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Context of Communication
Conversation - Rules of Conduct

- Communication 1s holding a conversation
I Interprocessor communication is peer-to-peer
Processor to device conversation is master-slave

- Aprotocol is a set of rules of conduct that we agree to
uphold during the conversation

I They govern how we start a conversation, who speaks
when, how fast, how often, etc.
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Context of Communication
Open Systems Interconnection
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Voltages, Wires, Timing
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Types of Interface
Parallel
- Examples

Graphical LCD
I SCSI, Firewire

- Advantages
Faster in Theory

- Drawbacks
Crosstalk

Clock Skew
I Wire per Bit
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Types of Interface

Serial

Examples

USB
1 SPI and I2C

I Advantages
1 Clock Faster
Fewer Wires

Drawbacks
I Overhead of Negotiation
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Types of Interface

Both Serial and Parallel —

1 SPI and I2C

Internal or External

1 line per device
I Chip select
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Microprocessor
Communication

| Atmega 328 supports:

I Digital and Analog I/0

Master/Slave SPI interface
2 wire serial interface bus

(I2C)
Programmable Serial
USART
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Microprocessor
Communication

Atmega168 Pin Mapping

Arduino function Arduino function
reset (PCINT14/RESET) PC6LY" 28] ] PCS (ADCS/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT16/RXD) PDOLJ2 27 ) PC4 (ADCA4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1L}3 26 | PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/INTO) PD2[}+ 2511 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C28B/INT1) PD3L}5 24] 1 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCK/TO) PD4[}8 23 ] PCO (ADCO/PCINTS8) analog input 0
vCC GND
GND 8 analog reference
crystal vCC
crystal 19]_] PBS (SCK/PCINTS) digital pin 13
digital pin 5 (PWM)  (PCINT21/0C0B/T1) PDSLn 18] PB4 (MISO/PCINT4) digital pin 12
digital pin 6 (PWM) (PCINT22/OCOA/AINO) PD6[}12 17| ] PB3 (MOSI/OC2A/PCINT3) digital pin 11(PWM)
digital pin 7 (PCINT23/AIN1) PD7[}3 16] PB2 (SS/OC1B/PCINT2) digital pin 10 (PWM)
digital pin 8 (PCINTO/CLKOACP1) PBO[]14 150 ] PB1 (OC1A/PCINT1) digital pin 9 (PWM)

Digital Pins 11,12 & 13 are used by the ICSP header for MISO,
MOSI, SCK connections (Atmega168 pins 17,18 & 19). Avold low-

impedance loads on thesa pins when using the ICSP header.
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Microprocessor
Communication

N
MOSI

MINO, SCK
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How does a MCU communicate?
Bits & Bytes

1 Bit e 3 Bits

—0=LOW — 000 =0
—1=HIGH — 001 =1
e 2 Bits —010=2
—00=0 — 011 =3
— 01 =1 —100=4
—10=2 — 101 =45
Lk —110=06
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Serial Communication
Synchronomous

1) Synchronous Transmdssion: -

Transmitter sends bits on falling edge of the clock
Receiver reads bits on rising edge of the clock

I
I
Clock — —\
I I I I I I I I |
| | I I I I | I
Data | I I I
ez 61l
(Q\ H) Bit7 | | | | | | | Bit 0
Bits 0 | 1 : 1 | 0 | 0 | 0 | 0 | |

|
I
| | | | | =) g )
I |Note: - Matyy ssnchronous protocols send MGSE first

I

Tuesday, April 26, 2011



Serial Communication
Asynchronomous

2) Asynchronous Transmission: -

Transmitter uses an internal clock when to determine when to send each bit

I
I
I Receiver detects the falling edge of the statt bit and then uses its internal |
| clock to read the following bits
I
| |
I | I I I | |
| I I I —
Data 4 | | | |
s b
Ol | | |
I
Istartbit | Bito | | | | | | (Bit7  stop bit
I I I I I I I
Bits | ot 0 bo 0o 0, 1 g o
|
I I

| Note: - Asynchronous protocols send LSE first |
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Serial Peripheral Interface
Configuration and Use

- How do we configure the
microcontroller (uC) for SPI?

- How do we use SPI to

communicate?
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Atmega 328 Memory Map

Program Memory

Program Memory

0x00000

Application Flash Section

SR

Boot Flash Section

Ox7FFF (32KBytes)
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Atmega 328 Memory Map

 Areqgisteris a small amount of

storage available on the CPU
whose contents can be
accessed more quickly than
storage available elsewhere.

- Certain registers are reserved

for uC operating settings.

~ Writing values into these
registers changes the

settings.

Data Memory

Access Data & Settings

32 Registers

$0000 - $001F

64 I/O Registers

$0020 - $005F

160 E xt /O Reg.

Internal S RAM

$0060 - $OOFF
ISRAM start : $0100

ISRAM end : $05FF |
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Serial Peripheral Interface
Configuration

5Pl Control Register - SPCR

Bit 74 5 3 2 1 0

[SPIE__[[SRESS DORD_|[WISTHIN CPOL_| CPRA_| SPAT_| SPRO_] SPeR
Read/Write R/W aldd R/W /W R/W R/W R/W R/W
Initial Value 0 (I 0 1 0 0 0 0

1 Set SPCR=0101 0000

' SPE — “Enable SPI mode”

' MSTR - “I control the clock”
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Settings Registers

Bitwise Operators

| How to set bits without over-writing an entire register?

| Set SPCR |= 0101 0000

 Bitwise operators + Bitwise AND -+ Bitwise OR

_ AND = “&" - 0&0=0 - 0]0=0
_ OR =° - 0&1=0 - 0]1=1
— NOJT = “~ - 1&0=0 - 1]0=1
_ XOR = “a» ~1&1=1 - 1[1=1
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Serial Peripheral Interface
Configuration

& MO sketch_apr28a | Arduino 0018

sketch_apr28a §

-1 SCLK, MOSI, & MISO are pre- [y

SPCR |- @1818008; // set SPE & MSTR
1
J

Igned
io-d tx(byte d) {
SPDR = d;
.oop_until_bit_is_set{SPSR, SPIF);
1
J

I We only connect them Ml e

'/ enable remote device, send § bytes
nd Lloop() {

italWrite {33, Ll:lillll::';

for {int i=0; i<8; i-+) {
tx(data[i]);

digital¥rite(ss, HIGH);

Dene compiling.

Binary sketch size: 2244 bytes (of a 32256 byte maximum)
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