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Serial Interfaces

(12C, SP1/SSP, 12S, CAN, USB)
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Serial Interfaces: 12C
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12C Introduction
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O 12C bus = Inter-1C bus.

O Bus developed by Philips in the 80’s 2C «—>|_| SDA

O Simple bi-directional 2-wire bus:
N Sperial DAta (SDA) intertace g B
Nn Serial CLock (SCL)

O Multi-master capable bus with arbitration feature.

O Master-Slave communication; Two-device only communication.

O Each IC on the bus is identified by its own address code.

O 12C compliant bus interface, and can be configured as Master,
Slave, or Master/Slave.

O Bi-directional data transfer between masters and slaves.

O Programmable clock to allow adjustment of 12C transfer rates.

Source: DesignCon 2003 TecForum 12C Bus Overview
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12C: Hardware architecture

Multiple master.
Multiple slave.

Bi-directional

Nn Master-transmitter
Nn Master-receiver

Nn Slave-transmitter
Nn Slave-receiver

Data collision is taken care off.

: MaSterz ‘Siave27 :

VDD
SDA i

scL | :

Master1 | | Slavel
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%o | 12C: Modes (Speed)

Standard Mode

Fast Mode Plus :
Fast Mode (FM+) High Speed Mode

0-100 0-400 0 - 1000 0-1700 0 - 3400
7 (10) 7 (10) 7 (10) 7 (10) 7 (10)
Capacitive Bus Load (pF) 400 400 550 400 100
Sink current (mA) 3 o 20 3 3

» Fast mode Plus (FM+) /
— Increased bandwidth

— Increased transmission distance (at reduced bandwidth: >> 550 pF bus load)

Source: DesignCon 2003 TecForum 12C Bus Overview
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B 12C: SDA/SCL Driver Architecture
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» SDA and SCL are open drain/collector
— Required pull-up resistors to pull the line to logic “1”

» Clock stretch is possible when a device is busy

ToV
Requires pull-up resistors
Tkto? kQ
sSCL - * °
] l 1
12c g 1%c
DEVICE : DEVICE
I 1
1%c_DEVICE SCLSDA Open drain structure and

| bidirectional for SDA and/or

‘ SCL
PUT INFIO /—_‘\
ONTO THE BUS % )

RECEIVE INFO —
FROM THE EUB\—/ T 10 pF
, = Max

Source: DesignCon 2003 TecForum 12C Bus Overview
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12C: Key Electrical Parameters

[YYYY

0.4V @ 3 mA Sink Current

Standard Fast S, o
Mode Mode SEDES Speed
Plus Mode
Bit Rate 1 5 100 | 0to 400 |0 to 1000 |0 to 1700| 0 to 3400
(kb/s)
Max Load 400 400 560 400 100
(pF)
Rise time 1000 300 120 160 80
(ns)
Noise
filter (ns) ] >0 0 ™ ©
H
—————— - = = = e e e == === == =ln= s TD?HVDD
______________________ 30%Vpp

Source: DesignCon 2003 TecForum 12C Bus Overview
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% 12C: Calculating Pull-up Resistors 'l’@;
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1) Ryin < Rpy < Ryax

2) Ryin = (Vopomax = Vowmax) / lowmax

e — - e
r  {]
] . . R r ' ]
? lotmax = 3MA | loumax = 6MA* | o yax = 30MA* Masterkt e
3.6V 0.4V 1.1 kQ2 5330 106 Q
55V 0.4V 1.7 kQ 8500 170Q
Glossary
*With a buffer; **Fast-mode Plus b Reyt Pull-up resistor
. . v Ry Minimum pull-up resistor
3) RMA}{ CMAJ( =1.18 tr v Ryax:  Maximum pull-up resistor
» V : Maximum supply rail
MODE Frequency t Cuax Ryax DDM_ ) B
v Vouax: Maximum output voltage low
Standard 100 kHz 1000 ns 400 pF 2.96 kQ2 v o Maximum sink current
Fast Mode 400 kHz 300 ns 400 pF 8850 b CI‘u‘LM(: Maximum load capacitance
Fast Mode Plus | 1000 kHz 120 ns 560 pF 252 0 . Rise time




12C: Address, Basics
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O Each device is addressed individually by software.

O Unique address per device: fully fixed or with a programmable
part through hardware pin(s).

O Programmable pins mean that several same devices can share
the same bus.

O Address allocation coordinated by the 12C-bus committee.

O 112 different types of devices max with the 7-bit format (others
reserved)

pcon- pcon-
troller troller 1

10100 1 1
1010A,A A,

L A J New devices or

= 1 M functions can be
Fixed Hardware B
‘Selectable | an existing bus!

Source: DesignCon 2003 TecForum 12C Bus Overview
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12C: Protocol (1)
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Communication must start with: START condition.
Start bit is always followed by slave address.

Slave address is followed by READ or NOT-WRITE Dbit.
The receiving device (either master or slave) must send an

Acknowledged bit (ACK).
Communication must end with: STOP condition.

DATA[8] ACK .

» Example:
Transmit (0 = Write)

Receive (1 = Read)

Master or Slave

Departamento de Electrénica— UAH
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%o 12C: Protocol (11)
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o Write to a Slave device:

N The master is a “MASTER -TRANSMITTER”:
O it transmits both Clock and Data during the all communication.

< ndata bytes > Master SCI; Slave
S | slave address | W data data P receiver
>
I SO o
“0” = Write Each byte is acknowledged by the slave device
O Read from a Slave device:
N The master is a “MASTER TRANSMITTER then MASTER -RECEIVER”:
O it transmits Clock all the time.
O it sends slave address data and then becomes a receiver.
SCL
< ndata bytes o
e
? 1 SDA
“1” = Read Each byte is acknowledged by the master device (except the last

one, just before the STOP condition)
Source: DesignCon 2003 TecForum 12C Bus Overview  Departamento de Electronica— UAH 11 ‘




12C: Protocol (111)
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« Combined Write and Read

< ndata bytes > < mdata bytes >

S |slave address W data data SRS EVCEM GRS A | data data _A P

“0” = Write Each byte is “1” = Read Each byte is
acknowledged acknowledged
by the slave device by the master device
(except the last one, just
- Combined Read and Write MR U Splae
condition)
< ndata bytes > < mdata bytes >
“1” = Read Each byte is “0” = Write Each byte is
acknowledged acknowledged
by the master device by the slave device

(except the last one, just
before the Re-START

condition)
Source: DesignCon 2003 TecForum 12C Bus Overview
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12C: Protocol (1V)
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O START & STOP conditions.

SDA

SCL

Start condition: a HIGH to LOW transition on the SDA line while SCL is

HIGH.

condition: a LOW to HIGH transition on the SDA line while SCL is

HIGH.

.

T\

[\

i

I

START condition

r

I A

Source: DesignCon 2003 TecForum 12C Bus Overview

P

STOP condition

SDA

SCL

Departamento de Electrénica— UAH
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:Ié 12C: Protocol (V) .II.
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O Data Transfer.
N Each byte has to be followed by an acknowledge bit (ACK).

N Number of data bytes transmitted per transfer is
unrestricted.

N If a slave can’t receive or transmit another complete byte of
data, it can hold the clock line SCL LOW (clock stretching) to
force the master into a wait state.

| — Talapaisial eSS e e e e et S -
1 I .- 'l : —_ P |
[ |
on T\ D A D D S G
e e i e G e e e B e T - - =
| Siad sr
| signal from slave signal from receiver

| byto complete,

| interrupt within slave

| clock ling held low while
interrupts are serviced

: |
r 1 2 - 7 8 g 1 2 J-8 9 or

=
l
I
I

MSH acknowledgement acknowledgement |
I
I
I

8]
Sr e [

I— — J ACH ACK I— - J
START w STOP wr
repeated START repeated START
condition conditian

Source: DesignCon 2003 TecForum 12C Bus Overview

Departamento de Electréonica— UAH 14




AAAAAAAAAA

SDA

SCL

Slave Slave Slave
Address 1 | Address 2 Address 3
scr

| soa] [G[s[a[3[z3[o] [ [BYTE 1
| ', E_J
[ ADDRESS iiﬂ:knqwitdg-
Data Bit (1)

| START bit {0) RW (g = WRITE

.~—"‘l ‘
DATA n

' Acknowledge (1) STOP bit (1)

Data Transfer Start ¢

Data Transfer End




Clectronica

12C: HW Slaves address configurable

A2, A1, AD A2, A1, AD A2, A1, AD A2, A1, AD A2, A1, AD AZ, A1, AD A
i i Y Y Y v R
N M N M N N
y
- e
PIC18F14K22 EEFROM Temp Sensor 12-Bit ADC 10-Bit DAC 8-Bit 'O 8-Bit 110
Master 24LC02B MCPS801 MCP3221 TC1321 Expander Expander
Slave 1 Slave 2 Slave 3 Slave 4 MCP23008 PCABSTA
Slave 5 Slave 6 R R
SDA SCL SDA SCL SDA SCL sSDA SCL SDA SCL sSDA SCL sSDA SCL y d
_,f
1'!Ill f/
SDA B -
I’C Bus [/
SCL - @ & & & & L L ;}’ - *

R =2.2K to 10K Ohm I’C Bus Pull-up Resistor

7-Bit I’C Slave Address: 4-Bit Device ID (ID3, ID2, ID1, and ID0) + 3-Bit Configurable Address (A2, A1, and A0)

|
D3 | ID2 ‘ ID1 | IDO | A2 Al A0 | R'W | R/W — PC Bus Transfer Direction Command: WRITE = 0 and READ =1
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12C Regqisters

Ak,

I2COSTAT I20 status Reglster 0x0004
I2COADRO I2C Slave Address Register O 0x000C
[2COSCLL SCL Duty Cycle Register Low Half Word 0x0014
[2COMMCTRL Monitor Mode Control Register 0x001C
I2COADR2 I2C Slave Address Register 2 0x0024
I2COADR3 R/W I2C Slave Address Register 3 0x0028
I2CODATA_BUFFER RO I2C Data Buffer Register 0x002C
[2COMASKO R/W I2C Slave Address Mask Register 0 0x0030
[2COMASK1 R/W I2C Slave Address Mask Register 1 0x0034
[2COMASK2 R/W I2C Slave Address Mask Register 2 0x0038

[2COMASK3 R/W I2C Slave Address Mask Register 3 0x003C




12C: Format and States in MT mode
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MT .
Master Transmiter

SUCCESSFUL TRANSMISSION \\R \}M\ \\Nr A \\DAN §\P\

TO A SLAVE RECEIVER \\v\\\k \\\\\ \\. K \\

()| (=)

NEXT TRANSFER STARTED WITH A REPEATED START CONDITION \\ \\\\\\\\\‘

=S\ SLA W N
AOODEINOANONNNNNANYN

10H

\ L]
A \P\\ *} R \
i

NN

TO MST/REC MODE
' \ ENTRY = MR
: N\ ‘\\

NOT ACKNOWLEDGE RECEIVED AFTER A DATA BYTE 1
Nex paq.
(son) (Fon) pag

NOT ACKNOWLEDGE RECEIVED AFTER THE SLAVE ADDRESS

- - -

20H F8H

b

~]
N FROM MASTER TO SLAVE

FROM SLAVE TO MASTER




12C: Format and States in MR mode
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wR  Master Receiver

SUCCESSFUL RECEPTION \\R \\;\%\\" A IjiTA .\\AQ DATA E\\\K \PQ
NS \\\\. N N N\

FROM A SLAVE TRANSMITTER
N\ NN\ NN\
08H 40H 50H 58H FEH

Y

NEXT TRANSFER STARTED WITH A B \\s \s\ \\ \:

REPEATED START CONDITION s A, oy
NN\ AANNANN

10H Y

7/
/

NOT ACKNOWLEDGE RECEIVED
AFTER THE SLAVE ADDRESS

N

TO MST/TRX MODE
ENTRY = MT

Ant. pag.

4
%

N FROM MASTER TO SLAVE

FROM SLAVE TO MASTER
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12C: Devices with 12C interface
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Barometric Pressure
Temperature/Altitude

Sensor

FM Digital Tuner Module

4
(@ @ @ @ @ @

Luminosity Sensor

C Enaton

ey
A7 Nunchuk component

N © UCNL 4000
SOR ‘ Proximity
4 [ m SE-n_s-:Jr' Y
A S
e

RGB Sensor

3.3
w 'H_ S04 | MC
:x R |' :!::} Ans 0 :{‘:'FE-U{F- g ﬂu‘f!
£ stton ".._! I| [® Jj_,_' kg JE7 g
1 Foaxc Aeeelencamnale Lt e
| Pt ST i nstaked in
f {1 righit-ange aus with
r . (| q,.r
;f 1/ N, GND %0
, o= Handhed Pin assignment of Nunchuk connector.,
el See from front view,

Acelerometer Sensor




%o Serial Interfaces: SPI, SSP .%5.
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APB slave group 0 AP 1
« ep[_sspi e Ell SSF0___Je>——1>
< [ CAN1&2 I AL . g EN 125 ¢ >
interfface  interface
- > FCO&1 -« H H R [°C2 - >
+—< SPI0 Capture/compare
Ethemet| | USB —*  tmers2&3 [ [~
« » timers 0 & 1 10/100 ;;;E' ,| Repetitive interrupt
: MAC " timer
»| Watchdog timer |j&—— 01G
_ ——»| External interrupts |«
- PWM1 -« .
- —> DAC -
» 12-bit ADC R " ¥
: , —>» System control
Pin connect block
_ Motor control PWM >
GPIO interrupt control <
___________________________________ = Quadrature encoder j¢&—»




What SP1 ?
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O Serial Peripheral Interface (SPI) is a 4-wire full-duplex
synchronous serial data link:
Nn SCLK: Serial Clock
n MOSI: Master Out Slave In -Data from Master to Slave
Nn MISO: Master In Slave Out -Data from Slave to Master
Nn SS: Slave Select

O Originally developed by Motorola.

O Used for connecting peripherals to each other and to
MIiCcroprocessors.

O Shift reqgister that serially transmits data to other SPI devices.

O Actually a “3 + n” wire interface with n = number of devices.

O Only one master active at a time.

O Various Speed transfers (function of the system clock)

Source: DesignCon 2003 TecForum 12C Bus Overview
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SPIl: Master-Slave basic connection

b
Add
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A
aa
11}
adda
[YYYTY Y

SPI Master SDO S| SPI Slave
L i
|_ {n]] S0 J
0 1 1 1 0 0 0 1 [P L 4 1 0 0 0 1 0
MsB A\ LSB MsB A\ LSB
T T SCK SCK T
Clock * a ¢
Hppl = 4
55 Ccs
- i
PIN | Description Direction PIN Desaription Direction
SDO | Serial Data Out, This pin also called Out Sl Serial In In
as MOEL (Master Qut Serial In) in AVRE SO Serial Out Qut
Type Microcontroller SCK. | Serial Clock (SPI Slave) In
SDI Serial Data In, This pin also called as | In CS Chip Select (usually active low) In
MISO (Master In Serial Out) in AVR
Type Microcontroller
SCK Serial Clock (SPI Master) Out
S5 Serial Select (could be any 1/O Port) | Qut
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SPI1: Master-Slave basic connection

Slave 1 Slave 2 Slave 3 --.,‘I f,..—
Master — _ _ i
(o] cS CS MOs! *| mos o
PD5 5Pl Master MISO [ MiSo SM Slave
PDE Microchip Microchip . . 35 "| 35
EMCZ28.J60 25A0128 Microchip \ _/J i‘\.
PD? Ethenet 128K SPI MCP 23817 -
Controller EEPROM SPI ljO
Atmel AVR
ATMega168
Micracontrollar Sl |S0|SCK Sl |50| SCK S| (SO|SCK ~ -
SCLK »| SCLK
Mos * MOs
Mos! ” 5Pl Slave
& SPl Master MiSQ [+ - MIs0
pB4 | MISO ssi -
s " " 582
PB5 | SCK pr . 3 e
_

Typical SPI Master with Multiple SPI Slave Device Connection

1‘ ¥ ¥
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SPI controller (Serial Peripheral Interface) T 2

N

N
N
N

>

SPI (O) and SSP (0O, &1)

llllllll
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Synchronous, Serial, Full Duplex Communication.
SPI master or slave.

8 to 16 bits per transfer. p: :
Programmable clock Polarity and Phase .
for data transmit/receive operations. 1

Maximum speed (master/slave) 12.5 Mbps.

O SSP controller (Synchronous Serial Communication)

N

>

8-frame FIFOs for both Transmit and Receive and multi-protocol
capabilities.

4 to 16-bits data transfers.

DMA support.

Maximum speed.

O 50 Mbps (Master Mode)

O 8 Mbps (Slave Mode)
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SPI: pins

A A
b aa
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Table 358. SPI pin description

Pin Type

Name

SCK Input/
Output

SSEL Input

MISO Input/
OQutput

MOSI  Input/
Output

Pin Description

Serial Clock. The SPI clock signal (SCK) is used to synchronize the transfer of
data across the SPI interface. The SPI is always driven by the master and
received by the slave. The clock is programmable to be active high or active
low. The SPI is only active during a data transfer. Any other time, it is either in its
inactive state, or tri-stated.

Slave Select. The SPI slave select signal (SSEL) is an active low signal that
indicates which slave is currently selected to participate in a data transfer. Each
slave has its own unique slave select signal input. The SSEL must be low before
data transactions begin and normally stays low for the duration of the
transaction. If the SSEL signal goes high any time during a data transfer, the
transfer is considered to be aborted. In this event, the slave returns to idle, and
any data that was received is thrown away. There are no other indications of this
exception. This signal is not directly driven by the master. It could be driven by a
simple general purpose I/O under software control.

Master In Slave Out. The SPI Master In Slave Out signal (MISO) is a
unidirectional signal used to transfer serial data from an SPI slave to an SPI
master. When a device is a slave, serial data is output on this pin. When a
device is a master, serial data is input on this pin. When a slave device is not
selected, the slave drives the signal high-impedance.

Master Qut Slave In. The SPI Master Out Slave In signal (MOSI) is a
unidirectional signal used to transfer serial data from an SP| master to an SPI
slave. When a device is a master, serial data is output on this pin. When a
device is a slave, serial data is input on this pin.




SPI: Modes
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O Four communication modes are available.

O Basically define the SCLK edge on which the MOSI line toggles,
the SCLK edge on which the master samples the MISO line and
the SCLK signal steady level (that is the clock level, high or low,
when the clock is not active).

O Each mode is formally defined with a pair of parameters called
‘clock polarity’ (CPOL) and ‘clock phase’ (CPHA).

Toggling edge Toggling edge
Lol = = Mode 2 Ll
cPOL=0 cPOL=1
CPHA=0 CPHA=0
Sampling edge Sampling edge

S5LCK idle level low

Mode 1
CPOL=0
CPHA=1

CPOL=1

‘_'I Mode 3
CPHA=1

Teggling edge ‘ Toggling edge '

Sampling edge

Sampling edge
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O The Clock Polarity (CPOL) determines the idle state of the clock: If
CPOL=0, the clock is low when it's idle and high when it's active. If CPOL=1 the
clock is high when it's idle and low when it's active.

O The Clock Phase (CPHA) determines CPOL=0 __ ML

_ : SCK  Gpol=1—"vmnnnnr—
edge at which the data is sampled: s - =
n for CPHA=O0 the data is sampled

at the first edge.

Cycle # DXz rays el 7ler—

CPHA=0 MSOzOz¥zya¥sYelsreyz_
n for CPHA=1 the data is sampled MOSI ST Xz aYaVeY e T ays

on second edge' Cycle # | S 8 R S S-S S S EE N

CPHA=1 MSO D IIZiZy i s)lelirels
MOSI I Iz s ia s lel7 iz

O The four combinations of the CPOL and CPHA are called SPI modes, you
need to select a mode when configuring SPI, depending on your
hardware.

n Note that if CPOL = 0 and CPHA = 0 the clock transitions form low to high when active
and the data is sampled on the raising edge of the clock this is the same as when CPOL
=1 and CPHA = 1 because data will still be sampled on the raising edge of the clock
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SPI Register map

Table 360. SPIregister map

Name Description

SOSPCR  SPI Control Register. This register controls the
operation of the SPI.

SO0SPSR  SPI Status Register. This register shows the
status of the SPI.

SOSPDR  SPI Data Register. This bi-directional register
provides the transmit and receive data for the
SPI. Transmit data is provided to the SPIO by
writing to this register. Data received by the SPI0
can be read from this register.

SOSPCCR SPI Clock Counter Register. This register
controls the frequency of a master's SCKO.

SOSPINT  SPI Interrupt Flag. This register contains the
interrupt flag for the SPI interface.

Access

R/W

RO

R/W

R/W

R/W

Reset
Valuelll
0x00
0x00

0x00

0x00

0x00

Address

0x4002 0000

0x4002 0004

0x4002 0008

0x4002 000C

0x4002 001C
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BE SPI: Status Register (SOSPSR)
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Table 362: SPI Status Register (S0SPSR - address 0x4002 0004) bit description

Bit Symbol Description

2:0 - Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined.

3 ABRT Slave abort. When 1, this bit indicates that a slave abort has occurred.
This bit is cleared by reading this register.

4 MODF Mode fault. when 1, this bit indicates that a Mode fault error has

occurred. This bit is cleared by reading this register, then writing the
SPI0 control register.

5 ROVR Read overrun. When 1, this bit indicates that a read overrun has
occurred. This bit is cleared by reading this register.
6 WCOL Write collision. When 1, this bit indicates that a write collision has

occurred. This bit is cleared by reading this register, then accessing the
SPI Data Register.

7 SPI transfer complete flag. When 1, this bit indicates when a SPI data
transfer is complete. When a master, this bit is set at the end of the last

cycle of the transfer. When a slave, this bit is set on the last data
sampling edge of the SCK. This bit is cleared by first reading this
register, then accessing the SPI| Data Register.

Note: this is not the SPI interrupt flag. This flag is found in the SPINT
register.

31:8 - Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined.

Reset
Value

NA

NA




SPI1: Software functions
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SPI (Serial Peripheral Interface)

unsi gned char spi_transfer(unsigned char data) Corttrol Register
[~ SPIE {Interupt Enable)
{ SPCR: [BEREN [~ LSBF (LSB Fist)
/| SLAVE_ENABLE; /] SS=0  BtEnaple | MSTR (Msster)
LPC SPI - >SPDR = dat a; /'l send a byte Bs [ 5] Fgﬁﬁ:gﬁ;‘:ﬁ}
while ((LPC_SPI->SPSR & (1<<7)) == 0) ;// WAIT until data reg. is enpty '
return LPC_SPI - >SPDR; /1l return the result Bt e —p—— E—
/ 1 SLAVE_DI SABLE; /1 SS=1 [~ WCOL (Write Colsion)
} SESH: W I ROVR (Read Owemun)
[~ MODF {Mode Fautt)
[~ ABRT (Slave Abort)
Clock Courter
#define SLAVE CS BIT 16 // EXAVPLE SPCCR: B0 Master Clock: [3306
#define SLAVE_CS_MASK (1<<SLAVE_CS BI T) Data Register Siave Seloct
#defi ne SLAVE_ENABLE (LPC_GPI Q0- >FI OCLR = SLAVE_CS_NASK) <poR: [5:0000 -
#define SLAVE_ DI SABLE (LPC_GPI Q0- >FI OSET = SLAVE_CS_NASK)
Intermupt Register
voi d spi _config(void) SF‘INT:W [~ 5Pl Intemupt
{
LPC_SC- >PCONP | = (1<<8); [l apply power to the SPI interface
LPC_SC- >PCLKSELO | = (1<<16); /'l use CCLK as SPI clock
LPC_SPI - >SPCCR = 24, /1 now divide SPI clock (nust be >= 8, nust be even!)
LPC_PI NCON- >PI NSELO | = (3<<30); /1l set PO.15 as SCK
LPC_PI NCON- >PI NSEL1 | = (3<<2); /1l set PO.17 as M SO
LPC_PI NCON- >PI NSEL1 | = (3<<4); /'l set PO.18 as MOSI
LPC_PI NCON- >PI NMODEL | = (2<<2); [l set MSOwth no pull-up or pull-down
LPC SPI - >SPCR = (1<<5); /1 set SPI to master node
LPC GPI QO->FIODIR | = SLAVE_CS MASK; // use SSEL as GPI O slave select line;it an output
SLAVE_DI SABLE; /1 pull the chip-select line high




SPI1: Devices
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%  MCP23S17 : 16-bit SPI 1/0 Expander

[Y1Y)
AddAa

adda
LYYYY)

O Transfer format

‘“~ 23[J<— GPA7 [PinName | Description

GPB0 =—=[]* 1
GPB1 =—=[12 27 [J =—= GPABG GPAD..7 B-bit General YO Fort A
GPB2 =—=[13 26 [J =— GPAS GPBD..7 8-bit General O Port B
GPB3 =—=[4 257 == GPA4 INTA Port A Interrupt Signal
GPB4 =—=[15 ~ 240-=—= GPA3 INTE Port B Interrupt Signal
GPBS =—=[6 E 23 [0 =-— GPA2 RESET Reset Signal
GPBE =—=[7 P 22 [ =— GPA1 Al A1 A2 Configurable Address
GPB7 =[] 8 E‘_' 217 =— GPAD CS Chip gelect (active Low)
Voo —-[]9 G 200— INTA CSK Synchronous Clock
Vss—=[10 = 190—= INTB |S Slave In
CS_"'E“ 18:_" RESET I S0 Slave Out
SCK —=[]12 17 =-— AZ P =T
S50 =—[]14 15 -— AD

Microchip MCP23S17 SPI 16-bit /O Expander
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O Transfer format

MCP23S17 : 16-bit SPI1 1/0 Expander

[Y1Y)
AddAa

adda
LYYYY)

85— —
S5SPBUF ] 1 i) i) A2 7 Al Al RW | RAT | RAG | RAS|RA4 | RA3 | RAZ | RA1|RAD | DT DG D5 | D4 D3 D2 o1 oo

| | I | |
: Device ID : Device Address : : : :
:: MCP2331poc0de i g : N MCP23517 Control Register Address " : N Actual Data " :

1 = Read, ﬂl- erlsle Operation

MCP23517 Control Registers Address for IDCONA.BANK=0
Register [ Description Address Register [ Description Address
IODIRA IO Direction Register A Ox00 IOCONB VO Expander Configuration | 0x0B

’__EDIREG IO Direction Register B 00 GPPUA GPIO Full-up Resistor A 0x0C
IPOLA Input Polarity Port Register A 0x02 GPPUB GPIO Pull-up Resistor B 0x0D
IPOLB Input Polanity Port Re_gister B Ox03 INTFA Interrupt Elag Eegister!j ﬂxﬂ§
GPINTENA | Interrupt on Change Pins A Ox04 INTFB Interrupt Flag Register B Dx0F
GPINTENB | Interrupt on Change Pins B 0x05 INTCAPA Interrupt Capture Value A 0x10
DEFVALA | DefaultValue Register A Ux06 INTCAPB | Interrupt Capture ValueB | Ox11
DEFVALB | Default Value Register B 0x07 GPIOA General Pumpose f0 A 0x12
INICONgu Interrupt On Change Cont. A 0x08 GF‘IQEI General Pumgse Mo 0x13
INTCOMB | Interrupt On Change Cont. B 009 OLATA Output Latch Register A 0x14
IOCONA | WO Expander Configuration Ox0A QOLATB Output Latch Register B 0x15




SSP Registers
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e n e Add
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T Fa . LYYy

cala

adda
lllll

SSPOCR1 Control Register 1 0x0004
SSPOSR Status Register 0x000C

SSPOIMSC Interrupt Mask Set and Clear Register 0x0014

SSPOMIS Mask Interrupt Status Register 0x001C
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%

SSP: Software functions

wold 8P Init{wvoid)

{

LEC 3C-R>PCONP |= 1 <<Z1; Jfenable POWER to 33P0 (redundant following reset)
LEC SC-»POLESELL |= 1<<10; //pelk = celk

LPC_83P0->CPSR |= 8; Jiinternal diwvider

LPC PINCON->PINSELD |= 0 1aQoon; S4Pin PO.15 allocated to function 3 3CLE
LEC PINCON->PINSELL |= <0; J/Pin PO.1é allocated to function 3 NS5/ 38EL
LPC PINCON-Z>PINRIELl |= Ox0Z<<Z;: //Pin P0.17 allocated to function 3 MIZO

LEC PINCON->PINSELl |= Ox0Z<<4; //Pin P0O.18 allocated to function 3 MOJI
LEC 88P0->CRO |= S<<o6; fielock phase

LPC_83P0->CRO |= 7<<0; /748 bhits

LEC_#8P0->CR1 |= 1<<1; //enable S3P

LPC_ GPICO->FIODIR |= (1<<23); /imake output

H

char spi_transfer(char data) {

LEC_ GPIOD->FIOCLR = 1<<Z3; /fselect slave

LPC_83P0->DR = data;

while (! (LPC S23P0->3R & (1<<Z)));

LEC GPIOCO-FFIOSET = 1<<23; firelease slave
return (LFC 23P0->LER) ;

H
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SSP: GLCD library example

unsigned char LPCl7xx SPI SendRecvByte (unsigned char byte_s)

{
/* wait for current SSP activity complete */
while (SSFE GetStatus{LPC_SSPD, SSP_STAT_BUSY} == SET) ;
SSP SendData (LPC SSPO, (unsigned short) byte s5);
while (SSF GetStatuS{LPC_SSPD, SSP_STRT_RXFIFO_NDTEMPTY} == RESET) ;
return (SSPE ReceiveData{LPC_SSPD]]; |)
}

void LCD WriteData( unsigned short data)

{
SPI_CS_LOW;
LPC17xx SPI SendRecvByte (SPI START | SPI WR | SPI DATA); /* Write : RS = 1, BW = 0 */
LPCl7xx_ SPI SendRecvByte ((data >> 3)); /* Write D8..D15 *
LPC17xx SPI_ SendRecvByte((data & O0xFF)); /* Write DO..D7 ot

SPI_CS HIGH;
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% SPI1: GLCD library example

unsigned short LCD ReadData (void)
{

unsigned short walue;

SPI_CS_LOW;

LPCl?Xx_SPI SendRechyte(SPI_START | SPI RD | SPI_DATA);
LPCl7xx SPI SendRecvByte(D) ;

value = LPC17xx 5PI SendRecvByte (D) ;

value <<= &;

value |= LPCl7xx SPI SendRecvByte (0);

SPI_CS HIGH;

return value;

fx
!
."*

F

! %

Read: RS = 1,
Dummy read 1
Read DB..D15

Bead DO..D7

EW

1




* 12S

AAAAAAAAAA

O Supports 3-wire data transmit and receive or 4-wire combined

transmit and receive connections.

O Audio Master Clock input/output (used on many I12S codecs)
O The I2S input and output can each operate independently in both

master and slave mode.

O Both mono and stereo data streams are supported over wide range of
sampling frequencies which can range from 16 - 96 kHz.

O GPDMA support — allows streaming audio data over 12S interface.

Audio Codec
LPC1700 CK +— CK E Heio
SD [e—SD £
NXP T
WS > WS E’
MCLK<¢—> MCLK

Analog Interface

Departamento de Electrénica— UAH
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Serial Interfaces: CAN

AAAAAAAAAA

APB slave group 0 APB slave group 1
- = SSP1 « > SSPO < >
PHY Use |
N CAN1&2 > interface  interface ™ — M o
< > + — H H — [<C2 < >
< >| SPI0 |< Capture/compare
Capture/ Ethemnet usB | T oy il b |
apture/compare e —
« » timers 0 & 1 : 10/100 ;;:;E' ,| Repetitive interrupt
; _ MAC TG timer
< »| Watchdog timer |j&—— 01G
_ ——» External interrupts |«
> PWM1 «——
L —> DAC >
» 12-bit ADC L ¥
_ —>» System control
Pin connect block
_ Motor control PWM >
GPIO interrupt control <
___________________________________ Quadrature encoder j[¢—»




CAN: Controller Area Network

AAAAAAAAAA

O Proposed by Bosch with automotive applications in mind (and
promoted by CIA -of Germany -for industrial applications)

Relatively complex coding of the messages.
Relatively accurate and (usually) fixed timing.
All modules participate in every communication.
Content-oriented (message) addressing scheme.

O 00O

CAN CAN CAN CAMN
Station 1 Station 2 Station 3 Station 4
{Consumer) {Producer) {Consumer) (Consumer)

Local
Intelligence

Local
Intelligence

Local Local
Intelligence Intelligence

Frame || Filter

Filter

Source: DesignCon 2003 TecForum 12C Bus Overview
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ECE CAN: Protocol

Alc

Start Of Frame

Identifier
Remote Transmission Request

Identifier Extension
Data Length Code

Data
Cyclic Redundancy Check

Acknowledge
End Of Frame
IItermission Frame

Space

idka

v
Al
C |
K |

43

Source: DesignCon 2003 TecForum 12C Bus Overview
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CAN: Advantages

llllllll
llllllllll

Clectronica %
; ' V : @ :
L1} (1)

O Accepted standard for Automotive and industrial applications
N Interfacing between various vendors easier to implement.

O Freedom to select suitable hardware
N differential or 1 wire bus.

O Secure communications, high Level of error detection

15 bit CRC messages (Cyclic Redundancy Check)

Reporting / logging

Faulty devices can disconnect themselves

Low latency time

Configuration flexibility

O High degree of EMC immunity (when using Si-On-Insulator technology)

50 3 3 3 3

Source: DesignCon 2003 TecForum 12C Bus Overview
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Zes What is USB ? ? @%.:.,

llllllll
AAAAAAAAAA

Originally a standard for connecting PCs to peripherals

Defined by Intel, Microsoft, ...

Intended to replace the large number of legacy ports in the PC.
Single master (= Host) system with up to 127 peripherals.
Simple plug and play; no need to open the PC.

Standardized plugs, ports, cables.

Has over 99% penetration on all new PCs.

Adapting to new requirements for flexibility of Host function.

N New Hardware/Software allows dynamic exchanging of Host/Slave
roles

Nn PC is no longer the only system Host. Can be a camera or a
printer.

O 000O0O0O0O0

Source: DesignCon 2003 TecForum 12C Bus Overview
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USB: Topology

AAAAAAAAAA

O Host
Nn One PC host per system.
N Provides power to peripherals

O Hub
N Provides ports for connecting more peripheral devices.
N Provides power, terminations
N External supply or Bus Powered

O Device, Interfaces and Endpoints
N Device is a collection of data interface(s)
N Interface is a collection of endpoints (data channels).

N Endpoint associated with FIFO(s) for data I/0 interfacing.

Source: DesignCon 2003 TecForum 12C Bus Overview
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USB: Advantages

add
AAAAAAAAAA

Hot pluggable, no need to open cabinets.
Automatic configuration.
Up to 127 devices can be connected together.

Push for USB to become THE standard on PCs.
N standard for iMac, supported by Windows, now on > 99%.o0f PCs

Interfaces (bridges) to other communication channels exist.
Nn USB to serial port (serial port vanishing from laptops).
Nn USB to IrDA or to Ethernet.

O Extreme volumes force down IC and hardware prices.
O Protocol is evolving fast.

O 00O

o

Source: DesignCon 2003 TecForum 12C Bus Overview
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USB: Versions of specification

AAAAAAAAAA

o USB 1.1
N Established, large PC peripheral markets.
Nn Well controlled hardware, special 4-pin plugs/sockets.
n 12MBits/sec (normal) or 1.5Mbits/sec (low speed) data rate.

O USB 2.0
N Challenging IEEE1394/Firewirefor video possibilities.
Nn 480 MHz clock for Hi-Speed means it’s real “UHF” transmission.
Nn Hi-Speed option needs more complex chip hardware and software.
N Hi-Speed component prices about x 2 compared to full speed.

O USB “OTG” (On The Go) Supplement
N New hardware -smaller 5-pin plugs/sockets.
Nn Lower power (reduced or no bus-powering).

Source: DesignCon 2003 TecForum 12C Bus Overview
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Pros and Cons of the different buses

UART

CAN

USB

SPI

12C

functionality

* Point to Point

» Automotive
oriented

* Limited
portfolio

* Expensive
firmware

required

* No Plug&Play
SW - Specific
drivers required

HW

* No “fixed”
standard

» Well Known » Secure * Fast » Fast * Simple

 Cost effective |  Fast * Plug&Play HW * Universally « Well known

» Simple « Simple SEESpie « Universally

* Low cost - Law cost HeEEpied
« Large Portfolio | * Plug&Play

 Large portfolio
* Cost effective

* Limited « Complex * Powerful master| + No Plug&Play | *Limited speed

Source: DesignCon 2003 TecForum 12C Bus Overview
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