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Communication Standards

Standard Serial Comm Protocols

Interface Format Num. Devices >eparation Tran.sm Speed
max. (bits/seg)
RS-232 Serial Asinc. 2 15-30m 20k
IrDA Serial Asinc. 2 2m 115k
SPI Serial Sinc. 8 3m 2.1M
12C Serial Sinc. 40 5.5m 400k
USB Serial Asinc. 127 5m 12M




Serial Comms

Serial Communication Characteristics

The physical layer can only transport one bit at a time.

It is used when the transmission takes place further than a few meters.

Requires complex controllers and protocols:
Transmitter must turn bytes into bits
Receiver must turn bits into bytes

The transfer speed is the BAUD (= bits/seq).



Serial Comms

Key element

Function to perform: PARALLEL to SERIAL converter
Key component: Shift Register
Bt76543210 CPU Data
l l l l l l l l (Parallel)
D [716)51413[2]1]0]
Transfer wire

Output Port (Transmitter)
unidirectional

The information unit is the character, no the byte.




Serial Comms, Fundamentals

Serial Comm Peripheral

UART, Universal Asynch Rx Tx

Dat
Bus

Puerto de Salida

—p TX

Puerto de Entrada

Gen. — P

€4¢— RX
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Serial Comm Types

Asynchronous

Synchronous

ADCOB031 Timin

CHIP SELECT
(cs)




Serial Comms

(USART)Universal Synchronous Asynchronous Receiver Transmitter

Modes:
« Synch: Employs an independent clock line
» Asynch: Clock is within the data

Microchip PIC USART characteristics:

Transmits & receives serial data (8 or 9 bits)
Error detection

Interrupt sources

Input & Output buffers
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Serial Comms, USART

Con permiso de MIICRUCHIP

Register Name Description

TXREG

Transmit Data Register

RCREG

Receive Data Register

Register Name Description

TXSTA Transmit Status and Control

RCSTA Receive Status and Control

Register Name Description

SPBRG Baud Rate Generator
R:Igl:_:r Description

INTCON Interrupt Control Register

RCON RESET Control Register

PIE1, PIE3 |Peripheral Interrupt Enable Registers

PIR1, PIR3 |Peripheral Interrupt Flag Registers

IPR1, IPR3 |Peripheral Interrupt Priority Registers




Serial Comms, Asynchronous Comms

Synchronization is achieved by:
*Fixed transfer speed at fixed rates
«Start / Stop bits

B character
— A
< = — o o 0 © I~
E (i () (I (] (] (] () ()
1 1 1
— _J
—~—
byte
Characteristics:

* Idle state of the line in HIGH level
 Start bit: Negate idle state level

e Transmission starts by the LSB
 Stop bit: last bit, same state as ldle




Serial Comms

Configurable parameters:

*Transfer Data Rate Even
» Data (8 or 9 bits) Ninth bit parity use agflk
» Stop bit duration: 1 Th, 1.5 Th, 2 Tb Space

Data Config Options on the PIC:

8 bits  Stop Bits: 1
8 bits  Stop Bits: 2
9 bits  Stop Bits: 1
Parity is left to the programmer

Speed Config Options:
*Register SPBRG (Serial Peripheral Baud Rate Generator)
*Bit BRGH: High speed bit
*Bit BRG16: 16bit operation for SPBRG
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Figura del “PIC18F2525/2620/4525/4620 Data Sheet”
Lon permiso de IVIILROCHIP

Basics

TRMT=1

when empty - -~

TXREG
\ v
) TXIF=1
8 bits when empty
Transmit Shift Register — TX Pin

Important issues

e|n 9 bit transmission, TX9D must be written previously toTXREG

*TXREG can be written while peripheral is transmitting (2 level FIFO)

eThere is a delay from writting to TXREG and clearing TXIF
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Serial Comms

, Data Bus
TXIF = TXREG Register
TXIE f a
CCOMsh ST T T T T T TR LSh
! ; ' Pin Buffer .
: (8) e 0 : and Control -
S SR, TSRRegister _ _ _ _ ____. .' 1 RCE/MX/CK pin
Interrupt ] '
TXEN Baud Rate CLK L
e TRMT SPEN
| SPBRG |
Baud Rate Generator T3
TXaD
Write to TXREG [ g
BRG Out ford? - —
i It 1 ra
(enitt Clock) — 1 L 5 3

[
RCETXICK (pin) ! !
g N_START bit < 00 Bl % 1 > b8 /570P bi

—= - - -

THIF bit a Word 1 : -
{Transmit Buffer o .
Reg. Empty Flag) j_J '
; Word 1 —— '
TRMT bit o ,
(Transmit Shift Transmit Shift Reg '
Reg. Empty Flag) —[ cc
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Serial Comms, Asynchronous Transmission Config

Con permiso de MICKUCHIP

REGISTER 13-1:

bit4

bit 2

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

RiW-0 RS-0 R0 Rw-0 RS-0 R0 -1

RS-0

CSRC TxS TXEM SYNC SENDB BRGH TRMT

TXED

bit 7

CSAC: Clock Source Select bit
Asynchronous mode:

Dion't care.

Synchrongus mode:
1 = Master mode (clock generated internally from BRG]
0 = Slave mode (clock from exiernal source)

TX39: Bbét Transmit Enable bit

1 = Zelects 8-bit ransmisson
0 = Selects 3-bit transmission

TXEM: Transmit Enable bit

1 = Transmit enabled
0 = Transmi dsabled

Note: SREMNCRENM ovemdes TXEN in Sync mode.

S5YNC: EUZART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

SEMDE: Send Break Characier bit

1= Send Sync Break on next transmission (cleared by hardware upon complation)
0 = Sync Break fransmission completed

Synchrongus mode:

Dizn't care.

BRGH: High Bawd Riate Sslect bit

1= High spesd
0 = Low speed

Unused in this mode.
TRMT: Transmit Shift Register S2atus bit

1=T5R empy
0=TSR ful

TX9D: Sth bit of Transmit Data
Can be address/data bt or a panty bit

bit O

Legend:
R = Readable b3
-n=%aue at POR

W = Wiitabde bit
'1"=Bitis set

U = Unimplemented bt read as
U =Bitiscleared x=81su

o
nEnown
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Figura del “PIC18F2525/2620/4525/4620 Data Sheet”
con permiso de IVIILROCHIP

Bag

ics

RX Pin

RX9=1

Receive Shift Register

v v

1 bit 8 bits

Y v

.- -~ FIFO
Buffer - -
RX9D | . RCREG »
¥ - - . _RCIF=1
when full

Important issues

eReception starts upon detection of a START bit

eTransmission integrity is checked testing STOP bit level

eReceived data in Shift register is stored in FIFO (One single address, RCREG)
o|f thee characters are received in a row, FIFO overflows =» Overrun error
*RCIF is set HIGH until FIFO is empty
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Serial Comms

CREM OERR FERR
x84 Baud Rate CLK —T T

I I
. SPBRG . o4 ' MSb RSR Register LSh
I

Rxa
RCTIRX/DT , j
Fin Buffer Data ||
" and Control "1 Recovery I
! RXxan RCREG Reqister
FIFQ
SPEN
]
Interrupt 7] RCIF T Datz Bus
Start B0 B b7 /8 Start bl b7./8 Start b0 b7./8 o] RCIE

it ineut _\_DQMWS VS

Ward 1 Word 2 d Word 3 '
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to RCREG Sg !_| 8(} H 88 !

Read from
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) el
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»
Over-run ——>2 X
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1
1

L

DERR bit

)
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Con permiso de MIICRUCHIP

Serial Comms, Asynchronous Reception Config

REGISTER 13-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER

RW-0 RAN-D R0 RW-0 RS-0 R0 -0 Fl-a
SPEN R SREN CREN ADDEM FERR OERR FLReD
bit 7 bit 0

bit 7 SPEN: Sariz’ Port Enable b
1= Segra port enabled (configures REDT and THCK pins as seral port pins)
0= Sera port dissbled (held in Beset]
bit & RX3: 2541 Recaive Enable hit
1= Selects 8-bit recepticn
0 = Selects 8-bit recepticn
bit & SREMN: Single Recsive Enable bit
Asynchronous mode:

Dion't care.

1= Enables single receive
0= Disables single receive
This bit is cleared after reception is complets.

Dion't care.
bit 4 CREM: Continuous Receive Enalbie bit

1= Enables receiver
0= Disables recener
1= Enables continucus receive until enable bit CREM is cheared (CREM owemides SREN)
0 = Disables continuous receive
bit 3 ADDEMN: Address Detect Enable b4
Asynchronous mode S-bit (RS =11
1= Enables address detection, enables interrupt and loads the receive buffer when RER<E=
is =&t
0= Disables address detection, 3/l bytes are received and ninth &4 can be used as parity bit
Asynchronoys mode 9-hit (X8 =0}
Don't care.
bit 2 FERR: Framing Error b
1= Framng error (can be updated by reading RCREG register and receiving next valid byte)
0= Mo framing error
bit 1 QERR: Owerrun Error bit
1= Cwerrun emor {can be cleared by clearing bit CREN)
0 = Mo cwerrun error
bit D R¥30: 9% bit of Received Data
This can be addressidata bit or 3 parity bit and must be calculated by user firmware.

Legend:
R = Readable b W = Writablz bit U= Unimplemsnted bt read as 0
-n=%aue at POR "1"=Hitis =&t 07 = Bit is clearsd ¥ = B 5 unknown
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Serial Comms

TABLE 18-1: BAUD RATE FORMULAS

Configuration Bits
ERG/EUSART Mode Baud Rate Formula
SYNC ERG1G BRGH

a a ] E-bit'Asynchronous Foaci[Ed (in+ 1]
a a 1 E-bit'Asynchronous _ o

- Foach18 (n+ 13
i 1 . 18-bitdsynchronous
a 1 1 18-bittsynchronous
1 a E B-bit'Synchronous Foscid (n + 1]
1 1 = 18-l Synchronous

Legend: == Don'tcare, n=value of SPERGH:SPERG register par
Example: With a 16 MHz oscillator, generate 9600 bauds

BRG16=0

BRGH=1
SPBRG = 16000000/(16 x 9600) - 1 = 51.08 - 51 = Baud Rate= 9615.33 baud
BRGH =0
SPBRG = 16000000/(64 x 9600) - 1 =12.02 - 12 = Baud Rate= 9615.38 baud

BRG16=1

BRGH =0

SPBRG = 16000000/(16 x 9600) - 1 = 51.08 - 51 = Baud Rate= 9615.33 baud
BRGH =1

SPBRG = 16000000/(4 x 9600) - 1 = 415.67 - 416 =» Baud Rate= 9592.33 baud



Serial Comms, Recommended Initialization

* Bit SPEN (RCSTA<7>) active
Config Device > * Bit TRISC<7> active
* Bit TRISC<6> active

« SPBRG
 Bit BRGH
* Bit BRG16

TXSTA
RCSTA

>

Bit IPEN=1
INTCON
PIE1

PIR1

IPR1

>
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Framing Error Overrun Error
FERR=1 OERR=1

Shif Register i> New data

© D6
o D7
© STOPBIt ./

Buffer — FIFO full

RCREG RCIF=1

HOMEWORK: Which of the following are error correction or detection schemes?
Explain the basic of each one.

Parity Bit
*CRC
Checksum



RS232 Fundamentals




RS232 Standard

Origen del Standard RS232

Originally intended to comunicate a DTE system with a DCE systems.
DTE (Data Terminal Equipment) usually, a computer
DCE (Data Communications Equipment)  usually, a modem

wires

RxD2
= computer
#2

TxD2

digital
RS-232C

digital
RS-232C

[_\m\o desaa Mod2wm
oat oﬁeil\ﬁ a
£(H3) Lawmada. 7]



RS232 standard

Loqgical Level: Signals

TD = Transmitted data
Par de Datos
RD ] Received Data
RTS = Request to Send
Par de Handshake
CTS ] Clear to Send
DTR = Data Terminal Ready
Par de Handshake
DSR l Data Set Ready
DCD ] Data Carrier Detect
Habilitan DTE
RI [ Ring Indicator




RS232 standard

Electrical Level: Specifications

Parameter RS232 RS423
Mode of Operation -SEIll:II](D;]]*S]]ZE) -SEIESEI]ZE)
Total Number of Drivers and Receivers on One Line 11 ]i){lélcv\?lls % ODISEI\C/{E/IE
Maximum Cable Length 50 FT. 4000 FT.
Maximum Data Rate 20kb/s 100kb/s
Maximum Driver Output Voltage +/-25V +/-6V
Driver Output Signal Level (Loaded Min.) Loaded +/-5V to +/-15V +/-3.6V
Driver Output Signal Level (Unloaded Max) Unloaded +/-25V +/-6V
Driver Load Impedance (Ohms) 3k to 7k >=450
Max. Driver Current in High Z State Power On N/A N/A
Max. Driver Current in High Z State Power Off +/-6mA @ +/-2v +/-100uA
Slew Rate (Max.) 30V /uS Adjustable
Receiver Input Voltage Range +/-15V +/-12V
Receiver Input Sensitivity +/-3V +/-200mV
Receiver Input Resistance (Ohms) 3k to 7k 4k min.




RS232 standard

Electrical Level: RS232 Signals

+15v—
L3E M3E
o1 o o o o o 1 o1 1
Space
(=0
+o—————— -ttt ————- -t —
O _T Incete rmiinate
Region
7 i I _ - _t--— -
Mark
=11 o Seven Data Gits ==
/ﬂ | - - | \ j
-1 5y —
Start Parity Two stop
bit hit hitz
| - ol

Data pac ket comesponding to the ASCH character A



RS232 standard

Electrical Level:

RS232 Drivers

TTL a RS232
RS232a TTL

Meet or Exceed TIAJEIA-232-F and ITU
Recommendation V.28

Dperate With Single 5-V Power Supply
Dperate Up to 120 kbit's

Twio Drivers and Twoe Receivers

£30-V Input Levels

Low Supply Current . . . 8 mA Typical

Designed to be Interchangeable With
Mazirn MANZ32
ESD Protection Exceeds JESD 22
— 2000-¥ Human-Body Model [A114-A)
Applications
TIAJEIA-232-F
Battery-Powered Systems
Terminals
Maodems
Computers

MAX232, MAX232

DUAL ElA-232 DRIVERS/RECEIVERS

‘ELLELETI - FESRUASY 1583 — REVISED CCTOBER 2002

Max2I2 ... 0, DWW, N, OR N3 PACKAGE

M2X233 . D, DWW, DR N PACKAGE

(TOP VIEW)
cta 1 ™ 1g]] Voo APPLICATION INFORMATION
Wz |2 15[]] GND Y
c1-[3 12[] TroUT .
C2+ [ < 12]] RN EB?PASS=1HF%
c2- 5 12]] R1OUT 1 18 Mot L e
Vs [ 8 1] THM i ; Voo , Eﬁ,.TI.., n
TE:_T[? 10[] T2M T Vge SN
RAM[ & 2] R2OUT 4 - g
. T V- —WIT""&EV
e T
| o P 12 5s 999 cutput
From CMOS or TTL 10 7
—_ B . * Es-232 output
PR I |2 sas32mput
To CMOS or TTL 5 s
— oy T |—a—— E4-232 Input

15
GHD



RS232 standard

Mechanical Level: Connectors

DB 9 pin assigment

///“I/CJ_—\— Data carvier detect

B o—— Data zet ready
20— Receive data

Jo—— Feqguest to 2end
30— Tranzmit data

g o——— Clear to zend
4 o—— Drata terminal ready

O o——— Ring indicator

\5-;::-{ Signal oround
Protective grovnd

—:—"'-'-'_

=
G

= - — Diata =et ready
== E g"}j % Receive dats (Rx+)
E 5 &5 — Feceive data ground (Rx=)
= 5 Tran=mit data ground (Tx =)
T : Tran=mit data (Tx+)
E Data terminal ready

- — |

DB 25 pin assignment

— Prolective ground

— Tranzmit data (2

— Tra=ril dala

— Tranzmitler clock (DCE)
— Fereive data

— Feceive dJata 2

— Fecuest to zen

— Fecelver cloc:

— Clear to sendd

[ Data zet ready
— Fecuest o zend ()
— =ignal ground

— Data terminal reau:ci)?-
— Crata carriar data
— ignal quality detector

Co——Tes pin_

2 20— Ring inclicatar

Co—T—Te

Cata zignal rone dodcctor

S'-i-::-—— Tran=mitler clock (DTE)
- 1;{:—— Data carrier datect (2

\\\-_T_ Clear to sencd (27
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Null-Modem

To overcome the implementation of the logical protocol lines, and use
exclusively the transmission pair, Tx y Rx

ﬂ; ;?\
@ [Go— ——oi| g
E T 10 o4 e
= 30 03 =
=" =T oF =
mn 40 o2 =




