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* Microncontrollers’ interfaces
o SCI

« SPI

¢ |2C

 OneWire

¢ |2S
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Microcontrollers’ interfaces
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Types of interfaces

a. equipment or programs designed to
communicate information from one
system of computing devices or programs
to another.

b. any arrangement for such
communication.
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Types of interfaces

« Types:

— Software
— Hardware

— Serial

— Parallel:
» 4-bit
« 8-bit
* 16-bit
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Serial vs parallel

* Features of serial interfaces:
— Simplicity:
* Medium (RS232)
e Large (OneWire)
— Perfomance
* From very small (OneWire) to very large (Ethernet)

— Implementation difficulties:
* From small (RS232) to large (Bluetooth)



j—

%
‘%g Politechnika Wroctawska

Serial vs parallel

* Features or paraliel Interfaces.

— Simplicity:

* Medium
— Perfomance

« Large or very large (64-bit)

» Limited by propagation delay, noises
— Implementation difficulties:

« Small at low speed

» Very large at high speeds
* Problems with large range implmentations
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UART interface
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UART interface

* Frealures.
— One of the most popular serial interfaces
— Serial, two-wire interface
— Used for internal and external communication

— Original versions (e.g. RS-232C) require many control
lines (DB9, DB25)

— Two state logic used, but not TTL!

— Asynchronous data transfer. No clock transmitted!
— Full duplex transmission

— Point — to — point transmission

— Throughput up to hundreds of kb/s
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DCE - = DTE
DCE - = DTE
DCE < - DTE
DCE < - DTE
DCE - DTE
DCE - = DTE
DCE < - DTE
DCE - = DTE
DCE - = DTE

Oznaczenie |Mazwa angielska

(I Data Carrier Detected
RxD Receive Data

TxD Transmit Data

OTR Data Terminal Ready
SMD =Signal Ground

OsR Data Set Ready

HT= Fequest to Zend Data
CTS Clear to Zend Data
RING Ring indicatar

MC

Mazwa polska

sygnat wykrycia nosnej
odbidr danych
transmisja danych
gotowass terminala 1)
masa

gotowose "modernu” 1)
Zadanie wysylania
gotowosE weysylania
wslkainik dzwonka

hie wykorzystane 2)
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USART in STM32F4

- Full duplex, asynchronous or synchronous
communications

- Fractional baud rate generator systems - Common
programmable transmit and receive baud rate

- Programmable data word length (8 or 9 bits)
- Configurable stop bits - support for 1 or 2 stop bits

- Transmitter clock output for synchronous
transmission

- Single-wire half-duplex communication

- Configurable multibuffer communication using DMA
(direct memory access)

» Buffering of received/transmitted bytes in reserved SRAM
using centralized DMA
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USART in STM32F4

9-bit word length (M bit Is set), 1 stop bit

F‘ggﬁriiﬂlﬂ Next data frame
Data frame bit Next
— | Start ) - . - ) . - ) - St Start
bit | BitD | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7 | Bita bifp bit
Clock |_| I_l I_l |_| | | | | | o

Stan
|dle frame bit

Break frame Stop | Start

bit Lt

** LBCL bit controls last data clock pulse
8-bit word length (M bit Is reset), 1 stop bit

Possible Mext data frame
Data frame ngtty
I Manxt
Start
| Bt [ mito | mits [ itz [ sita [ mite [ mits | mite [ itz [ StoP | sfan
Glock TLT LI LI LT L L e
Start[—
| Idle frame bit
Break frame Stop Shtﬁ“ [
bit

** LBCL bit controls last data clock pulsa
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USART in STM32F4

necessary:
- RX: Receive Data Input
- TX: Transmit Data Output

« Additional pin necessary for synchrounous
mode:

- SCLK: Transmitter clock output. This pin outputs the
transmitter data clock for synchronous transmission

e Pins required in Hardware flow control mode:

- nCTS: Clear To Send blocks the data transmission at
the end of the current transfer when high

- nRTS: Request to send indicates that the USART is
ready to receive a data (when low).
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USART in STM32F4

* Important registers:
— USART_SR - status register

Address offset: 0x00
Reset value: 0x00C0 0000

| 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Resarved
15 14 13 12 11 10 a 2 7 & 5 4 3 2 1 0
S CTs LBD TXE TC RXNE | IDLE | ORE MF FE PE

re_wl | rc_wl r rc_wl | rc_wd T

— USART_DR - data register (8-bit value)
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USART in STM32F4

Address offset: 0x08

Reset value: 0x0000 0000

rate regisier

18

17

3 a0 23 28 a7 26 25 24 23 22 21 20 19
| Resarvad |
15 14 13 12 1 10 g a 7 ] 5 4 3 2 1 0
DIV_Mantisza[11:0] DIV_Fraction[3:0]
Oversampling by 16 (OVER8=0D)
Baud rate7 fecLk = 8 MHz fpoLk = 12 MHz
Value % Error = Value
programmed | (Calculated - programmed | |
I S in the baud | Desired)B.rate/| ™3 |'in the baud | ** EM™F
rate register | Desired B.rate rate register
5 38.4 KBps | 38.462 KBps 13 0.16 38.339 KBps 19.5625 016
6 57.6 KBps | 57.554 KBps 8.6875 0.08 57.692 KBps 13 0.16
7 115.2 KBps | 115.942 KBps 4.3125 0.64 115.385 KBps 6.5 0.16
8 230.4 KBps | 228.571 KBps 2.1875 0.79 230.769 KBps 3.25 0.16
9 460.8 KBps | 470.588 KBps 1.0625 2.12 461.538 KBps 1.625 0.16
10 [ 921.6 KBps MNA NA MNA MNA MA MA
11 2 MBps MNA NA MNA MNA MA MA
12 3 MBps MNA NA MNA MNA MA MA




A
‘gg Politechnika Wroctawska

USART in STM32F4
* Important registers:

_USART C
_USART C
_USART C

R1 — contro
R2 — contro

R3 — contro

register
register
register
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USART in STM32F4

« TC/TXE behaviour when transmitting

Idle preamble i Frame 1 Frame 2 Frame 3
. i
TX line ] HEIRERREE | HERRN
— sait by hardwars gat by hardware
TXE flag + h claarad by softwars cheared by sofiware sat by hardwane
USART [ﬂ F1 1 = Fa
'l 4
f / bEEﬂ
TC flag / | ; J by hardwan
II / / ) T M
]
scllware | software wails until T XE=1 TC s nolaet TC is nolaed TC iz sef because| |
enohisethe| | and wriles F2 into DR because TXE=Q because TXE=0 TXE=1 /
USART ;‘l

soflwarewals unil TXE=1
and wriles F1 nio DR

soflwans wails unil TXE=1
and wrles F3 nlo DR

ol tearne wals unid TC =1
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USART in STM32F4

 Parity control:

- Parity control - generation of parity bit in
transmission and parity checking in reception

- Can be enabled by setting the PCE bit in the
USART_CR1 register

- Parity can be Even or Odd
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USART in STM32F4

* Synchronous mode:

- Full duplex, clock controlled mode used for
fast data transfer to slave devices

RX | 4—Data ocut
T —®|Data in

USART Synchronous device
(e.g. slave SPI

SCLK # Clock
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USART in STM32F4

* Synchronous mode:

Idle or preceding ) Idla or next
transmission Start M=0 (8 data bits) Stop  transmission

D mmﬂhﬁ_:f’
1 1 1 1 1 1 1 1 1 1 1 1

Clock (CPOL=0, CPHA=1) ! _i_[l_i_l_é—[l_h_i__;[_:_:i
Clock (CPOL=1, CPHA=D) |, | | [ M ,_|.7
Clock (CPOL=1, CPHA=1) :| | E | _E_|_I_|_E_|_[_| |'] : :

DatannTK7_E /’ }{i)‘(?}{ fo}{ m

{from mastar

Start LSEl | : MEE  Stop
Data on RX \,{a};’i}{?}iib{ﬂf \,{'#K?}f
{from slave) LE:El ! . . ; ME B

1 | 1 1 1
Capture Strobe | || | | | |
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USART in STM32F4

* Half-duplex operation:
- the TX and RX lines are internally connected
- the RX pin is no longer used

- the TX pin is always released when no data is
transmitted. Thus, it acts as a standard /0
in idle or in reception.
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USART in STM32F4
« Continuous operation with DMA:

- Transmission

Feame 3

1
Iy hasdwar

leie e b i Frame 1 Frame 2
: H
ne "Ll HEEN
TX
— sa1 by hardwane 51 by handwans
TXE flag 1 cheaned by DA read cheaned by DA read =&l by hamwane
—
D'MA requesdt gnored by the DIMA
becalse DMA iransief i complels
UEAFI!T_DH] Fi Fz l F3
TCfag
1
DMA writes III |
usarT DR | & h ]
II I| ; chear [
flag DMA TCIF i gal by hafdware by sofhwans
[ Transter comphate) '.\ / 4
sofwam confgures | | DMA weiles F1 | | DMA wiiles F2 || DMA weiles F3 | | The DMA ranslar
e DMA 1o send 3 into nio o = complate software waits untl TC=1
dataand enables th USART_DR LSART_DR USART_DR. {TCIF=1 in
USART DMA_ISR)

il T AN
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USART in STM32F4

« Continuous operation with DMA:
- Reception

Frams 1 | Frame 2 | Frame 3
TX line

sel by hardware
FEXHEﬂEIQ cieared by DMA read ﬂ-
DMA request

USART DR F1 F2 F3

DA reads USART_DR

T

DMA TCIF flag | |
[ Transfer com p‘r&t}eif

Chearesd
=t by hard'.'.ere;/"l At-_‘g.- softerane

J / ]

J
software configures the DObAA reads Fi1 DA resds F2 DOk A resds F3 | | The DMA tranafer
Ok A to receve 3 data from from from 5 complate
DiOCKS B NG bies USART DR USART DR USART DR (TCIF=1in
e LUSART OkA_ISR)

al171930
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USART in STM32F4

« Hardware flow control:

- |t is possible to control the serial data flow
between 2 devices by using the nCTS input

and the nRTS output
USART 1 USART 2
TX RX
-
TX circuit ncTs nBTS RX circuit
-t
RX TX
o)
RX circuit TX circuit
NRTS "GTE_
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USART in STM32F4

* Hardware flow control:
- Request To Send - RTS flow control

Ia [Sio Sta SIop

nRTS I |_
AXNE § Data 1 read RXNE L
Data 2 can now be transmittad

- nRTS is asserted (tied low) as long as the
USART receiver is ready to receive a new
data
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USART in STM32F4

« Hardware flow control:
- Clear To Send - CTS flow control

CTE_; CTE_.F

. / A

nCTS | |

|
I |
Transmit data registar | | |
TDR Data 2 ampty Data3 | ampty
Slopstar { [STop Star
Tx  Data Bnﬁ%ﬁ / Data 2 TOP| dle [3a Data 3
| I/ |
Writing data 3 in TDR Transmission of Data 3

is delayed until nCTS =0

- the transmitter checks the nCTS input before
transmitting the next frame
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USART in STM32F4

* Multiprocessor communication:

- There is a possibility of performing
multiprocessor communication with the
USART (several USARTs connected in a

network)

- One of the USARTs is a master - its TX output
is connected to the RX input of the other
USARTSs

- The outputs of slaves are ANDed and
connected to the RX of the master

- Each processor has each own address (soft
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USART in STM32F4
« USART Interrupts

Interrupt event Eventflag |"@ b'i’ft':' Ll
Transmit Data Register Empty TXE TXEIE
CTS flag CTS CTSIE
Transmission Complete TC TCIE
Received Data Ready to be Read RXNE

RXNEIE

Overrun Error Detected ORE
Idie Line Detected IDLE IDLEIE
Parity Error PE PEIE
Break Flag LBD LBDIE
::d';:uri“s; uFrll'.::lcgé.lt:itﬂ}:errun error and Framing Error in multibuffer NE or ORE or FE | EIE
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SPI Interface
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SPI interface

* Frealures.
— One of the most popular serial interfaces
— Serial, four-wire interface
— Used for internal communication
— Master-slave architecture
— Two state TTL logic used!

— Fully synchronous data transfer. Clock controlled by
the master!

— Full duplex transmission
— Point — to — point transmission
— Throughput up to tens of Mb/s



—

%
‘gg Politechnika Wroctawska

SPI - connection

SCLK = SCLKE
SPI MO SI = MOSI SP
Master MISO |4 MISD Slave
S8 » S5

MISO - master input slave output
MOSI - master output slave input

SCLK - serial clock
SS - slave select
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SPI - przebieg komunikacji

Master

Mermaory

SCLH.

MOS|

Mermory

MISO

Both in Master and in Slave there are implemented shift

registers (8-bits), SIPO and PISO type
Zata are exchanged with the SCK signal

After 8 (16) clock cycles the data transfer is finished
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SPI - configuration

o=t AR
SCK. oot RBHHBHHRHF

SS \ ~

Cycle# IO X213 als el 716D

CPHA=0 MsSsOzOXzizYa¥leleliXalz
MOSI Z 3T Tz I3t s fs 16171681z

Cycle # SEFEEFRETESESESEEE |
CPHA=1 MSO Z¥ 1 I 2 L 3t 4215161718z
MOSI 2 1 1T 3 T3 ¥ e T T e 71T R Y=
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SPI - Multiple devices

>
'
SPI MISO MISO Slave
Master g%51 » S5
552
Ty |
— SCLE
- MOSI SPI
MO sie  Data bus
B 55
p SCLE
— MOS]| SPI
MISO Slave
——— @ 55
SCLE * SCLE
SPI MOS| » MOSI SPI
Master MISO '« MISD Slave
55 ¢ S5
i Dalsy Chaln - » SCLK
» MOSI SPI
MISO Slave
B 55
b SCLE
e MOSI SPI
MISO Slave
S5
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Full-duplex synchronous transfers on three lines

- Simplex synchronous transfers on two lines with or
without a bidirectional data line

- 8- or 16-bit transfer frame format selection

- Master or slave operation

- Multimaster mode capability

- Programmable clock polarity and phase

- Programmable data order with MSB-first or LSB-first
shifting

- Hardware CRC feature for reliable communication

- 1-byte transmission and reception buffer with DMA
capability: Tx and Rx requests
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Address and data bus

e
-~

i iRead

Rx buffer

4N ISPLCR2

< [
1

, - I T.I"{éE Fl.."-\fiEE Eréﬂ o o ss0E _.uﬁg.]M FL:EI'HM
Shift register [

» . I,'_________________________________ _______________________ -
MISO LS ﬂ LSB first TSPl SR
| _
|
|
|

-,

MOSI

Tx buffer
i i Write
- Communication 0
I control 1
SCK[ ja L
| Baud rate generator I_
Master control logic |
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« Half-duplex operation

- The SPI is capable of operating in half-duplex
mode in 2 configurations:

e 1 clock and 1 bidirectional data wire

e 1 clock and 1 data wire (receive-only or transmit-
only)
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« Data transfer in full-duplex Master mode

Example in Master mode with CPOL=1, CPHA=1

SCK U O U
DATA1 = oxFi DATAZ = OxF2 DATAS = 0xF3
MISO/MOSI (out) bo |61 |b2 | b2 | be |bs |ba| 67| b0 |o1 |b2 | b3 | b4e |b5 |66 | b7| bO| b1 | 62| B2| B4| b5 | bS] BT
set by hardwara sel by hardware
TXE flag ﬂdaare-d by software cleared by software L\' set by hardwara
I
Tx buffer xF1 oxFz oxFa
(write SPI_DR) :t' l
i 1
| " .
BSY flag ,'I siiit by hardware | reset by hardware
| | DATA1=o0xA1 DATA 2 = OxAZ DATA 3 = OxA3
MISOMOSI (in) [ [bp b1 [b2] b3] be]bs |bs] b7] b0 Jbi [b2 ]| b3 b4 bs [ be| b7] b0 b1 [62] ba| be] b5 | be] 47
i
f f + L
f set by hardware ared by software
AXNEflag | I/ : i \
I p—
Rx buffer |
| 0ncAA O AZ OxA3
{read SP1_DR /’f" / / Jj '/
softwara software waits software waits || software waits softwarae waits software waits
writes 0wF1 | {untl TXE=1 and uniil AXME=1 ||until TXE=1 and unitil RXME=1 until AXMNE=1
imto SPI_DR| | writas 0xF2 info and reads OxA1 | | writos 0xF3 into and roads 0wA2 and reads OXAZ
SPI_DR from SPI_DH SPI_DR from SP1_DH from SPI_DR

ail 7343
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[ ]
 Datat f full-duplex SI mod
dala transiter in 1tu upiex sclave mode
Example in Slave mode with CPOL=1., CPHA=1
= U U o i
DATA 1 =0ofF1 DATA 2 =0xF2 DATA 3 = I'LfE
MISO/MOSI (out) bo |b1 b2 | b3| b4| b5 | b6 | 67| b0 |b1 |b2 |03 | be|bs |6 | 67| Ho|b1 | b2 | b2 b4] b5 | b6 47
sai by hardware sof by hardwara
TXE flag cleared by software clearad by softwars sat by hardware
|
Tx buffer JxF1 oxF2 0XF3
write to SP1_DR) I I }[
P17 1
/ l
BSY flag ;|III gat by cleared by software LJ _r’ Ll'asatby hardware
f DATA 1 = DAl DATA 2 = IxAZ DATA 3 = nA3
MISOMOSI (in) / b |b1 | b2 | bz | b4| b5 | b6 | b7 | b0| b1 | b2 | b3 b4] b5 | be| 67| ba |b1 | b2 | ba | be|bs |be | b7
| -
sat by hardware cleared by software
RXNE flag ,rfl / ' \oeared o \ /|
Rx buffer ' | oxad OxA2 H A3
(read from SPI y”; I - I
—/ Jllll j //
softwana coftware waits coftwara waiks software wails || softwars waits coftwara waits
writas DxF1 | [until TXE=1 and until REXMNE=1 until TXE=1 and || until REMNE=1 until XM E=1
inlo SPI_DR| [writes DxF2 into and reads 0xA1 | fwrites 0xF3 into dreads DxAZ2 and reads A3
SPI_DR from SP1_DR SFPI_DR la‘f-lrm SPI_DR from SPI_DR
~idTOAA
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* Main registers:

- SPI_DR - 16b data register split into 2 buffers
- one for writing (Transmit Buffer) and
another one for reading (Receive buffer)

- SPI_SR - status register

Address offset: Ox08

Reset value: Ox0002
15 14 13 12 1 10 g 8 7 B 5 4 3 2 1 0

CRC UDR CHESID

FRE BSY OvHE | MODF
Raservad ERR

rc_wi r

TXE | RENE
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* Malin registers:
- SPI_CR1 - control register 1
- SPI_CR2 - control register 2
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communication using

- SPI can be configure to operate at throughput
exceeding 10Mb/s

- To facilitate the transfers, the SPI features a DMA
capability implementing a simple
request/acknowledge protocol

- In transmission, a DMA request is issued each time

TXE is set to 1. The DMA then writes to the SPI_DR
register.

- In reception, a DMA request is issued each time
RXNE is set to 1. The DMA then reads the SPI_DR
register
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 [ransmission using DMA

Example with CPOL=1, CPHA=1
e IUHUUU U U W
DATA 1 = OnFi DATA 2 = OxF2 DATA 3 = DxF3
MISO/MOSI (out) bolb1 |b2) b3| b4| b5 | b b7|b0 |b1 |o2 | b3 | b4 |bs |o6 | b7 bO) b1 |D2 | b3 | b4|bs | bE| b7
set by hardware set by hardware
TXE flag cleared by DMa write clear by DMA write r"&el by hardware
- reset
BSY flag _‘r' dat by hardware ' by hardware
DMA request hl |||'I ignored by the DMA becaugp
II DMaA transfer is complete |
| |
~ Txbuffer ok oxF2 )| 0xF3 |I II
{write to SP1_DR) |'
|
- = ]
DMa writes to SPI_DR || / ||
al |
DMA TCIF flag I sel by hardwara ﬂclear by softwara /' ,."II
(DM transfer complete ' /
softwara configuras the | | DMA writes | | DMA writes | | DIMA wriles DMA transtar is softwara wails | | softwara waits untl BSY=0
DA 5P| Tx channal DATAT infa | | DATAZ inta | | DATAS into | [complata (TCIF=1 in until TXE=1
5P DR 5P DR 5P DR DMA ISR)
aii 7348

o sand 3 dala ibms
and anables tha SPI
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* Reception using DMA

Example with CPOL=1, CPHA=1

sSCK |
IR AR AR R AR R A AR A R A AR
DATA 1 = OxAd DATA 2 = OxAZ DATA 2= OxA3
MISOMOSI (i) bo|b1 |b2 | b3 bs |b& | b7 | b0 |b1 |b2 |b3 |b4 |05 |b6 | b7 |bO |b1 |be | b3 | b4 |05 | bE | b7
RXNE flag T‘ sat by hardware) 'p\ clear by DMA read -il. -|I.
DMA, request | ‘\ Hl_ !r l\
Hx buffer |
(read from SP|_DR)— . “” Lo
DMA read from SPI_DR—{
- 4+ 1 clear
flag DMA TCIF/ -' [ sot by hrovars/] ["\GPSonuan
(DMA transfer complets) / / / j
saftwara configuras tha DMA reads DA reads DA reads Tha DMA transfar is
DMA SPI Rx channal DATAT from DATAZ from DATAS fram complata (TCIF=1in
to recaive 3 data items 5PI_DR SPI_DR SPI_DR DMA_ISR)
and anables tha SPI
21735
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* Interrupts:

Interrupt event Event flag Enable Control bit
Transmit buffer empty flag TXE TXEIE
Receive buffer not empty flag RXNE RXNEIE
Master Mode fault event MODF
Overrun error OVR ERRIE
CRC error flag CRCERR
Tl frame format error FHE ERRIE
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12C Interface
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I2C interface

* Features.
— Serial, two-wire interface
— Used for internal communication
— Master-slave architecture
— Two state TTL logic used

— Fully synchronous data transfer. Clock controlled by
the master

— Half-duplex transmission
— Point — to — point transmission
— Data rate 400kb/s (3.4Mb/s in HS mode)
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eatures:
- Transmission over two lines
- Both lines are open-drain type
- Both lines are pulled-up

- Each device checks, if there is no collision
on the line

- Data transfer can be initiated only by the
master
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I2C -Acknowledge

IMmaLls ZegE sy

il d il potse 2z
S | Y

2 BFCyarms _
prar ukdad master w = 3
| - -
I
Flar A viSyEaEne I ==
7T nadariy ‘\I\ / X X X /
it mobwderdzen &

Coaries vwy=rpbd 1 - -
frzaz odtiorik "n,, ,.i"
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I2C - addressing

SLAVE ADDRESS

S 0 1 1 0 1 0 0 RW ACK

scLé ARE fa fd 4s fe f? fa fg

« Each device has its own unique address
« Address is 7-bit long

« 8-th bit defines if there will be a read (1) or write (0)
operation
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I2C - special modes

 In the first protocol specifications (1982) the max speed
was set to 100 kb/s

 Nex the Fast Mode was introduced with the maximum
speed of 400 kb/s

 |n 2006 the Fast Mode Plus was defined with maximum
speed of 1Mb/s

« With additional logic the, so called, Highspeed Mode can
be implemented with maximum speed of 3.4 Mb/s
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* IViain reatures.

- Multimaster capability: the same interface
can act as Master or Slave

- 12C Master features:
 Clock generation
e Start and Stop generation

- |12C Slave features:
e Programmable I2C Address detection

e Dual Addressing Capability to acknowledge 2 slave
addresses

e Stop bit detection
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 Main features:

- Generation and detection of 7-bit/10-bit
addressing

- Supports different communication speeds:
 Standard Speed (up to 100 kHz)
e Fast Speed (up to 400 kHz)

- Programmable digital noise filter
- Optional clock stretching
- 1-byte buffer with DMA capability
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- Slave transmitter
- Slave receiver

- Master transmitter
- Master receiver

- By default the module operates in Slave mode

- The interface automatically switches from slave to
Master:
 after it generates a START condition
- The interface automatically switches from master
to slave:

e if an arbitration loss
 a Stop generation occurs, allowing multimaster capability
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Data register

Data —
SDA [le—» control < D&I&L shift r«egusteriL <
Comparator PEC calculation

i)

Own address register

Dual address register
Clock

] |
SCL [J4«—» control PEC register

Clock control
Register (CCR)

Conitrol registers
(CR1&CR2)

A
v

Control
Status registers logic
(SR1&SR2) y [

SMBA [«

. o1

Interrupts DMA requests & ACK
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e Slave transmitter

7-bit slave transmitter

s | Address | A Datat A Data? |A DataN [Na| P
EV1 |EV3-1 | EV2 | EVa Eval EV3-2

10-bit slave transmitter

|5|Haader |A |Ad-:|ra55 |A

Ev1 —I

I—p 5, | Header | A Datad A | DataM [ NA]P
EV1|EV3_1 | EV3 EV3 EV3-2

Legend: 5= Start, 5, = Repeated Start, P= Stop, A= Acknowledge, NA= Non-acknowledge,
EVx= Event (with interrupt if ITEVFEN=1)

EV1: ADDR=1, cleared by reading SR1 followed by reading SR2

EV3-1: TxE=1, shift register empty, data register empty, write Data1 in DR.
EV3: TxE=1, shift register not empty, data register empty, cleared by writing DR
EV3-2: AF=1; AF is cleared by writing ‘0" in AF bit of SR1 register.
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e Slave receiver

7-bit slave receiver

5| Address | A Datai A | Data2 A Datal A P
EVA4 EV2 Evz| EvVz| | EV4
10-bit slave receiver
S |Header |A | Address | A Datat A DataM . P
EV1 Evz|l Evz| | EVa

Legend: 5= Star, 5, = Repeated Start, P= Stop, A= Acknowledge,
EVx= Event (with interrupt if ITEVFEN=1)

EV1: ADDR=1, cleared by reading SR1 followed by reading SH2
EV2: RxNE=1 cleared by reading DR register.
EV4: STOPF=1, cleared by reading SR1 register followed by writing to the CR1 register
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 Master transmitter

7-bit master transmitter

[s] Address | A Datal | A Data? A DataN A

EVS Eve| Eve 1| Eva EVE Eve]l EVE 2
10-bit master transmitter
F Header | A Addrass | A Datal | A DataN A

EVS EVD EVE| EVE 1 EVE eval 7 EVE 2

Legend: S= Start, S, = Repeated Start, P= Stop, A= Acknowledge,
EVx= Event (with interrupt if ITEVFEN = 1)

EV5: SB=1, cleared by reading SR1 register followed by writing DR register with Address.

EV6: ADDR=1, cleared by reading SR1 register followed by reading SR2.

EVE8_1: TxE=1, shift register empty, data register empty, write Data1 in DR.

EV8: TxE=1, shift register not empty,.data register empty, cleared by writing DR reqgister

EV8_2: TxE=1, BTF = 1, Program Stop request. TxE and BTF are cleared by hardware by the Stop condition
EV9: ADD10=1, cleared by reading SR1 register followed by writing DR register.
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« Master receliver

Thit master receiver
[5] Address | A Datai [A] pamz | A pseN  [na| P |

EVS EVE EI Ew| I Xl ﬂl

10-bit master receiver

|? Header | A Address [ A
EVE EVE El.fﬁ|_|
L.I; Header | A Datat [A)] Dat2 | & DataM [na] P |

EVS EVE ﬂf evr| 7 | ev4| EI

Legend: 5= Start, 3. = repeated Star, P = Stop, A= Ackowledge, NA = Non-acknow edge,
EVx= Event (with in{cr'rupt if ITEVFEN=1)

EVS: SB=1, cleared by reading SR 1 register followed by writing DR register.

EVE: ADDR=1, deared by reading SR1 register followed by reading SR2. In 10bit master receiver mode, this sequence

should be followed by writing CR2 with SART = 1.

In case of the reception of 1 byte, the Acknowledge disable must be performed suring EVE event, i.e. before deanng ADDR flag.
EVT: RxNE =1 cleared by reading DR register.

EVT_1: RxNE =1 clearsd by reading DR register, programming ACK = 0 and STOP reguest.

EVS:ADD10 =1, clearsd by reading SR1 negister followed by writng DR register.
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« DMA:

- DMA requests (when enabled) are generated
only for data transfer
- DMA requests are generated:

e by Data Register becoming empty in transmission
« Data Register becoming full in reception
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* Interrupts:

Interrupt event Event flag Enable control bit
Start bit sent (Master) SB
Address sent (Master) or Address matched (Slave) ADDR
10-bit header sent (Master) ADD10 ITEVFEN
Stop received (Slave) STOPF
Data byte transfer finished BTF
Receive buffer not empty RxNE

ITEVFEN and ITBUFEN

Transmit buffer empty TxE
Bus error BERR
Arbitration loss (Master) ARLO
Acknowledge failure AF
Overrun/Underrun QVR ITERREN
PEC error PECERR
Timeout/Tlow error TIMEOUT

SMBus Alert SMBALERT
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* Malin registers:
- 12C_CCR - Clock control register
- |I2C_DR - data register
- I2C_OAR1 - Own address register
- |2C_SR1 - status register 1
- |[2C_SR2 - status register 2
- 12C_CR1 - control register 1
- |2C_CR2 - control register 2
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OneWire Interface
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OneWire interface

— Serial, one-wire interface

— Communcation wire can aalso be used for delivering
power supply!

— Used for internal communication but on longer
distances

— Master-slave architecture

— Asynchronous data transfer. Data transfer controlled
by the master

— Half-duplex transmission
— Point — to — point transmission
— Data rate 15.4kb/s (standard) or 125kb/s (overdrive)



%
‘%g Politechnika Wroctawska

j—

| |
i i
| |
i |
| |
| |
_ I
I m “ _..Wn
| = | =
L > I ____ —
“ ' I I “ )
| |
A=
|
I oE I
- 10%
L __ SO _
- — I"
i (T
] s o |
> o i _
m . _.v_m__.rm I
7 _ F m _
E " |
m i 6 i -
|
o 1 | =
= | % ! [ | ____ B |
_ ! I 1 em
() _ _
o I
C “ |_| I
© | |
_ %51
= — it
d llllllllllllll o
O | e N
Q- 2 I, e
I H,_L.___.__.___.__._f * * - |
) o
= =L
s < | =
()
cC
@)




j—

%
‘%g Politechnika Wroctawska

OneWire - reset/wykrywanie obecnosci

S...S RECOVERY

A

480ps < 10T < 640ps / PRESENCE PULSE

\

15ps < T < 60ps G0ps < 4T < 240ps 45ps < 3T < 180ps

LEGEND

PULLUP
MASTER
SLAVE

SPEED = STANDARD (15.4kbps)

Precence detection
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M —
i s~ SLAVE DEVICE(S)
WRITE 1 J / SAMPLE LINE
—
M SLAVE DEVICE(S)1 ="
WRITE 0 J SAMPLE LINE 1/
M-t
READ 1 7 i
CTMSR | 15us<T < 60ps
M -
L 4
rd
LEGEND READ 0 J
PULLUP 'i !
MASTER So...9y OVERDRIVE RESISTOR
SLAVE ee— i i

1
SPEED = STANDARD (15.4kbps) T=0ps T=15ps T==60ys
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OneWire - fazy komunikacji

1-Wire DEVICE
64-BIT ROM ID FAMILY
~._CODE SERIALNUMBER  CRC
T 1-Wire DEVICE - 1 L i
Rl B o R | 8-811] 48-BIT |8-BIT|
RESET SEQUENCE ROM CMD SEQUENCE FUNCTION SEQUENCE RESET SEQUEMCE
o — N 5 * N ~ L _H_r T N
S ROM 1D S R/W DATA
ROM CMD FORWARD CMD

L DEVICE(S) PRESENCE PULSE
MASTER RESET PULSE

Communication has three main phases: RESET,
authorisation (ROM commands), data read/write

» Each OneWire device has a unique 64-bit
security code
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Vru
|‘\\ INTERNAL
I’/ HH.D -u["}
§ R 64-BIT
P — : DEVICE ID
| |
| e . S *
_ N ! . DEVICE
— — Lo _ : FUMCTION
] IIE | : |
_ B — | _| | PARASITE
| B —=| — TXD | —7 | POWER
] B — ||} | cIRcuIT
N b
\
4 800pF to 2000pF capacitor

Power supply delivery

provides power
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1S Interface
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12S interface

ares

— Serial, bidirectional bus used to transfer data in
electronic devices

— Suitable for connection of digital audio

— Developed by Philips (like 12C)

— Also known abbreviation |IS

— Separated clock and data bus (similar to SPI)

— Transmission is via at least three lines SCK (clock),
WS (select dates), SD (data) and ground GND

— Speed depends on the type of data being transferred

— Maximum speed exceeds 2 Mb / s (eg 32b data at
44 1kHz)
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12S interface

* Fealures, conta.

— On the 12S bus there is only one transmitter and one
monitoring device (the master)

— The master can be a transmitter, a receiver or a
system of supervising transmission between two
slave devices

— |2S interface transferres data of two channels: left and
right
— Data channels are transmitted on change

— A large number of devices used for the transmission
of additional supervisory controller
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12S configurations

clock SCK SCK
L d
word select W3 WS
TRANSMITTER - RECEIVER TRAMSMITTER (e RECEIVER
data 5D SD
-1 -]
TRANSMITTER = MASTER RECEIVER = MASTER
COMNTROLLER
SCK
]
WS
TRANSMITTER  l4—————4—=|  RECENVER
- .
CONTROLLER = MASTER
SCK
W3
7
D )& MEB& Ls8 X MSE
WOoRD 1 | WORD n I —
RIGHT CHANNEL | LEFT CHANMEL | RIGHT CHANMEL
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12S - time dependencies (transmitter)

T |
— = tmic {7 ty o= 0.35T ir H;'-zﬂ.EEI"j
V=20V
SCK H
7 W = 0.8V
tr=0 —

- < 0.8T

sD
and X
W3

T = clock period
Ty = minimum allowed clock period for transmitter
T = Ty

* g is only relevant for transmitters in slave mode.

Example: Master transmitter with data rate of 2.5MHz (+10%) {all values in ns)

MIN TYP MAX CONDITION
clock period T 360 400 440 Ty = 360
clock HIGH ty¢ 160 min = 0.35T = 140 (at typical data rate)
clock LOW t - 160 min = 0.35T = 140 {at typical data rate)
delay tys, 300 max = 0.80T =320 {at typical data rate)
hold time ty, 100 min = 0
clock rise-time tgc 60 max = 0.15T, =54 (only relevant in slave mode)
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12S - time dependencies (receiver)

- T
b= 0.35T —= tre =035
SCH Vg =20V
. F W = 0.8V
tgr = 02T —™ trr =0
5D
and
W5
T = clock period
T, = minimum allowed clock period for transmitter
T = T,

Example: Slave receiver with data rate of 2.5MHz (+10%) (all values in ns)

MIN TP MAX CONDITION
clock period T 360 400 440 Ty = 360
clock HIGH tyc 110 min = 0.35T = 126
clock LOW t 110 min = 0.35T = 126
set-up fime te, 60 min = 020T =72
hold time 0 min <0




—

%
‘gg Politechnika Wroctawska

12S - transmitter diagram

S DATA LEFT DATA RIGHT
WSo = wso [ | OF

| |
1

SHIFT REGISTER —————* 5D

v
ﬁw

CLE PL
1

SYNCHRONOUS
PARALLEL
LOADING

WEP

WS oD aQ

T CLK

SCK

 mss

TI
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P2Skenfpieiver diagram
EEE :_)? =N DATA LEFT DATARIGHT ~ ° ﬂ— "

CLE CLE —‘
| | | ‘ SCK
s A [ [ i
5D *
MSB LSB
D ar -ll-rI::-H-:'.'lJ -I-DHQ— -I-DHQ— -l-rDR-:'l—
ENT—# EN EMZ2 —= EN EN3— EN —#= EHM Ehlin—#= EM
—| CLK — CLK —{ CLK & & 88 8 B 8RR —| CLK CLK
B1 B2 B3 ‘7 Bn
SCH L
WSP
L
WSsD -
== ENI
| | > WP = ENZ
W5 oD Q oD aQ 7 -
. H
CLE CLK COUMNTER - -
- »
-
17 o .
& [)(, CLE

EN #= ENn

L
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CM3001 - Stereo Codec with analog output

+ Digital Out

Lehin ¢ 0—— . Digital
Delta-Sigma
Analog Front-End | - Decimation
Digital In

Rchin O—— Modulator Filter Serial Interface

and

o
Mode Control
Lch Out (O—| Low-Pass Filter Multilevel Digital Mode Control
and M Delta-Sigma Interpolation
Rch Out C— Output Buffer Maodulator Filter System Clock
BO006-03

o Low-cost system encoder / decoder audio

o Includes digital filters, provides digital signal
attenuation, De-emphasis, mild blanking signal (soft-
mute) and the detection of silence

e Control via a digital interface
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PCM3001 - Block diagram

Block Diagram

r-—-———""""""-"""-"""""""""""-"""—""—""—" """ —""—"—— -
I I
CinPL I I
CygNL I
I I
| (+) o |
| Analog Delta-Sigma Decimation |
Vil - Front-End and - 4—— LRCIN
T Circuit S High-Pass Filter |
I I
Vel ! _l -4—'—| BCKIN
REF I -
Serial Data
lv = I Reference ADC Interface I
RE
I _T 4—:— DIN
| Pl |
Analog Delta_Sigma Decimation |
VinR —|+ Front-End Modulator and - —|—b- DouT
| Circuit (+) High-Pass Filter
: F
CiNNR — Y yYY I
| Loop Control |
CinPR —| 2 |
| ry I
| |
I
I
I 4—— ML{FMTO)!)
| Analog Multilevel Interpolation |
Vourl Low-Pass Delta-Sigma Filter o Mode |
| Filter Modulator 8= Oversampling Control -4—— MC(FMT2)1)
| Interface |
| | l




—

%
‘gg Politechnika Wroctawska

FORMAT 5: FMT[2:0] =101
DAC: 16-Bit, MSB-First, 2§

LRCIN | I Left-Channel ! | i Right-Channel i |
scen _ | TIUC_____ _UUUT _ gt 0T 10
om  J1f2f3] e[i7|s|  [aJ2[s[  [w[ir[s]

| MSB LsB|  |MsB LSB

ADC: 18-Bit, MSB-First, 125

LRCIN | I Left-Channe ! | i Right-Channel i |
scn _ | [IITLALC AU AP - A
oot __ [afz[a[ _  _ [e[we]  [afe[e[ _ __ _ _ [we[urfe] _
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Thank you for your attention
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