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Welcome to E-XFL.COM

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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4.3 Sleep Mode
The power-managed Sleep mode in the
PIC18F2480/2580/4480/4580 devices is identical to
the legacy Sleep mode offered in all other PIC devices.
It is entered by clearing the IDLEN bit (the default state
on device Reset) and executing the SLEEP instruction.
This shuts down the selected oscillator (Figure 4-5). All
clock source status bits are cleared.

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS1:SCS0 bits
becomes ready (see Figure 4-6), or it will be clocked
from the internal oscillator block if either the Two-Speed
Start-up or the Fail-Safe Clock Monitor are enabled
(see Section 25.0 “Special Features of the CPU”). In
either case, the OSTS bit is set when the primary clock
is providing the device clocks. The IDLEN and SCS bits
are not affected by the wake-up.

4.4 Idle Modes
The Idle modes allow the controller’s CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is set to ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS<1:0> bits; however, the
CPU will not be clocked. The clock source status bits are
not affected. Setting IDLEN and executing a SLEEP
instruction provides a quick method of switching from a
given Run mode to its corresponding Idle mode.

If the WDT is selected, the INTRC source will continue
to operate. If the Timer1 oscillator is enabled, it will also
continue to run. 

Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TCSD
(parameter 38, Table 28-10) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or Sleep mode, a WDT time-out
will result in a WDT wake-up to the Run mode currently
specified by the SCS<1:0> bits.

FIGURE 4-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE

FIGURE 4-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL) 
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PORTE(3) — — — — RE3(5) RE2(3) RE1(3) RE0(3) ---- xxxx 58, 150

PORTD(3) PORTD Data Direction Register xxxx xxxx 58, 143

PORTC PORTC Data Direction Register xxxx xxxx 58, 141

PORTB PORTB Data Direction Register xxxx xxxx 58, 138

PORTA RA7(6) RA6(6) PORTA Data Direction Register xx00 0000 58, 135

ECANCON MDSEL1 MDSEL0 FIFOWM EWIN4 EWIN3 EWIN2 EWIN1 EWIN0 0001 000 58, 286

TXERRCNT TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TEC0 0000 0000 58, 291

RXERRCNT REC7 REC6 REC5 REC4 REC3 REC2 REC1 REC0 0000 0000 58, 299

COMSTAT
Mode 0

RXB0OVFL RXB1OVFL TXBO TXBP RXBP TXWARN RXWARN EWARN 0000 0000 58, 287

COMSTAT
Mode 1

— RXBnOVFL TXBO TXBP RXBP TXWARN RXWARN EWARN -000 0000 58, 287

COMSTAT
Mode 2

FIFOEMPTY RXBnOVFL TXBO TXBP RXBP TXWARN RXWARN EWARN 0000 0000 58, 287

CIOCON — — ENDRHI CANCAP — — — — --00 ---- 58, 320

BRGCON3 WAKDIS WAKFIL — — — SEG2PH2 SEG2PH1 SEG2PH0 00-- -000 59, 319

BRGCON2 SEG2PHTS SAM SEG1PH2 SEG1PH1 SEG1PH0 PRSEG2 PRSEG1 PRSEG0 0000 0000 59, 318

BRGCON1 SJW1 SJW0 BRP5 BRP4 BRP3 BRP2 BRP1 BRP0 0000 0000 59, 317

CANCON
Mode 0

REQOP2 REQOP1 REQOP0 ABAT WIN2(7) WIN1(7) WIN0(7) —(7) 1000 000- 59, 282

CANCON
Mode 1

REQOP2 REQOP1 REQOP0 ABAT —(7) —(7) —(7) —(7) 1000 ---- 59, 282

CANCON
Mode 2

REQOP2 REQOP1 REQOP0 ABAT FP3(7) FP2(7) FP1(7) FP0(7) 1000 0000 59, 282

CANSTAT
Mode 0

OPMODE2 OPMODE1 OPMODE0 —(7) ICODE3(7) ICODE2(7) ICODE1(7) —(7) 000- 0000 59, 283

CANSTAT
Modes 1, 2

OPMODE2 OPMODE1 OPMODE0 EICODE4(7) EICODE3(7) EICODE2(7) EICODE1(7) EICODE0(7) 0000 0000 59, 283

RXB0D7 RXB0D77 RXB0D76 RXB0D75 RXB0D74 RXB0D73 RXB0D72 RXB0D71 RXB0D70 xxxx xxxx 59, 298

RXB0D6 RXB0D67 RXB0D66 RXB0D65 RXB0D64 RXB0D63 RXB0D62 RXB0D61 RXB0D60 xxxx xxxx 59, 298

RXB0D5 RXB0D57 RXB0D56 RXB0D55 RXB0D54 RXB0D53 RXB0D52 RXB0D51 RXB0D50 xxxx xxxx 59, 298

RXB0D4 RXB0D47 RXB0D46 RXB0D45 RXB0D44 RXB0D43 RXB0D42 RXB0D41 RXB0D40 xxxx xxxx 59, 298

RXB0D3 RXB0D37 RXB0D36 RXB0D35 RXB0D34 RXB0D33 RXB0D32 RXB0D31 RXB0D30 xxxx xxxx 59, 298

RXB0D2 RXB0D27 RXB0D26 RXB0D25 RXB0D24 RXB0D23 RXB0D22 RXB0D21 RXB0D20 xxxx xxxx 59, 298

RXB0D1 RXB0D17 RXB0D16 RXB0D15 RXB0D14 RXB0D13 RXB0D12 RXB0D11 RXB0D10 xxxx xxxx 59, 298

RXB0D0 RXB0D07 RXB0D06 RXB0D05 RXB0D04 RXB0D03 RXB0D02 RXB0D01 RXB0D00 xxxx xxxx 59, 298

RXB0DLC — RXRTR RB1 RB0 DLC3 DLC2 DLC1 DLC0 -xxx xxxx 59, 298

RXB0EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0 xxxx xxxx 59, 297

RXB0EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx 59, 297

RXB0SIDL SID2 SID1 SID0 SRR EXID — EID17 EID16 xxxx x-xx 59, 297

RXB0SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx 59, 296

TABLE 6-2: REGISTER FILE SUMMARY (PIC18F2480/2580/4480/4580) (CONTINUED)

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

Details on 
Page:

Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: Bit 21 of the PC is only available in Test mode and Serial Programming modes.

2: The SBOREN bit is only available when CONFIG2L<1:0> = 01; otherwise, it is disabled and reads as ‘0’. See Section 5.4 “Brown-out Reset (BOR)”.
3: These registers and/or bits are not implemented on PIC18F2X80 devices and are read as ‘0’. Reset values are shown for PIC18F4X80 devices; 

individual unimplemented bits should be interpreted as ‘—’.
4: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 3.6.4 “PLL in INTOSC 

Modes”.
5: The RE3 bit is only available when Master Clear Reset is disabled (CONFIG3H<7> = 0); otherwise, RE3 reads as ‘0’. This bit is read-only.
6: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. When 

disabled, these bits read as ‘0’.
7: CAN bits have multiple functions depending on the selected mode of the CAN module.
8: This register reads all ‘0’s until the ECAN™ technology is set up in Mode 1 or Mode 2.
9: These registers are available on PIC18F4X80 devices only.
DS39637D-page 86 © 2009 Microchip Technology Inc.
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6.4.3.2 FSR Registers and POSTINC, 

POSTDEC, PREINC and PLUSW
In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:

• POSTDEC: accesses the FSR value, then 
automatically decrements it by 1 afterwards

• POSTINC: accesses the FSR value, then 
automatically increments it by 1 afterwards

• PREINC: increments the FSR value by 1, then 
uses it in the operation

• PLUSW: adds the signed value of the W register 
(range of -127 to 128) to that of the FSR and uses 
the new value in the operation.

In this context, accessing an INDF register, uses the
value in the FSR registers without changing them.
Similarly, accessing a PLUSW register gives the FSR
value offset by that in the W register; neither value is
actually changed in the operation. Accessing the other
virtual registers changes the value of the FSR
registers.

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, OV, etc.). 

The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

6.4.3.3 Operations by FSRs on FSRs
Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual
registers will not result in successful operations. As a
specific case, assume that FSR0H:FSR0L contains
FE7h, the address of INDF1. Attempts to read the
value of the INDF1 using INDF0 as an operand will
return 00h. Attempts to write to INDF1 using INDF0 as
the operand will result in a NOP. 

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L. 

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses Indirect Addressing. 

Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.
© 2009 Microchip Technology Inc. DS39637D-page 97
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10.6 INTx Pin Interrupts
External interrupts on the RB0/INT0, RB1/INT1 and
RB2/INT2 pins are edge-triggered. If the corresponding
INTEDGx bit in the INTCON2 register is set (= 1), the
interrupt is triggered by a rising edge; if the bit is clear,
the trigger is on the falling edge. When a valid edge
appears on the RBx/INTx pin, the corresponding flag
bit, INTxF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTxE. Flag bit,
INTxF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt. 

All external interrupts (INT0, INT1 and INT2) can wake-
up the processor from the power-managed modes, if bit
INTxE was set prior to going into power-managed
modes. If the Global Interrupt Enable bit, GIE, is set,
the processor will branch to the interrupt vector
following wake-up.

Interrupt priority for INT1 and INT2 is determined by
the value contained in the interrupt priority bits,
INT1IP (INTCON3<6>) and INT2IP (INTCON3<7>).
There is no priority bit associated with INT0. It is
always a high-priority interrupt source.

10.7 TMR0 Interrupt
In 8-bit mode (which is the default), an overflow in the
TMR0 register (FFh → 00h) will set flag bit TMR0IF. In
16-bit mode, an overflow in the TMR0H:TMR0L regis-
ter pair (FFFFh → 0000h) will set TMR0IF. The interrupt
can be enabled/disabled by setting/clearing enable bit
TMR0IE (INTCON<5>). Interrupt priority for Timer0 is
determined by the value contained in the interrupt
priority bit, TMR0IP (INTCON2<2>). See Section 14.0
“Timer2 Module” for further details on the Timer0
module.

10.8 PORTB Interrupt-on-Change
An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

10.9 Context Saving During Interrupts
During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (See Section 6.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 10-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

EXAMPLE 10-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM 
MOVWF W_TEMP ; W_TEMP is in virtual bank
MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR_TMEP located anywhere
;
; USER ISR CODE
;
MOVFF BSR_TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS_TEMP, STATUS ; Restore STATUS
DS39637D-page 134 © 2009 Microchip Technology Inc.
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17.0 ENHANCED 

CAPTURE/COMPARE/PWM 
(ECCP) MODULE

In PIC18F4480/4580 devices, ECCP1 is implemented
as a standard CCP module with Enhanced PWM
capabilities. These include the provision for 2 or
4 output channels, user-selectable polarity, dead-band
control and automatic shutdown and restart. The

Enhanced features are discussed in detail in
Section 17.4 “Enhanced PWM Mode”. Capture,
Compare and single-output PWM functions of the
ECCP module are the same as described for the
standard CCP module.

The control register for the Enhanced CCP module is
shown in Register 17-1. It differs from the CCP1CON
register in PIC18F2480/2580 devices in that the two
Most Significant bits are implemented to control PWM
functionality. 

              

Note: The ECCP1 module is implemented only
in PIC18F4X80 (40/44-pin) devices.

REGISTER 17-1: ECCP1CON REGISTER (ECCP1 MODULE, PIC18F4480/4580 DEVICES)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EPWM1M1 EPWM1M0 EDC1B1 EDC1B0 ECCP1M3 ECCP1M2 ECCP1M1 ECCP1M0

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6 EPWM1M<1:0>: Enhanced PWM Output Configuration bits
If ECCP1M<3:2> = 00, 01, 10:
xx = P1A assigned as Capture/Compare input/output; P1B, P1C, P1D assigned as port pins
If ECCP1M<3:2> = 11:
00 = Single output: P1A modulated; P1B, P1C, P1D assigned as port pins
01 = Full-bridge output forward: P1D modulated; P1A active; P1B, P1C inactive
10 = Half-bridge output: P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-bridge output reverse: P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 EDC1B<1:0>: ECCP1 Module PWM Duty Cycle bit 1 and bit 0
Capture mode:
Unused.
Compare mode: 
Unused.
PWM mode: 
These bits are the two LSbs of the 10-bit PWM duty cycle. The eight MSbs of the duty cycle are found
in ECCPR1L.

bit 3-0 ECCP1M<3:0>: Enhanced CCP1 Mode Select bits
0000 = Capture/Compare/PWM off (resets ECCP1 module)
0001 = Reserved 
0010 = Compare mode; toggle output on match
0011 = Reserved
0100 = Capture mode; every falling edge 
0101 = Capture mode; every rising edge
0110 = Capture mode; every 4th rising edge 
0111 = Capture mode; every 16th rising edge
1000 = Compare mode; initialize ECCP1 pin low; set output on compare match (set ECCP1IF)
1001 = Compare mode; initialize ECCP1 pin high; clear output on compare match (set ECCP1IF)
1010 = Compare mode; generate software interrupt only; ECCP1 pin reverts to I/O state
1011 = Compare mode; trigger special event (ECCP1 resets TMR1 or TMR3, sets ECCP1IF bit and

starts the A/D conversion on ECCP1 match)
1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high
1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low
1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high
1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low
© 2009 Microchip Technology Inc. DS39637D-page 177
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19.2.5 BREAK CHARACTER SEQUENCE
The Enhanced EUSART module has the capability of
sending the special Break character sequences that
are required by the LIN/J2602 bus standard. The Break
character transmit consists of a Start bit, followed by
twelve ‘0’ bits and a Stop bit. The Frame Break charac-
ter is sent whenever the SENDB and TXEN bits
(TXSTA<3> and TXSTA<5>) are set while the Transmit
Shift register is loaded with data. Note that the value of
data written to TXREG will be ignored and all ‘0’s will
be transmitted. 

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN/J2602 specification).

Note that the data value written to the TXREG for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 19-10 for the timing of the Break
character sequence.

19.2.5.1 Break and Sync Transmit Sequence
The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN/J2602 bus
master.

1. Configure the EUSART for the desired mode.
2. Set the TXEN and SENDB bits to set up the

Break character.
3. Load the TXREG with a dummy character to

initiate transmission (the value is ignored).
4. Write ‘55h’ to TXREG to load the Sync character

into the transmit FIFO buffer.
5. After the Break has been sent, the SENDB bit is

reset by hardware. The Sync character now
transmits in the preconfigured mode.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

19.2.6 RECEIVING A BREAK CHARACTER
The Enhanced USART module can receive a Break
character in two ways. 

The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling loca-
tion (13 bits for Break versus Start bit and 8 data bits for
typical data).

The second method uses the auto-wake-up feature
described in Section 19.2.4 “Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
EUSART will sample the next two transitions on RX/DT,
cause an RCIF interrupt and receive the next data byte
followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
once the TXIF interrupt is observed.

FIGURE 19-10: SEND BREAK CHARACTER SEQUENCE
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FIGURE 19-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)       

TABLE 19-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION       

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

on Page:

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 55
PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 58
PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 58
IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 58
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 57
TXREG EUSART Transmit Register 57
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 57
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 57
SPBRGH EUSART Baud Rate Generator Register, High Byte 57
SPBRG EUSART Baud Rate Generator Register, Low Byte 57
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
Note 1: Reserved in PIC18F2X80 devices; always maintain these bits clear.

RC7/RX/DT pin

RC6/TX/CK pin

Write to
TXREG reg

TXIF bit

TRMT bit

bit 0 bit 1 bit 2 bit 6 bit 7

TXEN bit
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FIGURE 21-3: COMPARATOR OUTPUT BLOCK DIAGRAM         

21.6 Comparator Interrupts
The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2<6>) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it. Since it is also
possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

Both the CMIE bit (PIE2<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMIF bit will still be set if an interrupt
condition occurs.   

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit, CMIF.
Reading CMCON will end the mismatch condition and
allow flag bit, CMIF, to be cleared.

21.7 Comparator Operation 
During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in Sleep mode, turn off the comparators
(CM<2:0> = 111) before entering Sleep. If the device
wakes up from Sleep, the contents of the CMCON
register are not affected.

21.8 Effects of a Reset
A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the Com-
parator Reset mode (CM<2:0> = 000). This ensures
that all potential inputs are analog inputs. Device
current is minimized when analog inputs are present at
Reset time. The comparators are powered down during
the Reset interval. 

D Q

EN

To RE1 or
RE2 Pin

Bus
Data

Set

M
U

LT
IP

LE
X

CMIF
bit

-
+

Port Pins

Read CMCON

Reset
From
other

Comparator

CxINV

D Q

EN CL

Note: If a change in the CMCON register
(C1OUT or C2OUT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR
registers) interrupt flag may not get set.
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REGISTER 24-4: COMSTAT: COMMUNICATION STATUS REGISTER 

Mode 0
R/C-0 R/C-0 R-0 R-0 R-0 R-0 R-0 R-0

RXB0OVFL RXB1OVFL TXBO TXBP RXBP TXWARN RXWARN EWARN

Mode 1
R/C-0 R/C-0 R-0 R-0 R-0 R-0 R-0 R-0

— RXBnOVFL TXB0 TXBP RXBP TXWARN RXWARN EWARN

Mode 2
R/C-0 R/C-0 R-0 R-0 R-0 R-0 R-0 R-0

FIFOEMPTY RXBnOVFL TXBO TXBP RXBP TXWARN RXWARN EWARN
bit 7 bit 0

Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 Mode 0:
RXB0OVFL: Receive Buffer 0 Overflow bit
1 = Receive Buffer 0 overflowed 
0 = Receive Buffer 0 has not overflowed
Mode 1:
Unimplemented: Read as ‘0’
Mode 2:
FIFOEMPTY: FIFO Not Empty bit
1 = Receive FIFO is not empty
0 = Receive FIFO is empty

bit 6 Mode 0:
RXB1OVFL: Receive Buffer 1 Overflow bit
1 = Receive Buffer 1 overflowed 
0 = Receive Buffer 1 has not overflowed 
Mode 1, 2:
RXBnOVFL: Receive Buffer n Overflow bit
1 = Receive Buffer n has overflowed 
0 = Receive Buffer n has not overflowed

bit 5 TXBO: Transmitter Bus-Off bit
1 = Transmit error counter > 255 
0 = Transmit error counter ≤ 255

bit 4 TXBP: Transmitter Bus Passive bit
1 = Transmit error counter > 127 
0 = Transmit error counter ≤ 127

bit 3 RXBP: Receiver Bus Passive bit
1 = Receive error counter > 127 
0 = Receive error counter ≤ 127

bit 2 TXWARN: Transmitter Warning bit
1 = Transmit error counter > 95 
0 = Transmit error counter ≤ 95 

bit 1 RXWARN: Receiver Warning bit
1 = 127 ≥ Receive error counter > 95 
0 = Receive error counter ≤ 95

bit 0 EWARN: Error Warning bit
This bit is a flag of the RXWARN and TXWARN bits.
1 = The RXWARN or the TXWARN bits are set 
0 = Neither the RXWARN or the TXWARN bits are set 
© 2009 Microchip Technology Inc. DS39637D-page 287



PIC18F2480/2580/4480/4580

             

             

REGISTER 24-26: BnSIDL: TX/RX BUFFER n STANDARD IDENTIFIER REGISTERS, 
LOW BYTE IN RECEIVE MODE [0 ≤ n ≤ 5, TXnEN (BSEL0<n>) = 0](1)

R-x R-x R-x R-x R-x U-0 R-x R-x
SID2 SID1 SID0 SRR EXID — EID17 EID16

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 SID<2:0>: Standard Identifier bits (if EXID = 0)
Extended Identifier bits, EID<20:18> (if EXID = 1).

bit 4 SRR: Substitute Remote Transmission Request bit
This bit is always ‘1’ when EXID = 1 or equal to the value of RXRTRRO (BnCON<5>) when EXID = 0.

bit 3 EXID: Extended Identifier Enable bit
1 = Received message is an extended identifier frame (SID<10:0> are EID<28:18>) 
0 = Received message is a standard identifier frame

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 24-27: BnSIDL: TX/RX BUFFER n STANDARD IDENTIFIER REGISTERS, 
LOW BYTE IN RECEIVE MODE [0 ≤ n ≤ 5, TXnEN (BSEL0<n>) = 1](1)

R/W-x R/W-x R/W-x U-0 R/W-x U-0 R/W-x R/W-x
SID2 SID1 SID0 — EXIDE — EID17 EID16

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 SID<2:0>: Standard Identifier bits (if EXIDE = 0)
Extended Identifier bits, EID<20:18> (if EXIDE = 1).

bit 4 Unimplemented: Read as ‘0’
bit 3 EXIDE: Extended Identifier Enable bit

1 = Received message is an extended identifier frame (SID<10:0> are EID<28:18>) 
0 = Received message is a standard identifier frame

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

Note 1: These registers are available in Mode 1 and 2 only.
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24.7.3 ENHANCED FIFO MODE
When configured for Mode 2, two of the dedicated
receive buffers in combination with one or more pro-
grammable transmit/receive buffers, are used to create
a maximum of an 8 buffer deep FIFO buffer. In this
mode, there is no direct correlation between filters and
receive buffer registers. Any filter that has been
enabled can generate an acceptance. When a mes-
sage has been accepted, it is stored in the next avail-
able receive buffer register and an internal Write
Pointer is incremented. The FIFO can be a maximum
of 8 buffers deep. The entire FIFO must consist of con-
tiguous receive buffers. The FIFO head begins at
RXB0 buffer and its tail spans toward B5. The maxi-
mum length of the FIFO is limited by the presence or
absence of the first transmit buffer starting from B0. If a
buffer is configured as a transmit buffer, the FIFO
length is reduced accordingly. For instance, if B3 is
configured as a transmit buffer, the actual FIFO will
consist of RXB0, RXB1, B0, B1 and B2, a total of 5 buf-
fers. If B0 is configured as a transmit buffer, the FIFO
length will be 2. If none of the programmable buffers
are configured as a transmit buffer, the FIFO will be
8 buffers deep. A system that requires more transmit
buffers should try to locate transmit buffers at the very
end of B0-B5 buffers to maximize available FIFO
length.

When a message is received in FIFO mode, the inter-
rupt flag code bits (EICODE<4:0>) in the CANSTAT
register will have a value of ‘10000’, indicating the
FIFO has received a message. FIFO Pointer bits,
FP<3:0> in the CANCON register, point to the buffer
that contains data not yet read. The FIFO Pointer bits,
in this sense, serve as the FIFO Read Pointer. The user
should use FP bits and read corresponding buffer data.
When receive data is no longer needed, the RXFUL bit
in the current buffer must be cleared, causing FP<3:0>
to be updated by the module. 

To determine whether FIFO is empty or not, the user
may use the FP<3:0> bits to access the RXFUL bit in
the current buffer. If RXFUL is cleared, the FIFO is con-
sidered to be empty. If it is set, the FIFO may contain
one or more messages. In Mode 2, the module also
provides a bit called FIFO High Water Mark (FIFOWM)
in the ECANCON register. This bit can be used to
cause an interrupt whenever the FIFO contains only
one or four empty buffers. The FIFO high water mark
interrupt can serve as an early warning to a full FIFO
condition. 

24.7.4 TIME-STAMPING
The CAN module can be programmed to generate a
time-stamp for every message that is received. When
enabled, the module generates a capture signal for
CCP1, which in turn captures the value of either Timer1
or Timer3. This value can be used as the message
time-stamp.

To use the time-stamp capability, the CANCAP bit
(CIOCON<4>) must be set. This replaces the capture
input for CCP1 with the signal generated from the CAN
module. In addition, CCP1CON<3:0> must be set to
‘0011’ to enable the CCP Special Event Trigger for
CAN events.

24.8 Message Acceptance Filters 
and Masks

The message acceptance filters and masks are used to
determine if a message in the Message Assembly Buf-
fer should be loaded into any of the receive buffers.
Once a valid message has been received into the MAB,
the identifier fields of the message are compared to the
filter values. If there is a match, that message will be
loaded into the appropriate receive buffer. The filter
masks are used to determine which bits in the identifier
are examined with the filters. A truth table is shown
below in Table 24-2 that indicates how each bit in the
identifier is compared to the masks and filters to deter-
mine if a message should be loaded into a receive buf-
fer. The mask essentially determines which bits to
apply the acceptance filters to. If any mask bit is set to
a zero, then that bit will automatically be accepted
regardless of the filter bit.

TABLE 24-2: FILTER/MASK TRUTH TABLE

In Mode 0, acceptance filters, RXF0 and RXF1, and
filter mask, RXM0, are associated with RXB0. Filters,
RXF2, RXF3, RXF4 and RXF5, and mask, RXM1, are
associated with RXB1. 

Mask 
bit n

Filter 
bit n

Message 
Identifier 
bit n001

Accept or 
Reject 
bit n

0 x x Accept
1 0 0 Accept
1 0 1 Reject
1 1 0 Reject
1 1 1 Accept

Legend: x = don’t care
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FIGURE 24-6: LENGTHENING A BIT PERIOD (ADDING SJW TO PHASE SEGMENT 1)

FIGURE 24-7: SHORTENING A BIT PERIOD (SUBTRACTING SJW FROM PHASE SEGMENT 2) 

24.11 Programming Time Segments
Some requirements for programming of the time
segments:

• Prop_Seg + Phase_Seg 1 ≥ Phase_Seg 2
• Phase_Seg 2 ≥ Sync Jump Width.

For example, assume that a 125 kHz CAN baud rate is
desired, using 20 MHz for FOSC. With a TOSC of 50 ns,
a baud rate prescaler value of 04h gives a TQ of 500 ns.
To obtain a Nominal Bit Rate of 125 kHz, the Nominal
Bit Time must be 8 μs or 16 TQ.

Using 1 TQ for the Sync_Seg, 2 TQ for the Prop_Seg
and 7 TQ for Phase Segment 1 would place the sample
point at 10 TQ after the transition. This leaves 6 TQ for
Phase Segment 2. 

By the rules above, the Sync Jump Width could be the
maximum of 4 TQ. However, normally a large SJW is
only necessary when the clock generation of the
different nodes is inaccurate or unstable, such as using
ceramic resonators. Typically, an SJW of 1 is enough.

24.12 Oscillator Tolerance
As a rule of thumb, the bit timing requirements allow
ceramic resonators to be used in applications with
transmission rates of up to 125 Kbit/sec. For the full bus
speed range of the CAN protocol, a quartz oscillator is
required. Refer to ISO11898-1 for oscillator tolerance
requirements.

Input 

Sync
Prop

Segment
Phase

Segment 1
Phase

Segment 2≤ SJW

Sample Point
TQ

Signal

Nominal Bit Length

Actual Bit Length

Bit
Time
Segments

Sync
Prop

Segment
Phase

Segment 1
Phase

Segment 2 ≤ SJW

TQ Sample Point

Nominal Bit Length

Actual Bit Length
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25.5 Program Verification and 

Code Protection
The overall structure of the code protection on the
PIC18 Flash devices differs significantly from other
PIC® devices.

The user program memory is divided into five blocks.
One of these is a boot block of 2 Kbytes. The remainder
of the memory is divided into four blocks on binary
boundaries. 

Each of the five blocks has three code protection bits
associated with them. They are:

• Code-Protect bit (CPn)
• Write-Protect bit (WRTn)
• External Block Table Read bit (EBTRn) 

Figure 25-5 shows the program memory organization
for 16 and 32-Kbyte devices and the specific code
protection bit associated with each block. The actual
locations of the bits are summarized in Table 25-3.

FIGURE 25-5: CODE-PROTECTED PROGRAM MEMORY FOR PIC18F2480/2580/4480/4580 

Address
Range

MEMORY SIZE/DEVICE

32 Kbytes
(PIC18F2580/4580)

16 Kbytes
(PIC18F2480/4480)

Block Code Protection
Controlled by:

BBSIZ 0 1 0 1

000000h Boot Block 
1 kW Boot Block 

2 kW

Boot Block 
1 kW Boot Block 

2 kW
CPB, WRTB, EBRTB

(Boot Block)
0007FFh

000800h

Block 0 
3 kW

Block 0
3 kW

000FFFh

001000h Block 0
2 kW

Block 0
2 kW

CP0, WRT0, EBRT0
(Block 0)001FFFh

002000h

Block 1
4 kW

Block 1
4 kW

Block 1
4 kW

Block 1
4 kW

CP!, WRT1, EBRT1
(Block 1)

003FFFh

004000h

Block 2
4 kW

Block 2
4 kW

Unimplemented
Read ‘0’s

Unimplemented
Read ‘0’s

CP2, WRT2, EBRT2
(Block 2)

005FFFh

006000h

Block 3
4 kW

Block 3
4 kW

CP3, WRT3, EBTR3
(Block 3)

007FFFh

008000h

Unimplemented
Read ‘0’s

Unimplemented
Read ‘0’s (Unimplemented Memory Space)

1FFFFFh
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BRA Unconditional Branch

Syntax: BRA    n

Operands: -1024 ≤ n ≤ 1023

Operation: (PC) + 2 + 2n → PC

Status Affected: None

Encoding: 1101 0nnn nnnn nnnn

Description: Add the 2’s complement number ‘2n’ to 
the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 
PC + 2 + 2n. This instruction is a 
two-cycle instruction.

Words: 1

Cycles: 2

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE BRA Jump

Before Instruction
PC = address (HERE)

After Instruction
PC = address (Jump)

BSF Bit Set f

Syntax: BSF    f, b {,a}

Operands: 0 ≤ f ≤ 255
0 ≤ b ≤ 7
a ∈ [0,1]

Operation: 1 → f<b>

Status Affected: None

Encoding: 1000 bbba ffff ffff

Description: Bit ‘b’ in register ‘f’ is set. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write
register ‘f’

Example: BSF FLAG_REG, 7, 1

Before Instruction
FLAG_REG = 0Ah

After Instruction
FLAG_REG = 8Ah
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GOTO Unconditional Branch

Syntax: GOTO   k

Operands: 0 ≤ k ≤ 1048575

Operation: k → PC<20:1>

Status Affected: None

Encoding:
1st word (k<7:0>)
2nd word(k<19:8>)

1110
1111

1111
k19kkk

k7kkk
kkkk

kkkk0
kkkk8

Description: GOTO allows an unconditional branch 
anywhere within entire 
2-Mbyte memory range. The 20-bit 
value ‘k’ is loaded into PC<20:1>. GOTO 
is always a two-cycle 
instruction.

Words: 2

Cycles: 2

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read literal 
‘k’<7:0>, 

No 
operation

Read literal 
‘k’<19:8>, 

Write to PC
No 

operation
No 

operation
No 

operation
No 

operation

Example: GOTO THERE

After Instruction
PC = Address (THERE)

INCF Increment f

Syntax: INCF    f {,d {,a}}

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

Operation: (f) + 1 → dest

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

Encoding: 0010 10da ffff ffff

Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: INCF CNT, 1, 0

Before Instruction
CNT = FFh
Z = 0
C = ?
DC = ?

After Instruction
CNT = 00h
Z = 1
C = 1
DC = 1
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27.7 MPLAB SIM Software Simulator
The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool. 

27.8 MPLAB REAL ICE In-Circuit 
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit. 

The emulator is connected to the design engineer’s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5). 

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers signifi-
cant advantages over competitive emulators including
low-cost, full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, a rugge-
dized probe interface and long (up to three meters) inter-
connection cables.

27.9 MPLAB ICD 3 In-Circuit Debugger 
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

27.10 PICkit 3 In-Circuit Debugger/
Programmer and 
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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FIGURE 28-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND 

POWER-UP TIMER TIMING       

FIGURE 28-8: BROWN-OUT RESET TIMING       

TABLE 28-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER 
AND BROWN-OUT RESET REQUIREMENTS    

Param. 
No. Sym Characteristic Min Typ Max Units Conditions

30 TMCL MCLR Pulse Width (low) 2 — — μs
31 TWDT Watchdog Timer Time-out Period 

(no postscaler)
3.4 4.0 4.6 ms

32 TOST Oscillator Start-up Timer Period 1024 TOSC — 1024 TOSC — TOSC = OSC1 period
33 TPWRT Power-up Timer Period 55.6 65.5 75 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 TIRVST Time for Internal Reference Voltage 

to become Stable
— 20 50 μs

37 TLVD High/Low-Voltage Detect Pulse 
Width

200 — — μs VDD ≤ VLVD

38 TCSD CPU Start-up Time — 10 — μs
39 TIOBST Time for INTOSC to Stabilize — 1 — μs

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Time-out

Internal
Reset

Watchdog
Timer
Reset

33

32

30

31
34

I/O pins

34

VDD BVDD

35 VBGAP = 1.2V

VIRVST

Enable Internal

Internal Reference 36

Reference Voltage

Voltage Stable
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TABLE 28-24: A/D CONVERTER CHARACTERISTICS: PIC18F2480/2580/4480/4580 (INDUSTRIAL)   

PIC18LF2480/2580/4480/4580 (INDUSTRIAL) 
Param 

No. Sym Characteristic Min Typ Max Units Conditions

A01 NR Resolution — — 10 bit ΔVREF ≥ 3.0V 
A03 EIL Integral Linearity Error — — <±1 LSb ΔVREF ≥ 3.0V 
A04 EDL Differential Linearity Error — — <±1 LSb ΔVREF ≥ 3.0V 
A06 EOFF Offset Error — — <±2 LSb ΔVREF ≥ 3.0V 
A07 EGN Gain Error — — <±1 LSb ΔVREF ≥ 3.0V 
A10 — Monotonicity Guaranteed(1) —
A20 ΔVREF Reference Voltage Range

(VREFH – VREFL)
3 — AVDD – AVSS V For 10-bit resolution

A21 VREFH Reference Voltage High AVSS + 3.0V — AVDD + 0.3V V For 10-bit resolution
A22 VREFL Reference Voltage Low AVSS – 0.3V — AVDD – 3.0V V For 10-bit resolution
A25 VAIN Analog Input Voltage VREFL — VREFH V
A28 AVDD Analog Supply Voltage VDD – 0.3 — VDD + 0.3 V
A29 AVSS Analog Supply Voltage VSS – 0.3 — VSS + 0.3 V
A30 ZAIN Recommended Impedance of 

Analog Voltage Source
— — 2.5 kΩ

A40 IAD A/D Conversion
Current (VDD)

PIC18FXXXX — 180 — μA Average current 
consumption when 
A/D is on (Note 2)

PIC18LFXXXX — 90 — μA VDD = 2.0V;
average current 
consumption when 
A/D is on (Note 2)

A50 IREF VREF Input Current (Note 3) —
—

—
—

±5
±150

μA
μA

During VAIN acquisi-
tion.
During A/D conversion 
cycle.

Note 1: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
2: When A/D is off, it will not consume any current other than minor leakage current. The power-down current 

spec includes any such leakage from the A/D module.
3: VREFH current is from RA3/AN3/VREF+ pin or AVDD, whichever is selected as the VREFH source.

VREFL current is from RA2/AN2/VREF- pin or AVSS, whichever is selected as the VREFL source.
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THE MICROCHIP WEB SITE
Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

• Product Support – Data sheets and errata, 
application notes and sample programs, design 
resources, user’s guides and hardware support 
documents, latest software releases and archived 
software

• General Technical Support – Frequently Asked 
Questions (FAQ), technical support requests, 
online discussion groups, Microchip consultant 
program member listing

• Business of Microchip – Product selector and 
ordering guides, latest Microchip press releases, 
listing of seminars and events, listings of 
Microchip sales offices, distributors and factory 
representatives

CUSTOMER CHANGE NOTIFICATION 
SERVICE
Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT
Users of Microchip products can receive assistance
through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support
• Development Systems Information Line

Customers should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help
customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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