
Decoding a UART stream
Protocol analyzers are really good at this,
but you still need to know if they're configured correctly!

0μs 100μs 200μs 300μs 400μs 500μs

Find the data being transmitted in this waveform.
Baud rate is 115200
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By the end of class today, you should be able to:

Describe the role of each of the SPI signals
(CS, COPI/MOSI, CIPO/MISO)

Decode a SPI transmission to determine the data being sent

Write code to bit-bang SPI



Sidenote: RS-232 vs TTL
TTL is short for "transistor-transistor-logic"...
These days, it just means "normal microcontroller operating voltage"

RS-232 operates at higher voltages (~12-15V)

Typically 3.3V or 5V

This is a real pain if your supply is 5V.
But cables can be long (tens of feet)

But connections are usually on-PCB or very short (< 1 foot)



Which one should I pick?
Which one is better?
Which one are we using more in this class?



Which one should I pick?
Which one is better?
Which one are we using more in this class?

So which is the best way to communicate with peripherals:
UART, SPI, I2C, or something else? I get asked this question
a lot. So let's talk about why there isn't an answer. I need a
whole chapter to explain.
(White, ch7)



Which one should I pick?
Which one is better?
Which one are we using more in this class?

So which is the best way to communicate with peripherals:
UART, SPI, I2C, or something else? I get asked this question
a lot. So let's talk about why there isn't an answer. I need a
whole chapter to explain.
(White, ch7)

Usually you don't get to pick!
All of them are in popular use.



A SPI transaction

CLK

MOSI / COPI bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

MISO / CIPO bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

Low when not transferring data



Moving to synchronous serial

Need an extra wire to be the clock
TX speed can be whatever you'd like
Receiver doesn't need a precise clock

As a result:
It's easy to go faster (10s of MHz)
You can drop the framing (start/stop bits)



Connecting peripherals with SPI

COPI
Controller Peripheral 1

CIPO
CLK
CS

COPI
CIPO
CLK
CS

Peripheral 2
COPI
CIPO
CLK
CS

Data readyInterrupt



SPI transaction

CS

CLK

MOSI / COPI bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

MISO / CIPO bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7



Chip select could be active low

CS

CLK

MOSI / COPI bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

MISO / CIPO bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

CS

Instead of low by default, and high = active,
"active low" is high by default and low = active.



Clock could have negative polarity

CS

CLK

MOSI / COPI bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

MISO / CIPO bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

CS

CLK

CLK

Either is
possible!

Instead of low by default, and goes high, could be *high* by default and go low.



Clock could have negative polarity

CS

CLK

MOSI / COPI bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

MISO / CIPO bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

CS

CLK

CLK

Phase = 0 bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

Phase = 1 bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7



How will I know what to do!?

Read the datasheet for your part!



Bit-banging a SPI driver

for(int i = 0; i < 8; i++){
gpio_write(CLK, 0);

gpio_write(CLK, 1);
}

for(int i = 0; i < 8; i++){
while(gpio_read(CLK_IN) == 0) {}

while(gpio_read(CLKIN) == 1) {}
}

If you're the controller, drive the clock

If you're the peripheral, watch for clock edges

CLK_IN

Use one of these design patterns (not both!) to communicate
with a device.

(MAX31855 thermocouple)

(PS/2 keyboard)


