works out at 0.11M x 0.01p x 0.693,

100u
10u |-
it
2 Tu
o2
©
o
S 100n |
Q
10n
in

0.1Hz 1Hz 10Hz  100Hz 1kHz 10kHz 100kHz

Frequency

Fig.1.14  Timing component graph for a 555 astable
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Fig.1.15 A further set of graphs for 555 astables

which equals 0.0007623 seconds, or 762.3ps. The low output
period is equal to 0.1IM x 0.01p x 0.693, which comes to
0.000693 seconds, or 693ps.

The graphs of Figures 1.14 and 1.15 are useful when select-
ing suitable values for the timing components in a 555 astable.
These show the frequencies produced by a range of timing
resistances and capacitances. Note that the resistances are the
total timing resistances (i.e R1 plus 2 x R2). For example, a
timing resistance of about 100k would be produced using 33k
resistors for R1 and R2, and a 30k total timing resistance would
be produced using a value of 10k for both R1 and R2. When
using these graphs it is essential to bear in mind that both the
capacitance and frequency axes are logarithmic. The graphs
will only give a rough indication of the timing values needed
for a given output frequency, and where necessary some calcu-
lations will be needed in order to “fine tune” the values to ones
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that will give the required frequency with a suitable degree of
accuracy.

Wien Oscillator

Figure 1.16 shows the basic circuit for Wien oscillator, or Wien
bridge oscillator as it is also known. ICI is an operational
amplifier that is used in the non-inverting mode. R3, RS, C3
and C4 form a phase shift network which provides frequency
selective feedback over the amplifier. At a certain frequency
there is zero phase shift through this Wien network, and posi-
tive feedback is applied over the amplifier. Provided the gain
of the amplifier is greater than the losses through the Wien net-
work at this frequency, the circuit will oscillate.

A closed loop voltage gain of only about three times is need-
ed in order to produce oscillation. The output waveform is a
high quality sinewave, but only if the gain of the amplifier is
maintained at a level which is just about adequate to sustain
oscillation. Slightly lower gain causes oscillation to subside
and then cease altogether. A slight excess of gain results in a
severely clipped output signal that is more like a low grade
squarewave than a sinewave signal. In this circuit the value of
VRI1 is carefully adjusted to a setting that gives a good quality
output signal. Better results are obtained using an RA53
thermistor to provide gain stabilisation. The RAS53 is connect-
ed in place of VRI and R6, and the value of R4 must be
reduced to about 680R. The modified circuit is shown in
Figure 1.17. The output level is about one volt r.m.s. (2.8 volts
peak-to-peak).

The operating frequency of the circuit is controlled by R3,
RS, C3, and C4. In a practical circuit the value of R3 is nor-
mally equal to that of RS, and the two capacitors also have the
same value. The operating frequency is then given by the
formula:

f=1/6.283 C R hertz

The graphs of Figure 1.18 are a useful to finding suitable
C — R values, but this will only provide a rough guide to com-
ponent selection. This table shows a range of approximate
C - R values for various output frequencies, and should also
prove helpful.

23




104

O +9 to 30V
— Ct R1 C4
- 100 1k8
u Lk Cc3 i
11
3 6 10u
R3 IC o ~f}—o Out
E R6
fk47 L
— ——
< C2 R2 VR
— _ 22k
_100u[ﬂ1k8 IC1 = LF351N

Fig.1.16  The basic Wien oscillator configuration
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Fig.1.17 The circuit for a gain stabilised Wien oscillator
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Fig.1.18 Frequency graphs for a Wien oscillator
Frequency 500p In 2n Sn 10n
25Hz 12.8M 6.4M 32M 1.28M 640k
50Hz 6.4M 32M 1.6M 640k 320k
100H