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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 -
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PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin PDIP, SOIC

o
MCLR/VPP/RE3 —= [ |1 N 28[ ] < RB7/KBI3/PGD
RAO/ANO <—[|2 27[] <— RB6/KBI2/PGC
RAL/AN1 <—[|3 26[ ] <— RB5/KBIL/PGM
RA2/AN2/VREF-ICVREF =—=[|4 25[ ] =—= RB4/AN11/KBIO
RA3/AN3/VREF+ =—=[|5 093 24[ ] <—= RB3/AN9/CCP2M/VPO
RA4/TOCKI/C1OUT/RCV <—[|6 NS 23[] = RB2/ANS/INT2/VMO
RAS5/AN4/SS/HLVDIN/C20UT =—=[|7 L LL 22[] = RB1/AN10/INT1/SCK/SCL
vss —[]8 ] 21[] <—= RBO/AN12/INTO/FLTO/SDI/SDA
OSC1/CLKI —=[]9 00 20[ ] <— VoD
OSC2/CLKO/RA6 =——[]10 oo 19[ ] <~— Vss
RCO/T10SO/T13CKI <— [ 11 18[ ] =— RC7/RX/DT/SDO
RC1/T10SI/IcCCP2W/UOE =[] 12 17[ ] <=— RC6/TX/CK
RC2/CCP1 <13 16[ ] <—= RC5/D+/VP
Vusg =—[|14 15[ | <—= RCA4/D-VM
40-Pin PDIP
S AN
MCLR/VPP/RE3 — [] 1 40 [ <— RB7/KBI3/PGD
RAO/ANO <—[]] 2 39 [1 <— RB6/KBI2/PGC
RAL/AN1 <—[] 3 38 [1 =—» RB5/KBIL/PGM
RA2/AN2/VREF-/CVREF <—[] 4 37 [1 =— RB4/AN11/KBIO/CSSPP
RA3/AN3/VREF+ <—[] 5 36 [1 =— RB3/AN9/CCP2UvPO
RA4/TOCKI/CLOUT/RCY <—[] 6 35 [] =— RB2/ANS/INT2/VMO
RAS5/AN4/SS/HLVDIN/C20UT <—[] 7 34 [1 =— RB1/AN10/INT1/SCK/SCL
REO/AN5/CK1SPP <—[] 8 0o 33 [1 <—» RBO/AN12/INTO/FLTO/SDI/SDA
RE1/AN6/CK2SPP <—[] 9 L8 32[1<—— VoD
RE2/AN7/OESPP <—[] 10 N 31[] <——Vss
Voo ——[] 11 © © 30 [] =— RD7/SPP7/P1D
Vss —=[] 12 00 29 [1 <— RD6/SPP6/P1C
OSC1/CLKI — [ 13 oo 28 [ =— RD5/SPP5/P1B
OSC2/CLKO/RA6 <——[] 14 27 [1 <— RD4/SPP4
RCO/T1OSO/T13CKI <—[] 15 26 [1 =— RC7/RX/DT/SDO
RCL/T10Sl/CCP2W/UCE <—[] 16 25 [ =— RC6/TX/CK
RC2/CCP1/P1A <— [ 17 24 [] =— RC5/D+/VP
VusB <-—[] 18 23 [[] «<— RC4/D-VM
RDO/SPP0 <—»[] 19 22 [] == RD3/SPP3
RD1/SPP1 =—[] 20 21 [] =— RD2/SPP2

Note 1: RB3 is the alternate pin for CCP2 multiplexing.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS

: Pin Number Pin |Buffer -
Pin Name Description
PDIP | QFN | TQFP | TYPe | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).

MCLR I ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

VPP P Programming voltage input.

RE3 I ST Digital input.

OSC1/CLKI 13 32 30 Oscillator crystal or external clock input.

0OSsC1 I |Analog| Oscillator crystal input or external clock source input.

CLKI | |Analog| External clock source input. Always associated with
pin function OSC1. (See OSC2/CLKO pin.)

OSC2/CLKO/RAG 14 33 31 Oscillator crystal or clock output.

0osc2 (@) — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO 0] — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

RA6 /1O | TTL General purpose /O pin.

Legend: TTL =TTL compatible input

O  =Output

CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels |

P

= Input
= Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

DS39632E-page 16
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2254 Compensating for INTOSC Drift

It is possible to adjust the INTOSC frequency by
modifying the value in the OSCTUNE register. This has
no effect on the INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make the adjustment, in which direction it should be
made and in some cases, how large a change is
needed. When using the EUSART, for example, an
adjustment may be required when it begins to generate
framing errors or receives data with errors while in
Asynchronous mode. Framing errors indicate that the
device clock frequency is too high; to adjust for this,
decrement the value in OSCTUNE to reduce the clock
frequency. On the other hand, errors in data may sug-
gest that the clock speed is too low; to compensate,
increment OSCTUNE to increase the clock frequency.

It is also possible to verify device clock speed against
a reference clock. Two timers may be used: one timer
is clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timerl oscillator. Both timers are cleared but the timer
clocked by the reference generates interrupts. When
an interrupt occurs, the internally clocked timer is read
and both timers are cleared. If the internally clocked
timer value is greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.

Finally, a CCP module can use free-running Timerl (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRXxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the calcu-
lated time, the internal oscillator block is running too
fast; to compensate, decrement the OSCTUNE register.
If the measured time is much less than the calculated
time, the internal oscillator block is running too slow; to
compensate, increment the OSCTUNE register.

© 2009 Microchip Technology Inc.
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3.4.3 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled but the periph-
erals continue to be clocked from the internal oscillator
block using the INTOSC multiplexer. This mode allows
for controllable power conservation during Idle periods.

From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then set
the SCS1 bit and execute SLEEP. Although its value is
ignored, it is recommended that SCSO0 also be cleared;
this is to maintain software compatibility with future
devices. The INTOSC multiplexer may be used to
select a higher clock frequency by modifying the IRCF
bits before executing the SLEEP instruction. When the
clock source is switched to the INTOSC multiplexer, the
primary oscillator is shut down and the OSTS bit is
cleared.

If the IRCF bits are set to any non-zero value, or the
INTSRC bit is set, the INTOSC output is enabled. The
IOFS bit becomes set after the INTOSC output
becomes stable, after an interval of TiOBST
(parameter 39, Table 28-12). Clocks to the peripherals
continue while the INTOSC source stabilizes. If the
IRCF bits were previously at a non-zero value, or
INTSRC was set before the SLEEP instruction was
executed and the INTOSC source was already stable,
the IOFS bit will remain set. If the IRCF bits and
INTSRC are all clear, the INTOSC output will not be
enabled, the IOFS bit will remain clear and there will be
no indication of the current clock source.

When a wake event occurs, the peripherals continue to
be clocked from the INTOSC multiplexer. After a delay
of Tcsp following the wake event, the CPU begins
executing code being clocked by the INTOSC multi-
plexer. The IDLEN and SCS bits are not affected by the
wake-up. The INTRC source will continue to run if
either the WDT or the Fail-Safe Clock Monitor is
enabled.

35 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 3.2 “Run Modes”, Section 3.3
“Sleep Mode” and Section 3.4 “Idle Modes”).

351 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle mode or Sleep mode to a
Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCON or PIE registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the
GIE/GIEH bit (INTCON<7>) is set. Otherwise, code
execution continues or resumes without branching
(see Section 9.0 “Interrupts”).

A fixed delay of interval Tcsb following the wake event
is required when leaving Sleep and Idle modes. This
delay is required for the CPU to prepare for execution.
Instruction execution resumes on the first clock cycle
following this delay.

3.5.2 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section3.2 “Run
Modes” and Section 3.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 25.2 “Watchdog
Timer (WDT)”).

The WDT timer and postscaler are cleared by execut-
ing a SLEEP or CLRWDT instruction, the loss of a
currently selected clock source (if the Fail-Safe Clock
Monitor is enabled) and modifying the IRCF bits in the
OSCCON register if the internal oscillator block is the
device clock source.

3.5.3 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the IOFS bit is set instead.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 3-2.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 25.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 25.4 “Fail-Safe Clock
Monitor”) is enabled, the device may begin execution
as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the
internal oscillator block. Execution is clocked by the
internal oscillator block until either the primary clock
becomes ready or a power-managed mode is entered
before the primary clock becomes ready; the primary
clock is then shut down.

DS39632E-page 42
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9.0 INTERRUPTS

The PIC18F2455/2550/4455/4550 devices have
multiple interrupt sources and an interrupt priority feature
that allows each interrupt source to be assigned a high-
priority level or a low-priority level. The high-priority
interrupt vector is at 000008h and the low-priority
interrupt vector is at 000018h. High-priority interrupt
events will interrupt any low-priority interrupts that may
be in progress.

There are ten registers which are used to control
interrupt operation. These registers are:

* RCON

* INTCON

* INTCON2
* INTCON3
* PIR1, PIR2
* PIE1, PIE2
* IPR1, IPR2

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source has three bits to control its
operation. The functions of these bits are:

 Flag bit to indicate that an interrupt event
occurred

» Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

« Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address 000008h or 000018h,
depending on the priority bit setting. Individual inter-
rupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit which enables/disables all
interrupt sources. All interrupts branch to address
000008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a low-
priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used) which re-enables interrupts.

For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVEF instruction to modify
any of the interrupt control registers while
any interrupt is enabled. Doing so may

cause erratic microcontroller behavior.

9.1 USB Interrupts

Unlike other peripherals, the USB module is capable of
generating a wide range of interrupts for many types of
events. These include several types of normal commu-
nication and status events and several module level
error events.

To handle these events, the USB module is equipped
with its own interrupt logic. The logic functions in a
manner similar to the microcontroller level interrupt fun-
nel, with each interrupt source having separate flag and
enable bits. All events are funneled to a single device
level interrupt, USBIF (PIR2<5>). Unlike the device
level interrupt logic, the individual USB interrupt events
cannot be individually assigned their own priority. This
is determined at the device level interrupt funnel for all
USB events by the USBIP bit.

For additional details on USB interrupt logic, refer to
Section 17.5 “USB Interrupts”.

© 2009 Microchip Technology Inc.
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13.0 TIMERZ MODULE

The Timer2 module timer incorporates the following
features:

 8-bit Timer and Period registers (TMR2 and PR2,
respectively)

» Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4 and
1:16)

» Software programmable postscaler (1:1 through
1:16)

* Interrupt on TMR2 to PR2 match

» Optional use as the shift clock for the MSSP
module

The module is controlled through the T2CON register

(Register 13-1) which enables or disables the timer and

configures the prescaler and postscaler. Timer2 can be

shut off by clearing control bit, TMR20ON (T2CON<2>),

to minimize power consumption.

A simplified block diagram of the module is shown in

Figure 13-1.

13.1 Timer2 Operation

In normal operation, TMR2 is incremented from 00h on
each clock (Fosc/4). A 2-bit counter/prescaler on the
clock input gives direct input, divide-by-4 and divide-by-
16 prescale options. These are selected by the prescaler
control bits, T2CKPS1:T2CKPS0 (T2CON<1:0>). The
value of TMR2 is compared to that of the Period register,
PR2, on each clock cycle. When the two values match,
the comparator generates a match signal as the timer
output. This signal also resets the value of TMR2 to 00h
on the next cycle and drives the output counter/post-
scaler (see Section 13.2 “Timer2 Interrupt”).

The TMR2 and PR2 registers are both directly readable

and writable. The TMR2 register is cleared on any

device Reset, while the PR2 register initializes at FFh.

Both the prescaler and postscaler counters are cleared

on the following events:

* awrite to the TMR2 register

* awrite to the T2CON register

» any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

REGISTER 13-1: T2CON: TIMER2 CONTROL REGISTER

R = Readable bit W = Writable bit

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO TMR20ON T2CKPS1 T2CKPSO0
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T20UTPS3:T20UTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 =1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

© 2009 Microchip Technology Inc.
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21.8 Use of the CCP2 Trigger

An A/D conversion can be started by the Special Event
Trigger of the CCP2 module. This requires that the
CCP2M3:CCP2MO0 bits (CCP2CON<3:0>) be pro-
grammed as ‘1011’ and that the A/D module is enabled
(ADON hit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D acquisition
and conversion and the Timerl (or Timer3) counter will
be reset to zero. Timerl (or Timer3) is reset to automat-
ically repeat the A/D acquisition period with minimal

software overhead (moving ADRESH:ADRESL to the
desired location). The appropriate analog input chan-
nel must be selected and the minimum acquisition
period is either timed by the user, or an appropriate
TacQ time selected before the Special Event Trigger
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), the
Special Event Trigger will be ignored by the A/D module
but will still reset the Timerl (or Timer3) counter.

TABLE 21-2: REGISTERS ASSOCIATED WITH A/D OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 53
PIR1 SPPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 56
PIE1 SPPIE® ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMRI1IE 56
IPR1 SPPIP@ ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 56
PIR2 OSCFIF CMIF USBIF EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 56
PIE2 OSCFIE CMIE USBIE EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 56
IPR2 OSCFIP CMIP USBIP EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 56
ADRESH | A/D Result Register High Byte 54
ADRESL | A/D Result Register Low Byte 54
ADCONO — — CHS3 CHS2 CHS1 CHSO |GO/DONE| ADON 54
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO 54
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO 54
PORTA — RA6( RA5 RA4 RA3 RA2 RA1 RAO 56
TRISA — TRISA6 | TRISA5 TRISA4 TRISA3 | TRISA2 TRISA1 | TRISAO 56
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 56
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 | TRISB2 TRISB1 | TRISBO 56
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 56
PORTE | RDPU® — — — RE3®®) | RE2® | RE1® | REO® 56
TRISE® — — — — — TRISE2 | TRISE1 | TRISEO 56
LATE® — — — — — LATE2 | LATE1 | LATEO 56
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: Implemented only when Master Clear functionality is disabled (MCLRE Configuration bit = 0).

2: RAG6 and its associated latch and data direction bits are enabled as I/O pins based on oscillator

configuration; otherwise, they are read as ‘0’.
3: RES3 port bit is available only as an input pin when the MCLRE Configuration bit is ‘0.
4: These registers and/or bits are not implemented on 28-pin devices.
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22.0 COMPARATOR MODULE

The analog comparator module contains two compara-
tors that can be configured in a variety of ways. The
inputs can be selected from the analog inputs multiplexed
with pins RAO through RAS5, as well as the on-chip volt-
age reference (see Section 23.0 “Comparator Voltage
Reference Module”). The digital outputs (normal or
inverted) are available at the pin level and can also be
read through the control register.

REGISTER 22-1:

The CMCON register (Register 22-1) selects the
comparator input and output configuration. Block
diagrams of the various comparator configurations are
shown in Figure 22-1.

CMCON: COMPARATOR CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1
C20UT CiouT C2INV C1INV CIs CM2 CM1 CMO
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’ = Bitis cleared X = Bit is unknown

bit 7 C20UT: Comparator 2 Output bit
When C2INV = 0:

1 =C2 VIN+ > C2 VIN-

0 = C2 VIN+ < C2 VIN-

When C2INV =1:

1 =C2 VIN+ < C2 VIN-

0 = C2 VIN+ > C2 VIN-

C10UT: Comparator 1 Output bit

When C1INV = 0:

1 =C1VIN+ > C1 VIN-

0 = C1 VIN+ < C1 VIN-

When C1INV = 1:

1 =C1VIN+ < C1 VIN-

0 = C1 VIN+ > C1 VIN-

C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted

0 = C2 output not inverted

C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted

0 = C1 output not inverted

CIS: Comparator Input Switch bit

When CM2:CM0 =110:
1 = C1 VIN- connects to RA3/AN3/VREF+

bit 6

bit 5

bit 4

bit 3

C2 VIN- connects to RA2/AN2/VREF-/CVREF

0 = C1 VIN- connects to RAO/ANO
C2 VIN- connects to RA1/AN1

bit 2-0

CM2:CMO: Comparator Mode bits
Figure 22-1 shows the Comparator modes and the CM2:CMO bit settings.

© 2009 Microchip Technology Inc.
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mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 28.0 “Electrical Characteristics”.

22.1

There are eight modes of operation for the compara-
tors, shown in Figure 22-1. Bits, CM2:CMO of the
CMCON register, are used to select these modes. The
TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator

Comparator Configuration

Note:  Comparator interrupts should be disabled
during a Comparator mode change.

Otherwise, a false interrupt may occur.

COMPARATOR 1/0 OPERATING MODES

Comparators Off (POR Default Value)
CM2:CMO0 =111

RAO/ANO D ViN-

FIGURE 22-1:

Comparators Reset
CM2:CMO = 000

RAO/ANO A ViN- | =

RA3/AN3/_A__ VIN* |
VREF+

c1
+
RAL/ANT A ViN- | - RALVANL D [vin- [
RA2/ANZ/ A v+ | C2 Off (Read as *0’) RA2AN2/ D [vm+| C2 Off (Read as ‘0")
VREF-/CVREF L

Ci Off (Read as ‘07) Off (Read as ‘0’)

RA3/AN3/ D VIN+
VREF+

+

VREF-/CVREF

Two Independent Comparators with Outputs
CM2:CMO0 =011

Two Independent Comparators
CM2:CMO0 =010

RAO/ANO A Vin- | = RAO/ANO A v [>
RA3/AN3/_A VIN+ n C1 CciouTt RA3/AN3/ A VIN+ n C1 ciout
VREF+ VREF+
RA4/TOCKI/C1OUT*RCV

RAL/AN1 A VN- | -

c2 C20UT -
RA2/AN2/_A VNt |, c2
VREF-/CVREF +

RAL/ANL A VIN- |

RA2/AN2/ A VIN+ C20uUT
VREF-/CVREF

RA5/AN4/SS/HLVDIN/C20UT*

Two Common Reference Comparators with Outputs
CM2:CMO0 = 101

Two Common Reference Comparators
CM2:CMO = 100

RAO/ANQ —A VIN- | - RAO/AND A v ™
RA3/AN3/ A ViNt | cl c1ouT RA3/AN3/ A vine| C1 >—¢— ClouTt
VREF+ VREF+

RA4/TOCKI/C10OUT*/

RCV
RAL/AN1 A ViN- |

V c2 C20UT RA1/AN1 A VIN- | D

RA2/AN2/ -2 e |y AN > oo
VREF-/CVREF oE I

VREF-/CVREF

RAS5/AN4/SS/HLVDIN/C20UT*

Four Inputs Multiplexed to Two Comparators
CM2:CMO =110

One Independent Comparator with Output
CM2:CMO0 =001

R A
RAO/ANO A VIN- | © RADIANO -0 ooy I
RA3/AN3/ _A VIN+ Ci clouT RA3/AN3/ _A o CIS=1
1 C10uUT
VREF+ * VREF+ v |, C
RA4/TOCKI/C1OUT*/RCV RAL/ANL _A
. CIS=0 VIN- | O
RA2/AN2/ _A_, CIS=1
RAl/ANl L VIN- — VREF-/CVREF VIN+ + C2 C20UT
c2 Off (Read as ‘0’
RA2/AN2/ D_ | Vin+ | ( ) v
VREF-/CVREF From VREF Module

A = Analog Input, port reads zeros always
* Setting the TRISA<5:4> bits will disable the comparator outputs by configuring the pins as inputs.

D = Digital Input

CIS (CMCON<3>) is the Comparator Input Switch
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22.2 Comparator Operation

A single comparator is shown in Figure 22-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 22-2 represent
the uncertainty, due to input offsets and response time.

22.3 Comparator Reference

Depending on the comparator operating mode, either
an external or internal voltage reference may be used.
The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly (Figure 22-2).

FIGURE 22-2: SINGLE COMPARATOR
VINtY |+
Output
VIN- ——

Output l . l .

2231 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

22.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference from the
comparator voltage reference module. This module is
described in more detail in Section 23.0 “Comparator
Voltage Reference Module”.

The internal reference is only available in the mode
where four inputs are multiplexed to two comparators
(CM2:CMO0 = 110). In this mode, the internal voltage
reference is applied to the VIN+ pin of both
comparators.

22.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal ref-
erence is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (see Section 28.0
“Electrical Characteristics”).

22.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA4 and RA5
I/O pins. When enabled, multiplexors in the output path
of the RA4 and RAS5 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 22-3 shows the comparator output block
diagram.

The TRISA bits will still function as an output enable/
disable for the RA4 and RAS5 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<5:4>).

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0", Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a
digital input may cause the input buffer to

consume more current than is specified.

© 2009 Microchip Technology Inc.
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24.6

Operation During Sleep

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

24.7

Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.

TABLE 24-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Values
on page
HLVDCON | VDIRMAG — IRVST | HLVDEN | HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO 54
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 53
PIR2 OSCFIF CMIF USBIF EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 56
PIE2 OSCFIE CMIE USBIE EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 56
IPR2 OSCFIP CMIP USBIP EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 56
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
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DS39632E-page 289
















