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Where are we?

Module 1: Memory-mapped I/0, PWM, state machines
Module 2: Arm assembly, interrupts

Today we begin:
Module 3: Serial communication



By the end of class today, you should be able to:

B Explain why serial communication protocols are used in
embedded systems

B Decode a UART (aka TTL serial) transmission to determine the
baud rate and data being sent

B And have confidence to take on the readings for next week!



Why serial communications?

This class is called Embedded Systems,
not Introduction to Microcontrollers!

Because our goal is to build systems.



Putting together a system
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What is a peripheral?

From the point of view of the CPU,
peripherals are everything else on the chip (ADC, GPIO, etc.)

From the point of view of the microcontroller,
peripherals are other devices (sensors, actuators, displays, etc)

They almost certainly have some digital circuit inside,
and maybe a whole microcontroller.



How do we talk to these off-chip peripherals?

Memory-mapping is awesome on-chip.

But it requires a lot of wires, <o+ |



How do we talk to these off-chip peripherals?
Memory-mapping is awesome on-chip.
But it requires a lot of wires.

-
=
o
=
-
-
o
o
e
c.

Final project from my
equivalent of EE 14




Serial communication

Send the data one bit at a time,
and use a digital logic circuit (or code) to turn the stream back into bytes

There are many protocols!



Serial communication landscape
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Let's try it!
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UART serial

IN Pe Oloen Daps, there were data terminals that connected to
the mainframe computer.



UART design principles
B (Can talk both directions at once (full-duplex)
B Primarily for sending text (plus some basic control signals)

B No negotiation, zero setup, just send your data

Still the de-facto standard for any kind of text-login-terminal thing
Common for GPS, modems, LIDAR

Occasionally used for other sensors (ultrasonic rangefinder, LEGO)



Anatomy of a UART stream

TX/RX? \ /bitOXbit1Xbit2Xbit3Xbit4Xbit5Xbit6Xbit7/é

F Start bit — : : : Data : : : F Stop bit 1 -

B Asynchronous (no clock signal to synchronize when to read)
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Anatomy of a UART stream
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B Asynchronous (no clock signal to synchronize when to reaaq)

B Baud rates are standard (9600, 115200 are the most common)

B Start bit (high-low transition) tells us when to start listening



Decoding a UART stream

Protocol analyzers are really good at this,
but you still need to know if they're configured correctly!
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Find the baud rate and the data being transmitted in this wavetorm.



Decoding a UART stream
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UART hardware

You could bit-bang this...
But how long does it take to transmit one character at 9600 baud?

Our chip has a hardware peripheral that can send/receive UART.
Let's look at the reference manual!



Lab 8

You have already used the serial peripheral to send data
But it's a blocking operation.

Now you have the tools to make it non-blocking... so let's do that!



For next time

Homework 4 posted

Readings for next week posted tomorrow
_ab 8 posted Friday




