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OPERATIONAL AMPLIFIERS v • lmerfacit1g 1 4  
- --- -- ----·- -

fhe two circuits below show an op-atMp operating as a voltage cotMparator using a 9V single power supply. 
fhe op-atMp is triggering ihe 555 IC tMonostable circuit by taking pin 1. to low voltage, i.e. less ihan one-ihird of ihe battery voltage. 

Potemial UMders fitMe Period 

Uiode 330R lOOK lOK lOOK fitMing Resistor 

On/Off � lEt>l 
Switch +9V 7 .f 8 

6 555 3 

� ov 
550R 

+ lOK 9V """'!""" lOOµF . _, _ fitMing Capacitor � lEUt. 

Operational AtMplifier Monostable Circuit 

fhe op-atMp is comrolling ihe 555 IC astable circuit by providing a voltage to pin .f of ihe astable. When pin 6 of ihe 
op-atMp is high, ihe lEUs will be flashing. When pin 6 of ihe op-atMp is low, pin .f on the 555 IC will reset the output back to 

OV and lEUl will stay lit. 

Potemial t>Mders 

Uiode 
lOOK lOK 

On/Off 
Switch 

� lOK + 
9V -r--· -

Comrol Voltage 

Frequency 

lK Rl 

lOK Rt. 

ov 

lOµF • Cl 

Operational AtMplifier 

- = - � -·----

330R 

LEUl 
7 .f 8 

� 
6 555 3 

550R 

� LEUt. 

Astable Circuit 
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1.0�IC �ArES are digital electronic devices which nave several inputs and one 
output and are used to tMake decisions based on the condition of signals at 
the inputs. fne name of each type of logic gate explains its function. f ne 
following are logic gates: 
AND, OR, NOT, NAND, NOR, and EXCLUSIVE OR 

1.ogic gates operate according to strict logical rules and their outputs only change when certain conditions are t\tet at the 
inputs. fne state of the output is controlled by the state of the inputs and the function or type of logic gate being used. 
1.ogic gates are digital devices so their inputs and outputs will only ever be at l.O�IC 1 (ffl�J or 1.0�IC 0 (LOWJ. fne input 
signal to a logic gate has to be a digital signal. An analogue signal that is constantly changing by stMall atMounts can confuse 
an electronic systetM that includes logic gates. 

Analogue Signal Vigital Signal 

Mechanical switches can be used to detMonstrate now the ANV gate and the OR gate function. ---r--- +V 

A 

) ' 

latMp 

------ OV 

ANV gate - the latMp will light if 
switch A ANV switch & are both closed. 

1.ogic gates can be tMade from discrete cotMponents but they are 
usually tMade as Vil. ICs. fney normally nave a nutMber of the 
sat\te logic gates in the IC package. f ne gates operate separately 
but get their power frotM the satMe power supply to the IC. 
Shown in the diagratM is a 14 pin Vil. package wnicn contains 
four NANV gates. 

.. - - -

---1--- +V 

b A l & 

latMp 

-----1,__-- ov 

OR gate - the latMp will light if 
switch A OR switch & is closed. 
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LOGIC GATES II 
, l�teg;ated 1 6  C1rcu1ts 

---·- · .. 

nwrn rASLES list all the possible COtMbinations of inputs and the resulting outputs. rhere are three basic logic gates: ANU, OR 
and NOf. All other types of logic gates can be built frotM cotMbinations of these basic gates. 

The Two-Input ANP Gate 

�D--Q 
rhe output Q will be 1 when the 
inputs A and S are both 1. 

A s Q 
0 0 0 
0 1 0 
1 0 0 
1 1 1 

. = = 

The Two-Input NANP Gate 

�D-Q 
rhe truth table for a NANV gate is 
the opposite of the ANV gate. 

A s Q 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

A - ht )°Oz s -
A NANV gate can be built by 

connecting the output frotM an 
ANV gate into the input of a Nor 
gate. A NANV gate t\teans Nor 
ANV. 

A s Ql Qt 
0 0 0 1 
0 1 0 1 
1 0 0 1 
1 1 1 0 

� 

The Two-Input OR Gate 

�=D-Q 
rhe output Q will be 1 when the inputs 
A or S are 1 or both inputs are 1. 

A s Q 
0 0 0 
0 1 1 
1 0 1 
1 1 1 

= = 

The Two-Input NOR Gate 

�D-Q 
rhe truth table for a NOR gate is 
the opposite of the OR gate. 

A s Q 
0 0 1 
0 1 0 
1 0 0 
1 1 0 
i---

A - )ru-[A-I s -:-!__ 

A NOR gate can be built by 
connecting the output frot\1 an OR 
gate into the input of a Nor gate. 
A NOR gate t\teans Nor OR. 

A 
0 
0 
1 
1 

s 
0 
1 
0 
1 

- - ---- --

Ql 
0 
1 
1 
1 

Qt 
1 
0 
0 
0 

The NOT Gate 

A Q 
rhe Nor gate inverts (changes 
around) the signal. rhe output Q 
will be 1 when the input A is 0 and 
vice versa. 

A Q 
0 1 
1 0 

The Two-Input EXCLUSIVE 
OR Gate (XOR) 

�D-Q 
rhe EXCLUSIVE OR gate has been 
developed frotM the OR gate. It 
gives a high output if either of the 
inputs is high but a low output if 
both inputs are high or low. rhe 
EXCLUSIVE OR gate is a true OR 
function and was developed to 
retMove the condition when both of 
its inputs were high and resulted 
in the OR gate functioning in a 
sitMilar way to an ANV gate. 
CotMpare the condition when A = 1 
and S = 1 against the truth tables 
for the ANV gate and the OR gate. 

A s Q 
0 0 0 
0 1 1 
1 0 1 
1 1 0 

= 
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LOGIC GA1ES Ill 
• l�teg:ated 1 7  Crrcurts 
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fhe NANll logic gate is oftett referred to as the uttiversal buildittg block because every type of logic gate catt be made by 
combittittg NANll gates. fhe advatttage of usittg ottly NANll gates to cottstruct logic circuits is that it reduces the ttumber of 
differettt logic ICs itt a circuit, resultittg itt a smaller PC&, reduced cost attd less solderittg attd also removes the tteed to stock a 
wide rattge of logic !Cs. 

A N01 Gate 

A 

An AND Gate 

A 

An OR Gate 

A 

A NOR Gate 

A 

An Exclusive OR (XOR) Gate 

A 

- - - -- -

--� �- -�- --· -· -

A 
0 
0 
1 
1 
� 

A 
0 
0 
1 
1 
� 

A 
0 
0 
1 
1 

A 
0 
0 
1 
1 

A 
0 
1 

& 
0 
1 
0 
1 

"' 

& 
0 
1 
0 
1 

& c 
0 1 
1 1 
0 0 
1 0 

& c 
0 1 
1 1 
0 1 
1 0 

Q 
1 
0 

c Q 
1 0 
1 0 
1 0 
0 1 

� 

c l1 Q 
1 1 0 
1 0 1 
0 1 1 
0 0 1 

l1 E Q 
1 0 1 
0 1 0 
1 1 0 
0 1 0 

l1 E Q 
1 1 0 
1 0 1 
0 1 ., 1 
1 1 0 
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rwo NANU gates in COtMbination with their inputs 
connected with a fixed resistor and a non-polarised 
capacitor tMakes an astable circuit with an equal tMark­
space ratio. f he frequency of the astable can be altered by 
changing the fixed resistor to a variable resistor. 
fhe value of C, the non-polarised capacitor, needs to be 
stMall (around lOOnf) and the resistor therefore needs to 
have a high resistance value of around 1M5. 

A titMe delay can be tMade using two NANU gates in 
cotMbination with their inputs connected. When the inputs to a 
NANU gate are connected in this way, it tMakes the NANU gate 
operate as a Nor gate, or inverter. 
When the circuit is first connected to a power supply, the 
capacitor itMtMediately starts to charge up through the resistor 
and the logic state on the input pins of gate A is 0. fhe logic 0 
is inverted by gate A to logic 1 which is the input logic to gate 
J. �ate J inverts this logic 1 to logic 0. 
When the voltage across the capacitor reaches a threshold 
level, the logic state on the input pins changes to logic 1. fhe 
logic 1 is inverted by gate A and the input on gate J becotMes 
logic 0 which is then inverted again by gate J to logic 1. 
fhe threshold level is the input voltage that is needed to 
change the output state of a logic gate. If a supply voltage of 
5V is being used, then the threshold level is around 3.5V. Wrth 
a 9V supply, the threshold is 8V. 

fhe diagratM shows two NANU gates in 
cotMbination with their inputs connected. 
Connecting the output of gate J to the input 
of gate A with a fixed resistor, R. tMakes a 
LO�IC LAfCH. If the input to gate A is logic 
l output will be logic 0 which then becotMes 
the input to gate J. fhe output to gate J 
would then be logic 1 which is returned 
back to the input of gate A by the feedback 
resistor, R. creating a latch. If the signal at 
gate A changes to logic 0, it will not break 
the latch due to the feedback resistor. 

1 

c 

A 

0 1 
A 
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DECADE COUN'fERS • l�teg:ated 1 9  
· C1rcu1ts 

The CMOS 40tn decade couttter is an extre�ely useful device which is easy to use and has �any applications. The decade 
couttter is available in a 16 pin Vil package and can operate between 3V and 15V. The 40tn consists of ten outputs which 
produce a sequential output. Only one output is high at any one ti�e. If l[Vs are connected to the output pins, they will each 
go high in their sequential order. The speed at which the l[Vs co�e on and go off will depend on the speed of the pulse 
generator or clock which is connected to pin 14 of the decade couttter. A very fast clock will �ake the l[Vs appear as though 
they are all lit at the sa�e ti�e. If the ten UVs are arranged sequentially in line, a rippling effect can be obtained as the UVs 
go high then low. +3 to 15V 
for nor�al counting to take place, the clock enable Cpin 13), the reset 
Cpin 15) and the 'dMde by 10' function Cpin lZJ should all be connected 
to 0 volts. Connecting one of the ten outputs directly to the reset {pin 
15J, causes the couttter to reset back to the first output {pin 3J. This is 
particularly useful when all ten outputs are not required, for exa�ple 
an electronic die circuit or a ga�e which has to show lives lost. A push 
to �ake CPTMJ switch can also be connected to pin 15 which provides 
a �eans of �anually resetting the couttter. The couttt can also be stopped 
by taking the clock enable {pin 13J high through a push to �ake CPTMJ 
switch. Once the switch is released, the 40tn continues to couttt. 

9 + I 

T 
OUTPUTS 

/ 

The circuit diagra� below is an exa�ple of a counting circuit using a 555 IC operating in the �onostable �ode set on a short 
ti�e delay clocking into a 4017 IC decade couttter. The circuit is being used as a steady hand ga�e and after five lives have 
been lost, the thyristor latches and the buzzer sounds. 
The �onostable set on a short ti�e delay is operating as a type of SCHMITT T�OOER to eli�inate switch bounce {see page 108). 
When the wand and track of the steady hand ga�e touch, only one life can be lost approxi�ately every two seconds. Whilst 
pin 3 of the �onostable is high, the person playing the ga�e is protected against switch bounce and can regain their co�posure. 
When the person has lost their fifth life, the 4017 decade couttter sends a high signal to the gate of the thyristor which 
causes it to latch and the buzzer to sound. The reset switch is pressed to reset the decade couttter and the reset switch across 
the thyristor is pressed to break the latch. 

Two Second Ti�e Velay Monostable Vecade couttter to reset on couttt of 5 Thyristor latch 

Jattery 
Polarity 
Vi ode 

+ 9V -I-

lM Rt 

Z�F + Cl Wand 

� Reset 4017 IC 
+10 It--+-----� 

�..-Jill ,,__... __ _ 

Reset lK 
G-a�e on '' '' '' '' '' UV 

····-� . -· .... 

Juzzer 
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SWITCH BOUNCE I 
• l�teg;ated 20 Crrcurts 
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When tMecnattical switches are used itt electronic circuits, it is sotMetitMes necessary to overcotMe a probletM kttowtt as 
SWlfCH JOUNCE. Inside a tMecnattical switch there are stMall tMetal cotttacts which cotMe together when the switch is closed 
to tMake a cottttectiott. When the switch is pressed and the contacts are nearly touching, there is the possibility of currettt 
jutMpittg across the stMall gap attd causing a rippling effect of ott attd off pulses. Uttwattted pulses catt also occur when the 
cotttacts cotMe together attd bounce back attd forth rapidly when the switch is closed. ltt a coutttittg circuit switch bounce catt 
cause a single couttt, tMade by a switch, to be registered as several couttts. 
There are a ttutMber of ways of elitMittatittg switch bounce attd one of the sitMplest ways is to use a 555 IC tMottostable set ott 
a very snort titMe period. 

Uiode 

Ott/Off 
Switch ' 

lOK Pull Up 
f(esistor 

+V 1 + 8 
6 555 j 1--------0 

a--------+------------t Z l  5 

9V 7 ____.___ 

PTM J 
Switch I I 

TitMittg Capacitor lOOttF + 

ov 

Wnett the push to tMake lPTMl switch is pressed, pitt 2. is taken to OV attd pitt 3 goes nigh for a titMe period depettdettt upon 
the size of the titMittg resistor attd the titMittg capacitor. This titMe period (:::::C x fl.) will be greater than the total duration 
of the possible switch bounce. 

Pitt 3 Low 
' 

Pitt 3 High 

t 
TitMe period of tMottostable, (:::::C x fl.) 

which is greater thatt total duration 
of switch bounce. 

Pitt 2. Triggered 

TIME lSECONUS) 

-- � � -� ��-�--

Pitt 3 Low - Monostable state 

108 ,L,,,t..!dale Revision G uides 
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Another way of de-bouncing a switch is to use a 
special type of NANU gate called a SCHMlff 
fltlG-G-ER. fhe device is available as a 14 pin UIL IC 
and contains four separate logic gates. f he circuit 
sytMbol for a SchtMitt Trigger is the satMe as the 
NANU gate sytMbol, with a hysteresis sytMbol (lJJ 
in the cetttre of the gate. A 4093 IC is a quad 
Z-input NANU SchiMitt Trigger. 

+V 

• 

ov 

+V 

ov 

Also available is the 40106 IC which, again, is a 
SchtMitt Trigger device and contains six separate 
SchtMitt Nor gates. It is used in the satMe way 
as the 4093 IC. 

When the switch is closed, switch bounce is prevented by the discharging action of the capacitor. 

+V 

Switch � 
OVo l 

lOK 

Il�F 

---�--------- --- -

D 1 v: 
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PERIPHERAL INTERFACE CONTROLLERS I 
• 1�tegrated 22 C1rcu1ts 
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When the 555 IC was first introduced in 197Z it quickly becatMe known as the 
titMer in a chip due to the way it sitMplified the tMaking of astable and 
tMottostable circuits. In a sitMilar way, PICs are often referred to as the cotMputer 
in a chip because they are essentially a cotMputer itt a special type of IC, which 
can be progratMtMed to respond to input devices and control output devices. A 
PIC tMicrocontroller includes a Central Processing Unit lCPUJ, �ttdotM Access 
MetMory lRAMJ, Kead Only MetMory lKOMJ, a clock and input and output 
ports. A tMicrocontroller therefore contains all of the units which are the basis 
of a tMicroprocessor or cotMputer. In a tMicroprocessor systetM, each of these 
units will be tMade frotM one or tMore ittdMdual !Cs, whereas the PIC 
tMicrocontroller cotMbittes all of these units into a single IC. 
'PIC' identifies Otte product range belonging to Arizona Microchip r echttology 
and stands for PEKIPHERAL INHUACE CONfKOllER. Matty within the 
educational sector use the alternative ttatMes PKO(}RAMMA&LE INHUACE 
CONfKOllEK or PKO(}RAMMA&LE INfE(}RAfEU CIKCUlf. Each year; tMilliotts of 
PIC tMicrocontrollers are used itt all types of consutMer goods and industrial 
applications. PIC tMicrocontrollers are widely used itt daily life and can be found 
itt stereo equiptMettt UVU players, tMobile phones, toys, cotMputer products and 
burglar alartMs. A tModern car can contain around 4-0 PICS which can be used 
for tMany purposes including controlling the tMattagetMent of the engine and 
controlling the tetMperature within the car for the passengers' cotMfort. A 
washing tMachitte can have one or two PICs which control the whole washing 
cycle. Equally, a tMicrowave oven can have a single PIC that processes 
ittfortMatiott frotM the key pad and controls the various devices within the oven. 
As a single PIC can replace a wide variety of traditional cotMponents such as 
transistors, logic circuits, titMer circuits and counter circuits, tMattufacturers 
require stMaller stock levels and the product assetMbly titMe can be reduced due to 
the stMaller ttutMbers of cotMponents. fhe final product will have fewer separate 
parts and is likely to be cheaper and tMore reliable. If the tMattufacturer wants 
to tMake changes to a product all that is needed is to alter the progratMtMe 
without the need to re-design the PC& and change the cotMponents. &y using 
PICs, tMattufacturers have greater flexibility - just by changing the progratMtMe 
and using· a different case, a new product can be produced. 

A cotMputer 
itt a chip 

fhere are two tMaitt types of PIC tMicrocontroller - FLASH devices and ONE-flME PKO(}RAMMA&LE (OfPJ devices and they 
differ itt the way they are progratMtMed and erased. 
Most PIC tMicrocontrollers are FLASH reprogratMtMable which allows thetM to be erased electronically as tMatty as 100,000 
titMes. f o change the progratMtMe (software), the PIC is placed itt the progratMtMer (hardware) and a new progratMtMe is 
downloaded to the PIC. Microcontrollers that can be reprogratMtMed have an F itt their reference ttutMber; for exatMple, PIC 
16F6Z7. All PICAXE tMicrocontrollers are FLASH reprogratMtMable. 
Otte-titMe progratMtMable devices, as their ttatMe describes, can only be progratMtMed once and if the progratMtMe is wrong, the 
PIC cannot be used again. Although there are versions of this type of PIC which have a stMall window that allows the 
progratMtMe to be erased by a special type of ultraviolet lUVJ light source, there are serious health and safety considerations. 
fhe UV erasure units use a dangerous type of UV light cotMpared to the type of UV light used itt PC& exposure light boxes. Of P 
devices have a C itt their reference ttutMber but are rarely used in education due to the dangers of the UV light source. 

-- - -- --
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PERIPHERAL IN1ERFACE CON1ROLLERS II • l�teg:ated 23 C1rcu1ts 
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PIC tMicrocotttrollers are tManufactured in a range of sizes including 8 pin, 18 pin, ZS pin and 4-0 pin. All are available in a dual 
in line. fhe larger PICs are t1tore expensive but have a higher nut1tber of input and output pins. All sizes of PICs use the satMe 
�ASIC language. 
PICs can also vary in the at1touttt of t1tet1tory they have and this detert1tines how big a progratMtMe can be downloaded into 
the chip. SotMe higher specification PICs have Analogue to Uigital Conversion (AUC) built into thetM so that analogue sensors 
such as LUR and thertMistors can be connected directly to the inputs. 

fHE MOSf POPULAR PICAXE MICROCONfROLLERS USEU IN SCHOOLS 

PICAXE �tige IC Size Memory !litiesl 

PICAXE-08 ltF6t9 8 4-0 

PICAXE-08M ltF683 8 80 

PICAXE-18 16F6t7 18 4-0 

PICAXE-18A 16F619 18 80 

PICAXE-18X 16F88 18 600 

PIC tMicrocotttrollers require a supply voltage 
of 3 to 5.5 UC which can be provided by AA 
alkaline cells of 1.5V. 
4.5V can be provided by using 
3 AA cells ... 1.5V x 3 = 4.5V. 
If a diode is used in series with the AA cells, 
it will provide polarity protection for the PIC. 
As the diode has a 0.7 voltage drop across its 
leads, 4 AA cells can be used to give a voltage 
of 5.3V (4 x 1.5V - 0.7V = 5.3Vl . 

110 Pitis Outputs I ti puts 

5 1-4- 1-4-

5 1-4- 1-4-

13 8 5 

13 8 5 

14- 9 5 

flPS 
Never use a 9V PP3 battery as this is well above the 
thaxithUth voltage of 5.5V and will dathage the PIC. Most AA battery holders use the sathe type of press-stud connector which fits the PP3 battery 

snap - be careful not to 
connect the PIC to a pp3 battery. 

AllC IL=lowl 

ll 

3 

3L 

3 

3 

Most tModern PIC tMicrocotttrollers have an internal resonator which sets the speed at which 
the PIC tMicrocotttroller works (4-Mffz). Other types of PIC tMicrocotttrollers need to have an 
external 4-MHz 3 pin cerat1tic resonator connected to the PIC tMicrocontroller and the OV 
power rail, for exatMple, a 16F84 or 16F84-A. fhe centre pin of the external resonator is 
connected to OV and the two outer pins are connected to the two resonator pins. Resonators 
are not polar cot1tponettts and can be connected to the PIC tMicrocontroller either way around. 

-----�----�·�-�· -�- -��·--�--T --- - • -

llata Memory Polled lttterrupt 

lts - prog -

t56 - prog Yes 
lt8 - prog -

t56 Yes 
t56 "" ltc Yes 

..!""·•d."lfr Revision Guides 1 1 1  
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PERIPHERAL IN1ERFACE CON1ROLLERS Ill 
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PICAXE08 

1 8 
Serial In 

In +!Out + 

In 3 

PICAXE18 

In VAZ 1 18 
Serial Out 

Serial In 

Keset 

ov 

Out O 

Out ! 

Out l 

Out 3 9 10 

16F84/16F84A 

In Z 1 18 
In 3 

In + 

Keset 

ov 

Out O 

Out ! 

Out l 

Out 3 9 10 

ov 

Serial Out/Out 0 

In I/Out I/Al 

In VOut l 

In I/Al 

In O/AO 

In 7 

In 6 

•5V 

Out 7 

Out 6 

Out 5 

Out + 

In I 

In 0 

Kesonatur 

Kesonatur 

•5V 

Out 7 

Out 6 

Out 5 

Out + 

• - • n-�-•• 

PICAXE08M 

1 8 ov 

Serial In Serial Out/Out O/lnfraOut 

ln 4/0ut 4/M In I/Out I/Al 

In Mnfraln In VOut VAVPlayf1J11e 

PICAXE18A/PICAXE18X 

In VAZ 1 18 In I/Al 

Serial Out In 0/ AO/lnfraln 

Serial In In 7 

Keset In 6 

ov •5V 

Out 0 Out 7 

Out I Out 6 

Out Z Out 5 

Out 3 9 10 Out + 

16F6Z7/16F6Z8 

In Z 1 18 In I 

In 3 In 0 

In + In 7 

Keset In 6 

ov •5V 

Out O Out 7 

Out ! Out 6 

Out Z Out 5 

Out 3 9 10 Out + 
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PROGRAMMING PICS I 
• l�teg:ated 25 Circuits 

A PIC microcotttroller is a programmable IC which 
is able to store sets of ittstructiotts itt the form of a 
programme attd carry out these ittstructiotts 
whettever the programme is rutt. fhe 
programmable code that a PIC microcotttroller uses 
ittternally whett carryittg out the ittstructiotts itt 
the programme is called MACHINE COUE attd is 
very difficult to use attd uttderstattd. Therefore, 
simpler programmittg lattguages are used to 
dowttload ittstructiotts to the PIC. fhe ittternal 
machitte code withitt the PIC is thett getterated 
automatically from the external programme. 

ltt ittdustry, microcotttrollers are programmed itt a 
lattguage called ASSEMSL£(( COUE which, like 
machitte code, is also complicated attd too advattced 
for most applicatiotts withitt the educatiottal sector. 
Assembler code is att example of a low level 
programmittg lattguage attd requires a greater 
uttderstattdittg of how PIC microprocessors work. 
fhe lower the level of programmittg lattguage, the 
ttearer it becomes to machitte code attd the harder 
it is to uttderstattd. fhe advatttage of usittg a 
low-level programmittg lattguage is that the 
fittished programme is very cottcise, attd rutts 
faster attd more efficietttly. 

High level programmittg lattguages, such as those used by PIC-Logicator attd PICAXE, which use flow charts attd &ASIC 
(Segitttters' All-purpose Symbolic lttstructiott Code) lattguage, require very little kttowledge of how PICs work attd use 
commattds which are easy to learn attd uttderstattd. Matty PIC programmittg systems support graphical programmittg where 
cotttrol systems are created as flow charts by draggittg commattds ottto the screett attd drawittg routes betweett them. A 
ttumber of these systems are able to cottvert flow charts automatically ittto a &ASIC programme. fhe disadvatttage of usittg 
high-level programmittg lattguage is that it requires more of the PIC' s memory space attd rutts slower. 

Soth ways of programmittg PIC microcotttrollers use the same &ASIC lattguage commattds. &ASIC is a text-based lattguage that 
is used throughout the world to programme everythittg from PICs to persottal computers. fhe flow chart method provides a 
user-friettdly graphical way of joittittg the &ASIC lattguage commattds together attd greatly reduces the tteed for keyboard skills. 
Flow chart programmittg uses a smaller ttumber of &ASIC commattds attd is favoured by the educatiottal sector. Complicated 
attd large programmes are best writtett itt &ASIC which has a greater ttumber of commattds attd is a more powerful way of 
programmittg PIC microcotttrollers. 

-- ·---- -
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PROGRAMMING PICS II , I �teg;ated 26 Circuits 
. ----- -· -

A flow chart shows the order in which a series of commands are carried out in other words, the sequence of evettts in which 
something is cotttrolled. fhere are differettt specific symbols for each command and they are linked together by arrows to 
show the correct sequence of evettts. Some symbols are shown below. 

( ) � [� � ----- L---1---J/ 
r erminator 

represettts start, 
restart, stop 

Vecision 
represettts a choice 
which can lead to 
another pathway 

Process 
represettts a particular 
instruction or action 

Input/Output 
represettts additions to 
or removals from the 

particular process 

The two programmes shown below will make output 2. of a PIC microcotttroller go high for one second and then low for one 
second and then repeat the process umil the power is disconnected from the PIC. 

BASIC Flow Chart 

start 

wait l 

low 2. high 2. 

wait l 

go to main wait 1 

low 2. 

wait l 

- ---"'----"'-
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PROGRAMMING PICS Ill • l�teg:ated 2 7 Circuits 
----- 1-·-·--

rne everyday decimal system of counting uses ten digits, 0 to 9. When the count exceeds 9, a 1 is placed in a second column to 
the left of the units column to represent 10s. A third column to the left of the 10s column gives 100s and then lOOOs and so 
on. rne values of the columns starting from the right are: 1, 10, 100, 1000, or in powers of 10: 10°, 101, 1oz, 103 etc. 

Uigital electronics process digital signals which only have 
two states, HIG-H which equals 1, and LOW which equals 0, 
and therefore cannot use the decimal system of counting 
which uses ten digits. Counting in digital circuits uses a 
counting system called SINAfl.Y which only has two digits, 0 
and 1, and counts in powers of 2.. rne binary digits 0 and 1 
are called sirs (derived from 'binary digits'), [ight sirs 
make one SVH. When counting in binary, many more 
columns are needed in comparison to counting in decimal. For 
example, 11111111 in binary equals 2.55. 
Successive columns from the right represent the binary 
numbers in powers of 2., i.e. 2.0, 2.1, zz, and 2.3 which in 
decimal would be 1, 2., .f and 8. rne table alongside snows 
now the decimal numbers 0 to 15 are coded in binary and 
require four bits to give 1111 which equals 15 decimal. 
rne column on the extreme right is called the LEASr 
Sl�NIFICANr Sir (LSSJ and the column on the extreme 
left is called the MOSr Sl�NIFICANr Sir (MSSJ. 

MSS 
2.3 (8) 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

Let the binary number be 1011 1011 :: n x 2.3) + (0 x 2.Z) + n x 2.1) + n x 2.0) 
1011 :: 8 + 0 + 2. + 1 
1011 == 11 decimal 

fH[ SINAfl.Y SYSHM OF COUNflN� 
LSS 

zz (.f) z1 (t.J t.0 m 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Uecimal 
0 
1 
2. 
g 
.f 
5 
6 
7 
8 
9 
10 
11 
12. 
13 
1.f 
15 

Continuously dMde the decimal number by 2. and record the remainder after each dMsion. rne remainder will be either 0 or 1 
and this forms the binary number. 
Let the decimal number be 11 11 + 2. == 5 remainder 1� 

5 + 2. == 2. remainder 1 
2. + 2. == 1 remainder 0 
I + Z " 0 r...,.loder I t i l decimal 11 == (MSSJ 1 0 1 1 (lSSJ binary 

---- --
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Whett working with PIC tMicrocotttrollers, it is sotMetitMes easier to work itt the bittary systetM of coutttittg, especially whett 
trying to control tMatty outputs at the satMe titMe. 
The following PICAXE progratMtMe detMottstrates how to tMake a 7-segtMettt display couttt frotM 0 to 9. The '1o sigtt tells the PIC 
tMicrocotttroller that bittary is being used instead of decitMal. The PIC output pitts are cottttected to the segtMettts of the display 
as showtt below. This tMeatts that all 8 outputs catt be cotttrolled at the satMe titMe. 

PIC OUTPUT PINS 

a 
b 
c 
d 
e 
f 

:
p � 

dp g f e d c b a 

tMaitt: let pitts == '1o 0 0 1 1 1 1 1 1  
pause 2.50 
let pitts == '1o 0 0 0 0 0 1 1 0 
pause 2.50 
let pitts == '1o 0 1 0 1 1  0 1 1  
pause 2.50 
let pitts == '1o 0 1 0 0 1 1 1 1  
pause 2.50 
let pitts == '1o 0 1 1  0 0 1 1  0 
pause 2.50 
let pitts == '1o 0 1 1  0 1 1  0 1 
pause 2.50 
let pitts == '1o 0 1 1 1 1 1  0 1 
pause 2.50 
let pitts == '1o 0 0 0 0 0 1 1 1  
pause 2.50 
let pitts == '1o 0 1 1 1 1 1  1 1 
pause 2.50 
let pitts == '1o 0 1 1 0 1 1 1 1 
pause 2.50 
go to tMaitt 

- - - ---· �----�-

a TIPS I I Always use a 
f b COtMtMOt1 cathode 

type 7-segtMettt 
display. · I  g l ·:

p� 
d 

'digit 0 
wait 0.2.5 secottd 
'digit 1 
wait 02.5 secottd 
'digit 2. 
wait 0.2.5 secottd 
'digit 3 
wait 0.2.5 secottd 
'digit 4 
wait 0.2.5 secottd 
'digit 5 
wait 0.2.5 secottd 
'digit 6 
wait 0.2.5 secottd 
'digit 7 
wait 0.2.5 secottd 
'digit 8 _:;: 

wait 0.2.5 secottd 
'digit 9 
wait 0.2.5 secottd 

a, b, c, d, e, f attd 
g are high, dp is 
low as showtt ott 
the 7-segtMettt 
display above. 
Make sure you 
check the 
ittstructiotts for 
the other digits. 

1 16  .L!rJn.Jdate Revision Gui des 
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PROGRAMMING PICS v • l�teg�ated 29 C1rcu1ts 

&elow is showt'I a PIC-Logicator flow chart versiot'I of the 
programme to make a 7-segmettt display couttt from 0 to 9. As 
the flow chart rut'ls, the digital pat'lel shows the chat1git1g state 
of outputs at'ld it'lputs as they would be if the flow chart had 
beet'! dowt'lloaded to a PIC microcotttroller: 
fhe memory bar it'! the bottom right-hat'ld corner of the flow 
chart shows the amouttt of memory available it'! the PIC. 

7 Seg Digits - PICAXE 1 8  - Economatics PIC -Logicator 2005 
Mio Edt V-..W System PIC Helo 
� Ll - l + '.'.J i[ffil::: 0:: i·i I ,..{ ___. • �� I � I I 

< 

• 
.. 

• 
• 

PICAXE18 - COMl Runnino 

• PICs are programmable devices. 

-- -

Inputs 

m 
Iii 

m 
m 
m 

7 
6 
5 
4 
3 
2 
1 
0 

• PICs are purchased �LANK at'ld thet'I programmed with a specific cotttrol programme. 
• Most PICs are FLASH reprogrammable which allows them to be erased. 
• PICs require a voltage supply of 3 to 5.5 UC. 

6 

4 
3 

1 
0 

• PICs are the brait'I of at'! electrot'lic system at'ld cat'! brit'lg greater itttelligence to the process section. 
• Complicated logic circuits are made simpler by usit'lg a PIC. 

----- -- - -- - -� -

0 

Convnand Li>t iJ/ 
Commands • 

fa&§ .,. "*" 111• � E·h1·* GHi* *Hi!* 
EH& 
*.Ii* 
Au A 

111111 
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