UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY

E KAPITAL LUDZKI
NARODOWA STRATEGIA SPOJNOSCI

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

MATERIALY DYDAKTYCZNE
DO PRZEDMIOTU

Introduction to Programming
PICAXE Microcontrollers

Wyktad 30 godzin

Wydziat
Elektrotechniki, Automatyki |
Informatyki

Opracowal
Krzysztof Ludwinek

Kielce, 2013

Biuro Projektu Projekt ,,Politechnika Swigtokrzyska — uczelnia na miare XXI w.”
al. Tysiaclecia Panstwa Polskiego 7 Program Operacyjny Kapitat Ludzki Priorytet IV Dziatanie 4.1, Poddziatanie 4.1.1
25-314 Kielce na podstawie umowy z Ministerstwem Nauki i Szkolnictwa Wyzszego UDA - POKL.04.01.01-00-381/10-00

tal 41-34-24-200 a-mail* d cliwinckamti kielra nl



KAPITAt LUDZKI @) o Rore s

NARODOWA STRATEGIA SPOJNOSCI FUNDUSZ SPOLECZNY

Politechnika Swietokrzyska

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

* Xk
*

*

*
*oy ke

*
*

Contents

1. BASIC ARCHITECTURE OF THE PICAXE MICROCONTROLLER SYSTEM............... 3
1.1. PICAXE CHIP LABELS. ... .. 4
1.2. CHARACTERISTICS OF THE PICAXE PROGRAM WRITTEN IN PICAXE THE

O B Y 1 -1 o) 1< P 5
| B 003 1 1] 2111 - ST 7
| DR TR 25 q o) (T3 (o) 1 TP 7
1.2.4. LOQICAl OPErations........c.ouitieit ittt et ettt et et et e 9
1.2.5. Meaningful Namies. ... ...oouiuiitiii it n e rareens 10
12,6, LabelS. .ottt e 10
L R ) 51128 1< 1= 11
1.2.8. Pausing and Stopping Program EXecution ..............ccceviviiiiiiiiiiiinnennennnenn 11
1.2.9. COMMANGS. ...ttt e et et et e e e 12
L.2.10. SelOCtION. ..ttt ettt e et e e ree e e 12
1.2.11. Iteration (LOOPING) ... viirinitiiet et e e e e e e e e s 13
1,212, SUDIOULINES. . ..ottt et e e e e e e e e e e e e e 14
| B TR 1113 0 1§ o - U UP PP 14
R 7 S0 15 T (TSP 15
1.2.15. Pulse Width Modulation............ccooiiiiiiiii i e 15
1.3. FIRST PROGRAM IN PICAXE PROGRAMMING EDYTOR..........cccceeeviivinnee. 15
2. THE PICAXE MICROCONTROLLER FAMILY ..ot 16
2.1. PROGRAMMING THE PICAXE MICROPROCESSORS..........ccooiiiiiiiiii e, 17
2.2. DETAILED PINOUT DIAGRAMS FOR PICAXE MICROCONTROLLERS............. 18
3. PICAXE PROGRAMMING EDITOR. ...t e e e 33
4, PRACTICAL UTILIZATION OF PICAXE IN CONTROLLING STEPPER AND DC
11 (0 1 10 2 O 40
4.1. THE STEPPER MOTOR. ..o e e e, 40
4.1.1. Switching of stepper motor Windings ...........ccooiiiiiiiiiiii e, 40
4.2. MODES OF CONTROLLING STEPPER MOTOR.....ccoiiiiiiii e, 44
420, TREWAVE AIIVE. . .oont it e, 45
4.2.2. The full Step drive......coouiniirii e, 46
4.2.3. Half StEP AFIVe «.veetii e e e 47
4.3. EXAMPLE OF STEPPER MOTOR CONTROLLING ..o, 48
4.4, THE DC MOTOR. ..o e e e e e e 49
45 THEIRREMOTE CONTROLS. ... e 54
4.6. PICAXE COOPERATION WITH THE SEVEN-SEGMENT DISPLAY .................... 57
REFE R EN CES . ..o e e e e e e e et et aee e e e e e e 59
Biuro Projektu Projekt ,,Politechnika Swigtokrzyska — uczelnia na miare XXI w.”
al. Tysiaclecia Panstwa Polskiego 7 Program Operacyjny Kapitat Ludzki Priorytet IV Dziatanie 4.1, Poddziatanie 4.1.1
25-314 Kielce na podstawie umowy z Ministerstwem Nauki i Szkolnictwa Wyzszego UDA - POKL.04.01.01-00-381/10-00

tal 41-34-24-200 a-mail* d cliwinckamti kielra nl



KAPITAL LUDZKI

NARODOWA STRATEGIA SPOJNOSCI

Politechnika Swigtokrzyska

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

1. BASIC ARCHITECTURE OF PICAXE MICROCONTROLLER SYSTEM

Microcontroller can be described by a lot of definitions and it is hard to find one that
will contain all of them. Generally, the microcontroller is an electronic device that
consists of a combination of processor, memory and /O devices. This device can be
combined into two types: a single chip or separate chips. However the microcontroller is
usually associated with a single chip solution. Currently, there are many manufacturers of
microcontrollers on the market and over the years there will be more and more. Fig. 1
shows the basic architecture of an 8 bit microprocessor of Microchip or PICAXE
Incorporation [1]. The only name that is engraved on the top of the PICAXE chip tells
about the type of microchip unit [2]. PICAXE chips are pre-programmed and tested by
Microchip PICmicro™ microcontrollers [3].
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Fig. 1.1. Basic architecture of an 8 bit microprocessor by PICAXE (Microchip) Inc [1].
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1.1. PICAXE CHIP LABELS

More recent M2 parts are custom parts ‘factory engraved’ with the full PICAXE name.
Other parts are simply ‘engraved’ with the Microchip part name. Table 1 and table 2
present the PICAXE type and what is engraved on the top of the newer version chip
(Table 1), which is the replacement type in the case of the older version chip (Table 2) [2]
and about possibility programming in the Assembler code after converting into the
Assembler Code.

Table 1. New PICAXE type and what is engraved on the top of the chip

PICAXE Type Engraving on top of chip
PICAXE-08M2 PICAXE-08M2

* PICAXE-14M2 PICAXE-14M2

* PICAXE-18M2 PICAXE-18M2

* PICAXE-20M2 PICAXE-20M2

* PICAXE-20X2 PIC18F14K22

* PICAXE-28X1 PIC16F886

* PICAXE-28X2 PIC18F25K22

* PICAXE-40X1 PIC16F887

* PICAXE-40X2 PIC18F45K22

Table 2. Older PICAXE type, the name engraved on the top of the chip and the replacement type
and possibility programming in the Assembler code

PICAXE Type Engraving Replacement Type in the Assembler Code
PICAXE-08 PIC12F629 Superseded by 08M2 yes
PICAXE-08M PIC12F683 Superseded by 08M2 yes
PICAXE-14M PIC16F684 Superseded by 14M2 yes
PICAXE-18 PIC16F627(A) Superseded by 18M2 yes
PICAXE-18A PIC16F819 Superseded by 18M2 yes
PICAXE-18M PIC16F819 Superseded by 18M2 yes
PICAXE-18X PIC16F88 Superseded by 18M2 yes
PICAXE-20M PIC16F677 Superseded by 20M2

PICAXE-28A PIC16F872 Superseded by 28X1 yes
PICAXE-28X PIC16F873A Superseded by 28X1 yes
PICAXE-28X2-5V PIC18F2520 Superseded by 28X2
PICAXE-28X2-3V PIC18F25K20 Superseded by 28X2

PICAXE-40X PIC16F874A Superseded by 40X1
PICAXE-40X2-5V PIC18F4520 Superseded by 40X2
PICAXE-40X2-3V PIC18F45K20 Superseded by 40X2

Biuro Projektu
al. Tysiaclecia Panstwa Polskiego 7
25-314 Kielce

tal 41-34-24-200 a-mail* d cliwinckamti kielra nl

Projekt ,,Politechnika Swigtokrzyska — uczelnia na miare XXI w.”

Program Operacyjny Kapitat Ludzki Priorytet IV Dziatanie 4.1, Poddziatanie 4.1.1

na podstawie umowy z Ministerstwem Nauki i Szkolnictwa Wyzszego UDA - POKL.04.01.01-00-381/10-00



KAPITAt LUDZKI @) o Rore s

FUNDUSZ SPOLECZNY

NARODOWA STRATEGIA SPOJNOSCI

Politechnika Swietokrzyska

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

*

1.2. CHARACTERISTICS OF THE PICAXE PROGRAM WRITTEN IN THE
PICAXE PROGRAMMING EDITOR

The PICAXE family is programmed in Basic in the PICAXE Programming Editor in
version 5 [2]. The PICAXE Programming Editor is the legacy freeware, specially
developed software for programming, testing, and simulating BASIC programs for the
PICAXE family [2]. All PICAXE code programs written in Basic are downloaded to the
PICAXE chip. The PICAXE Program Code (in alphabetical order) consists of [3]:

e Commands,
Comments,
Data,
Labels,
Reserved Words.
The main component of the program Code is Data. Data may be the type of variables,
constants, and expressions.

e Variables — items that can be changed in value using commands.

e Constants — items that can be used by commands, but the value cannot be

changed.

e Expressions — connections between Variables, constants and all operators that can

return values.

1.2.1. Variables

Various types of variables are used by the PICAXE chips [3]:
Word variables,
Byte variables,
Bit variables,
Special function variables,
Central processing unit (CPU) registers,
Electrically erasable programmable read-only memory (EEPROM).

Word Variables - this type of a variable (16th bits) hold ranges from 0 to 65535
unsigned numbers. Word variable consists of 16-binary digits (bits). PICAXE
programmers have access to seven available byte variables which are named:
w0, wl, w2, w3, w4, w5, and we.

Byte Variables - this type of a variable (8th bits) has ranges from 0 to 255 unsigned
numbers or ASCII (American Standard Code for Information Interchange) characters.
A byte variable consists of 8-binary digits (bits). PICAXE programmers have access to
fourteen available word variables which are named:
b0, b1, b2, b3, b4, b5, t6, b7, b8, b9, b10, b11, b12, and b13.

Bit Variables - this type of variable has either the O or the 1 value. A bit variable
consists of a single binary digit (bit). PICAXE programmers have access to sixteen
available bit variables which are named:
bit0, bitl, bit2, bit3, bit4, bit5, bit6, bit 7, bit 8, bit 9, bit 10, bit 11, bit 12, bit 13,
bitl4, and bit15.
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Relationship Between Variables
The relationship between byte and word variables is shown in Table 3. It can be seen,
for example, that WO is made up by B1 (MSB) and BO (LSB) etc. All changes which the
program makes to B1 or BO will result in a change in WO. This also works the other way
around.
Variable names in the Programming Editor can be written in the following way:
W4 or w4,
B2 or b2,
BITO or BitO etc.

Table 3. The relationship between byte and word variables

WORD, AND BYTE VARIABLES
MOST SIGNIFICANT BYTE LEAST SIGNIFICANT BYTE
WORD VARIABLE (MSB) (LSB)

WO B1 BO
w1 B3 B2
W2 B5 B4
W3 B7 B6
w4 B9 B8
W5 B11 B10
W6 B13 B12
etc. etc. etc.

Table 4 presents the relationship between WO, B0/B1, and bit variables. It shows that
change to BIT4 that will affect BO and WO, whereas BIT14 will affect B1 and WO

Table 4. The relationship between WO, B0, B1 and bit variables

WO, B0/B1, AND BIT VARIABLES
WORD
VARIABLE BYTE VARIABLE BIT VARIABLE
BITO BO, bit 0 (the least significant in byte B0) WO, bit 0 (the least significant)
BIT1 BO, bit 1 WO, bit 1
BIT2 BO, bit 2 WO, bit 2
BIT3 BO, bit 3 WO, bit 3
BIT4 BO, bit 4 WO, bit 4
BIT5 BO, bit 5 WO, bit 5
BIT6 BO, bit 6 WO, bit 6
BIT7 BO, bit 7 (the most significant in byte BO) WO, bit 7,
BIT8 B1, bit O (the least significant in byte B1) W1, bit 8,
BIT9 B1, bit 1 WO, bit 9
BIT10 B1, bit 2 WO, bit 10
BIT11 B1, bit3 WO, bit 11
BIT12 B1, bit 4 WO, bit 12
BIT13 B1, bit5 WO, bit 13
BIT14 B1, bit 6 WO, bit 14
BIT15 B1, bit 7 (the most significant in byte B1) WO, bit 15 (the most significant)
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There are Special Function Variables that are used in the PICAXE Programming
Editor are (in alphabetical order) [3]:
dirs: specifies the data direction. It is used for pins that can be 1/0,
dirsc: specifies the data direction for port C pins,
infra: Infrain the command uses it as a predefined variable; for PICAXE-08M,
itisabhl3,
keyvalue: keyin the command uses it as a predefined variable and it is also another
name for infra,
pins: used when reading — the input port and when writing — the output port,
pinsa: used when reading - the input port A,
pinsc: used when reading - the input port C, when writing — The output port C,
pin0, pinl, pin2, pin3, pin4, pin5, pin6, and pin7: The input port
individual pins.

1.2.2. Constants

Data that does not change has the name "Constants”. Constants cannot be placed to the
left of the assignment operator (= assign). There are a few types of constants [3]:
Numeric Constants can be written as a decimal number, hexadecimal number or a binary
number.

Binary constants preceded by a (%) symbol contain digits 0 or 1.

Hexadecimal Constants preceded by a ($) symbol contain digits from 0 to 9 and from A to F.
Decimal Constants contain digits from 0 to 9.

Character or String this type of Constants are enclosed in double quote marks ().

Some examples of constants (Numeric, Character and String) are listed below:

200000101 The binary constant 00000101 (5 in decimal)
$3C The hexadecimal constant 3C

100 The decimal constant one hundred

“C» The ASCII character C

“CONSTANT” The ASCII string CONSTANT

“123” The ASCII string 123

“$3C” The ASCII string $3C

“%10” The ASCII string %10

Any character without the () mark can be used in character or string constant.
1.2.3. Expressions

The simplest definition is that expressions are combinations of constants, operators
(single values) and variables. We can use them in the (let) assignment command. There
are more Programming Editor commands in which we use expressions. Below, the form
of an expression is shown [3].

Variable operator {constant/variable} [operator {constant/variable} ...] where

Variable- PICAXE byte, bit, word or a special var.

Operator — Programming Editor operator. There can be more than one operator in
an expression.

Constant — Number/Character.
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The PICAXE Programming Editor uses the following operators:

* Numeric multiplication, returns a lower portion of the result,
** Numeric multiplication, returns a high portion of the result,
/ Numeric division, returns the quotient,

Il Numeric division, returns the remainder,

% The same function as //,

+ Numeric addition,

- Numeric subtraction,
= Assigment operator,

MIN Result of a numeric operation limited to a minimum value,
MAX Result of a numeric operation limited to a maximum value,
l or OR Logical OR

& or AND Logical AND
~or XOR  Logical XOR

&/ Logical AND NOT
I/ Logical OR NOT
N Logical XOR NOT

The mathematical expression is evaluated from left to right if there exists more than
one operator. For example:
3+3+3*3 will be evaluated to 27 not 15. First, we have addition then we add
multiplication unlike mathematical rules where (*) is before (+).

Arithmetical Operations mean Assigning Values to Variables. To assign value to
a variable, the let command is required. Below, the Let command syntax is shown [3]:

[LET] variable = value
where
let — can be deleted (optional)
variable — PICAXE byte, bit, word or special variable.
Value — constant/variable that return value.

There are examples of the Let command using:

Letb0=1 ‘value 1 assigned to b0
b0=1 ‘the same meaning, but ‘let’ is deleted
b0 =bl ‘b1 value placed in b0
b0 = b0+1 ‘b0 value is added to 1 (constant) and the result is assigned
to ‘b0
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1.2.4. Logical Operations

George Boole was a mathematician who first used Boolean algebra (because of his
name). Usually we use Boolean algebra to set, clearing or shifting bits. Boolean algebra
expresses logical operations. The values have only two different states and they could be

[3]:

On/Off
True/False
1/0 (Basic)
Logic high/low
There are a lot of Boolean operations (called also logical operations) like
OR, AND, NOT, XOR (Basics) and NAND, XNOR, NOR, or Logical shift.

The logical operation and their functions are shown in Table 5 below.

Table 5. Logical functions

Inputl | Input2 | Input | NOT OR XOR | AND | NAND | NOR | XNOR
0 0 0 1 0 0 0 1 1 1
0 1 1 0 1 1 0 1 0 0
1 0 - 1 1 0 1 0 0
1 1 - - 1 0 1 0 0 1
EXAMPLE
Bl =%00001111
B2 =%11110000
B0 =B1|B2 (B1 OR B2) ‘(Logical OR, resultis %11111111 in BO)
B1 =%00111100
B2 = %00011000
B0 = B1&B2 ‘(Logical AND, result is %00011000 in BO)
BO = %00011000
BO=B0*2 ‘(Logical shift left, result is %00110000 in BO)
BO = %00011000
B0 = B0/2 ‘(Logical shift right, result is % 00011000 in B0)
SHIFT BIT VALUES
2 One bit
4 Two bits
8 Three bits
16 Four bits
32 Five bits
Also 64, 128, 256, 512, 1024 and so on.
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1.2.5. Meaningful Names

It is really difficult to get an indication as to what is in variables. It can be known what
kind of variable it is (word, byte, bit). This situation does not facilitate reading program
code. The PICAXE Programming Editor provides a symbol command that makes
constants, variables or other items to give more meaningful names. Some examples of
syntax of symbol commands are listed below [3]:

SYMBOL symbolname = value [operator constant]

where
symbolname — a name given to symbol,
value — a constant/variable must be valid in the symbol context,
operator — only one allowed the mathematical or Boolean operator,
constant — written in a binary, decimal, or hexadecimal from optional number or

a predefined symbol.
To name a symbol, there are some rules which should be taken into account:

It must not consist of reserved words.
“SYMBOL” and “symbol” have the same meaning.
It may consist of letters or numbers.
It must begin with an underscore or letter.
It must be defined before use.

If the symbol is defined once, it can be used in a program if the context is valid.

There are some examples of symbols below:
Symbol dataout = 0,
Symbol switch = pin3,
Symbol outbyte = b4,
Symbol symbol_2 = 900000101 & $3C,
When dataout is used it will be interpreted as 0 and switch as pin3.

1.2.6. Labels

The label is a name that is used in the program as a reference point. There are some

rules which should be taken into account [3]:

It must begin with a letter.

It may contain letters, numbers.

It must be unique.

It must not consist of reserved words.

It must end with a colon (©).

“LABEL” and “label” are the same.

If a label name used in some commands, the colon (:) is not used.
Labels are often written in column 1 by the editor. The labels can be written on the same
line as a command, for example:

Labell:
commandl
Label2:
commandl
NOTE. If the label refers to commands, the colon is omitted.
goto labell
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1.2.7. Comments

A programmer can insert some text (explanations) into a program. To begin a
comment, the () mark is required and the text after (‘) mark is not taken into account by
the Programming Editor. Comments do not take any space of memory in PICAXE.
Below, some examples of using comments are shown [3]:

: This is a comment
Labell:; Comment about Labell

; pause _300 ; Comment about command pause_300
; Pause 300 ; In this line pause 300 is a comment and is not
; taken into account by the Programming Editor

Inserting a blank is not required in the program, because the Programming Editor does
not take blank into account.

1.2.8. Pausing and Stopping Program Execution

In order to Pause and Stop Program Execution in the PICAXE Programming Editor
the following commands are used [3]:
Stop,
Pause,
Wait,
Sleep,
Nap,
End.

Stop command — until hardware will be reset by the restoring power, program execution
stops. PICAXE is not in low power mode.

Pause command — usually used to make delay and “stop” program execution for some
time. The period of time is as accurate as the PICAXE clock. The Pause command syntax
is as follows [3]:

PAUSE time

where

time — constant/variable (from 0 to 65535), the time delay is specified in milliseconds.

Wait command — usually used to make delays and suspend program execution. Similar
to the Pause command, but time must be a constant (Pause command can also be
variable). It is specified in seconds (not in milliseconds). The Wait command syntax is
as follows [3]:
WAIT time
where
time — constant (from 0 to 65), specified in seconds.

End command — stops program execution and changes PICAXE into a low power mode.
PICAXE will be in low power mode until hardware reset or reset line. Very often the
End command is the last command in the program code.
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1.2.9. Commands

If PICAXE has to do some operations, some instructions are necessary. These
instructions are precisely commands. A command may consist of single words such as
pause, let or operate in pairs like if ... then or gosub ... return. Commands may need
some parameters consisting of constants, variables or expressions specified by the
programmer. Each command has its own syntax (rules). You can find the Programming
Editor syntax by pressing the <F1> key in the PICAXE Programming Editor, where more
than 70 commands are available.

1.2.10. Selection

Instructions choice if...then\ elseif \ else \ endif or Branch are used during the execution
of one operation and if you want to change the operations during inputting pin or general
variables (in program) for certain conditions. If these conditions meet the section if...then\
elseif \ else \ endif the program code is executed between the positions if ... then or elseif
(or else) ... endif. The elseif (or else) ... endif section is executed if none of the if ... then or
elseif conditions are true [3]

In PICAXE we can use commands like
if...then\ elseif \ else \ endif (Program executes in one of two possible places)
Branch (Program executes in one of many possible places)

If...then command syntax:

IF variable value (operator) [{AND/OR} variable value (operator)...] THEN label

where
variable - PICAXE variable
operator- Comparison operator
label - After it the program continues execution

AND, OR - Boolean operators.

Comparison operators (in the Programming Editor) [3]:

Is equal to
= equal to
1= not equal to
<> not equal to
<= less than equal to
< less than
>= greater than or equal to
> greater than
EXAMPLE
If w3 <= 1000 then label 1
If bit 3 =10 and bit2 != 100 then label 2
If bitl is 0 then label 3
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The Branch command syntax given below is as follows [3]:
BRANCH variable, (label0, labell, label2, label3,...,labelN)
where
variable - PICAXE variable

1.2.11. Iteration (Looping)
If we want the program to execute some operations more than one time, we should
(save time and place) use looping commands. There are 3 commands which

PICAXE uses [3].
For...next (do operation n times in logical order)
If...then (do operation a specific number of times)
GOTO (command which ends the loop)

For...next command syntax:

FOR variable = startvalue TO endvalue [STEP (-) increment]
Command (n)
NEXT variable
Where:
variable - word/byte PICAXE variable
startvalue - from this constant/variable the loop will start
endvalue - at this constant/variable the loop will end
In this example, the loop will be executed twice.
b2=1
b3=2
for b0 =b2tob3step 1
high c.5
pause 500
low c.5
pause 500
next b0
If...then
EXAMPLE
Symbol endvalue = b2
BO=2
Endvalue =5
Labell:
Command (n)
BO=b0+1
If b0 <= endvalue then labell
GOTO command syntax:

GOTO label
EXAMPLE
Labell:
Command (n)
goto labell
Here, command (n) is executed by the program until PICAXE will reset.
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1.2.12. Subroutines

If you want to make the program easier, or reduce the program size, subroutines are
the best option. To use the subroutines, the PICAXE programmer can use gosub and
return commands. The gosub command in the program can be used 16 or 256 times
(depending on the chip used). The gosub command is used to start a temporary user
program. The temporary user program is executed in the separate section of a code
between the gosub and return commands. When the return command is executed, the
program returns to the main program, i.e. to the first command after the gosub
Command [3].

Gosub command syntax:

GOSuUB label

Return command syntax:

RETURN

commandl
gosub subl
command2
gosub subl
command3
gosub sub2
command4
gosub subl
end

subl: command6
return

sub2: command?

return

1.2.13. Interrupts

Sometimes our program has to react to external events (maybe one event) at the
moment when the event occurs. To do such a thing we can use a special command which
we place in our program. This works in a similar way as a subroutine. It starts with the
interrupt label and ends with the return command. We place it at the end of the
program. When we have interrupt - the program starts executing the interruption
operation, and with the return command our program come back to the place when it
stopped before the interruption. To enable interrupts, we use the SETINT command. It is
shown below [3]:
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SETINT condition, mask

where
Condition - variable/constant with the 1 or 0 pin state.
Mask - variable/constant which defines the pin.

1.2.14. Sounds

PICAXE chips allow to play the music with the 'tune’ command (not available on
PICAXE- 8) [4]. TUNE pin,speed,(note, note, note...) [4]
where:
- pinis a variable/constant which specifies the number of pin to generate the sounds.
- speed is a variable/constant (1-15) which specifies the tempo of the tune, 1 - is very
quick and 15 is very slow,
- notes are the tune sounds (data) that are generated by the 'tune’ command (see details

[4]).
1.2.15. Pulse Width Modulation

PICAXE chips allow to change the average value of a voltage (and current) that fed to
the load (e. g. DC motor). The technique of Pulse Width Modulation changes the width of
the output pulse. Formally, the pulse duration is controlled by turning on and off the
transistor output. PWM pin,duty,cycles [4]
where:

- Pinis a variable/constant which specifies the Input/Output pins,

- Duty is a variable/constant (0-255) which specifies the level of analog signals.

- Cycles is a variable/constant (0-255) which specifies the number of cycles
(frequency). For 4AMHz clock frequency, each cycle takes about 5ms [4].

Example.
pwm B.0,150,40 ; the (PICAXE-28X2 send series of 40 pwm pulses - out of ; pin B.0

1.3. FIRST PROGRAM IN PICAXE PROGRAMMING EDYTOR

Main: ;in this way we define the program label
; label must not start with the digit and special names used in PICAXE

;Programming Editor. You can use Capital or small letters .

high 7 ; switch on the output (out)

HIGH 6 ; and 6 (the default port for port B)

pause 6000 :wait for 6000 ms

Low 7 ; switch off the output 7

low 6 ;and 6

Pause 6000 ; pause in ms

goto main ; jump to MAIN label
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2. PICAXE MICROCONTROLLER FAMILY

At present, the PICAXE microcontrollers system can be used in the following
physical sizes: 8, 14, 18, 20, 28 and 40 pins [2], [3]. The main difference between the size
of these chips is the number of inputs and outputs. Of course, larger chips are more
expensive because they have a larger number of inputs/outputs. The specified size of the
chip may have different variations, such as 18-pin PICAXE occurs in 18, 18A and 18X
variants. In general, the difference between the variants is in the amount of available
memory (it means how much a program length can be uploaded into the chip). Each
project can be used in a higher variety of the microcontroller (for example, when a
program is too long, you can use a better version with more memory). Each higher
variant of chips is compatible with lower microcontrollers. The power supply can be 3-
5V (default - 5), 1.8 - 3.3 (standard - 3V) and 1.8 - 5 for universal X2 systems. To work
properly, some terminals require additional 10 - 22 kQ resistors. When programming,
PICAXE chips do not pull the programming wire. RESET Pin must be included (tucked
up) to Vcc via a resistor 4.7k. The reset occurs after shortening the pin to ground (0 V).
Quartz resonators 4, 8, 10 and 16 MHz optional included (for systems with 28 and 40
pins) with built-in internal PLL feedback loop allows to increase system clock frequency
by 4 times. The main differences between 1/0 and clock frequency of different options
for PICAXE microcontrollers are presented in Table 6.

Table 6. The main differences between the PICAXE microcontrollers family

Number - Frequency Memory
Level - Digital 1/0 ADC Length -
of Pins MHz
Bytes
. 8A 5 inputs/outputs 1 4 128
Educational 18A 5 inputs, 8 outputs 4 256
08M 5 inputs/outputs 3 8 956
Initial/Budget T 5 inputs, 6 outputs | 2 8 256
18M 5 inputs, 8 outputs 3 8 256
18X 5 inputs, 8outputs 3 8 2048
0-12 inputs, 9-17
Standard 28X1 outputs 0-4 20 4096
goxy | 820Ineuts 917 4 4 20 4096
outputs
28X2 | 22 configured in.Jout | 0-19 “(a)f‘icf)o 4096
Edvanced up to 64
40X2 33 configured in./Jout | 0-27 (4x16) 4096

Particular differences between PICAXE chips presented in Table 6 are as follows [3, 4].
For Educational Level (08A, 18A) very low cost of purchase but only 128 - 256 bytes of
program code.

For Budget level (08M, 14M, and 18M) program memory is twice the size (256 bytes).
The chips have Support for digital temperature sensor and enable control via radio
transmitter, they have Keyboard input and the ability to define user-music tone, Infrared
transmission, 8/10 bit ADC, and the PWM motor control.
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Standard Level ,,X”: (18X) has all advantages of the properties for the "A" family,
program memory (2048 bytes): 8 times larger than in the "A" family, it also has the
interface for EEPROM and other devices, 8/10 bit ADC, 12-bit temperature reading
option, the PWM motor control, and counts the pulses at the input.

Standard Level ,,X1”: (28X1, or 40X1) has all advantages of the properties for the "X"
family, program memory (4096 bytes) is 16 times greater than in the "A" family, it has an
internal clock, increased mathematical opportunities, the real line used for simulation.
Advanced Level ,,X2”: (28X2, or 40X2) has all advantages of the properties for the "X",
program memory (4096 bytes) is 4 times larger than in "X1" family, it has an internal
clock, increased number of variables of word type W (W0-W27), byte type B (BO - B54),
increased mathematical opportunities, and the real line used for simulation.

2.1. PROGRAMMING THE PICAXE MICROPROCESSORS

PICAXE microprocessors allow programming without using the programming device
through the special Boot Loader program. Figure 2 shows a simple and more advanced
serial download circuit with the mini Jack (with security against short circuit and anti-
static - Shotky diode and an additional 180 Q resistor) to programming PICAXE chips.
The serial download circuit (in Fig. 2 connected to the PICAXE 18M2) is identical for all
the PICAXE family [4]. In Fig. 2 the mini jack has the following indexes:

a - Serial Out,
b - Serial In,
c-0V.
a)
PICAXE-18M2
Mini Jack E U 18h
Serial Out 2 1700
— 1 I Seria]_l_n_[ 3 161
a (% " X 22k O« 150
2 10k 0VA 5 1401
oL e 13[]
O 12[]
Os 110
Oo 100
b)
PICAXE-18M2
180 d: U 1sp
Mini Jack I ] Serial Out I 17
Serial In 16
x " x 15
X
. 13

12

2

3

4

5 14
6

7

8 11
9

[ N [ I I

O
0
O
O
O
O

10

Fig. 2. The schema of a PICAXE chip programming a) simple way, b) more advanced
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The most popular way of programming the PICAXE family is using the RS232 PC port.
The way how to connect the wire (shown in Fig. 2) to the RS232 port of the computer is
shown in Fig. 3 [4].

2. to PICAXE serial out

3. to PICAXE serial in

5. to PICAXE OV

9 Way D female socket

e A\

OOOOD
O @@@@/©

\_ V4

Fig. 3. How to connect the circuit (shown in Fig. 2) to the RS232 port of any PC computer

In the case of communication using the RS232 port, connection is possible with the
purchase of additional wire (cable) communications, the same for the all PICAXE family.
For programming from personal computers or notebooks using USB port you should buy
PICAXE USB download cable [2].

2.2. DETAILED PINOUT DIAGRAMS FOR PICAXE MICROCONTROLLERS
In this section, detailed pinout diagrams for the 8-, 14-, 20-, 28- and 40-pins PICAXE

devices are shown [4]. The detailed pinout diagrams for the PICAXE-08M chip with the
original PICAXE pin names are shown in Figure 4 [4] and are also presented in Table 7.

PICAXE-08M
wvOr U sQov
Serial In [ ] Out 0/ Serial Out/ Infraout

2 7
ADC4/0ut4/In4 3 6[0 In1/0ut1/ADC1
Infrain/In 3 [] 4 5[] In2/0ut2/ADC 2/pwm 2 /tune

Fig. 4. Pinout diagram of the PICAXE-08M

Table 7. The detailed specification for pinout of the PICAXE-08M

No | Digital ____Analog PWM Other vee
inputs outputs Inputs outputs

1 +V

2 Serial In

3 In4 Out 4

4 In3

5 In2 Out 2 ADC 2 PWM 2 tune

6 Inl Out 1 ADC 1

7 Out 0 Infraout /Serial Out

8 oV
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The detailed pinout diagrams for the PICAXE-014M chip with the original PICAXE pin
names are shown both in Figure 5 [4] and in Table 8.

PICAXE-14M

wvO1 U ugov
Serial In [] 2 13[] Output 0/ Serial Out / Infraout
ADC4/Input4 []3 12[7] Output 1
Infrain/ Input 3 [] 4 11[] Output 2
Input2 []5 10 [ Output 3
input1 [] 6 9 [J Output 4
ADCO/Inputo [ 7 8 [ output 5

Fig. 5. Pinout diagram of the PICAXE-14M

Table 8. The detailed specification for pinout of the PICAXE-14M

No [ Digital ___Analog PWM Other Vee
inputs outputs inputs outputs
1 +V
2 Serial In
3 In4 ADC 4
4 In3 Infrain
5 In 2
6 In1
7 In0 ADC 0
8 Out 5
9 Out 4
10 Out 3
11 Out 2
12 Out 1
13 out 0 Serial Out/
Infraout
14 ov

The detailed pinout diagrams for the PICAXE-14M2 chip with the original PICAXE pin
names are shown both in Figure 6 [4] and in Table 9.

PICAXE-14M2

wv: U ugov
(In) Serial In/C.5 [] 2 13[] B.0/ Serial Out (Out / hserout / DAC)
(Touch/ADC/Out/In)yC.4 []3 12[7] B.1(In/Out/ADC/ Touch/SRI/ hserin)
(inc3 4 11 B.2(In/Out/ADC/ Touch/pwm/SRQ)
(hpwm A/pwm/Out/In)C.2 []5 10[0] B.3(In/Out/ ADC/ Touch / hi2c scl)
(hpwmB/Out/InyCc.1 []6 9|[J B.4(In/Out/ADC/ Touch / pwm / hi2c sda)
(hpwm C/pwm / Touch/ADC/Out/In)C.0 []7 8 [] B.5(In/Out/ADC/ Touch/hpwm D)

Fig. 6. Pinout diagram of the PICAXE-14M2
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Table 9. The detailed specification for pinout of the PICAXE-14M?2

No - Digital - Analog PWM Other Vce
inputs outputs inputs outputs

1 +V

2 InC.5 Serial In

3 InC.A4 OutC4 | ADCCA4 Touch

4 InC.3

5 InC.2 OutC.2 PWM C.2 HPWM A

6 InC.1 OutC.1 HPWM B

7 InC.0 OutC.0 | ADCC.0 PWM C.0 HPWM C/Touch

8 InB.5 OutB.5 | ADCB.5 Touch

9 InB.4 OutB.4 | ADCB.4 Touch/hi2c sda

10 In B.3 OutB.3 | ADCB.3 Touch/hi2c scl

11 InB.2 OutB.2 | ADCB.2 Touch/SRQ

12 InB.1 OutB.1 | ADCB.1 Touch/hserin . SRI

13 Out B.0 DACB.0 Serial Out/hserout/

14 ov

The detailed pinout diagrams for the PICAXE-18X, PICAXE-18M, PICAXE-18M2 chips
with the original PICAXE pin names are shown in Figure 7 [4] and in Tables 10 and 11,
respectively.

a)
PICAXE-18X
apc2/mmput2 [J1 U 18 [ mnput1/ADC1
Serial Out [} 2 17 [1 Input0/ADC 0/ Inrfain
Serial In [ 3 16 1 Input 7/ keyboard data
Reset [ 4 15 [[] Input 6 / keyboard clock
ov 5 14 [ +v
Output0 [] 6 13 [[] Output 7
I2csda/Outputl [ 7 12 [7] Output 6
Output2 [] 8 11 ] Output5
Pwm3/Output3 [ 9 10 [] Output 4/ i2¢c scl
b)
PICAXE-18M
apc2/iput2 1 LJ 18[37 mnput1/Abci
Serial Out [] 2 17 [ Input0/ADC / Infrain
Serial In [] 3 16 [ ] Input 7 / keyboard data
Reset [] 4 15 [[] Input 6/ keyboard clock
ov [ 5 14 ] +v
Output 0/ infraout [] 6 13 ] Output 7
Outputl [ 7 12 [] Output 6
Output2 [] 8 11 [J Output5
Output3/pwm3 [] 9 10 [[1 Output4
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c)
PICAXE-18M2

(DAC/Touch/ADC/Out/In)C2 []1 L 18 [[] C.1(In/Out/ADC / Touch)
(SRQ / Out) Serial Qut/C.3 [ 2 17 [ C.0(In/Out/ADC/ Touch)
(In) Serial In/C.4 [] 3 16 [ C.7(In/0Out)
(InC5 [ 4 15 [} C.6(In/Out)
ov s 14 [ +Vv
(SRI/Out/In)B.0 [] 6 13 [ B.7(In/Out/ADC/ Touch)
(i2c sda/ Touch/ADC/Out/In)B.1 [ 7 12 [] B.6(In/Out/ADC/ Touch / pwm)
(hserin / Touch/ ADC/Out/In)B.2 [] 8 11 [[] B.5(In/Out/ ADC / Touch / hserout)
(pwm / Touch/ ADC/Out/In)B.3 [] 9 10 [[] B.4(In/Out/ ADC/ Touch / i2c scl)

Fig. 7. Pinout diagram of a) PICAXE-18X, b) PICAXE-18M, c¢) PICAXE-18M2

Table 10. The detailed specification for pinout of the PICAXE-18X and PICAXE-18M

No |- Digital ___Analog PWM Other Ve
inputs outputs inputs | outputs
1 In 2 ADC 2
2 Serial Out
3 Serial In
4 Reset
5 oV
6 Out0 Infraout
7 QOut 1
8 Out 2/Sda (PICAXE
18X)
9 Out 3 PWM 3
10 Out 4/1C2 scl
(PICAXE 18X)
11 Out5
12 Out 6
13 Out 7
14 +V
15 In6 Keyboard
clock
16 In7 Keyboard
data
17 In0 ADC Infrain
18 Inl ADC 1
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Table 11. The detailed specification for pinout of the PICAXE-18M2

No | Digital ____Analog PWM Other Vee
inputs | outputs inputs outputs
1 InC.2 OutC.2 | ADCC.2 DACC.2 Touch
2 Out C.3 SRQ/Serial Out
3 InC.4 Serial In
4 InC.5
5 ov
6 InB.0 Out B.0 SRI
7 InB.1 Out B.2 ADC B.1 i2c sda/Touch
8 InB.2 Out B.2 ADC B.2 Hserin/Touch
9 InB.3 Out B.3 ADC B.3 B.3 Touch
10 InB.4 OutB.4 ADC B.4 Touch/i2c scl
11 InB.5 Out B.5 ADC B.5 Touch/hserout
12 InB.6 Out B.6 ADC B.6 B.6 Touch
13 InB.7 Out B.7 ADC B.7 Touch
14 +V
15 InC.6 Out C.6
16 InC.7 Out C.7
17 InC.0 OutC.0 | ADCC.0 Touch
18 InC.1 OutC.1 | ADCC.1 Touch

The detailed pinout diagrams for the PICAXE-20M, PICAXE-20M2 and PICAXE-20X2
chips with the original PICAXE pin names are shown in Figure 9 [4] and in Tables 12,
13 and 14, respectively.
a)

PICAXE-20M

+v 1 U 203 ov
Serial In [ 2 19 [J Serial Out
ADC 7 /Input7 ] 3 18 [[1 Output 0 / Infraout)
Input6 ] 4 17 [ Output 1
Input5 ] 5 16 [1 Output 2
Input4 [ 6 15 [ Output 3
ADC 3/ Input3[] 7 14 ] Output 4
ADC 2/ Input2[]s 13 [ Output 5
ADC 1/ Input1 o 12 [] Output 6
Infrain / Input 0 ] 10 11 [ Output 7
b)
PICAXE-20M2
swvJ1 U 20[@3o0v
Serial In [ 2 19 [[] Serial Out (DAC)
(Touch/ADC/Out/In)C.7 [] 3 18 [] B.O (in/Out/ ADC / Touch / SRI)
(n)yc.e ] 4 17[J B.1(In/Out/ADC / Touch/SRQ /pwm)
(hpwm A/pwm/Out/In)C.5 []5 16 [] B.2(In/Out/ ADC / Touch)
(hpwm B/pwm/Out/In)C.4 [] 6 15[] B.3 (In/Out/ADC / Touch)
(hpwm C /pwm / Touch/ ADC/Out/In)C.3 [ 7 14[] B.4 (In/Out/ ADC / Touch / hpwm D)
(kb clk / pwm / Touch/ ADC /Out/In)C.2 [] 8 13[] B.5(In/Out/ADC / Touch / hi2c sda)
(Kb data/ Touch/ ADC/Out/In)C.1 [ 9 12 [] B.6(In/Out/ ADC / Touch / hserin)
(hserout / Out/In) C.0 [] 10 11 [] B.7 (In/ Out/ hi2c scl)
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c)
PICAXE-20X2
+wv [ U 200 ov
Serial In ]2 19 [] A.0/ Serial Out (Out)
(ADC3/0ut/InyCc.7 O3 18 [(B.0 (In/ Out / ADC1 / hintl)
(lnyc.6 []4 17 [[B.1 (In/ Out/ ADC2 / hint2 / SRQ)
(hpwm A/pwm C.5/0ut/In) C.5 []5 16 [1B.2 (In/ Out / ADC4 / Comp2+)
(hpwm B/ SRNQ /Out/In)C.4 []6 15 [1B.3 (In/ Out/ ADC5/ Comp2-)
(hpwm / ADC7 /0Out/ In) C.3[ 7 14 [B.4 (In / Out / ADC6 / hpwm D / Comp1-)
(kb clk / ADC8/ Out /in) C.2[] 8 13 [B.5 (In/ Out / ADC10 / hi2c sda / hspi sdi)
(hspi sdo / kb data / ADC9 / Out / In) C.1[] 9 12 [1B.6 (In/ Out/ ADC11 / hserin)
(hserout / Out / In) C.0 []10 11 [ B.7 (In/ Out / hi2c scl / hspi sck)

Fig. 8. Pinout diagram of a) the PICAXE-20X2, b) the PICAXE-20M2, c) the PICAXE-20M

Table 12. The detailed specification for pinout of the PICAXE-20M

No - Digital - Analog PWM Other Vce
Inputs | outputs | Inputs | outputs
1 +V
2 Serial In
3 In7 ADC 7
4 In 6
&) In5
6 In4
7 In3 ADC 3
8 In2 ADC 2
9 Inl ADC 1
10 In0 Infrain
11 Out7
12 Out 6
13 Out5
14 Out 4
15 Out 3
16 Out 2
17 Outl
18 Out 0 Infraout
19 Serial Out
20 oV
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Table 13. The detailed specification for pinout of the PICAXE-20M2

No | Digital ___Analog PWM Other vee
inputs | outputs inputs outputs

1 +V
2 Serial In

3 INC.7 | OutC.7| ADCC.7 Touch

4 In C.6

5 INC5 | OutC.5b PWM C.5 HPWM A

6 InNC4 |OutC4 PWM C.4 HPWM B

7 INC.3 | OutC.3| ADCC.3 PWM C.3 HPWM C

8 INC.2 |OutC.2| ADCC.2 PWM C.2 Touch/Kb clk

9 INC.1 |OutC.1l| ADCC.1 Touch/Kb data

10 INC.0 | OutC.0 hserout

11 InB.7 | OutB.7 Hi2c scl

12 InB.6 | OutB.6 | ADCB.6 Touch/ hserin

13 InB.5 | OutB.5 | ADCB.5 Touch/hi2c sda

14 InB4 | OutB.4 | ADCB.4 Touch/HPWM D

15 InB.3 | OutB.3 | ADCB.3 Touch

16 InB.2 | OutB.2 | ADCB.2 Touch

17 InB.1 | OutB.1 | ADCBL.1 PWM B.1 Touch/SRQ

18 InB.0 | OutB.1 | ADCB.0 Touch/SRI

19 DAC Serial Out

20 ov

Table 14. The detailed specification for pinout of the PICAXE-20X2
No | Digital ___Analog PWM Other Vee
inputs | outputs | inputs outputs

1 +V
2 Serial In

3 INC7 |OutC.7| ADC3

4 In C.6

5 INC5 | OutC.5 PWM C.5 HPWM A

6 InNC4 |OutC4 SRNQ/HPWM B

7 INC.3 |OutC.3| ADCY7 HPWM

8 INC.2 |OutC.2| ADCS8 Kb clk

9 InC.1 |OutC.l| ADC?9 Kb data/hspi sdo

10 INC.0 | OutC.0 hserout

11 InB.7 | OutB.7 Hi2c scl/hspi sck

12 InB.6 | OutB.6 | ADC11 hserin

13 InB.5 | OutB.5 | ADC 10 Hi2c sda/hspi sdi

14 InB4 | OutB.4 | ADC®6 HPWM D/Compl-

15 InB.3 | OutB.3 | ADC5 Comp2-

16 InB.2 | OutB.2 | ADC4 Comp2+

17 InB.1 | OutB.1 | ADC?2 Hint2/SRQ

18 INnB.0 | OutB.0| ADC1 Hintl

19 Out A0 Serial Out

20 ov
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The detailed pinout diagrams for the PICAXE-28X1 and PICAXE-28X2 chips with the
original PICAXE pin names are shown in Figure 9 [4] and presented in Tables 15 and 16,

respectively.

a)

PICAXE-28X1

Reset [
ULPWU/ADCO/InA0 [
ADC1/InAl [
ADC2/InA2 [
ADC3/InA3 [
Serial In [

Serial Out
ov

Resonator

Resonator

Timer clk/OutcO/In0
Pwm1/Outcl/In1

Hpwm A/pwm 2/Outc2/In2

O
O
]
]
]
]
O
Spisck/i2cscl/Outc3/In3 [

1

© 00 N o o b~ w N

10
11
12
13
14

L

28
27
26
25
24
23
22
21
20
19
18
17
16
15

HENE SRS EpEREpEpEpEREpERE

Output 7

Output 6

Output 5

Output 4 / hpwm D

Output 3

Output 2 / hpwm B

Output 1/ hpwm C

Output 0

+V

ov
In7/Out c7 / hserin / kb data
In 6/ Out 6 / hserout / kb clk
In 5/ Out c5 / spi sdo
In4/0Outc4/i2c sda/ spi sdi

B.7 (In/ Out)
B.6 (In/ Out)
B.5 (In/ Out) {ADC13 / touch / pwm}
B.4 (In/ Out/ ADC11) {touch / hpwm D}
B.3 (In/ Out/ ADC9) {touch}
B.2 (In/ Out/ ADC8 / hint2) {touch / hpwm B}
B.1(In/Out/ADC10/ hintl) {touch / hpwm C}
B.0 (In/Out/ ADC12 / hint0) {touch / pwm / SRI}
+V
ov
C.7 (In/Qut/ hserin / kb data) {ADC19 / touch}
C.6 (In/ Out / hserout / kb clk) {ADC18 / touch}
C.5 (In/ Out/ hspi sdo) {ADC17 / touch}

b)
PICAXE-28X2
reset [J1 U 28O
{touch} (Comp1-/ADCO/Out/In)A0 [ 2 27
{touch} (Comp2-/ADC1/0Out/In)A1 [] 3 26 [
{DAC / touch} (Comp2+/ADC2/0ut/In)A2 [] 4 25
{touch} (Compl+/ADC3/Out/In)A3 [] 5 24 [
Serialin [ 6 23 [
{SRNQ} (Out) Serial Out/A4 [ 7 22 0
oV Os 213
Resonator [] 9 20 1
Resonator  [] 10 19 1
(timerclk/out/Inyc.o [ 11 18 [
(pwm/Out/In)C.1 [ 12 17 1
{hpwm A / touch / ADC14} (pwm /Out/In) C.2 [ 13 16 [
{touch / ADC4} (hi2c scl / hspisck /Out/In)C.3 [ 14 15 [

C.4 (In/ Out/ hi2c sda / hspi sdi) {ADC16 / touch}

Fig. 9. Pinout diagram of a) PICAXE-28X1, b) PICAXE-28X2

Biuro Projektu

al. Tysiaclecia Panstwa Polskiego 7

25-314 Kielce

tal 41-34-24-209 a-mail- d cliwingska@tii kielre nl

Projekt ,,Politechnika Swigtokrzyska — uczelnia na miare XXI w.”

Program Operacyjny Kapitat Ludzki Priorytet IV Dziatanie 4.1, Poddziatanie 4.1.1

na podstawie umowy z Ministerstwem Nauki i Szkolnictwa Wyzszego UDA - POKL.04.01.01-00-381/10-00



UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY

KAPITAL LUDZKI

NARODOWA STRATEGIA SPOJNOSCI

Politechnika Swietokrzyska

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

Table 15. The detailed specification for pinout of the PICAXE-28X1

No ___Digital ____Analog PWM Other Vee
inputs outputs inputs outputs
1 Reset
2 In A.0 ADC 0 ULPWU
3 InA.l ADC 1
4 InA.2 ADC 2
5 InA.3 ADC 3
6 Serial In
7 Serial Out
8 ov
9 Resonator
10 Resonator
11 In0 Out C.0 Timer clk
12 In1 OutC.1 PWM 1
13 In 2 Out C.2 PWM 2 HPWM A
14 In3 OutC.3 12¢ scl/Spi sck
15 In4 OutC4 12c sda /s spi sdi
16 In5 OutC5 Spi sdo
17 In 6 Out C.6 Hserout/Kb clk
18 In7 Out C.7 Hserin/Kb data
19 ov
20 +V
21 Out 0
22 Out 1 HPWM C
23 Out 2 HPWM B
24 Out 3 HPWM D
25 Out 4
26 Out 5
27 Out 6
28 Out 7
Table 16. The detailed specification for pinout of the PICAXE-28X2
No ____Digital ____Analog PWM Other Vee
inputs outputs inputs outputs
1 Reset
2 InA.0 Out A.0 ADCO0 Touch/Comp1-
3 InAl Out Al ADC 1 Touch/Comp2-
4 InA2 Out A2 ADC 2 DAC Touch/Comp2+
5 InA3 Out A3 ADC 3 Touch/Compl+
6 Serial In
7 Out A4 SRNQ/Serial Out
8 ov
9 Resonator
10 Resonator
11 InC.0 Out C.0 Timer clk
12 InC.1 OutC.1 C.1l
13 InC.2 Out C.2 ADC 14 C.2 Touch/HPWM A
14 InC.3 Out C.3 ADC 4 Touch/hi2c scl . hspi sck
15 InCA4 OutC4 ADC16 Touch/hi2c sda/hspi sdi
16 InC.5 Out C.5 ADC 17 Touch/hspi sdo
17 InC.6 Out C.6 ADC 18 Touch/hserout/kb clk
18 InC.7 Out C.7 ADC 19 Touch/hserin/kb data
19 oV
20 +V
21 In B.0 Qut B.0 ADC 12 B.0 Touch/SRI/hint0
22 InB.1 OutB.1 ADC 10 Touch/HPWM C/hintl
23 In B.2 Out B.2 ADC 8 Touch/HPWM B/hint2
24 InB.3 Out B.3 ADC9 Touch
25 InB.4 OutB.4 ADC 11 Touch/HPWM D
26 InB.5 QutB.5 ADC 13 B.5 Touch
27 In B.6 Out B.6
28 In B.7 Out B.7
Biuro Projektu Projekt ,,Politechnika Swigtokrzyska — uczelnia na miare XXI w.”
al. Tysiaclecia Panstwa Polskiego 7 Program Operacyjny Kapitat Ludzki Priorytet IV Dziatanie 4.1, Poddziatanie 4.1.1
25-314 Kielce na podstawie umowy z Ministerstwem Nauki i Szkolnictwa Wyzszego UDA - POKL.04.01.01-00-381/10-00

tal 41-34-24-200 a-mail* d cliwinckamti kielra nl



KAPITAL LUDZKI

NARODOWA STRATEGIA SPOJNOSCI

Politechnika Swietokrzyska

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY

Projekt wspotfinansowany ze srodkéw Unii Europejskiej w ramach Europejskiego Funduszu Spotecznego

The detailed pinout diagrams for the PICAXE-40X1 and PICAXE-40X1 (44 Pin TQFP) chips
with the original PICAXE pin names are shown in Figures 10 [4] and presented in Tables 17 and

18, respectively.

a)

PICAXE-40X1

In c7 / Out c7 / hserin

In c6 / Out c6 / hserput
In c5 / Out c5 / spi sdo
In c4 / Out c4 / i2c sda / spi sdi

Not Connected

In cO / Out cO / timer clk
Resonator

Resonator

ov

V+

ADC7

ADC6

ADC5

Serial Out

Serial In

Reset []1 | 40 [] Output7
ULPWU/ADCO/Ina0 []2 39 [] Output6
ADC 1/Inal []3 38 [] Outputs
ADC2/Inaz2 []4 37 [ Output4a
ADC 3/Ina3 []5 36 [] Output3
Serial In [] 6 35 [] Output2
Serial Out [ 7 34 [] Output1l
ADCS5 []s8 33[] Outputo
ADC6 []9o 32 +Vv
ADC 7 [0 31[] ov
+v [Ji11 30 [] Input 7 / kb data
ov [aiz2 29 [] Input6/kbclk
Resonator []13 28 [] Input5
Resonator []14 27 Input4
Timerclk /OutcO/IncO []i5 26 ]
Pwm 1/Outcl/Incl []ae6 25 ]
Pwm2/0Outc2/Inc2 []17 24 [
12c scl / spisck/Outc3/Inc3 []i8 23 [
Inputo []19 22[] Input3
Input 1 [] 20 21 [] Input2
2 -
Z ]
2 =3
- = 2
=g 9 -
2 = & S £ 2
= 2 3z 4 2 T 5
© n I QY g 2
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Input4 []2 327
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Input 6 / kb clk [] 4 PICAXE-40X1 30
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ov [se 281
v+ 7 273
Output0 [} 8 26|
Output1 [] 9 251
Output 2 []10 24
Output 3 [J11 23
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Fig. 10. Pinout diagram of a) the PICAXE-40X1, b) the PICAXE-40X1 (44 Pin TQFP)
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Table 17. The detailed specification for pinout of the PICAXE-40X1

No | Digital ___Analog PWM Other Ve
inputs | outputs | inputs | outputs
1 Reset
2 In A0 ADCO ULPWU
3 In Al ADC 1
4 In A2 ADC 2
5 In A.3 ADC 3
6 Serial In
7 Serial Out
8 ADC 5
9 ADC 6
10 ADC 7
11 +V
12 ov
13 Resonator
14 Resonator
15 INC.0 | OutC.0 Timer clk
16 InNC.1 |OutC.1 PWM 1
17 INC.2 | OutC.2 PWM 2
18 INC.3 | OutC.3 Spi sck/l2c scl
19 In0
20 In1
21 In 2
22 In 3
23 INnC4 |OutC4 12¢ sda/spi sdi
24 INC5 | OutC5 Spi sdo
25 INC.6 | OutC.6 Hserout
26 INC.7 | OutC.7 Hserin
27 In 4
28 In5
29 In 6 Kb clk
30 In7 Kb data
31 ov
32 +V
33 Out 0
34 Outl
35 Out 2
36 Out 3
37 Out 4
38 Out 5
39 Out 6
40 Out 7
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Table 18. The detailed specification for pinout of the PICAXE-40X1 (44 Pin TQFP)

No - Digital - Analog PWM Other Vce
inputs | outputs | inputs | outputs
1 InC.7 | OutC.7 Hserin
2 In4
3 In5
4 In 6 Kb clk
5 In7 Kb data
6 oV
7 +V
8 Out 0
9 Out 1
10 Out 2
11 Out 3
12 - - - - - - -
13 - - - - - - -
14 Out 4
15 Out 5
16 Oout 6
17 Out 7
18 Reset
19 In A.0 ADCO ULPWU
20 InA.l ADC 1
21 InA.2 ADC 2
22 In A.3 ADC 3
23 Serial In
24 Serial Out
25 ADC 5
26 ADC 6
27 ADC 7
28 +V
29 ov
30 Resonator
31 Resonator
32 INC.0 | OutC.0 Timer clk
33 - - - - - - -
34 - - - - - - -
35 INC.1 | OutC.1 PWM 1
36 INC.2 | OutC.2 PWM 2
37 InC3 | OutCz3 2c scl/spi sck
38 In0
39 Inl
40 In 2
41 In 3
42 InC4 |OutCA4 12¢ sda/spi sdi
43 INC5 | OutC5 Spi sdo
44 INC6 | OutC.6 hserout
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The detailed pinout diagrams for the PICAXE-40X1 and PICAXE-40X1 (44 Pin TQFP)
chips with the original PICAXE pin names are shown in Figures 11 [4] and presented in

Tables 19and 20, respectively.
a)

PICAXE-40X2

Reset []1 L 40[] B.7 (In/Out)
{touch} (Comp1-/ ADCO/Out/In) A0 []2 39[] B.6(In/Out)
{touch} (Comp2-/ ADC1/0ut/In) A1 []3 38[] B.5(In/Out) {ADC13/ touch / pwm}
{DAC / touch} (Comp2+/ ADC2/Out/In) A.2 4 37 B.4(In/Out/ ADC11) {touch / hpwm D}
{touch} (Comp1+/ADC3/0ut/In)A3 []5 36 ] B.3(In/Out/ADCS9) }ouch}
Serial In [] 6 35[] B.2(In/Out/ADC8/ hint2) {touch / hpwm B}
{SRNQ} (Out) Serial Out/A.4 []7 34[] B.1(In/Out/ADC10/ hintl) {touch / hpwm C}
{touch} (ADC5/Out/In) A5 [] 8 33[] B.0(In/Out/ADC12/ hint0) {touch / pwm / SRI}
{touch} (ADC6 /Out / In) A.6 [] 9 32 +V
{touch} (ADC7 /Out/ In) A.7 [] 10 31[] ov
+v 11 30[] D.7 (In/Out/hpwm D/ kb data) {ADC27 / touch}
ov [12 29[] D.6(In/Out/hpwm C/kb clk) {ADC26 / touch}
Resonator []13 28[] D.5(In/Out/hpwm B) {ADC25 / touch}
Resonator []14 27[] D.4 (In/Out/ ADC24) {touch}
(timer clk / Outc0/ In) C.0 []15 26 [ C.7 (In/Out/ hserin) {ADC19 / touch}
(pwm/Out/InyC.1 []16 25[] C.6(In/ Out /hserout) {ADC18 / touch}
{touch / ADC14} (hpwm A/ pwm /Out/In) C.2 []17 24[] C.5(In/Out/ hspi sdo) {ADC17 / touch}
{touch / ADC4} (hi2c scl / hspi sck / Out / In) C.3 [] 18 23 cC.4(In/0ut/ hi2c sda / hspi sdi) {ADC16 / touch}
{touch / ADC20} (Out/ In) D.0 []19 22[] D.3(In/Out) {ADC23 / touch}
{touch / ADC21} (Out/ In) D.1 [ 20 21 D.2 (In/Out) {ADC22 / touch}
b)
8 8 3 8 3 E 8 8 8 S Not Connected
O nonmmEm
< ™ N [= e [e ] ~ © 0 <
c7 1 DI R 33 ] Not Connected
D4 [2 ‘ 32[] co
D5 []3 31 Resonator
D6 []4 PICAXE-40X2 30[7 Resonator
°7Hs  (44PinTQFP) P
ov s 28] v+
v+ 7 2711 A7
B.0 s 261 A6
B1 o9 250 A5
B.2 [J10 241 A4/ Serial Out
B.3 Ell&‘. o s oo @ o g o m23:] Serial In
I N N
Not Connected ; g g B % <<3( :t. 2 2
4

Fig. 11. Pinout diagram of a) the PICAXE-40X1, b) the PICAXE-40X1 (44 Pin TQFP)
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Table 19. The detailed specification for pinout of the PICAXE-40X2

No | Digital ___Analog PWM Other Ve
inputs | outputs | inputs | outputs
1 Reset
2 InAO0 | OutA0| ADCO Touch/Comp1-
3 INnAl1 | OutAl| ADC1 Touch Comp2-
4 InA2 |OutA2 | ADC2 DAC Touch/Comp2+
5 InA3 | OutA3| ADC3 Touch/Compl+
6 Serial In
7 Out A4 SRNQ/Serial Out
8 INnA5 | OutA5| ADC5 Touch
9 INA6 | OutA6 | ADC6 Touch
10 INnA7 | OutA7 | ADC7 Touch
11 +V
12 A
13 Resonator
14 Resonator
15 INCO0 [ OutC.0 Timer clk
16 INC.1 |OutC.1 C.l
17 INC.2 |OutC.2 | ADC 14 C.2 Touch/HPWM A
18 InC.3 |OutC3| ADC4 Touch/hi2c scl/hspi
sck
19 InD.0 | OutD.0 | ADC 20 Touch
20 InD.1 | OutD.1 | ADC?21 Touch
21 InD.2 | OutD.2 | ADC 22 Touch
22 InD.3 | OutD.3 | ADC 23 Touch
23 InC4 | OutC.4 | ADC 16 Touch/hi2c sda/hspi
sdi
24 InC5 | OutCb5 | ADC 17 Touch/hspi sdo
25 INC.6 | OutC.6 | ADC18 Touch/hserout
26 INC.7 | OutC.7 | ADC 19 Touch/hserin
27 InD.4 | OutD.4 | ADC 24 Touch
28 InD.5 | OutD.5 | ADC 25 Touch/HPWM B
29 InD.6 | OutD.6 | ADC 26 Touch/HPWM
C/kb clk
30 InD.7 | OutD.7 | ADC 27 Touch/HPWM
D/kb data
31 oV
32 +V
33 InB.0 | OutB.0 | ADC 12 B.O Touch/SRI1/hint0
34 InB.1 | OutB.1 | ADC 10 Touch/HPWM
C/hintl
35 InB.2 | OutB.2 | ADCS8 Touch/HPWM
B/hint2
36 INB.3 | OutB.3 | ADC9 Touch
37 InB.4 | OutB.4 | ADC 11 Touch/HPWM D
38 InB.5 | OutB.5 | ADC 13 B.5 Touch
39 InB.6 | OutB.6
40 InB.7 | OutB.7
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Table 20. The detailed specification for pinout of the PICAXE-40X2 (44 Pin TQFP)

No | Digital ___Analog PWM Other Vee
inputs outputs inputs outputs

1 InC.7 Out C.7 Hserin

2 In 4

3 In5

4 In6 Kb clk

5 In7 Kb data

6 ov

7 +V

8 Out0

9 Out 1

10 Out 2

11 Out 3

12 - - - - - - -

13 - - - - - - -

14 Out 4

15 Out5

16 Out 6

17 Out 7

18 Reset

19 InA.0 ADC 0 ULPWU

20 InA.l ADC 1

21 InA.2 ADC 2

22 InA.3 ADC 3

23 Serial In

24 Serial Out

25 ADC 5

26 ADC 6

27 ADC 7

28 +V

29 ov

30 Resonator

31 Resonator

32 InC.0 Out C.0 Timer clk

33 - - - - - - -

34 - - - - - - -

35 InC.1 Out C.1 PWM 1

36 InC.2 Out C.2 PWM 2

37 InC.3 OutC.3 2c¢ scl/spi sck

38 In0

39 Inl

40 In2

41 In3

42 InC4 | OutC4 12¢ sda/spi sdi

43 INC5 | OutCb5h Spi sdo

44 InC.6 Out C.6 hserout

The 28 - 40 (X, X1 and X2) chips have internal oscillators (4 or 8MHz) and the
external oscillator is optional. The external oscillator allows to increase work frequency
to 40/64 MHz. Some 28 X2 - 40 X2 chips are supplied with 1.8 V to 3.3 V. They have
28X2-3V and 40X2-3V engraved on the top factory. Other chips of the PICAXE family
are universal and are supplied with 3V to 5V.
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3. THE PICAXE PROGRAMMING EDITOR

The PICAXE Programming Editor is the software application for developing and
simulating PICAXE family microprocessors in BASIC language under Windows [2]. The
PICAXE Programming Editor has a full suite of code development features such as [2]:

e a full simulation with animated all PICAXE family microprocessors under

Windows screen,

e syntax check,

e program download without a programming device,

e line by line code highlighting,

« simulation breakpoints,

« testing tools for digital and analogue simulations.

e debug windows,

o serial terminal window.
After pressing the F1 key in the Check Syntax menu, you can check which of the
PICAXE chip family can use any commands during programming the PICAXE
microprocessors. In Figure 12 the example of using the Check Syntax menu is presented
(the command high portc can be used by the PICAXE-14M, -28X1 and 40X1 chips).

. a -
PICAXE Programming Editor . —— i l = |G m]
File Edit Simulate PICAXE View Window Help
° = _
D& B | 2| & | X| | & |\
MNew | Flowchart| Open Save Print Options Syntax Simulate | Program
Untitled:1 (= [@](=]
&%]ﬁl Elg“mlll LI bas 1.1
1 || ~¥ariables
- Constants
“ Labels
.
Check syntax - HIGH PORTC
frrsetup » [ Applies To.. — Sypntas...
b
ggsub Bl PICAx<E-OSM2 il PICAXE-DM HIGH PORTL pin
poe B PiCexEaM2 ] PICAKE-TaM
hi2ein g K
hizeout EI B PICAx<E-1GM2 ] PICAXE-18M
hiZczetup Bl PICAxE-1Es
hibernate _
high B PcoxEzoMz ] PICAXE-20M Notes...
: Make porte pin output high.
hintzetup
hpwm
EDW!“dU‘P Ml PICAXE-20x2
31N
hserout Bl PICAxE-28<2 [ PICAXE-28<1
hsersetup : B
hspiin Bl PICAXE-40-<2 [ PICAXE-40<1 -
hapiout Detailed Help and Prirt... LClose
hspisetup - Examples

| PICAXE-08 mode

[ PICAXE-0& [COM1 [CAPS [NUM [INS [2013-11-13 | 1924 4

Fig. 12. The example of using the Check Syntax menu (F1 key)
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Apart from Basic language, the PICAXE Programming Editor is the software application
for programming all PICAXE family microprocessors in the Assembler language under
Windows. The possibility of programming some chips from the PICAXE family in the
Assembler code is presented in Table 2. If you want to download suitable datasheets for
some chips of PICAXE family, open the Help menu and next open the Assembler
datasheets.... and next choose a suitable PIC microcontroller. Press View and next press
the “Tak” key. If the PICAXE Programming Editor could not find the detailed Datasheet
(in PDF format) on your computer you can download it from the Internet. In Figure 13 it
is shown how to download suitable datasheets for some chips of PIC microcontrollers.

a)
' — B
Available Help Files for -> Assemblel [
Frogramming in assembler code _
Converting BASIC into agzembler code View

Azzembler mneumonics summary

Pragrarnmer 5unimar |
PICI 2FE23 D atashest =0

PICT12FEE3 D atasheet
FICT1EFE27 Datashest
FICTEF244 Datasheet
FIC1EF&13 D atasheet
PICTEF2E Datashest

PICT1EFE72 D atasheet
FIC1EFE73 Datasheet

b

File not found. \%

’ "-.I <C\Program Files (x86)\Programming Editor\datasheets\12{629.pdf=

b)

" notfound on this computer.

View online version instead?

Tak Nie |

{8 PIC12F629/675 Data Sheet - 12f620.pdf - Mozilla Firefox
Plik Edyca Wi stori i

18 Czesto odwi

jarzedzia Pomoc

C‘H@'Ask&emr‘n 7,o|{}®v@

n PIC12F629/675 Data Sheet - 12f629.pdf

MICROCHIP

PIC12F629/675
Data Sheet

8-Pin FLASH-Based 8-Bit
CMOS Microcontrollers

Fig.13. How to download suitable datasheets for some chips of PIC microcontrollers for
programming in the Assembler language a) choosing the Assembler datasheets, b) downloding
suitable datasheets from the Internet, ¢) view online - the datasheets for PIC12F629/675
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Figure 14 shows nine tags of the Picaxe Programming Editor and their meanings.

Mew ‘ New - allows to start a new project.

-
e

|Fiawehart.  Flowchart - allows to build the program in a graphical way (Fig. 15).
=

3

| open | Open - allows to open the existing program from a specified directory.

&
Q Save - allows to save a program.

ih
L'_.':-I - -
__pPrnt_ | Print - allows to print a program.

lm‘ Options - selects the type of the PICAXE microprocessor (Fig. 16).

ARG
syneax | ABC-Syntax - checks the program validity (Fig. 18).

"
Smdst= | Simulate - can simulate using the program (Fig. 19).

AN
ﬁ Program - allows to download the project to the PICAXE microprocessor.

Figure 14. Tags of Picaxe Programming Editor

Fig. 15 shows the Tag Floechart — the graphical way of building a program in the
PICAXE Programming Editor

PICAXE Programming Editor - [Untitled Flowchart:1]l 0 g - = | B |
m File Edit Flowchart PICAXE View Window Help — |[&]
S| B2 | # = | 3 Agg: & | = ‘
MNew |Flowchart| Open Save Print Options Syntax Simulate | Program
ale|o| || |w| om|c] s o E
bl
Fig. 15. Tag Floechart —the graphical way of building a program in the PICAXE Programming
Editor
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How to create and simulate a program in the Basic language in the Picaxe
Programming Editor, will be explained in the following steps.

Stepl. Starting the Picaxe Programming Editor and selecting a proper chip of the
PICAXE family (Fig. 16).

PICAXE Programming Editor - _—— -
File Edit Simulate PICAXE View Window Help
P —
(W S = & | e | X ARG & | =
MNew Flowchart Open Sawve Print Options Syntax Simulate | Program
Ed untitled:1 == ==
X |0 e [io -] =l bas 1.1
i | o Variables
[ Ed options —— [
tMode I Serial F'oltl Flowchaltl Languagel Colourl E ditar I Simulationl EHD|D[E[I
— Mode
PICAE modes. ..

PICAE-08 -
A, PICAAXE-08 chip is marked 12FE23
Discontinued product - use 0BM2 for new designs.

Chieck Firrmware YWersion...

[+ Show options on startup

LCancel Apply

[« ]]

Fig. 16. Starting the Picaxe Programming Editor and selecting a proper chip of the PICAXE
family

Step2. Choosing the communication port with PC, notebook, etc. In the case of using the
USB-RS232 adapter, you should select a suitable COM... (Fig. 17).

PICAXE Programming Editar

. -—-— - b= | B |t
File Edit Simulate PICAXE View Window Help
3 p
D& B| 2| & | X| = | & |\
Mew Flowchart| Open Save Print Options Syntax Simulate | Program
Untitedst [=ll=i=]
& mle|n]] = bas 11
1 —|[ -~ ¥ariables=
r Options : g
Made  Serial Port | Flawchart | Language | Colour | Editor | Simulation | Explarer |
r Serial Part
COM 1 Feady for use M 03 Communication Port 1 -
COM 2 {eady for use M 0x4 Communication Port 2 3
COM 3 [not available)
COM 4 [not available]
COM & [not available) o
[nat awvailable) often means the USE cable is nat inserted into Fieiresh |
the comect socket
I~ Show Port Help Tools
¥ Show options on startup 0K | Cancel “pply
L] i
Fig. 17. Choosing the communication port with PC, notebook, etc.
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Step3. ABC-Syntax tag checks the program validity (Fig. 18).

PICAXE Programming Editor - [Untitled:1] T T T
File Edit Simulate PICAXE View Window Help
< - E 3
& B2 2 ‘ =2 | X | = | & | N
New Flowchart| Open Save Print Options Syntax Simulate | Program
%@ W€ =] -
1 cfirset Program
2
3 Main: ;label
4
5
6 Success! ]
7 high a.5%
8 hlgh a.n ‘ Syntax check successful! =
io pause 2000 o Memory used = 24 bytes out of 2096
11
12 low a.5
13 low a.é6 . -
14
15
16 high b.5
17 high b.&
18
12 pause 2000
an

Fig. 18. ABC-Syntax tag checks the program validity
Step4. Simulating a program in the PICAXE Programming Editor (Fig. 19).

PICAXE Programing Edfr “TUrea s S & s o

Ed File Edit Simulate PICAXE View Window Help

‘ Simulate
1B - -
1 ;first Program
2 Serial Output Buffer (=]
3 Main: ;label
4 =
5 Simulation [=]
&
7 high a.5 Mo _mst | [
8 high a.& m=p 7| mmp7| =mcy| =mp7|| 11 !
o ANEE] ==co| =05 1
10 pause 2000
11 XS WS ==c5| ==0s)| 0
12 low a.5 W =o| ==cil =04
13 low a.6 mmps| mmp | mmes| mmp3| R
14 2| mmp 2| mmc2| =Dz - - . S
15 -
41| mmpi| w=ii| =D
16 hj_gh L. 5 I~ Display non-printing characters as hes Copy
w0 wmp.0o| w=co| sspo
17 high b.&
18 ADE 03
19 = Memory =
20 o0 -l » |+ o
1 -|a]»|+| o
21 ) e e e e s ) 0o [o[0 o]0 00 0 0
22 goto main 3 |4 r]«l o sfojojojo 0ja8}a @0
6|0 0 o0 0 0 4 @0 @
Generic -] 4 | »|+] D 24|00/ 0j0j0j0j0O 0
ST g4 2|0 0 0o 0o 0 0 o 0
40 0 o a 0 a 0 o a
48 |0 0 0 0 0 0 0 0
GE 0 o a 0 a 0 o a
64 |0 0 0 0 0 0 0 0
72 0 o a 0 a 0 o a
B0 |0 0 0 0 0 0 0 0
8 |0 0 0 0 0 0 0 @
% |0 0 0 0 0 0 0 0
4] 0 0 o0 0/ 0 0 0>
& Data [seprom/iead/write] ™ Hex
" R&M [peek/poke]
" Seratchpad (put/get]
" Table [table/ieadtable)
NN —
PICAXE-28X2 mode . F

Fig. 19. Simulating a program in the PICAXE Programming Editor

Example. Write a program for the PICAXE-40X2 (Fig. 11 and Table 19) for lighting and
extinguishing LEDs on ports A, B, C, and D for four different cases. The cases depend on
the selection signals a.0, b.0, c.0, and d.0. Do the simulation of this program in the
PICAXE Programming Editor.
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startO:
if pina.0=1 then startl
if pinb.0=1 then start2
if pinc.0=1 then start3
if pind.0=1 then start4
startl:
high a.7
high b.7
high c.7
pause 1000
low a.7
high c.6
pause 1000
low b.7
high ¢.5
pause 1000
low c.7
high c.4
high d.1
pause 1000
low c.6
high b.3
pause 1000
low c.5
high a.3
pause 1000
low c.5
high a.2
pause 1000
low c.4
high a.1
pause 1000
low ¢.3
high b.1
pause 1000
low b.3
high c.1
pause 1000
low a.3
high d.0
pause 1000
low a.2
pause 1000
lowa.l
pause 1000
low b.1
pause 1000
lowc.1
pause 1000
lowd.1
goto start0
start2:
high b.4
pause 750
low b.4
high b.3
pause 750
low b.3
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high b.2
pause 750
low b.2
high b.1
pause 750
low b.1
goto start0
start3:
high c.4
pause 500
low c.4
high ¢.3
pause 500
low c.3
high c.2
pause 500
low c.2
high c.1
pause 500
lowc.1
goto start0
start4:
high a.7
high b.7
high c.7
high d.7
pause 500
high a.6
high b.6
high c.6
high d.6
pause 600
high a.5
high b.5
high ¢.5
high d.5
pause 700
high a.4
high b.4
high c.4
high d.4
pause 800
high a.3
high b.3
high c.3
high d.3
pause 900
high a.2
high b.2
high c.2
high d.2
pause 1000
higha.1
high b.1
high c.1
high d.1
goto start0
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4. PRACTICAL UTILIZATION OF PICAXE IN CONTROLLING STEPPER
AND DC MOTORS

4.1. STEPPER MOTORS

Stepper motors are an electromechanical device that converts electrical pulses
(generator signals) into mechanical discrete movements [5]. Most stepper motors are
located in hardware (printers, scanners, hard disc drives HDD, FDD - floppy disc drives,
recorders, CDs and DVDs etc). In each computer set there are many stepper motors.
Stepper motors have the following properties [5]:

o the speed is proportional to the frequency of the input pulses,

e repeatability of movement and precise positioning,

e the stepper motor in the positioning system can operate without feedback;

e the angular or linear distance between adjacent positions is constant and is called

a step;

e by electronic methods or using the microprocessor system, a step can be divided into
any number of microsteps.

4.1.1. Switching of stepper motor windings

Stepper motors are electronically commutated machines and work with pulse power
from a DC source (controller or electronic commutator), with the stepping positioning of
the magnetic field. Figure 20 shows a block diagram of the basic elements of stepper
motor controlling. Both a stator and a rotor have poles. By pulsing the stator windings
(phases) in a suitable sequence, it is possible to control the motor direction of movement

and speed.
i mlm Signal ~
Signal Amplifier '
Generator and Electronic B
i Commutator
'"pé’ﬁ signalof| o4 with PICAXE A,
Difﬁ;gﬁ - Microprocessor B, e
| Stepper Motor |

Fig. 20. Basic elements of a stepper motor controlling

Figure 2 shows the schematics of stator windings with shared and unshared windings
(two phases). The two phases of stator windings have:

e unshared two single windings (4 terminals) - one winding/phase,

e four independent windings (8 terminals) - two windings/phase,

e with two windings connected in parallel (4 terminals) - two windings/phase,

e with two windings connected in series (6 pin) - two windings/phase.

Sometimes the unipolar stepper motors with four independent windings are named as a
four phase motor [5].
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Fig. 21. Stepper motor stator windings a) with two unshared stator winding (4 terminals), b) four
independent windings (8 terminals), ¢) with two windings connected in parallel (4 terminals), d)
with two windings connected in series (6 pin)

The majority of stepper motors are built with two unshared stators winding called bipolar.
Stepper motors with shared winding are called unipolar. Figure 22 shows a simplified
construction of the variable and hybrid stepper motor [5].

Fig. 22. Simplified construction of a) variable stepper motor , b) hybrid stepper motor
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In Figure 23 a simplified construction of a rotor with permanent magnets is shown.

Fig. 23. Simplified construction of a rotor with permanent magnets

In Figure 24 a simplified way of controlling the stepper motor position is shown [5].

+U

1@

Fig. 24. Simplified way of controlling a stepper motor position

Figure 25 shows 4 steps how to control individual windings of the stepper motor [5].

a) b)
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Fig. 25. Steps of controlling the individual stepper motor windings a) step 1, b) step 2, c) step 3,
d) step 4

In Figure 26 the electrical circuit of a simplified way of controlling the unipolar
stepper motor with four independent windings is shown.

COM A4, Ay, By and B> U+
O
e g mER eEd et
U-
o o o

Fig. 26. The electrical circuit of a simplified way of controlling the unipolar stepper motor with
four independent windings

In Figure 27 the electrical circuit of a simplified way of controlling the unipolar stepper
motor with two windings connected in series per phase. The electrical circuit (Fig. 27) is
similar to the circuit shown in Figure 26.
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Fig. 27. Electrical circuit of a simplified way of controlling the unipolar stepper motor with two
windings connected in series per phase

Figure 28 presents the electrical circuit of a simplified way of controlling the bipolar
stepper motor.
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® * * O

IR D el R
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Fig. 28. Electrical circuit of a simplified way of controlling the bipolar stepper motor

4.2. MODES OF CONTROLLING THE STEPPER MOTOR

Generally there are four modes of controlling the stepper motor:
e wave drive (a one winding is on),
e full step drive (two windings are on),
e half step drive (a one winding or two windings are on),
e microstepping.
4.2.1. The wave drive
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Both in bipolar and unipolar stepper motors (in the wave drive at the same time) only
one phase is on. So, in unipolar stepper motors only 25 % of windings energized the
magnetic circuit. In bipolar stepper motors only 50 % of windings (a one phase - two
windings) energized magnetic circuit. It means that in the wave drive at any time it is not
produced the maximum of electromagnetic torque. If we take into account the same
magnetic dimensions and the same number of windings per pole, it means that the
electromagnetic torque that is produced by the unipolar stepper motor is lower than in the
case of the bipolar one.

Figure 29 shows states in which a bipolar and a unipolar stepper motor windings are
supplied in the wave drive mode.
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Fig. 29. Sequences for the wave drive mode for a) the bipolar stepper motor, b) the unipolar
stepper motor

4.2.2. The full step drive
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Both in bipolar and unipolar stepper motors (in the full step drive at any time) two
windings are always on. So, in the unipolar stepper motors only 50 % of windings
energized the magnetic circuit and in bipolar stepper motors 100 % of windings energized
magnetic circuit. It means that in the full step drive at any time in the unipolar stepper
motor it is not produced the maximum of electromagnetic torque.

Figure 30 shows the states in which a bipolar and a unipolar stepper motor windings
are supplied in the wave drive mode.
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b)
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Fig. 30. Sequences for the full step drive mode for a) the bipolar stepper motor, b) the unipolar

4.2.3. The half step drive

stepper motor
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Both in bipolar and unipolar stepper motors (in the half step drive at any time) one or
two windings are always on. So, the method is a combination of wave and full step
drives, it means that one or two windings are always on. So, in unipolar stepper motors
only 25 % or 50 % of windings energized the magnetic circuit, in bipolar stepper motors
50 % or 100 % of windings energized the magnetic circuit.

Figure 31 shows states in which bipolar and unipolar stepper motor windings are
supplied in half step drive mode.
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Fig. 31. Sequences for the half step drive mode for a) the bipolar stepper motor, b) the unipolar
stepper motor

4.3. EXAMPLE OF STEPPER MOTOR CONTROLLING
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Example 1. Write a program for the PICAXE-14M (Fig. 15 and Table 9) for continuous
controlling the four-winding unipolar motor with shared windings and the wave drive control
method of stepping.

; Continuous unipolar motor control: wave drive control, direction of rotation - right
loop: ; start of loop
high portc 4 ; high state: port C output 4
pause 100  ; maintaining a high state: Port C output 4 for 0.1 s

low portc 4 ; low state: port C output 4

high portc 5 ; high state: port C output 5
pause 100  ; maintaining a high state: port C output 5 for 0.1 s

low portc 5 ; low state: port C output 5

high portc 6 ; high state: port C output 6
pause 100  ; maintaining a high state: Port C output 6 for 0.1 s
low portc 6 ; low state: port C output 6

high portc 7 ; high state: port C output 7
pause 100  ; maintaining a high state for 0.1 s: port C output 7
low portc 7 ; low state: port C output 7

goto loop ; the end of the loop and go to the loop "loop”

Example 2. Write a program for the PICAXE-28X (Fig. 5 and Table 8) for a number of 15 cycles
of controlling the four-windings unipolar motor and the full step control method of stepping. In
this program the For...next loop should be used to repeat a section of the code.
begin :
For bl=1to 15 ; For...next - loop, the bl is the most significant byte of
: the wO word
high portc 4
pause 150

low portc 4

high portc 5
pause 150
low portc 5

high portc 6
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pause 150
low portc 6

high portc 7
pause 150

low portc 7

next bl ; repeat a section between for ... next

end

4.4. THE DC MOTOR

Every electric motor runs when a current-carrying through a conductor (windings)
that is placed in an external magnetic field. The electromagnetic torque is proportional to
the current in the winding and to the strength of the external magnetic field. In Figure 32
a simplified working principle of a DC motor is shown.

Fig. 32. Simplified working principle of a DC motor

In Figure 1 the individual elements of the DC motor represent:
1 — brush,

2 — mechanical commutator,

3 — magnetic flux,

4 — south and north poles,

5 — direction of movement,

6 — coil (winding) with current,

7 —supply.
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Figure 33 shows how to control two DC motors. The electrical circuit enables
independent changing of the direction of the rotational speed of two DC motors.

T1 T3 TS5 T7

4 3
A+ —@— B+ —@—< B-

3 £y £y

T2 T4 T6 T8

Fig. 33. Independent changing of the direction of the rotational speed of M1 and M2 DC motors

In the electrical circuit (Fig. 33), changing the direction of speed rotation of the DC
motors can be achieved by any 18- 40 pin PICAXE microprocessor and a special IC high
and low side driver (up to 600 V - for example IR2110 [6] or for low voltage up to 36 V
and 0.6 A L293D [7] — Figs. 34 and 35). The four IC high and low side drivers can
control double-four power transistors T1-T2 and T3 - T4 or T5-T6 and T7 - T8. Figure 32
illustrates the simple way of control of a DC motor is used to control the speed and
change of moving a direction of the Buggy vehicle by the two DC motors [2]. Both the
view on the Buggy vehicle and the location of the most important elements are shown in
Figure 34 [2]. The vehicle uses the 18-pin PICAXE microprocessors (a detailed view
with the description of the pins is shown in Fig. 7 and in the Tables 10 and 11).

Figure 34 shows a schematic control system that consists of two A and B DC motors
powered by L293D, two A and B LEDs, two micro-switches (sensor A and B) and the
PICAXE - 18M [ 4].

The control system (Figs. 34 and 35) consists of the following elements:

- 2 DC motors Aand B

-2LEDs Aand B

- piezo sounder

- 2 micro-switches (mechanical sensor A and B).
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Fig. 34. View on the location of the most important elements of the Buggy vehicle
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Fig. 35. Schema of the Buggy vehicle control system

Example 1. Write a program to control the Buggy vehicle using the PICAXE 18X chip.

SYMBOL LED L =QUTPUT2 ; LED A

SYMBOL LED_P =0OUTPUT1 ;LED B

SYMBOL SENSOR_L = INPUT1 : micro-switch A

SYMBOL SENSOR_P = INPUTO ; micro-switch B
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symbol L_T = outputb ;DC motor A -back
symbol L_P = output4 ;DC motor A -forward
symbol P_T = output7 ; DC motor B -back
symbol P_P = output6 ; DC motor B -forward
symbol piezo = output0 ; piezo sounder
main:
high L_P ; DC motor A is working - forward
high P_P ; DC motor B is working - forward

if SENSOR_L =1 then left ; if the Buggy hits an obstacle with the left arm of
; the micro-switch A than jump to the "left" label

if SENSOR_P =1 then right ; if the Buggy hits an obstacle with the right arm of
; the micro-switch B then jump to the "right" label

goto main ; jJump to the "main™ label

right:
high LED_P ; the LED B lights
low LED L ; the LED A is off
gosub back ; jump to the "back™ label
highL T ; DC motor A is working - back
high P_P ; DC motor B is working - forward
pause 700 ; wait 700 ms
lowL T ; DC motor A is off
pause 200 ; wait 200 ms
high L_P ; DC motor A is working - forward
goto main ; jJump to "main” label

left:
high LED_L ; the LED A lights
low LED P ; the LED B is off
gosub back ; jJump to the "back™ label,
highP_T ; DC motor B is working - back
high L_P ; DC motor A is working - forward
pause 700 ; wait 200 ms
lowP_T ; DC motor B is stopped
pause 200 ; wait 200 ms
high P_P ; DC motor B is working - forward
goto main ; jJump to the "main™ label

back: ; go back for 700 ms
lowL P ; DC motor A is stopped
lowP_P ; DC motor B is stopped
pause 200 ; wait 200 ms
highL_T ; DC motor A is working - back
highP_T ; DC motor B is working - back
sound piezo,(100,70) ; generates soud for 700 ms
lowL T ; DC motor A is stopped
lowP_T ; DC motor B is stopped
pause 200 ; wait 200 ms
return
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Example 2. Write a program to control the Buggy vehicle with the PICAXE-18M2 (Fig.
7 and Table 11) with utilization of LED signalization and piezo sounder.

symbol C_L=INPUT2 ; micro-switch A
symbol C_P=INPUT7 ; micro-switch B
symbol PIEZO=B.0 ; piezo sounder
symbol LED _L=B.1 :LED A
symbol LED_P=B.2 ; LED A
symbol L_P=B.4 ; DC motor A -forward
symbol L_T=B.5 ; DC motor A -back
symbol P_P=B.6 ; DC motor B -forward
symbol P_T=B.7 ; DC motor B -back
main:

goto main2
main2:

highL_P

high P_P

if C_L=1 then left
if C_P=1 then right
goto main2

left:
high LED_L
lowL_P
lowP_P
gosub bum
highL_T
highP_T
pause 1000
lowL_ T
pause 500
lowP_T
low LED_L
goto main2

right:
high LED_P
lowL_P
lowP_P
gosub bum
highL_T
highP_T
pause 1000
lowP_T
pause 500
lowlL T
low LED_P
goto main2

bum:
tune 0, 1, ($40,$6B,36A,$69,$68,$67,$66,$65,$64,$63,$62,$61,5E0,$C0,$E0,$C0,$E0)
return
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4.5. THE IR REMOTE CONTROLS

Some PICAXE chips have the ability to control electronic devices using an infrared
remote control. Figure 36 shows a view of the PICAXE Infra Red Remote Control
(PIRRC) with the location of buttons and their descriptions [2, 4]. To remote control any
device using the PIRRC it is required any infrared sensor (e.g. LED020 PICAXE infrared

Sensor).
/-\ Key Value
=

X O (0]
(4 (5](¢]
(7)(e]) (]
(P4 (0] (v 3

Ol |N|o|O |~ |W|IN|F
Ol (N~ [w|N

10

0 11

P- 13

V 15

Mute 16

\\_/ Power 17

Fig. 36. PICAXE IR remote control with the location of buttons and their descriptions

In Figure 37 a schema of the Buggy vehicle control system with the LED020 PICAXE
infrared sensor (instead of two mechanical micro-switches A and B - Fig. 35) is shown.
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Fig. 37. Schema of the Buggy vehicle control system with the LED020 PICAXE infrared sensor
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Example 1. Change the program from Example 1 to control the Buggy vehicle using the
PICAXE 18X chip and the LED020 PICAXE infrared sensor (Fig. 37). In the program,
use the following keys of the PICAXE Infra Red Remote Control:

2 - DC motor A and B move the Buggy vehicle forward,
O D
4 - DC motor A and B move the Buggy vehicle left,
@ @ 6 - DC motor A and B move the Buggy vehicle right,
5
8 - DC motor A and B move the Buggy vehicle back,

@ Power (value 17) - stop the Buggy vehicle.

SYMBOL LED L =OQUTPUT2 i LED A

SYMBOL LED P=0UTPUT1 LED B

symbol L_T = outputb ; DC motor A -back

symbol L_P = output4 ; DC motor A -forward

symbol P_T = output7 ; DC motor B -back

symbol P_P = output6 ; DC motor B -forward

symbol piezo = output0 ; piezo sounder

main:
if infra=2 than forward ; DC motor A and B move the Buggy vehicle forward
if infra=4 than left ; DC motor A and B move the Buggy vehicle left
if infra=6 than right ; DC motor A and B move the Buggy vehicle right
if infra=8 than back ; DC motor A and B move the Buggy vehicle forward
if infra=17 than stop ; DC motor A and B are stopped
goto main ; jJump to the "main" label

forward:
highL_P ; DC motor A is working - forward
high P_P ; DC motor B is working - forward
goto main ; jump to the "main™ label

stop:
lowL_P ; DC motor A is stopped
lowP_P ; DC motor B is stopped
lowL_T ; DC motor A is stopped
lowP_T ; DC motor B is stopped
goto main ; jJump to the "main" label
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right:
high LED_P ;the LED B lights
low LED L ; the LED A is off
highL_T ; DC motor A is working - back
high P_P ; DC motor B is working - forward
sound piezo,(100,70) ; sounds for 700 ms
pause 700 ; wait 700 ms
lowL T : DC motor A is off
pause 200 ; wait 200 ms
high L_P ; DC motor A is working - forward
goto forward ; jump to the "forward" label
left:
high LED_L ; the LED A lights
low LED_P ; the LED B is off
highP_T ; DC motor B is working - back
highL_P ; DC motor A is working - forward
sound piezo,(100,70) ; sounds for 700 ms
pause 700 ; wait 200 ms
lowP_T ; DC motor B is stopped
pause 200 ; wait 200 ms
high P_P ; DC motor B is working - forward
goto forward ; jJump to the "forward" label
back: ; go back for 700 ms
lowL_P ; DC motor A is stopped
lowP_P ; DC motor B is stopped
pause 200 ; wait 200 ms
highL_T ; DC motor A is working - back
highP_T ; DC motor B is working - back
sound piezo,(100,70) ; sounds for 700 ms
highL T ; DC motor A back
highP_T ; DC motor B back
goto main ; jump to the "main™ label
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4.6. PICAXE COOPERATION WITH THE SEVEN-SEGMENT DISPLAY

Very frequently microprocessors communicate with the user with various types of
LED displays. One of the most popular is the seven-segment LED display. The structure
and method of assembling and placing of each diode is shown in Figure 37. The even-
segment displays (Fig. 37) consist of LED diodes, that are connected with a common
anode or common cathode [8].
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Fig. 37. Construction and method of connection and location of LED diodes in the seven-segment
displays a) with common anode, b) with common cathode

Figure 38 shows a control system with four seven-segment LED displays, BCD to
a seven-segment decoder (7447) and the PICAXE-40X2.
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Fig. 38. Control system with four seven-segment LED displays, BCD to a seven-segment decoder
(7447) and the PICAXE-40X2

A Truth table of inputs and outputs BCD to a seven-segment decoder is presented in

Table 21.
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Table 21. Truth table of inputs and outputs of the 7447 BCD to a seven-segment decoder

Inputs Outputs .
D C D C a b c d e f g Display
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 1 0 0 1 1 1 1 1
0 0 1 0 0 0 1 0 0 1 0 2
0 0 1 1 0 0 0 0 1 1 0 3
0 1 0 0 1 0 0 1 1 0 0 4
0 1 0 1 0 1 0 0 1 0 0 5
0 1 1 0 1 1 0 0 0 0 1 6
0 1 1 1 0 0 0 1 1 1 1 7
1 0 0 0 0 0 0 0 0 0 0 8
1 0 0 1 0 0 0 1 1 0 0 9

Task. 1. Using the PICAXE-40X2 (details is shown in Fig. 11 and presented in Table 19)
and the truth table of inputs and outputs BCD to a seven-segment decode (Table 21),
write an example program that displays the number 1234 on the four seven-segment LED
displays (Fig. 38).
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