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PIC18F2220/2320/4220/4320

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Osc Type C;!:::' Tested:
C1 C2
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 1 MHz 33 pF 33 pF
4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz
200 kHz 8 MHz
1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.
FIGURE 2-2: EXTERNAL CLOCKINPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>o—> 0SC1
Ext. System PIC18FXXXX

(HS Mode)

Open «—— OSC2

2.3 HSPLL

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
crystal oscillator circuit, or to clock the device up to its
highest rated frequency from a crystal oscillator. This
may be useful for customers who are concerned with
EMI due to high-frequency crystals.

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz.

The PLL is enabled only when the oscillator Configura-
tion bits are programmed for HSPLL mode. If
programmed for any other mode, the PLL is not
enabled.

FIGURE 2-3: PLL BLOCK DIAGRAM
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3.3.3 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.

This mode is entered by setting the IDLEN bit, setting
SCS1 (SCSO is ignored) and executing a SLEEP
instruction. 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
(see Figure 3-7), the primary oscillator is shut down
and the OSTS bit is cleared.

If the IRCF bits are set to a non-zero value (thus
enabling the INTOSC output), the IOFS bit becomes
set after the INTOSC output becomes stable, in about
1 ms. Clocks to the peripherals continue while the
INTOSC source stabilizes. If the IRCF bits were previ-
ously at a non-zero value before the SLEEP instruction

was executed and the INTOSC source was already
stable, the IOFS bit will remain set. If the IRCF bits are
all clear, the INTOSC output is not enabled and the
IOFS bit will remain clear; there will be no indication of
the current clock source.

When a wake-up event occurs, the peripherals con-
tinue to be clocked from the INTOSC multiplexer. After
a 10 us delay following the wake-up event, the CPU
begins executing code, being clocked by the INTOSC
multiplexer. The microcontroller operates in RC_RUN
mode until the primary clock becomes ready. When the
primary clock becomes ready, a clock switch back to
the primary clock occurs (see Figure 3-8). When the
clock switch is complete, the IOFS bit is cleared, the
OSTS bit is set and the primary clock is providing the
system clock. 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.

FIGURE 3-7: TIMING TRANSITION TO RC_IDLE MODE
Q1!Q2!Q3!Q4iQ1"_ ----------------------- a-- e e e A
INTRC I\ / ' ' '
osci _/_\_'/—\_7—\_,'/—\ . Clock Transition . . . . X ! X !
CPU M\ S T S R S N
Clock . : i : T : ; . ; T
Peripheral_— \\ M\ Y S N e N e N N N
Clock : - SN NS NSNS
Program y ' ' : . ' ' ' \
Counter PC_ PC+2 ' -
FIGURE 3-8: TIMING TRANSITION FOR WAKE FROM RC_RUN MODE (RC_RUN TO PRI_RUN)
[ @ | Q@1 | Q@ | @ | Q4 | Q1---------------- - »{ Q2| Q3| Q4| Q1] Q2| Q3
INTOSC /—\_/_\_/_\_/_\_/—\ D R
Multiplexer . \ X ) \ | | ] ) ] )
osc1 = n : !
PLLClock D ' . : o N S T S SN
- — : . 1 3\/4\_/5\_/6\ /7\ /8 /AWAWAWAWAWAN
Output | [ | ! ' ' '«—— Clock Transion— ' | |+ 1+
CPU Clock ./—\:_/_\_/_\_/_\_/—\ : ' :/—\_'/—\_'/_\_/—\_I/—\_/_\_I/_\_
Peripheral /_\_/—\_/—\_/_\_/_\ ' NS R S
Clock , — { ; : I/—\_I/—\_I/—\_I/—\_I,/—\_I/_\_I/_\_
Program ! ; ! y '
Connter PCf X PC+2 X PC+4 X_PC+6
Wake-up from Interrupt Event OSTS bit Set
Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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3.6.1 EXAMPLE — USART

An adjustment may be indicated when the USART
begins to generate framing errors or receives data
with errors while in Asynchronous mode. Framing
errors indicate that the system clock frequency is too
high — try decrementing the value in the OSCTUNE
register to reduce the system clock frequency. Errors in
data may suggest that the system clock speed is too
low — increment OSCTUNE.

3.6.2 EXAMPLE - TIMERS

This technique compares system clock speed to some
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
Timer1 oscillator.

Both timers are cleared but the timer clocked by the ref-
erence 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 — decrement OSCTUNE.

3.6.3 EXAMPLE - CCP IN CAPTURE
MODE

A CCP module can use free-running Timer1 (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
calculated time, the internal oscillator block is running
too fast — decrement OSCTUNE. If the measured time
is much less than the calculated time, the internal
oscillator block is running too slow — increment
OSCTUNE.

© 2007 Microchip Technology Inc.
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5.0 MEMORY ORGANIZATION

There are three memory types in enhanced MCU
devices. These memory types are:

* Program Memory

+ Data RAM

» Data EEPROM

Data and program memory use separate busses which
allow for concurrent access of these types.

Additional detailed information for Flash program mem-
ory and data EEPROM is provided in Section 6.0
“Flash Program Memory” and Section 7.0 “Data
EEPROM Memory”, respectively.

FIGURE 5-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F2220/4220

PC<20:0> |
CALL, RCALL, RETURN 21
RETFIE, RETLW
Stack Level 1
Stack Level 31
Reset Vector 0000h 1
High-Priority Interrupt Vector | 0008h
Low-Priority Interrupt Vector [0018h
On-Chip
Program Memory OFFFh
1000h
]
@
Q.
n
e
g¢=
(]
=
2
>
Read ‘0’
1FFFFFh
200000h ——

5.1 Program Memory Organization

A 21-bit program counter is capable of addressing the
2-Mbyte program memory space. Accessing a location
between the physically implemented memory and the
2-Mbyte address will cause a read of all ‘0’s (a NOP
instruction).

The PIC18F2220 and PIC18F4220 each have
4 Kbytes of Flash memory and can store up to 2,048
single-word instructions.

The PIC18F2320 and PIC18F4320 each have
8 Kbytes of Flash memory and can store up to 4,096
single-word instructions.

The Reset vector address is at 0000h and the interrupt
vector addresses are at 0008h and 0018h.

The Program Memory Maps for PIC18F2220/4220 and
PIC18F2320/4320 devices are shown in Figure 5-1
and Figure 5-2, respectively.

FIGURE 5-2: PROGRAM MEMORY MAP
AND STACK FOR

PIC18F2320/4320
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TABLE 10-1: PORTA FUNCTIONS

Name Bit# Buffer Function
RAO/ANO bit 0 TTL Input/output or analog input.
RA1/AN1 bit 1 TTL Input/output or analog input.
RA2/AN2/VREF-/CVREF bit 2 TTL Input/output, analog input, VREF- or comparator VREF output.
RA3/AN3/VREF+ bit 3 TTL Input/output, analog input or VREF+.
RA4/TOCKI/C10UT bit 4 ST Input/output, external clock input for TimerO or Comparator 1

output. Output is open-drain type.

RA5/AN4/SS/LVDIN/C20UT bit 5 TTL Input/output, analog input, slave select input for Master
Synchronous Serial Port, Low-Voltage Detect input or
Comparator 2 output.

OSC2/CLKO/RA6 bit 6 TTL | OSC2, clock output or I/O pin.

OSC1/CLKI/RA7 bit 7 TTL | OSCH1, clock input or I/O pin.

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Value on

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR

Resets

PORTA RA7(" RA6(" RA5 RA4 RA3 RA2 RA1 RAO | xx0x 0000 | uuOu 0000

LATA LATA7(M | LATA6(" |LATA Data Latch Register XXXX XXXX | UUUU Uuuu

TRISA TRISA7™ | TRISA6(T | PORTA Data Direction Register 1111 1111|1111 1111

ADCON/ = = VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO | --00 0000 | ——00 0000

CMCON C20UT | C10UT | C2INV | C1INV cls CM2 CcM1 CMO {0000 0111 |0000 0111

CVRCON CVREN | CVROE | CVRR = CVR3 | CVR2 | CVR1 | CVRO |000- 0000 | 000- 0000

Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
Note 1: RA7:RAG6 and their associated latch and data direction bits are enabled as I/O pins based on oscillator configuration;
otherwise, they are read as ‘0.

© 2007 Microchip Technology Inc. DS39599G-page 103
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TABLE 15-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3

. . . . . . . . Value on Value on
Name Bit 7 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
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
TRISC PORTC Data Direction Register 1111 1111(1111 1111
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
TiICON | RD16 | TIRUN |T1CKPs1|T1CKPS0[T10SCEN| TTSYNC [ TMR1CS | TMR1ON 0000 0000 |uuuu uuun
CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX|[uuuu uuuu
CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX|[uuuu uuuu
ccPicoN| — | — | pciB1 | DC1BO | CCP1M3 [ CCP1M2 [ CCPIM1 | CCPIMO [--00 0000[--00 0000
CCPR2L |Capture/Compare/PWM Register 2 (LSB) XXXX XXXX|uuuu uuuu
CCPR2H |Capture/Compare/PWM Register 2 (MSB) XXXX XXXX|uuuu uuuu
CCP2CON — — DC2B1 DC2B0O | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO [--00 0000 |--00 0000
PIR2 OSCFIF CMIF — EEIF BCLIF LVDIF | TMR3IF | CCP2IF [00-0 0000|00-0 0000
PIE2 OSCFIE CMIE — EEIE BCLIE LVDIE | TMRSIE | CCP2IE [00-0 0000|00-0 0000
IPR2 OSCFIP CMIP — EEIP BCLIP LVDIP | TMR3IP | CCP2IP |11-1 1111|11-1 1111
TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Register XXXX XXXX|[uuuu uuuu
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register XXXX XXXX|[uuuu uuuu
T3CON RD16 T3CCP2 | T3CKPS1 | T3CKPS0O| T3CCP1 ‘m |TMR3CS ‘TMR3ON 0000 0000 |uuuu uuuu

Legend: x =unknown, u =unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
Note 1: These bits are reserved on the PIC18F2X20 devices; always maintain these bits clear.

© 2007 Microchip Technology Inc. DS39599G-page 137
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12C™ MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 17-21
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FIGURE 18-2:

ASYNCHRONOUS TRANSMISSION

Write to TXREG Il (C
BRG Output Word 1 >
utpu !
(Shift Clock) — L I 1 I g I 1 —
RC6/TX/CK (pin i '
(pin) Startbit < bito X bit1 ><j5 X bit7/8 Stop bit
Word 1 : :
TXIF bit . ord '
(Transmit Buffer —-' <«1Tcy cC
Reg. Empty Flag) |_| BD)
. Word 1 —
(Tran-srriz\t/rls—hbilf: Transmit Shift Reg
Reg. Empty FI
eg. Empty Flag) =™ cc
JJ

FIGURE 18-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG I I cc
BRG O Word 1 Word 2 J)
S Qutput e B s B ey L1 L1 | I
(Shift Clock) : .
RC6/TX/CK (pin ! N .
TXIf:pbii L\ Stert bit bit0 X bit1 X (§ X bit7/8 sopbit \Stertbit < bito
(Interrupt Reg. Flag) 1Tey _"Ll“ I | ; Word 1 f Word 2 ——
. cC
- <+ 1Tcy 2J
TRMT bit Word 1 ——» Word 2 >
(Transmit Shift Transmit Shift Reg. Transmit Shift Reg.

Reg. Empty Flag)

]

Note: This timing diagram shows two consecutive transmissions.

A
N

TABLE 18-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on Value on
Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 all other

POR, BOR

Resets

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE |TMROIF | INTOIF | RBIF | 0000 000x |[0000 000u
PIR1 PspPIF() ADIF RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
PIE1 PspPIE™ ADIE RCIE | TXIE | SSPIE |CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
IPR1 pspip() ADIP RCIP | TXIP | SSPIP |CCP1IP |TMR2IP| TMR1IP | 1111 1111|1111 1111
RCSTA SPEN RX9 SREN | CREN |ADDEN| FERR | OERR | RX9D |0000 000x [0000 000x
TXREG |[USART Transmit Register 0000 0000|0000 0000
TXSTA | CSRC | Tx9 | TXEN [SYNC| — |BRGH | TRMT | TX9D [0000 -010|0000 -010
SPBRG |Baud Rate Generator Register 0000 0000|0000 0000

Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X20 devices; always maintain these bits clear.
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(AVDD and AVss), or the voltage level on the RA3/AN3/
VREF+ and RA2/AN2/VREF-/CVREF pins.

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

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

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

Each port pin associated with the A/D converter can be
configured as an analog input or as a digital 1/0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH/ADRESL
registers, the GO/DONE bit (ADCONO register) is
cleared and A/D Interrupt Flag bit, ADIF, is set. The block
diagram of the A/D module is shown in Figure 19-1.

FIGURE 19-1: A/D BLOCK DIAGRAM
CHS3:CHSO0
_____ R
| b—|1100 g AN12(
b—|1010 g AN10
\_ 1001 IE ANO
! \_ 1000 %
: o . ANS8
: . 0111 . IE AN7)
. 0110 . IE ANG™
. \_ 0101 . IE AN5()
0100 . ANA
VAIN . C . EZ
10-Bit (Input Voltage) NSLELIP >—|X AN3/VREF+
A/D ' .
Converter \. 0010 ,
T %—| % AN2/VREF-
VCFG1|:\|/CFGO o 2001 & AN1
T AVDD \O 0000 iE ANO
- — — - : I
VREFH . L x1
| Reference o0 1x
| Voltage VREEL X O 0x
L — — — 5 T

Note 1: Channels AN5 through AN7 are not available on PIC18F2X20 devices.
2: 1/0 pins have diode protection to VDD and Vss.
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19.5 Operation in Power-Managed
Modes

The selection of the automatic acquisition time and A/D
conversion clock is determined in part by the clock
source and frequency while in a power-managed mode.

If the A/D is expected to operate while the device is in
a power-managed mode, the ACQT2:ACQTO and
ADCS2:ADCSO bits in ADCONZ2 should be updated in
accordance with the power-managed mode clock that
will be used. After the power-managed mode is entered
(either of the power-managed Run modes), an A/D
acquisition or conversion may be started. Once an
acquisition or conversion is started, the device should
continue to be clocked by the same power-managed
mode clock source until the conversion has been com-
pleted. If desired, the device may be placed into the
corresponding power-managed ldle mode during the
conversion.

If the power-managed mode clock frequency is less
than 1 MHz, the A/D RC clock source should be
selected.

Operation in Sleep mode requires the A/D RC clock to
be selected. If bits ACQT2:ACQTO are set to ‘000’ and
a conversion is started, the conversion will be delayed
one instruction cycle to allow execution of the SLEEP
instruction and entry to Sleep mode. The IDLEN and
SCS bits in the OSCCON register must have already
been cleared prior to starting the conversion.

19.6 Configuring Analog Port Pins

The ADCONA1, TRISA, TRISB and TRISE registers all
configure the A/D port pins. The port pins needed as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the PORT register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an
analog input. Analog levels on a digitally
configured input will be accurately
converted.

2: Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device’s specification limits.

3: The PBADEN bit in the Configuration
register configures PORTB pins to reset
as analog or digital pins by controlling
how the PCFGO bits in ADCON1 are
reset.

DS39599G-page 218
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NOTES:
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TABLE 24-2: PIC18FXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF  f,d,a |Add WREG and f 1 0010 0lda ffff ffff|C,DC,Z 0OV,N|1,2
ADDWFC f,d,a |Add WREG and Carry bittof |1 0010 00da ffff ffff|C,DC,Z QOV,N|1,2
ANDWF  f,d, a |AND WREG with f 1 0001 0lda ffff ffff|Z,N 1,2
CLRF f,a Clear f 1 0110 10la ffff ffff|Z 2
COMF f,d, a |Complement f 1 0001 1llda ffff ffff|Z N 1,2
CPFSEQ f,a Compare f with WREG, Skip= [1(20r3)| 0110 00la ffff ffff |None 4
CPFSGT f,a Compare f with WREG, Skip > [1(20r3)| 0110 010a ffff ffff |None 4
CPFSLT f,a Compare f with WREG, Skip< [1(20r3)| 0110 000a ffff ffff |None 1,2
DECF f,d, a |Decrement f 1 0000 0lda ffff ffff|C,DC,Z,0OV,N|1,2, 3,4
DECFSZ f,d, a |Decrementf, Skipif0 1(20r3)[0010 11da ffff £f£ff None 1,2,3,4
DCFSNzZ f,d, a |Decrement f, Skip if Not 0 1(20r3)[0100 11da ffff f£fff None 1,2
INCF f,d,a [Incrementf 1 0010 1l0da ffff ffff|C,DC,Z,0OV,N|1,2 3,4
INCFSZ f,d, a |Increment f, Skip if 0 1(20r3)|0011 11da ffff £f£ff None 4
INFSNZ f,d, a |Increment f, Skip if Not 0 1(20or3)| 0100 10da ffff f£ffff [None 1,2
IORWF f, d, a |Inclusive OR WREG with f 1 0001 00da ffff ffff|Z,N 1,2
MOVF f,d,a [Movef 1 0101 00da ffff ffff|Z N 1
MOVFF  f,,fy |Move fg (source)to 1stword |2 1100 ffff ffff ££f£f |None
fq (destination) 2nd word 1111 ffff f£ffff ffff
MOVWF f, a Move WREG to f 1 0110 1llla ffff ffff |None
MULWF f,a Multiply WREG with f 1 0000 00la ffff ffff None
NEGF f,a Negate f 1 0110 110a ffff ffff|C,DC,Z OV,N|1,2
RLCF f, d, a |Rotate Left f through Carry 1 0011 0lda ffff f£fff|C,Z N
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 0lda ffff ffff|Z, N 1,2
RRCF f, d, a |Rotate Right f through Carry 1 0011 00da ffff ffff|C,Z, N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 00da ffff ffff|Z,N
SETF f,a Set f 1 0110 100a ffff ff£ff |None
SUBFWB f, d, a |Subtract f from WREG with 1 0101 0lda ffff ffff|C,DC,Z QOV,N|1,2
Borrow
SUBWF f, d, a |Subtract WREG from f 1 0101 1llda ffff ffff|C,DC,Z, 0V,N
SUBWFB f,d, a |Subtract WREG from f with 1 0101 10da ffff ffff|C,DC,Z, 0OV,N|1,2
Borrow
SWAPF f,d, a |Swap Nibbles in f 1 0011 10da ffff ffff [None
TSTFSZ f,a Test f, Skip if 0 1(20or3)[0110 0l11la ffff f£fff None 1,2
XORWF  f,d,a |Exclusive OR WREG with f 1 0001 10da ffff ffff|Z,N
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b, a |Bit Clearf 1 1001 bbba ffff ffff |None 1,2
BSF f, b, a |BitSetf 1 1000 bbba ffff ffff |None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3)[1011 bbba ffff £ffff None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)[1010 bbba ffff £ffff None 3,4
BTG f,d, a |Bit Toggle f 1 0111 bbba ffff ffff [None 1,2
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that

value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.

2: |If this instruction is executed on the TMRO register (and where applicable, d =

if assigned.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all
program memory locations have a valid instruction.
5: If the table write starts the write cycle to internal memory, the write will continue until terminated.

1), the prescaler will be cleared
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: [label] BNC n Syntax: [label] 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 Description: If the Negative bit is ‘0’, then the
program 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 added to the PC. Since the PC will
have incremented to fetch the next have incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is PC + 2 + 2n. This instruction is
then a two-cycle instruction. then a 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 PC Decode Read literal Process Write to PC
. Data ‘n’ Data
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 Jump Example: HERE BNN  Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry = ; If Negative = ;
PC = address (Jump) PC = address (Jump)
If Carry = ; If Negative = ;
PC = address (HERE + 2) PC = address (HERE + 2)
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MOVFF Move f to f
Syntax: [label] MOVFF fg,fy
Operands: 0 <fs <4095
0 <fy<4095
Operation: (fs) > fyq
Status Affected:  None
Encoding:
1st word (source) 1100 fEfff | ffff | £fffg
2nd word (destin.) | 1111 | ffff | ffff | ffffy

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

The contents of source register ‘fg’
are moved to destination register
‘fq’. Location of source ‘fg’ can be
anywhere in the 4096-byte data
space (000h to FFFh) and location
of destination ‘fy’ can also be
anywhere from 000h to FFFh.
Either source or destination can be
W (a useful special situation).
MOVFF is particularly useful for
transferring a data memory location
to a peripheral register (such as the
transmit buffer or an 1/O port).

The MOVFF instruction cannot use
the PCL, TOSU, TOSH or TOSL as
the destination register.

The MOVFF instruction should not
be used to modify interrupt settings
while any interrupt is enabled (see
Page 87).

2
2(3)

Q2

Q3

Q4

Decode

Read
register f’
(src)

Process
Data

No
operation

Decode

No
operation

No dummy

No
operation

Write
register ‘f’
(dest)

read

Example:

MOVEFEF REG1, REG2

Before Instruction

REG1
REG2

0x33
0x11

After Instruction

REG1
REG2

0x33,
0x33

MOVLB Move Literal to Low Nibble in BSR
Syntax: [label] MOVLB k
Operands: 0<k<255
Operation: k - BSR
Status Affected:  None
Encoding: ‘ 0000 | 0001 ‘ kkkk ‘ kkkk ‘
Description: The 8-bit literal ‘k’ is loaded into
the Bank Select Register (BSR).

Words: 1
Cycles: 1
Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read literal Process Write
‘K Data literal 'k’ to
BSR
Example: MOVLB 5
Before Instruction
BSRregister =  0x02
After Instruction
BSRregister =  0x05
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NEGF Negate f NOP No Operation
Syntax: [label] NEGF f[,a] Syntax: [label] NOP
Operands: 0<f<255 Operands: None

a_e [0.1] Operation: No operation
Operation: (F)+1->f Status Affected:  None
Status Affected: N, OV, C, DC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: ‘ 0110 | 110a ‘ ffff | ffff ‘ 1111 XXXX | XXXX XXXX
Description: Location ‘f is negated using two’s Description: No operation.

complement. The result is placed in Words: 1

the data memory location f. If ‘@’ Cveles: 1

is ‘0’, the Access Bank will be ycles:

selected, overriding the BSR value. Q Cycle Activity:

If ‘@’ = 1, then the bank will be Q1 Q2 Q3 Q4

selected as per the BSR value. Decode No No No
Words: 1 operation operation operation
Cycles: 1 £ |

xample:
Q Cycle Activity:
Q1 Q2 Q3 Q4
None.
Decode Read Process Write

register f’ Data register ‘f’

Example: NEGF REG, 1

Before Instruction

REG = 0011 1010 [OX3A]
After Instruction
REG = 1100 0110 [OXC6]
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26.2 DC Characteristics: Power-Down and Supply Current

PIC18F2220/2320/4220/4320 (Industrial)
PIC18LF2220/2320/4220/4320 (Industrial) (Continued)

PIC18LF2220/2320/4220/4320 Standard Operating Conditions (unless otherwise stated)

(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC18F2220/2320/4220/4320 Standgrd Operating Conditions Sunless Othe:WISG .stated).

(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
ustrial, £xiende -40°C < TA < +125°C for extended
Pz;;‘zm Device Typ Max | Units Conditions
Supply Current (Ipp){23)
PIC18LF2X20/4X20| 440 600 pA -40°C
450 600 pA +25°C VDD = 2.0V
460 600 pA +85°C
PIC18LF2X20/4X20| 0.80 1.0 mA -40°C
078 | 10 | mA +25°C VDD = 3.0V Fosc =4 MHz
" (PRI_RUN,
077 | 10 | mA +85°C EC oscillator)
All devices| 1.6 2.0 mA -40°C
1.5 2.0 mA +25°C
VpD = 5.0V
1.5 2.0 mA +85°C
Extended devices| 1.5 2.0 mA +125°C
Extended devices| 6.3 9.0 mA +125°C VDD = 4.2V Fosc = 25 MHz
(PRI_RUN,
7.9 10.0 mA +125°C VDD = 5.0V EC oscillator)
All devices| 9.5 12 mA -40°C
9.7 12 mA +25°C VDD = 4.2V
9.9 12 mA +85°C Fosc = 40 MHz
- S (PRI_RUN,
All devices| 11.9 15 mA -40°C EC oscillator)
12.1 15 mA +25°C VDD = 5.0V
12.3 15 mA +85°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /0O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.

4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature

crystals are available at a much higher cost.
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APPENDIX B: DEVICE

DIFFERENCES

The differences between the devices listed in this data

sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES
Features PIC18F2220 PIC18F2320 PIC18F4220 PIC18F4320
Program Memory (Bytes) 4096 8192 4096 8192
Program Memory (Instructions) 2048 4096 2048 4096
Interrupt Sources 19 19 20 20
1/0 Ports Ports A, B, C, (E) | Ports A, B, C, (E) | Ports A,B,C,D,E | Ports A,B,C,D, E
Capture/Compare/PWM Modules 2 2 1 1
Enhanced Capture/Compare/ 0 0 1 1
PWM Modules
Parallel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digital Module 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels
. . 40-Pin PDIP 40-Pin PDIP
Packages T e | e eror 44-Pin TQFP 44-Pin TQFP
44-Pin QFN 44-Pin QFN
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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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Cc

C Compilers
MPLAB C18 ....

MPLAB C30 .... ..302
CALL e e 272
Capture (CCP Module) .......ccocviiiiiiiiiiineeeeeee e 135

Associated Registers .. ... 137

CCP Pin Configuration .......... ..135

CCPR1H:CCPR1L Registers ..135

Software Interrupt ... 135

Timer1/Timer3 Mode Selection ...........cccccceeieienen. 135
Capture (ECCP Module) .
Capture/Compare/PWM (CCP) ......ccccooeiriiiiiieiie e 133

Capture Mode. See Capture.

CCP T e 134

CCPR1H Register ........ocoveviiniiiiiiiiic e 134
CCPR1L Register ... .
CCP2 .t
CCPR2H Register ........ccoceeviiniiiiiieic e 134
CCPR2L Register ......ccoooiiiiiiiiiieeiiiceeeenn 134

Compare Mode. See Compare.

Interaction of Two CCP Modules ..........ccccoeeirenee. 134

PWM Mode. See PWM.

Timer RESOUICES ......coiiiieiiieeieee e 134
Clock SOUICES .....vvveeiiiiieiie e ...25

Selection Using OSCCON Register ... .25
Clocking Scheme/Instruction Cycle ......... ...57
CLRF e 273
CLRWDT .ottt 273
Code Examples

16 x 16 Signed Multiply Routine ............cccccevnieninennn. 86

16 x 16 Unsigned Multiply Routine ............cccoceeeeneen. 86

8 x 8 Signed Multiply Routine ...........cccccveiiiniiennenns 85

8 x 8 Unsigned Multiply Routine ............ccccocinieinnnnns

Changing Between Capture Prescalers ...
Computed GOTO Using an Offset Value

Data EEPROM Read .......cccoooiiiiiiiiiieiie e
Data EEPROM Refresh Routine ..
Data EEPROM Write .......ccccoeevciinnieennen.
Erasing a Flash Program Memory Row
Fast Register Stack ..........ccoceiiiiiiiiiiiieeec
How to Clear RAM (Bank 1) Using

Indirect AAdressing .......ccccoecueerieeiceniinieesneene 66
Implementing a Real-Time Clock Using a

Timer1 Interrupt Service .........ccceeveviiiniennenen. 125
Initializing PORTA .....oooiiiiie s 101
Initializing PORTB .....c.cooiiieieiinecieece e 104
Initializing PORTC ... .
Initializing PORTD ......ccciiiiiiiiiie e
Initializing PORTE .....c.cooiiiiiininceece e 111
Loading the SSPBUF (SSPSR) Register ................. 158
Reading a Flash Program Memory Word ................... 75
Saving STATUS, WREG and BSR

Registers in RAM ........ccoiiiiiiiiiieecececne 99
Writing to Flash Program Memory ..........c.cccc..... 78-79

Code Protection .........cccevvvvvvvvviiiriiirinenns ... 237,252

COMF ............ 274
ComMPArator .........cceeveeeveeeniienee e ...221
Analog Input Connection Considerations ................. 225
Associated Registers ..........ccccoviiiiiiiiiiiiinieeees 226
Configuration ............
Effects of a Reset
Interrupts ............... .
OPEration ........oecuieiiieieineee e e
Operation in Power-Managed Modes ...................... 225

OULPULS .o
REfEreNCe ...oooieeiiieeee e
Response Time .
Comparator Specifications ..........ccccceeveeniiiiiiniinieiies 322
Comparator Voltage Reference ...........ccoceeoveiciinieencenns 227
Accuracy and Error ............
Associated Registers ...
Configuring .......ccccecveeveenns .
Connection Considerations .............cccccccciiiiennnnnn. 228
Effects of a Reset ..o 228
Operation in Power-Managed Modes . .. 228
Compare (CCP Module) .......ccoceevvivviennnen. .. 136
Associated Registers ...... .. 137
CCP Pin Configuration ...........cccceecieniincinnieeeee. 136
CCPR1 RegIStEr ...coviiiiiiiiiiiiie e
Software Interrupt
Special Event Trigger .......ccccoociviiiiiiiieeneene 136, 220
Timer1/Timer3 Mode Selection .............ccccooeeveenen. 136
Compare (ECCP Mode) ......ccccovviiiniiiiiieniccieeiceeeeeee 142
Computed GOTO
Configuration Bits .
Configuration Register Protection ...........ccccocevniiinenncne 255
Context Saving During Interrupts ..........cccoooveiiirieencennnn. 99

Control Registers

EECON1 and EECON2 ..
Conversion Considerations ..... .
CPFSEQ ..ttt e
CPESGT it
CPFESLT oot .
Crystal Oscillator/Ceramic Resonator ..... ... 19
Customer Change Notification Service ... .
Customer Notification Service ..........cccoocceeiiiiiiiiiiencenn. 389
CuStomMeEr SUPPOIT ....evviieeeieiiiiiie e 389

D

Data EEPROM Code Protection ............cccocoeiiiiiiiiens
Data EEPROM Memory .............
Associated Registers ...
EEADR Register .......ccoccceveviiiieennnnn.
EECON1 and EECON2 Registers ........ccccceenivrnenen.
Operation During Code-Protect ..........ccccoeeviveeiiinenes
Protection Against Spurious Write ..
Reading ....occeeiiiiiiie e
USING ottt
Write VErify .o
WIIHING <ottt
Data Memory
General Purpose Registers .........ccccviiiiiiieiiniicens
Map for PIC18F2X20/4X20 .......c.cccovemieiiieieeieeieeens
Special Function Registers ....
DAW e
DC and AC Characteristics
Graphs and Tables .......ccccocviiiieiiiiiiieee e 347
DC CharacteristiCs ..........ccccociiiiiiiiiiiiiicse s 319
Power-Down and Supply Current ... ..310
Supply Voltage ........cccoeeevireieeenenne
DCFSNZ .....ccccvnvenes .
DECF e
DECFSZ ... e
Development Support ... .
Device Differences ..........ccceiioeeeiiiiieeiee e
Device OVEIVIEW .........oiiiiiiiiiiee e
Features (table) ........ccooiiiiiiiiii
New Core Features ........ccooooereiiiieiiee e 7
Other Special Features ...
Direct Addressing .......cooocuiieeriiiiiiiieieeieee e
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like areply? Y N

Device: PIC18F2220/2320/4220/4320 Literature Number: DS39599G
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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