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the next pulse passes to BCD3, for 1 hour. In a similar way, 
numerals will only need to run to 12 or 24, for the hours 
display.

Counts of this kind can be obtained by using other types of 
divider-counter, or by altered connections or similar methods. 
It is in fact possible to divide by almost any number which, 
could be needed, and no difficulty arises with division by 2,
5, 6, 10, 12 and similar “round” numbers which are often 
necessary.

Displays

The 7-segment light emitting diode is in general use. It needs 
only a low voltage, and its current consumption is not very 
great. Details of commonly used numerical displays of this 
kind will be found later. Minitrons have a somewhat similar 
application.

It is found that Nixie tubes are sometimes available at quite 
low cost as surplus. These require a high voltage, but this is 
only at low current. Where a device is to run from the mains 
supply, as is often the case, a suitable supply is easily obtained.

As mentioned, the decoder-drivers suitable for one type of 
display numeral will not be correct for the other type. So the 
kind of numerals used must be decided before obtaining the 
decoder-drivers. This is dealt with fully later.

Thus the kind of display selected can depend on the purpose 
in view, as well as the availability of components, or cost.

Frequency

Numerical displays are also used for equipment such as digital 
frequency meters, or the digital read-out of signal generators. 
For this purpose, a decimal counter as in Figure 1 is employed. 
It may have as many digits as considered necessary/
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suitable layout. The board should be 0.1 in matrix, and the 
divider, or a 14-pin holder for it, fits this correctly. A board 
10 x 22 holes will be satisfactory.

An easy method of preparing this and similar boards is to use 
bare tinned copper wire. This can be 20 swg or similar for the 
positive and negative circuits, but much thinner (say 30 swg) 
elsewhere. This is easily run from point to point as needed, 
and is passed through holes in the board, so that circuits are 
made from a single, uncut lead. If the wires are taut, sleeving 
will not be needed here.

If a board with foil conductors is used instead, the strips 
should run along the longer dimension. Wires will be needed 
only on top of the board, as shown by solid lines. It will be 
necessary to provide breaks in the foils at all places where short 
circuits would otherwise be caused. These can be made with a 
cutter, or a few turns with a shar p drill. Make sure the 
conductors are completely cut, and that fragments do not 
bridge the cut, or touch the adjoining foils. Assembly will 
take a little longer than when using wire conductors 
throughout.

Pins can be fitted for positive, negative and other external 
circuits, or colour-coded leads can be soldered on here. Input 
pulses can be from any of the circuits shown later.

Display Inverter

The logic can be inverted so that 1 is shown by an illuminated 
LED, and 0 by a LED not illuminated. This may be preferred, 
and it is perhaps more easily read by someone unaccustomed 
to the other form of display, or to the binary sequence, it 
being more naturally assumed that illumination shows 1, and 
non-illumination zero.

The inversion can be obtained for each LED by a transistor as 
in Figure 3. Assuming that 11 is 0, the LED in Figure 2 
would be lit. But in Figure 3 this state removes base bias from 
TR1, so that collector current virtually ceases, and the LED is
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not illuminated. At state 1, TR1 receives base bias through 
R1 and R2, so collector current results in the LED being 
illuminated.

+
LED

BC 108Rl
R3D 220 K

680H

TRI NPN
R2 V
56 K

IU
II 8 9 I 12 5

14 7490 IO

FIG. 3.

Many high gain audio and other transistors will operate in this 
circuit e.g., BC108 and similar types. The resistor values are 
not critical and may if wished be changed to suit transistors or 
LEDs.

Quad Inverter

The 7404 is a sextuple (six-fold) inverter, so four of the six 
available gates can be used to obtain an illuminated (1) and 
un-illuminated (0) LED display.

With the inverter, 0 as input provides 1 as output, and 1 as 
input results in 0 as output. So by its use the binary outputs 
of Figure 2 can be changed in the way described for the 4- 
transistor inverter circuit.
2 13
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Inverter. This is shown at A. The gate output is an inversion 
of its input. Thus a high input provides a low output, and a 
low input a high output. The 7404 is a sextuple inverter, 
having six individual and separate inverters.

NOR. A NOR gate has two inputs. Both are low for the 
output to be high. If either input is high, the output will be 
low.

AND. Tire 2-input AND gate at B provides output corres­
ponding to inputs simultaneously at 1 and 2 of input.

NAND. C shows a 2-input NAND gate in which both inputs 
are high for low output. With either input low the output is 
high.

The inverter and NAND gates find considerable application in 
the circuits here. As explained later, high may be around 3.5v, 
and low near Oy. With 1 for high, and 0 for low, input-output
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operation of these gates can be expressed as follows:

Inverter 0=1. 
HAND 1,1=0.

1=0.
0,0= 1.1,0 = 1.0,1 = 1.

Decoders and other devices have gates internally arranged to 
perform the required operations, and reference to internal 
circuits need not be made.

7400 Operating Conditions

The 7400 series of devices include the 7490 decade counter, 
7492 12-counter, and numerous other ICs, as listed elsewhere, 
and general operating conditions for these are given below.

Supply Voltage. This is normally within the range 4.75v to 
5.25v. Ripple and regulation change should not exceed 5 per 
cent. To avoid erratic operation, a capacitor of about 22nF to 
0.1/aF will generally be required across the supply at the 
board. One such capacitor may serve several ICs, depending 
on layout etc. Common grounds in particular should be of 
low resistance or impedance. These can be obtained by wide 
foils where necessary, or equivalent wire conductors, located 
and connected to avoid common impedances which may 
provide unwanted coupling between ICs.

Normal operating temperature with free air circulation is 
0°C to 70°C.

Logic Levels. The logical 0 output voltage is typically 0.2v, 
with a maximum of 0.5v when driving normal loads, and can 
be under O.lv for light loads.

Logical 1 output is typically 2.4v to 3.5v, with average loads.

Logical 0 input current is 1.0mA to 1.6mA and logical 1 
input current 0.1mA, for each input.

These can be measured as described; or determined to lie in the
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the loading on the gate, as well as on the IC tolerances. How­
ever, no confusion can normally arise, since high will be around 
3v to 4v, and low almost zero.

5 V + ■f

R! 1*5 K

L> r tGATE
OUTPUT

LED

HIGH 
3-5 V

LOW
O.-IV R2li 6800

FIG. 6 . PROD'

In some circumstances it may be more convenient to use a 
prod such as that shown in Figure 6. This can be made in a 
small tube or similar case, with a flexible lead and clip to take 
to the positive line. The LED lights for logical 0, but does not 
light for 1. If R1 is not present, the LED may light with a very 
small current, so that results are not always definite. R2 
limits the LED current and thus the load on the gate output 
circuit.

With the prod, the logical circuits can be traced rapidly and 
identified as 0 or 1. With the logical 0 condition, the gate is 
providing continuity to the negative line, so that the LED 
passes current. A small LED will require about 5mA or less. 
It must be assembled into the circuit with correct polarity. 
The LED prod can be used wih all circuits where maximum 
loading is not already present.

Switch Pulsing

When making point by point tests through a counting or 
similar circuit, to check conditions at input and output of
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sections of the ICs, it can be useful to provide pulses singly, 
from a switch. Figure 7 is one method of doing this.

0 (�  ��  ICS
�4

���  5

�&$� T 9�:;<��
�4 4"��%

=  ��  ���FIG. 7 .

Positive and negative connections are made to the lines 
supplying the IC board. The junction of Rl and SI has a lead 
to take to the required input point (e.g., 14 of the 7490 or 
7492). Any existing clock or pulse circuit is temporarily 
disconnected. Pulses can now be applied singly, by operating 
switch SI. The conditions at the IC output tags, and else­
where in the following circuits, can then be checked as 
necessary. Failure to obtain the anticipated high or low 
states in some parts of the circuit will then be found, and 
faults can be localised, to show interrupted foils, imperfect 
joints or other open circuits, shorts between conductors, or 
non-working gates.

SI must provide good on-off switching without bouncing, or 
intermittent contact when closing. Such defects can produce 
a number of almost instantaneous pulses so that a divider or 
counter is stepped on farther than expected. Cl reduces the 
liklihood of this, but cannot be of very large value, because of 
the charging time when SI is opened. However, there should 
be no particular difficulty in stepping the divider or other 
gates with single pulses to allow systematic tests.

Where single pulses are essential the electronic manual switch

19



shown later can be used.

Slow Auto Pulser or Clock

With various counters it is useful to have a slow clock which 
will automatically pulse the divider input. A suitable circuit 
for this is shown in the Random Numeral Selector, (see 
Figure 16). Two transistors are used in a multi-vibrator, and 
very many different transistors will be satisfactory.

Using the values shown in Figure 8 pulses are at roughly one 
second intervals. This allows enough time for SI to be opened, 
to stop the divider and leave it in some state where circuit 
investigation is needed.

Current is drawn from the IC board supply lines, and input 
will be to 14 for the 7490 or 7492, as described for the 
switch pulsing.

As an example of the use of this pulser for circuit tests, should
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To check operation of an individual IC on the board, provide 
positive and negative supplies to the correct pins. Inputs can 
be taken high via a lk or 2.2k resistor to positive. Operating 
conditions should be as given elsewhere.

7441 Nixie Driver

The 7441 is a decoder which accepts input from a binary 
divider and provides an output which may be employed to 
drive a Nixie numerical tube directly. According to the input 
supplied to the 7441, output is present at one of ten output 
points. Changes in the input step the output along these 
circuits, so allowing the numerals 0 to 9 to be selected and 
displayed.

240V 4-
Rl fl33KFIG. II.

2

7 NIXIE

GN4�
13 12 II 10 9 7 6 5 4 3

nititii ii
16 15 8 9 13 14 II 10 I 2|sy+

744 1
5

3 6 4 12

ili 12 9 8 5
7490

10
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Output circuits of the 7441 are connected so that the 
numerals 0 to 9 are displayed in sequence, and 9 is followed 
by 0, to repeat the sequence. By making these connections 
appropriately, the “carry on” needs of circuits with two or 
more numerals are met. For a single numeral random number 
indicator, decoder outputs can be connected so that any 
numeral is displayed with any output.

Figure 11 shows the output circuits for the 7441. Inputs are 
to the points 3, 6,7 and 4, and outputs are obtained from the 
points 1,2 and 8 to 16. Correct application of the decoder 
inputs at 3,6,7 and 4 will be necessary for correct display 
outputs for 0 to 9 to be obtained.

If inputs at 3, 6,7 and 4 are measured with a high resistance 
voltmeter, “low” will be near zero volts, and “high” around 
3.5v. By stepping the decoder driver one numeral at a time, 
these circuit conditions can if necessary be checked by this.

The following table shows the input conditions for each of the 
outputs. Here “low” is shown by 0, and “high” by 1.

Decimal Output atInputs 
12 3 4 
0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 
10 0 0 
10 0 1

160
151

2 8
93

4 13
5 14

116
107

18
29

Where circuits are checked with a high resistance voltmeter at 
the output tags, conductors, or Nixie tube, meter negative is 
taken to the negative line. The reading will then be approxi­
mately zero for a lit numeral, and some 25v to 50v or more 
for an unlit numeral circuit, according to the IC and meter. 
Conditions can thus be checked at 1,2,8,9 and other output 
points.
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A check that TRI is oscillating can be made by listening for the 
2nd hormonic with a receiver tuned to 200 kHz long wave; or 
by noting with a meter that the supply line current changes 
when the crystal is removed; or by observing the operation of a 
counter connected after the divider chain.

An accuracy of about 0.01 per cent would be expected, with­
out adjustment, when the crystal is intended for this type of 
circuit, and it may be possible to omit C2. Otherwise, using 
surplus items, it may be necessary to adjust Cl and C2, or to 
place a trimmer in parallel with the crystal, so that frequency 
may be shifted a few Hertz or.cycles per second, as required 
for maximum accuracy. •

Accuracy can be checked with a radio receiver. One method is 
to tune in the 200 kHz long wave transmission, and provide 
enough coupling from the 100 kHz oscillator to the receiver, 
for an audio beat to be obtained. Adjustment will be most
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easy during silent moments in the transmission. With the 
quartz oscillator harmonic very near 200 kHz, the difference in 
frequencies will be heard as a low frequency flutter, or very 
slow rise and fall in transmission.

Adjustment is easier with a short wave receiver tuned to the 
standard frequency transmission on 2.5 kHz (identified by 
announcement and 1-second pulses). Adjust coupling or the 
aerial input until the oscillator harmonic is not swamped, and 
set the crystal frequency as already explained.

Suppliers of new crystals can give information on the correct 
circuit capacitance for good accuracy, and a fixed capacitor can 
then be used if adjustment is not wanted. But with surplus 
crystals, and crystals originally intended for valve equipment, 
adjustment may be needed. Some frequency standard crystals 
for valve oscillators are intended for a quite high parallel 
capacitance.

TR2 is an amplifier, and provides a pulse able to drive the first 
divider of the chain. Other transistor types are possible. 
Current can be drawn from the 	 �  or similar supply which runs 
the dividers.

Figure 29 shows the divider chain. Each IC is wired in the

-f IO-y -r 10-r IQ------r 10 -r IO

IOKHZ I KHZ 100 HZ IO HZ I HZ
IOOKHZ

� OUT
5I 12 II 

14 7490 +
IOIN

6 72 3 0^FIG.29.
/ --- �
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supply. If wished, the emitter circuit can be separated, so that 
a higher voltage may be applied to the transistor and lamp, to 
allow the use of larger bulbs.

An AC128 and similar PNP transistor will be adequate for the 
smaller bulbs. Larger PNP transistors may be fitted for higher 
current and voltage.

The circuit is duplicated for each indicating device. There will 
thus be four transistors for the four bulbs with a binary display 
as shown earlier.

Similar circuits can be used, operated from a decoder-driver, to 
allow more powerful indicating devices to be utilised. A 7- 
segmenl LED type decoder-driver, with seven small power 
transistors, will allow switching bulbs, or pairs of bulbs, to 
form a home-built, large size numeral. This will require cut­
out masks, so that the display resembles that of the 7-segment 
LED numerals in form.

Minitrons

The Minitron numeral has filaments arranged as in Figure 31. 
By selecting these, numbers from 0 to 9 can be produced, A 
decimal point and other signs are also available. The various 
sectors are lettered A to G, as for the 7-segment LED. Thus 
current would be supplied to filaments B and C for 1, or to A, 
B, G, E and D for 2, and so on, all sections being in use for 8.

Figure 31 also shows connections, the numerals being of 16 
pin DIL type. All sectors have a common return, by external 
connection of the pins. Then current at 14 and 11 would 
illuminate segments B and C, for 1, and so on.

The 3015 Minitron has characters approximately 3/8 in or 
9mm high. The BM8 and BM15 types are for 8 mA or 15 mA 
approximately, each segment. Operation is from about 5v.

They may be controlled by a 7447 decoder-driver without 
current limiting resistors. However, some form of limiting
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protects the IC from the surge at the moment of switching on, 
when filaments are not at working temperature and current is 
thus high. The surges arc greatly reduced by the use of series 
resistors. Actual filament voltage can also be lowered, provided 
brightness is satisfactory for the purpose. The 8 mA type

♦supplyI2 fSUPPLY 
2,5, 10,12,13

A

DR 2010 
NUMITRON

A B C D E F G

F B
MINITRON

G
E C A B C D E F G

7 8 5 4 3 9 6 D 415 14 7 6 3

13 12 I! 10 9 15 14 
SN 74 47

16 + 13 12 II IO 9 15 14 
SN 74 4 7

FIG. 32.
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Clock Setter

Since returning an electronic clock display to 00:00 by 
opening the reset line requires that the clock be started at this 
time, a manual reset to any required display can be obtained 
by using the circuit in Figure 33B. The remaining gates of the 
quad NANDIC are employed. Input from the counting 
circuit is to 12 and 13, and output is from 8 to the first 
divider operating a numeral. The noiseless switch point 3 
connects to 10. Then operation of SI allows the clock 
display to be set to the correct time.

One such setting circuit is required for the minutes display 
and one for the hours display, to avoid laborious adjustment 
of the hours. Seconds can be adjusted by resetting to 00 by the 
re-set switch at the minute, minutes and hours then being set 
by the switches SI for each.
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Events Counter Uses

A manually or mechanically controlled counter can be used 
for any purpose where a switch may be closed automatically, 
or by a competitor or player. It is thus practical for progressive 
scores (Bezique etc.), replacing the usual card scorers. Units, 
tens and hundreds indicators, with individual hand setting, can 
be provided as explained.

Automatically operated counters can show revolutions per 
minute, the number of persons passing through a shop door, 
or any other event, as described.

Other applications will also be readily found. As example, the 
number of “mistakes” or contacts made when threading a ring 
on a shaped metal rod (See 50 Projects Using Relays, SCRs & 
Triacs — BP37), or number of contact made by a coin on a 
studded board, and so on.

Dual NAND Oscillator

One half of the quad NAND 7400IC can be employed as an 
oscillator by using the circuit in Figure 34. This is for a 
1 MHz crystal, and fine frequency adjustment is possible by 
setting the trimmer, this allowing pulling to the extent of a few 
Hertz. For many purposes accuracy will be easily sufficient 
without any crystal adjustment. Where such adjustment is 
made, it will be by beating a harmonic of the crystal against a 
standard frequency transmission such as that available on 
5 MHz. This adjustment is carried out in the same way as with 
a transistor oscillator, described earlier.

Operation of the two NAND gates allows feedback in the right 
phase to maintain oscillation. The resistors help to maintain 
suitable operating conditions. The crystal series resistor may 
be altered in value if found more satisfactory with an individual 
crystal, higher values reducing feedback.

The remaining gates of the IC can be usefully employed as 
buffer amplifiers. Harmonics will have useful strength up to
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There are three spring loaded push buttons, SI, S2 and S3, SI 
and S2 are preferably of the electronic zero-bounce-type 
described earlier. SI is normally open, S2 is normally closed, 
and S3 is normally closed. S3 operates on the re-set line, and 
is necessary to return the numbers to zero when starting or 
after an attempt, hi these circumstances, counting begins from 
zero immediately SI is closed. For an immediate response 
test, the competitor then has to press S2 as quickly as possible. 
His delay, in tenths of a second, can be read from the display. 
For longer tests, the competitor must perform the assigned task, 
then press S2. To avoid any need for a more elaborate counter, 
the person operating SI can note if the time runs beyond 9.9 
seconds, as after this the display returns to zero. The com­
petitive task should be one which can generally be done in this 
interval.

Ordinary toggle switches may if preferred be substituted for SI 
and S2. In this case, SI is opened after noting the time shown, 
and S2 is closed ready for the next attempt.

The display can be 7-segment LEDs, or Nixie numerical tubes, 
with the appropriate decoder-drivers, as described. Simple 
power supply circuits can be incorporated with the 50 Hz 
clock driver.

With 7-segment LEDs, battery running is feasible, all circuits 
running from 4.5 volts, or three cells. (Four cells or 6v must 
not be used). As no 50 Hz pulses from the mains will be avail­
able, it is necessary to employ a different source of pulses. A 
unijunction transistor pulser can be utilised. Whatever form 
of oscillator is used, it should be of adjustable frequency. The 
frequency is then set, as accurately as possible, while timing 
the 1 second to 9 second display against the movement of a 
clock or watch with second hands. Ln this way quite close 
agreement can be obtained.

The whole equipment should be assembled in an attractive 
case and SI and S2 may be on flexible leads, when this is more 
convenient. With only two numerals the current required is 
within the capacity of cells of medium size.
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The high voltage oscillator for the Nixie supply is wired as in 
Figure 15. It uses a BFY51 or 2N3053. Operation of the 
power supply is as described. About normal full brightness of 
the Nixie tube should be easily achieved. The GN4 end view 
tube is suggested, though other tubes may of course be fitted.

The complete circuit will run from a single 3-cell battery as 
used for hand-lamps, or from a battery made up of three non­
miniature cells in series. A 1000/jF or similar large capacitor is 
necessary across the supply. A 4-cell pack could be tapped at 
4.5v for the decade counter and decoder-driver, the full 6v 
being used for the high voltage oscillator.

The more popular type of 7-segment LED will present a rather 
smaller numeral, but could be substituted for the Nixie tube.
It is essential to use the 7447 driver (instead of 7441) in this 
case, connected as shown elsewhere. The high voltage power 
supply is then unnecessary. Its purpose is to allow use of the 
surplus Nixie tubes.

Compact 4-Digit Counter

By making use of the low-cost side viewing Nixie numerical 
tubes designed to fit 0.1 in matrix perforated board, a compact 
counter can be assembled as in Figure 38. Four digits allow 
counting up to 9999. Overflow results in the counter starting 
again from 0000. There is a re-set line, so that the count can 
be returned to 0000 at any time.

The items can be accommodated on a board 92 x 60 mm, using 
eight holders (4 off 14 pin, and 4 off 16 pin) for the counter 
and decoder ICs. More details of operating conditions etc. will 
be found earlier. The top of the board carries the ICs, Nixies, 
by-pass capacitor, and four individual resistors for the HT 
supply circuit.

If necessary carefully straighten the IC, holder, and Nixie tags 
with tweezers, so that they pass correctly through the board 
holes, and so that the ICs fit the holders correctly. Position 
the ICs so that pins emerge as shown in Figure 39. The
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numeral figures face the near edge of the board, so that Units 
will be at the right, Figure 38, when viewed.

Wiring is directly point to point, Figure 39. Here, one section 
is shown — the counter, decoder-driver, and tube. This wiring 
is duplicated four times for the four sections.

It is probably best to wire the 5v positive and negative lines 
first, using reasonably stout wire (say 24 swg). Fit coloured 
sleeving, red for positive and black for negative.

Other connections are best of thinner wire — 30 or 32 swg 
tinned copper, with small diameter heat-resistant sleeving. With 
the 0.1 in matrix board, soldered joints need to be small to 
avoid shorts to adjoining circuits.

The tube numbers in Figure 39 refer to the numeral displayed 
when the appropriate circuit is grounded. The series resistors 
may all be 22k for 200v, or 39k for 250v.

Connect a switch between the reset and negative lines. This
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may be of ordinary type, or preferably a switch which opens 
when pressed. A display is only possible when the re-set line is 
connected electrically to negative.

The carry-on pulse is from 11 to 14 of the next divider,
Figure 39. It may prove helpful to wire only the Units section
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first, and to test this to assure that it operates correctly, and 
provides a count of 0-9. The later sections can then be wired 
in exactly the same way.

The counter could be modified as explained earlier, if required. 
As the small tubes are often sold in packs of five, an additional 
numeral could be provided, for a display of up to 99,999. 
Should higher counting be wanted, without reference to the 
least significant figure, a further 7490 could be used to divide 
input by 10, and a 5-figure display would then read to 
999,990, with the last figure absent. Such an arrangement is 
not uncommon, to extend the count available.

Frequency Counter

As mentioned earlier, a digital counter can be used to indicate 
frequency. This is arranged by switcliing the counter on for a 
known interval. Manual switching is only practicable for low 
frequencies - as example, to determine the number of 
revolutions per minute. For electronic or audio purposes, the 
period during which a count is taken will be brief, typically 1 
second or less. Assuming the interval for counting is 1 second, 
the counter will show the frequency directly in Hertz. Thus if 
the counter reads 4975 after receiving pulses for 1 second, 
then the frequency is 4975 Hz.

By utilising the small 4-digit counter described earlier, fre­
quencies may be read up to 9,999 Hz. This can be extended to 
99,999 Hz by adding a further digit, or used with 4 digits x 10, 
or to 99,990 Hz, by placing a 10 divider ahead of the counter, 
or by allowing the count to occupy only l/10th second instead 
of 1 second.

The digital counter can use any of the numerical circuits shown 
earlier. It is necessary to have a connection to the re-set line, so 
that digits can be returned to zero before each count. This 
poses no difficulty.
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