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DESCRIPTION 
Scorpio is an appealing member of the 

zodiac. It is one of the oldest 
constellations and was known as far 

back as the Sumerian civilizations, 
over 5,000 years ago. The 
constellation Scorpio contains the stars 

Antares, Graffias, Dschubba, Sargas, 
Shaula, Jabbah and Lesath. 

The Scorpio PCB has an LED positioned 

on the location of the major stars in 
the Scorpio constellation. The LEDs 

flash in a set sequence. 

 

 

SECTION 1: GENERAL AND PLANNING INFORMATION 

1. DESIGN CONSIDERATIONS 

1.1 GENERAL 

By building and experimenting with this project students will gain insight into digital 
electronics that form the basis for much of today’s technology. As well as being a fun 

educational project students can use the knowledge they have gained to design and 
construct their own circuits. 

1.2 ITEMS FOR INVESTIGATION 

This project provides a number of different aspects of the SCORPIO PCB for 

investigation. Some ideas are listed below. 

 Using a star map, locate the constellation Scorpio in the night sky. 
 Modify the circuit to operate at a different speed. 
 Modify the circuit to incorporate variable speed. 

 Modify the circuit to operate at a different voltage. 
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SECTION 2: COMPONENTS & MATERIAL REQUIRED 

2.1 COMPONENTS SUPPLIED 

The following components are supplied in the kit: 

 

2.2 ADDITIONAL REQUIREMENTS 

The following material is to be supplied by the student / designer: 

 9 volt battery 

 Hook-up wire 
 Hot glue or double-sided foam tape 

2.3 TOOLS REQUIRED 

The following tools are required: 

 Soldering iron 
 Solder 

 Side cutters 
 

 

SECTION 3: ASSEMBLY OF THE SCORPIO PCB 

3.1 Resistors 

Identify each of the three resistors using their colour codes. If required, use a 
multimeter to check the value of each resistor. 

 Insert the resistors in the positions shown on the PCB overlay. The direction of the 
resistors is not critical. Splay the legs slightly to hold them in place. 

 Turn the PCB over and solder the resistor legs to the pads. 
 Using side-cutters, trim the legs to about 2mm to 3mm above the PCB. 

3.2 Capacitors 

 Solder the 10nF capacitor to the PCB. The direction of this component is not 
important. 

 Insert the electrolytic capacitor. The stripe on the capacitor indicates the negative 
(-) terminal; the other terminal is positive (+). Insert the positive terminal to the 

“+” indicated on the PCB. 

3.3 IC Sockets 

 Insert the IC sockets. Gently splay two opposite corners to hold the socket in 
place. The notch at the end of the socket must be at the same end as the notch on 
the PCB overlay. 

WARNING: Soldering irons and molten solder are very hot and can burn you. 
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 Do not trim the legs of the IC sockets. 
 Do not insert the IC’s at this stage. They will be inserted during testing. 

3.4 LEDs 

 Insert the LEDs. Align the flat on the LED as shown on the PCB overlay. The flat on 
each of the LEDs faces in the same direction. 

 

SECTION 4: WIRING UP THE SCORPIO PCB  

 

4.1 Battery and Switch 

 Solder the red wire from the battery clip to the 
switch. 

 Solder a suitable length of hook-up wire 
(preferably red) from the switch to the positive 
(+) connection point on the PCB. 

 Solder the black wire from the battery case to 
the negative (-) connection point on the PCB. 

 Adhere the switch to the top left of the PCB. 
Use, for example, double-sided tape or hot-melt 
adhesive. 

 

 

SECTION 5: TESTING THE SCORPIO PCB 

5.1 Power-Up 

 Do not insert the ICs. If required, gently lever them out. 
 Turn on the power switch. 
 Use a multimeter to measure the voltage on IC1 between pin 1 and pin 8. The 

voltage should be above 4 Volts and pin 8 should be positive. 
 Turn off the power switch. 

 Insert both IC’s. 
 Turn on the power switch. If the LEDs flash in a sequence from right to left then 

your circuit is operating properly. 

5.2 Fault Finding 

5.2.1. No LEDs illuminated 

 Check that the flats on the LEDs are facing to the right. 

 Check for short circuits (solder bridges). Check that solder joints are not “frosty” – 
possible dry joint. 

 Check the orientation of the ICs. The dimple or notch should face towards the left. 
 Check battery voltage. It should be above 4 Volts. 
 Measure the voltage between pin 1 and pin 8 on IC1. Should be the same as the 

battery voltage. Pin 8 should be positive. 

5.2.2. Sequence operates but one or a pair of LEDs do not illuminate 

 Check that the flat on the LED is facing to the right. 

 Check for a solder bridge between the LED terminals. 
 If the LED has been heated too long during soldering, it may be damaged. Replace 

the LED. 

 Check for solder bridges around IC2. 
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5.2.3. An LED is illuminated but the sequence does not operate 

 Turn off the power switch. Carefully remove IC1 from its socket. Use a multimeter 
to check the value of R1 and R2. Check that the negative stripe on C1 is facing to 
the right. Reinsert IC1. 

 Resolder R1, R1, C1 and C2. Check for solder bridges. 
 Check for solder bridges on IC1. Trace the tracks and check for solder bridges. 

 Check that solder joints are not “frosty” – possible dry joint. 
 

 

SECTION 6: THEORY 

6.1 Circuit 

The timer IC is used to generate a continuous train of pulses at a frequency of 

approximately: f =
1

t
=

1.44

Ra+ 2Rb( )C1
=

1.44

10,000+ 200,000( )0.000001
= 6.86Hz

 

The output appears on Pin 3 of the IC and is fed into pin 14 of the decade counter IC. 

The outputs from the IC drive either one LED (count 0 to 6) or two LEDs (count 7 to 
9). The LEDs are positioned as to form the pattern of stars forming the Scorpio star 
sign. 

6.2 Timer IC 

6.2.1. Description 

The IC is a highly stable device for generating accurate time delays (monostable 

operation) or oscillation (astable operation). This project uses the IC in the astable 
mode of operation. 

With astable operation as an oscillator, two external resistors and one capacitor 
control the free running frequency and duty cycle. 

The circuit may be triggered and reset on falling waveforms, and the output circuit 

can source or sink up to 200mA or drive TTL circuits. 

6.2.2. Schematic Diagram 
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6.2.3. Connection Diagram 

 

6.2.4. Astable Operation 

 

If the circuit is connected as shown (pins 2 and 6 

connected) it will trigger itself and free run as a 
multivibrator. The external capacitor C charges 

through RA + RB and dis- charges only through RB. 

Thus the duty cycle may be set by the ratio of these 

two resistors. 

The duty cycle is: 

 D =
Rb

Ra+ 2Rb
 

In this mode of operation, the capacitor charges and 

discharges between 1/3 VCC and 2/3 VCC. As in the 

triggered mode, the charge and discharge times, 
and therefore the frequency are independent of the 

supply voltage. 

 

 

This diagram shows the waveforms generated in the astable 
mode of operation. 

The charge time (output high) is given by: 

 t1 =0.693(RA +RB)C 

The discharge time (output low) by: 

 t2 = 0.693 (RB) C 

Thus the total period is: 

 T = t1 + t2 = 0.693 (RA +2RB) C 

The frequency of operation is: 

 f =
1

t
=

1.44

Ra+ 2Rb( )C1
 

6.3 Decade Counter 

6.3.1. Description 

This IC is a 5-stage divide-by-10 Johnson counter with 10 decoded outputs and a 
carry out bit. 

The counter is cleared to the zero count by a logical “1” on the reset line. The counter 
advances on the positive edge of the clock signal when the clock enable signal is in 
the logical “0” state. 

The configuration of the permits medium speed operation and assures a hazard free 
counting sequence. The 10 decoded outputs are normally in the logical “0” state and 
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go to the logical “1” state only at their respective time slot. Each decoded output 
remains high for 1 full clock cycle. The carry-out signal completes a full cycle for every 
10 clock input cycles and is used as a ripple carry signal to any succeeding stages. 

6.3.2. Logic Diagram 

 

6.3.3. Connection Diagram 

 

6.3.4. Timing Diagram 
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6.4 LEDs 

Both IC’s can safely operate from 3V to 15V. However, if you wish to operate at a 

voltage other than 9V, then the resistor for the LEDs (R3) should be changed to 
provide suitable current to avoid damaging the LEDs. 

NOTE: Too low a resistance will damage the LEDs. Too high a resistance and the LEDs 

will be dim. 

There is a forward voltage drop of approximately 2V across a conducting LED. The 

drop across the resistor is (Vsupply – 2). For LEDs used in this project, the current 

should be about 20mA = 0.02A. If the current through the LED is to be i amps, the 

resistance should be: 

R =
VSupply-2

i
=
VSupply-2

0.02
 

Example: If Vsupply is 6V and the current is 0.02A, the resistance R is: 

R = (6 – 2)/0.02 = 4/0.02 = 200Ohms. 

If a resistor of the exact calculated value is not available, then select the closest 
available value (within about 10% of calculated value). 

 


