The University of Texas at Arlington

Lecture 14
Communication Peripherals

CSE 3442/5442
Embedded Systems 1

Based heavily on slides by Dr. Gergely Zaruba and Dr. Roger Walker



High-Level View of a
== PIC18 Microcontroller

PIC18F44:
PIC18F452

4- EEE l:
<l EEE l: Data
: Stack RAM EEPROM
qurns ': “File Registers”
Program .
ROM 4-—| PC: Program Counter SFRs
L
Program Bus
CPU Data Bus
\_ J
Interrupt . _ Other Peripherals:
Control Oscillator Digital Timers, ADC, CCP, I2C,
: (Clock) I/O Ports . "
Logic Serial Communication
_ 2
Fosc = 40MHz, LIDIJ I/0 Pins

20MHz, 10MHz, etc.‘



Communication

PIC18F442
PIC18F452

R R R R R KRB G

SREERANEEE

OO0 0O000000000000000
LA N Y

Peripherals
<lllll:
<lllll: Data
: Stack RAM EEPROM
qurns ': “File Registers”
Program .
ROM 4-—| PC: Program Counter SFRs
)
Program Bus
CPU Data Bus
\_ J
Interrupt . _ Other Peripherals:
Control Oscillator Digital Timers, ADC, CCP, I2C,
: (Clock) I/O Ports . o
Logic Serial Communication

o ;

Fosc = 40MHz,

20MHz, 10MHz, etc.““




Serial vs. Parallel
Communication

Parallel Transfer
(Whole Byte at atime)

Serial Transfer

(One Bit at atime)
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YYYYYYYY

D7

Serial vs. Parallel Data Transfer

 Fewer connections « Many connections

e Cheaper e Expensive
e Great for far distances ¢ More points of failure
e Slower « Faster )




- Serial Data Transfer Methods

e Synchronous
— Sender and Receiver share a clock signal
— High data transfer rate
— “Blocks” of data at a time

« Asynchronous

— Sender provides a sync signal to the Receliver
before starting each transmission

* No shared clock but must agree upon a data-rate
— Single bytes at a time
— Slower data transfer rate but more flexible  °
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Serial Data Transfer Types

e SiImplex
— one-way

« Half-Duplex
—one line

* Full-Duplex
— two lines
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PIC Communication
= Peripherals (4 Modes)

« MSSP: Master Synchronous Serial Port Module
— SPI: Serial Peripheral Interface

— I2C: Inter-Integrated Circuit
e Full Master Mode
* Multi-Master Mode
* Slave Mode

« USART: Universal Synchronous/Asynchronous
Receiver/Transmitter Module
— ART: Asynchronous (full-duplex)

— SRT: Synchronous (half-duplex)
 Master
« Slave 7



MSSP
SPI Mode

The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes
of SPI are supported. To accomplish communication,
typically three pins are used:

MCLR/VPp ——[] 1 \_/ 40

RAO/ANO -——[] 2 39

RA1/AN1 «-—[] 3 38

RA2/AN2/VREF- <[] 4 37

RA3/ANSG/VREF+ <-——[]5 36

RA4/TOCKI «— []6 35

RA5/AN4/SS/LVDIN <—[]7 34

REORD/ANS ——8 & @& 33

RE1/WR/AN6 <—[] 9 y OF o

RE2/CS/AN7 «——[]10 @ © 31

VDD — ] 11 6 6 30

Vss o |: 12 E E 29

OSC1/CLKI —=] 13 o8

OSC2/CLKO/RA6 <«———[] 14 07
RCO/T10SO/T1CKI «—[] 15 26
RC1/T10SI/CCP2* <[] 16 o5

RC2/CCP1 «—=[] 17 04

= 1 MU RC3/SCK/SCL <—[] 18 03
. RDO/PSP0 «—s 19 29

| Serial Clock (SCK)}  np1/psp1 d 20 o1

[ ] «— RB7/PGD
] «— RB6/PGC
[ ] «<— RB5/PGM
] «<— RB4

] «—— RB3/CCP2*
] «— RB2/INT2
[ ] «— RB1/INTH
] «— RBO/INTO
] «<—— VDD

] «——Vss

] «<— RD7/PSP7

1 <— RD6/PSP6
F <— RD5/PSP5

[ < RD4/PSP4
] <— RC7/RX/DT _
. ResTx/oK | Serial Data Out (SDO)|
] <= RC5/SDO >

] < RC4/SDI/SDA
] «—» RD3/PSP3

[ ] «— RD2/PSP2

| Serial Data In (SDI)|
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MSSP
SPI Mode

The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes
of SPI are supported. To accomplish communication,

typically three pins are used:

Generic Example:
Clock’s Idle State = HIGH
Clock Data Out/In on RISING EDGE

RCO/T10SO/T1CKI ~—s [
RC1/T10Sl/CCP2*
RC2/CCP1 <—[]

. | [ RC3/SCK/SCL <+—[]]

g RDO/PSPO «— [
| Serial Clock (SCK)| RD1/PSP1

-q—-E

4—h-|:

| CLOCK

CLOCK |
DATA

DATA

oox [{{{LTLILILILILE

01234567

| Serial Data Out (SDO)

| Serial Data In (SDI)|

DA.TA 5 H ] i H ] 5 H
11001010
0Ox53 = ASCII "S*

15 26 [] =— RC7/RX/DT

16 o5 [] «—— RCB/TX/CK

17 o4 [] «— RC5/SDO

18 23 [] =— RC4/SDI/SDA
19 20 [] «—= RD3/PSP3
20 21 [ «=— RD2/PSP2




M S S P The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes
of SPI are supported. To accomplish communication,

Q CSE@UTA S P I M O d e typically three pins are used:

 SPIlis a sync. Data Exchange protocol

e As data Is clocked out, new data Is clocked In

— A FULL duplex data transmission occurs for
each SPI clock cycle (if desired)

The MSSP module has four registers for SPlI mode
operation. These are:

« MSSP Control Register1 (SSPCONT1)

« MSSP Status Register (SSPSTAT)

* Serial Receive/Transmit Buffer (SSPBUF)

« MSSP Shift Register (SSPSR) - Not directly
accessible

10




M S S P The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes

SPI M d of SPI are supported. To accomplish communication,
ode typically three pins are used:

MASTER SLAVE
Eﬂ“ ] !ﬁ“
MOSI T MOSI
MISO e} MIS O
Master to Slave Slave to Master
sec [N TARAAARAT
Clock from
Mastier i : i i . i i . ] ' ! ' : : ! :
01234567 01234567
MOSI
Master-Ouwlt
Slave-In
MISO
Master-In
Slave-Ouit
I 11




M S S P The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes

SPI M d of SPI are supported. To accomplish communication,
ode typically three pins are used:

FIGURE 15-2: SPI MASTER/SLAVE CONNECTION
} SPI Master SSPM3:SSPMO = 00xxb : : SPI Slave SSPM3:SSPMO = 010xb :
1 soo, MOSI | sbi |
| | | |
| | | |
‘ Serial Input Buffer : ! Serial Input Buffer :
| (SSPBUF) | | (SSPBUF) |
| | | |
| | | |
| | | |
| | | |
| shift Register SO ! MISO  SDO shift Register |
‘ (SSPSR) | | (SSPSR) |
| | | |
| MSb LSb | | MSb LSb |
| | Serial Clock | |
| SCK | > SCK |
| PROCESSOR 1 | | PROCESSOR 2 |

e LTI

e LU LT L
[N | |

1;

0 1 0 1 0 1 0

12
SDI




M S S P The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes

SPI M d of SPI are supported. To accomplish communication,
ode typically three pins are used:

15-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P S R/W UA BF
bit 7 bit 0

bit 7 SMP: Sample bit
SPI Master mode:

1 = Input data sampled at end of data output time _ ] \ ’ I I | ‘ I ‘ I \
0 = Input data sampled at middle of data output time o : : | : | , |
SP| Slave mode: :| ] ] | ] | I ] |

11 1 1

SMP must be cleared when SPI is used in Slave mode
1

OO0 00 ol

1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
When CKP = 1:

1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

!

bit 0 BF: Buffer Full Status bit (Receive mode only) 0 I 0 1 0 1 0 1

1 = Receive complete, SSPBUF is full 13
0 = Receive not complete, SSPBUF is empty

-



M S S P The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes

SPI M d of SPI are supported. To accomplish communication,
ode typically three pins are used:

CSE@UTA

15-2: SSPCON1: MSSP CONTROL REGISTER1 (SPI MODE)

RWO RW-0 RW-0 RWO RW-0 RW0 RWO RW-0
WCOL | SSPOV | SSPEN | CKP | SsPM3 | ssPM2 | SsPM1 | ssPMo
bit 7 bit 0

bit 7 WCOL: Write Collision Detect bit (Transmit mode only)
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No callision

bit 6 SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode.The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow
(must be cleared in software).

0 = No overflow

Note: In Master mode, the overflow bit is not set since each new reception (and
transmission) is initiated by writing to the SSPBUF register.

bit 5 SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI, and SS as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note: When enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bit

1 = IDLE state for clock is a high level
0 = IDLE state for clock is a low level

bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0101 = SPI Slave mode, clock = SCK pin, SS pin control disabled, SS can be used as /0 pin

0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled

0011 = SPI Master mode, clock = TMR2 output/2 14
0010 = SPI Master mode, clock = Fosc/64

0001 = SPI Master mode, clock = Fosc/16

0000 = SPI Master mode, clock = Fosc/4



MSSP

12C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit

MCLR/VPP

RAO/ANO
RA1/AN1

RA2/AN2/VREF-
RA3/AN3/VREF+

RA4/TOCKI

RA5/AN4/SS/LVDIN

REO/RD/AN5
RE1/WR/AN6G
RE2/CS/AN7

VDD
Vss

OSC1/CLKI

OSC2/CLKO/RA6B
RCO0/T10SO/T1CKI
RC1/T10Sl/CCP2*

RC2/CCP1

<—p| [ RC3/SCK/SCL

| Serial clock (SCL)

RDO/PSPO
RD1/PSP1

—»[]1 U 40 [ =— RB7/PGD

-—[]2 39 [] =— RB6/PGC

-—[]3 38 [ | =—— RB5/PGM

-—[1]4 37 ] --— RB4

-—[]5 36 [] «=— RB3/CCP2"

«— []6 35 [] «—= RB2/INT2

-7 N Q 34 [1 =— RB1/INT1

-—[]8 < 1w 33 =—— RBO/INTO

-—o9 y o 2f=-—>Voo

<[] 10 0 o 31 [] «——Vss

—0O" ¢ ¢ 80 =— RD7/PSP7

—012 §F g 29 =-— RD6/PSP6

—=[]13 28 [] =— RD5/PSP5

-— [ 14 27 [] «—— RD4/PSP4

<[] 15 o6 [[] =— RC7/RX/DT

- [] 16 o5 [[] «— RC6/TX/CK

-] 17 24 [] «=— RC5/SDO

<[] 18 23 [ =— RC4/SDI/SDA = >
-— 19 2o [ «—» RD3/PSP3 :

Hx 2 T noapeps  |Serial data (SDA) |

15



The MSSP module in 1°C mode fully implements all

master and slave functions (including general call sup-

M SS P port) and provides interrupts on START and STOP bits

in hardware to determine a free bus (multi-master func-

|2C M @) d @ tion). The MSSP module implements the Standard

mode specifications, as well as 7-bit and 10-bit

* |2C is a sync. bi-directional protocol (2 lines)

— “Acknowledge” System I

WVdd

SDA
SCL

. . 1 1 — I |
— Master-Slave relationships — = aoc Moac [ wuc

— Multi-Slave & Multi-Master |Master| Slave || Slave || Slave

— Shared Bus

The MSSP module has six registers for °C operation.
These are:

* MSSP Control Register1 (SSPCON1)

* MSSP Control Register2 (SSPCON2)

* MSSP Status Register (SSPSTAT)

e Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

» MSSP Address Register (SSPADD) 16
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MSSP
12C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit

 |2C has two signal levels (open drain)

— Float HIGH (Logic 1) s o
— Drive LOW (Logic 0) i E— =3

Float High

uC ADC DAC uC
Master|| Slave || Slave || Slave

Drive Low



MSSP
12C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit

Master writing to a Slave

q []IF'.p Vdd

. SDA

|

I 1 [ SCL

uC ADC DAC uC
Master|| Slave || Slave || Slave

5 SLAVE ADDRESS

RW | A | DATA | A | DATA |AA| P

from master to slave A = acknowledge (SDA LOW)

from slave to master S = 5TART condition

data transferred
0" (write) {n bytes + acknowledge)

A = not acknowledge (SDA HIGH)

P = STOP condition 18




MSSP

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-

|2C '\/IOde tion). The MSSP module implements the Standard

mode specifications, as well as 7-bit and 10-bit

Master reading from a Slave

LiRo S
I I 1 [—SCL
uC ADC DAC uC
Master|| Slave || Slave || Slave

S | SLAVEADDRESS | RW | A | DATA | A | DATA | A | P
data transferred
(read) (n bytes + acknowledge)
from master to slave A = acknowledge (SDA LOW)

from slave to master S = 5TART condition

A = not acknowledge (SDA HIGH)

P = STOP condition 19




MSSP
12C

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-

'\/IOde tion). The MSSP module implements the Standard

mode specifications, as well as 7-bit and 10-bit

Master reac

Ing from a Slave (special cond.)

q []IF'.p Vdd
N SDA
] I I [ SCL
Master|| Slave || Slave || Slave
SLAVE ADDRESS | RAW | A | DATA| A/A | S¢| SLAVE ADDRESS | RW | A | DATA|AR| P
|_ {n bytes J | (n bytes J
read or write + ack.)* + ack.)"
read or write direction of transfer
may change at this
o point.
Sr = repeated START condition
from master to slave A = acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)
from slave to master S = START condition
P = STOP condition 20




USART
Async. Full-Duplex

\_/ 40 [ =— RB7/PGD Crisscross the RX/TX Pins!!

MCLR/VPP — [ 1
RAO/ANO -——[] 2 39 [ ] -— RB6/PGC
RA1/AN1 <-—[]3 38 [ =— RB5/PGM
RA2/AN2/VREF- <[] 4 37 [] =—— RB4 RX RX
RA3/AN3/VREF+ <—[] 5 36 [] =—— RB3/CCP2*
RA4/TOCK| «—= 6 35 [] «—= RB2/INT2 TX TX
RA5/AN4/SS/LVDIN <+—[]7 34 [] <— RB1/INT1
REO/RD/AN5 <—[] 8 33 [1 =— RBO/INTO GND GND
RE1/WR/AN6 <—[] 9 30 [1 «—— VDD

RE2/CS/AN7 <—[]

VDD — [

Vss — [

OSC1/CLKI —= ]
OSC2/CLKO/RA6 <——[]
RCO/T10SO/T1CKI <— ]
RC1/T10SI/CCP2* «—[]
RC2/CCP1 <—[]
RC3/SCK/SCL ~—[]
RDO/PSP0 «— []
RD1/PSP1 <—[]

31 [] «——Vss

30 [ ] =—— RD7/PSP7

29 [] -— RD6/PSP6
g [] <— RD5/PSP5
27 [1 =—— RD4/PSP4 R Receive Data Pin
o6 [] <—— RC7/RX/DT <
o5 [] «—» RC6/TX/CK > _
o4 [] «—— RC5/SDO TX: Transmit Data PIn

23 [] «—— RC4/SDI/SDA

22 [1 «<— RD3/PSP3 No shared clock
21 [] «<— RD2/PSP2

—
—

PIC18F442

PIC18F452

—_ =
&~ W

—
(&)

N = = =
© © 0 ~N O

21



USART: Async.

CSE@UTA

TXSTA: Transmit Status and Control RX

— TXREG: data to be sent out
RCSTA: Recelve Status and Control

X

RX

- - —{TX

Transmitter

GND

— RCREG: where received data is put

SPBRG: Serial Port Baud Rate Generator
— define the data rate

Instead of a shared clock, now the data itself
IS sent out at a settable rate, BAUD Rate

99— GND

RX

—— GND

22

Receiver 2

Receiver 1
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USART: Transmission

TX Output Pin

FIGURE 16-1:

USART TRANSMIT BLOCK DIAGRAM

TXIE

L Data Bus

TXIF (=

TXREG Register

Data OUT

——————————————

Baud Rate Generator

TX9

TX9D

Pin Buffer
and Control

S 1L

|

SPEN

RC6/TX/CK pin

23




_ USART: Reception
RX Input Pin

FIGURE 16-4: USART RECEIVE BLOCK DIAGRAM

CREN OERR FERR
x64 Baud Rate CLK T T
I I 64| 00000 T ol T T T Cioo S s s s s — s e
| SPBRG : or ! MSb RSR Register LSb |
l : =16 | STOP|(8)| 7| eee |1 | O|START|
o 'Baud Rate Generator ] : :
RX9
RC7/RX/DT
Data IN —— Y
in Buffer _ Data -
U= and Control "| Recovery Y
) RX9D RCREG Register
FIFO
SPEN 1
Jf 6
- Interrupt ' RCIF Data Bus
- RCIE




BAUD Rate In bps
(bits per second)

BRGH =1
10 MHz
+4 |625000 Hz E}O o
Instruct. cycle freq. > UA
XTAL  |— +4 . to set
oscillator 2.5 MHz 156250 Hz baud
+ 16 ™ rate
BRGH =0
TABLE 16-1: BAUD RATE FORMULA
SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)

0
1

(Asynchronous) Baud Rate = Fosc/(64(X+1))
(Synchronous) Baud Rate = FOsc/(4(X+1))

Baud Rate = Fosc/(16(X+1))
N/A

Legend: X =value in SPBRG (0 to 255)

\

25




BAUD Rate EX: Fogc = 16 MHZ
= Want 9,600 bps (Low Speed)

Desired Baud Rate = Fosc/ (64 (X + 1))
Solving for X: X = value in SPBRG (0 to 255)
X = ((Fosc/ Desired Baud Rate) / 64 ) — 1
X = ((16000000/9600)/ 64) — 1
X = [25.042] = 25+—{SPBRG|
Calculated Baud Rate = 16000000 / (64 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate)
Desired Baud Rate
= (9615 -9600) /9600
= 0.16%
TABLE 16-1: BAUD RATE FORMULA
SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1)) 26
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A

Legend: X =value in SPBRG (0 to 255) trm—



BAUD Rate Mismatch

=

ESRE

L COMZ9:19200baud - Tera Term VT

File Edit Setup Control Window Help
Lfxe= P LYoo=

fx Y

" o3 <F Poroeoeee LT3 BF xy= P HieoeedBF . Y K T aC<F 7 aacococB3 B %o

o

LE e .
Loopdfx VL <

Heen s
oof 7 cootceoe Toooe 3 W
FlMpec™ Yjocoeoef . P Y o 7
L toeveodloef 7 cececooeoe VT30 F Mpuee™ Y boeeeF B L ol ™ ™

|bee? poef Zocece Toe Toe3BE B poc™ Y focce ®F 2 P Lo ™
crococoeoroeec 3Bocf xs= P F Y Fx PP < Pod f PoococococccccB 30 P g

Bpdf Mpee™ Yo FHx Y Yee™ ™

L teen £ oof 7 coooce Toccoce3 B™F o™ U foooe ©F T ™ L1 e [F 7

L Fpee™ YieB B P L7 ° oof 7 ooctoootooctoe3

oot 2anna T TIOIFOp Hoooc 36°0
YT J OCOCooooonice

fxy= FHeBEBE P iy L ™ Hie " ceof 7 otccccceccccc@3 0 1g
L Fpoe™ Yeex L
FI™ L B " oof 7 cootocceococoe 3@ BE X
= P Heofx Y F el
L toexcoecef 7 cooooccocce T3 )
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Common BAUD Rates

(Low Speed)
TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
RATE o value o value o value % value
(Kbps) | kgaup ERROR (decimal) | ypayup ERRor (decimal) | ypaup  ErRor  (decimal) | ypaup ERRoOr (decimal)
0.3 NA NA - - NA - - NA -
1.2 NA NA - - NA - - NA -
2.4 NA 2.40 -0.07 214 2.40 -0.15 162 2.40 +0.16 129
9.6 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 .47 -1.36 32
19.2 18.94 1.36 32 19.10 -0.54 26 19.53 +1.73 19 19.53 +1.73 15
768 | 78.13 +1.73 7 73.66 -4.09 6 78.13 +1.73 4 78.13 +1.73 3
96 89.29 -6.99 6 103.13 +7.42 4 97.66 +1.73 3 10417  +8.51 2
300 | 31250  +4.17 1 257.81 -14.06 NA - - 31250  +4.17
500 625 +25.00 0 NA - - NA - - NA -
HIGH 625 0 515.63 - 0 390.63 - 0 312.50 - 0
LOW | 244 255 2.01 - 255 1.53 - 255 1.22 - 255
bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
= () = Low speed
Synchronous mode: 28

Unused in this mode



Common BAUD Rates

(High Speed)
TABLE 16-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
RATE % value o value % value o value
(Kbps) | kgaup ERROR (decimal) | ypayp ERRor (decimal) | ypayp ERROR (decimal) | kpayp ERROR (decimal)
0.3 NA - NA - NA - NA - -
1.2 NA - NA - NA - NA - -
2.4 NA - NA - NA - NA - -
9.6 NA - - 9.60 -0.07 214 9.59 -0.15 162 9.62 +0.16 129
19.2 19.23 +0.16 129 1928  +0.39 106 19.30 +0.47 80 19.23  +0.16 64
76.8 75.76 -1.36 32 76.39 -0.54 26 78.13 +1.73 19 7813  +1.73 15
96 96.15 +0.16 25 98.21 +2.31 20 97.66 +1.73 15 96.15  +0.16 12
300 31250  +4.17 7 29464  -1.79 6 31250  +4.17 4 31250  +4.17 3
500 500 0 4 515.63  +3.13 3 520.83  +4.17 2 416.67 -16.67 2
HIGH 2500 - 0 2062.50 0 1562.50 - 0 1250 - 0
LOW 977 - 255 8,06 255 6.10 - 255 4.88 - 255
bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
—p 1 = High speed
0 = Low speed
Synchronous mode: 29

Unused in this mode




116-1: | TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
‘ CSRC TX9 TXEN SYNC — BRGH TRMT TX9D
bit 7 bit O

CSE@UTA

bit 7 CSRC: Clock Source Select bit

Asynchronous mode:
Don't care
Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0'
bit 2 BRGH: High Baud Rate Select bit

Asvynchronous mode:
1 = High speed

0 = Low speed
Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit O TX9D: 9th bit of Transmit Data
Can be Address/Data bit or a parity bit.
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1 16-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTAJRECEIVE STATUS AND CONTROL REGISTER

RW-0  R/W-0 RW-0 RW-0 RW-0 R0 R-0 R-x
| SPEN | Rxo | SREN | CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled
RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
SREN: Single Receive Enable bit
Asynchronous mode:
Don't care
Synchronous mode - Master:
1 =Enables single receive
0 =Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - Slave:
Don't care
CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer
when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of Received Data
This can be Address/Data bit or a parity bit, and must be calculated by user firmware.
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USART Async. Example

. F,.. =40 MHz Rx >< v
« find X = SPBRG (0-255) E 1
« Desired BAUD Rate = 9600 bps  [[*P oD
1 . —_— Fosc Fosc
— High Speed:BAUD = a1 1e(XiD)
] — FOSC — FOSC
— Low Speed: BAUD = T 16(XTD)  6a(XiD)
40 MHz BRGH=T
4 2,500,000 Hz To
XTAL Lol -4 Instruct. cycle freq. | "t[é‘:gf
oscillator 10 MHz 625,000 HZ  Baud
+ 16 ™ rate ab
BRGH =10




USART Async. Example

* Fosc = 40 MHz

. find X = SPBRG (0-255)

RX

X

RX
X

 Desired BAUD Rate = 9600 bps  |[“"" GND
— High Speed:BAUD = =
drA(X+1) 16(X+1) Want to slow
F F down to 9600
— Low Speed: BAUD = —
4x16(X+1) 64(X+1)
40 MHz BRGH = 1
L4 | 2500000 Hz/To
. ¢ycle freq. UART
XTAL || =4 Instruct. cycle freq _ AR
oscillator 10 MHz Y 625,000 Hz baud

BRGH=0

i
rate b




USART Async. Example

CSE@UTA

 F .. =40 MHz, find X = SPBRG (0-255)
 Desired BAUD Rate = 9600 bps

F 40MHz

— High Speed: 9600 = —2=c— > X = -1=259.417
16(X+1) 16 x9600
F, . _ 40MHz

-1=64.104

— Low Speed: 9600 = =
64(X+1) 64 x9600
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USART Async. Example

* Fosc =40 MHz, find X = SPBRG (0-255)

 Desired BAUD Rate = 9600 bps

> 255
) F A40MHZz
— High Speed: 9600 = = -1 =259.417
16(X+1) 16 %9600
F 40MHZz
— Low Speed: 9600 = = -1=64.104
64(X+1) 64 x9600
<= 255
e Select Low Speed and SPBRG =64
TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0) |
BAUD Fosc = 40 MHz SPBRG 33 MHz SPBRG 25 MHz SPBI
RATE o value o value o vall
(Kbps) | kgaup ERRor (decimal) | ypayp grror (decimal) | wpayp ERROR  (decy
0.3 NA NA NA
12 NA NA NA
2.4 NA - 2.40 0.07 214 2.40 0.15 164
9.6 962  +0.16 64 9.55 054 53 9.53 076 4 35
192 | 1894  -1.36 32 1910  -054 26 1953  +1.73 q




USART: Async. Steps
(Polling EXx.)

20 _I - | 1T O D

Receptl on 27 1 = RD4/PSP4  RX: Receive Data Pin

o6 [] <— RC7/RX/DT <

] «—— RC6/TX/CK

25

RX RX oa 0 rcsispo 1T X Transmlt Data Pin
23 [1 =— RC4/SDI/SDA

TX X 5o [] «—= RD3/PSP3

21 [] =— RD2/PSP2

GND GND

TRISCbits.RC7
SPBRG = 64;
TXSTAbits.SYNC =
TXSTAbits.BRGH =
RCSTAbits.RX9
RCSTAbits.SPEN
RCSTAbits.

while (PIR1bits.RCI
myVar = RCREG;

O W oo JdJoy O WDNH

=




USART: Async. Steps
(Polling EX.)

Reception
1 TRISCbits.RC7
SPBRG = 64;
TXSTAbits.
TXSTAbits.
RCSTAbits.
RCSTAbits.
RCSTAbits.

'—l

while (PIR1lbits. . ) 7 1 O
myVar = RCREG; ding R

PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

O W oo JdJoy O WO

=

R/W-0 R/W-0 RO RO RW-0 RW-0 RW-0 RW-0
PpsPIFM) | ADIF RCIF | TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF
bit 7 ' bit 0

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer, RCREG, is full (cleared when RCREG is read) 37
0 = The USART receive buffer is empty === not full (not every bit has arrived yet)



USART: Reception

Baud Rate Generator

CSEGUTA
FIGURE 16-4: USART RECEIVE BLOCK DIAGRAM
CREN | OERR FERR
x64 Baud Rate CLK T T
; SPBRG | wsb RSA Register __ Lsb |
| | =16 | STOP|@®)| 7| ees |1 | 0|START|

___________________________

RX9
Data IN RC7/RX/DT v
W Pin Buffer Data

and Control "l Recovery B Y

[} RX9D RCREG Register

SPEN 1
/fa

Interrupt

FIFO

Data Bus

'y

9 (PIR1bits.RCIF 0 7 1A
10 myVar = RCREG; / /R

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer, RCREG, is full (cleared when RCREG is read)

38
0 = The USART receive buffer is empty === not full (not every bit has arrived yet)



USART: Async. Steps
(Polling EX.)

20 _I - | 1T O D

Transmission 27 1 =— RD4/PSP4  R¥- Receive Data Pin

o6 [] <— RC7/RX/DT <
] < RC6/TX/CK

25

RX RX oa 0 rcsispo 1T X Transmlt Data Pin
23 [1 =— RC4/SDI/SDA

TX X 5o [] «—= RD3/PSP3

21 [] =— RD2/PSP2

GND GND

TRISCbits.RC6
SPBRG = 64;
TXSTAbits.SYNC =
TXSTAbits.BRGH =
RCSTAbits.RX9
RCSTAbits.SPEN =
TXSTAbits.TXEN =

while (TXSTAbits.TRMT ==

TXREG = "P';




USART: Async. Steps
(Polling EX.)

TRISCbits.RC6 =
SPBRG = 64;
TXSTAbits.SYNC =
TXSTAbits.BRGH =
RCSTAbits.RX9

RCSTAbits.SPEN =
TXSTAbits.TXEN =

while (TXSTAbits.TRMT

TXREG = "P'; / d on¢
TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

Y 'T_‘

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 — R R/W-0
| csrRe | Tx9 | TXEN | syNc | — | BRGH|| TRMT || Tx9D
bit 7 bit O
bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty 40

0 = TSR full === not empty (still has something in it)
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USART: Transmission

FIGURE 16-1: USART TRANSMIT BLOCK DIAGRAM

Data OUT

, Data Bus
TXIF TXREG Register
TXIE i/ 8
S MSb LSb
Pin Buffer
(8) ¢t 0 | and Control
A TSR Register
Interrupt

TXEN Baud Rate CLK l
“““““““ TRMT SPEN

| sPBRG
" Baud Rate Generator 9

24 while (TXSTAbits.TRMT == 0);
25

1 =TSR empty

0 = TSR full == not empty (still has something in it)

26 TXREG = 'P'; Send one 8-k _
bit 1 TRMT: Transmit Shift Register Status bit

J L A/ E,-'

-

><—>ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.m

RC68/TX/CK pin

41




Additional Information
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e SPI
— https://lwww.youtube.com/watch?v=9hMsNOwY5A0
— https://learn.sparkfun.com/tutorials/serial-peripheral-interface-spi

— http://wwl.microchip.com/downloads/en/devicedoc/spi.pdf
— https://en.wikipedia.org/wiki/Serial Peripheral Interface Bus

e |2C
— https://lwww.youtube.com/watch?v=fm13tle5wSc
— https://learn.sparkfun.com/tutorials/i2c
— http://lwwl.microchip.com/downloads/en/DeviceDoc/i2c.pdf
— https://en.wikipedia.org/wiki/1%C2%B2C

« USART — Async.
— http://wwl.microchip.com/downloads/en/DeviceDoc/USART .pdf
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http://ww1.microchip.com/downloads/en/DeviceDoc/USART.pdf

	Lecture 14�Communication Peripherals
	High-Level View of a�PIC18 Microcontroller
	Communication Peripherals
	Serial vs. Parallel�Communication
	Serial Data Transfer Methods
	Serial Data Transfer Types
	PIC Communication Peripherals (4 Modes)
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�SPI Mode
	MSSP�I2C Mode
	MSSP�I2C Mode
	MSSP�I2C Mode
	MSSP�I2C Mode
	MSSP�I2C Mode
	MSSP�I2C Mode
	USART�Async. Full-Duplex
	USART: Async.
	USART: Transmission�TX Output Pin
	USART: Reception�RX Input Pin
	BAUD Rate in bps�(bits per second)
	BAUD Rate Ex: FOSC = 16 MHz Want 9,600 bps (Low Speed)
	BAUD Rate Mismatch
	Common BAUD Rates�(Low Speed)
	Common BAUD Rates�(High Speed)
	Slide Number 30
	Slide Number 31
	USART Async. Example
	USART Async. Example
	USART Async. Example
	USART Async. Example
	USART: Async. Steps (Polling Ex.)
	USART: Async. Steps (Polling Ex.)
	USART: Reception
	USART: Async. Steps (Polling Ex.)
	USART: Async. Steps (Polling Ex.)
	USART: Transmission
	Additional Information

