Moose — Morse Oscillator.

[

= ¢l (OPT) 10n
=

B ]

2N3904

R1 1K8 R3 10K

R2 USER R4 1K8

A
B
C
D
E
F
G
H -
| -
J .
K
[, <
M

MOOSE
Touch Sensitive Morse
Code Practice Oscillator
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Moose is a simple electronic Morse oscillator kit designed to give young

people a first experience in electronic construction. By offering choice

of frequency it offers the opportunity for design input and provides

educational opportunities around component selection, graphing and

concepts of frequency measurement.

Moose is based on the standard 555 timer integrated circuit and uses a

minimum of components to achieve its purpose. It requires 30 soldered

connections to be made and can be completed in a single two hour

session.



Risk Assessment and Safety Briefing

1. Young Children.This device contains a small button cell battery. Do not
allow young children to have access to it.

2. General Safety. Safety and technical instructions will be given at the start of the
session and repeated during each phase of the work.

3. Risk of injury from pointed and sharp tools. Make sure any tools used do not come
in contact with the hands or body. Always work away from yourself.

4. Risk of injury from the soldering iron or molten solder. Ensure that the hot
soldering iron is placed in the spring holster when not in use. When using the
soldering iron hold it by the plastic handle, ensure that molten solder cannot drip on
the hand or other parts of the body.

5. Risk of tripping. Make sure that any equipment or extension leads are correctly
positioned under the tables.

6. Risk of fire. Return the soldering iron into the spring holster when not in use. Make
sure that the hot soldering iron tip does not touch any flammable material

7. Risk of damage to the eyes. Ensue that either glasses or eye protection glasses are
worn during soldering activities.

8. Risk of electric shock. Carry out a visual inspection of any electrical equipment
before it is used.

9. Risk of injury from falling items. Check work area to ensure that there are no loose
items

10. Personal hygiene. Make sure that hands are washed properly after activity work is
completed and before eating and drinking.
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Schematic
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Schematic 1

The Moose can be built without knowledge of the technical details of

the electronics. But for those with at least some grounding in these

matters this section may be useful.

J1 refers to the touch switch module. It can be configured as a high

side switch where it can supply an on voltage of 5V sourcing a

maximum of 4mA or a low side switch that connects a circuit to
ground when it is switched on. In this latter )

mode it can sink a current of up to 9mA (most

ICs can sink more current than they can

source).

The rest of the circuit draws a mean current of

4mA with peak pulse current at around 9mA so in the case of Moose,

the module is configured as a current sink. To do this, jumper A

must be shorted by soldering a small link wire across it. This will

have already been done for modules provided with the kit.
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The SW_GND line when activated will be connected to ground thus
switching the oscillator on, and when not activated will be open
circuit, switching the oscillator off.

When not activated the TTP223 draws less than 1uA therefore can
be connected to the battery permanently.

TLC555xP Timer

This ubiquitous timer IC is wired as a standard astable oscillator
feeding an NPN driver transistor which in turn drives a piezo electric
sounder. This kind of sounder requires a pulsed signal in order to
generate a tone. It can produce a range of tones when fed with a
suitable range of frequencies (see below for a user-friendly
explanation of frequency that can form the basis of a discussion with
scouts). It does have a fairly narrow frequency response with a peak
output of 80dBA (10cm) at around 2400Hz.
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Schematic 2

In astable mode, the 555 timer acts as an oscillator that generates a
square wave. The frequency of the wave can be adjusted by
changing the values of two resistors and a capacitor connected to
the chip.
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Figure 1- Square Wave

timenign = 0.693 *C* (R3 + R2)
timeow = 0.693 * C2 * R2

freq = 1/(tnien + trow)

Equation 1

With this equation, you can see that by increasing the values of
either C2 or R2 there will be an increase both the time the output
stays on and the time it stays off. Increasing the value of R3 will only

lengthen the time the output stays on.

How Astable Mode Works

Note the behaviour of the following pins of the 555 timer.

Pin 2 — Trigger: Turns on the output when the voltage supplied to it

drops below 1/3 of Vcc

Pin 6 — Threshold: Turns off the output when the voltage supplied to

it reaches above 2/3 Vcc.

Pin 7 — Discharge: When the output voltage is low, it discharges C2 to

ground.

In astable mode, the output cycles on and off continuously. In the

schematic above, notice that the threshold pin and the trigger pin
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are connected to C2. This makes the voltage the same at the trigger
pin, threshold pin, and C2.

At the beginning of an on/off cycle, the voltage is low at C2, the
trigger pin, and the threshold pin. Whenever the trigger pin voltage
is low, the output is on, and the discharge pin is off. Since the
discharge pin is off, current can flow through resistors R3 and R2,
charging capacitor C2.

Once C2 charges to 2/3 Vcc, the output is switched off by the
threshold pin. When the output goes off, the discharge pin switches
on. This allows the charge accumulated on capacitor C2 to drain to
ground.

Once the voltage across C2 drops to 1/3 Vcc, the trigger pin turns off
the discharge pin, so C2 can start charging again.

Output Stage

Pin 3 is the 555 output which comprises a A

square wave of 3V peak and OV minimum.

A limiting resistor feeds the base of an

NPN transistor, Q1 with this waveform.

1KG 2N3904

When the voltage at the Base-Emitter

junction (2) is OV the transistor is switched LA

off and the sounder is isolated from

ground' Schematic 3

When the voltage at the output raises to 3V a current is passed
through the Base-Emitter junction. The base itself should measure
0.7 volts. In this condition the transistor is turned on and essentially
shorts the sounder to ground.

In this way the sounder has an alternating voltage across it of 3V and
ov.

A piezo sounder has an extremely high impedance. When the voltage
across it is 3V the crystal move out, when it is OV it moves back, the
resulting vibration causing the sound. Or it should - but without
resistor R5, there is never OV across the Piezo. Its own high

Moose Rev 1.0 - GM4WZG Jan 2023 Page 6



impedance coupled with its self-capacitance and the frequency of
the pulses leads to it not losing charge when the transistor switches
off. R5 therefore is necessary to drain that charge and allow the
crystal to move back to its off position.

Visual Output
D1 is a light emitting diode that provides a visual B
output to support the sounder output. Current
through the LED is limited by R1. R1
1K8
Decoupling e
It is normal design practice to provide power supply Y o1
decoupling by means of a capacitor on the voltage rail § =2
of any device that uses logic switching. This is the 1
purpose of C1. Itis marked as optional on the PCB
however because in reality, the CMOS version of the
555 timer in this particular circuit configuration has Schematic 4

not been known to have any problems without such

decoupling.
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Construction

First, study the description and picture of all components that are described below.

Parts List - Components

Mod1l TTP223 Touch Sensor Module (must be soldered in correct orientation)

External Touch Pad

J | short = Active Low Out
Open = Active High Out

mper B - Output CFG
| Short = Toggle ON/OFF
' Open = Momentary

On when Touch

BT1 CR2032 Battery Holder (must be soldered in correct orientation)

R1 1K8 Resistor

Select # of Bands: Band #1: Band #2:

Tolerance Temperature Coefficient

v None v

-aIm-

Resistance in Q

Band #3: Multiplier

Black v 10Q - Brown v

R2 User Selectable Resistor. Either 20K, 24K, 33K 39K 47K or 68K. [ed. note — table to be

added]
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R3 10K Resistor

Select # of Bands:

Five v
Tolerance

+ 1% (F) - Brown v

Resistance in Q

10000

R4 1K8 Resistor

Select # of Bands:

Tolerance

None

Resistance in Q

1800

R5 1K Resistor

Select # of Bands:

Five v
Tolerance

+ 1% (F) - Brown v

Resistance in Q

1000

Band #1: Band #2:
1 - Browr v Black
Temperature Coefficient
None v

- -

Band #1: Band #2:

Temperature Coefficient

v None v

-~

Band #1: Band #2:
1-Brown v 0 - Black
Temperature Coefficient
None v

- -

Band #3: Multiplier
v 0 - Black v 1000 - Red
Band #3: Multiplier
v 0 - Black v 10Q - Brown
Band #3: Multiplier
v 0 - Black v 10Q - Brown

D1 Red LED (must be soldered in correct orientation)
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C1 10n Capacitor (optional)

Cc2 10n Capacitor

Ql 2N3904 NPN Transistor (must be soldered in correct orientation)

Moose Rev 1.0 - GM4WZG Jan 2023 Page 10

LS1 Piezo Electric Sounder




Step 1

Write your name in the big white box on the bottom side of the PCB. It is much more

difficult to do later when you have started to make the board.

Note the terminology we are using to describe which side of the board is which. This is
important when making circuit boards. The side of the board with the Morse Code printed
on it is the top side of the board, the side of the board with your name written on it is the
bottom side of the board

Step 2

Choose a suitable value for R2. This decides the frequency of operation of the morse code
sender.

Sound frequency is what we call pitch or tone. It is determined by the way in which sound
waves oscillate whilst travelling to our ears, meaning that they alternate between

compressing and stretching the medium, which is air.

Squeaky sounds, like the blow of a whistle or a screaming child, oscillate at a high frequency,

resulting in high-pitched sounds. The low rumbling of a

The Moose sounder can operate between

nearing storm or a bass drum, on the other hand, is around 800 Hertz and 10,000 Hertz. Butat
i . . its resonant frequency of 2,400 Hertz it will
produced by low-frequency oscillation, so we hear it as a be at its loudest. Refer to Graph 1
very low-pitched noise. R2 Options:
How is sound frequency measured? The total number 20K 3,600 Hertz
. . 24K 3,280 Hertz
of waves produced in one second is called the frequency 33K 2,700 Herte
A H 39K 2,450 Hertz
of the wave. The number of vibrations counted per o 5 150 Herts
second is called frequency. The unit of frequency is the 68K 1,640 Hertz

100K 1,200 Hertz
Hertz (Hz)

Low-Frequency Sounds. Low-frequency sounds are all sounds measured at about 500 Hz
and under.

High-Frequency Sounds. A high-frequency sound is measured at about 2000 Hz and higher.
If we hum a tune as low as we can it is probably around 300Hz. A sharp whistle is around
3000Hz.
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Graph 1 - Frequency Response of Sounder

Step 3

Now start to insert the components and solder them, one at a time. We always start off
with the components that sit lower on the board first. The taller they are, the more they

would get in the way when soldering the short components.
Here is the order of assembly:

Resistors R1, R2, R3, R4 and R5

Integrated Circuit Socket IC1

Capacitor C2 (and C1 if you have been given one)
Light Emitting Diode D1

Touch Module T1

Transistor Q1

Battery Box BT1

Sounder LS1

0O N QU kWD E

Step 4

Before inserting the integrated circuit into its socket, ask for the board to be put on the
Moose Tester. This is a device that can assess the quality of your work before connecting
anything up. This is normal practice in the PCB production industry. You might have made a
mistake for example, in which case it can cause damage if you connect up the battery, so it

is better to find the mistake first, correct it, and only then put the battery in.

Step 5
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If your Moose passes the test, the IC can be inserted. You will need help with this if it is the

first time you have done it.

Step 6

Insert the battery (the side marked with a + should be uppermost and visible)

Step 8

Add the stick-on feet to the bottom of the board. If any of the soldered joints are preventing
the board from sitting properly on the feet, then use the wire cutters to trim any wires that

are poking out too far.

Step 7

Enjoy practising your Morse Code (or should that be Moose Code ?!1?)
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