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Introduction to System-on-Chip

¢ i4040 - the first-generation microprocessor
€  Very low density even for a complete microprocessor core
¢ Too expensive glue logic implementation when TTL is used
¢  Companion chips

Address bus
1 Data bus
CPU Control bus

System

Controller

Glue

4008/4009 standard memory and I/0 interface set

4040 4-bit Central Processor Unit with 60 instructions

4101 256 x 4 RAM

4201 clock generator

4265 programmable general purpose I/O device

4269 programmable keyboard display device

4289 standard memory interface

4308 1024-bit mask programmable ROM and four 4-bit I/O Ports
4316/2316 2048-bit ROM
4702/1702 2048-bit Erasable and Electrically Reprogrammable MOS ROM (Static)
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Introduction to System-on-Chip

&€ Companion chips continued until 16-bit microprocessors became popular
¢ Z80 CPU, SIO, PIO, etc.

¢ Microcontrollers
¢  16-bit or 32-bit microprocessor cores
€ Enough transistor density to accommodate other necessary peripherals

l

ARM920T™ Microprocessor Core

¢ AHB to IP Bus Interfaces (AIPIs)

¢ External Interface Module (EIM)

¢ SDRAM Controller (SDRAMC)

¢ DPLL Clock and Power Control Module

System Control Poser caM
= EEA
» Three Universal Asynchronous Receiver/Transmitters (UART 1, 2, and 3)

CPU Complox » Two Serial Peripheral Interfaces (SPI1 and SPI2)

¢ Two General-Purpose 32-bit Counters/Timers
m ¢ Watchdog Timer
¢ Real-Time Clock/Sampling Timer (RTC)
m m « LCD Controller (LCDC)
¢ Pulse-Width Modulation (PWM) Module
» Universal Serial Bus (USB) Device
n m E ¢ Multimedia Card and Secure Digital (MMC/SD) Host Controller Module
e Memory Stick® Host Controller (MSHC)
n m B  Direct Memory Access Controller (DMAC)
¢ Two Synchronous Serial Interfaces and an Inter-IC Sound
s (SSI1 and SSI2/12S) Module
m o Inter-IC (I2C) Bus Module

¢ Video Port
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Introduction to System-on-Chip

~

¢  System-on-chip (SoC) or system-on-a-chip
¢ Integrating all components of a computer or other electronic system into a single chip
€ Microcontrollers usually have limited on-chip memory

¢  Typical specifications
€ One microcontroller, microprocessor or DSP core(s)
€ Multiple-core systems are called MPSoC
€ Memory blocks including a selection of ROM, RAM, EEPROM and Flash
¢ Timing sources including oscillators and phase-locked loops
@  Peripherals including counter-timers, real-time timers and power-on reset generators
¢ External interfaces including industry standards such as USB, FireWire, Ethernet, USART, SPI, etc.
¢ Analog interfaces including ADCs and DACs
¢ Voltage regulators and power management circuits

¢  Peripherals actually differentiate the value of an SoC
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Introduction to System-on-Chip

¢ How to promote a microprocessor?

€  ARM-based microcontroller products

€  What makes the designer select a particular ARM-based microcontroller?

Analog Devices (arm7/arMa/Cortex Family)

ADUCTO33, ADUCT128, ADUC7120
ARM (ArM7/ARMO Cartex Family}
Cortex-M1 [Altera)

Atmel (arM7/4RM/ Cortex Family)

ATO1C140, ATO1F40416, ATO1F40B16, ATO1FR40162, ATO1FR4042, ATO1FR4081, ATO1M40400,
ATO1M40800, ATO1M40807, ATO1M428004, ATO1M43300, ATOIMESE00A, ATO1ME3200, ATO1R40008,

ATO15AM7S256, ATO15AM7532, New! ATO15AM7S321, ATO15AMP5512, ATO15AMIS64,
ATO1SAMPSE2SE, ATOLSAMPSES2, ATO1SAMPSESL2, ATO1SAMPHI2E, ATOLSAMPHISE,

ATO15AMORLGA

AustriaMicroSystems (ArmM7/arMI/Cartex Family}
AS3525

Cirrus Logic (arm7/ARMI Cortex Family)

C5740110-107, C5740120-10Z, CS740130-107

Freescale Semiconductor jarmMz/aRMI,/Cartex Family)

MACT101, MAC7104, MAC7105, MACT106, MAC7111, MAC7112, MAC7114, MAC7115, MACT116,
MAC7121, MACT122, MAC7124, MAC7125, MAC7126, MAC7131, MAC7134, MAC7135, MACT136,
MACT141, MACT142, MACT144, New! MCO32BMX21, New! MCIMX27, MCIMX27L

Luminary Micro (arm7;ArMo/Cortex Family)

LM351435, | M351430, |M351512, | M35153A, LM351620, LM351635, LM351637, LM351751, LM351850,
LM351037, L M351058, LM351060, LM35196A, LM352110, LM352130, | M352410, LM352412, | M352432,
LM352533, LM352620, LM352637, LM352651, LM352730, LM352730, LM352030, LM352048, LM352950,

LM352065, LM35301, LM35310, LM35315, LM35316, LM35317, LM35328, LM35601, LM35610,
LM356100, LM35611, LM356110, LM35612, LM35613, LM35615, LM35617, LM35618, LM35628,

LM356420, LM356422, LM356432, LM356537, LM356610, LM356633, LM356637, LM356730, LM356753,

LM3560938, LM356050, LM356952, LM356065, LM35801, LM35811, LM35812, LM35815, LM35817,
LM35818, LM35828, LM358530, LM358538, LM358630, LM358730, LM358733, LM358738, LM358030,

LPC2102, LPC2103, LPC2104, LPC2105, LPC2106, LPC2109, LPC2109/01, LPC2114, LPC2110, LPC2124,
LPC2129, LPC2131, LPC2131/01, LPC2132, LPC2132/01, LPC2134, LPC2134/01, LPC2136, LPC2136,/01,
LPC2138, LPC2138/01, LPC2141, LPC2142, LPC2144, LPC2146, LPC2148, LPC2104, LPC2210, LPC2212,

LPC2214, LPC2220, LPC2200, LPC2292, LPC2204, LPC2364, LPC2366, LPC2368, LPC2378, LPC2387,

LPC2388, LPC2460, LPC2468, LPC2470, LPC2478, LPC2BB0, LPC2EBA, LPC2917, LPC2019, LPC3I180,
MNew! LPC3I220, Mew! LPC3230, New! LPC3240, Mew! LPC3250

OKI (#rM7/aRM/ Cartex Family}
MLE74000, MLEF4001, MLE74002, MLET4003, MLEZ5001, ML675003, MLEFS003, MLETFQ4050,
MLGE704051, MLE704060, MLETO4061, MLEAG201, MLEA0G203

Samsung (ARM7/ARMI Cortex Family)
S53C2410A, S3C2440A, S3ICA4R0X, S3CA510B, SIF4ADKR, SIF4ALIHR, S3F4AZFR

Sharp (arm7/aRM3/Cortex Family)
see NXP

STMicroelectronics (ArmM?/ARMI Cortex Family)

S5TA2051, New! STM3I2F101C6, Mew! STM32F101CH, STM32F101CE, STM32F101R6, STM32F101RE,
STM3I2FL01RE, New! STM3I2FI0IRC, New! STM32F101R0D, New! STM32F101RE, STM32F101TS,
STM32F101TH, STM32F101VE, STM32F101VE, New! STM3I2F101VC, New! STM3I2F101VD,

Mew! STM32F101VE, New! STM32F1012C, Mew! STM32F101Z0, New! STM3I2F101ZE,
STM32F103C6, STM32F103CA, STM32F103CE, STHM32F103R6, STM32F103RAE, STM32F103RA,

Mew! STHM32F103RC, New! STM3I2F103R0, Mew! STHM32F103RE, STM32F103TE, STHM32F103TH,
Mew! STHM32F103WE, STM3I2F103WE, New! STHM32F103WC, New! STHM32F103VD,

Mew! STHM32F103WVE, New! STM3IZF1037C, Mew! STM3IZF10370, New! STM3I3F1037E, STRT10FZ],
STRPI0FZ2, STR711FR0, STR711FR1, STR711FR2, STR712FR0, STR712FR1, STRP12FR2, STRY15FRO,
STR730FZ1, STR730FZ2, STR73I1FVO, STR?3I1FV1, STR7?3I1FV2, STR7ISFZ1, STRP35FZ2, STR?3I6FVO,
STR736FV1, STR7SOFL2, STR7SOFYD, STRS0FVE, STRPS0FVZ, STR751FR0, STR7G1FR1, STRIG1FRZ,
STRPS2FRO, STR7S52FR1, STR7Y52FR2, STR?55FR0, STR?S5FR1, STR?55FR2, STRP55FV0, STR?S5FVL,
STR7S55FV2, STROI0FAM32, STRO1I0DFAW3Z, STRO10FAZ3IZ, STRO10FM32, STROIOFW32, STRO11FAMAZ,
CETRO11FAM44, STRO11IFAMAG, STRO1TIFAMAT, STRO11FAW42, STRO1I1FAWAL, STRO11FAW4ES,

STRO12FAWAT, STRO12FAZ42 STRO12FAZA4 STRO12FAZAG, STRO12FAZAT STRO12FWA2, STRO1ZFW4

Texas Instruments (arM7/arMI/Cortex Family)
TMS470R1A128, TMS470R1A256, TMS470R1A268, TMS470R1A384, TMS470R1AG4, TMSA70RIBIM,
TMS470R1B512, TME470R1B766

Winbond (armM7/arMaCartex Family)
WOON740, WOON745, WIDP710

Zilog (arm7armaCortex Family)
ZAOL
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Introduction to System-on-Chip
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¥ Device selection points
€  Not only the CPU core is important! e  Flash (Bytes) "

¢ Key to success for Core-A e SRAM (Bytes) ot M
e RTC/RTT

° ADC Channels
° DAC Channels

e  Cache Memory (Bytes)
e LCD Controller

9 Reasons to Love STR910FA ! e Image Sensor Interface

e  Peripheral DMA

e  External Bus Interface Channels

L. Ethernet! *  SDRAM Interface ° Max. Clock Speed (MHz)
2. Very Large SRAM and Dual-Bank Flash Memories ° MMU/MPU
3. 96 MIPS peak performance from ARMSE core ® PWM Controller
4. Efficient DMA and Rapid Data Flow o AES Engine (Bits) A 1/O Pins number
5. 1.2uA Max Real-Time Clock with Tamper Detection ° Triple DES Engine (Bits .
6. Connectivity, Excellent Selection . USpB Host Con?crolle(r ) * I/O VOItage Domain (V)
7. Minimal External Components Required o ngh Current Pads
8. Power Management o USB Device Controller o 16-bit Timers
9. Extensive Tools and Firmware Library Support ° Enhanced USART

° Power-On-Reset
e  USART/DBGU e  Brown Out Detection

/ =
T = ey 5, ¢ S . One<hip RC Oscllator

* W e  Crystal Oscillator/PLL
http://www.st.com/mcu/files/mcu/1208848572.pdf ° SSC . .
] Period Interval Timer
* Ma e  Watchdog Timer
DU -
& ,\’4\/ Embedded ow-Power
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Introduction to System-on-Chip
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There is a big gap between the component development and system development

©  Developers often consider solution support more importantly than the performance of the
microprocessor core

©  System design solution is a bridge across a death valley

E P Embedded ow-Power
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Serial Communication

¢ Communication

Y  Data transmission between two different domains

¥  On-chip-, on-board, in system, or inter system communications
¢  Parallel communication

)

¢  Transmit and receive a byte or word data simultaneously with parallel links such as a printer port
¢  Serial communication
@  Parallel data — serialize — transmit — parallelize — parallel data

¥  Better for long distance communication
¢ Low wire cost
¢ Low signal conditioning cost

¥  Speed penalty for serial transmission — overcome by high bit rate

;LL%‘:,\% E P Embedded ow-Power
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Serial Communication

¢ Transmit bits in a single channel

Qo

¢  Simplex (one way)

(@)

¢ Half-duplex (one direction at a time)

Q

¢  Full-duplex (two way)
¢ A sequence of bits — packet or character

¢  ASCII code — 7 bits for 128 characters (alphabet, nhumerical, and control)
¢ Start, stop, and parity bits

¢  Binary code - not necessarily be 8 bit multiple
¢ Fixed length or variable length

E P Embedded ow-Power
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Principle of Operation

Load/transmit

l

A
Clock ® ® ®
Parallel data
Read/receive

i

Serial out

» i

Y
Level
conversion/
modulation

<

Level
conversion/
demodulation

L 4 L 2 L 2
v v \ 4 \ 4
Parallel data

10

Serial in

Clock

Embedded -P
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Synchronous Communication

Load/transmit

l

A A A

. Serial out

A

C|(i(b ® ® ®

Parallel data

Read/receive

Synchronized!

Level
conversion/
modulation

<

Level
conversion/
demodulation

>l

Serial in

Parallel data

11

o
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Synchronous Communication

Load/transmit

A A A A .

\
Local clock — Clock . . . Level

conversion/
Parallel data modulation

<

Read/receive Level
l conversion/

demodulation

. : . Clock | ocal clock

\ 4 \ 4 \ 4 \ 4
Parallel data

E P Embedded ow-Power
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Synchronous Communication

Synchronous communication

@ Use of the same clock is not feasible

@  Direct transmission of the clock signal is not practical
¢  Send clock information with data

¢  Complex encoding but high bit rate

¢  DC balance
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Synchronous Communication

7

)

¢ Synchronous communication
@ Use of the same clock is not feasible
@  Direct transmission of the clock signal is not practical
¢  Send clock information with data
¢  Complex encoding but high bit rate
¢ DC balance
Long packet is feasible
Bitetream 1o be
transmitied | T o1oj1j1 110} 1
waveforn
Extracted clock Ll Il | || n_—l 1
Recelved bit. strean |
4»-«\;;,3: . Embedded ow-Power
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Asynchronous Serial Communication - UART

(@)

¥ Asynchronous communication
¢  Use of lock clocks for both ends

¢  Local clocks are not synchronized — eventually skewed
¢ Oversampling and re-synchronization with start and stop bit information

¢  Simple encoding but slow bit rate — start and stop for every 8 bits
¢ Universal asynchronous receiver/transmitter

Q

¢  General purpose

¢ Baud rate

¢  Generally 57600 bps, 115200 bps e 0 T

@  Up to ~10 Mbps — .
DUEIND
& ,\’% Embedded ow-Power
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Asynchronous Serial Communication - UART

Asynchronous communication

Use of lock clocks for both ends

Local clocks are not synchronized — eventually skewed
€ Oversampling and re-synchronization with start and stop bit information

Simple encoding but slow bit rate — start and stop for every 8 bits

Universal asynchronous receiver/transmitter

¢  General purpose N
Baud rate )
¢  Generally 57600 bps, 115200 bps e e
o Start
¢ Upto ~10 Mbps
14
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General UART Definitions

Q
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W

v
VAN
=
4
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R
1535
&

&
1
N
A

Bit time
The period of time required to serially transmit or receive 1 bit of data (1 cycle of the baud rate

(@)
&

frequency)

Start bit

(@)
&

(@)
~

(@)
=

The bit time of a logic 0 that indicates the beginning of a data frame

A start bit begins with a 1-to-0 transition, and is preceded by at least 1 bit time of logic 1
Stop bit

1 bit time of logic 1 that indicates the end of a data frame

BREAK

(@]
~

(@)
&

A frame in which all of the data bits, including the stop bit, is logic 0

This type of frame is usually sent to signal the end of a message or the beginning of a new

message

15
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General UART Definitions

Y  Frame
@ A start bit followed by a specified number of data or information bits and terminated by a stop bit

€  The most common frame format is 1 start bit followed by 8 data bits (least significant bit first) and
terminated by 1 stop bit

¢  An additional stop bit and a parity bit also can be included
¢ Framing error
¢  An error condition that occurs when the stop bit of a received frame is missing

¢  Usually when the frame boundaries in the received bit stream are not synchronized with the
receiver bit counter

¢  Framing errors can go undetected if a data bit in the expected stop bit time happens to be a logic
1

@ A framing error is always present on the receiver side when the transmitter is sending BREAKs

¢  However, when the UART is programmed to expect 2 stop bits and only the first stop bit is
received, this is not a framing error by definition

E P Embedded ow-Power
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General UART Definitions

~

¥ Parity error

€ An error condition that occurs when the calculated parity of the received data bits in a frame does
not match the parity bit received on the RXD input

& Parity error is calculated only after an entire frame is received
¢ Overrun error

¢ An error condition that occurs when the latest character received is ignored to prevent overwriting
a character already present in the UART receive buffer (RxFIFO)

€  An overrun error indicates that the software reading the buffer (RxFIFO) is not keeping up with the
actual reception of characters on the RXD input

RS Embedded ' ow-Power
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UART Architecture

¥ Functional block diagram
¢  Serializer

¢  CPU interface

€  From the perspective of CPU, the whole module is a memory which can be read (Rx) and written (Tx) with
control registers

¢ Each registers are assigned with a fixed address in a on-chip bus address space
€  Baud rate generator
€  Provides clocks for Rx/Tx modules

\Y

¢ Generates a high frequency up-sampling clock Interrupt
for the Rx module Control

¢  FIFOs and interrupt control

€ CPU cannot keep polling the availability of

shift registers Coptrol 5 Baud Rate
Registers Generator

T
U B— | mro o] R L s

;

;

Interface Shift Reg.
> TxFIFO |« ™ le—
Shift Reg.
T T
DUEDD
& ,\’% Embedded ow-Power
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UART Architecture

HOST 1
Interrupt
Control
Control _ Baud Rate
| Registers >| Generator
CPU | fcpu > Rx FIFO | Rx _
<717 | Interface = ~| Shift Reg. >
Tx FIFO - Tx B
—> < shiftReg. [<T
e ——
HOST 2
Interrupt
Control
Control _ Baud Rate
> Registers ~"| Generator
CPU | fcpu >3 Rx FIFO | Rx N
~ 17 | Interface = “| Shift Reg. >
Tx FIFO P TX P
> - Shift Reg. [© -

5 '\% ' Embedded | ow-Power
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Terminal and Terminal Emulator

¢  Dummy terminal
¢ Terminal emulator

P Embedded ow-Power
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DTE and DCE

¢ Data terminal equipment
¢ Data circuit-terminating equipment

Computer
Telephone
Male D22S Famale DEZS l"l":
."." Il..'- I\ -
/ Interf \ ’
ks . Modem v
. = — ¥ . | Cable . \ 1
$6o3) = - l """ e v (O | [Tsozs0000 .
Deta Caa
Terminal Groutigminating
Equipm e Equipm e
DTE ¢ DCE Network DTE

—omputer

Terminal

- Crossover cable
RS232
data link —

S5
VAN
N
y
v

’,’.

NS
[28/ 540
e
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EIA RS232

International standard for serial communication
¥ Connection and signal characteristics
¢ Data terminal equipment and data communication equipment
¢ Logic 1 (marking)
¢ -3 Vto-25V with respect to signal ground
€ Logic 0 (spacing)
¢ +3Vto+25V
¢ Not assigned

) Vealtage ‘
¢ between-3Vand +3V - +25v +
(a transition region) s Space
Logic "0 ———
— +3vy
Transhion Regicn «_ —3 -
~ ;", Time
Logic'1' ik
L 2Sv

E P Embedded ow-Power
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TTL — RS232C Level Conversion

&€ Most UARTS’ signals are TTL, LVTTL, CMOS, LVCMOS, etc.
¢ Level converters are mandatory

¢ Old-fashioned TTL to RS232 level converter
@ LM1488 and LM1489

Supply Voltage
’

\Y +15V
A -15V
Input Voltage (V) 1ISvV< V<70V
Output Voltage 15V
Power Derating (Note 2)
schematic and connection diagrams (Package Limitation, J Package) 1000 mW
Derating above Ta = +26°C (1/0,4) 6.7 mW/°C
Operating Temperature Range 0'Cro+75C
Storage Temperature Range -65 C 10 +175°C
e Lead Temperature (Soldering, 10 sec) 300°C

e AAA

andAA

e A
>
»
. se
Mot o AAN

v Ry = 10K
LMHNA A, »2x

E P Embedded ow-Power
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TTL — RS232C Level Conversion

Y Modern TTL to RS232 level converters
¢  Built-in DC-DC converters

SINGLE SUPPLY TTL TO RS-232 SINGLE SUPPLY TTL TO RS-232

. +5Y
WF . | ; Il 1uF

1ci+ 16 Yoo BC

NC —BCI+ f Voo 4

1L 1o Rl W T C Rk
L= 3 c1- MAXIM v+ 2 LT b = c1 203F c2+15
-4, 202t o t2v- c2-18
fuF L | 4 c2¢ el I S TY [:.7 . ::l
Tl § c2- T e ¢2-10
L 11 TIN s, T10UTy4 RS-232 m e e
o 4 Tf}C - o [ - T10U | ':»-.'3.'
oo 3 s * otz ST T T o | -
TIL it T20 . T20UT 5 RS-232 win > - 20UT R S
22|10 {' ot —g m. 3 T-'*;;..{__"T- U = BS-232
e = "o o 1 L7 18] =
A R10OUT R1N R 100> - T oS
TiL ¢ . 3 RS.232 F R1CU AR1IN N = 2
o . 12 c"f}l'{] 1 h o T ”__} e Oc ‘_:”] "_:; Sed 3
3 ~J 4
m g F20UT ARZNg RS-232 % R2OUT ., R2N -
> o L A . a5 o bt "-7'.-'& 32
o LI _"'1 C O L - ok . 0
15 GND p. | 6 a~ 19

Shaded components used as needed Shaded L’-ﬂ‘.;L;It‘:‘l.:J uged as neaded
{0 prevent jter and noise o prevent fter and noise
KCAKLM 1199 KCAKLM 11199

‘y
%
L

E P Embedded ow-Power
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Modem (Modulation and Demodulation)

()

¥ Square wave unnecessarily has high-frequency components for communication

I'/-\l
| 0~ 16\,
l‘vll
011011
O " ll‘ f 1 " f = II/-\"| y'f\‘l "/\' l’/\l
v )f\ D . S Ay SRR
ViV /'
011011 o 1 1 0 1 1
Iﬁ‘ ) ‘r'” I1 - '{'; X |
0 1 1 0 1 1
DU -
& ,\’4\/ Embedded ow-Power
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Modem Control Signals

¢  Flow control (handshaking) signals to avoid buffer overflow or lock-up

Modem Cable - Straight Cable DB9 to DB9

DTE to DCE A
DTE Device (Compuier) DBS Connections DCE Device (Modem) DBS
Pin# DB  RS-232 Signal Names Signal Direction Pin¥ DB3 RS-232 Signal Names
#1 Carnier Detector (DCD) CD < #1 Carner Detector (ODCD) CD
¥2 Receive Data (Rx) RD | e [ #2 Receive Data (Rx) RD
#3 Transmit Data (Tx) TD — #3 Transmit Data (Tx) D
#4 Data Termina Ready DTR — #¢ Data Termina Ready DIR
#5 Signal Ground/Common (SG) GND | e | ¥5 Signal Ground/Common (SG) GND
26 Data Set Ready DSR — #6 Data S=t Ready SR
#®7 Request to Send RIS |= > *7 Requestto Sand RIS
#3 Clear to Senac C1S — #8 Clear to Send CTS
#9 Ring Indicator Ri <: #9 Ring Indicator RI
Soldered to DBEI Metal - Shield FGND |2 ~ | Solcered to DED Metal - Shield FGAND
DEY Made
. . redd
9-pin sub0 DCE 9-pin sub-D DTE Sigrel Ground N——
‘ DTE Reacty e
[ e Cheae 10 Sennd
Tranwmitied Dala g
s Receved Doty ——1 B Request © send
i) é
:: Secweed Lne Sona Owtect = \ e My

(=4
L]
c1y

B

O Pecael by DT Dewe
G- Teaworr e S DTE D

::.gﬁ‘% ! 'L Embedded ow-Power
YL 26 l _aboratory

[
D



Simplified Asynchronous Serial Communication

®)
|

¥ Three-wire connection

< Null-modem or crossover cable
¢ Connect two DTEs whose connectors are the same
@ Connects the TxD (transmit data) on one end with the RxD (receive data) on the other end

XD XD J
Computer MC9328MX1
UART AXD TXD UART

(DTE) ¢
(DTE) (DTE)
GND

V‘\%ﬁ E P Embedded ow-Power
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Single-ended and Differential Data Transmission

¢ Single-ended methods are often inadequate
¢  High data rates
¢ Long distances in real world environments
¢ Different ground level

¢ Differential data transmission (balanced differential signal) offers superior performance in
most applications

Single ended Differential

= 4>

No common ground

L
Common ground

W

v
VAN
=
ey

E P Embedded ow-Power
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Single-ended and Differential Data Transmission

¢ RS232, RS422 and RS485

P o

Point-to-point single ended: RS232

z >

Point-to-point differential: RS422

YVYY

Multi-drop differential: RS485

E P Embedded ow-Power
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Single-ended and Differential Data Transmission

¢ Modern high-speed duplex TTL to RS485 driver
¢  Common-mode rejection ratio (CMRR)

SNESHVDS0, SNE5HVDS51, SNESHVDS2, SNESHVDSS,

SNESHVDS? +10
D PACKAGE (TOP VIEW) L
' = m ﬂ/_
Vee D: 1 8 :D A
R[T]z2 T8 Vio
O[T} > 6[ 1]z +200 mV - v g;:'r::‘:;
GND 4 5 » |
’ LL U =200 mV ! T 1 Range
Vip Transition

8
R 2 q 7 % ﬂegion
8 J L 4 J

Vian Vs Vi Viz) Voltage range at any bus terminal (A, B, Y, Z) -9Vt 14V
VrRANS) Voltage input, transient pulse through 100 Q. See Figure 12 (A, B, Y, Z)¥ -50to S0V

%
4
N
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g
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e
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;
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Single-ended and Differential Data Transmission

¢ Serial communication physical layer specifications

SPECIFICATIONS RS232 RS423 RS422 RS485
SINGLE SINGLE
Mode of Operation DIFFERENTIAL DIFFERENTIAL
-ENDED -ENDED
Total Number of Drivers and Receivers on One Line (One driver active at 1 DRIVER = 1 DRIVER 1 DRIVER 32 DRIVER
a time for RS485 networks) 1RECVR 10 RECVR 10 RECVR 32 RECVR
Maximum Cable Length 50 FT. 4000 FT. 4000 FT. 4000 FT.
Maximum Data Rate (40ft. - 4000ft. for RS422/RS485) 20kb/s 100kb/s 10Mb/s-100Kb/s 10Mb/s-100Kb/s
Maximum Driver Output Voltage +/-25V +/-6V -0.25V to +6V -7V to +12V
Driver Output Signal Level (Loaded Min.) Loaded +-|{;51V5\t/o +/-3.6V +/-2.0V +/-1.5V
Driver Output Signal Level (Unloaded Max) Unloaded +/-25V +/-6V +/-6V +/-6V
Driver Load Impedance (Ohms) 3k to 7k >=450 100 54
Max. Driver Current in High Z State Power On N/A N/A N/A +/-100uA
Max. Driver Current in High Z State Power Off @;/ f/’]"z‘:‘/ +/-100uA +/-100uA +/-100uA
Slew Rate (Max.) 30V/uS | Adjustable N/A N/A
Receiver Input Voltage Range +/-15V +/-12V -10V to +10V -7V to +12V
Receiver Input Sensitivity +/-3V +/-200mV +/-200mV +/-200mV
Receiver Input Resistance (Ohms), (1 Standard Load for RS485) 3k to 7k 4k min. 4k min. >=12k
;if:\; " E P ;::)I:?::I:rdy ow-Power



Application

¢ Modem
€ Dummy terminal for development
¢ Converter to other communication protocols (LAN, Bluetooth, etc.)

¢ Simple sensors
@  ex) Issys methanol sensor

-

@  ex) Low resolution camera

Uart Camera Module with Jpeg compression - C328
$49.90

General Description

The (328 module is 2 highly integrated serial camera board that can be
attached to a wireless or PDA host performing as a video camera or a JPEG

E P Embedded ow-Power
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Basic Characteristics

¢  Two-wired communication
© SDA and SCL

@ I2Cis for on-board communication so the ground is shared

¢ Multi-master

¢  Multiple masters allowed with collision detection and arbitration
¢  Operate as either a transmitter or receiver, depending on the function of the device
¢  Devices can also be considered as masters or slaves when performing data transfers

¢ Speeds
€ 100 kbps (standard mode)
€ 400 kbps (fast mode)
¢ 3.4 Mbps (high-speed mode)
¢ 8-bit oriented data transfer
¢ Addressing
@  7-bit or 10-bit unique addresses
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Basic Characteristics

®)
ez

Y Device count limit
€  No logical limit
€  Maximum capacitance of 400 pF

MICRO - LCD
CONTROLLER DRIVER

L

[ soa

STATIC
RAM OR
EEPROM

[ sCL

GATE
ARRAY

MICRO -
CONTROLLER
B

Example of an I12C-bus configuration using two microcontrollers

Y4
A
<

2

N Sy
[28/ 540
e

-
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X
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Basic Terminology

¢ Summary of basic terminology

TERM DESCRIPTION
Transmitter The device which sends data to the
bus
Receiver The device which receives data from
the bus
Master The device which initiates a transfer,

generates clock signals and
terminates a transfer

Slave The device addressed by a master

Multi-master More than one master can attempt to
control the bus at the same time
without corrupting the message

Arbitration Procedure to ensure that, if more
than one master simultaneously tries
to control the bus, only one is allowed
to do so and the winning message is
not corrupted

Synchronization | Procedure to synchronize the clock
signals of two or more devices

Embedded ow-Power
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I2C Electrical Specification

&€ Open-drain buses

2 = Vbop
: 1 g
pull-up
resistors R & [ Ap
SDA (Serial Data Line) T
SCL (Serial Clock Line)
\
SCLK | SCLK
— — ‘. - ¢ —
SCLKN1 | DATAN1 | SCLKN2 | DATAN2 |
ouT ouT ouT
SCLK DATA SCLK
IN IN IN
DEVICE 1 DEVICE 2 MBCB31
STANDARD-MODE FAST-MODE
PARAMETER SYMBOL T + T + UNIT
MIN. MAX. MIN. MAX.

LOW level input voltage: Vie

fixed input levels 0.5 1.5 n'a n'a Vv
| Vporrelated input levels 05 0.3Vop 0.5 0.3V !V |V

HIGH level input voltage: Vi

fixed input levels 3.0 @ n‘a na v

Voo-related input levels ONoo | 10-Voo! - v

Hysteresis of Schmitt trigger inputs: Viws

Voo>2V na na 0.05Veo v

VDD <2V na | na 0 1V03 - . v

37
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Bit Transfer

¢ Data validity

€  The data on the SDA line must be stable during the HIGH period of the clock
¢ The HIGH or LOW state of the data line can only change when the clock signal on the SCL line is

LOW

SDA /

X

|

| data line
| stable;

| data valid

SUEDD
3|

Tl
V., L Y
M M
¥ 4
AR I
S -4

o\
I

| |
| change |
| of data |

| allowed | MBC621

38 E P

aboratory

Embedded ow-Power



Bit Transfer

¢ START and STOP conditions

&  Start condition
¢ A HIGH to LOW transition on the SDA line while SCL is HIGH

@  Stop condition
€ A LOW to HIGH transition on the SDA line while SCL is HIGH
@  START and STOP conditions are always generated by the master.

¥ The bus is considered to be busy after the START condition. The bus is considered to be free again
a certain time after the STOP condition.

[\
SCL e \ / o \ /

SCL
P
iti STOP condition
START condition MBCE22
@&f\}:@ E P Embedded ' ow-Power
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Transferring Data

¢ Acknowledge

©  Data transfer with acknowledge is obligatory

€  The acknowledge-related clock pulse is generated by the master

¢  The transmitter releases the SDA line (HIGH) during the acknowledge clock pulse

€  The receiver must pull down the SDA line during the acknowledge clock pulse so that it remains
stable LOW during the HIGH period of this clock pulse

.

DATA OUTPUT ‘
BY TRANSMITTER

|
|
DATA OUTPUT |
|
|

[ X X . X_/

|
|
not acknowledge \
|
|

BY RECEIVER \ /

acknowledge

SCL FROM
MASTER | 1 2 - M

3]
N clock pulse for
START acknowledgement
condition

:;L&:;’"‘;;:% E P Embedded ow-Power
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Transferring Data

\; P

¥ Data transfer diagram

SDA | \

acknowledgement acknowledgement
signal from slave signal from receiver

byte complete,
interrupt within slave

clock line held low while
interrupts are serviced

~ 7
|
|
|
|
|
|

/X>CI)(X\/\X>C:W(Xi
|
|
|
|

SCL | S | l | Sr |
or 1 2 - 7 8 9 1 2 3-8 9 or
Sr P
L — J ACK ACK L — J
START or STOP or
repeated START Slave hold the SLK low during the interrupt processing repeated START
condition condition
MSC608
:Zbﬁif’\}*g E P Embedded ' ow-Power
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Transferring Data

Byte format

¥  Every byte put on the SDA line must be 8-bits long

¢  The number of bytes that can be transmitted per transfer is unrestricted
¢  Each byte has to be followed by an acknowledge bit

@ Data is transferred with the most significant bit (MSB) first

42
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Arbitration

¢  Arbitration
@ If the bus is not busy (after STOP condition), any master can initiate a transfer
¢  Arbitration process required when more than one master try to initiate a transfer at the same time
¢  Logic ‘0" has higher priority over logic ‘1’ in open-drain bus (wired AND)
¢ If any device pulls down the bus, it is pulled down
€  When a master pulls up the bus, it checks if the bus is really pulled up
¢ If not, it is occupied by some other devices, so the master releases the bus
@ A transfer to a lower address device has a higher priority

€  No information is lost during arbitration process

DUEDD
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Arbitration

(@)

¥ Arbitration procedure of two masters

master 1 loses arbitration
| |, DATA1#SDA

_|
|
_

i/i

—

>
N3
>
j

wn

O

>
e~ i~ —
— = — == —

SCL

MSC609

I_
|U>
L |—
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7-Bit Addressing

¢ The addressing procedure for the I2C-bus determines which slave will be selected by the
master

@  The first byte after the START condition
¢ Definition of bits in the first byte
@  The first seven bits of the first byte make up the slave address

€  When an address is sent, each device in a system compares the first seven bits after the START
condition with its address

¢ If they match, the device considers itself addressed by the master as a slave-receiver or slave-
transmitter, depending on the R/Wbit

MSB LSB

slave address

(2eel
’ 4
<«
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7-Bit Addressing

=4

Definition of bits in the first byte

Table 2 Definition of bits in the first byte

SLAVE —
ADDRESS R/W BIT DESCRIPTION
0000 000 0 General call address
0000 000 1 START byte(!)
0000 001 X CBUS address@)
0000 010 X Reserved for different bus

format(®)

0000 011 X Reserved for future purposes
0000 1XX X Hs-mode master code
1111 1 XX X Reserved for future purposes
1111 OXX X 10-bit slave addressing

a5 ELP
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Formats with 7-Bit Addresses

\; P

¥ A complete data transfer

S .
] | | | | | | | | || | | | _o
START ADDRESS R/W ACK DATA ACK DATA ACK STOP
condition condition
DUEDD
&g‘\ '\.@/ Embedded ow-Power
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Formats with 7-Bit Addresses

()

S

© Master is a transmitter
Q@  Slaver is a receiver
¢  Transfer direction is not changed

¢ A master-transmitter addressing a slave receiver with a 7-bit address

S | SLAVE ADDRESS RW | A | DATA | A | DATA |AApP
_ data transferred
'0" (write) (n bytes + acknowledge)

MBC605

from master to slave

from slave to master

48

A = acknowledge (SDA LOW)

A = not acknowledge (SDA HIGH)

S = START condition
P = STOP condition

ELP
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Formats with 7-Bit Addresses

S

¥ A master reads a slave immediately after the first byte

¢ At the moment of the first acknowledge
¢ The master-transmitter becomes a master-receiver
¢ The slave-receiver becomes a slave-transmitter

€  This first acknowledge is still generated by the slave
¢ The STOP condition is generated by the master

]
S”)/ SLAVE ADDRESS /1 RW~/| A | DATA (A7l DATA [/ AP

‘ \— data transferred —,

MBC606 (read) (n bytes + acknowledge)

)
(= 0
Fale%y
Y pam
X

SR

E P Embedded ow-Power
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Formats with 7-Bit Addresses

&)

¥ Combined format

S/} SLAVE ADDRESS V' R/W/ A | DATA| A/A I'Sr7 SLAVE ADDRESS W DATA|A/AL P
‘ L(n bytes J L(n bytes J
. + ack.) * + ack.)
read or write
read or write direction
of transfer
* may change
,?rgtnz?;d&?ezﬁgiu;e Sr = repeated START condition at this point.
data and acknowledge bits MBCE07
depends on R/W bits.
@g’“‘*{%’ Embedded | ow-Power
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10-Bit Addressing

¢ If 7 bits are not enough to identify devices, 10-bit addressing is used
¢ Since I2C is 8-bit oriented, 10-bit address is transfered using 2 frames

¢ Last 3 bits of the first frame and 7 bits of the second frame is combined into 10-bit
address

¢  First frame start with 11110

NS

First frame 1 1 1 1 0 AO Al A2
Second frame A3 A4 A5 A6 A7 A8 A9 | R/W
,_ﬁ’-v-\;{%) Embedded -P
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Clock Synchronization

¢ All masters generate their own clock on the SCL line to transfer messages on the 12C-bus

¢ Clock synchronization is performed using the wired-AND connection of I2C interfaces to
the SCL line

¢ A synchronized SCL clock is generated with its LOW period determined by the device with
the longest clock LOW period

¢ A HIGH period determined by the one with the shortest clock HIGH period

start counting
HIGH period

counter |

CLK \ o reset /——L
2 | \ :
o =1

‘:&&f\}g Embedded ' ow-Power
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Basic Characteristics

¢ SPI - Serial Peripheral Interface Bus

¢  De facto standard
¢ No unique specification or protocol defined

\Y

€ Many variants exist
¢ Full duplex communication

¢  Single master, single slave without chip-enable signals
€  Multi slave available with multiple chip-enable signals
@ Daisy-chain available with single chip-enable signal

@ﬁ’%}% E P Embedded ow-Power
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Basic Characteristics

& SPI - Serial Peripheral Interface Bus

¥  Complete protocol flexibility for the bits transferred
€ Not limited to 8-bit words
¢  Arbitrary choice of message size, content, and purpose

¢  Extremely simple hardware interface
@  Typically lower power requirements than I2C due to less circuitry (including pull-ups)
¢ No arbitration or associated failure modes
¢ Slaves use the master's clock, and do not need precision oscillators
¢  Transceivers are not needed
¢ Logic-level on-board communication
€ No electrical specification

€  No formal specification on logic level or input capacitance
@  General digital signals can be used, but all participating devices should match or have tolerance

Embedded ow-Power
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Signals

¢ The SPI bus specifies four logic signals (4-wire)
@  SCLK (SCK)
¢  Serial Clock (output from master)
¢ MOSI/SIMO (SDI, DI, SI)
€  Master Output, Slave Input (output from master)
¢ MISO/SOMI (SDO, DO, SO)
€ Master Input, Slave Output (output from slave)
¢ SS (nCS, CS, nSS, STE)
@ Slave Select (active low; output from master)
¢ SPI is an on-chip bus and shares GND
¢ 3-wire variant
¢ Replace MOSI and MISO with a single data line SISO (Slave In/Slave out)

E P Embedded ow-Power
aboratory
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Note: I2C, SPI and 3-Wire Naming Convention

¥ Some venders call SPI as 3-wire as well

“m

MSB first,
Data in/out 100kHz to 400kHz LSB last
SCL Clock
MSB first
SPI B DIN Data in 1MHz to 10MHz LSB Iast'
DOUT Data out
active-
low CS /Chip select
SCLK Clock
MSB first,
3-Wire 3 1/0 Data in/out 500kHz to SMHz LSB last
Ccs Chip select
SCLK Clock

’ Embedded ow-Power
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3-Wire Single Byte Protocol

¢ 3-wire protocol

¢s ] L

s U UUUUUUHUUL L
AL A1 A2 A3 A4 A5 A6 A7 D0 01 D2 03 D4 05 06 07
e G (R NN RN NN RN N

| ] | J
Address/Command Byle 1J0 Dala Byle

¢  3-wire command byte

AT A6 AS A4 Al A2 Al A0
RAM "D

1 AS | A4 | A3 | A2 | Al
ax w

! ’ Embedded ow-Power
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Basic Characteristics
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Dlsadvantages of SPI

(@)
&

(@)
&

Requires more pins on IC packages than I2C, even in the "3-Wire" variant

No in-band addressing; out-of-band chip select signals are required on shared busses
¢ In-band addressing: addressing (selecting device) signals share data bus

@ Out-of-band addressing: addressing (selecting device) signals are separated from data bus

No hardware flow control

¢ Sender cannot check READY status of the receiver

No slave acknowledgment

¢ Sender cannot confirm a successful data transmission

Multi-master busses are rare and awkward, and are usually limited to a single slave

€  Without a formal standard, validating conformance is not possible (de facto standard)

Only handles short distances compared with RS232, RS485, or CAN

59 E P
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Operation

&/

Data Transmission
@  The master enables the chip select pin for the desired device

€  During each SPI clock cycle, a full duplex data transmission occurs
¢ The master sends a bit on the MOSI line; the slave reads it from that same line
© The slave sends a bit on the MISO line; the master reads it from that same line

¢ Word size (number of bits) should be pre-defined identically between master and slave before
transmission

Master Slave
Memo Memo
i SCLK | Yy
oliT213T2]s16]7 MOS')01234561
* MISO

LN
2
%

RS

b
£2 2
ey
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Operation

()
|

¥ No standard protocol defined

@  Master and slave should agree in advance on
¢ word size (8, 16, 32, ...)
¢  bit ordering (MSB or LSB first)
@ clock polarity
¢ clock phase
¢  Usually, microprocessor can be configured for various slave devices by configuring SPI control
registers
¢  For example, in TMS470 SPI controller has 3 control registers
@  SPICTRLI1: clock speed, word size

SPICTRL2: clock polarity, phase
SPICTRL3: DMA, interrupt

©

©

E‘ﬁ’\;‘% E P Embedded ow-Power
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Operation

¢ Clock polarity and phase

¢  Clock polarity
€  Clock low when idle
@  Clock high when idle
@  Clock phase
@ Read data on rising edge and change on falling edge
¢ Read data on falling edge and change on rising edge

¥  Four combinations are available, and should be pre-defined between master and salve

DU
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Operation

¢ Clock polarity and phase
©  Polarity low; Phase rising edge

SPICLK S S O O S =

[ ¥ | 2 3 4 5 6 ¢ 7 8

SPISIMO {mse X 06 Xo0s XDs X0D3 X02 Xo1 Xiss )

SPISOMI N T e D e D e ) e e D D e D
Sample in l I l I | | | l

reception

©  Polarity low; Phase falling edge

O e O e I e N N N

SPICLK
1 2 3 4 5 6 7 8

SPISIMO  mseX o6 X os X o4« X 03 X 02 X D1 X Ls8)

spisomi =07 ps)}—{ o5} o4}~ o3} 02— o1} o0 )~
| | | | | | | |

Sample in

recepbon
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Operation

¢ Clock polarity and phase
©  Polarity high; Phase rising edge

SPICLK LI Ly e

2 3 “ 5 6 7 8

SPISIMO { ‘;188 Xoe X 0.5 Xos Xo3 Xo2 Xo1 Xiss )

SPISOMI D7 D6 D§ D4 D3 D2 D1 D0
Sample in l 1 l l l l l l
reception

@  Polarity high; Phase falling edge

i plpglipgliginigEgl;

1 2 3 4 5 6 7 8
SPISIMO {mse X6 Xos Xos4 XD3 XDz XD1_ Xiss )
SPISOMI ~{ o7} os)={ os)}—{ o4}~ o3}~ 02)~{ ot
Sample in I I I l I I l I

recepbion
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Operation

¢ Independent slave SPI configuration

Q@  Each slave communicates with the master in a 1-to-1 manner

©  Each slave is enabled one by one

© Master needs as many enable pins as the number of slaves

SCLK » SCLK
MOSI » MOSI SPI
SPI MISO |e MISO Slave
Master S5i » S5
552
883 —
—p{ SCLK
» MOSI SPI
MISO Slave
» 55
—p1 SCLK
—» MOSI SPI
MISO Slave
—» 55

va

e
51

65
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Operation

©

STd
5N
N

ly

2
Ly

S
EL‘.
4
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©

Daisy chain SPI configuration

&/

Some products with SPI bus are designed to be capable of being connected in a daisy chain

configuration

The SPI port of each slave is designed to send out during the second group of clock pulses an

exact copy of what it received during the first group of clock pulses

All slaves are enabled all the time
Master needs only one enable pin

SPI
Master

SCLK » SCLK
MOSI » MOSI SPI
MISO |¢ MISO Slave
§8 » 58
—p SCLK
» MOSI SPI
MISO Slave
» 55
—p SCLK
——» MOSI SPI
MISO Slave
L » 53

66
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Application

¢ Applications of SPI and I2C are overlapped widely

¢ Sensors
@  ex) Temperature sensor and accelerometer

Tomgoratuore

1 >:.'.~." (s #
SC1 Temo réoris SOA
Sensor -
AX
. ol
AD - g [ ADDX
C prio e
3 - 4
ADD OSC and Temp Ve
gser
TMP100

¢ Register read/write
€ ex) CMOS camera module

N E -J

¥ 'Y
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Application

¢  Serial memory devices

€  Small non-volatile memory devices use a serial interface
©  ex) Serial EEPROM, flash memory

& M24128 1
7’ M24CG4 M24C32 M24Ca2

eodt  shVee
E1[j2 70WC
E2([]3 6 [ SCL
128 Kbit, 64 Kbit and 32 Kbit seriallIZC bus EEPROM| VSSU 5[1SDA

Ny M95320 M95320-W M95320-R
Y/ M95640 M95640-W M95640-R  50) b,
32 Kbit and 64 Kbit serial|SP| bus EEPROMs| %57  :fS

with high-speed clock

E P Embedded ow-Power
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Application

¢ Simple ICs
€  ADCs, ADCs, and potentiometers
€  ex) Texas Instruments ADC interface
@ Parallel interface: 197 devices
©  Serial SPI interface: 248 devices
©  Serial I12C interface: 14 devices

o A RiF L) AL
e 31 v
cop p4
i ADS1113
SEZ2S % % oM . / e p—— ‘H" ¥
: T WE H ps < . +» 80
Micro ET< 4 1 \
Corerober H T
1 ,—' -
GMo > CcS ADSa434 ! Zompa
GPIO »| oyre ! i
GPIO | Busae BDAND ! el |
GMo »| CONVEY H s 3
——— e — ! ' '
P vap H - -1
AD(7:0) [ 0B[17:10) K ! e FS—p— - s
I Data Bus O(17:0] ! . LL sax
] e o
0 N W
You've Soloactod.
442 Results
B
............. fo re I
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