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What’s New on PIC18What’s New on PIC18What’s New on PIC18

l Class Goals:
l At the end this class, you will...

l be familiar with PIC18’s revised & new 
modules

l have an understanding of clock switching
l know the “Latest and Greatest”
l know how to use the extended instruction 

set
l be able to apply nanoWatt technology to 

your application

ll Class GoalsClass Goals::
ll At the end this class, you will...At the end this class, you will...

ll be familiar with PIC18’s revised & new be familiar with PIC18’s revised & new 
modulesmodules

ll have an understanding of clock switchinghave an understanding of clock switching
ll know the “Latest and Greatest”know the “Latest and Greatest”
ll know how to use the extended instruction know how to use the extended instruction 

setset
ll be able to apply nanoWatt technology to be able to apply nanoWatt technology to 

your applicationyour application
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What is nanoWatt Technology?What is nanoWatt Technology?What is nanoWatt Technology?
l Microchip continues to make improvements over 

its existing portfolio:
ll Microchip continues to make improvements over Microchip continues to make improvements over 

its existing portfolio:its existing portfolio:

• Low Power Timer1 
• Two-Speed Start-up
• Fail Safe Clock Monitor
• HLVD
• LCD
• USB
• Internal RC Oscillator

•• Low Power Timer1 Low Power Timer1 
•• TwoTwo--Speed StartSpeed Start--upup
•• Fail Safe Clock MonitorFail Safe Clock Monitor
•• HLVDHLVD
•• LCDLCD
•• USBUSB
•• Internal RC OscillatorInternal RC Oscillator

• EUSART
• Variable Boot Block
• Power Managed Modes
• LIN
• Motor Control
• BOR
• ECCP

•• EUSARTEUSART
•• Variable Boot BlockVariable Boot Block
•• Power Managed ModesPower Managed Modes
•• LINLIN
•• Motor ControlMotor Control
•• BORBOR
•• ECCPECCP

Redesigning Legacy
Designing New Modules

Low Power & Greater 
Application flexibility
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AgendaAgendaAgenda

l nanoWatt Technology review

l PIC18 Features
l Clock System
l Power Managed Modes
l PIC18 Devices
l Extended Instruction Set
l Summary

ll nanoWatt Technology reviewnanoWatt Technology review

l PIC18 Features
ll Clock SystemClock System
ll Power Managed ModesPower Managed Modes
ll PIC18 DevicesPIC18 Devices
ll Extended Instruction SetExtended Instruction Set
ll SummarySummary
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PIC18 Features: Timer1PIC18 Features: Timer1PIC18 Features: Timer1

l 3ua vs 30ua
l Oscillator amplitude is regulated
l Constant current across VDD and Temperature
l Robust operation
l Enabled by T1OSCEN (T1CON<3>)
l Commonly 32.768 kHz for a RTC time base
l User code is responsible for determining when 

RTC is ready

ll 3ua vs 30ua3ua vs 30ua
ll Oscillator amplitude is regulatedOscillator amplitude is regulated
ll Constant current across VConstant current across VDDDD and Temperatureand Temperature
ll Robust operationRobust operation
ll Enabled by T1OSCEN (T1CON<3>)Enabled by T1OSCEN (T1CON<3>)
ll Commonly 32.768 kHz for a RTC time baseCommonly 32.768 kHz for a RTC time base
ll User code is responsible for determining when User code is responsible for determining when 

RTC is readyRTC is ready

l Low Power Timer1 Oscillator:ll Low Power Timer1 Oscillator:Low Power Timer1 Oscillator:
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PIC18 Features: 2 - Speed 
Start-up

PIC18 Features: 2 PIC18 Features: 2 -- Speed Speed 
StartStart--upup

l Two Speed Start-up:
l Used with crystal based modes only
l Immediate code execution
l Automatically switches to Primary
l Code may go back to SLEEP before Primary is ready

ll Two Speed StartTwo Speed Start--up:up:
ll Used with crystal based modes onlyUsed with crystal based modes only
ll Immediate code executionImmediate code execution
ll Automatically switches to PrimaryAutomatically switches to Primary
ll Code may go back to SLEEP before Primary is readyCode may go back to SLEEP before Primary is ready

l Primary clocks startup delays
l Crystal / Resonator oscillator start time
l OST delay (counts 1024 oscillator cycles)
l PLL delay (additional 2ms delay for HS/PLL)
l Power-up Timer (PWRT)

ll Primary clocks startup delaysPrimary clocks startup delays
ll Crystal / Resonator oscillator start timeCrystal / Resonator oscillator start time
ll OST delay (counts 1024 oscillator cycles)OST delay (counts 1024 oscillator cycles)
ll PLL delay (additional 2ms delay for HS/PLL)PLL delay (additional 2ms delay for HS/PLL)
ll PowerPower--up Timer (PWRT)up Timer (PWRT)

l Used for:
l Start from RESET or wake from SLEEP mode

ll Used for:Used for:
ll Start from RESET or wake from SLEEP modeStart from RESET or wake from SLEEP mode
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l During start-up (Reset or Wake from Sleep)
l INTRC/INTOSC provides system clocks until 

Primary clock is ready (similar to 2-speed start)
l When the primary is ready, an automatic clock 

switch selects the primary clock
l Dedicated interrupt: OSCFIF
l 31 kHz INTRC clock source

ll During startDuring start--up (Reset or Wake from Sleep)up (Reset or Wake from Sleep)
ll INTRC/INTOSC provides system clocks until INTRC/INTOSC provides system clocks until 

Primary clock is ready (similar to 2Primary clock is ready (similar to 2--speed start)speed start)
ll When the primary is ready, an automatic clock When the primary is ready, an automatic clock 

switch selects the primary clockswitch selects the primary clock
ll Dedicated interrupt: OSCFIFDedicated interrupt: OSCFIF
ll 31 kHz INTRC clock source31 kHz INTRC clock source

PIC18 Features: FSCMPIC18 Features: FSCMPIC18 Features: FSCM

l Fail-Safe Clock Monitor:ll FailFail--Safe Clock Monitor:Safe Clock Monitor:
l Used to detect a loss of externally-based 

clocked sources
ll Used to detect a loss of externallyUsed to detect a loss of externally--based based 

clocked sourcesclocked sources
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PIC18 Features: HLVDPIC18 Features: HLVDPIC18 Features: HLVD

l High/Low Voltage Detect
l Programmable Voltage trip point
l Programmable direction of change
l VDIRMAG bit: indicates voltage direction

ll High/Low Voltage DetectHigh/Low Voltage Detect
ll Programmable Voltage trip pointProgrammable Voltage trip point
ll Programmable direction of changeProgrammable direction of change
ll VDIRMAG bit: indicates voltage directionVDIRMAG bit: indicates voltage direction

l Applications
l Detect Universal Serial Bus Attach/detach

l Component Savings
l Attach signal pin not required

ll ApplicationsApplications
ll Detect Universal Serial Bus Attach/detachDetect Universal Serial Bus Attach/detach

ll Component SavingsComponent Savings
ll Attach signal pin not requiredAttach signal pin not required

VDIRMAG: Voltage Direction Magnitude Select Bit

1 = Event occurs when voltage equals or exceeds trip point (HLVDL3:HLVDL0)

0 = Event occurs when voltage equals or falls below trip point (HLVDL3:HLVDL0)
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PIC18 Features: HLVDPIC18 Features: HLVDPIC18 Features: HLVD

HLVDEN = 1

IRVST = 1

Low Voltage ConditionLow Voltage Condition

Trip 
Point

VDIRMAG = 0
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PIC18 Features: HLVDPIC18 Features: HLVDPIC18 Features: HLVD
Trip 

Point

HLVDEN = 1

IRVST = 1

High Voltage Condition High Voltage Condition

VDIRMAG = 1
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PIC18 Features: BORPIC18 Features: BORPIC18 Features: BOR
BOR disabled; must be 

enabled by reprogramming 
the configuration bits “OFF”.

* BOR enabled in software; 
operation controlled by 

SBOREN.

* BOR enabled in hardware 
in RUN and IDLE modes, 
disabled during SLEEP 

mode.

BOR enabled in hardware; 
must be disabled by 
reprogramming the 

configuration bits “ON”.

SBOREN bitBOREN1:0
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PIC18 Features: LCDPIC18 Features: LCDPIC18 Features: LCD

l Direct Driving of LCD Panel
l Can drive LCD in SLEEP Mode
l Software select segments/pixel
l Programmable LCD Module

l Three Clock sources
l Static, 1/2 or 1/3 bias configuration
l Up to 4 Commons: Static, 1/2, 1/3, or 1/4 multiplex

ll Direct Driving of LCD PanelDirect Driving of LCD Panel
ll Can drive LCD in SLEEP ModeCan drive LCD in SLEEP Mode
ll Software select segments/pixelSoftware select segments/pixel
ll Programmable LCD ModuleProgrammable LCD Module

ll Three Clock sourcesThree Clock sources
ll Static, 1/2 or 1/3 bias configurationStatic, 1/2 or 1/3 bias configuration
ll Up to 4 Commons: Static, 1/2, 1/3, or 1/4 multiplexUp to 4 Commons: Static, 1/2, 1/3, or 1/4 multiplex

l Enhanced LCD Modulell Enhanced LCD ModuleEnhanced LCD Module

Device Commons Segments Pixels Program Memory
PIC18F6390 4 32 128 8K
PIC18F6490 4 32 128 16K
PIC18F8390 4 48 192 8K
PIC18F8490 4 48 192 16K

PDF created with FinePrint pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


© 2004 Microchip Technology Incorporated. All Rights Reserved. 819 NNW819 NNW What’s New with the PIC18 ArchitectureWhat’s New with the PIC18 Architecture 15

l Sensor
l Utility Metering

l Electric, Water 
Gas

l Thermostats
l Pressure Sensors
l Gas Detection

l Automotive
l Dashboard 

Controller
l Car Alarm

ll SensorSensor
ll Utility MeteringUtility Metering

ll Electric, Water Electric, Water 
GasGas

ll ThermostatsThermostats
ll Pressure SensorsPressure Sensors
ll Gas DetectionGas Detection

ll AutomotiveAutomotive
ll Dashboard Dashboard 

ControllerController
ll Car AlarmCar Alarm

PIC18 Features: LCD  
Applications

PIC18 Features: LCD  PIC18 Features: LCD  
ApplicationsApplications

l Medical
l Asthma Inhaler
l Blood Sugar Monitor
l Blood Pressure 

Meter
l Consumer

l Microphone Display
l DVD Player
l Toy Speed Gun
l Telescope Displays

ll MedicalMedical
ll Asthma InhalerAsthma Inhaler
ll Blood Sugar MonitorBlood Sugar Monitor
ll Blood Pressure Blood Pressure 

MeterMeter

ll ConsumerConsumer
ll Microphone DisplayMicrophone Display
ll DVD PlayerDVD Player
ll Toy Speed GunToy Speed Gun
ll Telescope DisplaysTelescope Displays
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PIC18 Features: USBPIC18 Features: USBPIC18 Features: USB

28 Pin 40Pin

32KBPIC18F2550

PIC18F2455

PIC18F4550

PIC18F445524KB

l Data RAM
l 2 Kbytes
l of which up to 1 Kbytes can 

be used for USB buffers

l Data EEPROM
l 256 bytes

ll Data RAMData RAM
ll 2 Kbytes2 Kbytes
ll of which up to 1 Kbytes can of which up to 1 Kbytes can 

be used for USB buffersbe used for USB buffers

ll Data EEPROMData EEPROM
ll 256 bytes256 bytes

l USB 2.0 Full-Speed
l Streaming Parallel Port
l nanoWatt Technology
l Enhanced Flash
l I2C™/SPI™, EUSART
l 10-bit ADC
l 1xECCP + 1xCCP
l 48 MHz - 12 MIPS
l Voltage Range: 2.0 - 5.5V

ll USB 2.0 FullUSB 2.0 Full--SpeedSpeed
ll Streaming Parallel PortStreaming Parallel Port
ll nanoWatt TechnologynanoWatt Technology
ll Enhanced FlashEnhanced Flash
ll II22C™/SPI™, EUSARTC™/SPI™, EUSART
ll 1010--bit ADCbit ADC
ll 1xECCP + 1xCCP1xECCP + 1xCCP
ll 48 MHz 48 MHz -- 12 MIPS12 MIPS
ll Voltage Range: 2.0 Voltage Range: 2.0 -- 5.5V5.5V
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PIC18 Features
Quiz

PIC18 FeaturesPIC18 Features
QuizQuiz

1. Two-Speed Start-up is used for XTAL 
based modes: True or False

1.1. TwoTwo--Speed StartSpeed Start--up is used for XTAL up is used for XTAL 
based modes: True or Falsebased modes: True or False

TrueTrueTrue

2. The BOR  can be enabled by firmware: 
True or False

2.2. The BOR  can be enabled by firmware: The BOR  can be enabled by firmware: 
True or FalseTrue or False

TrueTrueTrue
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l PIC18 Devices
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ll nanoWatt Technology reviewnanoWatt Technology review
ll PIC18 FeaturesPIC18 Features

ll Clock SystemClock System
ll Power Managed ModesPower Managed Modes
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Clock SystemClock SystemClock System

l Clock Sources
l Primary

l Fixed Selection
l LP, XT, HS, RC, EC, Int RC Osc

ll Clock SourcesClock Sources
ll PrimaryPrimary

ll Fixed SelectionFixed Selection
ll LP, XT, HS, RC, EC, Int RC OscLP, XT, HS, RC, EC, Int RC Osc

l Secondary
l Timer1 Oscillator - fixed frequency
l Required for Real Time Clock time base

ll SecondarySecondary
ll Timer1 Oscillator Timer1 Oscillator -- fixed frequencyfixed frequency
ll Required for Real Time Clock time baseRequired for Real Time Clock time base

l Internal RC Oscillator
l INTOSC (8 MHz) source

l 4, 2, 1 MHz, 500, 250, 125 and 31 kHz
l INTRC (31 kHz) source

ll Internal RC OscillatorInternal RC Oscillator
ll INTOSC (8 MHz) sourceINTOSC (8 MHz) source

ll 4, 2, 1 MHz, 500, 250, 125 and 31 kHz4, 2, 1 MHz, 500, 250, 125 and 31 kHz
ll INTRC (31 kHz) sourceINTRC (31 kHz) source

PDF created with FinePrint pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


© 2004 Microchip Technology Incorporated. All Rights Reserved. 819 NNW819 NNW What’s New with the PIC18 ArchitectureWhat’s New with the PIC18 Architecture 20

Clock SystemClock SystemClock System

l New Internal RC Oscillator
l 2 separate RC sources

l 8 MHz (INTOSC)
l 31 kHz (INTRC)

l 2 - 31 kHz sources
l INTOSC 8 & 4 MHz can be routed through PLL

l 16 or 32 MHz
l Modifying IRCF<2:0> bits immediately selects 

a different INTOSC postscaler tap

ll New Internal RC OscillatorNew Internal RC Oscillator
ll 2 separate RC sources2 separate RC sources

ll 8 MHz (INTOSC)8 MHz (INTOSC)
ll 31 kHz (INTRC)31 kHz (INTRC)

ll 2 2 -- 31 kHz sources31 kHz sources
ll INTOSC 8 & 4 MHz can be routed through PLLINTOSC 8 & 4 MHz can be routed through PLL

ll 16 or 32 MHz16 or 32 MHz
ll Modifying IRCF<2:0> bits immediately selects Modifying IRCF<2:0> bits immediately selects 

a different a different INTOSCINTOSC postscaler tappostscaler tap
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Clock SystemClock SystemClock System
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Clock System: OSCCONClock System: OSCCONClock System: OSCCON

IDLEN: Idle Enable Bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters SLEEP mode on SLEEP instruction

IRCF2:IRCF0: Internal Oscillator Frequency Select Bits

000 = 31kHz (from either INTOSC/256 or INTRC directly)
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Clock System: OSCTUNEClock System: OSCTUNEClock System: OSCTUNE

INTSRC: Internal Oscillator Low Frequency Source Select bit

1 = 31.25kHz device clock derived from 8MHz INTOSC source (divide-by-256 enabled)

0 = 31 kHz device clock derived directly from INTRC internal oscillator
PLLEN: Frequency Multiplier PLL for INTOSC Enable Bit

1 = PLL enabled for INTOSC (4MHz and 8 MHz only)

0 = PLL disabled

TUN4:TUN0: Frequency Tuning bits

01111 = Maximum Frequency

00000 = Center Frequency

10000 = Minimum Frequency

AN244
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ll nanoWatt Technology reviewnanoWatt Technology review
ll PIC18 FeaturesPIC18 Features
ll Clock SystemClock System

ll Power Managed ModesPower Managed Modes
ll PIC18 DevicesPIC18 Devices
ll Extended Instruction SetExtended Instruction Set
ll SummarySummary
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3 Categories3 Categories3 Categories

Power Managed ModesPower Managed ModesPower Managed Modes

4 RUN - 3 clock sources44 RUN RUN -- 3 clock sources3 clock sources

4 IDLE - 3 clock sources44 IDLE IDLE -- 3 clock sources3 clock sources

4 SLEEP - no clocks44 SLEEP SLEEP -- no clocksno clocks

Total = 7 ModesTotal = 7 ModesTotal = 7 Modes
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Power Managed ModesPower Managed ModesPower Managed Modes
l PRI_RUN Mode

l Config Word defines Primary Clock Source
l FOSC3:FOSC0 (_CONFIG1H<3:0>) 10 modes

l Crystal Oscillator - LP, XT, HS, HSPLL
l External Clock - EC, ECIO
l External RC Oscillator - RC, RCIO
l Internal RC Oscillator - INTIO1, INTIO2

ll PRI_RUN ModePRI_RUN Mode
ll Config Word defines Primary Clock SourceConfig Word defines Primary Clock Source

ll FOSC3:FOSC0 (_CONFIG1H<3:0>) 10 modesFOSC3:FOSC0 (_CONFIG1H<3:0>) 10 modes
ll Crystal Oscillator Crystal Oscillator -- LP, XT, HS, HSPLLLP, XT, HS, HSPLL
ll External Clock External Clock -- EC, ECIOEC, ECIO
ll External RC Oscillator External RC Oscillator -- RC, RCIORC, RCIO
ll Internal RC Oscillator Internal RC Oscillator -- INTIO1, INTIO2INTIO1, INTIO2

l SEC_RUN Mode
l Clock switching mechanism in other PIC18 controllers
l Timer1 source, Primary oscillator is disabled

ll SEC_RUN ModeSEC_RUN Mode
ll Clock switching mechanism in other PIC18 controllersClock switching mechanism in other PIC18 controllers
ll Timer1 source, Primary oscillator is disabledTimer1 source, Primary oscillator is disabled

l RC_RUN Mode
l IRCF<2:0> selects clock speed 
l IOFS set after 1us (typ.) delay if Freq ≠ 31 kHz

ll RC_RUN ModeRC_RUN Mode
ll IRCF<2:0> selects clock speed IRCF<2:0> selects clock speed 
ll IOFS set after 1us (typ.) delay if Freq IOFS set after 1us (typ.) delay if Freq ≠≠ 31 kHz31 kHz
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Power Managed ModesPower Managed ModesPower Managed Modes
l RUN Modes

l Entry:
l Configure the SCS<1:0> bits (OSCCON) for the 

desired clock source & execute a SLEEP 
instruction

ll RUN ModesRUN Modes
ll Entry:Entry:

ll Configure the SCS<1:0> bits (OSCCON) for the Configure the SCS<1:0> bits (OSCCON) for the 
desired clock sourcedesired clock source & execute a SLEEP & execute a SLEEP 
instructioninstruction

l Exit:
l Configure the SCS<1:0> bits (OSCCON) for the 

desired clock source

ll Exit:Exit:
ll Configure the SCS<1:0> bits (OSCCON) for the Configure the SCS<1:0> bits (OSCCON) for the 

desired clock sourcedesired clock source
Mode SCS bits

PRI_RUN 00
SEC_RUN 01
RC_RUN 1x

Primary Osc & Running
T1OSC & Running

Int RC Osc Running

Peripheral/CPU Clock
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Power Managed ModesPower Managed ModesPower Managed Modes

Switch from RC_RUN to PRI_RUN

;Application code here
;Application code here
“Switch from Internal RC Oscillator (SCS:10) to HS mode (SCS:00)”

bcf OSCCON,SCS1 ;PRI_RUN mode is ; selected
“Code pauses, CPU/Peripherals are not clocked”
“Clock transition takes place”
“Execution resumes on Primary clock”
;Application code here
;Application code here

Switch from RC_RUN to PRI_RUNSwitch from RC_RUN to PRI_RUN

;Application code here;Application code here
;Application code here;Application code here
“Switch from Internal RC Oscillator (SCS:10) to HS “Switch from Internal RC Oscillator (SCS:10) to HS 

mode (SCS:00)”mode (SCS:00)”

bcf OSCCON,SCS1bcf OSCCON,SCS1 ;PRI_RUN mode is ;PRI_RUN mode is ; selected; selected
“Code pauses, CPU/Peripherals are not clocked”“Code pauses, CPU/Peripherals are not clocked”
“Clock transition takes place”“Clock transition takes place”
“Execution resumes on Primary clock”“Execution resumes on Primary clock”
;Application code here;Application code here
;Application code here;Application code here
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Clock Switch:
RC_RUN to PRI_RUN

Clock Switch:Clock Switch:
RC_RUN to PRI_RUNRC_RUN to PRI_RUN

Old: SCS = 10

New: SCS = 00
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Power Managed ModesPower Managed ModesPower Managed Modes

l PRI_IDLE Mode
l Same clock source as PRI_RUN 
l Fastest resumption of device operation
l Wake event: CPU is clocked by Primary source

ll PRI_IDLE ModePRI_IDLE Mode
ll Same clock source as PRI_RUN Same clock source as PRI_RUN 
ll Fastest resumption of device operationFastest resumption of device operation
ll Wake event: CPU is clocked by Primary sourceWake event: CPU is clocked by Primary source

l SEC_IDLE Mode
l Same clock as SEC_RUN
l Wake event: CPU is clocked by Timer1

ll SEC_IDLE ModeSEC_IDLE Mode
ll Same clock as SEC_RUNSame clock as SEC_RUN
ll Wake event: CPU is clocked by Timer1Wake event: CPU is clocked by Timer1

l RC_IDLE Mode
l Same clock as RC_RUN
l IRCF<2:0> selects clock speed
l Wake event: CPU is clocked by Internal RC oscillator

ll RC_IDLE ModeRC_IDLE Mode
ll Same clock as RC_RUNSame clock as RC_RUN
ll IRCF<2:0> selects clock speedIRCF<2:0> selects clock speed
ll Wake event: CPU is clocked by Internal RC oscillatorWake event: CPU is clocked by Internal RC oscillator
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Power Managed ModesPower Managed ModesPower Managed Modes

l IDLE Modes
l Entry:

l Enable IDLEN = 1 (OSCCON<7>)
l Execute a SLEEP instruction

ll IDLE ModesIDLE Modes
ll Entry:Entry:

ll Enable IDLEN = 1 (OSCCON<7>)Enable IDLEN = 1 (OSCCON<7>)
ll Execute a SLEEP instructionExecute a SLEEP instruction

Mode Peripheral Clock CPU Clock SCS bits
PRI_IDLE Primary Osc Halt 00
SEC_IDLE T1OSC Halt 01
RC_IDLE Int RC Osc Halt 1x

l Exit:
l Interrupt
l WDT time-out
l RESET

ll Exit:Exit:
ll InterruptInterrupt
ll WDT timeWDT time--outout
ll RESETRESET
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Power Managed ModesPower Managed ModesPower Managed Modes

Switch from PRI_RUN to PRI_IDLE
;Application code here
;Application code here
“Switch from Primary RUN (SCS:00) to Primary IDLE (SCS:00)”

bsf OSCCON,IDLEN ; select IDLE mode
sleep ; enters_PRI_IDLE mode
“Execution pauses here”
“CPU not clocked, peripherals clocked from 

primary clock source”
“Waits for wake event”

Switch from PRI_RUN to PRI_IDLESwitch from PRI_RUN to PRI_IDLE

;Application code here;Application code here
;Application code here;Application code here
“Switch from Primary RUN (SCS:00) to Primary “Switch from Primary RUN (SCS:00) to Primary 

IDLE (SCS:00)”IDLE (SCS:00)”

bsfbsf OSCCON,IDLENOSCCON,IDLEN ; select IDLE mode; select IDLE mode
sleepsleep ; enters_PRI_IDLE mode; enters_PRI_IDLE mode
“Execution pauses here”“Execution pauses here”
“CPU not clocked, peripherals clocked from “CPU not clocked, peripherals clocked from 

primary clock source”primary clock source”
“Waits for wake event”“Waits for wake event”
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Peripheral Functions SLEEP IDLE
Flash Write

A/D
USART RX
MSSP RX

Timer 0/1/3 Counter
T1/3 Oscillator

Capture/Compare
Comparator

WDT,BOR,LVD,MCLR
PWM/Compare w/output
Timer0/1/3 Timer mode

Timer 2
USART Sync TX,async

MSSP master mode
A/D (sys clock)

USB
CAN
LCD

Power Managed ModesPower Managed ModesPower Managed Modes

l Why use Idle 
Mode?

l Save Power
l Peripheral Run/ 

CPU off
l Fast Wake-up

ll Why use Idle Why use Idle 
Mode?Mode?

ll Save PowerSave Power
ll Peripheral Run/ Peripheral Run/ 

CPU offCPU off
ll Fast WakeFast Wake--upup
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l SLEEP Modell SLEEP ModeSLEEP Mode

Power Managed ModesPower Managed ModesPower Managed Modes

l Legacy SLEEP mode in all Microchip®
controllers

ll Legacy SLEEP mode in all MicrochipLegacy SLEEP mode in all Microchip®®
controllerscontrollers

l Only power managed mode where no system 
clock sources are running

ll Only power managed mode where no system Only power managed mode where no system 
clock sources are runningclock sources are running

l Entry:
l IDLEN bit = 0 (POR default)
l Execute SLEEP instruction

ll Entry:Entry:
ll IDLEN bit = 0 (POR default)IDLEN bit = 0 (POR default)
ll Execute SLEEP instructionExecute SLEEP instruction

l CPU/Peripherals clock disabledll CPU/Peripherals clock disabledCPU/Peripherals clock disabled
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Power Managed ModesPower Managed ModesPower Managed Modes

l SLEEP Mode (cont’d)ll SLEEP Mode (cont’d)SLEEP Mode (cont’d)
l Exit:

l No clock is selected, execution resumes 
when Primary becomes ready

ll Exit:Exit:
ll No clock is selected, execution resumes No clock is selected, execution resumes 

when Primary becomes readywhen Primary becomes ready

Execution will resume with the clock source 
selected by the SCS bits
Execution will resume with the clock source Execution will resume with the clock source 
selected by the SCS bitsselected by the SCS bits

l Immediately code execution if 2-Speed 
Startup or FSCM is enabled

ll Immediately code execution if 2Immediately code execution if 2--Speed Speed 
Startup or FSCM is enabledStartup or FSCM is enabled
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Power Managed ModesPower Managed ModesPower Managed Modes

l Exit by Interrupt ll Exit by Interrupt Exit by Interrupt 
l CPU/Peripherals are clocked using selected 

clock until Primary becomes ready 
ll CPU/Peripherals are clocked using selected CPU/Peripherals are clocked using selected 

clock until Primary becomes ready clock until Primary becomes ready 

Execution will resume with the clock 
source selected by the SCS bits
Execution will resume with the clock Execution will resume with the clock 
source selected by the SCS bitssource selected by the SCS bits

l Exit by Reset ll Exit by Reset Exit by Reset 
l Primary clock is startedll Primary clock is startedPrimary clock is started
l Execution pauses until primary becomes readyll Execution pauses until primary becomes readyExecution pauses until primary becomes ready
l Immediate code execution if 2-Speed Startup or FSCM 

is enabled
ll Immediate code execution if 2Immediate code execution if 2--Speed Startup or FSCM Speed Startup or FSCM 

is enabledis enabled
l OSTS bit = 1 when Primary is providing clockll OSTS bit = 1 when Primary is providing clockOSTS bit = 1 when Primary is providing clock
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Power Managed ModesPower Managed ModesPower Managed Modes

l Exit by WDT Time-outll Exit by WDT TimeExit by WDT Time--outout
l TO bit is cleared (RCON <3>) ll TO bit is cleared (RCON <3>) TO bit is cleared (RCON <3>) 

l Exit depend on CPU operating conditionll Exit depend on CPU operating conditionExit depend on CPU operating condition

l Executing code (all RUN modes) 
l Device Reset

ll Executing code (all RUN modes) Executing code (all RUN modes) 
ll Device ResetDevice Reset

l No Code execution (SLEEP & IDLE modes) 
l Exit from power managed mode

ll No Code execution (SLEEP & IDLE modes) No Code execution (SLEEP & IDLE modes) 
ll Exit from power managed modeExit from power managed mode
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Power Managed Modes     
Quiz

Power Managed Modes     Power Managed Modes     
QuizQuiz

1. SEC_RUN mode uses the Internal RC Osc: 
True or False

1.1. SEC_RUN mode uses the Internal RC Osc: SEC_RUN mode uses the Internal RC Osc: 
True or FalseTrue or False

FalseFalseFalse
2. A SLEEP instruction must be executed when 

switching from PRI_RUN to RC_RUN: True or 
False

2.2. A SLEEP instruction must be executed when A SLEEP instruction must be executed when 
switching from PRI_RUN to RC_RUN: True or switching from PRI_RUN to RC_RUN: True or 
FalseFalse

FalseFalseFalse
3. Which mode keeps the peripherals clocked 

but disables the CPU clock?
3.3. Which mode keeps the peripherals clocked Which mode keeps the peripherals clocked 

but disables the CPU clock?but disables the CPU clock?
Idle ModeIdle ModeIdle Mode
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AgendaAgendaAgenda

l nanoWatt Technology review
l PIC18 Features
l Clock System
l Power Managed Modes

l PIC18 Devices
l PIC18F Extended Architecture
l Summary

ll nanoWatt Technology reviewnanoWatt Technology review
ll PIC18 FeaturesPIC18 Features
ll Clock SystemClock System
ll Power Managed ModesPower Managed Modes

ll PIC18 DevicesPIC18 Devices
ll PIC18F Extended ArchitecturePIC18F Extended Architecture
ll SummarySummary
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PIC18F6490/10
GP/LCD/REG

PIC18F8490/10
GP/LCD/REG

PIC18F2410
GP/REG

PIC18F4410
GP/REG

PIC18F2585
ECAN

PIC18F2680
ECAN

PIC18F2515
GP/REG

PIC18F2525
GP

PIC18F2610
GP/REG

PIC18F2620
GP

PIC18F4585
ECAN

PIC18F4680
ECAN

PIC18F4515
GP/REG

PIC18F4525
GP

PIC18F4610
GP/REG

PIC18F nanoWatt Technology
28-80 Pins

PIC18F PIC18F nanoWattnanoWatt TechnologyTechnology
2828--80 Pins80 Pins

16Kb

32Kb

64Kb

28 Pin 40 Pin 64 Pin 80 Pin

48Kb

PIC18F4620
GP

PIC18F4455
USB

PIC18F4550
USB

PIC18F4420
GP

PIC18F4510
GP/REG

PIC18F4520
GP

PIC18F2455
USB

PIC18F2550
USB

PIC18F2420
GP

PIC18F2510
GP/REG

PIC18F2520
GP

8Kb PIC18F6390/10
GP/LCD/REG

PIC18F8390/10
GP/LCD/REG
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PIC18F ApplicationPIC18F ApplicationPIC18F Application

l “Lock Box”
l Purpose: Key Storage
l Residential/Commercial

ll ““Lock Box”Lock Box”
ll Purpose: Key StoragePurpose: Key Storage
ll Residential/CommercialResidential/Commercial

l Operation
l Waits on user input
l Decodes user id, logs name & 

time
l Opens locking mechanism
l Short duty cycle
l Battery powered
l Multiple users

ll OperationOperation
ll Waits on user inputWaits on user input
ll Decodes user id, logs name & Decodes user id, logs name & 

timetime
ll Opens locking mechanismOpens locking mechanism
ll Short duty cycleShort duty cycle
ll Battery poweredBattery powered
ll Multiple usersMultiple users
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PIC18F ApplicationPIC18F ApplicationPIC18F Application

l Lock Box Firmware
l Operating modes

ll Lock Box FirmwareLock Box Firmware
ll Operating modesOperating modes

l SLEEP and wake on a regular period
l Check valid Infrared signal, not valid go 

back to SLEEP
l If valid, increase frequency & receive 
l Valid user: lock disengages

ll SLEEP and wake on a regular periodSLEEP and wake on a regular period
ll Check valid Infrared signal, not valid go Check valid Infrared signal, not valid go 

back to SLEEPback to SLEEP
ll If valid, increase frequency & receive If valid, increase frequency & receive 
ll Valid user: lock disengagesValid user: lock disengages
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Application: PIC18F452Application: PIC18F452Application: PIC18F452

Wake @ 4 MHz via 
WDT (wait on OST 
to expire = 256 µS)

Infrared?

User valid?Disables lock

SLEEP w/TMR1 
enabled 

When ready 
user engages 

lock

NO

NOYES

YES
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Application: PIC18F4520Application: PIC18F4520Application: PIC18F4520

Wake immediately 
on INTRC (31 kHz) 

Two-Speed start-up
Infrared?

User valid?Disables Lock

SLEEP w/ 
TMR1 enabled

When ready 
user engages 

lock

NO

NOYES

YES

Switch to faster 
frequency
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PIC18F ApplicationPIC18F ApplicationPIC18F Application

Time

IDD
PIC18F452

Time

IDD
PIC18F4520
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AgendaAgendaAgenda

l nanoWatt Technology review
l PIC18 Features
l Clock System
l Power Managed Modes
l PIC18 Devices

l PIC18F Extended Architecture
l Summary

ll nanoWatt Technology reviewnanoWatt Technology review
ll PIC18 FeaturesPIC18 Features
ll Clock SystemClock System
ll Power Managed ModesPower Managed Modes
ll PIC18 DevicesPIC18 Devices

ll PIC18F Extended ArchitecturePIC18F Extended Architecture
ll SummarySummary
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PIC18F Architecture Extensions
Agenda

PIC18F Architecture ExtensionsPIC18F Architecture Extensions
AgendaAgenda

l Background/Motivation
l What is the extended architecture?

+ New addressing mode
+ New instructions

l How to enable the extensions
l Silicon support
l Tools support
l Impact of the extensions
l Who should/shouldn’t use the extensions?

ll Background/MotivationBackground/Motivation
ll What is the extended architecture?What is the extended architecture?

++ New addressing modeNew addressing mode
++ New instructionsNew instructions

ll How to enable the extensionsHow to enable the extensions
ll Silicon supportSilicon support
ll Tools supportTools support
ll Impact of the extensionsImpact of the extensions
ll Who should/shouldn’t use the extensions?Who should/shouldn’t use the extensions?
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BackgroundBackgroundBackground

The existing PIC18 architecture provides a number of 
features that support high-level languages:

l byte-wide program memory addressing

l indirection registers

l pre/post increment/decrement

l single-cycle multiply

l PLUSW2 addressing

The existing PIC18 architecture provides a number of The existing PIC18 architecture provides a number of 
features that support highfeatures that support high--level languages:level languages:

ll bytebyte--wide program memory addressingwide program memory addressing

ll indirection registersindirection registers

ll pre/post increment/decrementpre/post increment/decrement

ll singlesingle--cycle multiplycycle multiply

ll PLUSW2 addressingPLUSW2 addressing
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BackgroundBackgroundBackground

Some areas where we still saw room for 
improvement:

l stack access (multiple use of WREG)

l function pointers

l cross-bank stack manipulations

Some areas where we still saw room for Some areas where we still saw room for 
improvement:improvement:

ll stack access (multiple use of WREG)stack access (multiple use of WREG)

ll function pointersfunction pointers

ll crosscross--bank stack manipulationsbank stack manipulations
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Our GoalOur GoalOur Goal

To provide a memory-efficient model for 
high-level language support, 

including reentrant code

To provide a memoryTo provide a memory--efficient model for efficient model for 
highhigh--level language support, level language support, 

including reentrant codeincluding reentrant code
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The SolutionThe SolutionThe Solution

PIC18F Architectural Enhancements:
l A new addressing mode (literal indexed)
l Several new instructions

These extensions greatly simplify the code that 
is needed for high-level language constructs

PIC18F Architectural Enhancements:PIC18F Architectural Enhancements:
ll A new addressing mode (literal indexed)A new addressing mode (literal indexed)
ll Several new instructionsSeveral new instructions

These extensions greatly simplify the code that These extensions greatly simplify the code that 
is needed for highis needed for high--level language constructslevel language constructs
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Why Do I Care?Why Do I Care?Why Do I Care?

l Understanding compiler-generated code

l Interfacing to C code in assembly language

l Application in standalone assembly code

ll Understanding compilerUnderstanding compiler--generated codegenerated code

ll Interfacing to C code in assembly languageInterfacing to C code in assembly language

ll Application in standalone assembly codeApplication in standalone assembly code
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PIC18F Architecture Extensions
Agenda

PIC18F Architecture ExtensionsPIC18F Architecture Extensions
AgendaAgenda

l Background / Motivation
l What is the extended architecture?

+ New addressing mode
+ New instructions

l How to enable the extensions
l Silicon support
l Tools support
l Impact of the extensions
l Who should / shouldn’t use the extensions?

ll Background / MotivationBackground / Motivation
ll What is the extended architecture?What is the extended architecture?

++ New addressing modeNew addressing mode
++ New instructionsNew instructions

ll How to enable the extensionsHow to enable the extensions
ll Silicon supportSilicon support
ll Tools supportTools support
ll Impact of the extensionsImpact of the extensions
ll Who should / shouldn’t use the extensions?Who should / shouldn’t use the extensions?
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Presentation of ExtensionsPresentation of ExtensionsPresentation of Extensions

For each extension, we will provide the 
following information:

l Example of code on existing architecture

l Description of new instructions/addressing

l Comparison showing improvement

For each extension, we will provide the For each extension, we will provide the 
following information:following information:

ll Example of code on existing architectureExample of code on existing architecture

ll Description of new instructions/addressingDescription of new instructions/addressing

ll Comparison showing improvementComparison showing improvement
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Indexed Addressing
Existing PIC18

Indexed AddressingIndexed Addressing
Existing PIC18Existing PIC18

Performing a simple assignment to a stack-
based variable:

c = 5;

generates 10 bytes of instructions:
movlw     5
movwf     PRODL,0
movlw     offset(c)
movff     PRODL,PLUSW2

Performing a simple assignment to a stackPerforming a simple assignment to a stack--
based variable:based variable:

c = 5;c = 5;

generates 10 bytes of instructions:generates 10 bytes of instructions:
movlw     5movlw     5
movwf     PRODL,0movwf     PRODL,0
movlw     offset(c)movlw     offset(c)
movff     PRODL,PLUSW2movff     PRODL,PLUSW2
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Indexed Addressing
New PIC18

Indexed AddressingIndexed Addressing
New PIC18New PIC18

Indexed literal
addressing
remaps the

access RAM
window to be a

stack offset
window

Indexed literalIndexed literal
addressingaddressing
remaps theremaps the

access RAMaccess RAM
window to be awindow to be a

stack offsetstack offset
windowwindow

SFRs

GPRs

Access RAM

SFRs

GPRs

S/W Stack

GPRs

Access RAM
GPRs

FSR2

0x0

Traditional PIC18FTraditional PIC18F Extended PIC18FExtended PIC18F

0x60

0xf80

0x80

0xfff

= banked addressing

= unbanked addressing
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Indexed Addressing
New PIC18

Indexed AddressingIndexed Addressing
New PIC18New PIC18

Assembler syntax:

opcode [offset],f

Example:

addwf [12],1 ; add WREG to location (FSR2+12)

Assembler syntax:Assembler syntax:

opcodeopcode [[offsetoffset],],ff

Example:Example:

addwf [12],1 addwf [12],1 ; add WREG to location (FSR2+12); add WREG to location (FSR2+12)
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Indexed Addressing
Improvement

Indexed AddressingIndexed Addressing
ImprovementImprovement

Example of improvement on simple assignment:Example of improvement on simple assignment:Example of improvement on simple assignment:

movlw     5movlw     5
movwf     PRODL,0movwf     PRODL,0
movlw     offset(c)movlw     offset(c)
movff     PRODL,PLUSW2movff     PRODL,PLUSW2

movlw    5movlw    5
movwf    [c],0movwf    [c],0

c = 5;c = 5;

Traditional PIC18FTraditional PIC18F
10 bytes10 bytes

Extended PIC18FExtended PIC18F
4 bytes4 bytes
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Stack Allocation
Existing 18F Architecture
Stack AllocationStack Allocation
Existing 18F ArchitectureExisting 18F Architecture

Stack allocation overhead (4 bytes) is required on 
most functions:

movlw    FrameSize
addwf    FSR1L,1,0

The penalty is even worse (12 bytes) if the stack is 
allowed to cross banks:

movlw     FrameSize
addwf     FSR1L,0,0
bnc       PC+6
setf      FSR1L,0
movf      POSTINC1,1,0
movwf     FSR1L,0

Stack allocation overhead (4 bytes) is required on Stack allocation overhead (4 bytes) is required on 
most functions:most functions:

movlw    FrameSizemovlw    FrameSize
addwf    FSR1L,1,0addwf    FSR1L,1,0

The penalty is even worse (12 bytes) if the stack is The penalty is even worse (12 bytes) if the stack is 
allowed to cross banks:allowed to cross banks:

movlw     FrameSizemovlw     FrameSize
addwf     FSR1L,0,0addwf     FSR1L,0,0
bnc       PC+6bnc       PC+6
setf      FSR1L,0setf      FSR1L,0
movf      POSTINC1,1,0movf      POSTINC1,1,0
movwf     FSR1L,0movwf     FSR1L,0
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Stack Allocation
New PIC18

Stack AllocationStack Allocation
New PIC18New PIC18

Assembler syntax:
addfsr literal, n
subfsr literal, n

Operation:
FSRn = FSRn +/- literal

Example:
addfsr 20,2 ; add 20 to FSR2

Assembler syntax:Assembler syntax:
addfsraddfsr literalliteral, , nn
subfsrsubfsr literal, nliteral, n

Operation:Operation:
FSRFSRnn = FSR= FSRnn +/+/-- literalliteral

Example:Example:
addfsraddfsr 20,2 20,2 ; add 20 to FSR2; add 20 to FSR2
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Example of improvement for function prologue:Example of improvement for function prologue:Example of improvement for function prologue:
Single bank stack:Single bank stack:
movlw    FrameSizemovlw    FrameSize
addwf    FSR1L,1,0addwf    FSR1L,1,0

addfsr FrameSize,1 addfsr FrameSize,1 

Traditional PIC18FTraditional PIC18F
44--12 bytes12 bytes

Extended PIC18FExtended PIC18F
2 bytes2 bytes

MultiMulti--bank stack:bank stack:
movlw     FrameSizemovlw     FrameSize
addwf     FSR1L,0,0addwf     FSR1L,0,0
bnc       PC+6bnc       PC+6
setf      FSR1L,0setf      FSR1L,0
movf      POSTINC1,1,0movf      POSTINC1,1,0
movwf     FSR1L,0movwf     FSR1L,0

Stack Allocation
Improvement

Stack AllocationStack Allocation
ImprovementImprovement

PDF created with FinePrint pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


© 2004 Microchip Technology Incorporated. All Rights Reserved. 819 NNW819 NNW What’s New with the PIC18 ArchitectureWhat’s New with the PIC18 Architecture 62

Stack Allocation
w/ return

Stack AllocationStack Allocation
w/ returnw/ return

Assembler syntax:
addulnk literal
subulnk literal

Operation:
FSR2 = FSR2 +/- literal
return

Example:
subulnk 14 ; subtract 14 from FSR2

; and return

Assembler syntax:Assembler syntax:
addulnkaddulnk literalliteral
subulnksubulnk literalliteral

Operation:Operation:
FSR2 = FSR2 +/FSR2 = FSR2 +/-- literalliteral
returnreturn

Example:Example:
subulnksubulnk 14 14 ; subtract 14 from FSR2; subtract 14 from FSR2

; and return; and return
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Move Stack to Global
Existing PIC18

Move Stack to GlobalMove Stack to Global
Existing PIC18Existing PIC18

Moving a local variable’s contents into a global 
variable:

gc = lc;

Produces the following code:

movlw     offset(lc)
movff     PLUSW2, gc

Moving a local variable’s contents into a global Moving a local variable’s contents into a global 
variable:variable:

gc = lc;gc = lc;

Produces the following code:Produces the following code:

movlw     offset(lc)movlw     offset(lc)
movff     PLUSW2, gcmovff     PLUSW2, gc
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Move Stack to Global
New PIC18

Move Stack to GlobalMove Stack to Global
New PIC18New PIC18

Assembler syntax:
movsf [src], dst

Operation:
dst = (FSR2 + src)

Example:
movsf [5], 0xac ; move the contents of

; (FSR2 + 5) into memory
; location 0xac

Assembler syntax:Assembler syntax:
movsfmovsf [[srcsrc]], dst, dst

Operation:Operation:
dstdst = (FSR2 + = (FSR2 + srcsrc))

Example:Example:
movsfmovsf [5], 0xac[5], 0xac ; move the contents of; move the contents of

; (FSR2 + 5) into memory; (FSR2 + 5) into memory
; location 0xac; location 0xac
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Example of improvement:Example of improvement:Example of improvement:

movlw     offset(lc)movlw     offset(lc)
movff     PLUSW2,gcmovff     PLUSW2,gc movsf  [lc],gcmovsf  [lc],gc

gc = lc;gc = lc;

Traditional PIC18FTraditional PIC18F
6 bytes, affects WREG6 bytes, affects WREG

Extended PIC18FExtended PIC18F
4 bytes, WREG unchanged4 bytes, WREG unchanged

Move Stack to Global
Improvement

Move Stack to GlobalMove Stack to Global
ImprovementImprovement
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Move Stack to Stack
Existing PIC18

Move Stack to StackMove Stack to Stack
Existing PIC18Existing PIC18

Moving a local to another local variable:
lc1 = lc2;

Produces the following code:
movlw     offset(lc2)
movf      PLUSW2,0,0
movwf     INDF1,0
movlw     offset(lc1)
movff     INDF1,PLUSW2

Moving a local to another local variable:Moving a local to another local variable:
lc1 = lc2;lc1 = lc2;

Produces the following code:Produces the following code:
movlw     offset(lc2)movlw     offset(lc2)
movf      PLUSW2,0,0movf      PLUSW2,0,0
movwf     INDF1,0movwf     INDF1,0
movlw     offset(lc1)movlw     offset(lc1)
movff     INDF1,PLUSW2movff     INDF1,PLUSW2
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Move Stack to Stack
New PIC18

Move Stack to StackMove Stack to Stack
New PIC18New PIC18

Assembler syntax:
movss [src], [dst]

Operation:
(FSR2 + dst) = (FSR2 + src) 

Example:
movss [3], [5] ; move the contents of

; (FSR2 + 5) into
; (FSR2 + 3)

Assembler syntax:Assembler syntax:
movssmovss [[srcsrc]], , [[dstdst]]

Operation:Operation:
(FSR2 + (FSR2 + dstdst) = (FSR2 + ) = (FSR2 + srcsrc) ) 

Example:Example:
movssmovss [3], [5][3], [5] ; move the contents of; move the contents of

; (FSR2 + 5) into; (FSR2 + 5) into
; (FSR2 + 3); (FSR2 + 3)
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Example of improvement:Example of improvement:Example of improvement:

movlw     offset(lc2)movlw     offset(lc2)
movf      PLUSW2,0,0movf      PLUSW2,0,0
movwf     INDF1,0movwf     INDF1,0
movlw     offset(lc1)movlw     offset(lc1)
movff     INDF1,PLUSW2movff     INDF1,PLUSW2 movssmovss [lc2],[lc1][lc2],[lc1]

lc1 = lc2;lc1 = lc2;

Traditional PIC18FTraditional PIC18F
12 bytes12 bytes

Extended PIC18FExtended PIC18F
4 bytes4 bytes

Move Stack to Stack
Improvement

Move Stack to StackMove Stack to Stack
ImprovementImprovement
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Function Pointer Invocation
Existing PIC18

Function Pointer InvocationFunction Pointer Invocation
Existing PIC18Existing PIC18

Invoking a function pointer:
fn();

Produces the following code:
bra       PC+12
movff     fn+2,PCLATU
movff     fn+1,PCLATH
movlb     fn
movf      fn,0,1
movwf     PCL,0
rcall     PC-10

Invoking a function pointer:Invoking a function pointer:
fn();fn();

Produces the following code:Produces the following code:
bra       PC+12bra       PC+12
movff     fn+2,PCLATUmovff     fn+2,PCLATU
movff     fn+1,PCLATHmovff     fn+1,PCLATH
movlb     fnmovlb     fn
movf      fn,0,1movf      fn,0,1
movwf     PCL,0movwf     PCL,0
rcall     PCrcall     PC--1010
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Assembler syntax:
callw

Operation:
PC = PCLATU:PCLATH:WREG 

Assembler syntax:Assembler syntax:
callwcallw

Operation:Operation:
PC = PCLATU:PCLATH:WREG PC = PCLATU:PCLATH:WREG 

Function Pointer Invocation
New PIC18

Function Pointer InvocationFunction Pointer Invocation
New PIC18New PIC18
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Example of improvement:Example of improvement:Example of improvement:

bra       PC+12bra       PC+12
movff     fn+2,PCLATUmovff     fn+2,PCLATU
movff     fn+1,PCLATHmovff     fn+1,PCLATH
movlb     fnmovlb     fn
movf      fn,0,1movf      fn,0,1
movwf     PCL,0movwf     PCL,0
rcall     PCrcall     PC--1010

movff fn+2,PCLATUmovff fn+2,PCLATU
movffmovff fn+1,PCLATHfn+1,PCLATH
movlb fnmovlb fn
movf  fn,0,1movf  fn,0,1
callwcallw

fn();fn();

Traditional PIC18FTraditional PIC18F
18 bytes, 2 branches18 bytes, 2 branches

Extended PIC18FExtended PIC18F
14 bytes, 0 branches14 bytes, 0 branches

Function Pointer Invocation
Improvement

Function Pointer InvocationFunction Pointer Invocation
ImprovementImprovement

PDF created with FinePrint pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


© 2004 Microchip Technology Incorporated. All Rights Reserved. 819 NNW819 NNW What’s New with the PIC18 ArchitectureWhat’s New with the PIC18 Architecture 72

Passing a Literal Parameter
Existing PIC18

Passing a Literal ParameterPassing a Literal Parameter
Existing PIC18Existing PIC18

Pushing a literal value onto a downward-growing 
stack:

fn(0xaa);

Produces the following code:
movlw     0xaa
movwf     POSTDEC2,0

Pushing a literal value onto a downwardPushing a literal value onto a downward--growing growing 
stack:stack:

fn(0xaa);fn(0xaa);

Produces the following code:Produces the following code:
movlw     0xaamovlw     0xaa
movwf     POSTDEC2,0movwf     POSTDEC2,0
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Assembler syntax:
pushl lit

Operation:
POSTDEC2 = lit

Example:
pushl 23 ; Store 23 to (FSR2) and

; decrement FSR2

Assembler syntax:Assembler syntax:
pushlpushl litlit

Operation:Operation:
POSTDEC2 = POSTDEC2 = litlit

Example:Example:
pushlpushl 2323 ; Store 23 to (FSR2) and; Store 23 to (FSR2) and

; decrement FSR2; decrement FSR2

Passing a Literal Parameter
New PIC18

Passing a Literal ParameterPassing a Literal Parameter
New PIC18New PIC18
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Example of improvement:Example of improvement:Example of improvement:

movlw     0xaamovlw     0xaa
movwf     POSTDEC2,0movwf     POSTDEC2,0 pushlpushl 0xaa0xaa

fn(0xaa);fn(0xaa);

Traditional PIC18FTraditional PIC18F
4 bytes4 bytes

Extended PIC18FExtended PIC18F
2 bytes2 bytes

Passing a Literal Parameter
Improvement

Passing a Literal ParameterPassing a Literal Parameter
ImprovementImprovement
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PIC18F Architecture Extensions
Agenda

PIC18F Architecture ExtensionsPIC18F Architecture Extensions
AgendaAgenda

l Background / Motivation
l What is the extended architecture?

+ New addressing mode
+ New instructions

l How to enable the extensions
l Silicon support
l Tools support
l Impact of the extensions
l Who should / shouldn’t use the extensions?

ll Background / MotivationBackground / Motivation
ll What is the extended architecture?What is the extended architecture?

++ New addressing modeNew addressing mode
++ New instructionsNew instructions

ll How to enable the extensionsHow to enable the extensions
ll Silicon supportSilicon support
ll Tools supportTools support
ll Impact of the extensionsImpact of the extensions
ll Who should / shouldn’t use the extensions?Who should / shouldn’t use the extensions?
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Enabling the extensionsEnabling the extensionsEnabling the extensions

A single configuration bit selects between:A single configuration bit selects between:A single configuration bit selects between:

Traditional Mode

New instruction opcodes are 
interpreted as NOPs

Fast memory references in the 
range [0,0x5f] address general 
purpose access RAM

Default for Development Tools

Traditional Mode

New instruction opcodes are 
interpreted as NOPs

Fast memory references in the 
range [0,0x5f] address general 
purpose access RAM

Default for Development Tools

Extended Mode

New instructions are available

Fast memory references in the 
range [0,0x5f] address FSR2 
offsets

Extended Mode

New instructions are available

Fast memory references in the 
range [0,0x5f] address FSR2 
offsets
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PIC18F6490/10
GP/LCD/REG

PIC18F8490/10
GP/LCD/REG

PIC18F2410
GP/REG

PIC18F4410
GP/REG

PIC18F2585
ECAN

PIC18F2680
ECAN

PIC18F2515
GP/REG

PIC18F2525
GP

PIC18F2610
GP/REG

PIC18F2620
GP

PIC18F4585
ECAN

PIC18F4680
ECAN

PIC18F4515
GP/REG

PIC18F4525
GP

PIC18F4610
GP/REG

PIC18F Extended Instruction Set
Technology: 28-80 Pins

PIC18F PIC18F Extended Instruction SetExtended Instruction Set
Technology: 28Technology: 28--80 Pins80 Pins

16Kb

32Kb

64Kb

28 Pin 40 Pin 64 Pin 80 Pin

48Kb

PIC18F4620
GP

PIC18F4455
USB

PIC18F4550
USB

PIC18F4420
GP

PIC18F4510
GP/REG

PIC18F4520
GP

PIC18F2455
USB

PIC18F2550
USB

PIC18F2420
GP

PIC18F2510
GP/REG

PIC18F2520
GP

8Kb PIC18F6390/10
GP/LCD/REG

PIC18F8390/10
GP/LCD/REG
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Tools SupportTools SupportTools Support

Software tools are available NOW:
l MPASM™ Assembler
l MPLAB® IDE / SIM
l MPLAB C18

Hardware tools are available NOW:
l In-Circuit Debugger (ICD2)
l Programmer (PRO MATE® 2)
l Emulator (ICE 2000/4000)

Software tools are available NOW:Software tools are available NOW:
ll MPASM™ AssemblerMPASM™ Assembler
ll MPLABMPLAB®® IDE / SIMIDE / SIM
ll MPLAB C18MPLAB C18

Hardware tools are available NOW:Hardware tools are available NOW:
ll InIn--Circuit Debugger (ICD2)Circuit Debugger (ICD2)
ll Programmer (PRO MATEProgrammer (PRO MATE®® 2)2)
ll Emulator (ICE 2000/4000)Emulator (ICE 2000/4000)
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What Mode to UseWhat Mode to UseWhat Mode to Use

Use Extended Mode 
When...

• Re-entrancy is required
• Starting a new design
• Code is mostly written in C
• Portability to non-extended 

cores is not needed
• RAM space is critical

Use Extended Mode 
When...

• Re-entrancy is required
• Starting a new design
• Code is mostly written in C
• Portability to non-extended 

cores is not needed
• RAM space is critical

Use Traditional Mode 
When...

• The static model is O.K.
• Modifying an existing design
• Code is mostly written in ASM
• Code must also work on non-

extended cores
• RAM space is not critical

Use Traditional Mode 
When...

• The static model is O.K.
• Modifying an existing design
• Code is mostly written in ASM
• Code must also work on non-

extended cores
• RAM space is not critical
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SummarySummarySummary
l The PIC18F architecture has been extended with:

+ a new addressing mode (indexed literal)
+ new instructions

l These extensions provide efficient high-level 
language support

l 100% backward-compatible behavior is available

l Tools are available now

l Applicability of the extensions will depend on the 
project

ll The PIC18F architecture has been extended with:The PIC18F architecture has been extended with:
++ a new addressing mode (indexed literal)a new addressing mode (indexed literal)
++ new instructionsnew instructions

ll These extensions provide efficient highThese extensions provide efficient high--level level 
language supportlanguage support

ll 100% backward100% backward--compatible behavior is availablecompatible behavior is available

ll Tools are available nowTools are available now

ll Applicability of the extensions will depend on the Applicability of the extensions will depend on the 
projectproject
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Ultrasonic Range FinderUltrasonic Range FinderUltrasonic Range Finder
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Low Power Solutions Block 
Diagram

Low Power Solutions Block Low Power Solutions Block 
DiagramDiagram

C2

PWM2

Timer1

Xmtr

PWM1

C15V->10V
Boost

2x
Driver

CVref

x256

RC Ref

Display
LCD or

LEDRcvr

PIC18F4620

Temp
Sensor

RS232
Driver

A/D

USART
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State DiagramState DiagramState Diagram

Wait for 
key press

Start 
Boost 
PWM

Start xmit
PWM

Measure 
echo time, 
calc dist

Update 
display
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Lab: Putting It All TogetherLab: Putting It All TogetherLab: Putting It All Together

l Purpose: To analyze an application and 
reduce its power consumption.
l Determine where power managed modes can 

be used
l Adjust clock frequency to minimize power 

consumption
l Maintain performance
l Measure system and PICmicro current 

consumption by connecting current meter to 
appropriate jumper.

ll Purpose: To analyze an application and Purpose: To analyze an application and 
reduce its power consumption.reduce its power consumption.
ll Determine where power managed modes can Determine where power managed modes can 

be usedbe used
ll Adjust clock frequency to minimize power Adjust clock frequency to minimize power 

consumptionconsumption
ll Maintain performanceMaintain performance
ll Measure system and Measure system and PICmicroPICmicro current current 

consumption by connecting current meter to consumption by connecting current meter to 
appropriate jumper.appropriate jumper.
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Lab: Tip 1Lab: Tip 1Lab: Tip 1

l Disable unnecessary system components

LEDRA4_OFF; //nW: Turn off LED
DISABLE_TEMP;//nW: Turn off temp sensor
DISABLE_USART; //nW: Turn off 
USART driver

ll Disable unnecessary system componentsDisable unnecessary system components

LEDRA4_OFF;LEDRA4_OFF; ////nWnW: Turn off LED: Turn off LED
DISABLE_TEMP;DISABLE_TEMP;////nWnW: Turn off temp sensor: Turn off temp sensor
DISABLE_USART;DISABLE_USART; ////nWnW: Turn off : Turn off 
USART driverUSART driver
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Lab: Tip 2Lab: Tip 2Lab: Tip 2

l Select INTOSC as Primary Oscillator in Config Word
l TRIS unused I/Os as outputs for INTOSC
l Use INTOSC as primary oscillator and select 4MHz 

frequency.

int Fosc = 4; //Frequency in MHz

TRISAbits.TRISA6 = 0;
TRISAbits.TRISA7 = 0;
OSCCON = 0b01100000; //4MHz INTOSC
while(!OSCCONbits.IOFS);

ll Select INTOSC as Primary Oscillator in Select INTOSC as Primary Oscillator in ConfigConfig WordWord
ll TRIS unused I/Os as outputs for INTOSCTRIS unused I/Os as outputs for INTOSC
ll Use INTOSC as primary oscillator and select 4MHz Use INTOSC as primary oscillator and select 4MHz 

frequency.frequency.

intint FoscFosc = 4;= 4; //Frequency in MHz//Frequency in MHz

TRISAbits.TRISA6 = 0;TRISAbits.TRISA6 = 0;
TRISAbits.TRISA7 = 0;TRISAbits.TRISA7 = 0;
OSCCON = 0b01100000;OSCCON = 0b01100000; //4MHz INTOSC//4MHz INTOSC
while(!OSCCONbits.IOFSwhile(!OSCCONbits.IOFS););
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Lab: Tip 3Lab: Tip 3Lab: Tip 3

l Disable boost after transmit

DisableBoost();

ll Disable boost after transmitDisable boost after transmit

DisableBoostDisableBoost();();
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Lab: Tip 4Lab: Tip 4Lab: Tip 4
l Replace button while-loop with Sleep and PortB interrupt-

on-change wake-up

// while(SW1_NOT_PRESSED);

TRISBbits.TRISB7 = 0;
TRISBbits.TRISB6 = 0;
Disable_Ints();
WREG = PORTB;
INTCONbits.RBIF = 0;
INTCONbits.RBIE = 1;
Sleep();
INTCONbits.RBIE = 0;

ll Replace button whileReplace button while--loop with Sleep and loop with Sleep and PortBPortB interruptinterrupt--
onon--change wakechange wake--upup

//// while(SW1_NOT_PRESSED);while(SW1_NOT_PRESSED);

TRISBbits.TRISB7 = 0;TRISBbits.TRISB7 = 0;
TRISBbits.TRISB6 = 0;TRISBbits.TRISB6 = 0;
Disable_IntsDisable_Ints();();
WREG = PORTB;WREG = PORTB;
INTCONbits.RBIFINTCONbits.RBIF = 0;= 0;
INTCONbits.RBIEINTCONbits.RBIE = 1;= 1;
Sleep();Sleep();
INTCONbits.RBIEINTCONbits.RBIE = 0;= 0;
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Lab: Tip 5Lab: Tip 5Lab: Tip 5

l Replace 100ms for-loop delay with TMR2 
rollover at Fosc=512Khz.
l 100ms settling time is required between 

samples.
l Fosc >= 512KHz required to minimize LCD T3

interrupt latency.

// for(SampleDelay=0;SampleDelay<190*Fosc;
SampleDelay++);

ll Replace 100ms forReplace 100ms for--loop delay with TMR2 loop delay with TMR2 
rollover at rollover at FoscFosc=512Khz.=512Khz.
ll 100ms settling time is required between 100ms settling time is required between 

samples.samples.
ll FoscFosc >= 512KHz required to minimize LCD T3>= 512KHz required to minimize LCD T3

interrupt latency.interrupt latency.

// // for(SampleDelayfor(SampleDelay=0;SampleDelay<190*=0;SampleDelay<190*FoscFosc;;
SampleDelaySampleDelay++);++);
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Lab: Tip 5 ContinuedLab: Tip 5 ContinuedLab: Tip 5 Continued
OSCCON_sh = OSCCON; //Store previous value
OSCCON = 0b00110000; //512KHz INTRC, Sleep
while(!OSCCONbits.IOFS);
TMR2 = 0; //~100ms rollover time
PR2 = 0xFF;
T2CON = 0b00100101; //1:5 post, 1:4 pre, on
PIR1bits.TMR2IF = 0;
PIE1bits.TMR2IE = 1;
while(T2CONbits.TMR2ON)

Sleep();
PIE1bits.TMR2IE = 0;
OSCCON = OSCCON_sh; //Restore value
while(!OSCCONbits.IOFS); //Wait for switch

OSCCON_shOSCCON_sh = OSCCON;= OSCCON; //Store previous value//Store previous value
OSCCON = 0b00110000;OSCCON = 0b00110000; //512KHz INTRC, Sleep//512KHz INTRC, Sleep
while(!OSCCONbits.IOFSwhile(!OSCCONbits.IOFS););
TMR2 = 0;TMR2 = 0; //~100ms rollover time//~100ms rollover time
PR2 = 0xFF;PR2 = 0xFF;
T2CON = 0b00100101;T2CON = 0b00100101; //1:5 post, 1:4 pre, on//1:5 post, 1:4 pre, on
PIR1bits.TMR2IF = 0;PIR1bits.TMR2IF = 0;
PIE1bits.TMR2IE = 1;PIE1bits.TMR2IE = 1;
while(T2CONbits.TMR2ON)while(T2CONbits.TMR2ON)

Sleep();Sleep();
PIE1bits.TMR2IE = 0;PIE1bits.TMR2IE = 0;
OSCCON = OSCCON = OSCCON_shOSCCON_sh;; //Restore value//Restore value
while(!OSCCONbits.IOFSwhile(!OSCCONbits.IOFS);); //Wait for switch//Wait for switch
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Class SummaryClass SummaryClass Summary

Extended 
Instruction set

Timer1, BOR, HLVD, 
LCD, USB

Clock 
System

Power Managed 
Modes nanoWatt 

Technology

Your ApplicationPIC18 
Devices
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AppendixAppendixAppendix
l Demo Boards

l PICDEM™ 4
l PICDEM MC
l PICDEM Full Speed USB

l Application Notes
l Internal RC Oscillator Calibration AN244
l USB Power Management ANTBD

l RS-232  to USB Migration ANTBD

l USB Mass Storage Class ANTBD

l J1939 C Library AN930
l Brushless DC Motor Control AN899

ll Demo BoardsDemo Boards
ll PICDEM™ 4PICDEM™ 4
ll PICDEM MCPICDEM MC
ll PICDEM Full Speed USBPICDEM Full Speed USB

ll Application NotesApplication Notes
ll Internal RC Oscillator Calibration AN244Internal RC Oscillator Calibration AN244
ll USB Power Management ANUSB Power Management ANTBDTBD

ll RSRS--232  to USB Migration AN232  to USB Migration ANTBDTBD

ll USB Mass Storage Class ANUSB Mass Storage Class ANTBDTBD

ll J1939 C Library AN930J1939 C Library AN930
l Brushless DC Motor Control AN899
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