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Lecture: Serial Communication - FIFO



.||||| Serial Communication

You will learn in this module
» FIFO Queues

» Buffered I/O

e Little’s Theorem

Fifo_Put Fifo_Get

= Performance measures
 Bandwidth

« Response time Sink process

Source process
Consumer

Producer
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.| Ml First In Eirst Out (FIFO) Queue

» Order preserving
* Producer puts on tail end
= Consumer gets from head end
= Buffer decouples producer & consumer
* Even out temporary mismatch in rates

Fifo Put Fifo_Get

Source process

Sink process
Producer

Consumer
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Empty FIFO

= Getl points to oldest

= Putl points to empty place
= This FIFO has 10 spaces
= |t can hold up to 9 data

Getl —
Putl ~
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.l || ||| First Put

=  Store at Putl
= |ncrement Putl

Getl
Putl —

A
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Second Put

=  Store at Putl
=  |ncrement Putl

Getl —»o0ldest
newest

Putl —>
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Third Put

7

= Store at Putl
* |ncrement Putl (wrap)

| Serial Communication - FIFO

Putl —

Getl —

>»0ldest

newest
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.l il Fourth Put

=  Store at Putl
=  |ncrement Putl

newest
Putl —»

Getl —»o0ldest
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Fifth Put

=  Store at Putl
=  |ncrement Putl

newest
Putl —»

Getl —poldest

Texas Instruments Robotics System Learning Kit: The Maze Edition

9 | Serial Communication - FIFO SWRP216



.l || ||| First Get

= Read from Getl
= |ncrement Getl

newest
Putl —»

Getl —poldest

Texas Instruments Robotics System Learning Kit: The Maze Edition

10 | Serial Communication - FIFO SWRP216



Second Get

= Read from Getl
= |ncrement Getl

newest
Putl —»

Getl —poldest
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Third Get

* Read from Getl
= Increment Getl (wrap) Getl —poldest

newest
Putl —»
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Fourth Get

= Read from Getl
= |ncrement Getl

Getl —
Putl —»
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Fifth Get

= Getl points to data to get
= Putl points to place to put

Getl -
Putl B
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FIFO Implementation

= Getl points to data to get
= Putl points to place to put

==Getl

I=Getl !
Store data at Putl Retreive data at Getl
PutI=(P:tI+1 )%N Vfu|| Getl=(GftI+1 )%N | empty
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.I il Little’s Theorem

Fifo_Put Fifo_Get

Sink process

Source process
Consumer

Producer

= N be the average number of data packets in the queue (plus 1)
= Let A be the average arrival rate in packets per second (pps)
= Let R be the average response time of a packet

e time waiting in the queue plus the

» time for the consumer to process the packet

= Little's Theorem N=AR
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Summary

FIFO queue

» Data flow

= Order preserving

= Full error on put

= Empty error on get
= Little’s Theorem

Program 18_1
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Times FIFO was this size
S
o o

o
Fo

8 12 16 20 24 28 32
FIFO Queue Size

Fifo_Put Fifo_Get

Source process
Producer

Sink process
Consumer

N=AR
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Module 18

Lecture: Serial Communication - UART
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.IHIHH Serial Communication

You will learn in this module

Communication

e Encode
e Transmit
« Decode

Serial: Universal Asynchronous Receiver Transmitter

* Interrupts
« Baud rate

Performance measures

« Bandwidth
 Response time

| Serial Communication - UART

P1.3/UCAOTXD
P1.2/UCAORXD

T

P2.3/UCA1TXD
P2.2/UCA1RXD

T

P3.3/lUCA2TXD
P3.2/UCA2RXD

P9.7/UCA3TXD
P9.6/UCA3RXD

s CC2650
-
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Universal Asynchronous Receiver/Transmitter (UART)

< One frame >

o e og o) oo e

3.3V
oV

= Send/receive a frame
« 1 start (low), 5-8 data bits , 1 stop (high)
« Serial fashion, one bit every bit-time
« No clock is sent, asynchronous, timing derived from data

= Baud rate is total number of bits per unit time
« Baud rate = 1/ bit-time
« Both transmitter and receiver agree and know the baud rate

= Bandwidth is data or information per unit time
« Bandwidth = (data-bits / frame-bits) * baud rate
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UART Port Selection

P1.3/UCAOTXD
P1.2/UCAORXD

P2.3/UCA1TTXD
P2.2/UCATRXD

P3.3/UCA2TXD
P3.2/UCA2RXD

P9.7/UCA3TXD
P9.6/UCA3RXD

Pin PxSEL1=0, PxSELO=1
P1.2 UCAORXD
P1.3 UCAQTXD
P2.2 UCA1RXD
P2.3 UCA1TXD
P3.2 UCA2RXD
P3.3 UCA2TXD
P9.6 UCA3RXD
P9.7 UCA3TXD

4 | Serial Communication - UART
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UART - Transmitter

Stop 76543210 Start

Shift

P1.3/UCAQOTXD
clock

Transmit shift register
Write data UCAOTXBUF TXIEG eans

Transmit data register TXBUF empty

= |Interrupt on TXIFG
= Data written to UCAOTXBUF
= Add start, stop bits
= Shift out at Baud Rate clock

. L Texas Instruments Robotics System Learning Kit: The Maze Edition
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UART - Receiver

‘ Stop 76543210 Start |
Shift 1 Data 0 P1.2/UCAORXD

clock— > | | |
FE OE PE BRK RXERR Receive shift register
Read data UCAORXBUF RXIFG means data

. : in RXBUF
Receive data register

= Start bit synchronization, shift in at baud rate
= |nterrupt on RXIFG
» Read data from UCAORXBUF
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

‘a’ = 0x61 = 01100001

= TXIFG in transmitter is 1
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

e MMM Rxir

UCAORXBUF \.i

Receive data register Read data

Write 'T"T"T"T"T"T"T"T‘ TXIFG
= orto0001 0

UCAOTXBUF

Transmit data register

= Transmitter writes to UCAOTXBUF (‘a’ = 0x61 = 01100001)
= TXIFG in transmitter becomes 0

. L Texas Instruments Robotics System Learning Kit: The Maze Edition
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock = 1011000010

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

e MMM Rxir

UCAORXBUF \.i

Receive data register Read data

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

Transmit data register

= Data is moved from TXBUF to shift register
= Start bit and stop bit added
= TXIFG in transmitter becomes 1
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

cock=> 101100001

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

=  Start bit shifted

. L Texas Instruments Robotics System Learning Kit: The Maze Edition
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

cock=> 10110000

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit O shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

cock=> 1011000

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit 1 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock =2 101100

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit 2 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock =2 10110

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit 3 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock =2 1011

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit 4 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock =2 1 O 1

MSP432

Stop 76543210 Start

1000010

P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit 5 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start

11000010

P1.2/UCAORXD

10
Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF
Transmit data register

UCAORXBUF
Receive data register Read data

= Data bit 6 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start

011000010

P1.2/UCAORXD

1
Write TTTT'T‘T'T‘T TXIFG
i

UCAOTXBUF
Transmit data register

UCAORXBUF
Receive data register Read data

= Data bit 7 shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start

1011000010

P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Stop bit shifted
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Start bit and stop bit checked
= Data is moved from shift register to RXBUF
= RXIFG in receiver becomes 1
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UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

clock

Write 'T"T"T"T"T"T"T"T‘ TXIFG
S

UCAOTXBUF

Transmit data register

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

e MMM Rxir

UCAORXBUF \.i

Receive data register Read data

01100001

= Receiver reads from UCAORXBUF (‘a’ = 0x61 = 01100001)

=  RXIFG in transmitter becomes 0

21 | Serial Communication - UART
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UART Registers

22

0x40001000

0x40001006

0x40001008

0x4000100A

0x4000100C

0x4000100E

0x4000101A

0x4000101C

| Serial Communication - UART

15 14 13 12 11 10 9 8
PEN PAR MSB TBIT SPB MODEx SYNC
7 6 5 4 3 2 1 0
SSELx RXEIE | BRKIE DORM TXADDR | TXBRK | SWRST
15-0
UCBRx
15-8 74 3-1 0
BRSx BRFx UCOSI16
7 ) 5 4 3 2 1 0
LISTEN FE OE PE BRK RXERR IDLE BUSY
15-8 7-0
RXBUFx
15-8 7-0
TXBUFx
15-4 3 2 1 0
TXCPTIE STTIE TXIE RXIE
15-4 3 2 1 0
TXCPTIFG | STTIFG TXIFG RXIFG

UCAxCTLWO0

UCAxCTLWO0

UCAxXxBRW

UCAXMCTLW

UCAXSTATW

UCAxRXBUF

UCAXTXBUF

UCAXIE

UCAXIFG
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FIFO Usage

UART ISR

1 Not empty

0 /Read UCAORXBUF/

* TXFIFO
RxFifo Put

Disarm UART Tx

Has data

/Write UCAOTXBUF/

. L Texas Instruments Robotics System Learning Kit: The Maze Edition
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Summary

Serial Communication

One bit at a time
Asynchronous
Interrupt-driven
Baud rate
Bandwidth

24 | Serial Communication - UART

< One frame >

TXD

O O (% O o
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reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
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