Prednisky

Uvod do predmetu. Ciselné sustavy v elektronike, kédovane

1. ¢isel. Jazyk C. Uvod do digitalnej elektroniky.
2. Polovodi¢ové pamate
3 ATmega328, pamé’f’, generova’r?ie bhodinovah signalov,
manazment napajania, reset
4 Vstupy-vystupy
5 Watch dog, prerusenia
6. Sériové komunikacné prostriedky USART — Tx
7 Sériové komunikaéné prostriedky USART - Rx
8 Casovate — poéitadla
9 Casovace — potitadla
10. A/D prevodnik
11. EEPROM, FUSE bity
12. 12C zbernica
13. Predtermin
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Uvod do jazyka C

Uvod do jazyka C

Instaldcia: - IDE Microchip Studio
- driver pre Arduino kit

Praca s Microchip Studio,
definovanie projektu

Praca s Microchip Studio
preklad, simulacia projektu

Praca so vstupmi a vystupmi

Praca s preruseniami
Vyber zadania na zépocet

Prdcas USART —TX. Praca na zadani
Prdcas USART —RX. Praca na zadanf{
Praca s TCO. Préca na zadanf
Praca s TCO. Préca na zadanfi

Programovanie A/D. Prica na zadani

Programovanie EEPROM. Praca na zadani

Zapocet - Prakticka praca s MCU

Zapocet - Prakticka praca s MCU

http://people.tuke.sk/igor.podlubny/C/index.htm
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Uvod do jazyka C
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The C Compilation Model

* The Preprocessor accepts source code as input and
is responsible for
= Removing comments
= Interpreting special preprocessor directives denoted by #.

= Examples: #include <stdio.h>, #define begin {, #define
end }

= The C compiler translates source to assembly code.
* The assembler creates object code.

* The Link Editor combines any library functions
referenced in the source code with the main()
function to create an executable file.
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Uvod do jazyka C

Tokens in C

Source Code

Preprocessor

Compiler

Assembly Code

Assembler

Libraries Object Code

Link Editor

Executable Code

" Keywords

= These are reserved words of the C
language.

= For example int, float, if, else, for, while
etc.

* |dentifiers

= An Identifier is a sequence of letters and
digits, but must start with a letter.

= |ldentifiers are used to name variables,
functions etc.

* Identifiers are case sensitive.

= Valid: Root, _getchar, _ sin, x1, x2, x3,
x_1,If
= Invalid: 324, short, price$, My Name

® Constants

o e

= 13, ‘4’ 1.3e-5 ete.
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= String Literals
= A sequence of characters enclosed in
double quotes as “...”

- For example “13” is a string literal and
not humber 13.

= ‘a’ and “a” are different.

= Operators
* Arithmetic operators: +, -, *, [ ,%

* Logical operators: | |, &&,!

= White Spaces
- Spaces, new lines, tabs, comments ( A
sequence of characters enclosed in /* and
*/ ) ete.
- These are used to separate the adjacent
identifiers, keywords cand constants.



Uvod do jazyka C

Basic data types

char

Stored as 8 bits.
Unsigned O to 255.
Signed -128 to 127.

short int

Stored as 16 bits.
Unsigned O to 65535.
Signed -32768 to 32767.

int

Same as either short int or long int

long int

Stored as 32 bits.
Unsigned 0 to 4294967295,
Signed -2147483648 to 2147483647

float

Approximate precision of é decimal digits (single precision).

double

Approximate precision of 14 decimal digits (double precision).
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Bit (Binary digit) je zakladnou jednotkou dat v Cislicove]j elektronike a v informatike. Oznacuje sa b
a mbéze nadobudat jednu z dvoch hodnét 0 alebo 1. Obe hodnoty mbzeme chépat aj ako logické

Détové typy — uloZenie v pamati

hodnoty (true-false, ano-nie), stavy (zapnuty-vypnuty).

Byte (bajt) je zoskupenie 8 bitov do jedného celku a oznacuje sa B. Jeden bajt je tvoreny 6smimi
bitmi a predstavuje 28 = 256 celych ¢isel, teda ¢&isla od 0 do 255. Tento interval Cisel mdzeme zapisat

pomocou hexadecimalnych &islic ako 00, - FF, alebo (0x00 — OxFF).

char a[5]={23, 4, 6, 15, 5}; RAM memory
rray element
- i
234 6]15 5
al0] a[1] alz] af3] af4] =
RN B . 4
Consecutive 3 4
Array thdex memory 15 e Same data type
El
Y 7
char i=7; i: t IL':I)%:
int k = 0x2A7B;
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Uvod do jazyka C

Constants

* Numerical Constants
= Constants like 12, are stored as inf type (No decimal point).

= Numbers with a decimal point ( ) are stored as float or double.

* Character and string constants
= ‘a’ , asingle character in single quotes are stored as char.

= Some special character are represented as two characters in single quotes.
= *\n’ = newline,
= \t’ = tab,
= "\\’ = backlash,

= double quotes.

= A sequence of characters enclosed in double quotes is called a string constant or string literal.

= For example : “Hello”
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Variables

" Variable names correspond to locations in the computer's memory
= Every variable has a name, a type, a size and a value
* Naming a Variable

= Must be a valid identifier

= Must not be a keyword

= Names are case sensitive

* Declaring a Variable
= Each variable used must be declared. Example : data-type varl, var2,.;

= Declaration announces the data type of a variable and allocates appropriate memory
location.

= Initializing value to a variable in the declaration itself: data-type var = expression;

= Examples: int sum = 0; char newlLine = ‘\n’; float epsilon =

,
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Global and Local variables

® Global Variables
= These variables are declared outside all functions.
= Life time of a global variable is the entire execution period of the program.

= Can be accessed by any function defined below the variable’s declaration, in a file.

" Local Variables
= These variables are declared inside some functions.

= Life time of a local variable is the entire execution period of the function in which it is
defined.

= Cannot be accessed by any other function.

= In general variables declared inside a block are accessible only in that block.
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Arithmetic Operators

A= > Assignment: A gets the value of B
“A+B > Add A and B together
= A-B > Subtract B from A
= A*B > A multiplied by B
*A/B > A divided by B
*A%B > Modulo: Infeger remainder of A/B
Example:
intA=11;
int B = 4;
intX=A/B; // X gets the value 2. Since X is an integer, the fractional part is ignored.
intY = A % B; // Y gets the value 3 since A=BX+Y
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Comparison Operators

= A== > A is equal to B2

=Al=B > A is NOT equal to B2
=A>B > A is greater than B2

= A<B > A is less than B2

= A>=B -> A is greater than/equal to B2
=A=<B 2> A is less than/equal to B2
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Logical Operators

Logical Operators map the inputs to either TRUE (Logical 1) or FALSE (logical 0)

These operators result in a single bit output

= 1A > NOT A
" A&&B > A AND B
=AllB > AORB
Example:
if (A || (B&&C)[]!ID) if statement is only satisfied if
{ * A is logical high OR,
//do something; i i
} = B AND C are logical high OR,

* D is logical low,
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Uvod do jazyka C

Bitwise Operators

Bitwise operators map input bit vectors to the same sized output bit vector

" ~A > Bitwise complement of A

= A&B > Bitwise AND of A and B

“A|B -> Bitwise OR of A and B

= AMNB > Bitwise XOR of A and B

" A<<B -> Bitwise left shift A by B positions

" A>>B > Bitwise right shift of A by B positions
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Bitwise Operators Examples

Let A=0bl11 and B = ObO1 then
= A represents the bit vector 11

- B represents the bit vector 01

. ~A = 0b00
“A&B = 0b11 & ObO1 = 0bO1
“AlB =0bl11 | ObO1 = 0b11
“AMB = 0b11 * 0bO1 =0b10
= A<Z<B = 0b11 << 0bO1 =0bl11 << 1 =0b10
=A>>B =0b11 >> 0b0O1 =0bl11 >>1 = 0b01

We use bitwise operators frequently to manipulate the register values.
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Uvod do jazyka C

fix & Postfix Increment/Decrement

" HtA D
=LA 2
" A+t D
A 2

The value of A is incremented before assigning it to variable A
The value of A is decremented before assigning it to variable A
The value is incremented after assigning it to the variable A

The value is decremented after assigning it to the variable A
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Pre/Post Increment Examples

int x =0;
while(++x < 5)

{
}

printf(“%d “, x);

This prints 1, 2, 3, 4

x is incremented BEFORE the comparison, Since 1 is less than 5, a
‘17 is printed. This is repeated until x = 4.

Then the condition for the while loop fails, since x will be
assigned a value of 5 before the values are compared.

intx =0;
while(x++ < 5)

{
}

printf(“%d “, x);

This prints 1, 2, 3, 4, 5.

x is incremented AFTER the comparison, therefore, it meets the
criteria of the while loop until x = 5.
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Uvod do jazyka C

Compound Assignments

"A+=8B > A=A+B
= A-=B 2> A=A-B
= A¥=B > A=A%*B
=A/=B > A=A/B

" A%=B > A = A%B
= A&=B > A = A&B
=A|=B > A= A|B

" A<<=B 2> A = A<<B
= A>>=B > A =A>>B
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Ciselné stistavy

= (Ciselna sustava je systém, ktorym sa zapisuju ¢isla pomocou uréitych symbolov. Pozndme dva
typy Ciselnych sustav:

* Pozicnd — je definovana zakladom, ¢o je maximalny pocet pouZivanych Cislic v sustave.
Vyznam Cislice v Cisle zavisi od jej pozicie. (Dvojkova, Osmickova, Desiatkova,
Sestnastkova).

e Nepozi¢na - vyznam Cislice (alebo symbolu) nie je urceny jej poziciou, ale je dany
samotnym symbolom a jeho usporiadanim. Typickym prikladom su rimske Cislice:

(MCMXLVI = 1946 = 1000 + 1000-100 + 50-10 + 5 + 1).

= Dvojkova ststava ma zaklad 2, ¢o znamena, Ze pouZiva iba dve Cislice 0 a 1. Hodnotu
bindrneho ¢isla s ¢islicami xg, X4 ,..., X, vypocitame:

k .
x = Z x; x 2kt
i=0

Ak, k=7 a x<0, 1>, i- pozicia Cislice, potom dekadickd hodnota bindrneho cisla 11010110 sa
vypocita:

7 .
(11010110)2=Z 227 =127 +1%20 4025 +1+2% 4+ 0%23 + 122+ 1521 +0%2°
i=0
=128+64+16+4+2 = (214)10
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Ciselné ststavy

Sestnastkové ststava (hexadecimalna) pouziva zaklad 16. Hexadecimalne &isla sa zapisuju
pomocou ¢islic: 0,1, 2, 3,4,5,6,7,8,9 apismen A, B, C, D, E, F. Pismena A aZ F reprezentuju
Cisla s hodnotou 10 az 15.

Cisla zapisané v $estnastkovej sustave sa obvykle oznacuju pismenom H pripojenym k &islu v
dolnom indexe. Napriklad hexadecimalne ¢islo 03F7, predstavuje hodnotu 1015,, v
desiatkovej sustave.

k
x = Z x; + 1657
i=0

k=3; x<0,1,2,3,4,56,7,889,A B CD,E, F> i-pozcia Cislice

3 .
4BOEH=Z X *1637=4%x16% + 11+ 16% + 0+ 16 + 14 + 16° = 16384 + 2816 + 0 + 14
i=0
=192144,
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Kédovanie bindrnych &isel

Kédovanie binarnych cisel na vyjadrenie kladnych a zapornych Cisel je mozné vykonat:
* znamienkovym bitom,
¢ jednotkovym doplnkom,
¢ dvojkovym doplnkom.

o o
Values represented e Values represented Values represented a Values represented
H W . B o .
increase by 1 ~ increase by 1 increase by 1 ~ increase by 1
+ + + Vo + o+ 4
. B e . [Ny - R L
+ 4 4 NRNR[ Rk 4+ 4 + NR PR R - Lo
® BN VM N® RN [ - N ® =N Vi NN ;- N R ®
| | | || | | | | [ |
I I I T 1 1 I T T T T
[l @0 ek e B e e o@e PO =
PP - B e N PP - BRe 0O B e
QO - R REREO®: R QR - e e 0 = e
Qe ® - PR ERER OO TR R PP ® - R RERReO O L
Q@ - - R B e o PR R QOO - B e
SO ® - [y R B BP9 PR R QOO =
D ® = . @D RO ® = ® B2 = @@= - ® 2RO ® ® 2
[ PO R O®R® = ® R D =@ RO R OO R ® -
Binary values increase by 1 Binary values increase by 1
Sign-Magnitude Representation 1’s Complement Representation

Nevyhoda oboch spdsobov kédovania je, Ze Cislo nula je reprezentované dvakrat.

Dvojkovy doplnok je sp6sob kdédovania celych &isel v dvojkovej sustave, ktory umoZziiuje vykondvat
scitanie a odcitanie pri Cislach so znamienkom rovnako ako pri Cislach bez znamienka. Rozdiel je len
v interpretdcii pretecenia. Pri tejto metdde sa zaporné Cisla kdduju tak, Ze sa inverzne otocia vsetky bity
kladného ¢isla a pripocita sa 1. Tento spOsob kddovania zjednodusuje aritmetické operacie, pretoze
rovnaky algoritmus scitania a odcitania funguje pre kladné aj zdporné Cisla.
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Kédovanie binarnych Cisel

R g -
Ak 00001101 je binarne vyjadrenie ¢isla 13, potom -7 Values represented §  values represented
v, v, . ‘L increase by 1 increase by 1 -
¢islo —13 sa vypocita ako: - -
+ + 4| 0 O
ehbiiii i BERBEEEI I s
NOT (00001101,) + 1, = 11110010, + 1, = 11110011,  § | | T ‘
I T T T T
P g . , P . £88. 5585 EEE
Odcitanie je mozné realizovat ako scitanie prvého gese: gese: EER
operandu s dvojkovym doplnkom druhého ggge: ggge: BEEE
® R ® ® R ® B e
operandu. Binary values increase by 1
e
Ak sa takto vyjadrené zdporné Cislo spocita s inym Rearrange
zapornym alebo vacsim kladnym cislom, moze dojst Values represented increase by 1 (from -128 to +127)
k preteeniu rozsahu. Kddovanie dvojkovym L. . P
doplnkom je navrhnuté tak, Ze po odrezani BNR: bobobb! Hal
v . . . ., | | | | |
preteceného bitu zostane spravny vysledok. T T i
T DO 0
o0 ® - PREOO®®: [agyseaysy
P ® - [y R gy
e e BERRE OO0 [
29 BRE®e: B R
S8R SEE 832! SoE
char Stored as 8 SR& E5r3R6 [

Binary values increase by 1 (dropping the carry bit)

Unsigned O to 255.
Signed -128 to 127.

2's Complement Reprasentation

4510 — 1349 = 4549 + (—13)10= 00101101, + 11110011, = 1 00100000, = (32)4¢
~ = 2Dy + F3, =1204 = (32)4,
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Uvod do problematiky digitalnej elektroniky
Analégovy a digitalny signal

Voetv) Analog Signal Volts{V) Digital Signal
sv4 sV — —

Amplitude \ / /

10Vep l ‘ Time (1)
sV g i oV
| Time [t)

¢ Analdgovy signal oznacuje signal, ktory v priebehu ¢asu neustale meni svoju hodnotu.
« Digitalny signal je charakterizovany sekvenciou diskrétnych hodnét, méze nadobudndt iba jednu z

konec¢ného poctu hodnot.

Binarne dislice a logické urovne

* Vacsina digitalnych obvodov pouZiva binarny systém, ktory pozna iba dve cislice 1 a 0.

.

Napétie pouZivané na vyjadrenie 1 alebo 0 sa nazyva logickd Groveri.

Cislici 0 sa ¢asto priradzuje nizsie napitie a oznaduje sa ako Grover LOW, zatial ¢o &islici 1 sa priradzuje
vyssia napatova urover HIGH. V takomto pripade hovorime o pozitivnej logike.

Ak 0 sa priradi Uroveri HIGH a 1 sa priradi uroveni LOW, hovorime o negativnej logike.

Tvar digitalneho signalu

HIGH HIGH
- — PulsE —
width{tw)
RISING FALLING EDGE FALLING EDGE RISING
EDGE | buse EDGE
width{tw)
JR— e -
(a) Positive Pulse (b) Negative Pulse
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Uvod do problematiky digitalnej elektroniky

Casovy priebeh digitilneho signalu

¢ Binarne informdcie, s ktorymi pracuju digitalne systémy, sa prejavuju ako ¢asové zmeny digitdlneho
signalu. V digitalnych systémoch su priebehy signélu synchronizované so zakladnym ¢asovym
priebehom nazyvanym taktovacie hodiny. Hodinovy signél je periodickd postupnost impulzov, ktorych
peridda je rovna trvaniu jedného bitu.

Casovy diagram - je graf digitalnych priebehov, ktory ukazuje ¢asovy vztah vietkych priebehov a ako sa
kazdy priebeh meni vo vztahu k ostatnym.
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Uvod do problematiky digitdlnej elektroniky

Charakteristika digitalneho impulzu (nfalioot  Riwmg Droop

90% —£ " Rounding

Leading /' Settling time
' Trailing
7 e

50% Width (W)

Median
offset

Base line

\ 4
Base line offset
Zero volts Preshoot I

Period (T)

i
T
i,
v

Rise time - ¢as vzostupu (nabehu) je ¢as prechodu impulzu z LOW na HIGH droven. V ¢as nabehu sa meria

od 10 % do 90 % amplitudy impulzu.
Fall time - ¢as zostupu (pokles) je ¢as prechodu impulzu z HIGH na LOW uroveri. (od 90 % do 10 %).

Pulse width — Sirka impulzu je mierou trvania impulzu a definuje sa ako ¢asovy interval medzi 50 % bodmi

na vzostupnej a zostupnej hrane.
Overshoot — Prekrocenie napatovej Urovne. MbZe byt pozitivne aj negativne.
Ringing — zvinenie je prekroCenie napatovej Urovne. Méze byt pozitivne aj negativne.
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Uvod do problematiky digitélnej elektroniky

Zakladné parametre digitalnych obvodov
* Presné hodnoty napati jednotlivych Grovni sa liSia podla typu pouZzitych logickych obvodov

- v —_ 5V
Elektricky signdl
okd droveri
VN
dzané pdsmo - Vi = 35V
droveri
Nizka drover
v | undefined
' ogic level
- Vi = 2.0V 20ne
=T Vigman=1.5V
| —— Vitgman = 0.8V
Vzostupnd | v B H Vi i y
hrang T T e ! J
\ o L 4—L,—_h ana ov i
3.3V CMOS OUTPUT SV TTLINPUT 5V CMOS INPUT

|| vstupnadroveiiV, |  Vystupn droveiiVy |
nizka (V,)  vysokd (V,,)  nizka (Vo)  vysokd (Vo)
<0,8 22,0 <04 22,4
CMOS 5V <1,5 23,5 <05 >4,44
LVTTL 3,3V <08 >2,0 <04 >2,4
CMOS 2,5V <0,7 21,7 <0,2 223
CMOS 1,8V <0,7 >1,17 <0,45 >1,2
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Uvod do problematiky digitalnej elektroniky

Zakladné parametre digitalnych obvodov
¢ Presné hodnoty napéti jednotlivych trovni sa liSia podla typu pouZzitych logickych obvodov

| vetuprdiroveny, | Vyswpnauroveiv,
nizka (V)  vysoka (V,,)  nizka (Vo)  vysoka (Vgy)
<0,8 22,0 <04 22,4
<1,5 23,5 <0,5 >4,44
<0,8 22,0 <04 22,4
<0,7 21,7 <0,2 22,3
<0,7 21,17 <0,45 21,2

- — sV
—= Vingmin) = 3.5V
—r 3.3V
- J Undefined
e T o [ togic tevel
= Visnin = 2.0V 20ne
=T Vitgman = 1.5V
T Vidman = 0.8V
Vougman = v B /|
0.4V@I,=2mA
— v 1w I
3.3V CMOS QUTPUT SV TTL INPUT 5V CMOS INPUT
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