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Module 18

Lecture: Serial Communication - UART



.||||| Serial Communication

You will learn in this module

3

Communication

e Encode
Transmit
 Decode

Serial: Universal Asynchronous Receiver Transmitter

* Interrupts
 Baud rate

Performance measures

« Bandwidth
* Response time

| Serial Communication - UART

P1.3UCAOTXD [ e
P1.2/UCAORXD  |*+—
P2.3/UCAITXD [—>
P2.2/UCATRXD |«—
P3.3/lUCA2TXD |—
P3.2/UCAZRXD |« Ay
P9.7/UCA3TXD >
P9.6/UCA3RXD
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Universal Asynchronous Receiver/Transmitter (UART)

4

| Serial Communication - UART

< One frame >

3.3V
TXD \StanX bo) b4\ ol b3} ba) bs) be) b7X Stop =

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

5

P1.3/UCAOTXD
P1.2/UCAORXD

P2.3/UCA1TXD
P2.2/UCA1TRXD

P3.3/UCA2TXD
P3.2/UCA2RXD

P9.7/UCA3TXD
P9.6/UCA3RXD

Pin PxXSEL1=0, PXxSELO=1
P1.2 UCAORXD
P1.3 UCAQOTXD
P2.2 UCA1RXD
P2.3 UCAL1TXD
P3.2 UCA2RXD
P3.3 UCA2TXD
P9.6 UCA3RXD
P9.7 UCA3TXD

| Serial Communication - UART
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UART - Transmitter

Stop 76543210 Start

Shift

P1.3/UCAQTXD
clock

Transmit shift register
Write data UCAOTXBUF TXIFG means

Transmit data register TXBUF empty

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

. R Texas Instruments Robotics System Learning Kit: The Maze Edition
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UART - Recelver

Stop 76543210 Start

S|hifL — Data — P1.2/UCAORXD
FE O%?DCE BRK RXERR lllllll Receive shift register
RXIFG means data
Read data UCAORXBUF in RXBUF

Receive data register

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

7 | Serial Communication - UART
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UART - Communication

8

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock —

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

‘a’ = 0x61 = 01100001

MSP432

P1.2/UCAORXD
Shift

Stop 76543210 Start

T — MMM rxia
N

UCAORXBUF

Receive data register Read data

TXIFG in transmitter is 1

| Serial Communication - UART
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UART - Communication

9

MSP432
Stop 76543210 Start

Shift P1.3/UCAOTXD

clock —

wie MMM e
f—out00001 0

UCAOTXBUF

Transmit data register

MSP432

P1.2/UCAORXD
Shift

Stop 76543210 Start

T — MMM rxia
N

UCAORXBUF

Receive data register Read data

Transmitter writes to UCAOTXBUF (‘a’ = 0x61 = 01100001)

TXIFG in transmitter becomes 0

| Serial Communication - UART
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UART - Communication

MSP432
Stop 76543210 Start

Shift
clock = 1011000010

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

P1.3/UCAOTXD

T — MMM rxia

UCAORXBUF \.i

Receive data register Read data

wie  MAMMLL e
S

UCAOTXBUF
Transmit data register

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

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

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

cdock=> 101100001

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

0
T — MMM rxia

ST e i T
| 0|

.

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Start bit shifted

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

MSP432

Stop 76543210 Start
Shift P1.3/UCAOTXD

cdock=> 10110000

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

10
T — MMM rxia

ST e i T
| 0|

.

UCAOTXBUF

UCAORXBUF

Transmit data register Receive data register Read data

= Data bit O shifted

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

13

MSP432

Stop 76543210 Stat
Shift P1.3/UCAOTXD

clock = 1011000

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432

Stop 76543210 Start
P1.2/UCAORXD
010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 1 shifted

| Serial Communication - UART
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Il UART - Communication

14

MSP432

Stop 76543210 Stat
Shift P1.3/UCAOTXD

clock = 101100

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432

Stop 76543210 Start
P1.2/UCAORXD
010

- 0
fl'?;'?k —> 1\1‘1‘1‘1"1\1‘1‘ RXIFG
e

UCAORXBUF
Receive data register Read data

Data bit 2 shifted

| Serial Communication - UART
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Il UART - Communication

15

MSP432

Stop 76543210 Stat
Shift P1.3/UCAOTXD

clock = 10110

wie MM e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
— 00010

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 3 shifted

| Serial Communication - UART

Texas Instruments Robotics System Learning Kit: The Maze Edition



Il UART - Communication

16

MSP432

Stop 76543210 Stat
Shift P1.3/UCAOTXD

clock = 1011

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
000010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 4 shifted

| Serial Communication - UART
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Il UART - Communication

17

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock — 1 0 1

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
1000010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 5 shifted

| Serial Communication - UART
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Il UART - Communication
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MSP432

Stop 76543210 Start
Shift P1.3/UCAQ0TXD
clock — 1 0

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
11000010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 6 shifted

| Serial Communication - UART
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Il UART - Communication

19

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock — 1

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
011000010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Data bit 7 shifted

| Serial Communication - UART
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Il UART - Communication

20

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock —

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432
Stop 76543210 Start

P1.2/UCAORXD
1011000010

Shift

T — MMM rxia
N

UCAORXBUF
Receive data register Read data

Stop bit shifted

| Serial Communication - UART
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Il UART - Communication

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock —

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

T — MMM rxia

ST e i T
|

. .

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

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

MSP432

Stop 76543210 Start
Shift P1.3/UCAO0TXD
clock —

wie  MAMMLL e
S

UCAOTXBUF

Transmit data register

MSP432

Stop 76543210 Start
P1.2/UCAORXD

Shift

T — MMM rxia

UCAORXBUF \.i

Receive data register Read data

01100001

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

= RXIFG in transmitter becomes 0

22 | Serial Communication - UART
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UART Registers

23

15 14 13 12 11 10 9 8
0x40001000 | PEN [ PAR | MSB | 7BIT | sPB | MODEX | SYNC | UCAXCTLWO
7 6 5 4 3 2 1 0
| SSELx | RXEIE | BRKIE [ DORM [ TXADDR | TXBRK | SWRST | UCAXCTLWO
15-0
0x40001006 | UCBRXx | UCAXBRW
15-8 7-4 3-1 0
0x40001008 | BRSX | BRFx | | UCOS16 | UCAXMCTLW
7 6 5 4 3 2 1 0
0x4000100A | LISTEN | FE | OE | PE | BRK | RXERR | IDLE | BUSY | UCAXSTATW
15-8 7-0
0x4000100C | | RXBUFx | UCAXRXBUF
15-8 7-0
0x4000100E | | TXBUFx | UCAXTXBUF
15-4 3 2 1 0
0x4000101A | | TXCPTIE | STTIE | TXIE | RXIE | UCAXIE
15-4 3 2 1 0
0x4000101C | | TXCPTIFG | STTIFG | TXIFG | RXIFG | UCAXIFG

| Serial Communication - UART
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FIFO Usage

UART ISR

1 Not empty
RXIFG
Empty
0

/Read UCAORXBUF/

e

Disarm UART Tx

/Write UCAOTXBUF/
< >

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 < One frame >

= Bandwidth 3.3V
TXD \Startx box b1X b2X b3X b4X b5X bGX b7X Stop o

. R Texas Instruments Robotics System Learning Kit: The Maze Edition
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Module 18

Lecture: Serial Communication - FIFO



.||||||| Serial Communication

You will learn in this module
= FIFO Queues

» Buffered I/O

» Little’s Theorem

Fifo_Put Fifo_Get

= Performance measures
Bandwidth

« Response time Sink process

Source process
Consumer

Producer

. R Texas Instruments Robotics System Learning Kit: The Maze Edition
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First In First 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

. R Texas Instruments Robotics System Learning Kit: The Maze Edition
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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 ~

. R Texas Instruments Robotics System Learning Kit: The Maze Edition
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First Put

=  Store at Putl
= |ncrement Putl

Getl
Putl —

A

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Second Put

=  Store at Putl
= |ncrement Putl

Getl —»oldest
newest

Putl —>

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Third Put

32

= Store at Putl
* |ncrement Putl (wrap)

| Serial Communication - FIFO

Putl —

Getl —

>0ldest

newest
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.I llll Fourth Put

=  Store at Putl
= |ncrement Putl

newest
Putl —»

Getl —»o0ldest

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Fifth Put

= Store at Putl
= |ncrement Putl

newest
Putl —»

Getl —poldest

Texas Instruments Robotics System Learning Kit: The Maze Edition
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First Get

= Read from Getl
= |ncrement Getl

newest
Putl —»

Getl —poldest

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Second Get

= Read from Getl
= |ncrement Getl

newest
Putl —»

Getl —poldest

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Third Get

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

newest
Putl —»

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Fourth Get

= Read from Getl
= |ncrement Getl

Getl —
Putl —»

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Fifth Get

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

Getl -
Putl B

Texas Instruments Robotics System Learning Kit: The Maze Edition
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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

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Little’s Theorem

41

Source process
Producer

Fifo_Put Fifo_Get

Sink process
Consumer

| Serial Communication - FIFO

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

+ time waiting in the queue plus the

 time for the consumer to process the packet

Little’s Theorem N =XAR

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Summary

FIFO queue

42

Data flow

Order preserving
Full error on put
Empty error on get
Little’s Theorem

Fifo_Put

Source process
Producer

500

1ze

300

200

Times FIFO was this s

Program 18_1

400 <

100 -

o
|

o

4 8 12 16 20
FIFO Queue Size

24 28 32

Fifo_Get

Sink process
Consumer

N=AR

| Serial Communication - FIFO

Texas Instruments Robotics System Learning Kit: The Maze Edition
SEKP150



tr.com/rslk

i3 TEXAS INSTRUMENTS



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com

