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Factor Name Symbol Factor Name Symbol

1024 yotta Y 101 deci d
1021 zetta Z 102 centi ¢
10 exa E 103 mili m
101" peta P 10  micro p
1012 tera T 102 nano n
10° giga G 1012 pico p
106 mega M 1015 femto f
103  kilo k 1018 atto a
102 hecto h 10-21 zepto z
deka 1024 yocto

Text email, SMS

1KB 1000B=10° 1024B =210 8x10° Word document
1MB  1000KB=10° 1024KB=22° 8x10° Digital photo
1GB 1000MB=10° 1024MB=2%° 8x10° DVD

1TB 1000GB=10'? 1024GB=2% 8x10'? Hard disk

1PB 1000TB=10" 1024TB=2°° 8x10%® Cloud?



| Microprocessors for Top-level

Operating | Products with Human-Machine :
Frequency | Interfaces, Extensive Networking I
(MHz) I Funtions and Greater Data i
I Processing Capabilities
800 I :
I !
I !
I !
I !
320
240
Advanced Microcontrollers
32 for Embedded Control Systems
* RZJA processors support
applications with HMIs
* RZIM chips (in develop-ment)
support IT apps

Control « » Data Processing
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PIC(PeripherdhterfaceControlledT n 1§ NiiMjcko&nip O

PIC18LF14K50 - 20 PINS, 16 KBytes Flash || PIC18F25J11 - 28 PINS, 32 KBytes Flash || PIC18F2685 - 28 PINS, 96 KBytes FIas!I

|ADC.PWM,l2C,SPI,EUSART,USB I | ADC,PWM,I2C,SPI,EUSART I IADC.PWM,IZC,SPI,EUSART,ECAN

Some of The Microchip PIC18 Microcontroller
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Microcontroller Architectures

Memory

gire U
Address Bus
Program
CPU Data Bus Data Von Neumann
B —

Architecture

Memory
0

Address Bus
Program

Harvard

CPU Fetch Bus

Architecture

Address Bus 0

Data Bus Data
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PIC 8 bits Families
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Base Line Mid-Range Enhanced Mid- PIC18
Range
No—oiPins 640 G5+ +6-1+66
v Y Jyam 7 Uplo JKB A~ Upto 1 vUp 8 to 128
DataMemory | Upto 134 Bytes Up to 368 Bytes Up to 1.5 KB Upto 4 KB
: - _— 4 L —
e 122y O|K I*°n [| L e n Rl
1] 1
€1 Jffune?‘?ﬁqm Lia ﬁ’mE | r KI EKDnD
ORI o T e e 7 ohe
Feature » Comparator In addition of ln,additi’on of Mid- Ir,w addition c;f
« 8-bit ADC baseline range Enhanced Mid-

* Data Memory - SPI hl + High Performance range i,
~ 1201 ? . : 7 ¥ -
6 riplfolall IR 1 1oL N ICES,T| | E

- PWM peripherals « USB
- 10-bit ADC * Ethemet
L . - OP- Amps . L * 12-bit ADC
o S A R S SN A CE A




] s s 1 ==-—
26137991 | Temperature Lensor

3x eQEP

TMS320F2807x

Sensing
ADC1: 12-bit. 3.1 MSPS
00 ke
ADC3: 12-bit, 3.1 MSPS

Ix Wir Jover “omo-cato 2w/ '
Integratea 12-bit UA'- |

8x Sigma Delta Channels
(7){ Filters ner nhannel)

6x eCAP

Debug
Real-time JTAG

System Modules
3x 32-bit CPU Timers
NMI Watchdog Timer

192 Interrupt PIE

Microprocessor family

Temperatures

Processing

_ ~£28x™ CPU
e 120MHK

CLA coprocessor

r]120 M}-‘,z i

6ch DMA

Memory
Up to 512 kB Flash +ECC

b} - A\
l Up Jo.100 IT +paJty
2x 128-bit Security Zon€s

Boot ROM
EMIF

105C 125C Q100

Actuation

PirAse width

Fault Trip Zones
12-bit DAC

Connectivity
4x UART +
{120
3 SPl =
P !/ICBSIE I §
2x CAN 2.0B
USB 2.0 OTG FS MAC & PHY

IPower & Clocking
2x 10 MHz OSC
4-20 MHz Ext OSC Input




K70 Family 512KB-1MB 196-256pin . "wm* ’%’ §5 n
K60 Family 256KB-1MB  100-256pin . wm‘« - ﬁ a

K50 Family 128-512KB  64-144pin W ’%‘ 8 & n *
K40 Family 64-512KB  64-144pin . "WM ’%‘ 8

K30 Family 64.512KB  64-144pin . W B8
K20 Family 32KB-1tMB  32-144pin \W 0%0

K10 Family 32KB-1MB  32-144pin W

‘ Mixed signal
. . PE— - ~ - -

LA GAKNIED IHQE I KKT T Ngn
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« RX Family Lineup
Single architecture extending from the low end to the high end

High Performance
~
The RX flagship with high spead and advanced functionality
RX700 seri Mo, 240MHz operation, 4M8 flash, IEEE 1588, Ethernet x 2, USB,
CAN, encryption
\ >
r B
| The RX mamstream with high performance and extersive lineup
RX6OO SERIES Max. 120MHz operation, 4MB flash, EEE 1583, Fthernet, USE, CAN,
rmotoe contraol
\ >
r \
Best mix of low power consumption and high performance
RX200 stries Max. SAMHz operation, TME flash, 1,62 5.5V operating voltage,
capacitive touch, USB, CAN, 24-bit AY A/ motor control
A o7
r N

- v

RX100 seses

\

Ultra-powes-efficient entry-level senes
Max, 32MHz operation, B to 512KB flash, capacitive touch, LCD, USB

Low Power

®

Large-capacity memory @ Ethernet éf Connectivity
High performance

ElIEPC

BIEnn
N v

&
2|8

w00

&

|2V

(]

Security functionall

-

Motor control Touch functionality Power efficient
Power control

Hardware support
safety functions

I A GAKNMIESIIHIAL J KKT I N
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CRC16 CRC32 AES/DES Crypto

a
L
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NS08 A s Comroner W w
O K- commmuer | Tl
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-
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16-bit Timer/Counters 13C use
I2PWM USANY 25

PWM=PW¢dth Modulat] Universal Asynchronous Receiver/

[}
Serial Peripheral Int] Intetntegrated Cir
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ADC, 16-bit, 2ch Sigma Delta

64-128 KB ' .é
Flash DMA, DAC, 10-bit, 2ch
16-bit Timers - 5
l_l -
5Pl -2

g™ -2

128LUGIIBIL]
Baj Ly

Memory Bus

Interrapt
16 MIPS 32 MHz CORE

Register Fila
16x16

jaaeg uld
|Edaydiieg

16-bit ALL

USE - OTG
LCD Dyvivor /472 Sepmonis

CTRU lar Towch

iTx 17 Address
= Ganeraticn

sng |elayduag

JTAG & Emul.
Infarface

Bamel Shaflar
Farallel Masgier Parl

CRC

OE Brown-out Rosaot
" DS Watchdog Timer

o [nferrupt O

Faal-Tima Clock Calandar
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E-Fiald Sensor —ily  Flow DeteclorfSeal

I —
Ka MC33972 MBEXEAZ01 0
F'.':'I:; In p Ut MC33975 . l Ta;npuraturgnmmm
MC330a3 —|—* ressure S0Ors
D MSDI &
L . Door Closed Sensor
L]

ADC Tirming

FUunctcns

i \Aater Inlet
—= Water Outlet

— —= Pump
QMWAQQTO —8= Haealing Elemeant
p'_@FtSF' in Fulure —= [etergent Adder

1 Modals:
| Sending messages

i to athar products

in[)uts MMAG2000

==

L4
Acceleration Sensor f &3
, T
-: ! . MC33289 : MC33289 ~
Mator Powear |C F Flc _ Alarm
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( Micro B USB )
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UCTL AVR

UCTL PIN ASSIGNMER N fagnteddas O

ha‘h‘l mle (IQ\JTM/Reset) Pc6 | 1 | et | 28| PC5 (ADC5/ SCL/ PCINT13) m
(PCINT16 / RXD) PDO | 2 | | 27| PC4 (ADC4 / SDA/ PCINT12)
(PCINT17 / TXD) PD1 | 3 | | 26| PC3 (ADC3/PCINT11)
(PCINT18/INTO) PD2 | 4 | 25| PC2 (ADC2 / PCINT10)
(PCINT19/0OC2B/INT1) PD3| 5 | 24| PC1 (ADC1/ PCINT9)
(PCINT20 / XCK /TO) PD4 | 6 | | ——I | 23| PCO (ADCO/PCINTS)
Voo ‘ATmega 168 1 22| GND
GND| 8 | | 21| AREF
IP{= PLINT6/ X1AL1 / TOSC1) PB6 La.| | 20| AVCC
(PCINT7 / XTAL2 / TOSC2) PB7 | 10 | | 19| PBS (SCK/PCTINTS)
ok 7?(:|N6 /OCOB/T1)PD5 | 11 | | 18| PB4 (MISO/PCTINT4)
> | (PCINT22/OCO0A/AINO) PD6 | 12 | | 17| PB3 (MOSI/OC2A/PCTINT3)
(PCINT23 /AIN1) PD7 | 13 § | 16| PB2(SS/0OC1B/PCTINT2)
(PCINTO / CLKO / ICP1) PBO| 14 | | 15 | PB1(OC1A/PCTINT1)

Leam by Invention

inventors:Force
Microprocessor family



UCTL ARDBbOd¥foader

Memory Map without Bootloader Memory Map with Bootloader
Reset Vector Reset Vector
Interrupt Vector Low Interrupt Vector Low SR -
Interrupt Vector High Interrupt Vector High """"""éj
User Main < < :

Bootloader Code

User Reset Vector

User Interrupt Vector Low -4""""55
User Interrupt Vector High [d:cefees
User Main 4—

User Code

User Code

Microprocessor family



UCTL ARDUINO

UCTL h | Bogtlopd@ i@ v 1@ |, &rduino YUN

) >
>

No Bootloader
bootloader installed
s, O=000 O=000
SN i P : : Jump to boctloader
B D Oz 004
- Arduino U NIt Downloaded
program program
Ardumno Y
: OxFo0
3 Eoctloader
b 256 words
Y 0xFFF 0xFFF

’ <,
& ool
< g
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i 3333133

I;roto Shield SB Host Shielc

hield Wireless Proto Shield

IR

ARDUIND

GSM Shield Wireless SD Proto Shield
Microprocessor family



ARDUINO: Pin Assignmégf& batyArduino U

THE
UNOFFICIAL

ARDUINO

&
ATMEGA328
PINOUT DIAGRAM

LEGEND
GND

CONTROL

PORT PIN
ATMEGA328 PIN FUNC
DIGITAL PIN

29 JAN 2013

Microprocessor family



INO

t of Ardu

S
O
=

ARDUINBase ¢

o | AN5

) | AN4

| AN3

ile| AN2
Lo | AN

Lo | ANO

AGND

ARef
AVcc

D13
1 D12

“le|D11

le|D10
14 Dg

K5 ® R1 OVee
10k
== e an i
100n Ic1
"‘ \/
RESET | @+ 1 pce PC5
DO(RX) | @42 2} PDO PC4
D1(TX) | @4 21 PD1 PC3
i ; 0
D2| @ PD2 N PC2
D3 2 S{pp3s ()  pet
D4 | o4 ilpos < Pco
v
2opF veo|eli—T Ve Hvee O ono
C2_" GND| g 15 — il FN) Lé" AREF
Xtall == —|—16MH i P |_ AVCC
Z 10 ‘
C3Q-II = pe7 < P85
22pF  D5| e Y pps PB4 |18
- D6 | 42 12} pD6 PB3 |1Z
D7| o 2 pp7 PB2 {16
D8| o+ -] P8O PB1 |15
K4 IC2 Vee
7305 Q +5V
ot—Pplo+— —o ®| K6
z| D1 - W@ LED2
lﬁ I__i-l
C4 wupm C 5 m—— v
1IR3
& & > =" ®| K7

LED1
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ARDUINE2se circuit of Arduino Un@2&Tmeg

Vcc
> ~10 kQ
) < Resistor
Switch(Normally Open)
|||——D_/ | | &—| reseT A5
—q DO (RX) A4 p——
= D1 (TX) A3 |
UI_ — D2 A2 |
U
= —] D3 (PWM) Al f—
— D4 AO
<
vCC GND ||| IR
S |
|||— GND AREF
XLAT1 AVCC 1
e ] i
-1 — D5 (PWM) D12 p— |
ey D6 (PWM) D11 (PWM) |rmmem LED
o ————
22pF 22pF — b7 D10 (PWM) f— ~200 Q $
Capacitor | Capacitor Resistor g
p— p— —1 D8 D9 (PWM) |
J_ ATmega328 =
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Microcontrollert KQh T fnr I SNoe) E

MCUa = 1 a/lm:rEcon@roller Unit
mq S A8  Realview SIAR

SOFTWARE ARM® Tools by ARM SYSTEMS

Software Driver Evaluation Board Evaluation IDE
I /i : A “ ‘hl; ’,“l -
g . : . | i Automotive LAN for &
' I : l f 1 Power Train and Chassis
:‘IlllllIlll.ll.lllllll.“.l lllII.‘: . - Batteryunit
: | Solenoid Driver Spansion : \ 12V pcpe I
é; Crank Sensor 32bit MCU -< (DC to g% %_
- (Main) l \l/ |
T T T T LTI TR | s Power Converter
e Spansion - . & Charger Unit
ngine MCU (Sub e -
. () EngineECU | & Spansion ‘
| : 3 32bit MCU :
llllllllllllllllllllllllllllllllll : Mn Mot“ : |
“n z ' : ™ '.*.
o T\ 3phase Inverter ( . Dual-core : 3 &
\ Lk Gate Drivers Bl ARM Cortex-R5F : ? '_ :
I . 2MB Emb. Flash : Sensor ’
>: 3phase Inverter ' W)
4,
, B Spansion Gate Drivers -9 ot
Sensor MCU [Sub) Generator

-

EV: electriorehicles ECU englneontrol unit
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Microccontrallerl KQh 1T fir I SNoe|] @
i N] EI-TEBNK b KR Fd&EKNR &[T G

Microprocessor family



UCTLRIG | I § nNEENKE& S Nk UEHK

5V DC Supply

ORNG
wouT
33333
RAD)
RA1IAN1ICIN-AY
RA2/COUTITOCKIAN2
_ RA3MCLR
RA4/TT
RAS/T1CKI/OSC
RCO/ANG
JANS
JANS
JANT

0| ()

]

o o

ABCDEFG DP

1234

I
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I N
-haﬂiahuhwsﬁm&faf&s%% e EN& ‘-@ad’aalﬁﬁa@amﬂi L N
_hqmdgmgmmb NI "ﬂl -wan&aaK@hmﬂ 0l K|

ANALOG

DIGITAL I/O

PERIPHERALS

UART Fort0

o

S/ 12-bit SPL_||<

PCA ||3
sps 4 21| Port 1

e v Timer 0 o)

- X

AGE Timer 1315
COMPARATOR | | Timer 2 LIN

eI O O k N K

. ————
tnlENKE@KE@H@% _
Hshib e h@eeniiinledl B JH S

WMﬁaanul’mﬁmﬂl T ni L |t rerTLETlXRI?JIES NC RCUITRY
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UCTLZU51
UCTERT I'T nl j LEGHNé i Ed
&ﬁ’iﬂﬂﬁﬁliﬁ’]]mm'

External

Interrupts GU%@W@H“%JWU”
| |

éml,ﬁbahia@i@'azﬂsr

On-chip 3 .
Interrupt pigl ROM On-chip Ete. - b rl ﬁpﬁﬂ%ﬁ&&lﬁl
= Timer 0 g yriad
Control for code RAM Timer1 I 5"
"O [

\*l

™

; d

A
A
Bus I/0 Serial
Control Ports Port ’
Vo Vi v H.’nﬁani e E’gﬁi’]iﬁmnmaé|
P2 P3 TXD RXD & ~ !

o ENKe A GhENKT |

I I

Address/Data
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UCTL&@51
UCTEAT ENKO § RIr it 1§ NimNp8BB | & K # a1 T

C1
VCCA/DD I I *
30pF U1
<TEXT=: _ I X1 13 D XTAL1 P0O.0/ADD %
PO.1/aD1 |22
—— crvsTal| P0.2/AD2 3L
L s XTAL2 PO 3/AD3 |22
e oo PO 4/AD4 |32
iy 2 PO 5/ADS |22
L [ . PO 6/AD6 |—22
o I} 2 | Rst P0.7/AD7 [—22
I:l — <TEXT> P2.0/A8 %
» & P2.1/49 |22
¥ P2 2/A10 |22
L 22 PSEN P23/AT1 |22
ET Pi= P2.4/A12 |22
2L 1 EA P2.5/A13 o7
P2.6/a14 2L
H R1 P2.7/a15 22
8.2k
il -{iE1a P30/ —1
S{r12 P3.2/NTO |12
| i1P13 P3 3ANTT | —2
-l P3.4/T0 (—12
NV I hd ~ hd A R} .4 A - 7P3.5/T1 > . v
*Nh é kENeE
&KIN|Il EEKESNSGI:Nh é EeNFET fr
Y 3 J ? : : ’
80C51
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UCTL &d51

UC IE N

ENKOGQIJIrmIgINMNBEoR | € K H Ul

11.05492M

halng

| E& KE S

PEavVS1RD2
F1.0 VCC oo & +VCC
P 1 PO.O(ADD) £
P2 PO.1(AD1) 2
S
P15 pmﬁamig PE9v51 SERIES
Eg-ggﬁggg 33 MICROCONTROLLER
= (E?PD;}} %_ PROGRAMER CIRCUIT DIAGRAM
S0 o e e e e o o o e e e e e e . .
HEEa} E : DEO
sicE " F'E.TI:.":H 5} 25 11 MAX232 +5
sh A N M ey il
T 12}§| ! 21 2- T“In:uut?l_ 2l pp D3R
18 Xtal L e e e B
19 Xta|2 Ay 2 | -LE e uut oo 5 =]
ag J_—_| L $2|:n_|t E'_:ﬂ 1o J_—_“—G—H—D‘___J
=10 ] Roin roout B ||
I — n out —~ )
] 1 | KJl
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UCTL&E51
UCTEAT ERNK @ §

v

el i g RpaBeBB il O E O

‘f?

Reading
N
o) %]
. s o=l el
f— Readin —
™| mD P :l—oms A13 | A13 |
- A12 A
U WR | Wrtng R Y A11 |
0 A10 A10 —
A N e -
| RAM(64K) ROM(64K)
Y = L P | | f
Ald — ] — —]
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Bit-addressable locations

Byte
address
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10
OF
08
o7
oo

128 Bytes of Internal RAM
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6F |GE |6D |6C |6B |6A |69 |68

67 |66 |65 |64 |63 |62 |61 |60

SF|SE|5D |5C |58 |5A |59 |58

57 |56 |55 |54 |53 |52 |51]50

4F [4E [4D [4C [4B [4A [49 |48

47 |46 |45 |44 |43 |42 |41 |40

SEI3E|3D|3C 3B |3A |39 ]38
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