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MicrocHIP PIC18F2220/2320/4220/4320

28/40/44-Pin High-Performance, Enhanced Flash MCUs
with 10-Bit A/D and nanoWatt Technology

Low-Power Features:

Power-Managed modes:

- Run: CPU on, peripherals on

- Idle: CPU off, peripherals on

- Sleep: CPU off, peripherals off
Power Consumption modes:

- PRI_RUN: 150 pA, 1 MHz, 2V
- PRI_IDLE: 37 A, 1 MHz, 2V

- SEC_RUN: 14 pA, 32 kHz, 2V
- SEC_IDLE: 5.8 pA, 32 kHz, 2V
- RC_RUN: 110 pA, 1 MHz, 2V
- RC_IDLE: 52 pA, 1 MHz, 2V

- Sleep: 0.1 pA, 1 MHz, 2V
Timer1 Oscillator: 1.1 pA, 32 kHz, 2V
Watchdog Timer: 2.1 pA
Two-Speed Oscillator Start-up

Oscillators:

Four Crystal modes:

- LP, XT, HS: up to 25 MHz

- HSPLL: 4-10 MHz (16-40 MHz internal)

Two External RC modes, Up to 4 MHz

Two External Clock modes, Up to 40 MHz

Internal Oscillator Block:

- 8 user-selectable frequencies: 31 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz, 8 MHz

- 125 kHz-8 MHz calibrated to 1%

- Two modes select one or two 1/O pins

- OSCTUNE - Allows user to shift frequency

Secondary Oscillator using Timer1 @ 32 kHz

Fail-Safe Clock Monitor

- Allows for safe shutdown if peripheral clock stops

Peripheral Highlights:

High-Current Sink/Source 25 mA/25 mA
Three External Interrupts
Up to 2 Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution is 6.25 ns (TCY/16)
- Compare is 16-bit, max. resolution is 100 ns (TCY)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart
Compatible 10-Bit, Up to 13-Channel
Analog-to-Digital Converter (A/D) module with
Programmable Acquisition Time
Dual Analog Comparators
Addressable USART module:
- RS-232 operation using internal oscillator

block (no external crystal required)

Special Microcontroller Features:

100,000 Erase/Write Cycle Enhanced Flash Program
Memory Typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory Typical

Flash/Data EEPROM Retention: > 40 Years
Self-Programmable under Software Control
Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

- 2% stability over VDD and Temperature
Single-Supply 5V In-Circuit Serial Programming™
(ICSP™) via Two Pins

In-Circuit Debug (ICD) via Two Pins

Wide Operating Voltage Range: 2.0V to 5.5V

Program Memory Data Memory MSSP 4
S
10-8it | S/ S | Timers
Device Flash |# Single Word | SRAM|EEPROM | /O ECCP Master | USART s .
. AID (ch) SPI 2 8/16-bit
(bytes) | Instructions |(bytes)| (bytes) (PWM) 12’c™ E
o
PIC18F2220 | 4096 2048 512 256 25 10 2/0 Y Y Y 2 2/3
PIC18F2320 | 8192 4096 512 256 25 10 2/0 Y Y Y 2 2/3
PIC18F4220 | 4096 2048 512 256 36 13 1/1 Y Y Y 2 2/3
PIC18F4320 | 8192 4096 512 256 36 13 11 Y Y Y 2 2/3
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510 Access Bank

The Access Bank is an architectural enhancement
which is very useful for C compiler code optimization.
The techniques used by the C compiler may also be
useful for programs written in assembly.

This data memory region can be used for:

« Intermediate computational values

* Local variables of subroutines

» Faster context saving/switching of variables

* Common variables

» Faster evaluation/control of SFRs (no banking)

The Access Bank is comprised of the last 128 bytes in
Bank 15 (SFRs) and the first 128 bytes in Bank 0.
These two sections will be referred to as Access RAM
High and Access RAM Low, respectively. Figure 5-6
indicates the Access RAM areas.

A bit in the instruction word specifies if the operation is
to occur in the bank specified by the BSR register or in
the Access Bank. This bit is denoted as the ‘a’ bit (for
access bit).

When forced in the Access Bank (a = 0), the last
address in Access RAM Low is followed by the first
address in Access RAM High. Access RAM High maps
the Special Function Registers, so these registers can
be accessed without any software overhead. This is
useful for testing status flags and modifying control bits.

5.11 Bank Select Register (BSR)

The need for a large general purpose memory space
dictates a RAM banking scheme. The data memory is
partitioned into as many as sixteen banks. When using
direct addressing, the BSR should be configured for the
desired bank.

BSR<3:0> holds the upper 4 bits of the 12-bit RAM
address. The BSR<7:4> bits will always read ‘0’s and
writes will have no effect (see Figure 5-7).

A MOVLB instruction has been provided in the
instruction set to assist in selecting banks.

If the currently selected bank is not implemented, any
read will return all ‘0’s and all writes are ignored. The
STATUS register bits will be set/cleared as appropriate
for the instruction performed.

Each Bank extends up to FFh (256 bytes). All data
memory is implemented as static RAM.

A MOVFF instruction ignores the BSR since the 12-bit
addresses are embedded into the instruction word.

Section 5.12 “Indirect Addressing, INDF and FSR
Registers” provides a description of indirect address-
ing which allows linear addressing of the entire RAM
space.

FIGURE 5-7: DIRECT ADDRESSING
Direct Addressing
BSR<7:4> BSR<3:0> 7 From Opcode(®) 0
Lofofofof T JLLLTTTIT]
2 ~ _ e
Bank Select(® ‘ Location Select®
» 00h 01h OEh OFh
L, 000h 100h EOOh FOOh
Data eoe
Memorym
OFFh 1FFh EFFh FFFh
Bank O Bank 1 Bank 14  Bank 15

Note 1: For register file map detail, see Table 5-1.

registers of the Access Bank.

2: The access bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to the

3: The MOVEFF instruction embeds the entire 12-bit address in the instruction.
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5.13 STATUS Register For example, CLRF STATUS will clear the upper three
) ) ) ) bits and set the Z bit. This leaves the STATUS register
The STATUS register, shown in Register 5-2, contains as 000u uluu (where u = unchanged).

the arithmetic status of the ALU. The STATUS register
can be the operand for any instruction as with any other
register. If the STATUS register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, then
the write to these five bits is disabled. These bits are set
or cleared according to the device logic. Therefore, the
result of an instruction with the STATUS register as

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOVWEF instructions are used to
alter the STATUS register, because these instructions
do not affect the Z, C, DC, OV or N bits in the STATUS
register. For other instructions not affecting any Status
bits (see Table 24-2).

destination may be different than intended. Note: The C and DC bits operate as a borrow
and digit borrow bit respectively, in
subtraction.

REGISTER 5-2: STATUS REGISTER

uU-0 uU-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N oV z pch c@
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 Unimplemented: Read as ‘0’
bit 4 N: Negative bit
This bit is used for signed arithmetic (2's complement). It indicates whether the result was negative
(ALU MSB =1).

1 = Result was negative
0 = Result was positive
bit 3 OV: Overflow bit
This bit is used for signed arithmetic (2’'s complement). It indicates an overflow of the 7-bit magnitude
which causes the sign bit (bit 7 of the result) to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit(")
For ADDWF, ADDLW, SUBLW and SUBWF instructions:
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit 0 C: Carry/Borrow bit(®
For ADDWF, ADDLW, SUBLW and SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either bit 4 or bit 3 of the source register.
2: For Borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit of the
source register.
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6.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

While writing or erasing program memory, instruction
fetches cease until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

6.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data
RAM:

» Table Read (TBLRD)
* Table Write (TBLWT)

FIGURE 6-1: TABLE READ OPERATION

The program memory space is 16 bits wide while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into TABLAT in the data RAM
space. Figure 6-1 shows the operation of a table read
with program memory and data RAM.

Table write operations store data from TABLAT in the
data memory space into holding registers in program
memory. The procedure to write the contents of the
holding registers into program memory is detailed in
Section 6.5 “Writing to Flash Program Memory”.
Figure 6-2 shows the operation of a table write with
program memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word-aligned
(TBLPTRL<0> = 0).

The EEPROM on-chip timer controls the write and
erase times. The write and erase voltages are gener-
ated by an on-chip charge pump rated to operate over
the voltage range of the device for byte or word
operations.

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH : TBLPTRL

—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬂ—/

Note 1: Table Pointer points to a byte in program memory.

© 2007 Microchip Technology Inc.
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6.3 Reading the Flash Program

Memory

The TBLRD instruction is used to retrieve data from
program memory and place it into data RAM. Table
reads from program memory are performed one byte at
a time.

TBLPTR points to a byte address in program space.
Executing a TBLRD instruction places the byte pointed
to into TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.

FIGURE 6-4:

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 6-4
shows the interface between the internal program

memory and the TABLAT.

READS FROM FLASH PROGRAM MEMORY

Odd (High) Byte

Program Memory

Even (Low) Byte

Instruction Register
(IR)

TBLPTR
LSB=0

TBLPTR
LSB=1

TABLAT
Read Register

EXAMPLE 6-1: READING A FLASH PROGRAM MEMORY WORD
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base
MOVWE TBLPTRU ; address of the word
MOVLW CODE_ADDR HIGH
MOVWE TBLPTRH
MOVLW CODE_ADDR LOW
MOVWEF TBLPTRL
READ_WORD
TBLRD*+ ; read into TABLAT and increment TBLPTR
MOVEW TABLAT ; get data
MOVWE WORD_EVEN
TBLRD*+ ; read into TABLAT and increment TBLPTR
MOVEW TABLAT ; get data
MOVWE WORD_ODD

© 2007 Microchip Technology Inc.
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8.0 8 X8 HARDWARE MULTIPLIER

8.1

An 8 x 8 hardware multiplier is included in the ALU of
the PIC18F2X20/4X20 devices. By making the multiply
a hardware operation, it completes in a single instruc-
tion cycle. This is an unsigned multiply that gives a
16-bit result. The result is stored into the 16-bit product
register pair (PRODH:PRODL). The multiplier does not
affect any flags in the STATUS register.

Introduction

8.2

Example 8-1 shows the sequence to do an 8 x 8
unsigned multiply. Only one instruction is required
when one argument of the multiply is already loaded in
the WREG register.

Example 8-2 shows the sequence to do an 8 x 8 signed
multiply. To account for the sign bits of the arguments,
each argument’s Most Significant bit (MSb) is tested
and the appropriate subtractions are done.

Operation

Making the 8 x 8 multiplier execute in a single-cycle EXAMPLE 8-1: 8 x 8 UNSIGNED
gives the following advantages: MULTIPLY ROUTINE
« Higher computational throughput MOVF ARGl, W
+ Reduces code size requirements for multiply MULWE ARG2 i ARGL * ARGZ —->
algorithms ;  PRODH:PRODL
The performance increase allows the device to be used
in applications previously reserved for Digital Signal EXAMPLE 8-2: 8 x 8 SIGNED MULTIPLY
Processors. ROUTINE
Table 8-1 shows a performance comparison between MOVF ARGl, W
enhanced devices using the single-cycle hardware MULWE ARG2 ; ARGl * ARG2 ->
multiply and performing the same function without the ; PRODH:PRODL
hardware multiply. BTFSC ARG2, SB ; Test Sign Bit
SUBWF PRODH, F  ; PRODH = PRODH
; - ARGl
MOVF ARG2, W
BTFSC ARGl, SB  ; Test Sign Bit
SUBWF PRODH, F  ; PRODH = PRODH
- ARG2
TABLE 8-1: PERFORMANCE COMPARISON
Program Cvcles Time
Routine Multiply Method Memory I‘\’n
(Words) (Max) | @40 MHz | @ 10 MHz | @ 4 MHz
. Without hardware multiply 13 69 6.9 us 27.6 us 69 us
8 x 8 unsigned -
Hardware multiply 1 1 100 ns 400 ns 1us
) Without hardware multiply 33 91 9.1 us 36.4 us 91 us
8 x 8 signed -
Hardware multiply 6 6 600 ns 2.4 us 6 us
. Without hardware multiply 21 242 24.2 us 96.8 us 242 us
16 x 16 unsigned -
Hardware multiply 28 28 28 s 11.2 us 28 pus
. Without hardware multiply 52 254 25.4 us 102.6 us 254 pus
16 x 16 signed -
Hardware multiply 35 40 4.0 pus 16.0 us 40 ps
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TABLE 10-3: PORTB FUNCTIONS

Name Bit# Buffer Function
RBO/AN12/INTO bito | TTLM/STR Input/output pin, analog input or external interrupt input 0.
Internal software programmable weak pull-up.
RB1/AN10/INT1 bit1 | TTLA/STR | Input/output pin, analog input or external interrupt input 1.
Internal software programmable weak pull-up.
RB2/ANS/INT2 bit2 | TTLA/STR |input/output pin, analog input or external interrupt input 2.
Internal software programmable weak pull-up.
RB3/AN9/CCP2 bit3 | TTLA/STG) | Input/output pin or analog input. Capture 2 input/Compare 2 output/

PWM output when CCP2MX Configuration bit is set().
Internal software programmable weak pull-up.

RB4/AN11/KBIO bit 4 TTL Input/output pin (with interrupt-on-change) or analog input.
Internal software programmable weak pull-up.
RB5/KBI1/PGM bit 5 TTL/STO Input/output pin (with interrupt-on-change). Internal software
programmable weak pull-up. Low-voltage ICSP™ enable pin.
RB6/KBI2/PGC bit 6 TTL/STO Input/output pin (with interrupt-on-change). Internal software
programmable weak pull-up. Serial programming clock.
RB7/KBI3/PGD bit 7 TTL/STO Input/output pin (with interrupt-on-change). Internal software

programmable weak pull-up. Serial programming data.
Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a TTL input when configured as digital 1/0.

2: This buffer is a Schmitt Trigger input when configured as the external interrupt.

3: This buffer is a Schmitt Trigger input when configured as the CCP2 input.

4: A device Configuration bit selects which I/O pin the CCP2 pin is multiplexed on.

5: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | Uuuu uuuu
LATB LATB Data Latch Register XXXX XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
INTCON2 RBPU INTEDGO |INTEDG1 |INTEDG2 — TMROIP — RBIP 1111 -1-1 | 1111 -1-1
INTCON3 INT2IP INT1IP — INT2IE | INT1IE — INT2IF | INT1IF | 11-0 0-00 | 11-0 0-00
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO | --00 0000 | --00 0000
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTB.
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16.4.5.1 Auto-Shutdown and Automatic

Restart

The auto-shutdown feature can be configured to allow
automatic restarts of the module following a shutdown
event. This is enabled by setting the PRSEN bit of the
PWM1CON register (PWM1CON<7>).

In Shutdown mode with PRSEN = 1 (Figure 16-10), the
ECCPASE bit will remain set for as long as the cause
of the shutdown continues. When the shutdown condi-
tion clears, the ECCPASE bit is cleared. If PRSEN = 0
(Figure 16-11), once a shutdown condition occurs, the
ECCPASE bit will remain set until it is cleared by firm-
ware. Once ECCPASE is cleared, the enhanced PWM
will resume at the beginning of the next PWM period.

Note:  Writing to the ECCPASE bit is disabled
while a shutdown condition is active.

Independent of the PRSEN bit setting, if the auto-
shutdown source is one of the comparators, the shut-
down condition is a level. The ECCPASE bit cannot be
cleared as long as the cause of the shutdown persists.

The Auto-Shutdown mode can be forced by writing a ‘1’
to the ECCPASE bit.

FIGURE 16-10:

16.4.6 START-UP CONSIDERATIONS

When the ECCP module is used in the PWM mode, the
application hardware must use the proper external pull-
up and/or pull-down resistors on the PWM output pins.
When the microcontroller is released from Reset, all of
the 1/0 pins are in the high-impedance state. The exter-
nal circuits must keep the power switch devices in the
off state until the microcontroller drives the 1/0 pins with
the proper signal levels or activates the PWM output(s).

The CCP1M1:CCP1MO bits (CCP1CON<1:0>) allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output polar-
ities must be selected before the PWM pins are config-
ured as outputs. Changing the polarity configuration
while the PWM pins are configured as outputs is not
recommended since it may result in damage to the
application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is initialized.
Enabling the PWM pins for output at the same time as
the ECCP module may cause damage to the application
circuit. The ECCP module must be enabled in the proper
output mode and complete a full PWM cycle before con-
figuring the PWM pins as outputs. The completion of a
full PWM cycle is indicated by the TMR2IF bit being set
as the second PWM period begins.

PWM AUTO-SHUTDOWN (PRSEN = 1, AUTO-RESTART ENABLED)

PWM Activity

:<— PWM Period —>'<— PWM Period —>:<— PWM Period —»-

| -

T ’4— Dead Time ‘ —>‘ ’<—Dea.d Time —>‘ ’4— Dead Time :
<«—Duty Cycle —» | <«——Duty Cycle l<«——Duty Cycle X

Shutdown Event '

=
—

ECCPASE bit .

FIGURE 16-11:

PWM AUTO-SHUTDOWN (PRSEN = 0, AUTO-RESTART DISABLED)

PWM Activity -

~— PWM Period — wa— PWM Period — »<¢——— PWM Period — s

a‘ ‘<— Dead Time —»‘ ‘<—Dead Time > ‘4— Dead Time ;
<+—Duty Cycle l<——Duty Cycle Duty Cycle X

Shutdown Event !

P
| |

ECCPASE bit *

ECCPASE
Cleared by Firmware
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TABLE 16-2: REGISTERS ASSOCIATED WITH ENHANCED PWM AND TIMER2
. . . . . . . . Value on Value on
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF {0000 000x|{0000 000u
RCON IPEN = = RI TO PD POR BOR |0--1 11q0|0--g gquu
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000({0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP |1111 1111|1111 1111
TMR2 Timer2 Module Register 0000 0000|0000 0000
PR2 Timer2 Module Period Register 1111 1111|1111 1111
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPS0 |-000 0000|-000 0000
TRISC PORTC Data Direction Register 1111 1111|1111 1111
TRISD PORTD Data Direction Register 1111 1111|1111 1111
CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte XXXX XXXX|uuuu uuuu
CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte XXXX XXXX|uuuu uuuu
CCP1CON P1M1 P1MO DC1B1 DC1BO | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |0000 0000{0000 0000
ECCPAS |ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO| PSSAC1 | PSSACO | PSSBD1 | PSSBDO |{0000 0000|0000 0000
PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO |0000 0000|0000 0000
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCS0 (0000 g000|{0000 000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’.

Shaded cells are not used by the ECCP module in enhanced PWM mode.
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REGISTER 17-5: SSPCON2: MSSP CONTROL REGISTER 2 (12C™ MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN ACKSTAT ACKDT(™ ACKEN RCEN | PEN ‘ RSEN SEN
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 GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)(")
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)
1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit. Automatically
cleared by hardware.
0 = Acknowledge sequence Idle
bit 3 RCEN: Receive Enable bit (Master Receive mode only)
1 = Enables Receive mode for 1°C
0 = Receive Idle
bit 2 PEN: Stop Condition Enable bit (Master mode only)
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enabled bit (Master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enabled/Stretch Enabled bit

In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.
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I2C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 7-BIT ADDRESS)

FIGURE 17-8:

—

peal sl 4N9dSS
21eMYos Ul paies|) |_«

(0 = N3S usym ,0, 0} 3981 JoU SBOP d3D) DO
Juss Jou S YOV lin} 1S
sl 4N9dSS esnedsq
188 S| AOdSS #
(<9>INOOdSS) AOdSS

1a4suel)
sojeulw.s)
J9)sew sng

(<0>1V1SdSS) 49

(<€>1¥Id) 4IdSS

ejeq Buinieoay

MOV ejeq Buinieoay 0=MHd

vas
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17412 ACKNOWLEDGE SEQUENCE TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge  Sequence Enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The Baud Rate
Generator then counts for one rollover period (TBRG) and
the SCL pin is deasserted (pulled high). When the SCL
pin is sampled high (clock arbitration), the Baud Rate
Generator counts for TBRG. The SCL pin is then pulled
low. Following this, the ACKEN bit is automatically
cleared, the Baud Rate Generator is turned off and the
MSSP module then goes into Idle mode (Figure 17-23).

17.4.12.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 17-23:

17.4.13 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPCON2<2>). At the end of a receive/
transmit, the SCL line is held low after the falling edge
of the ninth clock. When the PEN bit is set, the master
will assert the SDA line low. When the SDA line is sam-
pled low, the Baud Rate Generator is reloaded and
counts down to 0. When the Baud Rate Generator
times out, the SCL pin will be brought high and one
TBRG (Baud Rate Generator rollover count) later, the
SDA pin will be deasserted. When the SDA pin is sam-
pled high while SCL is high, the P bit (SSPSTAT<4>) is
set. A TBRG later, the PEN bit is cleared and the SSPIF
bit is set (Figure 17-24).

17.4.13.1  WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
write to SSPCON2,
ACKEN =1, ACKDT =0

:

l—TBRrRG —'!‘—TBRG —]

r ACKEN automatically cleared

Set SSPIF at the end__|
of receive

Cleared
software

Note: TBRG = one Baud Rate Generator period.

SDA >< DO \ ACK :
I |
|
ScL g | /o9
| |
| | |
SSPIF '

L Cleared in software

Set SSPIF at the end
of Acknowledge sequence

in

FIGURE 17-24:

STOP CONDITION RECEIVE OR TRANSMIT MODE

to setup Stop condition

Note: TBRG = one Baud Rate Generator period.

Write to SSPCON2, SCL = 1 for TBRG, followed by SDA = 1 for TBRG
set PEN ~ | after SDA sampled high. P bit (SSPSTAT<4>) is set.
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock - — 9 hardware and the SSPIF bit is set
TBRG
st \f—
SDA ACK | |
L P v
“— TBrG —— TBrRG —*l— TBRG —
SCL brought high after TBRG
SDA asserted low before rising edge of clock
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18.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules available in the PIC18F2X20/4X20 family
of microcontrollers. (USART is also known as a Serial
Communications Interface or SCI.) The USART can be
configured as a full-duplex asynchronous system that
can communicate with peripheral devices, such as
CRT terminals and personal computers, or it can be
configured as a half-duplex synchronous system that
can communicate with peripheral devices, such as A/D
or D/A integrated circuits, serial EEPROMs, etc.

The USART can be configured in the following modes:

» Asynchronous (full-duplex)

» Synchronous — Master (half-duplex)

» Synchronous — Slave (half-duplex)

The RC6/TX/CK and RC7/RX/DT pins must be config-
ured as shown for use with the Universal Synchronous
Asynchronous Receiver Transmitter:

* SPEN (RCSTA<7>) bit must be set (= 1)

* TRISC<7> bit must be set (= 1)

+ TRISC<6> bit must be cleared (= 0)

Register 18-1 shows the Transmit Status and Control

register (TXSTA) and Register 18-2 shows the Receive
Status and Control register (RCSTA).

18.1 Asynchronous Operation in
Power-Managed Modes

The USART may operate in Asynchronous mode while
the peripheral clocks are being provided by the internal
oscillator block. This mode makes it possible to remove
the crystal or resonator that is commonly connected as
the primary clock on the OSC1 and OSC2 pins.

The factory calibrates the internal oscillator block out-
put (INTOSC) for 8 MHz. However, this frequency may
drift as VDD or temperature changes and this directly
affects the asynchronous baud rate. Two methods may
be used to adjust the baud rate clock, but both require
a reference clock source of some kind.

The first (preferred) method uses the OSCTUNE
register to adjust the INTOSC output back to 8 MHz.
Adjusting the value in the OSCTUNE register allows for
fine resolution changes to the system clock source (see
Section 3.6 “INTOSC Frequency Drift” for more
information).

The other method adjusts the value in the Baud Rate
Generator since there may be not be fine enough res-
olution when adjusting the Baud Rate Generator to
compensate for a gradual change in the peripheral
clock frequency.
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BTFSC Bit Test File, Skip if Clear
Syntax: [label] BTFSC f,b[,a]
Operands: 0<f<255
0<b<7
ae[0,1]
Operation: skip if (f<b>) = 0
Status Affected:  None
Encoding: ‘ 1011 | bbba | ffff ‘ ffff |
Description: If bit ‘b’ in register ‘f’ is ‘0’, then the
next instruction is skipped.
If bit ‘b’ is ‘0’, then the next instruc-
tion fetched during the current
instruction execution is discarded
and a NOP is executed instead, mak-
ing this a two-cycle instruction. If ‘a’
is ‘0’, the Access Bank will be
selected, overriding the BSR value. If
‘a’ = 1, then the bank will be selected
as per the BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register ‘f operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG, 1
FALSE
TRUE
Before Instruction
PC address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (TRUE)
If FLAG<1> = 1;
PC = address (FALSE)

BTFSS Bit Test File, Skip if Set
Syntax: [ label] BTFSS f,b[,a]
Operands: 0<f<255
0<b<7
ae[0,1]
Operation: skip if (f<b>) =1
Status Affected:  None
Encoding: ‘ 1010 | bbba ‘ ffff | ffff ‘
Description: If bit ‘b’ in register f' is ‘1’, then the
next instruction is skipped.
If bit ‘b’ is ‘1’, then the next instruc-
tion fetched during the current
instruction execution is discarded
and a NOP is executed instead, mak-
ing this a two-cycle instruction. If ‘a’
is ‘0’, the Access Bank will be
selected, overriding the BSR value. If
‘a’ = 1, then the bank will be selected
as per the BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register ‘f operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSS FLAG, 1
FALSE
TRUE
Before Instruction
PC address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1;
PC = address (TRUE)
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label] INCF f[,d[,a]]
Operands: 0<k<1048575 Operands: 0<f<255
Operation: k > PC<20:1> de[01]
a e [0,1]
Status Affected:  None .
Operation: (f)+ 1 > dest
Encoding: ]
1stword (k<7:0>) | 1110 | 1111 | kjkkk | kkkk, Status Affected: ~ C, DG, N, OV, Z
2nd word(k<19:8>)| 1111 |kjokkk| kkkk | kkkkg Encoding: | 0010 | 10da | eree | £eef |
Description: GOTO allows an unconditional Description: The contents of register ‘f’ are
branch anywhere within entire incremented. If ‘d’ is ‘0’, the result
2 Mbyte memory range. The 20-bit is placed in W. If ‘d’ is ‘1’, the result
value ‘K’ is loaded into PC<20:1>. is placed back in register ‘f
GOTO is always a two-cycle (default). If ‘@’ is ‘0’, the Access
instruction. Bank will be selected, overriding
Words: 2 the BSR value. If ‘a’ = 1, then the
bank will be selected as per the
Cycles: 2 BSR value (default).
Q Cycle Activity: Words: 1
Q1 Q2 Q3 Q4 Cycles: 1
Decode Read literal No Read literal .
‘K'<7:0>, operation ‘k’<19:8>, Q Cycle Activity:
Write to PC Q1 Q2 Q3 Q4
No No No No Decode Read Process Write to
operation operation operation operation register ‘f’ Data destination
Example: GOTO THERE Example: INCF CNT,
After Instruction Before Instruction
PC = Address (THERE) CNT = OxFF
V4 = 0
c = 2
DC = ?
After Instruction
CNT = 0x00
z = 1
C = 1
DC = 1
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MOVLW Move Literal to W MOVWF Move W to f
Syntax: [label] MOVLW k Syntax: [label] MOVWF f[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: koW ac[01]
Status Affected:  None Operation: (W) —f
Encoding: ‘ 0000 | 1110 ‘ kkkk | Kkkk ‘ Status Affected:  None
Description: The eight-bit literal k' is loaded into Encoding: | 0110 | 1132 [ eees [ eeef |
W. Description: Move data from W to register ‘f".
Words: 1 Location ‘f’ can be apywhere in the
256-byte bank. If ‘a’ is ‘0’, the
Cycles: 1 Access Bank will be selected, over-
Q Cycle Activity: riding the BSR value. If ‘@’ = 1, then
Q1 Q2 Q3 Q4 the bank will be selected as per the
Decode Read Process Write to W BSR value (default).
literal ‘K’ Data Words: 1
Cycles: 1
Example: MOVLW 0x5A Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
W = Ox5A Decode Read Process Write
register ‘f’ Data register ‘f’
Example: MOVWE REG
Before Instruction
w =  O0x4F
REG = OxFF
After Instruction
w =  O0x4F
REG = O0x4F
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: [label] RLNCF f[,d[,a]] Syntax: [label] RRCF f[,d[,a]]
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] d e [0,1]
ae[0,1] ae[01]
Operation: (f<n>) — dest<n + 1>, Operation: (f<n>) — dest<n — 1>,
(f<7>) — dest<0> (f<0>) - C,
Status Affected: N, Z (C) - dest<7>
Encoding: ‘ 0100 | 01lda ‘ FEEE | FEEE ‘ Status Affected:  C, N, Z
Description: The contents of register ‘f’ are Encoding: ‘ 0011 | 00da ‘ Lree | LLef ‘
rotated one bit to the left. If ‘d’ is ‘0’, Description: The contents of register ‘f’ are
the result is placed in W. If 'd’ is ‘1, rotated one bit to the right through
the result is stored back in register the Carry Flag. If ‘d’ is ‘0’, the result
‘f’ (default). If ‘@’ is ‘0’, the Access is placed in W. If ‘d’ is ‘1’, the result
Bank will be selected, overriding is placed back in register ‘f
the BSR value. If ‘a’is ‘1’, then the (default). If ‘a’ is ‘0’, the Access
bank will be selected as per the Bank will be selected, overriding
BSR value (default). the BSR value. If ‘a’is ‘1’, then the
bank will be selected as per the
] BSR value (default).
Words: 1 oo}
Cycles: 1 Word )
Q Cycle Activity: oras:
Q1 Q2 Q3 Q4 Cycles: L
Decode Read Process Write to Q Cycle Activity:
register f’ Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF REG register ‘f’ Data destination
Before Instruction
REG = 1010 1011 Example: RRCF  REG, W
After Instruction Before Instruction
REG = 0101 0111 REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 0111 0011
C = 0
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TABLE 26-4: LOW-VOLTAGE DETECT CHARACTERISTICS (CONTINUED)

PIC18LF2220/2320/4220/4320
(Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial

PIC18F2220/2320/4220/4320
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Param

No. Symbol Characteristic Min Typt Max Units Conditions
VLvD |LVD Voltage on VDD Transition High-to-Low — Date codes above 0417xxx
D420D PIC18LF2X20/4X20 Industrial Low Voltage (-10°C to +85°C)
LVDL<3:0> = 0000 N/A N/A N/A \Y Reserved
LVDL<3:0> = 0001 N/A N/A N/A \Y Reserved
LVDL<3:0>=0010 | 2.08 2.26 2.44 \Y
LVDL<3:0>=0011 | 2.26 245 2.65 \
LVDL<3:0>=0100 | 2.35 2.55 2.76 \
LVDL<3:0>=0101 | 2.55 2.77 2.99 \Y
LVDL<3:0>=0110 | 2.64 2.87 3.10 \Y
LVDL<3:0>=0111 | 2.82 3.07 3.31 \Y
LVDL<3:0>=1000 | 3.09 3.36 3.63 \
LVDL<3:0>=1001 | 3.29 3.57 3.86 \
LVDL<3:0>=1010 | 3.38 3.67 3.96 \
LVDL<3:0>=1011 | 3.56 3.87 4.18 \Y
LVDL<3:0>=1100 | 3.75 4.07 4.40 \Y
LVDL<3:0>=1101 | 3.93 4.28 4.62 \Y
LVDL<3:0>=1110 | 4.23 4.60 4.96 \
D420F PIC18LF2X20/4X20 Industrial Low Voltage (-40°C to -10°C)
LVDL<3:0>= 0000 N/A N/A N/A \Y Reserved
LVDL<3:0> = 0001 N/A N/A N/A \Y Reserved
LVDL<3:0>=0010 | 1.99 2.26 2.53 \Y
LVDL<3:0>=0011 | 2.16 245 2.75 \Y
LVDL<3:0>=0100 | 2.25 2.55 2.86 \
LVDL<3:0>=0101 | 243 2.77 3.10 Vv
LVDL<3:0>=0110 | 2.53 2.87 3.21 Vv
LVDL<3:0>=0111 | 2.70 3.07 343 \Y
LVDL<3:0>=1000 | 2.96 3.36 3.77 \Y
LVDL<3:0>=1001 | 3.14 3.57 4.00 \Y
LVDL<3:0>=1010 | 3.23 3.67 4.11 Vv
LVDL<3:0>=1011 | 3.41 3.87 4.34 Vv
LVDL<3:0>=1100 | 3.58 4.07 4.56 \
LVDL<3:0>=1101 | 3.76 4.28 4.79 \Y
LVDL<3:0>=1110 | 4.04 4.60 5.15 \Y

Legend: Shading of rows is to assist in readability of the table.
T Production tested at TAMB = 25°C. Specifications over temperature limits ensured by characterization.
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

28-Lead SPDIP

XXXXXXXXXXXXXXXXX
D () ZEORRRRXXOXXXXX
R\ YYWWNNN

28-Lead SOIC

XXXXXXXXXX XXX XXX XXXX
XXXXXXXXXXXXX XXX XXXX
XXXXXXX XXX XXX XXX XXXX

AR\ YYWWNNN

©)

40-Lead PDIP

Example

PIC18F2220-1/SP €3

D (O AR 0710017

O

Example

PIC18F2320-E/SO @3

XXXXXXXXXXKXXXXKKXK

XXXXHXXXXXHRXXXXHXKXK
D <:)xxxxxxxxxxxxxxxxxx
O

YYWWNNN
MICROCHIP

R\ 0710017
@)
Example
PIC108EI%%%O-I/P @3
7 7
D O MICROCHIP Q
O

Legend: XX...X Customer-specific information

Y
YY
Ww
NNN

€3

*

Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)
Week code (week of January 1 is week ‘01°)
Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)
This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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INDEX

A

ATD e 211
A/D Converter Interrupt, Configuring ..........ccccccveeen. 215
Acquisition Requirements .............cccocceeviiiiiinieennn. 216

ADCONO Register
ADCON1 Register
ADCON2 Register
ADRESH Register
ADRESL Register
Analog Port Pins, Configuring .
Associated Registers ........c.cccooiiniiiiiiiiiiiice,
Automatic Acquisition TiMe .......ccccceeviiieireeeieiiiines
Configuring the Module .............cccoieiiiiiiiniiiee
Conversion Clock (Tad) .......ccccceecienieniieenieiieeinens
Conversion Status (GO/DONE Bit) .
CONVEISIONS ...
Converter Characteristics .........cccoceeveevvienicineennens
Operation in Power-Managed Modes ...................... 218
Special Event Trigger (CCP) ... .. 136, 220
Use of the CCP2 Trgger ......coouvureeiiieeeiieeeieeeeies 220
Vref+ and Vref- References ..o, 216
Absolute Maximum Ratings .........c.cccoeciiienciiiicieeee 305
AC (Timing) Characteristics .........c.cccoeeeeiiiiiciiiiciieeeee 326
Load Conditions for Device Timing
Specifications .........cccoveviiiiiii e 327
Parameter Symbology .......ccccccooeiiniiiieiiieiieciees 326
Temperature and Voltage Specifications ................. 327
Timing Conditions
ACCESS BanK ..o
ACKSTAT Status Flag
ADCONO REGIStEr .....coouviiiiiiiiiiiie et
GO/DONE Bit ..o
ADCON1 Register ....
ADCON2 REGIStEr .....eeiiiiiiiiiiiiitie et
ADDLW e
Addressable Universal Synchronous Asynchronous
Receiver Transmitter. See USART

ADDWEF ...t 263
ADDWEC ...ttt 264
ADRESH RegiSter ........cooeiiiiiiiiieiiiecieeeeeeeee e 211
ADRESL ReIStEr ....cviiieiiiiieiiieeieeeee e 211,214
Analog-to-Digital Converter. See A/D.
ANDLW et 264
ANDWEF .ot 265
Assembler
MPASM Assembler .........ccccviiiiiieiiiie e 302
B
Bank Select Register (BSR) ........cccovoviviiiiiiiiciiicecie 65
Baud Rate Generator
BC .o
B e
BF Status Flag .......ccceiiiiiiiiiccceee
Block Diagrams
AUD e e 214
Analog Input Model .........ccoooeiiiiiiiiiie, 215
Baud Rate Generator ...........cccooveiiiiiiiiiiieiiiees
Capture Mode Operation ..........cccceeeeeeveeenicineennens
Comparator 1/0 Operating Modes .
Comparator Output ......ccceveeieeeiiiee e
Comparator Voltage Reference ..........cccoccoveeinenns
Compare Mode Operation ..........ccccccevvienicineennenns

External Power-on Reset Circuit

(Slow VDD POWET-UP) ..eeoveiiiiieiiecieenieeeee e
Fail-Safe Clock Monitor ...........ccccoviiiieiieiiiinens
Generic 1/0 Port Operation ..

Interrupt LogicC ..........cccoeeneeee.

Low-Voltage Detect (LVD) ......cccoevvceirnirnnieenenene
Low-Voltage Detect (LVD) with External Input ........ 232
MCLR/VPP/RE3 PiN ..o 112
MSSP (I2C Master Mode) ... 179
MSSP (I°C Mode) ................ ... 164
MSSP (SPI Mode) ..... 155
On-Chip Reset Circuit .........cccoeoeeeiiinie e 43
PIC18F2220/2320 ......oooviieiieiiicie e
PIC18F4220/4320 .. .

P L e
PORTC (Peripheral Output Override) ............c........ 107
PORTD and PORTE (Parallel Slave Port) ............... 114
PWM (Enhanced) ........cccoovieiiiniiiiiieiie e 143
PWM (Standard)
RA3:RAQ and RA5 PiNS ......cccoviiiiiieiieiercceee e 102
RAA/TOCKI PiN oo 102
RA6 Pin ............ ... 102
RA7 Pin ........ ... 102
RB2:RBO0 Pins ... ... 105
RB3/CCP2 PiN ..ot 105
RB4 PN oo 105
RB7:RB5 Pins ... . 104
RD4:RDO Pins ..... .110
RD7:RD5 Pins ..... ... 109
RE2:REQ PiNS ...ooniiiieiieieeee e 111
Reads from Flash Program Memory .........c..cccceeeeeee. 75
System Clock .
Table Read Operation ..........ccoceviieieiiiieniineeeee 71
Table Write Operation ..........ccccceveeveiiiiiiieee e 72
Table Writes to Flash Program Memory .................... 77
Timer0 in 16-Bit Mode .........ccoviiiiiiiicciceeee 118
TimerO in 8-Bit Mode .
TIMEIT e
Timer1 (16-Bit Read/Write Mode) ..........ccccocevvueenee. 122
TIMer2 ..o, ... 128
TIMEr3 e ... 130
Timer3 (16-Bit Read/Write Mode) ..... ... 130
USART RECEIVE .....coeeiiiiiiiiiiiiic i 204
USART Transmit ........ccooeeiiiiieiieeeiee e 202
Watchdog Timer ..... ... 246

BN oo ... 266
BNC .. . 267
BNIN e 267
BNOV oottt 268
(2] SRR 268
BOR. See Brown-out Reset.

BOV e 271
BRA e 269
BRG. See Baud Rate Generator.

Brown-out Reset (BOR) ......cccceoviiiiiiieiiiiiie e 44,237
B e 269
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