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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"

Active

PIC

8-Bit

64MHz

ECANbus, I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
24

64KB (32K x 16)

FLASH

1K x 8

3.6Kx 8

1.8V ~ 5.5V

A/D 8x12b

Internal

-40°C ~ 85°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)

28-SPDIP
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PIC18F66K80 FAMILY

TABLE 1-5: PIC18F4XK80 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer I
Pin Name QFN/ Type| Type Description
PDIP
TQFP
RD6/TX2/CK2/P1C/PSP6| 29 4
RD6 I/0 ST/ |Digital I/O.
CMOS

TX2 | ST |EUSART asynchronous transmit.

CK2 110 ST |EUSART synchronous clock. (See related RX2/DT2.)

P1C O | CMOS |Enhanced PWM1 Output C.

PSP6 I/O | ST/ |Parallel Slave Port data.

CMOS
RD7/RX2/DT2/P1D/PSP7| 30 5
RD7 1/0 ST/ |Digital I/O.
CMOS

RX2 | ST |EUSART asynchronous receive.

DT2 110 ST |EUSART synchronous data. (See related TX2/CK2.)

P1D O | CMOS |Enhanced PWM1 Output D.

PSP7 I/O ST/ |Parallel Slave Port data.

CMOS
REO/AN5/RD 8 25
REO 110 ST/ |Digital I/O.
CMOSs

AN5 I | Analog |Analog Input 5.

RD | ST |Parallel Slave Port read strobe.
RE1/AN6/C10UT/WR 9 26

RE1 I/0 ST/ |Digital I/O.

CMOS

ANG6 I | Analog |Analog Input 6.

CcC10UT O | CMOS |Comparator 1 output.

WR I ST |Parallel Slave Port write strobe.
RE2/AN7/C20UT/CS 10 | 27

RE2 110 ST/ |Digital I/O.

CMOS

AN7 I | Analog |Analog Input 7.

Cc20uUT O | CMOS |Comparator 2 output.

[ | ST |Parallel Slave Port chip select.
RE3 See the MCLR/RE3 pin.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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PIC18F66K80 FAMILY

441 PRI_IDLE MODE 442 SEC_IDLE MODE

This mode is unique among the three low-power Idle In SEC_IDLE mode, the CPU is disabled but the
modes, in that it does not disable the primary device peripherals continue to be clocked from the SOSC
clock. For timing-sensitive applications, this allows for oscillator. This mode is entered from SEC_RUN by set-
the fastest resumption of device operation with its more ting the IDLEN bit and executing a SLEEP instruction. If
accurate, primary clock source, since the clock source the device is in another Run mode, set the IDLEN bit
does not have to “warm-up” or transition from another first, then set the SCS<1:0> bits to ‘01’ and execute
oscillator. SLEEP. When the clock source is switched to the SOSC
PRI_IDLE mode is entered from PRI_RUN mode by oscillator, the primary oscillator is shut down, the OSTS
setting the IDLEN bit and executing a SLEEP instruc- bitis cleared and the SOSCRUN bit is set.

tion. If the device is in another Run mode, set IDLEN When a wake event occurs, the peripherals continue to
first, then clear the SCSx bits and execute SLEEP. be clocked from the SOSC oscillator. After an interval
Although the CPU is disabled, the peripherals continue of Tcsb following the wake event, the CPU begins
to be clocked from the primary clock source specified executing code that is being clocked by the SOSC
by the FOSC<3:0> Configuration bits. The OSTS bit oscillator. The IDLEN and SCSx bits are not affected by
remains set (see Figure 4-7). the wake-up and the SOSC oscillator continues to run

When a wake event occurs, the CPU is clocked from the (see Figure 4-8).

primary clock source. A delay of interval, TcsD
(Parameter 39, Table 31-11), is required between the
wake event and the start of code execution. This is
required to allow the CPU to become ready to execute
instructions. After the wake-up, the OSTS bit remains
set. The IDLEN and SCSx bits are not affected by the
wake-up (see Figure 4-8).

FIGURE 4-7: TRANSITION TIMING FOR ENTRY TO IDLE MODE
bt | @2 | @ | Q4 | Qe -
osct /S
cruao /N
Clock ! . d | 1
P 1 i
Counter X FC X PC+2
FIGURE 4-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
| Q1 e - @ | e | o
osct/ T\ / \ / \ I \ / \ / \ / \
CPU Clock / \ T, / \ / \ 7 \ /[ \
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PIC18F66K80 FAMILY

6.3.4 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
all of Bank 15 (FOOh to FFFh) and the top part of

Bank 14 (EF4h to EFFh).

A list of these registers is given in Table 6-1 and

The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the
peripheral functions. The Reset and Interrupt registers
are described in their respective chapters, while the
ALU’s STATUS register is described later in this section.
Registers related to the operation of the peripheral
features are described in the chapter for that peripheral.

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR

Table 6-2. locations are unimplemented and read as ‘0’s.
TABLE 6-1: SPECIAL FUNCTION REGISTER MAP FOR PIC18F66K80 FAMILY
Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name
FFFh TOSU FDFh INDF2(1) FBFh| ECCP1AS F9Fh IPR1 F7Fh| EECON1 | F5Fh| CM1CON®
FFEh TOSH FDEh| POSTINC2®) | FBEh| ECCP1DEL FO9Eh PIR1 F7Eh| EECON2 | F5Eh| CM2CON®)
FFDh TOSL FDDh| POSTDEC2®) | FBDh|  CCPR1H F9Dh PIE1 F7Dh| SPBRGH1 | F5Dh| ANCONO®)
FFCh|  STKPTR FDCh| PREINC2® | FBCh CCPRIL F9Ch| PSTR1CON | F7Ch| SPBRGH2 | F5Ch| ANCON10®)
FFBh PCLATU FDBh| PLUSW2() | FBBh| CCP1CON F9Bh| OSCTUNE F7Bh| SPBRG2 | F5Bh| WPUB®)
FFAh PCLATH FDAh FSR2H FBAh TXSTA2 F9Ah| REFOCON F7Ah| RCREG2 | F5Ah| 10CB®
FF9h PCL FD9h FSR2L FB9h| BAUDCON2 F99h| CCPTMRS F79h| TXREG2 | F59h| PMDO®
FF8h| TBLPTRU FD8h STATUS FB8h IPR4 Fo8h|  TRISG®) F78h|  IPR5 F58h| PMD10®)
FF7h|  TBLPTRH FD7h TMROH FB7h PIR4 F97h TRISF®) F77h PIR5 F57h| PMD20)
FF6h| TBLPTRL FD6h TMROL FB6h PIE4 Fo6h|  TRISE® F76h|  PIE5 F56h| PADCFG1®)
FF5h TABLAT FD5h TOCON FB5h|  CVRCON Fo5h|  TRISD® F75h| EEADRH | F55h|CTMUCONH®
FF4h PRODH FD4h —@ FB4h CMSTAT F94h TRISC F74h| EEADR F54h| CTMUCONL®)
FF3h PRODL FD3h| OSCCON FB3h TMR3H F93h TRISB F73h| EEDATA | F53h|CTMUICONH®
FF2h INTCON FD2h| OSCCON2 FB2h TMR3L F92h TRISA F72h| ECANCON | F52h| CCPR2H®)
FF1h|  INTCON2 FD1h| WDTCON FB1h T3CON F91h ODCON F71h| COMSTAT | F51h| CCPR2L®)
FFOh|  INTCON3 FDOh RCON FBOh|  T3GCON F90h|  SLRCON F70h| CIOCON | F50h|CCP2CON(*5)
FEFh INDFO® FCFh TMR1H FAFh SPBRG1 F8Fh LATG®) F6Fh| CANCON | F4Fh| CCPR3H*5)
FEEh| POSTINCO® | FCEh TMR1L FAEh RCREG1 F8Eh LATF®) FBEh| CANSTAT | F4Eh| CCPR3L“*
FEDh| POSTDECO® | FCDh T1CON FADh TXREG1 F8Dh LATE® F6Dh| RXBOD7 | F4Dh| CCP3CON®)
FECh| PREINCO® | Fcch TMR2 FACh TXSTA1 F8Ch LATD® F6Ch| RXBOD6 | F4Ch| CCPR4H®)
FEBh| PLUSWO® | FCBh PR2 FABh RCSTA1 F8Bh LATC F6Bh| RXBOD5 | F4Bh| CCPRA4L®
FEAh FSROH FCAh T2CON FAAh|  T1GCON F8Ah LATB F6Ah| RXBOD4 | F4Ah| CCP4CON®)
FESh FSROL FCOh|  SSPBUF FA9h PR4 F89h LATA F69h| RXBOD3 | F49h| CCPR5H®)
FE8h WREG FC8h|  SSPADD FA8h|  HLVDCON F88h T4CON F68h| RXBOD2 | F48h| CCPR5L®)
FE7h INDF1(®) FC8h|  SSPMSK FA7h| BAUDCON!1 F87h TMR4 F67h| RXBOD1 F47h| CCP5CON®)
FE6h| POSTINC1® | FC7h| SSPSTAT FA6h RCSTA2 F86h| PORTG®) F66h| RXBODO F46h| PSPCON®5)
FESh| POSTDEC1® | FCéh| SSPCON1 FAS5h IPR3 F85h|  PORTF®) F65h| RXBODLC | F45h| MDCONG®)
FE4h| PREINC1® | FC5h| SSPCON2 FA4h PIR3 F84h PORTE F64h| RXBOEIDL | F44h| MDSRC(?®)
FE3h| PLUSW1® FC4h|  ADRESH FA3h PIE3 F83h| PORTD® F63h| RXBOEIDH | F43h| MDCARH(?)
FE2h FSR1H FC3h|  ADRESL FA2h IPR2 F82h PORTC F62h| RXBOSIDL | F42h| MDCARL®GS)
FE1h FSRIL FC2h|  ADCONO FA1h PIR2 F81h PORTB F61h| RXBOSIDH | F41h —@)
FEOh BSR FC1ih|  ADCON1 FAOh PIE2 F80h PORTA F60h| RXBOCON | F40h —@)
FCOh|  ADCON2
Note This is not a physical register.

Unimplemented registers are read as ‘0.

This register is not available on devices with 28 pins.
Addresses, E41h through F5Fh, are also used by the SFRs, but are not part of the Access RAM. To access these registers, users must
always load the proper BSR value.

1
2:
3:  This register is only available on devices with 64 pins.
4
5
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8.0 DATA EEPROM MEMORY

The data EEPROM is a nonvolatile memory array,
separate from the data RAM and program memory, that
is used for long-term storage of program data. It is not
directly mapped in either the register file or program
memory space, but is indirectly addressed through the
Special Function Registers (SFRs). The EEPROM is
readable and writable during normal operation over the
entire VDD range.

Five SFRs are used to read and write to the data
EEPROM, as well as the program memory. They are:

+ EECON1
+ EECON2
+ EEDATA
+ EEADR

* EEADRH

The data EEPROM allows byte read and write. When
interfacing to the data memory block, EEDATA holds
the 8-bit data for read/write and the EEADRH:EEADR
register pair holds the address of the EEPROM location
being accessed.

The EEPROM data memory is rated for high erase/write
cycle endurance. A byte write automatically erases the
location and writes the new data (erase-before-write).
The write time is controlled by an on-chip timer; it will
vary with voltage and temperature, as well as from chip-
to-chip. Please refer to Parameter D122 (Table 31-1 in
Section 31.0 “Electrical Characteristics”) for exact
limits.

8.1 EEADR and EEADRH Registers

The EEADRH:EEADR register pair is used to address
the data EEPROM for read and write operations.
EEADRH holds the two MSbs of the address; the upper
6 bits are ignored. The 10-bit range of the pair can
address a memory range of 1024 bytes (00h to 3FFh).

8.2 EECON1 and EECON2 Registers

Access to the data EEPROM is controlled by two
registers: EECON1 and EECON2. These are the same
registers which control access to the program memory
and are used in a similar manner for the data
EEPROM.

The EECONT1 register (Register 8-1) is the control
register for data and program memory access. Control
bit, EEPGD, determines if the access will be to program
memory or data EEPROM memory. When clear,
operations will access the data EEPROM memory.
When set, program memory is accessed.

Control bit, CFGS, determines if the access will be to
the Configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access Configuration registers. When CFGS is clear,
the EEPGD bit selects either program Flash or data
EEPROM memory.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set in hardware when the WREN bit is set and cleared,
when the internal programming timer expires and the
write operation is complete.

Note: During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset, or a write operation was

attempted improperly.

The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software; it is cleared in
hardware at the completion of the write operation.

Note:  The EEIF interrupt flag bit (PIR4<6>) is
set when the write is complete. It must be
cleared in software.

Control bits, RD and WR, start read and erase/write
operations, respectively. These bits are set by firmware
and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 7.1 “Table Reads
and Table Writes” regarding table reads.

The EECONZ2 register is not a physical register. It is
used exclusively in the memory write and erase
sequences. Reading EECON2 will read all ‘O’s.

© 2010-2012 Microchip Technology Inc.
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REGISTER 10-15: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 uU-0 u-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP — — — BCLIP HLVDIP TMR3IP TMR3GIP
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6-4 Unimplemented: Read as ‘0’
bit 3 BCLIP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR3GIP: TMR3 Gate Interrupt Priority bit
1 = High priority
0 = Low priority

© 2010-2012 Microchip Technology Inc. DS39977F-page 163
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TABLE 11-3: PORTB FUNCTIONS

Pin Name Function S-tl;iilﬁg I/0 [1/O Type Description
RBO/AN10/C1INA RBO 0 (0] DIG |LATB<0> data output.
FLTO/INTO 1 | ST  |PORTB<0> data input; weak pull-up when RBPU bit is cleared.
AN10 1 | ANA |A/D Input Channel 10 and Comparator C1+ input. Default input
configuration on POR.
C1INAD 1 | ANA |Comparator 1 Input A.
FLTO X | ST Enhanced PWM Fault input for ECCPx.
INTO 1 | ST External Interrupt O input.
RB1/AN8/C1INB/ RB1 0 o} DIG |LATB<1> data output.
P1B/CTDIN/INT1 1 | ST |PORTB<1> data input; weak pull-up when RBPU bit is cleared.
ANS8 1 | ANA |A/D Input Channel 8 and Comparator C2+ input. Default input

configuration on POR; not affected by analog output.
c1iNB® 1 | ANA |Comparator 1 Input B.

P1B®M 0 O DIG |ECCP1 PWM Output B. May be configured for tri-state during
Enhanced PWM shutdown events.
CTDIN 1 | ST |CTMU pulse delay input.
INT1 1 | ST External Interrupt 1 input.
RB2/CANTX/C10UT/ RB2 0 e} DIG |LATB<2> data output.
P1C/CTED/INT2 1 | ST  |PORTB<2> data input; weak pull-up when RBPU bit is cleared.
CANTX® 0 0 DIG |CAN bus TX.
c1out® 0 O DIG |Comparator 1 output; takes priority over port data.
p1c® 0 O DIG |ECCP1 PWM Output C. May be configured for tri-state during
Enhanced PWM.
CTED1 X | ST |CTMU Edge 1 input.
INT2 1 | ST External Interrupt 2.
RB3/CANRX/ RB3 0 e} DIG |LATB<3> data output.
C20UT/P1D/ 1 | ST  |PORTB<3> data input; weak pull-up when RBPU bit is cleared.
CTED2/INT3 >
CANRX® 1 [ ST |CAN bus RX.
c20uT® X | ST |CTMU Edge 2 input.
P1DW 0 (0] DIG |ECCP1 PWM Output D. May be configured for tri-state during
Enhanced PWM.
CTED2 X | ST |CTMU Edge 2 input.

INT3 1 | ST External Interrupt 3 input.
Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS Output; ST = Schmitt Trigger Buffer Input;
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option)
Note 1: This pin assignment is only available for 28-pin devices (PIC18F2XK80).
This is the default pin assignment for CANRX and CANTX when the CANMX Configuration bit is set.
This is the default pin assignment for TOCKI when the TOCKMX Configuration bit is set.
This is the default pin assignment for T3CKI for 28, 40 and 44-pin devices. This is the alternate pin assignment for
T3CKI for 64-pin devices when T3CKMX is cleared.

Rwn
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REGISTER 12-3: MDCARH: MODULATION HIGH CARRIER CONTROL REGISTER

R/W-0 R/W-x R/W-x U-0 R/W-x R/W-x R/W-x R/W-x
MDCHODIS | MDCHPOL |MDCHSYNC — MDCH3® | MDCH2® | MDCH1® | MDCHO®M
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 MDCHODIS: Modulator High Carrier Output Disable bit

1 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is disabled
0 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is enabled

bit 6 MDCHPOL: Modulator High Carrier Polarity Select bit

1 = Selected high carrier signal is inverted
0 = Selected high carrier signal is not inverted

bit 5 MDCHSYNC: Modulator High Carrier Synchronization Enable bit

1 = Modulator waits for a falling edge on the high time carrier signal before allowing a switch to the

low time carrier

0 = Modulator output is not synchronized to the high time carrier signal(l)
bit 4 Unimplemented: Read as ‘0’
bit 3-0 MDCH<3:0> Modulator Data High Carrier Selection bits(!)

1111-1001 = Reserved

1000 = CCP5 output (PWM Output mode only)

0111 = CCP4 output (PWM Output mode only)

0110 = CCP3 output (PWM Output mode only)

0101 = CCP2 output (PWM Output mode only)

0100 = ECCP1 output (PWM Output mode only)

0011 = Reference clock module signal

0010 = MDCINZ port pin

0001 = MDCIN1 port pin

0000 = Vss

Note 1: Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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REGISTER 14-1: T1CON: TIMER1 CONTROL REGISTER (CONTINUED)

bit 1 RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations
bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

Note 1. The Fosc clock source should not be selected if the timer will be used with the ECCP capture/compare
features.

DS39977F-page 210 © 2010-2012 Microchip Technology Inc.
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18.4.2 CAPACITANCE CALIBRATION

There is a small amount of capacitance from the inter-
nal A/D Converter sample capacitor as well as stray
capacitance from the circuit board traces and pads that
affect the precision of capacitance measurements. A
measurement of the stray capacitance can be taken by
making sure the desired capacitance to be measured
has been removed.

After removing the capacitance to be measured:
Initialize the A/D Converter and the CTMU.

Set EDG1STAT (= 1).

Wait for a fixed delay of time, t.

Clear EDG1STAT.

Perform an A/D conversion.

Calculate the stray and A/D sample capacitances:

2L e o

COFFSET = CSTRAY + CAD = (I * t)/V

Where:

» Tis known from the current source measurement
step

* tis a fixed delay

* Vis measured by performing an A/D conversion

This measured value is then stored and used for
calculations of time measurement or subtracted for
capacitance measurement. For calibration, it is
expected that the capacitance of CSTRAY + CAD is
approximately known; CAD is approximately 4 pF.

An iterative process may be required to adjust the time,
t, that the circuit is charged to obtain a reasonable volt-
age reading from the A/D Converter. The value of t may
be determined by setting COFFSET to a theoretical value
and solving for t. For example, if CSTRAY is theoretically
calculated to be 11 pF, and V is expected to be 70% of
VDD or 2.31V, t would be:

(4 pF + 11 pF) * 2.31V/0.55 pA

or 63 ps.

See Example 18-3 for a typical routine for CTMU
capacitance calibration.

DS39977F-page 244
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18.6 Measuring Time with the CTMU
Module

Time can be precisely measured after the ratio (C/1) is
measured from the current and capacitance calibration
step. To do that:

1. Initialize the A/D Converter and the CTMU.

2. Set EDG1STAT.

3. Set EDG2STAT.

4. Perform an A/D conversion.

5. Calculate the time between edges as T=(C/T) *V,
where:

» I is calculated in the current calibration
step (Section 18.4.1 “Current Source
Calibration™)

» Cis calculated in the capacitance calibra-
tion step (Section 18.4.2 “Capacitance
Calibration”)

* Vis measured by performing the A/D conversion

FIGURE 18-3:

MEASUREMENT

It is assumed that the time measured is small enough
that the capacitance, CAD + CEXT, provides a valid
voltage to the A/D Converter. For the smallest time
measurement, always set the A/D Channel Select bits
CHS<4:0> (ADCONO0<6:2>) to an unused A/D channel,
the corresponding pin for which is not connected to any
circuit board trace. This minimizes added stray capaci-
tance, keeping the total circuit capacitance close to that
of the A/D Converter itself (25 pF).

To measure longer time intervals, an external capacitor
may be connected to an A/D channel and that channel
selected whenever making a time measurement.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR TIME

ANX

CEXT

[ cTep1 [X—
CTED2 [)}——

PIC18F66K80
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TABLE 22-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP | CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCONT1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD | CCP50D | CCP40OD | CCP30OD | CCP20D | CCP10D u20D uU10D
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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22.3.2 EUSARTx ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 22-6.
The data is received on the RXx pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,
whereas the main receive serial shifter operates at the
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing

bit, SYNC, and setting bit, SPEN.

If interrupts are desired, set enable bit, RCxIE.

If 9-bit reception is desired, set bit, RX9.

Enable the reception by setting bit, CREN.

Flag bit, RCxIF, will be set when reception is

complete and an interrupt will be generated if

enable bit, RCxIE, was set.

7. Read the RCSTAX register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREGXx register.

9. If any error occurred, clear the error by clearing
enable bit, CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits INTCON<7:6>) are set.

o ok~ w

FIGURE 22-6: EUSARTx RECEIVE BLOCK DIAGRAM

22.3.3 SETTING UP 9-BIT MODE WITH

ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1.

w

No o~

10.
1.

Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If interrupts are required, set the RCEN bit and
select the desired priority level with the RCxIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.
Enable reception by setting the CREN bit.

The RCxIF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RCxIE and GIE bits are set.

Read the RCSTAX register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

Read RCREGx to determine if the device is
being addressed.

If any error occurred, clear the CREN bit.

If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

CREN

x64 Baud Rate CLK

+ 64

+16
________________ or
Baud Rate Generator +4

Pin Buffer Data
and Control Recovery

RXx

SPEN

Interrupt

RX9D RCREGXx Register

FIFO

8

- &
RCxIF Data Bus
RCxIE
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REGISTER 23-4: ADRESH: A/D RESULT HIGH BYTE REGISTER, LEFT JUSTIFIED (ADFM = 0)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

ADRES11 ADRES10 ADRES9 ADRESS8 ADRES? ADRESG6 ADRES5 | ADRES4

bit 7

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 7-0 ADRES<11:4>: A/D Result High Byte bits

REGISTER 23-5: ADRESL: A/D RESULT LOW BYTE REGISTER, LEFT JUSTIFIED (ADFM = 0)

R/W-x R/W-x R/W-x R/W-x U-x U-x U-x U-x

ADRES3 ADRES2 ADRES1 ADRESO ADSGN3 ADSGN2 ADSGN1 | ADSGNO

bit 7

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 7-4 ADRES<3:0>: A/D Result Low Byte bits

bit 3-0 ADSGN<3:0>: A/D Result Sign bits

1 = A/D result is negative
0 = A/D result is positive

REGISTER 23-6: ADRESH: A/D RESULT HIGH BYTE REGISTER, RIGHT JUSTIFIED (ADFM =1)

U-x U-x U-x U-x R/W-x R/W-x R/W-x R/W-x
ADSGN7 ADSGNG6 ADSGN5 ADSGN4 ADRES11 ADRES10 ADRES9 | ADRESS8
bit 7

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 7-4 ADSGN<7:4>: A/D Result Sign bits
1 = A/D result is negative
0 = A/D result is positive
bit 3-0 ADRES<11:8>: A/D Result High Byte bits
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REGISTER 28-3: CONFIG2L: CONFIGURATION REGISTER 2 LOW (BYTE ADDRESS 300002h)

uU-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— BORPWR1® | BORPWRO®™ | BORV1® | BORVO® | BOREN1® | BORENO® | PWRTEN®
bit 7 bit 0
Legend: P = Programmable 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 Unimplemented: Read as ‘0’
bit 6-5 BORPWR<1:0>: BORMV Power-Level bits(%)

11 = ZPBORVMYV instead of BORMV is selected
10 = BORMYV is set to a high-power level
01 = BORMV is set to a medium power level
00 = BORMYV is set to a low-power level
bit 4-3 BORV<1:0>: Brown-out Reset Voltage bits(?)
11 = BvDD is setto 1.8V
10 = BvDD is set to 2.0V
01 = BvDD is setto 2.7V
00 = BvDD is set to 3.0V
bit 2-1 BOREN<1:0>: Brown-out Reset Enable bits®
11 = Brown-out Reset is enabled in hardware only (SBOREN is disabled)
10 = Brown-out Reset is enabled in hardware only and disabled in Sleep mode (SBOREN is disabled)
01 = Brown-out Reset is enabled and controlled by software (SBOREN is enabled)
00 = Brown-out Reset is disabled in hardware and software
bit 0 PWRTEN: Power-up Timer Enable bit

1 = PWRT disabled
0 = PWRT enabled

Note 1: For the specifications, see Section 31.1 “DC Characteristics: Supply Voltage PIC18F66K80 Family
(Industrial/Extended)”.
2:  The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently
controlled.
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: BNC n Syntax: BNN n
Operands: -128 <n<127 Operands: -128 <n<127
Operation: if Carry bit is ‘0’, Operation: if Negative bit is ‘0’,
(PC)+2+2n—>PC (PC)+2+2n—>PC
Status Affected: None Status Affected: None
Encoding: ‘ 1110 | 0011 ‘ nnnn | nnnn ‘ Encoding: ‘ 1110 | 0111 ‘ nnnn | nnnn ‘
Description: If the Carry bit is ‘0’, then the program Description: If the Negative bit is ‘0’, then the
will branch. program will branch.
The 2’'s complement number, 2n’, is The 2’'s complement number, 2n’, is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to Decode Read literal Process Write to
‘n’ Data PC ‘n’ Data PC
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation ‘n’ Data operation
Example: HERE BNC Junp Example: HERE BNN  Junp
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry = 0 If Negative = 0
PC = address (Junp) PC = address (Junp)
If Carry = 1; If Negative = 1;
PC = address (HERE + 2) PC = address (HERE + 2)
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SLEEP Enter Sleep Mode
Syntax: SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1710,
0—-> PD
Status Affected: T0,PD
Encoding: \ 0000 | 0000 \ 0000 \ 0011 |
Description: The Power-Down status bit (PD) is
cleared. The Time-out status bit (TO)
is set. The 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 Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
0 = 2
PD = ?
After Instruction
TO = 1¢

PD = 0

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

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{,d {,a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (W) = (f) - (C) — dest
Status Affected: N, OV, C,DC, zZ
Encoding: | o101 | oida [ 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 ‘@’ 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
setis enabled, this instruction operates in
Indexed Literal Offset Addressing mode
whenever f <95 (5Fh). See
Section 29.2.3 “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 Process Write to
register ‘f Data destination
Example 1: SUBFW\B REG 1, O
Before Instruction
REG = 3
w = 2
C = 1
After Instruction
REG = FF
w = 2
C = 0
V4 = 0
N = 1 ; result is negative
Example 2: SUBFWB REG 0, O
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
V4 = 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
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29.2.2 EXTENDED INSTRUCTION SET
ADDFSR Add Literal to FSR ADDULNK Add Literal to FSR2 and Return
Syntax: ADDFSR f, k Syntax: ADDULNK  k
Operands: 0<k<63 Operands: 0<k<63
fe[0,1,2] Operation: FSR2 + k — FSR2,
Operation: FSR(f) + k » FSR(f) (TOS) > PC
Status Affected: None Status Affected: None
Encoding: |1120 [1000 [ffkk [kkkk | Encoding: |1120 [1000 |11kk [kkkk |
Description: The 6-bit literal 'k’ is added to the Description: The 6-bit literal 'k’ is added to the
contents of the FSR specified by . contents of FSR2. A RETURN is then
Words: 1 executed by loading the PC with the
Cycles: 1 TOS.
Q Cycle Activity: The instruction takes two cycles to
Q1 Q2 Q3 Q4 execute; a NOP is performed during
Decode Read Process Write to the second cycle.
literal 'k’ Data FSR This may be thought of as a special
case of the ADDFSR instruction,
where f = 3 (binary ‘11’); it operates
Example: ADDFSR 2, 23h only on FSR2.
. Words: 1
Before Instruction
FSR2 03FFh Cycles: “
After Instruction Q Cycle Activity:
FSR2 0422h Q1 Q2 Q3 Q4
Decode Read Process Write to
literal 'k’ Data FSR
No No No No
Operation Operation Operation Operation
Example: ADDULNK 23h
Before Instruction
FSR2 = 03FFh
PC = 0100h
After Instruction
FSR2 = 0422h
PC = (TOS)

Note:

All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in

symbolic addressing. If a label is used, the instruction format then becomes: {label} instruction argument(s).
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30.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers and dsPIC® digital signal
controllers are supported with a full range of software
and hardware development tools:
* Integrated Development Environment

- MPLAB® IDE Software
« Compilers/Assemblers/Linkers

- MPLAB C Compiler for Various Device
Families

- HI-TECH C® for Various Device Families
- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers
- MPLABICD 3
- PICkit™ 3 Debug Express
* Device Programmers
- PICKit™ 2 Programmer
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits, and Starter Kits

30.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16/32-bit
microcontroller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- In-Circuit Emulator (sold separately)

- In-Circuit Debugger (sold separately)
» A full-featured editor with color-coded context
* A multiple project manager

« Customizable data windows with direct edit of
contents

» High-level source code debugging
* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

» Extensive on-line help

« Integration of select third party tools, such as
IAR C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either C or assembly)

* One-touch compile or assemble, and download to
emulator and simulator tools (automatically
updates all project information)

» Debug using:

- Source files (C or assembly)
- Mixed C and assembly
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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31.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(")

Ambient temperature UNAEr DIas.............oooiiiiiiiiiiiieeee et e e e e e e e eaane s -40°C to +125°C
SEOrage tEMPEIATUIE .....oeeiiei ettt e e et e e st e e e e e -65°C to +150°C
Voltage on MCLR With T@SPECE 10 VSS..........vueieeieieeeeeeeeeeeeeeeeeee e -0.3V to 9.0V
Voltage on any digital only I/O pin with respect to VSS (eXCept VDD).......cccuveiririiiiiiiiiiiie e -0.3Vto 7.5V
Voltage on any combined digital and analog pin with respect to Vss (except VDb and MCLR)...... -0.3V to (VDD + 0.3V)
Voltage on VDD with respect to VSS (PICT18FB6KE80) .......cc.eviiiiiiiiiieieiiee et -0.3Vto 7.5V
Voltage on VDD with respect to VSS (PICT8LFBE6K80) ........ccoiiuiiiiiiieiiiee e -0.3V to 3.66V
Total power diSSIPAtION (NOTE L) ...ceiiiriiiiiiii ettt ettt et et e e bt e e e e e sab e e e e et e s aan e e e sbr e e e anteeenaeas 1w
Maximum CUITENE OUL OF WSS PN ....eeiiiiiiiiiie et s e e e e e e e e e s st e e e e e s e aaaeeeaeeeanreeaeeenas 300 mA
Maximum CUITENT INTO VDD PIN ...eiiiiiieiiie ettt ettt e et e e eb e e sat e e san e e e st e e eaneeesneeas 250 mA
Input clamp current, K (V1 < 0 OF V1> VDD) ....uuiiiiiiie ettt ettt et ee s mee e e e e e s e e e saeeeeenaeeesmneeesnneeean +20 mA
Output clamp current, IOK (VO < 0 08 VO > VDD) ....ciiiuiiiiiiiie ittt ettt ettt e e e s e 120 mA
Maximum output current sunk by PORTA<7:6> and any PORTB and PORTC /O pPins.......cccceecueeeriiiienieesiieene 25 mA
Maximum output current sunk by any PORTD and PORTE 1/O PiNS .......ceiiiiiiiiiiieiiee e 8 mA
Maximum output current sunk by PORTA<5:0> and any PORTF and PORTG /O PiNS.......cccevvieeniieeeiieeeeee e 2mA
Maximum output current sourced by PORTA<7:6> and any PORTB and PORTC /O pPiNS .........cccecuvvviiieeiniiiennns 25 mA
Maximum output current sourced by any PORTD, PORTE and PORTJ /O PINS ...cveiiiiiieiiee e 8 mA
Maximum output current sourced by PORTA<5:0> and any PORTF, PORTG and PORTH I/O pins .........cccccvvennee. 2mA
Maximum current sunk by all ports COMDINEA .........ooiiiiiii e 200 mA

Note 1. Power dissipation is calculated as follows:
Pdis = VDD x {IDD — X IoH} + ¥ {(VDD — VOH) x loH} + > (VoL x loL)

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 31-21: A/D CONVERSION TIMING

BSF ADCONO, GOY . |

gf X o X o XXXz X X o X

ADRES OLD_DATA X NEW_DATA
ADIF —' l: Tey (Note 1)
GO ! DONE
SAMPLE SAMPLING STOPPED |

Note 1: Ifthe A/D clock source is selected as RC, a time of TCy is added before the A/D clock starts. This allows the SLEEP instruction to

— | - (Note 2)

131 l
Q4 ! - - l

! 130 e

be executed.
2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

TABLE 31-26: A/D CONVERSION REQUIREMENTS
Pilr:m Symbol Characteristic Min Max Units Conditions
130  |TaD A/D Clock Period 08 | 1250 | us |Tosc based, VREF > 3.0V
1.4 25(1) us |VoD = 3.0V; Tosc based,
VREF full range
— 1 us |A/D RC mode
— 3 us |VDD = 3.0V; A/D RC mode
131 TCNV Conversion Time 14 15 TAD
(not including acquisition time)(z)
132 |Taca  |Acquisition Time®) 14 — us |-40°C to +125°C
135 Tswc Switching Time from Convert - Sample — (Note 4)
TBD |Tois Discharge Time 0.2 — us |[-40°C to +125°C
Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
2: ADRES registers may be read on the following TcY cycle.
3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (VDD to Vss or Vss to VDD). The source impedance (Rs) on the input channels is 50Q.
4: On the following cycle of the device clock.
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