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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18FXX39

TABLE 1-1: PIC18FXX39 DEVICE FEATURES                       

Features PIC18F2439 PIC18F2539 PIC18F4439 PIC18F4539

Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 12K 24K 12K 24K
Program Memory (Instructions) 6144 12288 6144 12288
Data Memory (Bytes) 640 1408 640 1408
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 15 15 16 16
I/O Ports Ports A, B, C Ports A, B, C Ports A, B, C, D, E Ports A, B, C, D, E
Timers 3 3 3 3
PWM Modules(1) 2 2 2 2
Single Phase Induction 
Motor Control

Yes Yes Yes Yes

Serial Communications
MSSP, 

Addressable 
USART

MSSP, 
Addressable 

USART

MSSP, 
Addressable 

USART

MSSP, 
Addressable 

USART
Parallel Communications — — PSP PSP
10-bit Analog-to-Digital Module 5 input channels 5 input channels 8 input channels 8 input channels

RESETS (and Delays)

POR, BOR, 
RESET Instruction, 

Stack Full, 
Stack Underflow 

(PWRT, OST)

POR, BOR, 
RESET Instruction,  

Stack Full, 
Stack Underflow 

(PWRT, OST)

POR, BOR, 
RESET Instruction,  

Stack Full, 
Stack Underflow 

(PWRT, OST)

POR, BOR, 
RESET Instruction, 

Stack Full, 
Stack Underflow 

(PWRT, OST)
Programmable Low Voltage 
Detect

Yes Yes Yes Yes

Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions

Packages 28-pin DIP
28-pin SOIC

28-pin DIP
28-pin SOIC

40-pin DIP
44-pin TQFP
44-pin QFN

40-pin DIP
44-pin TQFP
44-pin QFN

Note 1: PWM modules are used exclusively in conjunction with the motor control kernel, and are not available for 
other applications.
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PIC18FXX39

TABLE 3-1: TIME-OUT IN VARIOUS SITUATIONS     

REGISTER 3-1: RCON REGISTER BITS AND POSITIONS           

TABLE 3-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR 
RCON REGISTER       

          

Oscillator
Configuration

Power-up(2)

Brown-out 
Wake-up from

SLEEP or
Oscillator SwitchPWRTE = 0 PWRTE = 1

HS with PLL enabled(1) 72 ms + 1024 TOSC 
+ 2ms

1024 TOSC 
+ 2 ms

72 ms(2) + 1024 TOSC 
+ 2 ms 1024 TOSC + 2 ms

HS, XT, LP 72 ms + 1024 TOSC 1024 TOSC 72 ms(2) + 1024 TOSC 1024 TOSC

EC 72 ms — 72 ms(2) —
External RC 72 ms — 72 ms(2) —
Note 1: 2 ms is the nominal time required for the 4x PLL to lock.

2: 72 ms is the nominal power-up timer delay, if implemented.

R/W-0 U-0 U-0 R/W-1 R-1 R-1 R/W-0 R/W-0

IPEN — — RI TO PD POR BOR
bit 7 bit 0

Note 1: Refer to Section 4.14 (page 50) for bit definitions.

Condition Program 
Counter

RCON
Register RI TO PD POR BOR STKFUL STKUNF

Power-on Reset 0000h 0--1 1100 1 1 1 0 0 u u

MCLR Reset during normal 
operation

0000h 0--u uuuu u u u u u u u

Software Reset during normal 
operation

0000h 0--0 uuuu 0 u u u u u u

Stack Full Reset during normal 
operation

0000h 0--u uu11 u u u u u u 1

Stack Underflow Reset during 
normal operation

0000h 0--u uu11 u u u u u 1 u

MCLR Reset during SLEEP 0000h 0--u 10uu u 1 0 u u u u

WDT Reset 0000h 0--u 01uu 1 0 1 u u u u

WDT Wake-up PC + 2 u--u 00uu u 0 0 u u u u

Brown-out Reset 0000h 0--1 11u0 1 1 1 1 0 u u

Interrupt wake-up from SLEEP PC + 2(1) u--u 00uu u 1 0 u u u u

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0'
Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the 

interrupt vector (0x000008h or 0x000018h).
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PIC18FXX39

FIGURE 4-5: DATA MEMORY MAP FOR PIC18FX439 

Bank 0

Bank 1

Bank 14

Bank 15

Data Memory MapBSR<3:0>

= 0000

= 0001

= 1111

080h
07Fh

F80h
FFFh

00h
7Fh
80h

FFh

Access Bank

When a = 0, 
the BSR is ignored and the
Access Bank is used. 
The first 128 bytes are General
Purpose RAM (from Bank 0). 
The second 128 bytes are 
Special Function Registers
(from Bank 15).

When a = 1, 
the BSR is used to specify the 
RAM location that the 
instruction uses. 

F7Fh
F00h
EFFh

1FFh

100h
0FFh

000h
Access RAM

FFh

00h

FFh

00h

FFh

00h

GPR

GPR

SFR

Unused

Access RAM High

Access RAM Low

Bank 3
to

200h

Unused
Read ‘00h’

= 1110

= 0011

(SFRs)

GPR

2FFh
300h

FFh

00h
Bank 2

= 0010
27Fh
280hProMPT Memory

•

•

•
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FIGURE 4-6: DATA MEMORY MAP FOR PIC18FX539     
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Data Memory MapBSR<3:0>

= 0000

= 0001

= 1110

= 1111

080h
07Fh
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FFFh

00h
7Fh
80h

FFh

Access Bank

When a = 0, 
the BSR is ignored and the
Access Bank is used. 
The first 128 bytes are General
Purpose RAM (from Bank 0). 
The second 128 bytes are 
Special Function Registers
(from Bank 15).

When a = 1, 
the BSR is used to specify the 
RAM location that the 
instruction uses. 
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F00h
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2FFh
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1FFh
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0FFh

000h

= 0110
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= 0011

= 0010
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FFh
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FFh

00h
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00h
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GPR
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GPR
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Read ‘00h’
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•

•

•

ProMPT Memory
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5.4 Erasing FLASH Program memory
The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control can larger blocks of program memory be
bulk erased. Word erase in the FLASH array is not
supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased;
TBLPTR<5:0> are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the FLASH pro-
gram memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal
FLASH. Instruction execution is halted while in a long
write cycle. The long write will be terminated by the
internal programming timer.

5.4.1 FLASH PROGRAM MEMORY 
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load table pointer with address of row being
erased.

2. Set EEPGD bit to point to program memory,
clear CFGS bit to access program memory, set
WREN bit to enable writes, and set FREE bit to
enable the erase.

3. Disable interrupts.
4. Write 55h to EECON2.
5. Write AAh to EECON2.
6. Set the WR bit. This will begin the row erase

cycle.
7. The CPU will stall for duration of the erase

(about 2 ms using internal timer).
8. Re-enable interrupts.

EXAMPLE 5-2: ERASING A FLASH PROGRAM MEMORY ROW 
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH 
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL 

ERASE_ROW 
BSF EECON1,EEPGD ; point to FLASH program memory
BCF EECON1,CFGS ; access FLASH program memory
BSF EECON1,WREN ; enable write to memory
BSF EECON1,FREE ; enable Row Erase operation
BCF INTCON,GIE ; disable interrupts
MOVLW 55h

Required MOVWF EECON2 ; write 55h
Sequence MOVLW AAh

MOVWF EECON2 ; write AAh
BSF EECON1,WR ; start erase (CPU stall)
BSF INTCON,GIE ; re-enable interrupts
DS30485A-page 56 Preliminary  2002 Microchip Technology Inc.



PIC18FXX39

TABLE 6-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on:
POR, BOR

Value on
 All Other 
RESETS

FF2h INTCON GIE/
GIEH

PEIE/
GIEL

T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

FA9h EEADR EEPROM Address Register 0000 0000 0000 0000
FA8h EEDATA EEPROM Data Register 0000 0000 0000 0000
FA7h EECON2 EEPROM Control Register2 (not a physical register) — —
FA6h EECON1 EEPGD CFGS — FREE WRERR WREN WR RD xx-0 x000 uu-0 u000
FA2h IPR2 — — — EEIP BCLIP LVDIP TMR3IP — ---1 1111 ---1 1111
FA1h PIR2 — — — EEIF BCLIF LVDIF TMR3IF — ---0 0000 ---0 0000
FA0h PIE2 — — — EEIE BCLIE LVDIE TMR3IE — ---0 0000 ---0 0000
Legend:  x = unknown, u = unchanged, - = unimplemented, read as '0'. 

Shaded cells are not used during FLASH/EEPROM access.
 2002 Microchip Technology Inc. Preliminary DS30485A-page 65
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10.1 Timer0 Operation
Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing the T0CS bit. In
Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMR0L reg-
ister is written, the increment is inhibited for the follow-
ing two instruction cycles. The user can work around
this by writing an adjusted value to the TMR0L register.

Counter mode is selected by setting the T0CS bit. In
Counter mode, Timer0 will increment, either on every
rising or falling edge of pin RA4/T0CKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit (T0SE). Clearing the T0SE bit selects the ris-
ing edge. Restrictions on the external clock input are
discussed below.

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (TOSC). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

10.2 Prescaler
An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not readable or writable.

The PSA and T0PS2:T0PS0 bits determine the
prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values in power-of-2 increments,
from 1:2 through 1:256, are selectable. 

When assigned to the Timer0 module, all instructions
writing to the TMR0L register (e.g., CLRF TMR0,
MOVWF TMR0, BSF TMR0,etc.) will clear the prescaler
count.    

10.2.1 SWITCHING PRESCALER 
ASSIGNMENT

The prescaler assignment is fully under software
control; it can be changed “on-the-fly” during program
execution. 

10.3 Timer0 Interrupt
The TMR0 interrupt is generated when the TMR0 reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMR0IF
bit. The interrupt can be masked by clearing the
TMR0IE bit. The TMR0IE bit must be cleared in soft-
ware by the Timer0 module Interrupt Service Routine
before re-enabling this interrupt. The TMR0 interrupt
cannot awaken the processor from SLEEP, since the
timer is shut-off during SLEEP.

10.4 16-bit Mode Timer Reads and 
Writes

TMR0H is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of Timer0 (see Figure 10-2). The high byte of
the Timer0 counter/timer is not directly readable nor
writable. TMR0H is updated with the contents of the
high byte of Timer0 during a read of TMR0L. This pro-
vides the ability to read all 16 bits of Timer0 without
having to verify that the read of the high and low byte
were valid, due to a rollover between successive reads
of the high and low byte. 

A write to the high byte of Timer0 must also take place
through the TMR0H buffer register. Timer0 high byte is
updated with the contents of TMR0H when a write
occurs to TMR0L. This allows all 16 bits of Timer0 to be
updated at once.

TABLE 10-1: REGISTERS ASSOCIATED WITH TIMER0 

Note: Writing to TMR0L when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on 
POR, BOR

Value on 
All Other 
RESETS

TMR0L Timer0 Module Low Byte Register xxxx xxxx uuuu uuuu

TMR0H Timer0 Module High Byte Register 0000 0000 0000 0000

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

T0CON TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0 1111 1111 1111 1111

TRISA — PORTA Data Direction Register -111 1111 -111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
 2002 Microchip Technology Inc. Preliminary DS30485A-page 101
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14.3 Software Interface
A sine table, stored in the ProMPT kernel, is used as
the basis for synthesizing the DC bus using the PWM
modules. The table values are accessed in sequence
and scaled based on the frequency or the speed at
which the motor is intended to run. The intended fre-
quency input can be from an A/D channel or a digital
value. 

Parameters in the ProMPT modules can be accessed
using the pre-defined Application Program Interface
(API) methods. A list of the APIs is given in
Section 14.3.3. 

For example, to run the motor at 40 Hz, the user would
invoke the PromMPT_SetFrequency API:

i = ProMPT_SetFrequency(40);   
where i is an unsigned character variable. In this case,
if i = 0 on return, the command has been successfully
executed. If the frequency input is out of range, or if
there is an error in setting the frequency, i is returned
with a value of FFh.

Similarly, to check the frequency set by the ProMPT
kernel, use the ProMPT_GetFrequency API:

i = ProMPT_GetFrequency(void);    
where i is an unsigned character variable. Upon return
from the ProMPT kernel, i will contain the frequency
value in the ProMPT kernel.

14.3.1 THE V/F CURVE

The ProMPT kernel contains a default V/F curve stored
in memory. The default curve is linear, as shown in
Figure 14-2. Table 14-1 shows the data points used to
construct the curve. 

Users may require a different V/F curve for their appli-
cation, based on the load on the motor, or based on the
characteristics of the motor used. The curve can be
changed in the application program using the API
method SetVFCurve(X,Y), where X is the frequency
and Y is the level of modulation of the DC bus voltage.
As a rule, in customizing the curve, the input frequency
corresponding to the point on the V/F curve that gives
100% modulation should match the motor’s rated fre-
quency. Similarly, full modulation should occur at the
motor’s rated input voltage. (See Figure 14-2 for
details.)

Examples of the characteristics for V/F curves for typi-
cal motor applications are shown in Section 14-2
(page 115).

14.3.2 PARAMETERS DEFINED BY THE 
ProMPT API METHODS

Frequency: The frequency (in Hz) of the supply
current for steady state motor operation.

Modulation: The level of modulation (in percentage)
applied to the DC supply voltage by the PWM through
the H-bridge to produce AC drive current.

Acceleration rate: The rate of increase of motor
speed, achieved by ramping up the supply frequency.
Expressed in Hz/s.

Deceleration rate: The rate of decrease of motor
speed, achieved by ramping down the supply
frequency. Expressed in Hz/s.

Boost: The mode for starting a stopped motor by vary-
ing the supply current frequency and modulation until
steady state speed is reached. Boost is defined in
terms of a frequency, a starting and ending modulation,
and a time interval for the transition between the two.

PWM Frequency: The sampling rate (in kHz) at which
the PWM module operates.

FIGURE 14-2: DEFAULT V/F CURVE FOR 
THE ProMPT KERNEL

TABLE 14-1: DATA POINTS FOR THE 
DEFAULT V/F CURVE

Frequency (Hz) % Modulation

0 0
8 14

16 28
24 42
32 57
40 71
48 86
56 100
64 110
72 133
80 133
88 133
96 133

104 133
112 133
120 133
128 133
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16.3.2 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0>) and SSPSTAT<7:6>.
These control bits allow the following to be specified:

• Master mode (SCK is the clock output)
• Slave mode (SCK is the clock input)
• Clock Polarity (IDLE state of SCK)
• Data input sample phase (middle or end of data 

output time)
• Clock edge (output data on rising/falling edge of 

SCK)
• Clock Rate (Master mode only)
• Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive Shift Register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the buffer full detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the

SSPBUF register during transmission/reception of data
will be ignored, and the write collision detect bit, WCOL
(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the follow-
ing write(s) to the SSPBUF register completed
successfully. 

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
full bit, BF (SSPSTAT<0>), indicates when SSPBUF
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, the BF bit is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally, the MSSP Interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 16-1 shows the loading of the
SSPBUF (SSPSR) for data transmission. 

The SSPSR is not directly readable or writable, and
can only be accessed by addressing the SSPBUF reg-
ister. Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions. 

EXAMPLE 16-1: LOADING THE SSPBUF (SSPSR) REGISTER      

LOOP BTFSS SSPSTAT, BF    ;Has data been received(transmit complete)? 
     BRA   LOOP           ;No 
     MOVF  SSPBUF, W      ;WREG reg = contents of SSPBUF 

     MOVWF RXDATA         ;Save in user RAM, if data is meaningful

     MOVF  TXDATA, W      ;W reg = contents of TXDATA 
     MOVWF SSPBUF         ;New data to xmit 
DS30485A-page 128 Preliminary  2002 Microchip Technology Inc.
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16.4.7.1 Clock Arbitration
Clock arbitration occurs when the master, during any
receive, transmit or Repeated START/STOP condition,
de-asserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the baud rate
generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is

sampled high, the baud rate generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count, in the event that the clock
is held low by an external device (Figure 16-18).

FIGURE 16-18: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION        

SDA

SCL

SCL de-asserted but slave holds

DX-1DX

BRG

SCL is sampled high, reload takes
place and BRG starts its count

03h 02h 01h 00h (hold off) 03h 02h

Reload

BRG
Value

SCL low (clock arbitration)
SCL allowed to transition high

BRG decrements on
Q2 and Q4 cycles
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(VDD and VSS), or the voltage level on the RA3/AN3/
VREF+ pin and RA2/AN2/VREF- pin. 

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off and
any conversion is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input (RA3 can also be a
voltage reference) or as a digital I/O.

The ADRESH and ADRESL registers contain the result
of the A/D conversion. When the A/D conversion is
complete, the result is loaded into the ADRESH/
ADRESL registers, the GO/DONE bit (ADCON0<2>) is
cleared, and A/D interrupt flag bit, ADIF is set. The block
diagram of the A/D module is shown in Figure 18-1.

FIGURE 18-1: A/D BLOCK DIAGRAM        

(Input Voltage)
VAIN

VREF+

Reference
Voltage

VDD

PCFG<3:0>

CHS<2:0>

AN7*

AN6*

AN5*

AN4

AN3

AN2

AN1

AN0

111

110

101

100

011

010

001

000

10-bit
Converter

VREF-

VSS

A/D

* These channels are implemented only on the PIC18F4X39 devices.
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To calculate the minimum acquisition time,
Equation 18-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

EQUATION 18-1: ACQUISITION TIME     

EQUATION 18-2: A/D MINIMUM CHARGING TIME  

Example 18-1 shows the calculation of the minimum
required acquisition time, TACQ. This calculation is
based on the following application system
assumptions:

• CHOLD = 120 pF 
• Rs = 2.5 kΩ 
• Conversion Error ≤ 1/2 LSb 
• VDD = 5V → Rss = 7 kΩ         
• Temperature = 50°C (system max.) 
• VHOLD  = 0V @ time = 0 

EXAMPLE 18-1: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME  

 

TACQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient 

= TAMP + TC + TCOFF 

VHOLD = (VREF – (VREF/2048)) • (1 – e(-Tc/CHOLD(RIC + RSS + RS)))   
or 
TC = -(120 pF)(1 kΩ + RSS + RS) ln(1/2048)

TACQ = TAMP + TC + TCOFF  

Temperature coefficient is only required for temperatures > 25°C.

TACQ = 2 µs + TC + [(Temp – 25°C)(0.05 µs/°C)]

TC = -CHOLD (RIC + RSS + RS) ln(1/2048) 
-120 pF (1 kΩ + 7 kΩ + 2.5 kΩ) ln(0.0004883) 
-120 pF (10.5 kΩ) ln(0.0004883) 
-1.26 µs (-7.6246) 
9.61 µs

TACQ = 2 µs + 9.61 µs + [(50°C – 25°C)(0.05 µs/°C)] 
11.61 µs + 1.25 µs 
12.86 µs
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REGISTER 20-4: CONFIG4L: CONFIGURATION REGISTER 4 LOW (BYTE ADDRESS 300006h)                

R/P-1 U-0 U-0 U-0 U-0 R/P-1 U-0 R/P-1

DEBUG — — — — LVP — STVREN
bit 7 bit 0

bit 7 DEBUG: Background Debugger Enable bit
1 = Background Debugger disabled. RB6 and RB7 configured as general purpose I/O pins. 
0 = Background Debugger enabled. RB6 and RB7 are dedicated to In-Circuit Debug.

bit 6-3 Unimplemented: Read as ‘0’ 
bit 2 LVP: Low Voltage ICSP Enable bit

1 = Low Voltage ICSP enabled 
0 = Low Voltage ICSP disabled 

bit 1 Unimplemented: Read as ‘0’ 
bit 0 STVREN: Stack Full/Underflow Reset Enable bit

1 = Stack Full/Underflow will cause RESET 
0 = Stack Full/Underflow will not cause RESET 

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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20.2.2 WDT POSTSCALER

The WDT has a postscaler that can extend the WDT
Reset period. The postscaler is selected at the time of
the device programming, by the value written to the
CONFIG2H configuration register.

FIGURE 20-1: WATCHDOG TIMER BLOCK DIAGRAM       

TABLE 20-2: SUMMARY OF WATCHDOG TIMER REGISTERS        

PostscalerWDT Timer

WDTEN

8 - to - 1 MUX WDTPS2:WDTPS0

WDT
Time-out

8

SWDTEN bit 
Configuration bit

Note: WDPS2:WDPS0 are bits in register CONFIG2H.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CONFIG2H — — — — WDTPS2 WDTPS2 WDTPS0 WDTEN

RCON IPEN — — RI TO PD POR BOR
WDTCON — — — — — — — SWDTEN
Legend: Shaded cells are not used by the Watchdog Timer.
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COMF Complement f

Syntax: [ label ]   COMF     f [,d [,a]

Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]

Operation:  → dest

Status Affected: N, Z

Encoding: 0001 11da ffff ffff

Description: The contents of register 'f' are com-
plemented. If 'd' is 0, the result is 
stored in W. If 'd' is 1, the result is 
stored back in register 'f' (default). If 
‘a’ is 0, the Access Bank will be 
selected, overriding the BSR value. 
If ‘a’ = 1, then the bank will be 
selected as per the BSR value 
(default).

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

Write to
destination

Example: COMF REG, 0, 0

Before Instruction
REG = 0x13

After Instruction
REG = 0x13
W = 0xEC

( f )

CPFSEQ Compare f with W, skip if f = W

Syntax: [ label ]   CPFSEQ    f [,a]

Operands: 0 ≤ f ≤ 255
a ∈ [0,1]

Operation: (f) – (W), 
skip if (f) = (W) 
(unsigned comparison)

Status Affected: None

Encoding: 0110 001a ffff ffff

Description: Compares the contents of data 
memory location 'f' to the contents 
of W by performing an unsigned 
subtraction.
If 'f' = W, then the fetched instruc-
tion is discarded and a NOP is 
executed instead, making this a 
two-cycle instruction. If ‘a’ is 0, the 
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then 
the bank will be selected as per the 
BSR value (default).

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

No 
operation

If skip:
Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation

If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation

Example: HERE     CPFSEQ REG, 0
NEQUAL   :
EQUAL    :

Before Instruction
PC Address = HERE

W = ?
REG = ?

After Instruction
If REG = W;

PC = Address (EQUAL)
If REG ≠ W;

PC = Address (NEQUAL)
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SLEEP Enter SLEEP mode

Syntax: [ label ]  SLEEP

Operands: None

Operation: 00h → WDT,
0 → WDT postscaler,
1 → TO,
0 → PD

Status Affected: TO, PD

Encoding: 0000 0000 0000 0011

Description: The power-down status bit (PD) is 
cleared. The time-out status bit 
(TO) is set. Watchdog Timer and 
its postscaler are cleared.
The processor is put into SLEEP 
mode with the oscillator stopped.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode No 
operation

Process 
Data

Go to
sleep

Example: SLEEP

Before Instruction
TO = ?
PD = ?

After Instruction
TO = 1 †
PD = 0 

†   If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with borrow

Syntax: [ label ]  SUBFWB    f [,d [,a]

Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]

Operation: (W) – (f) – (C) → dest

Status Affected: N, OV, C, DC, Z

Encoding: 0101 01da ffff ffff

Description: Subtract register 'f' and carry flag 
(borrow) from W (2’s complement 
method). If 'd' is 0, the result is 
stored in W. If 'd' is 1, the result is 
stored in register 'f' (default). If ‘a’ is 
0, the Access Bank will be selected, 
overriding the BSR value. If ‘a’ is 1, 
then the bank will be selected as 
per the BSR value (default).

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

Write to 
destination

Example 1: SUBFWB   REG, 1, 0

Before Instruction
REG = 3
W = 2
C = 1

After Instruction
REG = FF
W = 2
C = 0
Z = 0
N = 1     ; result is negative

Example 2: SUBFWB   REG, 0, 0

Before Instruction
REG = 2
W = 5
C = 1

After Instruction
REG = 2
W = 3
C = 1
Z = 0
N = 0     ; result is positive

Example 3: SUBFWB   REG, 1, 0

Before Instruction
REG = 1
W = 2
C = 0

After Instruction
REG = 0
W = 2
C = 1
Z = 1     ; result is zero
N = 0
DS30485A-page 246 Preliminary  2002 Microchip Technology Inc.



PIC18FXX39
23.3.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 23-5: EXTERNAL CLOCK TIMING (ALL MODES EXCEPT PLL)           

TABLE 23-4: EXTERNAL CLOCK TIMING REQUIREMENTS     

TABLE 23-5: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2 TO 5.5V)

OSC1

CLKO

Q4 Q1 Q2 Q3 Q4 Q1

1

2
3 3 4 4

Param.
No. Symbol Characteristic Min Max Units Conditions

1A FOSC External CLKI Frequency(1)

Oscillator Frequency(1)
DC 40 MHz EC, ECIO, -40°C to +85°C
DC 25 MHz EC, ECIO, +85°C to +125°C
4 25 MHz HS osc 
4 10 MHz HS + PLL osc, -40°C to +85°C
4 6.25 MHz HS + PLL osc, +85°C to +125°C

1 TOSC External CLKI Period(1)

Oscillator Period(1)
25 — ns EC, ECIO, -40°C to +85°C

40 — ns EC, ECIO, +85°C to +125°C
40 250 ns HS osc
100 250 ns HS + PLL osc, -40°C to +85°C
160 250 ns HS + PLL osc, +85°C to +125°C

2 TCY Instruction Cycle Time(1) 100 — ns TCY = 4/FOSC, -40°C to +85°C
160 — ns TCY = 4/FOSC, +85°C to +125°C

3 TosL,
TosH

External Clock in (OSC1) 
High or Low Time

10 — ns HS osc

4 TosR,
TosF

External Clock in (OSC1) 
Rise or Fall Time

— 7.5 ns HS osc

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period for all configurations 
except PLL. All specified values are based on characterization data for that particular oscillator type under 
standard operating conditions with the device executing code. Exceeding these specified limits may result in 
an unstable oscillator operation and/or higher than expected current consumption. All devices are tested to 
operate at “min.” values with an external clock applied to the OSC1/CLKI pin. When an external clock input 
is used, the “max.” cycle time limit is “DC” (no clock) for all devices.

Param 
No. Sym Characteristic Min Typ† Max Units Conditions

— FOSC Oscillator Frequency Range 4 — 10 MHz HS mode only
— FSYS On-Chip VCO System Frequency 16 — 40 MHz HS mode only
— trc PLL Start-up Time (Lock Time) — — 2 ms
— ∆CLK CLKO Stability (Jitter) -2 — +2 %

  † Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested.
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FIGURE 23-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING       

FIGURE 23-8: BROWN-OUT RESET TIMING       

TABLE 23-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER 
AND BROWN-OUT RESET REQUIREMENTS    

Param. 
No. Symbol Characteristic Min Typ Max Units Conditions

30 TmcL MCLR Pulse Width (low) 2 — — µs
31 TWDT Watchdog Timer Time-out Period (No 

Postscaler)
7 18 33 ms

32 TOST Oscillation Start-up Timer Period 1024 TOSC — 1024 TOSC — TOSC = OSC1 period
33 TPWRT Power up Timer Period 28 72 132 ms 

34 TIOZ I/O high impedance from MCLR Low 
or Watchdog Timer Reset

— 2 — µs

35 TBOR Brown-out Reset Pulse Width 200 — — µs VDD ≤ BVDD (see D005)
36 TIVRST Time for Internal Reference 

Voltage to become stable
— 20 500 µs

37 TLVD Low Voltage Detect Pulse Width 200 — — µs VDD ≤ VLVD (see D420)

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Time-out

Internal
Reset

Watchdog
Timer
Reset

33

32

30

31
34

I/O Pins

34

Note: Refer to Figure 23-4 for load conditions.

VDD
BVDD

35
VBGAP = 1.2V

VIRVST

Enable Internal Reference Voltage

Internal Reference Voltage stable 36

Typical
DS30485A-page 272 Preliminary  2002 Microchip Technology Inc.



PIC18FXX39

PIC18F4X39 Pin Functions

MCLR/VPP .................................................................. 14
OSC1/CLKI ................................................................ 14
OSC2/CLKO/RA6 ...................................................... 14
PWM1 ........................................................................ 16
PWM2 ........................................................................ 16
RA0/AN0 .................................................................... 14
RA1/AN1 .................................................................... 14
RA2/AN2/VREF- .......................................................... 14
RA3/AN3/VREF+ ......................................................... 14
RA4/T0CKI ................................................................. 14
RA5/AN4/SS/LVDIN ................................................... 14
RB0/INT ..................................................................... 15
RB1/INT1 ................................................................... 15
RB2/INT2 ................................................................... 15
RB3 ............................................................................ 15
RB4 ............................................................................ 15
RB5/PGM ................................................................... 15
RB6/PGC ................................................................... 15
RB7/PGD ................................................................... 15
RC0/T13CKI ............................................................... 16
RC3/SCK/SCL ........................................................... 16
RC4/SDI/SDA ............................................................ 16
RC5/SDO ................................................................... 16
RC6/TX/CK ................................................................ 16
RC7/RX/DT ................................................................ 16
RD0/PSP0 .................................................................. 17
RD1/PSP1 .................................................................. 17
RD2/PSP2 .................................................................. 17
RD3/PSP3 .................................................................. 17
RD4/PSP4 .................................................................. 17
RD5/PSP5 .................................................................. 17
RD6/PSP6 .................................................................. 17
RD7/PSP7 .................................................................. 17
RE0/AN5/RD .............................................................. 18
RE1/AN6/WR ............................................................. 18
RE2/AN7/CS .............................................................. 18
VDD ............................................................................. 18
VSS ............................................................................. 18

PIC18FXX39 Voltage-Frequency Graph 
(Industrial) ................................................................ 260

PIC18LFXX39 Voltage-Frequency Graph 
(Industrial) ................................................................ 260

PICDEM 1 Low Cost PICmicro 
Demonstration Board ............................................... 255

PICDEM 17 Demonstration Board ................................... 256
PICDEM 2 Low Cost PIC16CXX 

Demonstration Board ............................................... 255
PICDEM 3 Low Cost PIC16CXXX 

Demonstration Board ............................................... 256
PICSTART Plus Entry Level Development 

Programmer ............................................................. 255
PIE Registers ............................................................... 76–77
Pinout I/O Descriptions

PIC18F2X39 .............................................................. 11
PIC18F4X39 .............................................................. 14

PIR Registers ............................................................... 74–75
PLL Lock Time-out ............................................................. 24
Pointer, FSR ....................................................................... 47
POP .................................................................................. 240
POR. See Power-on Reset

PORTA
Associated Registers ................................................. 85
LATA Register ........................................................... 83
PORTA Register ........................................................ 83
TRISA Register .......................................................... 83

PORTB
Associated Registers ................................................. 88
LATB Register ........................................................... 86
PORTB Register ........................................................ 86
RB0/INT Pin, External ................................................ 81
RB7:RB4 Interrupt-on-Change Flag 

(RBIF Bit) ........................................................... 86
TRISB Register .......................................................... 86

PORTC
Associated Registers ................................................. 90
LATC Register ........................................................... 89
PORTC Register ........................................................ 89
RC3/SCK/SCL Pin ................................................... 139
RC7/RX/DT Pin ........................................................ 168
TRISC Register ...................................................89, 165

PORTD
Associated Registers ................................................. 92
LATD Register ........................................................... 91
Parallel Slave Port (PSP) Function ............................ 91
PORTD Register ........................................................ 91
TRISD Register .......................................................... 91

PORTE
Analog Port Pins ...................................................95, 96
Associated Registers ................................................. 95
LATE Register ........................................................... 93
PORTE Register ........................................................ 93
PSP Mode Select (PSPMODE Bit) .......................91, 96
RE0/AN5/RD Pin ..................................................95, 96
RE1/AN6/WR Pin ..................................................95, 96
RE2/AN7/CS Pin ...................................................95, 96
TRISE Register .......................................................... 93

Postscaler, WDT
Assignment (PSA Bit) .............................................. 101
Rate Select (T0PS2:T0PS0 Bits) ............................. 101
Switching Between Timer0 and WDT ...................... 101

Power-down Mode. See SLEEP
Power-on Reset (POR) ...................................................... 24

Oscillator Start-up Timer (OST) ................................. 24
Power-up Timer (PWRT) ........................................... 24

Prescaler, Timer0 ............................................................ 101
Assignment (PSA Bit) .............................................. 101
Rate Select (T0PS2:T0PS0 Bits) ............................. 101
Switching Between Timer0 and WDT ...................... 101

Prescaler, Timer2 ............................................................ 124
PRO MATE II Universal Device Programmer .................. 255
Product Identification System .......................................... 319
Program Counter

PCL Register ............................................................. 36
PCLATH Register ...................................................... 36
PCLATU Register ...................................................... 36

Program Memory
Interrupt Vector .......................................................... 33
Map and Stack for PIC18FXX39 ................................ 33
RESET Vector ........................................................... 33

Program Verification and Code Protection ...................... 206
Associated Registers ............................................... 207
Configuration Register ............................................. 210
Data EEPROM ......................................................... 210
Program Memory ..................................................... 208
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