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INTRODUCTION TO PIC MICROCONTROLLER

INTRODUCTION

Simplicity and ease, which the higher programming languages bring for program writing as well
as broader application of the microcontrollers, was enough to incite some companies as Micro
engineering to embark on the development of BASIC programming language. What did we
thereby get? Before all, the time of writing was shortened by employment of prepared functions
that BASIC bringsin (whose programming in assembler would have taken the biggest portion of
time). In this way, the programmer can concentrate on solving the essential task without losing
his time on writing the code for LCD display. To avoid any confusion in the further text, it is
necessary to clarify three terms one encounters very often.

Programming language is understood as a set of commands and rules according to which we
write the program and therefore we distinguish various programming languages such as BASIC,
C, PASCAL etc. On the BASIC programming language the existing literature is pretty extensive
so that most of the attention in this book will be dedicated to the part concretely dealing with the
programming of microcontrollers.

Program consists of sequence of commands of language that our microcontroller executes one
after another.

BASIC compiler is the program run on PC and it's task is to translate the origina BASIC code
into the language of 0 and 1 understandable to the microcontroller.

BASIC for PIC microcontrollers:

As a programming language, BASIC is since long time ago known to the PC users to be the
easiest and the most widespread one.

Nowadays this reputation is more and more being transferred onto the world of microcontrollers.
PIC BASIC enables quicker and relatively easier program writing for PIC microcontrollers in
comparison with the Microchip's assembling language MPASM. During the program writing, the
programmer encounters always the same problems such as serial way of sending messages,
writing of a variable on LCD display, generating of PWM signals etc. All for the purpose of
facilitating programming, PIC BASIC contains itsbuilt -in commands intended for solving of the
problems often encountered inpraxis. As far as the speed of execution and the size of the
program are concern, MPASM isin small advantage in respect with PIC BASIC (therefore exists
the possibility of combining PIC BASIC and assembler). Usually, the part of the program in
which the same commands are executed many times or time of the execution critical, are written
in assembler. Modern microcontrollers such as PIC execute the instructions in a single cycle
lasting for 4 tact of the oscillator. If the oscillator of the microcontroller is 4AMHz, (one single
tact lasts 250nS), then one assembler instruction requires 250nS x 4 = 1uS for the execution.
Each BASIC command is in effect the sequence of the assembler instructions and the exact time
necessary for its execution may be obtained by simply summing up the times necessary for the
execution of assembler instructions within one single BASIC command.



PIC microcontrollers

The creation of PIC BASIC followed the great success of Basic stamp (small plate with
PIC16F84 and serial eeprom that compose the whole microcontroller system) as its modification.
PIC BASIC enables the programs written for the original Basic stamp to be trandated for the
direct execution on the PIC16xxx, PIC17Cxxx and PIC18Cxxx members of the microcontrollers
family. By means of PIC BASIC it is possible to write programs for the PIC microcontrollers of
the following families PIC12C67x, PIC14C000, PIC16C55x, PIC16C6x, PIC16C7x, PIC16x84,
PIC16C9xx, PIC16F62x, PIC16C87x, PIC17Cxxx and PIC 18Cxxx. On the contrary, the
programs written in PIC BASIC language cannot be run on the microcontrollers possessing the
hardware stack in two levels as is for example the case of PIC16C5x family (that implies that by
using the CALL command any subroutine can be called not more than two timesin arow).

For the controllers that are not able to work with PIC BASIC there is an adequate substitution.
For example, instead of PIC16C54 or 58, we can use pin compatible chips PIC16C554, 558, 620
and 622 also operating with PIC BASIC without any differencein price.

Currently, the best choice for application development, using PIC BASIC are microcontrollers
from the family : PIC16F87x, PIC16F62X and of course the famous PIC16F84. With this family
of PIC microcontrollers, program memory is created using FLASH technology which provides
fast erasing and reprogramming, thus allowing faster debugging. By a single mouse click in the
programming software, microcontroller program can be instantly erased and then reloaded
without removing chip from device. Also, program loaded in FLASH memory can be stored after
power supply has been turned off. The older PIC microcontroller series (12C67x, 14C000,
16C55x, 16C6xx, 16C7xx and 16C92x) have program memory created using EPROM/ROM
technology, so they Basic for PIC Microcontrollers 5 can either be programmed only once (OTP
version with ROM memory) or have glass window (JW version with EPROM memory), which
allows erasing by few minutes exposure to UV light. OTP versions are usually cheaper and are
used for manufacturing large series of products. Besides FLASH memory, microcontrollers of
PIC16F87x and PIC16F84 series also contain 64-256 bytes of internal EEPROM memory, which
can be used for storing program data and other parameters when power is off. PIC BASIC has
built -in READ and WRITE instructions that can be used for loading and saving data to
EEPROM. In order to have complete information about specific microcontroller in the
application, you should get the appropriate Data Sheet or Microchip CD-ROM.

PIC Microcontrollers

PIC stands for Peripheral Interface Controller coined by Microchip Technology to identify its
single chip microcontrollers. These devices have been phenomenaly successful in 8-bit
microcontroller market.

The main reason is that Microchip Technology has constantly upgraded the device architecture
and added needed peripherals to the microcontroller to ’suit customers’ requirements. The
development tools such as assembler and simulator are freely available on the internet.

L ow-end Architectures

Microchip PIC microcontrollers are available in various types.

When PIC became available from General Instruments in early 1980’s, the microcontroller
consisted of avery simple processor executing 12-bit wide instructions with basic 1/0 functions.
These devices are known as low-end architectures. Some of the low-end device past numbers are
12C5X X, 16C5X, and 16C505



Mid-range Architectures

Mid-range Architectures are built by upgrading low-end architecture with more number of
peripherals, more numbers of register and more data memory. Some of the mid-range devices are
16C6X 16C7X, 16F873 Program memory type

C = EPROM

F =Fash

RC = Mask ROM

Popularity of PIC microcontrollersis due to the following factors:

1. Speed: Harvard Architecture, RISC Architecture

1instruction Cycle = 4 clock cycles.

For 20 MHz clock, most of the instructions are executed in 0.2us or five instructions per
microsecond.

2. Instruction Set Simplicity:

The instruction set consists of just 35 instructions (as opposed to 111 instructions for 8051)
3. Power on reset

Power-out reset

Watch-dog timer

Oscillator Options

* low-power Crystal

* Mid-range Crysta

* High-range Crysta

* RC Oscillator

4. Programmabl e timer options on chip ADC

5. Up to 12 independent interrupt sources

6. Powerful output pin control 25mA (max.) current sourcing capability.

7. EPROM/OTP/ROM/Fash memory options.

8. Free assembler and simulator support from microchip.

CPU Architecture and Instruction Set
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Regizter File structure and Addressing Modes

Repister e — locabons Ciel an mslooebion can socess vis s sddiss,
Remster file consists of two components,

1. General purpose register fle [sam= as [AM)

2. Special purpose register file

1
I Exira 64
baes of B
iz
PLIC 18 63
RAM if Cé&sN
g bayes) 1w LTA
S 1B 4R
co
EF
RAM
20 (32 by
-E _nl-’
Hzerial rose 9F
Kegister Special pupusa
{32 byres) Register
0 wy (42 bytes)
Fanlk )
g Hank 1
bt 126 bytes

RPO hitin the &tatis register dooeeta the banle, ¥ hit of divect address TRFO determines the absolnte
acdress of the register.

Lol el anlilressing wnande

FSR contains the #-bit address of the data/register.

CPU Registers
W, the working register, is used by many instructions as the source of an operand. It may also

serve as the destination for the result of the instructions execution. It works as the accumul ator.
T 0

W working register
! 1] ] 4 3 1 1 0

K

REQ MNOT.TC }NC-I_]‘D‘ z ‘D{“ ‘ C ‘

STATUS

ladcress UdH.83H)
= Carry bat
DC = Dzt Carry (same as AC, Awahary Carry)

£ = Zaro bit

NOT-TO, NOT-PD— Used in conjuneticn with PI1C's sleep mode

RPO — register bank select bit used in conjunction with the diract addressing mode



Indirect data memory address points.

FSR is the pointer used for indirect addressing. The program is supported by an eight-level stack.
When an interrupt occurs, the program counter is automatically pushed on to the stack. Since
PIC microcontrollers programs are normally designed for handling one interrupt at a time,
further

Basic Architecture of PIC Microcontroller
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Bank Addressing

Bank 0 Bank 1

00 INDF INDF 80
D1 TMRO OPTION 81
02 PCL PCL 82
03 STATUS STATUS 83
04 FSR FSR g4
05 PORTA TRISA 85
06 PORTE TRISE 86
07 PORTC TRISC 87
18 PORTD TRISD g8
Wy PORTE TRISE 89
0A PCLATH PCLATH 8A
B INTCON INTCON 9B
&C

1 I .
O7F OFF

TRIS bit set — Post bit in I moda
Reset — Post bit in 0 mode.

Memory Organization
The PIC 16C7X family has a 13-bit program counter capable of addressing 8kx 14 program

memory.
PIC16C74A has 4kx 14 program memory. For those devices with less than 8k program memory,
accessing alocation above the physically implemented address will cause awrap around.
Program memory map and stack

16C74A has 4k program memory. The address range is 0000H - OFFFH. The reset vector is
0000H and the interrupt vector is 0004H.
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. Equates
Bank(O RAM equ 20H
MaxCount equ 50
Green equ  0000000HB
TenMsH egqu 13
TenMsL, equ 250

. Variables
chlock  BankORAM : Vanables are declared
BLNKCNT
COUNTH
COUNTL

endc
. Vectors
org O00OH
goto Mainline

org 004H
Stop:

Foto stop
Mainline:
call Leiitial i Juiliediee
MWMam loap:
call Bl : Lilinle L1SLY
rall Tenlis : ITmsert ren rmilliseonnd delay

sz dernl plo Bluinloop
Jmitial Snbeoatine

Initial:
i Ly Llnx ot .8 sicaorad
movwt  BLNREONT BLEONT — N
bRt By ALE (Zreen
mwwwl  PORLY POy « W
baf  STATIIS, RFO Ber reprister access tn hank |
clrf TRISD Set MORTD a=s O/ port
Ll SIALTUS REO Sol pepisler woeoocss Lo book O
TETITIT

, Blink Suabroutine. This su-rontine blinks a green LIEDY in everyr 005 sec

Blink
doctse DLNEKCHNT.IT = docremcent loop countor ond roturn 1F ot zoro
sl Bl kbl
i e MaxCiount . Rramtialize RINIKONT
menvwt DBLMNIKONT
o Lwy GREEN w o+— (Sreen Lespule presan |LELD
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Losbe ueLions

Cell ten Ms

nop

movliw 13 (TenMsH)
eyt CHOLINTTT

movlw 250 (Ten MsL)

movw! COUNTL

dectez COUNTLF
poitn Ten_|

declse COUNTLF

decfss COUNTHL Y

poto Ten_|

dectsz COUNTL
poto Ten_l

decfez COUNTL,F
defse COUNTH.F

moto Ten_L

decfsn (O N L
goto Ten_l

decfsz COUNTL.F
eclse COUNTHF

;

COUNTL:250 240 ... »l
COUNTL: 1 — 0
{OUNITIE: T — 12
COUNTL: 0—255—254..—1
25b x 3 =765

COUNTL:1 —0
COUNTH: 12 —11

Repeat this block 11 Eimes ns
COUNTH:12—11—..,—2—1

COENTEAN=250—, 2—1

COUNTL:1—0
COUNTH: 14

Lustruction Cyoles
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UNIT I
INTERRUPTSAND TIMER

Overview of Timer Modules

Timer-0 Overview

The Timer 0 module is a simple 8-bit overflow counter. The clock source can be ether the
internal clock (fosc/4) or an external clock. When the clock source is an external clock, the Timer
0 module can be selected to increment on either the rising or falling edge.

Timer-0 module also has a programmable prescalar option. This prescalar can be assigned either
to Timer O or the watchdog Timer.

The counter sets aflag TOIF when it overflows and can cause an interrupt at that time if that
interrupt source has been enabled (TOIF=1). Timer 0 can be assigned an 8-hit prescalar that can
divide the input by 2,4,8,16,...,256. Writing to TMRO resets the prescalar assigned to it.

Timer-0, or its prescalar can be connected to either of two input sources.

1. fosc/4

2. RA4/ TOCKI, the input connected to bit 4 of PORTA.

|repu DG | 0 |tosE | 1 | es2 | mst | e |
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External clock synchronization
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The Timer! module 5 a 16-bit timer/counter consisting of two 8-51t remisters [TMRLIT and TRIVLL)
which are readable and writable. The TMRI register pair { TME1IL TMRIL) increments from OCDCI
o FFFFH and rolls over to CO0GH. The TR interrups, if enabled, is generated on cverflow which
sets the interrupt Hag bit PMETIE-(PLH < 1) =)
tng/elearimg PMEL interrust cnoble bit TRMEUE-(PlE < >

The oprrating nnd comteal mades of Timer 1 is desermined by the special porpase eegistor TTOOMN.
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Timer 2 is an =bit thmer with & prezealar and a port seler. It ean be nsed on the PWM mede
of COP madnlas. The TMR2 rogister is readable and writable and is cleared onany device teset.
The inpun elock { fo./4) Lus a presealar option of 101, 1:4 or 216 seloacted Dy bits 0 wnd 1 of T2CON
TCERLOT.

Lhe timer 2 module has a §-bit period register (1I'IL2). timer 2 increments trom (0L until 1t matches
PR2 and then resets to OCH on the noxt ipcrement evele, PRE2 5 a reacakle and & writable tegiszer,
PRI is mitialbeed co FFH un fosel.

The cuatpat of TAMR2 goos through a 4-bit pest scalar (21, 1:2 to L:16) to generate & TMR2 interrupt
by setting TMRA2IF flag.
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CCP overview

The CCP modulas) can operate in one of the three modes: 16 bic cepiure, 16 biT compare. or upto
1-0it Pulse Wil Modulation (FWM.
Capture mode capturss the 16-bit value of TRHIR] mto CCT I CCT'TixL register pair. The capturs
cvenb can bo prograramod for either the Ealling odpe. rising odeo, fourth rizsing edee, or the gixteenth
risine odge of e COPx puir
Compare mode compares the TMR1IH: TMBIL register par to the OCFRxH: CCPRxL repistar pair.
When a mateh cecurs an imterrupt can be gomoratod, ard tho cutput pin CCPx can be foreed to given
state [High or Low), TMRI ran be raget [OCP1) or TMEI reset and stars A/T conversion (COP2).
This depends o the control bits < COPxAE @ COPxMU =
PWA menle evnprares s TMR2 repister oa 10 Dt duly oyede sepister (COPRxH COPRxl<542)
s owedl asoan 3hil peciod wepisiar TPR2). Whee (the TMRZ registar= Thuly cyvels regisier. the OCFPx
pin will be forenad low. When TMR2=PR2 TM?2 is cleaed tw 00H, eo interrust cay be generated,
amnd the CCPx pin, if programmed in the OF/F mod=; will be foreed high

Cowpare Mode

Timer 1 s & 16-bit counter which can be used with OCI' (Capture/compare/P'WM) medale to drive
a pin high or low at precisely comtrolled time, independent of what the CT'U 3= doing at that time.
The pins are Nort-C [WC1/CCT*2 and RC2/CCI] pins.,

Vhich Timerl includes a prescalar to divide the icternal clack by 124 or 8. the choice of divide-by-
ome gives the fluest resolution in setting the time of 2 ouput edee,



Capture/ Compare; PWNM modules

Eech CCOP [Captare/compare,/ PYWM moduls conbains a 16-bit register whech cen operate as a 16-bif
capture tegister, #5 a 16-7it compare tegister or as a PWM master/slave dioty cyele -eeister. Both
CCP1 and CCP2 are idontical in operation, with the exeoption of the oporacion of the speeial ovent

tripper.
Ths follewing shows the CCP mode 1imer resoorces,

CCP Mode | Tirter Resource

Chapl e Thner 1
Comparn Timer |
PWM Timer 2

CCOP1 Module:
Captura/Compare,/FWL Hoplster 1 corsists of two 8-bit rogister: CCFRIL (low byte) and CCFR2H
thizh byte) THe CUPLCON regiater controls the operation of CCPL. Al are readable end writahle.
CCP2 Maodule:
Cupture/Compare  FWM Rugister 2 comsists ol two 2hil registors: OCPRIL [low by te) and CCPR2H
{high byte). The CCP2CON resister controls the operation of CCP2. Al are reacable and writable.

CCP1CON Register [ COP200N Register
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(B B o |ECP§!\'E |C[P‘x?\{3 CUPaMD

bic 5-4: CCPxX : CCPxY : PWM Laozst Significart hirts.
Capture mode @ Unused
Compare mode ; Umsed
PWAL mode . Theee bite are the owo L8Bz of the PWAL dury eyele. The cight MSBs are
found o CCPRExL,
hit -0 OO M - COUMRID - U0 Viode select bins.
Capture Mode

et Nag it
CrPIT
M Pepacaler m TR 1
e 1416 A
RCI / CCP | UCPRIH CUPRIL

it 1
JJJA

‘ THRII

TMEIL ‘



Corpare Medz
Sefap ot COPLIF

Special e
SVEnT trigper ek
[ L |
RC2 / CCP I COPRIE | CCPRIT
b R - R
l:'f}{-":l l<\}] Q g L
Cutanr —{ Comparatnr
Tigar match i
R 3
TRISC <2- 5t i
Owpt Exadle IMRIH IMEIL
CCPICON ~-30=
Mode Sclect
PWNI NMode

In Pulse WTdth Madnlation (PWM) made the OOPx pin prodoesd upto a 170-bit resanbion PWA
outpur. Sines OCP1 pin s multiploxed with PORT C data latch, the TRISC < 2 = pin must bo
eleared to make (TP pin an cofpont

simplified PUWA Block Diagram

g,/ CCPICON =<5:4>

CCPRIL
CCPRIH (slave) ;
Comparator
mi R
T RC2 / CCP1
TMR2 | s
T
TRISC <12
g
Comparator -
T Clear Timer
CCP1 pmnand
latchD.C.

PR2

PWM Output



| L
| |
| | |
= =
| Dty cpele L
TMES — PRI TMEY = TME: — PR

Dty Crele

A PWA catpat as ashown has & time period. The time for which the oatput stays high 15 called duty
oyele,

PWA Period
The PWAL period s specitged by writing to PR2 register  The FWM poriod can be celeulated using
the following formmula:
WM period — [[142) 4+ 1 2 4 2 fase x (UMU2 prescale velus)
FPWM Degueney = 1) PWM poriod
When TME? 15 eqnal to PR2, the following events oeour on the next increment cyele.
o TMHE2 15 doared
o the CCPL pin 1= soc (3 PWM duty cyele 1= 0
o TLe PWM duty eyele i luteld fow CCPRIL ino CCFPRIH

PWM’ duty cycle

The PWM duty rvele is spectfied by writing to the OTPRAL vegister and to OOPICON < 5 -4 =
hize. Up to li-hit resolution i available wheore CCPRILL eomtaine the eight MSEs apd CCP1CON
= 5§14 = contains tho two LSRB's. The L0 bit valuo i ropresentod by CCPRIL - CCPICON <514 =.
Tho PWM duty evolo is given by
I"'WHM duty cyele — (COPIUL ; COMCUN == 5:4 = ). Y. . (1IMI2 prescale value)
Althengh COFRAT, and COPICON < 5 - 4 -5 pan be written o at amytime, the doaty eyele valee is
nct latched

Posteale LMR2 Presicsiien () Comie

N 1 cmtmemter < 1406 <— s <] .

N-123._.15158

Cramtmg mesuamism m Tives 2



™R 2 0 - romirder

- bl < [ 2-5is
:‘“__
b fex. bul zovnter 2
Prescales  sctto divide by oz

TME 2 Frescaler () - zourter

b= L1 Bt conmlen =]
Frmcalen  programed  odnade by fan
R 7 Prescaler
_ Urret two bit: Lower two bifs - e

R EE T

T8 NE Coler

|

it CCPRIH condd o meateh Detwesy PR2 and TAR2 oceurs. In PWM wode, CCPRIH is a read-only
reFEister

The CCPRIH repister and a 2-bit internal lateh are used to double buffer the PWAL duty cvcle. This
contble buffering is essential for clitehlees PWM ooeration. When the CCPRIH ard 2-bit lateh match
TAR2 ecncatonated wich ac ntorpal 2-bit 0 clodk or 8-hits of prescalar, the CCP1 pin is clogred
Maximum I'WM resalumon |bits) for a given P'WM frequency cac be caleulaiad as

Iog( T= )

© T R

Lo,
If the PWM dwty ovele is longer than the PWA period. then the CCF1 pin will cot be elearad.

PWA Poriod aod duty cvele calcalalion

Example Doesirod PWM froqueney = 78,125 kHz

Jone = M H,

TMR2 Prosealar = - i

B s I - Rt o o PRI =68

I'imd she maxirmm resahiction of duty cyele that ean be nsed with 2 78122 2lz frecmency and 200

MHz oscillator.
1 — sPWM Resolution 1 1

T8.125 5 108 o 20 % 105

355 — EPWT»T Fesalntiom

F'WAI Resolution = &

At most, an & hit resolation duty cycle can be obtained from a 78225 kHz Tequency and 20 MHz

aseillator, ie, 0 = CCPRIL : OCPICON « 5@ 4 =< 235, Any value zreater then 255 will tesu't in 8

1007/, duty eyele. The ollowiog table gives (e FWM Faquency fpoar il fo =200 He



[nterrupt Logic

v i TOIE
HE h:l— TOIE
= INTE
I . INTF } RBO / INT
—(] S e RBIE
R I S bt EOIT
- PEIE
x_\:‘
Fa TMEE ™
\J: TMEIIF \
T FSFE
O
el ."l.D]:E
G -
e 2CIE
: I| L RCF
a [ - o — . Penpheral
t\\. Il: b E "rl ]'.tLItEI'IJ:JE
- l[ S5PTF
i :
e bt I
- CCPIE
G ==
/'_| CCPE
e CCPrIr

S IMHELE
: TMEIIF
F T ATyt T T ™mTh s 7

Four of PORTB’s pins RB7 : RB4 have an interrupt on change feature. Only pins configured on
inputs can cause this interrupt to occur. The input pins (of RB7 : RB4) are compared with the old
values on the last read of Port B. the "mismatch” outputs of RB7 : RB4 are used together to
generate the RB port change interrupt flag bit RB1F.



UNIT Il
PERIPHERALSAND INTERFACING

1°C Bus fur Peripheral Chip Access

Itequires two opet-drain 1)) pins.

Port-C of PIC IC can be ased for FC commuricazion,
SCL (Serial Clock) RS /SCK /SCL

1A (Serial Thaza) RO4/5DT/SDA

+5

1

=
frlhﬂ

Iﬂl

[>

Low ouiput on 3CL cr SDA [/O pin sot to be an eatpit with "0" written to it.

v
TIc L
=110
| ™
|

High ovtpur en SCL or 5D 1/0 pin set to be an input.
Translers co chie T*C Dus vake place a Lt a1 g time.

whilz every cther cqip on the 20 Bns i3 a reesiver. Thiring the acknow edgment hit time, the addressed
chip is the only one that drives the SDA Bine, pullicg it low in reaponse to the masters pulse on SCL,
acknowledeing the roception of its chip nddross

When the daze tramster divectinn is reversed that is form s peripheral ¢qip fo ske PIC, which is the
mestar , the peripheral chip crives the sight daa bifs m response to the clock pulse from PIC, [n this
ease, the ecknowleden bit i3 driver in a special way by the FIC, which is sorving a8 roceive but also
as bes coster. I (e paripboera] ebip is ooe chal can seand e cottents of sueewvssive inlorpa] aldress
beck o the PLC, then PIC completes the reception of each byte and signals & tequest for the next
hyta by pualling 5724 line low im acknowledpmert After any mamber of bytes have bren rereived by
the master from the peripheral, the PIC =0 signal the peripheral to stop any further transfers by not
puling the EDA Ine low in acknowledgment.

SUIA e shomld fe sledilis ebartoog il peertend o e elocd Z500) Waen the slave pedipheral is rriving
SDA line | rither a3 transmiter ar ackrowledee, it initiates the new hit i respense to the fallme edpe
of SCL. aftor a gpecifed time. It maintains thet it on 5DA line untll the noxt flling edeo of SCL,
apain alte roa specifed old (e,

%12 mns transtors comnsist of o pomber of byte transfers framed botween o START conditicn snd either
anather STATT condition or a STOT condition. Both SDA and 5CL ines are released by all drives
and foet high when bas transfers are nat taking plaee. The PIC (IPC bus controllar) initiazes a
transfer with & START cowdition by Grst pollig SDA low sod (lew pulling 3CL ws shown in the
fignre.



‘ BLA

e

ATART Cendition ST0OF Conditioa

SUL

Similarly, the PIC verminates g mulsiple byte transfer with che STOP condition. Witk bosk SEA and
SCL iaieially low. it firet roleascs 3CL and then SDA. Both then oecurrences gre casily recornized by
PO bardware in each peripheral chip siveo they Dot corsist of 4 doge in SDA Tine which 3CL &
hizh, a eomdition that never happens m the middle of a byne transfer,

Data Communication protocol

In PC canmunicsiion standand, [Lere is one bus nester wod severa] slaves, T vao Do asswned Lero
that the PIC microcortroller is the bus maszer and severz]l peripheral deviess connected to SDA and
ST bis are slaves,

Followmge a start eondition, the masier sends a 7-bit address of the sleve on SDA line. The MSE
i3 sent firat. After sending 7 bit address of che slave poriphersl a B/W Bt /8% oit) is semt by the
master. TR/ Bis s 0 (e followiog Dyte (after the ackiowladpmen ) s weitker Ly Cle osster Lo Ghe
eddressed slave peripheral. IF [L/W bt s 1, the following bvte after the acknowledgment bit has o
br read from the slove by the master. After sendive the 7 bit address of the slave, the mastor sends
Lhie address of the inlecial sepisier of e salve whers o the daba bas wo be esed or wriblen w, The
subscoment access i autometicelly directed o the next address of the interns! register.




The follwring diagrams give the geteral format to write and read from several peripheral infernal

reZisters.
SUART RW -
condition T-hif adidress for wrtz Irtemnal address N Trata to he written
of penipheral chip l m petipacral infe addrzss N
W i = x o 2 = e i
i A i
EL LT [Imel T ITT PPl [ T PIT] ¢
3 A T‘
DA : ——
Dtz ta be writea Dtz 0 b2 wiiten STOP
i addrecs -1 il akkess W+ l i il
= o i Fll - " i
Ll e PP L] ]
i }
Azknowledze by ‘
peripitiers
Cteneral formarn to write to several peripheral mtere] repristers or addresses,
s RT-0 L5
condice - 1 bt addess - Tremal sddress N, Tt adiress for Rasd .
gt i l e st sermberd chip l iz R
v e = P . = e A = : i E ..IJL. =
& ) &
r (8
s PP PfrwEr 0 PP Tl TP PL Mg PP [IT]
i T
FPEETTE ' P sTOR
vl adimss K-l erﬂ
LI L1




I’C T3us Suhrontines:

I*C bus fast-mode timirg constraints.

SICE START
eosdiring comikeom
A
‘ !  m—

| —

/= 1 st
st bospaey

ST0P - 10 - 5TAKL Constramis

, S1AET
Ackapwiedze b i
.-"__‘\ (—A—“
o | l |
SCL
= ooy i v Uspasy b orarT }
] '{,_
tsmm
Ncknewledge bit to STARY (restar condition)
| s
Ackaowledge bit to START (restart cond:tion)
SNA | e [ | dabit
s a é |
E‘H‘?ﬂ SETUD \-“?‘“-:-J HAED :

Drata bat todata Lt



Parsmeter | Constrain: Cyelos toquires to meet constraint
o = AMHz | ese = I0MHz | ose = 20MHz
Perivd — 1 | Poriod — 0udps | Period — 0.2u=
torant = LRy s 1 ? A
t3ETIF =0 1us 1 1 1
Lrren ENIRETE 1 2 a
tuono > lip 3 1 1 1
!LGH" > J.S,LI = 2 i i
Tujigs > |J‘EF_,L£ g 1 2 4
terne_srarT = 1.3us i ¢ 7

Beeanse thy SCL pin mus: Dawe ar opon pic ontout whien the SDA pin must be either an inp
or have an open drain outpmt, the 120 suhomrines will repeatedly arcess RIS, the data direction
regicter for PORTC, However, TRISC is locatad ap che bank 1 address 8TH, which camnot be acerssed
Ly lirect addmesstug, without changing BPO B w1,
bef STATUS, RO
Then required bic of TRISC cac be changed followad by elearing RPO and rovetineg back to Bank 0.
bt W UATLS, KGO
Instend of doing chis, the indireet pointer FSR ear be loaded with the address of TRIEC and the bit
siebbing swd it edearivg ol TRISC car be dooe ndimelly.

Sor exarnple, witk the following definitions

SCL equ 3

EDA = 4
bef INDVE, SDA
will release the SDA line, lotting the extornal pull ap register pull 1t hioh or some 1°C chp pull it low
When FSR is used for indirect addressing, care shonld Be taken to restore FSR value when & subroutine
b eomploted and the program reburs W Ge aoding progeao,

[2C Subroutines

Freq cii
SDA equ
SCL 3]

| s

=hinek

DEVADD ;The I2Cout subroutice transfers ot three byies:
INTADD

DATAOUT

DATAIN

TXBUFF

RXBUFF

ende
DEVADD, INTADD. and DATAOUT



12C ou

|
eall start

movf DEVADD, W ; Send perinheral address with R/W=0 (write)

Call Tx
movf INTADD, W
Call Tx

movf DATACTTT, W

Call Tx

Call Stop : Generate Stop condition

retiurn

. The [2C in subroutine transfers out DEVADD (with B/W=u)
cand INTADD, restarts, transfers ont DEVADD (with R /W=1)
and read one byte Dack inwo DATAIN,

20 in

daal

Call Stars

movi DEVADD, W
Call Tx

movi INTADD, W
Call Tx

Call Restart

movf DEVADD W
iorlw DODDOOO.1 B
Call Tx

bsf TRBUTT, 7T
Call Bx

movwl DATAIN
Call stop

roturn

: Generate start condition .
: Send periphoral address R/W=0 [write)

: Send peripheral’s imternal address

; He START
: Send periphoral’s address.
; with R/W=L1 (read)

: NOACK the following reading of one byze
: Read byte

inte DATAIN

» Generate stop condition

: The start subroutine initializes the 12C bus and then
 generates the START condition on the [2C bus
: The ReStart entry point bypadd the initialization of the

- 1263

Start:

bus

moviw 00111011
movwi SSPCON
bef PORTC, SDA
bef PORTC, SCL
moviw TRISC
movwf FSR

ReStart:

bsf INDF, SDA

; Enable [2C Master mode.
: DRIVE SDA low when it is an output

;: DRIVE 5CL low when it is an output
; Set indirect. peinter to TRISC

: Make sure SDA is high - /P mode



bsf INDF SCL ; Make sure SCL is high - I/P mode
delay 0.1,2 not

bef INDF ,SDA : Make SDA low
delay 0,1,2 nop
bef INDF, SCL : Make SCL low
return
Stop:
hef INDF, SDA : Return SDA low
bsf INDF, SCL : Drive SCL high
delay 0.1,2
hsf INDF, SDA ; and then drive SDA high
return

: The Tx subroutine sends out the byte passed to it in W.
: It returns with z = 1 if ACK occurs.
: It returns with z = 0 if NOACK oceurs.

Tx:
movwi TXBUFF
bsf STATUS, C



Tx.1:

rlif TXBUFF, F . rotate TXBUFF left, through carry

movi TXBUFF, F ; Set 7 bit when all 8 bits have been transformed
btfss STATUS, Z ; untilz=1

Call Bitout ; Send carry bit then clear carry bit

btfss STATUS, Z

goto TX_1

Call Bit In

moviw 00000001 B
End wf RXBUFF, W ;z=1ifACK =z =0if NOACK
return

; The Rx subroutine receives a byte from [2C bus into W,
; using RXBUFF buffer

; Call Rx with bit 7 of TXBUFF clear for ACK

; Call Rx with bit 7 of TXBUFF set for NOACK

Rax
movlw 00000001 B
movwf RXBUFF
Rx 1:
rlif RXBUFF. F

Call Bit In
btfss STATUS, C



poto Rx_1
rif TXBUFF, F
Call BitOut
movi RXBUFF, W
return
: The BitOut subroutine transmits, hthen clears, the carry bit
BitOnut:
bef INDF, SDA ; copy carryhit to SDA
btfse STATUS, ¢
bef INDF, SDA
bsf INDF, SCL : pulse clockline
delay 0,1,2 : t: HIGH
bef INDF, SCL
bef STATUS, e
return
: The bit In subroutine receives one bit into
; bit 0 of RXBUFF

Bitln:

hsf INDF, SDA

hsf INDF, SCL : Drrive clock line high

bef RXBUFF, 0 : copy SDA to bit 0 of RXBUFF
btfsc PORTC, SDA

bsf RXBUFF, 0

bef INDF, SCL . Drive clock low again

return

L% URLR L

.-Q||

Control write

e

Pin wrtte




Examples of [2C bus Interfacing

. DAC Interfacing

Tweo dirital to analo? convate curouts are casily added to & PIC with MAXSLE cight pin DIP. Each
e

cutpul edrminsl prodeess an oulpul volinee (hal rauges foom Ov Lo gf—aibg whoo Vi s U power

gurply to the DAC chip. If Vi = 5V, an outpue of 2.5V will appear on the OUTO pin if the following
three bytes ore sont oo the chip.

010110007, 000200007 Lo020000

An ounput of 2.6 V will appeéar on the OUTI pin by zending the following thres bytes

0101 1000° OCOD000L Hlononocon”

Tha MAX518 chip includes a powor-or reset ecrenit that drives che two outpucs to 0V inftiallv, The
twn arddress inprits. AN and Al provide an adjnssahle part of the chip's 170 address. With § bots
txed ot 01011 and two adjnstable bits, iz is zessible to connees four MACS1S chips to a PIC.

DAC Interfacing on I’C bus

Analog outputs
PIC L5y e
t Y
g IEI M
ourt  OUTO 7
kO k0 Voo L 01uF
] ;
RC4/5D1 /SDA SDA AD1 +
[ 3| scL AR ;
3]
RC3 /SCE/SCL ! 0D ;
MAX 518 B
Dual 8-bit DAC
7-bit address
First byte of 0 1 i 1 | 0|00
message string

TADO | Mk
AD1



Second byte o o |o|o|o |00

T {r 1: SelectOUT 1
0: Select OUT O

L%

[ 1: Power-down mode
4 (A, typical)
L 0 Normal DAC operation

[1: Resetall DAC Resisters
4
{ 0: Normal DAC operation

Third byte

Analog output voltage =Vpp

256

11, Interfacing a Temporature Sensor

Natiomal Semicrmdector’s TM 75 chip combines an analos tewperatiove transdurer, an analog-to-
digieal comvertor (9D, @] an T Tnes Toterface, sl inoa Loy S)-8 sarfaoe monol, package, The
tempeeabire eaope covera] is 25700 to 4+ 00PC will +2°0 accoraey. The bwo’s eomploment oo of
the tecyersture = wvailable feog the 9-bit ADC. The nesdutiva of the ADC 5 shouwl 0.5°C.

Towporutiurw Diawital Crutpul
Binary Dicimal
125°C 01111 1010 250

2R%E; 0OG1LL 0010 al
w5 (R RIEHINIEN] 1
e IO DA U

-0.5°C 11111 1111
-2570 11100 11140
-55°C 11001 0010

IM 75 chip also ‘nelndes & theemal wetch dog that car b secip to oterrunt PTC on its RBOTNT
eloesbrizgerer] inberrupl inpol wlew fhe emmgweradore vises alwwe o pmogrsewalile, Tog TEoalse in-
el progravuehle Testeresis <0 thal Ghe aoperatoee st dip Qown Bilow the seipones Tag
Chroshcld 1o o Jower Trpper (hreshold boelore rlsing apainpast e Tre selpoiol Lo generabe aonol by

oubpul ede,



+5V

+5V
A
v, |B
0l uF
1 A; |5
SDA SDA
| 5 A6
SCL = 8L
Ay |7
REO/INT ; 3 as ¢
WD
R
Tenperzure Seasor |
LM 05 -
[
i /
T S \
Tos=80°C ﬁ“’ Lo = - !J;I/
I
T — 7500 £ | %
B Rl P e e S
".—‘rf | | |
I I I
| I ' e
0S. i TV
otpt L w

Q5. stends for over remperafure shuidown

O K. stands for over temperaturs shusdown.



Rogister Strueture

Whor a "write” messame string is sent, the fivet byto selecks the chip far a write and the srcond
bvte loads the poirder register. 'I'he write message string can stop there or it can continue with a
2-byte write of Thag (Over tom shittdown). Onee the poloter hes been a2et, 2ny of their regisior can ba
read, reading two bytes for temperature, 'L og, or 'Ly s ar readme just 1 byte for the confisuration
register,

posre L L L1 (e
MR
|V Lemperaimse (road enly) defenl
| Confquration (1ead | writg)
1 0 Trpeer (reails wele)
1 Teq (read i wirite

. S T ' L - Low-power shut dorwn
- ( lpAtypica)
L 0 : Mool operarion
{efanlt)

Othet featives 177 calecrad

Temp. e | b b | bt |w v [w]x [x x{x[x]|x[x|
Toe i’ﬂ‘|.;".r|l||.5||1|_-,| 1_11_1,|||;||l:l-|::|1 ||:In|:'l: X | X X |I X |.1: |
T | | |

Synchronous Serial Pors Module
Mid range PIC microcortroller ineludes a Synehronous Sorial Fort (S5P) module, which can be con
fisgmred mmtc either of two modes:

e Serial Peripheral Interface (SPI

o Inter-Integrated Ciromt (FC)

Eilwr of ese modes cun Do wsed o inloronpees Lwo oo o PIC chips to eael Other axing, o
mirimal number of wirce for inforconnection. Alternatively, eithor can be osed to eonnoct a PIC



chip 2o a per:pheral chip In this case of the 1" mode, the peripheral chip must also ineluds an 1°C
intarfare. In contrazt, fhe ST mede provades the cloek and s=pial Aata lines for direet rornectior @
shift rezisters. addmg an arbitrary number of 170 pins to a P'IC chips,

Serial Peripheral Tnterface

SFL beckwithin PIC

SSPF Thag
76 5 4w 313

I Oupetel  SSPEUF remstar
ELIEDD * ‘ sppears MSE firt

i Inpud mesin SSFTHNT megister
U { MET Firet

B3/ en | Sl clock pulses aze emdtied
J HE [ASOOnee T 8 wiite by
| SSPBUF temcter

Porte three ping HOS, RO and HOS are wsec For Synchronoms Serial Interfres. Thess pins revert
toy Eheir normal geneval porpose T/0) pns if neither of the two S5T mod=z is selected. The ST nort
requires the RC3/SCK pic o be an ourpus that senerasce the tlock sipnal nsed by che external shif
registers. This ourput lina characterizes the SPTs mester moda, 1n slave mode, BC3 /5CK warks as
the input Tor the cdodk,

When a byte of data is written to SEFBUE register, 1% is shifted ont the SO pip in synchronism
with the smitter pmlses om the 50K pine he MEH of SSPHUI §s the Arst BE rooappear on 516D
pir. Simnltanennsiy, the sane write fo SETOTTT alsn nitiates the Shit defa rereption into SSTRTIT
of whatever appears on SDT pic at the time of rising edges of the clock on SCK pin.



SRFEE 4‘

Write to T

SSPBLUT

ScK JERRRRRERRNN
5D0 |’1ﬂ?|t-1'1ﬁ|tl’ﬁ|1‘ri1¢|hﬂ|trii?|hiﬂ it

1 1 h 1 m
IR N
The SDI pin 15 read at these fimes

CER =1
Timng with negatove gomng pulses.

SEI‘I?_‘

Writn 1o T

SSPBUF

MK | | ‘u—_! (EF =0
Luag wih

Soo 7 [e]s [a]a a1 ] Eﬁ:ﬂfﬁ”ﬁ
CKF =0

S I O N I

——t =]



TRISD ; . s v
85H g | XX | X | X[ X | X |X
General purpose  o/p to doove latch
SS5PCON
D [0 0 |0 [0 0
14H o SPI "master” mods with
T — — ~ 5 SCK=osc /4
CEP =1 : SCE will idle high
SSPEN =1 : Enable Synchronous
Senal Port ( SPL }
PIR1 | | I
OCH . Ly

SSPIF =1 When transfer is
complete: clear before
begmning of each transfer

SSPBUF
13H




Input port expansion

bg, by, By, bg by, By, by By

L)
PIC
RD7
— — — Load ¢
SH Sk e Thita ot - TNata m
l /‘ TAHC16%  Shift register
I
|
| ) ! - serial pinck
RC3 /SCK k 7
b s s
MSB first
RD7 |_|
SSFIF —
«—— O ps(for osc=4MEz) >
Write to T
SSBUF to ;
ufiate traxster P
SCK (CKP=0) me:J}lJ{fll
SDI N ¢ B oW o Fom om0
bit 0 bit7 |bit6 | bit S |bit4 /bit3 [bie2 | bit1] bat0
SPI reads A
input bit here ITTTTTTT
Read SSPBUF

Tinung diagram




Crutput port expansion

RCI/5CK

RO 78DE

Lath cloack

Data in

g by 2 b b, b. t & s
F : ; 7 s b 5V
H —_—
¢

RC4

:

Genal Clock

AP SRS

[Yort confizurations

THEISC
4iH

X

¥

=

Output for  SCK

Genpurpose apto dove latch
Outpet fir  SDO




SDI :

bit 0 bit 7 |bit 6 | bit 5| bit4 [bit3 |bif2 | bit 1| bit0

2l N O

Read SSPBUF

Timing diagram

Port configurations

mee [Ea[] [ ]=[=]x]
Output for  SCK
Input for SDI
(remeral puapose e,
(o preenapt. 5D o/p)
M D lx[vfcJelx[x]|x]

Cem puopneses i s

lozc mput

s [ o 1 [e e[a]e]e]

— SF "magiertwith SCEX =oct i
CEP — 0 5RO will icle low

SEPEN =1 2madie
Symchronmis Senal Port{  5PT)
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Analog-to-Digital Converter

Fuslures (18CTK)

o Eichr input channels
» An analog mualtiplexer

e A track and hold ciroeit for sicnal on the selected inpuat channel
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After waiting owt the sampling time, a conversion can be mitiated. The ADO ewrenit will open the
sampling switeh and sarry out the conversicn of the mpur voltage as (= was ac the moment of oponlng
of the switch Upouw eoanplolion ol e conversion. Ue seenpling swileh is elosed and Vigopn dgain
tracks Veovua r.

Using the A /D Converter

Raogistr= ADCCONL, TRISA, and TRIFE mwst be nlialived lo select ihe roforoves villuge wnd Lle
inprat channels. The first step salects the ADC clodk source from amorng Four choices (OSC/2, OSC /8,
ORC/32, and RCY, The constrains for enleering clock froqueney I8 thar the ADC clock poriod mue:s
be 1.6

RIE 0T freater

The A/ modul=s hes shree rezisters. These registers are

s A;D Result Register (ADRES)
w AJ) Comtrol Hegister 0 (AT ITINGE
s AYD Coptrol Regisier 1 (ADCDNT)
The ADCONO register as shown hera, sontrols the operation of A/D module,

7 ] 5 4 i ¥ L i
ADCEL  ADCSD [ CHED | Ce8] CHSY [copmE  — ADON
hit. 7 - G

ADCS1 : ADCS U
00 = Foee/2
01 = F,../8

18 — Topefd2
11 — F e~ {elock dertved from ap intcrnal BC ogelllator)

btk &5 -4

CHS2: CHS0

WY - eaanmal - AN
Ml ehamnmol 1 ANL
010 - channs] - AND
011 ehaomnol 3 AN3
100 - ¢hanna]l 4 - AN
101 - chanma] & - ANG
110 - ehiins] £ - ANSG
111 - chanm=] ¢ - ANY

bk 2 ALY Urmversion Stakns Bt
CO/DONE
it ATHIN — 1

1 = A/D eonversion is in progress (seuzing chis bis etarts cthe 4/D conversion)
[l = A/TY eemversion s nat in progress (this hit is antomaneally dleared 5y hardware when
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1. Configure A/ module

Configure analog pins/ voltage reference/ and digital 1/O (ADCONL)
Select A/D channel (ADCONU)

Select A/D conversion clock (ADCONO)

o Turn ou A /D mwedule (ADCONCY)

2. Cemfigure A/D interrupt (if required)

e Clear AD—F bit in PIRK 1 reg
e Sef AD—E bi: in PIE 1 reg
» 501 G—E bit

3. Wait for required aequisitiion time
4. Start conversion
e Se1 GO/DONE
g. Wait for A/D cooversion to complete by either

e polling dor GO/DON E bit to be cleared
o waiting for the A /D interrapt

6 Read A/T) rosult register (ADRES) Cloar AD—F if reqmirerd.

Faamnle Promram



Example Program

A /D Conversion with Interrupt

bst STATUS, RPO : Select Bankl

clrf ADCON 1 . Configure A/D input
bsf PIEL. ADIE : Enable A /D interrupt
bef STATUS, RPO . Select Bank 0

movlw 0811+ ; Select fose/32, channel 0, A/D on movwf ADCONO
bef PIR1, ADIF
bsf INTCON, PEIE
hsf INTCON, GIE
: Ensure that the required sampling time for the
selected input channel has elapsed.
: Then the conversion may be started
bsf ADCONO, GO ; start A/D conversion
; AD| F bit will be set
. and GO/DONE bit is cleared
. upon completion of A /D conversion



Code strueture for large Programs

Memiory paging is sssential i the code exepeds 2k of prosram memory [(2043). PTO 150748 snpports
4096 addresses and heceo 0 s boporbant o consider wemory pagicg for (s provessor,

PCL and PCLATH

The prosram counter (1"C) is 15-bit wide. ''he low bEyvte comes trom the 'CL resister. which is
a meadahle and writable remister. The npper hits (PO j12.3;) are nok readzble, turare indirectly
writable through the POLATH register. On any reset . the uppor blts of the PC will be clearod.
PCL+— 0 ard PCLATH — 0. Two situations for loading the PC following any rosct are mivon hore,

[ Ary write to PO register load the eontent of PCT to lower 8 bt of PO and eontens of POTATH
to higher 5 bits,

mov wi PCL

12 PCII g 7 BCL 3 I[ft'.m:ti-:rlw.th

FC = | £ ?:;iﬂir;si:u
5
L[gl"ﬂﬁm <40 " B
-‘ 2 arv

EREAREEN

BPCLATH

2. PC s al=o loaded during a ecall or goto instriction

0= k< 3047

Oroeration:
R PC <I0:ilU>



UNIT IV
INTRODUCTION TO ARM PROCESSOR

ARM designs microprocessor technology that lies at the heart of advanced digital products, from
mobile phones and digital cameras to games consoles and automotive systems, and is leading
intellectual property (IP) provider of high-performance, low-cost, power-efficient RISC
processors, peripherals, and system-on-chip (SoC) designs through involvement with
organizations such as the Virtual Socket Interface Alliance (VSIA) and Virtual Component
Exchange (VCX).

ARM also offers design and software consulting services.

ARM's architecture is compatible with all four major platform operating systems. Symbian OS,
Pam OS, Windows CE, and Linux. As for software, ARM aso works closely with with its
partners to provide optimized solutions for existing market segments.

These benefits are making the ARM company a complete solution provider.

The company offers a complete solution that is essential to the manufacturing process. Although
ARM does not manufacture processors itself, ARM licenses its cores to semi-conductor
manufacturers to be integrated into ASIC standards and then the company in using test chips
manufactured by its partners to measure and validate the functionality of the core. ARM is able
to accelerate OEM time-to-market by capitalizing on its architecture. By providing the IP and
supporting services, customers can gain a jJump on their design cycle and obtain a competitive
edge in their targeted market segment. At that point, the architecture is portable to further
product generations or applications as all code creation is directly compatible with any future
architecture produced by ARM.

« ARM's Globa Technology Partner Network is the largest in the industry, spanning from
semiconductor manufacturers to distributors. ARM has worked diligently to ensure that the
partnerships provide proven solutions in real-time operating systems (RTOS), EDA tools,
development systems, applications software, and design consulting, all built around the ARM
architecture.

This block diagram describes the ARM solution. The company recognizes that it cannot just
present hardened macros and synthesizable CPUs to the industry, but it must also provide the
ASIC infrastructure in the form of AMBA, the PrimeCell Peripherals, and models and modeling
tools for the cores. There is also the need for ARM to pursue ports for RTOSs, develop debug
hardware and software development tools, and, of course, embedded software for "off-the-shelf"
integration. ARM combines all these futures together with support and training, to accelerate the
design cycle and favour a successful product.
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Introduction of the ARM's Core Families and their benefits

Overview of ARM's current families of main cores:

The ARM7 and ARM9 families have contributed to ARM's success. Each core family has
several "children" that incorporate many different value-added features and combinations.
Essentially, there are four main families available now for license: ARM7, ARM9, ARM9E-S,
and ARM10. The ARM7 family features hardened and synthesizable macrocells with variants
that incorporate cache with either a memory protection unit (MPU) or memory management unit
(MMU). Other features include rea-time debug (RTD) and real-time trace (RTT) technology.
The ARM9 family consists of hardened macrocells with variants also including cache with an
MPU or MMU, as well as the RTD and the RTT. Although the ARM9E-S family was released
under a different architecture version, ARMV5TE, the fundamental design of the coreis based on
the ARMOTDMI family. The "E" identifies that the family is a DSP-enhanced architecture and
the"S" identifies that the family is synthesizable.

The ARM10 family is the highest performance family to date and will aso embody the "E"
extensions that were developed for the ARM9E-S family. Findly, the StrongARM and XScae
families are ARM compliant architectures available from Intel.

The Evolution of the ARM architecture:
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product. Architecture V2 was the basis for the first shipped processors. These two architectures
were developed by Acorn Computers before ARM became a company in 1990. After that
introduced ARM the Architecture V3, which included many changes over its predecessors.

These changes resulted in an extremely small and power-efficient processor suitable for
embedded systems.

Architecture V4, co-developed by ARM and Digital Electronics Corporation, resulted in the
Strong ARM series of processors. These processors are very performance-centric and do not
include the onchip debug extensions. This architecture was further developed to include the
Thumb 16-bit instruction set architecture enabling a 32-bit processor to utilize a 16-bit system.
Today, ARM only licenses cores based on Architecture VAT or above. The latest architectures,
version 5TE and 5TEJ, embody added instructions for DSP applications and the Jazelle-Java
extensions, respectively. Currently, the ARM9E and 10E family of processors are the only
implementations of these architectures.

From a development standpoint, ARM cores offer the advantage of a fully 32-bit processor
designed specifically for embedded applications. An important feature is the embedded core
debug facilities, which reduce the debugging stage of development. In some cases, this can be
two-thirds of the overall development cycle.

Architecture compatibility alows code re-use and results in reduced design time. This in turn
leads to reduced system cost, by eliminating investment in a second set of development tools to
write code for a new processor architecture. The modular approach of the advanced micro-
controller bus architecture, (AMBA), enables design reuse. This lowers the complexity of system
on-chip (SoC) designs and reduces future design costs.

ARM and third parties offer the developer proven compiler technology and debug solutions.
Multiple RTOSs and silicon sources mean that the developer will not need to change the
preferred vendor in order to migrate to this architecture.

Redusing System Costs:
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Since the introduction of the ARM?7 architecture, there has been huge leaps in core processing
performance. As shown here, ARM families provide a wide range of performance, from 100
MIPS to 1000 MIPS.This increase in performance can be attributed to two main driving factors.
The most obvious factor is the advances that have been made in new process technologies. The
other is the engineering changes implemented in each subsequent generation of ARM processors
and architectures.

Specific examples include a new pipeline in the ARM9 family, and the implementation of a
Harvard bus architecture in the ARM 9 over the Von Neumann architecture in the ARM7. The
result is that the ARM9 family doubles the performance of the ARM7 family. Recent
developments include DSP and Jazelle-Java extensions to some of the new architectures.

These products enable feature rich applications to benefit from the high-performance and low
power consumption intrinsic to ARM processor cores. Because of the fact that true embedded
control applications typicaly require a processor with cache and memory protection to utilize
real-time operating systems, ARM has developed a vertical expansion of CPUs to match these
requirements. Each processor provides a unique, and in some cases configurable, amount of
cache.

For example, the ARM9E-S family offers the ability to configure the size of instruction and data
cache, as well as the ability to configure tightly coupled SRAM blocks. These features enable
you to custom fit the CPU to specific application requirements. Many other features can be
added viathe co-processor interface, such as the Vector Floating Point

unit for the ARM10 and ARM9E families.

In other words, ARM has produced architectural families that are compatible, flexible, and
encompass the full range of embedded requirements. Each product is designed to allow muilti-
sourcing at every level of development. ARM is now the de-facto standard in embedded IP.
Explanation of the ARM architecture

ARM cores use a 32-hit, Load-Store RISC architecture. That meanins that the core cannot
directly manipulate the memory. All data manipulation must be done by loading registers with
information located in memory, performing the data operation and then storing the value back to
memory. There are 37 total registersin the processor. However, that number is split anong seven
different processor modes.

The seven processor modes are used to run user tasks, an operating system, and to efficiently
handle exceptions such as interrupts. Some of the registers with in each mode are reserved for
specific use by the core, while most are available for general use. The reserved registers that are
used by the core for specific functions are r13 is commonly used as the stack pointer (SP), r14 as
alink register (LR), r15 as a program counter (PC), the Current Program Status Register (CPSR),
and the Saved Program Status Register (SPSR).

The SPSR and the CPSR contain the status and control bits specific to the properties the
processor core is operating under. These properties define the operating mode, ALU status flags,
interrupt disable/enable flags and whether the core is operating in 32-bit ARM or 16-bit Thumb
state.
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There are 37 total registers divided among seven different processor modes. Fifgure 09 shows
the bank of registers visible in each mode. User mode, the only non-privileged mode, has the
least number of total registers visible. It has no SPSR and limited access to the CPSR. FIQ and
IRQ are the two interrupt modes of the CPU.

Supervisor mode is the default mode of the processor on start up or reset. Undefined mode traps
unknown or illegal instructions when they are passed through the pipeline. Abort mode traps
illegal memory accesses as aresult of fetching instructions or accessing data.

Finally, system mode, which uses the user mode bank of registers, was introduced to provide an
additional privileged mode when dealing with nested interrupts.

Each additional mode offers unique registers that are available for use by exception handling
routines. These additional registers are the minimum number of registers required to preserve the
state of the processor, save the location in code, and switch between modes.

FIQ mode, however, has an additional five banked registers to provide more flexibility and
higher performance when handling critical interrupts.

When the ARM core is in Thumb state, the registers banks are split into low and high register
domains. The mgority of instructions in Thumb state have a 3-bit register specifier. As aresult,
these instructions can only access the low registers in Thumb, RO through R7. The high registers,
R8 through R15, have more restricted use. Only afew instructions have access to these registers.
3.2 TDMI

T-D-M-I standsfor:

« Thumb, which is a 16-bit instruction set extension to the 32-bit ARM architecture, referred as
states of the processor. "D" and "I" together comprise the on-chip debug facilities offered on all
ARM cores.

These stand for the Debug signals and EmbeddedICE logic, respectively.

- The M signifies the support for 64-bit results and an enhanced multiplier, resulting in higher
performance. This multiplier is now standard on all ARMv4 architectures and above.

Thumb 16-bit Instructions

With growing code and data size, memory contributes to the system cost. The need to reduce
memory cost leads to smaller code size and the use of narrower memory. Therefore ARM
developed a modified instruction set to give market-leading code density for compiled standard



C language. There is also the problem of performance loss due to using a narrow memory path,
such as a 16-bit memory path with a 32-bit processor.

The processor must take two memory access cycles to fetch an instruction or read and write data.
To address thisissue, ARM introduced another set of reduced 16-bit instructions labeled Thumb,
based on the standard ARM 32-hit instruction set. For Thumb to be used, the processor must go
through a change of state from ARM to Thumb in order to begin executing 16-bit code. Thisis
because the default state of the core is ARM. Therefore, every application must have code at
boot up that is written in ARM. If the application code is to be compiled entirely for Thumb, then
the segment of ARM boot code must change the state of the processor. Once thisis done, 16-bit
instructions are fetched seamlessly into the pipeline without any result.

It is important to note that the architecture remains the same. The instruction set is actually a
reduced set of the ARM instruction set and only the instructions are 16-bit; everything else in the
core still operates as 32-hit.

An application code compiled in Thumb is 30% smaller on average than the same code compiled
in ARM and normally 30% faster when using narrow 16-bit memory systems.
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An example: ARM7TDMI Block Diagram Figure 10 shows the register bank in the center of the
diagram, plus the required address bus and data bus. The multiplier, in-line barrel shifter, and
ALU are aso shown.
In addition, the diagram illustrates the in-line decompression process of Thumb instructions
while in the decode stage of the pipeline. This process creates a 32-bit ARM equivalent

instruction from the 16-bit Thumb instruction, decodes the instruction, and passes it on to the
execute stage.

'_||'

Debug Extensions
The Debug extensions to the core add scan chains to monitor what is occurring on the data path
of the CPU. Signals were a so added to the core so that processor control can be handed to the
debugger when a breakpoint or watchpoint has been reached. This stops the processor enabling
the user to view such characteristics as register contents, memory regions, and processor status.
Embedded ICE Logic
In order to provide a powerful debugging environment for ARM -based applications the
Embedded ICE logic was developed and integrated into the ARM core architecture. It is a set of
registers providing the ability to set hardware breakpoints or watchpoints on code or data. The



Embedded ICE logic monitors the ARM core signals every cycle to check if abreakpoint or
Watch point has been hit. Lastly, an additional scan chainis used to establish contact between
the user and the Embedded ICE logic.

Communication with the EmbeddedI CE logic from the external world is provided viathe test
access port, or TAP, controller and a standard |EEE 1149.1 JTAG connection.

The advantage of on-chip debug solutionsis the ability to rapidly debug software, especialy
when the software resides in ROM. Thisis critical in shortening the development cycle. The use
of Multi- ICE and EmbeddedI CE provides full debug capabilities for a processor integrated deep
inside an ASIC, even in a production version of a consumer product.

Architecture details, features & comparison of the ARM7, ARM9, and ARM10 core
families

4.1 ARM7TDMI Processor Core

« Architecture version 4T:

-- 3-stage pipeline

-- Unified bus architecture

-- 32-bit ARM ISA plus 16-bit Thumb extension

- Forward compatible code

- EmbeddedI CE on-chip debug

«Hard Macrocdll IP

-- Smallest Die Size: 0.53 mmzon 0.18 pm process

«Up to 110 MHz* on TSMC standard 0.18 pm

- Industry leading 0.25 mW/MHz

The ARM7TDMI has a core based on the fourth version of the ARM architecture. This
implementation uses a three stage pipeline - a standard fetch-decode-execute organization.

It features a unified cache, as well as the Thumb extension permitting 32-bit and 16-bit
operation. It is completely forward compatible, meaning that any code written for this core will
be compatible with any new core releases, such as ARM9 or ARM10. This core aso includes the
on-chip debug extension discussed in the previous training module.

The core is successful mainly because of the extremely small but high performance processor -
dlightly more than 70,000 transistors in all an with extremely low power consumption.
ARMT7TDMI-S

- Synthesizable RTL compliant with the ARM7TDMI

Custom Macrocell:

-- Fully compatible with the ARMVAT architecture.



-- Right denied to modify ARM7TDMI instruction set.
-- Coprocessor interface allows custom functions to

be added outside core.

-- Embedded| CE support with "Multi-ICE" protocol
converter or third party device.

« Supports AMBA interface:

-- Standard interface, ideal for integration

of the coreinto an ASIC design.

« Supports full-scan and automatic test pattern generator.

Figure 12 presents amodel of the ARM7 processor that is a synthesizable version of the
ARM7TDMI.

This version is fully compatible with the ARMvAT architecture and is functionally identical to
the hardened ARM7TDMI macrocell. Although it is a synthesizable solution, the licensee does
not have the right to change any feature of this core.

ARM720T

« Cached Macrocell for Platform OS Applications

+« ARM7TDMI core:

-- ARM v4T ISA

-- THUMB 16-bit instruction set

-- Rev 3 onwards supports ETM7 for non-stop debug

-8 KB cache:

-- High processor performance with low-speed

memory interface

« Memory Management Unit:

-- Full support for WindowsCE and Symbian OS

« ASB businterface

ARMT720Tcore offers 8 KB of unified instruction and data cache. Also included is a memory
management unit (MMU) that offers virtual-to-physical address trandation, 64-entry tranglation
look aside buffer (TLB), two-level page tables stored in memory, and hardware page-table
walking. There is also a highly flexible mapping scheme that supports 1 MB sections with
permissions, 64 KB large



pages with four sets of permissions, and 4 KB small pages with four sets of permissions. This
processor enables up to 16 domains, each with individual access rights. It aso features cyclic
replacement and lockdown features to lock instructions or data into cache for critical real-time
code.

The ARM720T was designed to be flexible and application-specific, especialy for devices
running complex operating systems such as Linux, Windows CE, Symbian OS, or PaAmOS. It
includes a system control coprocessor for cache and system initialization and the AMBA
Advanced System Bus, or ASB, interface.

ARMTEJ]

- New Jazelle-enhanced 32-bit processor core

« Thumb, Jazelle and DSP extensions

- Five stage pipeline and high performance multiplier

- Unified instruction and data bus

- V5TEJ architecture

« Real-time trace with the ETM9 macrocell

- Contact ARM for availability and characteristics data

The ARM7EJ solution is acompact CPU specifically designed for applications demanding low
power consumption. It has amemory interface identical to that of the ARM7TDMI-S? core. It
features the V5TEJ architecture instructions, including DSP extensions. This core
implementation also features a five-stage pipeline similar to that of an ARM9 class processor,
and supports easy integration of the Embedded Trace Macrocell-9 for real-time-trace capability.
ARM SC100 Secure Code

« Optimized processor family for smart card solutions

« Security enhanced ARM7TDMI design

-- ARMVAT compliant

-- Low power, high performance and

small diesize

-- Memory Protection Unit (MPU)

-- Anti-tampering/counterfeiting measures

-- JavaCard support

-- Standard coprocessor interface for

incorporation of cryptographic solutions.

« SC100 - Small synthesizable IP:

-- 35K gates- 1 mmzarea

-- 66 MHz* on 0.25 mm @2.5V

-- Power: 0.7 mW/MHz

The ARM SecurCore family provides unique 32-bit RISC-based solutions for smart card

devel opment needs, offering system designers privileged access to ARM processor cores to
create fast and secure e-commerce solutions.

The flexible Memory Protection Unit was specifically designed to ensure security of operating
system and application data. This enables future generations of smart card solutions having
multiple applications running on asingle card. Special features in the core have been designed to
help obscure
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Processor activity and hide application program signatures, making SecurCore activity difficult
to detect and observe.
The SC100 runs all existing ARM JavaCard software implementations. Future SecurCore
processors will include ARM's Jazelle technology for direct execution of Java byte codes to
enable high performance low-power JavaCard applications. The advantages over a purely
software-emulated JavaCard virtual machine are clear: significant reduction in execution time,
improved responsiveness, and significantly power consumption.
The SecurCore family of processors also includes a standard coprocessor interface for simple
incorporation of cryptographic coprocessors. A coprocessor can be designed for avery specific
purpose and can contain as many registers and data paths as needed to implement the specific
functions.
To provide one solution, ARM has integrated into the SC100 core a cryptographic accelerator,
the Montgomery Multiplier Engine (MME). This engine is optimized for RSA calculations,
providing five times the performance of software solutions without any restrictions on key
length.
The SecurCore family offers al the benefits of ARM's industry leading high-performance, |ow-
power architecture, with significant design differences that make the ARM approach ideal for
secure applications.
4.3 Comparison of the ARM7TDMI with the ARM9TDMI families
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To increase performance, the pipeline of the ARM9TDMI core was re-engineered from the three
stage system used by the ARM7TDMI family to five stages.

Operations previously performed in the execute stage of ARM7 are spread across four stages in
the ARM9 pipeline: decode, execute, memory, and write. The reorganization and removal of
these critical paths resulted in amuch higher clock frequency.

Another performance improvement is the reduced cycles per instruction rating of the processor.
Thisis dueto improved load and store instruction cycle counts. Single load and store instructions
are now single-cycle operations. This is an enhancement over the ARM7 operation, which used
the execute stage three times: first, to calculate the address; second, to access the memory and



cache; and third, to write the data to the register bank. On ARMY9, each step has a separate
pipeline stage requiring only one cycle, avoiding pipeline stalls.

The ARM7TDMI family is popular with applications where small die size, high performance,
and low power consumption help reduce system costs, especialy when the system does not
require cache. Applications include cellular phones, MP3 players, and mass storage.

The ARMOTDMI family are used for high performance applications that previously could not be
implemented at the same cost. This family of cores was developed with twice the performance of
the ARM7TDMI and without changes to the architecture. It is idealy suited for the next
generation of cell phones, personal digital assistants, multi-function peripherals and fast printers,
and set-top box applications.

ARMOTDMI Processor Core

« ARM 32-bit and Thumb 16-bit instructions (v4T ISA).

« Very high code compatibility with ARM7TDMI:

-- Only changeis simplified data-abort handler

- Portable to 0.25, 0.18 pum CMOS and below.

- Harvard 5-stage pipeline implementation:

-- Higher performance from reduced cycle per instruction (1.5)

- Coprocessor interface for on-chip coprocessors:

-- Allows floating point, DSP, graphics accelerators.

- EmbeddedI CE debug capability with extensions:

-- Hardware single step

-- Breakpoint on exception.

Coprocessor Interface
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The Harvard bus architecture creates separate instruction and data memory interfaces, enabling
simultaneous access to instructions and data.

The ARMOTDMI represents a new family of CPU technology. The enhancements made to this
core family doubles the performance of the ARM7TDMI family.

ARM940T Macrocell

« Processor for real-time embedded applications:

-- ARM9TDMI Core (V4T ISA)



-- 4 KB instruction and data cache with lock-down
-- Protection unit for RTOS

-- Code compatible from ARM7 Thumb CPUs

-- Hard Macro IP:

-- 4.2 mmzon 0.18 ym

-- Up to 200 MHz (worst case) on TSMC standard
0.18 pm

-- Power: 0.75 mW/MHz

ARMELDT

The ARM940T represents the first sample of a cache-enabled ARMOTDMI core.

This core contains 4 KB each of instruction and data cache, with an MPU for use by real-time
operating systems. This system makes the 940T an ideal CPU for embedded control applications,
such as wireless networking devices, printers, or automotive control devices. The protection
units allow definition of eight regions of memory, each with independent cache, write buffer
enable, and access permissions. The protection unit is configured using on-chip registers, which
provides a simple programmer's model. This eliminates the need for page-mapping tables stored
in memory.

ARM's 940T Core Structure:

The core processor is about one-third of the die size. When other components are incorporated -
the system control coprocessor, bus control, memory protection unit, and the cache itself - the
integer unit becomes insignificant in total die area. This core has 4 KB caches, the smallest
amount of cache used in the entire product family. One can visualize how small thisinteger unit
and cache logic becomes when integrated with synthesized peripherals and the other features that
complete the system-on-chip (SoC) design.



ARM920T Macrocell

« Cached processor for platform OS applications:

-- 16 KB instruction and data cache

-- ARMv4 MMU for Palm OS, Symbian OS,

Linux, and Windows CE

-- Code compatible from ARM7 Thumb CPUs

-- Hard Macro IP:

-- 1.8 mmzon 0.18 ym

-- Up to 200 MHz (worst case) on TSMC

standard 0.18 um

-- Power: 0.8 mMW/MHz

The ARM920T was created to address the needs of more complex systems using a platform
operating system, such as Windows CE or Symbian OS. This core replaces the MPU of the 940T
with afull memory management unit, and increases the instruction and data cache sizesto 16 KB
for each. The performance, MMU, and cache of this core make it ideal for Persona Digita
Assistants, smartphones, and set-top box applications.

ARM922T

Cached processor for Platform OS applications:

- 8 KB instruction and data cache

+«ARMv4 MMU for: Palm OS, Symbian OS, Linux, and Windows CE

- Code compatible from ARM7 Thumb CPUs

- Hard Macro IP:

-- 8.1 mmzon 0.18 ym

« Up to 200 MHz (worst case) on TSMC standard 0.18 ym

- Power: 0.8 mW/MHz

The ARM922T core was created with half the amount of instruction and data caches of the 920T,
resulting in smaller silicon overhead. Other than this simple difference, the two cores are
fundamentally identical.

ARM920T and ARM922T MMU

+ Two TLBs:

-- 64-entry instruction TLB

-- 64-entry data TLB

- Two-level page tables (stored in memory)



- Hardware page-table walking

« Cyclic replacement

« Lockdown features:

-- Lock instructions or datainto cache for critical real-time code

Both the 920T and 922T core utilize an MMU with the same features. There are two, 64-entry
tranglation look-aside buffers for instruction and data, two-level page tables, hardware page-table
walking, and support for random or round robin replacement. Lockdown features are also
included to secure critical real-time code. This cache architecture results in two solutions that are
simpler to program and minimize power, area, and required memory.

ARMOYE Family

The ARMOE family is currently comprised of four different units. The base ARMOE integer
processor offers a high performance and low gate count synthesized solution in its most basic
form.

The other units offer the true capabilities of the core when coupled with SRAM, cache, vector
floating point acceleration, and the Jazelle Java extensions.

As asuite of synthesizable solutions, the final gate count and power consumption statistics of
these cores depends on the implementation and the process technology used.

ARMOE Core Architecture

« 32-bit load/store RISC architecture
- Efficient 5-stage pipeline

« ARM andThumb instruction sets
« 37 x 32-bit registers

« 32-bit ALU and barrel shifter

« Enhanced 32-bit MAC block
«ETM9 interface

- AMBA AHB interface

- Coprocessor interface

- Synthesizable or soft IP

As mentioned hard macrocells always have been the ultimate answer for optimized performance
and die size in any given processor design. But newer synthesized design flows are pushing the
envelope for SoC applications.

The ARMOE family was built upon the standard set by the ARM9TDMI family, but it also
provides freedom for defining the cache and tightly coupled SRAM configurations used by the
core.

It was also the first family of CPUs designed to the AHB bus of the AMBA 2.0 specification.
Another key technological enhancement to this family of CPUs includes DSP extensions for true
realtime systems. This improvement to the architecture introduces additional multiply and
saturated math instructions for use by complex DSP algorithms. This family is also fully code
compatible with ARMvAT architecture cores.

Lastly, to enhance the debug capabilities already common in ARM CPUs, the Embedded Trace
Macrocell interface was added. This interface enables real-time debugging of complex real-time
systems.



ARMO966E-S

- Solution for hard real-time applications:

« ARMOE core (VSTE ISA).

-l and D TCM memory interfaces with ‘wait' signal

- Selectable size Instruction and Data TCM

(OKB - 64 MB)

+«AMBA AHB businterface

« Provides an "off-the-shelf" standard ARM9E

solution

- ETM9 interface for real-time trace

The ARM966E-S core was designed with hard real-time applications as the primary objective.
An example is servo-motor control in hard disk drives. The key feature of this CPU over the base
ARMOE-S isthetightly coupled memory interface that allows selectable SRAM sizes of up to 64
MB.

ARM946E-S

« Cached processor for embedded real -time applications:

« MPU to support RTOS: like pITRON and VxWorks

- Selectable size instruction and data caches and

TCMs.(0KB, 4KB, 8KB ... 1 MB)

« Instruction and data TCM interfaces.

+150 MHz* on TSMC 0.18 pm

The ARM946E-S core takes the developments made by the 966E-S and adds selectable
instruction and data caches. Since the memory protection unit is integrated with cache, this
processor is an excellent High performance solution for embedded real -time applications, such as
engine management systems in automobiles and network appliances.

ARM946E-S Caches

- Cache is 4-way set associative:

- Can be built with compiled ASIC RAM.

- Sizesof 0 KB, 4 KB, 8 KB ? 1 MB supported:

« | and D cache sizes are independently selectable.

- Cache lock-down on per-set basis:

- Granularity is a quarter of the cache size.

- Software sel ectabl e replacement algorithm:

« Supports pseudo-random and round-robin

« Write through and write back s/w selectable

- Linelength fixed at 8 words

The cache memory blocks of this core are selectable up to 1 MB. The cache is 4-way set
associative and selectable up to 1 MB. It also features lock-down support on a per-set basis,
random and round robin replacement support, software selectable options for write through and
write back, and eight word cache lines.

ARMOEJ-S Core Architecture

« 32-bit load/store RISC architecture



- Efficient 5-stage pipeline:

- Fetch

- Decode

- Execute

« Memory

- Write back

« ARM, Thumb and Javainstruction sets

+ 31 x 32-bit registers

« 32-bit ALU and barrel shifter

- Enhanced 32-bit MAC block

«ETM9 interface

The ARM926EJ-S core, with full MMU support and selectable tightly coupled memory and
cache sizes, introduces a new generation of Internet-enabled devices. For example, set-top-boxes
and wireless communications products benefit from this single processor solution. This processor
can be compared to the ARM920T or 922T coresin its base functionality and performance.

Now, with the added Jazelle enhancements, Java functions can be performed without the need
for complicated coprocessors or slow software implementations.

ARM 10E Ar chitecture Enhancements

ARM10E implements:

- Harvard 6-stage pipeline

« Supports V5TE instruction set

- EmbeddedICE RTII debug logic

- Fully compatible with v4T architecture

+ 390-700 MIPS integer performance based on Dhrystone 2.1

- Branch prediction:

- Eliminates 70% of branches on typical code sequences

- Separate |oad/store unit:

- 64-bit path to register bank - load two registers simultaneously

« Hit-under-miss caches:

- Significantly reduces pipe-line stalls

- Write buffer:

- Holds up to 8 double-words (16 register values)

- New energy saving power down modes

Anticipating the market's needs for multimedia digital consumer devices, ARM developed the
ARM10 family of advanced microprocessor cores with 390-700 MIPS integer performance. To
achieve this performance, additional features were added. The pipeline was widened to add an
additional stage, and improvements were made to the Embedded| CE logic to provide support for
realtime debug. All the while, compatibility was maintained with ARMV5TE and v4T for ease of
code migration.

Performance enhancements include the introduction of branch prediction, hit-under-miss support
in the MMU and cache architecture, an improved write buffer that holds up to eight double-
words, and a separate load and store unit. These features improve code performance by lowering
the average number of cycles per instruction of the processor, and aso help when code is heavily
dependent on cache operations.

As an added enhancement, the architecture, circuits, layout, and software controlled power-down



modes have been developed specifically to achieve low-power operation on high-performance
processes. These enhanced features have been optimized to take advantage of clock gating and
dynamic power reduction.

High Performance Features
« 64-bit accesses to on-chip | and D caches:
- Fetch two instructions/cycle
- Load/store two registers/cycle (LDM/STM)
- Dual 64-bit fast AHB bus:
- Separate buses for instruction and data
- >1 Gbyte/sec bandwidth @ 200 MHz (each)
- Split transaction extensions
« 64-bit coprocessor interface:
- Load/store double-precision operands in one cycle
« 32-bit integer data path saves area and power
The ARM10E is also thefirst family of processors designed with a 64-bit data bus. This feature
combines the frugal power and die size characteristics of a 32-bit CPU with the bandwidth
requirements of high performance systems. The 64-bit coprocessor interface also alows for
increased performance of floating point operations when combined with the Vector Floating
Point-10 coprocessor.

ARM1020E and ARM 1022E

« Highest performance ARM processor cores:
+ 1.3 MIPS/MHz

« 1.5x ARM9 performance

- Support for High Performance IEEE 754 Floating Point:
+ 600-1200 MFLOPS

+ 300MHz (worst case) on TSMC 0.15 ym

- Low Power: 0.7 mW/mips (0.15 pm)
«ARM1020E: 32K | and D cache

«17.5 mm:

+«ARM1022E: 16K | and D cache

+12 mm2

- Roadmap to Jazelle enhanced cores

The ARM1020E and ARM1022E processor cores offer the highest performance per unit of
power of any 32-bit processor running above 200 MHz. With an unprecedented 0.7 mW/MIPS
power consumption ratio, worst case on 0.15 uym process technology, these processors offers
ideal solutions for high end platform applications. Examples include MPEG4 videophones,
smartphones, and Web pads.

Memory Management and caches are comparable to the ARM920T, ARM922T and ARM720T
products - ensuring code portability and protection for existing software investments. Future
implementation in this family will also integrate the Jazelle Java enhancements established by
the ARMOEJ-S family.



Vector Floating Point (VFP10)

- High-performance |EEE 754 floating point:

- Single and double precision

- Vector operations (up to 8 values per vector)

« Thirty-two 32-bit (SP) registers (usable as sixteen DP registers)

- Single cycle FMAC throughput (single precision

- double precison FMAC in 2 cycles)

+ 10-100x performance increase over software emulation

- Optional coprocessor:

+1.6 mm2in 0.15 ?m

« Target:

- Printers, imaging, graphics, embedded control

Many real-time control applications in the industrial and automotive fields benefit from the
dynamic range and precision of floating-point offered by the ARM VFP10. Automotive power
train, anti-lock braking, traction control, and active suspension systems are examples of mission-
critical applications where precision and predictability are essential requirements. Incorporating
the ARM VFP10 into a SoC design can reduce development time and provide reliable
performance. The vector processing capability of the ARM VFP10 also offers increased
performance for imaging applications, such as scaling, transforms, and font generation used in
printing, 3D transforms, FFT, and graphic filtering.





