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Serial Peripheral Interface
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Embedded Systems -

& Serial Peripheral Interface

Features of SPI:
@ Serial synchronous transmission,
@ Full duplex, master-slave or master-multi-slave transfers,
@ High data transmission speed (>12 Mbit/s),
@  Application:

@ External peripheral devices (ADC, DAC, RTC, EEPROM,
thermometers, etc...),

@ Auxiliary control, e.g. CCD matrix with high speed parallel interface,
SPI used for configuration,

@ Memory cards, e.g. SD/SDHC/MMC.
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Serial Peripheral Interface

MQOSI
Master Output Slave Input
Shift register Shift register
Master Input Slave Output
] SPADR < MISO SPADR «——

Serial clock
(SCK)

*
CS

Master Slave
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PL SPI Protocol

Clock signal configuration: SCK

(CPOL = 0) ‘

Embedded Systems

(CPHA=0)

ARER RN RSN -
JERSRERE

Clock polarisation: oK U—L
Negative CPOL =0 os
(low level, 8 clock signals), Signal

MISO —
Positive CPOL =1 signal |
(high level, 8 clock signals), /ss

Data Sampling b7

(LSBF = 0)

SCK
(CPOL = 0)

Clock phase: con
Zero clock phase (data sampled on first (“"-="

b5 b4 b3 b2 b1 ba

(CPHA=1)

L L L
L L

[
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MOSI
clock slope), Signal
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Delayed clock phase (data sampled on Signal
second clock slope). /ss |

Data Sampling
(LSBF =0)

b7

b5 b4 b3 b2

mn b0
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G

PL Thermometer with SPI

TMP 121:

e SOT 23-6 package,
@ Maximum clock speed 15 MHz
@ SPI-Compatible Interface
@ Resolution: 12-Bit + Sign, 0,0625°C
@ Accuracy: £1.5°C for temp. —-25°C - +85°C
@ Current consumption in sleep mode: 50uA (max.)
@ Power supply: 2,7V to 5,5V 3 mm
TEMPERATURE DIGITAL OUTPUT(1)
(°C) (BINARY) HEX
150 0100 1011 0000 0000 4B00
125 0011 1110 1000 0000 3E8B0
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 25 0000 1100 1000 0000 0C80
T12 T11 T10 T9 T8 T7 T6 T5 00625 0000 0000 D000 1000 ooos
- 0 0000 0000 D000 0000 0000
D7 D6 D5 D4 D3 D2 D1 DO -0.0625 111 1111 1111 1000 FFFa&
-25 1111 0011 1000 0000 F380
T4 13 12 T 10 0 z z -55 1110 0100 1000 0000 E480
Table 1. Temperature Register (1) The last two bits are high impedance and are shown as 00 in the
table.

Table 2. Temperature Data Format
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PL SPI Frame of TMP121 Thermometer
Temperature
— |
Diode
NC Temp. CLOD”tiFS' SO
Sensor g
D15 | p14 | D13 | D12 | D11 | D10 | D9 D8
AS T2 | ™1 | T10 | T9 T8 T7 T6 T5
' Serial —
GND AD == T CS
Converter nlerace D7 D6 D5 D4 D3 D2 D1 DO
T4 T3 T2 T1 TO 0 Z Z
Table 1. Temperature Register
Config.
W+ QsC and Temp. SCK
Register
TMP121
CS
S - p——
sck |} | .

( D15 XD14XD'13><D12><D'11><D1EI><DEI XDBXDTXDE- XDE-XD-*J XD3 X 1 ><Z X Z >
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Embedded Systems

11 SPI Module of ARM AT91SAM9263 processor (1)

Features of SPI:

Support for Master or Slave mode,
Receiver and transmitter buffers,
Data transfers: from 8 to 16 bits,

Four programmable outputs for SPI devices selection (max. 15
devices),

Programmable delay between transfers,
Programmable clock phase and polarity.
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SPI Module of ARM AT91SAM9263 processor (2)

A
A
APB ¥
< > « = SPCK
Af——
 / < > « » MISO
MCK < > < > MOSI
PMC »
SPI Interface « » PO Je > NPCSO/NSS
- + > NPCS1
> < > NPCS2
Interrupt Control
= < > NPCS3

 J

SPI Interrupt
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PL SPI Module of ARM AT91SAM9263 processor (3)

Embedded Systems

SPI Master

g N
SPCK . SPCK
MISO |« » MISO
Slave 0
MOSI . MOSI
NPCS0 NSS Y,
g N
NPCS1 ¢ SPCK
* MISO
NPCS2X NC Slave 1
NPCS3 . >l MOSI
.E\_NSS Y,
g N
| spPck
MISO
Slave 2
»| MOSI
S\ NSS )
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|12C Bus Standard
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LE1Y 12C Bus

* Standard developed by Philips company on early 80s,
* Two wire synchronous interface (SDA — data line, SCL — clock line),
* Bidirectional master-slave (multi-master) transfers, 8-bit frames,
* Transmission speed:
* 100 kbps (standard mode),
* 400 kbps (fast mode),
* 3,4 Mbps (high-speed mode),
* 7-bit or 10-bits device address,
* Synchronisation allows to use devices with different speeds (autonegotiation),
* Number of devices connected to I12C bus limited by bus capacitance (C=400 pF),
* Arbitration used for multi-master transmission.

SDA \

MSB acknowledgement acknowledgement
signal from slave signal from receiver

byte complete,
interrupt within slave

=
|
|
|
|
|
|

/e o e U aun w S GRS G ﬂ
]
| |
| |

clock line held low while
interrupts are serviced

see 1 \_/ /LN . l EX
I 1 2 - T 8 9 1 2 3-8 9 or

o
s P
s | ACK ACK P
START or STOP or
repeated START repeated START
condition condition
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Application of 12C Bus

|>C standard is applied to various digital and analogue devices:

*®

* X X %

PCF8563/8583 — clock, calendar, alarm, timer and NVRAM,
PCF8574 — 8-bit |10 expander,

PCF8576, PCF8577 — LCD controllers,

PCF8582 - EEPROM memory, 256 bajts (1, 2, 4 kB, ... MB),
PCF8591 - 8-bit, 4-channels ADC/DAC converter.
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|12C Bus Signals
+VDD
pull-up
resistors RD RD
SDA (Serial Data Line)
SCL {Senal Clock Line)
v
[ Isclk 1 T Isck
| | |
SCLKN1 DATAN1 SCLKNZ2 DATANZ
| QuUT J ouT JEy | ouT J QuT J |
. SCLK DATA .| SCLK DATA ,
[N N [N [N
DEVICE 1 DEVICE 2 MBCE31
Master device — initialize Slave device — analyse signals on bus,
transmission, generates clock read address and data

signal
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Transmission Start and Stop

Transmission start — START signal (falling SDA : \

slope on SDA, change from “1” to “0”, during

valid clock signal, SCL = "1"). Signal

generated by Master. SCL

ia. |
|
|
|
|
|
|

|
|
[
|
| S

L ——

START condition

Transmission end — STOP (rising edge on | p—-—

SDA bus, change from “0” to “1” during valid l : o

clock signal, SCL = ”1”). Signal generated by E

Master. ' T s
S -

STOP condition
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P,;Iz |2C Protocol

Interrupt bit set | SCL held low while
(Byte complete) | Interrupt is serviced

[ [ [ | | [ [ [ | | [ '
| | | | | | | | | | | |
[ [ [ | | [ [ [ | | [ '
SD;\ /AD?}(AD#S);%DSXAD4]I:ADSX.&D2:(ADIXR.-"W\ l XXX k D7 X Dé l D5 \‘ D4 Y D3 X D2 ]( D1 x DO / \_/7
T 4 > T T - > T T
START Calling Address Data Byte

No STOP

R'W ACK @ .
Signal @ Bit@ A%l;’} Signal

A) Transmission initialised by Master, START condition.

B) Transmission of 8 bits (7 address bits, 1 R/W bit).

C) After 8 bit (clk signals) SDA bus is controlled by Slave (9th clk). Acknowledge is generated to
confirm address receive ACK ="'0" or not (ACK = “17),

E) Data read or write phase — Master or Slave sends 8 data bits.

F) Transmission is finished when ACK signal is generated by data receiver (Master or Slave).
Master generates Stop condition.

% Department of Microelectronics and Computer Science 1 7



PL 12C — Read or Write

. Master write n-bytes of data
master-transmitter

A T T T LA 7 L~ s
S /SLAVE ADDRESS ZV/ RW4 A /DATA’/ A /DATA/’ AR P
PPLNITTIIFIITIIII IS PIIYS. yIPIIVY, P9IV IY, (0 I
7_bit g | o 3 |— data transferred J
-DI 0" (write) (n bytes + acknowledge)

Master reads n-bytes of data

master-receiver (since second byte)

1
[ 7 AL AL iy I e
:f/s SLAVE ADDRESS /R-'w/ A | DATA ’/A/ DATA fA,fP/
e s gd bt p it g d Ao i ] /,-'A !1/"‘://4

|— data transferred J

7-bit (read) (n bytes + acknowledge)

MBCE0E

Embedded Systems -

from master to slave

D from slave to master

A = acknowledge (SDA LOW)

A = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

% Department of Microelectronics and Computer Science
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F’;}z Two-Wire Interface — standard compatible with 12C ?

ARM processors are equipped with TWI interface compatible with developed by
Philips 12C (I12C interface was patented by Philips).

Features of TWI interface:

Compatible with 12C,

Master, Multimaster or Slave modes,

|O voltage equal to 3,3 V,

Maximum transmission speed: 400 kHz,

Transfers triggered with interrupts,

Automatically Slave mode activated when collision detected on 12C bus
(Arbitration-lost interrupt),

% Interrupt triggered when [2C slave address recognised,

% Automatic bus busy recognition,

% Support for 7 and 10-bits addresses.

* % % X X %
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Block diagram of TWI module

AFPBE Bridge
- > - TWCK
PIO

Two-wire : | | WD

Interface
PMC MEK

TWI
Interrupt | AlC
VDD
Rp Rp
TWD

Host with A T T = l . >

TWI
Interface TWCK
b4 ¥ I 4 I l Y L

Atmel TWI 12C LCD [2C Temp.
Serial EEPROM I*C RTC Controller Sensor
Slave 1 Slave 2 Slave 3 Slave 4
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PL Real Time Clock

Features of DS1629: SDA 17 |1 & [T Vo
% Real Time Clock, SCL [IT1|z2 7 1] oscC
#* Build-in thermometer -55 — 125 C, ALRM (11112 € [T X
GND [11]14 EHT X
* Thermometer resolution: 9 bits,
* Thermometer accuracy +/- 2 C, DS1629S 8-Pin SOIC
(150-mil)

% Thermostat mode,
#* 32 bytes of SRAM,
* Power Supply 2,2 -5,5V, _ _
* Interface compatible with 12C (400 kHz). L 8 :

g |
= 108: {2:23Pm
| FRORAY, 01/0V/
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22V -55v
SUPPLY
oSt voo T T T TR
' .
' l
: DIRECT-TO-DIGITAL '
. TEMPERATURE - .
. SENSOR )
*
]
) 1]
' ‘ ‘
N i
+
]
THERMOMETER - '
! =  REGISTER THERMAL ALARM )
+ SDA COMPARATOR '
- v
T0 '
cPU 'scL THERMAL ALARM X
R e = T 71  REGISTERS \
' 2-WIRE :
! 110 CONTROL '
L} & \
' COMMAND  |ugege] CONFIGURATION
X DECODING REGISTER
: 32-8YTES -
‘ % SER SRAM -
¥ L}
' :
: wgess CLOCK ALARM )
X REGISTER L .
1l 1}
' CLOCK ALARM X
' CLOCK COMPARATOR
' - REGISTER - :
]
: i '
L 4 '
. X OSCILLATOR :
32.76B kHz
' DIVIDER
8 ., CRVSTAL » DVDER
T .72 ] OSCILLATOR BUFFER
32,768 kHz
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Real Time Clock — 12C Transmission

SEND A “STANDALONE" COMMAND {START/STOP CONVERT)

START CONTROL BYTE D%EKBQ COMMAND BYTE DS1629 MSBYTE DsS1629 STOP

WRITE TO A TWO-BYTE REGISTER (Th, TL)
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PL Exam Dates

o Exam#1-22.06.2022 8.15-12.15
o Exam #2 —-29.06.2022 8.15-12.15
@ Exam #3 —14.09.2022 8.15-12.15
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& Serial Interfaces - comparison

100 m

10m

1m

10 cm

1cm

1 kbps 10 kbps 100 kbps 1 Mbps 10 Mbps 100 Mbps
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Universal Serial Bus
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Universal Serial Bus

PC Host

I/O Device

USB Cables
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Pﬁ;;flz Features of USB

Embedded Systems

# Asynchronous, serial, differential data transmission,

# Automatic recognition of connected/disconnected devices, automatic configuration,

#* Single, standardized connector,

# Up to 127 devices on single bus,

% Automatic detection and errors correction,

# Transmission speed:

= LOW 1.5 Mb/s, specification USB >1.1,
< FULL 12 Mb/s, specification USB >1.1,
-+ HIGH 480 Mb/s, specification USB 2.0,

“+ Specification USB 3.0 => 5 Gb/s.

Transmission speed Exemplary application Throughput
}‘{?1—‘?1{}& Kops Id{;il;girlf_if Dtgmuse: manipulators, IO Low <1.5 Mbps
g;ﬁg; _10Mbps Audio devices, data transmission Full <12 Mbps
;_1:; S_t 400 Mbps Video device, mass storage device High <480 Mbps

ki

Department of Microelectronics and Computer Science
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Pﬁﬁ;;flz Data layers of USB

Host device USB

Application k”==================================# Device function
r Y Data pipe y Y
Yy Yy
USB driver - ———— Logical device
Control pipe
4 7 )
y y
USB interface | ,l USB interface
Signal wires

USB is designed as a star bus.
USB model is composed of three layers:

+ Physial layer,
+ Logical layer,
* Functional layer.
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Embedded Systems
Data flow in USB
Function
Pipe , EP 30
- v,' EP 20
3 EP 28
Host

EP 27

EP 1
EPO

Virtual channels (Pipes)

PITTIY

Control channel (EPO)
Data channels EP1 — EP30 (End Points)

Department of Microelectronics and Computer Science
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33V ) q
Hub ’ N Function

Physical Layer

Transceiver Transceiver

=

]
Differential transmission, | %

half-duplex. Included power supply
bus 5 V/500 mA

Mini USB USB “A” and “B” type

% Department of Microelectronics and Computer Science 3 1
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421 USB Frame

Embedded Systems -

Full/ Low-Speed Frame Size (1ms)

Tms 1ms

Full-Speed USB Frame ficks Full-5pead Isochronous Data Payload

High-Speed Micro-Frames (125 us)

ISE 2.0 Wicre-Frame Ticks . |
(1/81 Full-Speed Frame) \" High-Speed Isochronous Data Payload

Department of Microelectronics and Computer Science 32



Available Transfer Modes

Embedded Systems

Interrupt Quality + 64 3072 Mouse,
time keyboard
Bulk Quality 64 512 Printer,
scanner
Isochronous time 1023 3072 Audio, video
Control Quality + 64 64 System
time control

Department of Microelectronics and Computer Science
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Pﬁ;;ﬁi Bulk and Interrupt Transfer

OUT token

Interrupt DATA
OuUT
Transfer \

(1)

- ACK/NAK/STA O

U) L -

S| ;
IN tok

I OKEN D

|rll:errupt \
IN

Transfer | DATA___

ACK

_\-»
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U |sochronous Transfer

HOST

Iso OUT
Transfer

Iso IN
Transfer

Embedded Systems

OUT token

—o

DEVICE

Department of Microelectronics and Computer Science
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HOST

U Control Transfer

S etup

Data

Status

Embedded Systems

Satup
Geot devica_da
= -
ALK
— =
DATA
ACK
IN tekan —
—
DATA
ACK
.
OUT tokem
DATA —
ACK

DEVICE

Department of Microelectronics and Computer Science
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Enumeration — configuration of devices connected to USB bus after connection to
disconnection of devices from bus. Enumeration is performed by Master node
(address 0). Master assigned individual address to devices connected to USB and

configures basic parameters:

Configuration

@ Device address in USB area,

@ Transfer mode,

@ Transfer direction (read, write, read-write),
@ Size of data packet,

@ Transmission speed,

@ Allocates buffers for virtual channels,

@ Allocated power for connected devices.
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USB Hubs
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PE%L USB to 12C converter

Philips PDIUSBD11 (USB to 12C)

BLOCK DIAGRAM

12 MHz
UPSTREAN |—1 }—l
4 ay PORT
15K = a - PLL
. INTEGRATED
T St
o BIT CLOCK
1 =
SofiConnect™ ANALOG | oo RECOVERY ]
Ty/Ry
1
[ h — g INTERRUPT
MEMORY e
PHILIPS |, MANAGEMENT |—m{ SLAVE  [m—n SOA
* SIE UNIT INTERFACE SCL
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Universal converter

Duial Part TX
— Bufter .
128 s
oyte —— TAD
RXD
RTSa
CTsa
——= DTRA
——- | DSENH
USBOP —i —- —- — ——1- bl ——— DCDw#
use |—m "";',:;::'“ uSB UART VART  ft—— mum
Transcelver faf— (SIE) Protocol Englne FIFD Controller
USEDM =of—fe o —— — e J— |
g — ——» THDEN
l T —— = TRLED
——= RXLEDS
" Dululuﬁ RX
USB DPLL [
304 Bytes
ETOUT ~af—i e ABMHZ
BMHZ ) KB Clock
Orscillafor Multipller
XTIN ——i —= 12MHz

@ RS 232, parallel, SPI, CAN to USB

% Department of Microelectronics and Computer Science 40



Embedded Systems
&

P:,;flz USB and ColdFire processors

Low\Full speed:

MCF 527X (72-75) 66 — 166 MHz
MCF 5221X (72-75) 80 MHz

MCF 5222X (72-75) 80 MHz

MCF 527X (72-73) 240 MHz

68HCS08JW32 8 MHz

High Speed:

MCF 547X (72-75) 200 —266 MHz
MCF 548X (82-85) 166 — 200 MHz

MCF 537X (77-79) 240 Mhz
MCF 5253 140 MHz

% Department of Microelectronics and Computer Science 4 1



Motorola 68HC908JW32

Features of USB module of HC908:

= |nterface compatible with USB 2.0 full speed,

= 12 Mbps data rate,
= Build-in 3.3 V regulator,
= Endpoint 0 with 8-bytes Tx/Rx buffers
= 64 bytes buffer for endpoints 1-4.

O Vpus

CONFIG1[VREG33D]
o—1

VDD

3.3 V regulator

POCR2 [DPPULLEN]

_O'/
9} Rpu
MC68HC908JW32 [1.5 kO]
TxD+ PTE2/D+
L~

Veus

2xRs[10 Q]
. %
TXD= [~ PTE3/D-
> A

Vss

ITJ77 GND

D+

D

UsB

~ connector

Embedded Systems

Department of Microelectronics and Computer Science
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PE?L Cypress Processor with USB CY7C68013A

Features of CY7C68013:

% Compatible with USB 2.0-USB-IF high speed,
% Based on 8051 core,

#* Integrated 16 kB RAM (SRAM)
- Memory can be loaded from USB,

-+ Memory can be loaded from external EEPROM.

m

N
% Four programmable endpoints (BULK/INTERRUPT/ISOCHRONOUS) =, G
% Additional 64 bytes endpoint (BULK/INTERRUPT), L ml =
¥ Parallel 8- or 16-bits external interface, g

10}08UU0)
asn
a
a

# DMA channel, GPIF (General Programmable Interface)
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D—
Integrated
full- and high-speed
XCVR

Embedded Systems
an
PL Cypress CY7C68013A processor
High-performance micro
24 MHz using standard tools
Ext. XTAL with lower-power options
FX2LP n
B
<
%
10.5 GZVI\ 12c 1 —
8051 Core
Voo %20 no J . Master ¥
PLL | o 2 12/24/48 MHz, ©
: four clocks/cycle é TAdtonal 105 241 Abundant /0
1.5k = including two USARTS
connectgd for m
4/full spe '
= General
| © K\ programmable I/F
- GPIF to ASIC/DSP or bus
Py = I 16 KB o ROV E) Slandards such as
—»| Smart RAM 3 | ecc N . EFF, €lC.
XCVR USB < \m
> 11120
Engine
/ Up to 96 MBytes/s
4 kB a6
\| FIFO burst rate
I I £
Enhanced USE core “Soft Configuration” FIFO and endpoint memory @

Simplifies 8051 code

Easy firmware changes

(master or slave operation)

Department of Microelectronics and Computer Science
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SuperSpeed USB 3.0 Specification
Revolutionizes An Established Standard
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@ Serial high speed, full-duplex interface

@ Data transmission speed: 5 Gb/s (10 more than USB 2.0)

@ Compatible with USB 2.0 (drivers and connector), however significantly
differ from USB 2.0

@ Two channels for full-duplex, power supply

@ Intelligent power supply control, lower power consumption

@ Physical and data layers similar to PCI express 2.0

% Department of Microelectronics and Computer Science 46
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Physical Layer of USB 3.0

UTP Signal Pair

Filler,
optonal

SOF Signal Pair

Braid

Fower

Jacket

SDP Signal Pair

Ground

% Department of Microelectronics and Computer Science 47
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