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
- ldie: CPU off, paripherals on
- Sleep: CPU off, peripherals off
* Power Consumption moades:
- PRI_RUM: 150 A, 1 MHz, 2V
- PRLIDLE: 37 pA, 1 MHz, 2V
- BEC_RUM: 14 pA, 32 kHz, 2V
- SEC_|DLE: 5.8 pA, 32 kHz, 2V
- RC_RUM: 110 pA, 1 MHz, 2V
- RC_IDLE: 52 p&, 1 MHz. 2V
- Skesp: 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 inbernal)
+ Two External RC modes, Up fo 4 MHz
* Two External Clock modes, Up to 40 MHz
+ Internal Oscillator Block:
- B user-selectable frequencies: 31 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz, 8 MHz
- 125 kHz-8 MHz calibrated o 1%
- Two modes select one or two 1D pins
- OSCTUME — Allows user to shift freguency
+ Secondary Oscillator using Timer! @ 32 kHz
Fail-Safe Clock Mondior
- Allows fior safe shutdown if peripheral clock stops

Peripheral Highlights:

= High-Current SinkfSource 25 mASZS mA
= Three External Intemapts
Up to 2 Capture/Compares®™ WM (CCP) modules:
- Capture is 16-bit, max. resolution is 625 ns (Tori6)
- Compare is 16-bit, mex. resolution is 100 ns (Tcy)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced CaplureiCompane/PWM (ECCP) module:
- One, two or four PYWM outputs
- Selectable polarity
- Programmable dead time
- Autc-Shutdown and Auto-Restart
Compatible 10-Bit. Up 1o 13-Channel
Analog-to-Digital Converter (A/D) module with
Programmable Acquisition Time
Dweal Analog Gomparators
Addressable USART module:
- RE-Z32 operation using imternal oscillator

block {no external crystal required)

Special Microcontroller Features:

= 100,000 Erasefite Cyde Enhanced Flash Program
Memory Typical

1,000,000 Eraseftite Cycle Data EEPROM
Memory Typical

FlashiData EEPROM Retention: = 40 Years

= Self-Programmabde under Software Control
Priority Levels for Interrupts

B x & Single-Cycle Hardware Multiplisr
Extended Watchdog Timer (WDT):

- Programmable peried from 41 ms io 1318

- 2% stability ower Voo and Temperature

= Single-Supply 5V In-Circuit Serial Programiming ™
(ICEP™) via Two Pins

In-Circuit Debug (ICD) via Two Pins

= Wide Operating Violtege Range: 2.0V to 5.5V
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Pin Diagrams (Cont."d)
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1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devicas:

= PIC18F2220 + PIC1BFaZ20

= PIC18F2320 « PIC1BF4320

This family offers the advanteges of all PIC18 micro-
controfiers — namely, high computational performance
at an economical price with the addition of high-
endurance Enhanced Flash program memary. On top
of these features, the PIC1BF2220/2320M220/35320
family introduces design enhancements that make
these microcontrollers & logical choice for many
high-performance, power sensitive applications.

14 Mew Core Features

1141 nanoWatt TECHNOLOGY

All of the devices in the PIC1BF2220/23200 22004320

family incorporate a range of features that can signifi-

cantly reduce power consumption during operation.

Key iterms include:

+ Alternate Run Modes: By docking the controller

from the Timer1 sownce or the internal oscillator

bdock, power consumption during code execution

can be reduced by as much as 90%.

Muitiple idie Modes: The controller can atso nen

with its CPU core disabled, but the peripherals are

gtill active. In these states, power consumption

can be reduced even further, to a3 litde as 4%, of

normal operation reguirements.

On-the-Fly Mode Switching: The power-managed

modes are invoked by user code during operation,

allowing the user fo incorporate power-saving ideas
into their application’s software design.

* Lower Consumption in Key Modules: The power
requirements for both Timer1 and the Watchdog
Timer hawve been reduced by up to 80%. with typical
values of 1.8 and 2.2 pA, respectively.

112 MULTIPLE OSCILLATOR OFTIONS
AND FEATURES

All of the devices in the PIC1BF2220/2320/M2 2004320

family offer nine difierent oscillator options, allowing

users a wide range of choices in developing application
hardware. These include:

+ [Four Crystal modes using crystals or caramic
rEs0nators.

+ Two External Clock modes offering the option of
using two pins {oscillator input and a divide-by-4
clock output) or one pin (oscillator input with the
second pin reassigned as general WO).

+ Two External RC Osdillator modes with the same
pin options as the Extemnal Clock modes.

= An internal oscillator block, which provides 8
31 kHz INTRC diock and an 8 MHz clock with
& program sedectable divider ratios (4 MHz to
125 kHz) for & total of 8 clock frequencies.

Besides its availability a5 a clock source, the intemal
oscillator block provides a stable reference source that
gives the family additional featwres for robust
‘operation:

Faill-5afe Clock Monitor: This option constantly
maoinitors the main clock source against 8 refer-
ence signal provided by the internal oscillator. if &
chock failure occurs, the controlier is switched 1o

the internal oscillator block, allowing for continued
low-speed operation or & safe application
shutdown.

Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source

from Power-on Reset, or wake-up from Sleep
mucie, wntil the primary chock sowrce ks available.
This allows for code execution during what would
otherwize be the clock staf-up interval and can
even allow an application to perform routine back-
ground activities and rebun to Sleep without
returning to full power operation.

1.2 Other Special Features

Memory Endurance: The Enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erasehwrite
cycles —up o 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh ks conservatively estimated 1o be greater
tham 40 years.

Self-Programmabllity: These devices can write
‘o theedr own program memory spaces under inter-
nal software control. By using a bootloader routine
located in the protected Boot Block at the top of
program memary, it becomes possible to creats
an application that can update isalf in the field.
Enhanced CCP Module: In WM mode, this
mdule provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Cither features include Auto-Shutdown for dis-
abling P4'M outputs on interrupt or other select
conditions and Aulo-Restart fo reactivate outputs
once the condition has cleared.

Addressable USART: This serial communication
mdule is capable of standard RS-232 operation
using the internal oscillator block, removing the
need for an external crystal (and its sccompany-
ing power reqguirement) in applications that talk to
the outside world.

10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and 8 conversion 1o be ini-
tiated without waiting for 8 sampling period and
thues, reduce code overhead.

Extended Watchdog Timer (WDT): This
enhanced version incorporates & 16-bit prescaler,
aliowing & time-out range from 4 ms to over

2 minutes, that ks stable across operating voliage
and temperature.
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1.3 Datailz on Individual Family

Members

Devices in the PIC1 8F 2230023200 22004320 family are
available in 28-pin (PIC18F2X20) and 40ddd-pin
(PIC18F4X20) packages. Block diagrams for the two
groups are shown in Figure 1-1 and Figure 1-2.

The devices are differentiated from each other in five

WEYE:

1. Flash program memory (4

Kbytes  for

PIC18F X220 devices, & Kbytes for PIC18FX320)
2. AJDchannels (10 for PIC1BF2X20 devices, 13 for

3. 1/O ports (3 bidirectional ports and 1 input only
port on PIC1BFZ30 devices, 5 bidirectional
ports on PIC18F 430 devices)

4. CCP and Enhanced CCP  implementation
(PIC1BFZX20 devices have 2 standard CCP
modules, PIC18F4X20 devices have one
standard CCP madule and one ECCP module)

5. Parsallel

Slave Port

PIC1BF 42200 devices)

All other features for devices in this family are identical.

{present

anly  on

These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and

PIC18F4X20 devices) Table 1-3.
TABLE 1-1: DEVICE FEATURES
Features PIC1BFZ220 PIC18F2320 PIC18F4220 FIC18F4320
Operating Frequency OC — 40 MHz DC — 40 MHz DC — 40 MHz O — 40 MHz
Program Memory (Bytes) 4096 B182 4G B182
Program Memory (Instructions) 2048 4006 2048 4006
Data Memaory (Byles) 512 512 512 512
Data EEFROM Memory (Bytes) 258 256 256 58
Intermupt Sowrces 19 18 20 20
D Ports Ports & B, C(E) | Pors A, B, C(E) |Pords A B, C.D,E| Porls ALB.C, OLE
Timers 4 4 4 4
Caphure/Compare/PWh Modules 2 2 1 1
Enhanced Caphure/ 1] o 1 1
Compare/PWh Modules
Serial Communications M55SR MSSPR, MSSP, M55SR,
Addressabile Addressable Agdressable Addressable
USART USART USART USART
Parall=l Communications (PSF) Mo Mo ‘fes Yes
10-Bit Analog-to-Digital Module | 10 Input Channels | 10 Input Channels | 13 Input Channets | 13 Input Channels
Resste (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
REZET Instruction, | R=s=T Instruction, | REsSET Inatnuciion, | EESET Instruction,
Stack Full, Stack Full, Seack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST), (FWRT, OST), (FWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional). | MCLR (optional), | MCLR (optional),
WwoT WOT WOT WDT
Programmabde Low-Voltage Yes Yeg ‘fes Yes
Detect
Programmabde Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Inbructions 75 Instructions 75 Insbruciions
Packages 28-Pin SPDNP 28-Pin SPDIP 40-Pin PDIF 40-Fin PDIP
28-Pin SOIC 28-Fin S0IC 44-Pin TOFP 44-Pin TQFP
dd-Pin OFMN 44-Pin OFM

PIC18F2220/2320/4220/4320

1.3 Details on Individual Family

Members

Devices in the PIC18F 22300232004 23004320 family are
available in 28pin (PIC18F2X20) and 40/d4d-pin
(PIC18F4X20) packages. Block diagrams for the two
groups are shown in Figure 1-1 and Figure 1-2.

The devices are differentiated from each other in five

WaYS:
1. Flash program memory

{4 Kbytes for

PIC18FX220 devices, & Kbytes for PIC18FX320)
2. ASD channals (10 for PIC1BF2X20 devices, 13 for

3. 17O ports (3 bidirectional ports and 1 input only
port on PIC1BFZ:30 devices, 5 bidirectional
ports on PIC1BF4X20 devices)

4. CCP and Enhanced CCP implementation
(PIC1BF2X20 devices have 2 standard CCP
modules, PIC18F4X20 devices have one
standard CCP module and one ECCP module)

5. Parallel

Slave Port

PIC1BFaXE30 devices)

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices ane listed in Tabde 1-2 and

{present

only on

PIC18F4X20 devicas) Tabde 1-3.
TABLE 1-1: DEVICE FEATURES
Features PIC1BFZ220 PIG18F 2320 PIC18F4220 PIG18F4320
Oiperating Frequency OC — 40 MHz O — 40 MHz DC — 40 MHz OC — 40 MHz
Program Memaory (Bytes) 4096 B182 4006 B162
Program Memaory {Instructions) 2048 4086 2048 4006
Data Memory (Byies) 512 512 512 512
Data EEFROM Memory (Bytes) 256 256 256 256
Internupt Sowrces 19 18 20 20
11D Ports Ports & B.C(E) | Pors A, B, C(E) |Ports A B C.D,E|Ports A.B,C, OE
Timers 4 ] L] 4
Capure/Compare/PWh Modules 2 1 1
Enhanced Capturef i} 1 1
Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,
Addrezsable Addressable Addreasable Addressable
USART USART USART USART
Paraliel Communications (PSF) Mo Mo Yas Yes
10-Bit Analog-to-Digital Module | 10 Imput Channels | 10 Input Channels | 13 Input Channets | 13 Input Channels
Ressts (and Delays) POR, BOR, POR, BOR, POR, BOR, POR. BOR,
REZET Instruction, | RESET Instruction, | RESET Instnuciion, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Steck Underflow Stack Underflow
(PWRT, OST), (PWRT, OET), [PWRT, O5T), {PWRT, OST),
MCLR (optional), | MCLR (optional). | MCLR (optional), | MCLR (optional),
WDT WOT WOT WDT
Programmabile Low-Voltage fes Yeg Yes Yes
Detect
Programmable Brown-out Reset Yes Yeg Yes Yes
Instruction Set 75 Instructions 75 Instractions 75 Instructions 75 Insbrucions
Packages 28-Pin SPDIP 28-Pin SFDIF 40-Fin PDIF 40-Fin FOIF
2B-Pin SOHC 28-Fin S0IC 44-Pin TOFP 44-Fin TQFP
dd-Pin OFN 44-Pin OFM
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FIGURE 1-1: PIC18F2220/2320 BLOCK DIAGRAM
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FIGURE 1-2:

PIC18F422004320 BLOCK DIAGRAM
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TABLE 1-2: PIC18FZ220/2320 PINOUT 1D DESCRIPTIONS
Pin Number
Pin Mame Pin | Buffer Description
POIP | s01c | TyPe| Type
MCLRAEP 1 1 Master Clear (input) or programming voltage (input).
MCLR I 5T Master Clear (Reset) input. This pin is an active-low Reset
1o the device.
VPP P Programming voltage input.
OSCUCLEVRAT o ] Oiscillgtor crystal or external clock input.
051 I 5T Owacillator crystal input or external dock sownce input_
ST buffer when configured in RC mode, CMOS otherwise.
CLKI I | CMOS External clock sowrce input. Always sssociated with pin
function DSC1. (See related OSCACLE]L OSCRACLKD pins.)
RAT Vo [ TTL General purpose VO pin.
OSCHCLKOMRAS 10 | 10 Ciscillator crystal or clock output.
0sC2 — Orscillator crystal output. Connects o crystal or resongtor
in Crystal Oscillator mode.
CLKO o] — In RC mode, O5C2 pin outputs CLKO which has 1/4 the
frequency of O5C1 and denotes the instruction cyde rate.
RAS Vo | TTL General purpose WO pin.
PORTA s a bidirectional 'O port.
RANAND 2 2
RAD Vo | TTL Digitad 110,
ANO | | Analog | Analog input 0.
RA1IAN1 3 3
RA1 Vo | TTL Digitad 110,
AN1 | | Analog | Analog input 1.
RAZIANZINREF-FCVREF 4 L]
RAZ Vo | TTL Digitad 0.
ANZ | | Analog | Analog input 2.
VREF- | | Analog | AJD reference voltage (low) input.
CVREF O | Analog | Comparator reference voltage output.
RAJANINGEF+ 5 5
RAZ Vo | TTL Digitad 110,
AN3 | | Analog | Analog input 3.
VREF+ | | Analog | A/D reference voltage (high) input.
RAATOCKINC10UT [ ]
RAd VO | STHOD Diggital 110, Open drain when configured as output.
TOCKI I 5T Timer( external clock input.
ci1ouT L8] — Comparator 1 output.
RASIANASEALVDINC2ZOUT| 7 | 7
RAS Vo | TTL Digital 110.
AN4 | | Analog | Anzlog input 4.
85 I TTL 5P| slave select input.
LvDIMN | | Analog Low-Violtage Detect input.
C20UuT o] — Comparator 2 output.
RAG See the OSCEHCLKOMRAS pin.
RAT See the OSCI/CLKIRAT pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

5T = Schmitt Trigger input with CMOS levels
0 = Cutput

0D = Open-drain (no diode to VDo)

Altemate assignment for CCP2 when CCP2ZMX s cleared.

Mote 1:

| = Input
P = Power

2: Default assignment for CCP2 when CCP2MX (CONFIG3H=0=) is set.

PIC18F2220/2320/4220/4320

TABLE 1-Z: PIC1BF2Z20/2320 PINOUT I/O DESCRIPTIONS (CONTINUED)
Fin Number
Pin | Buffer
Pin Name Description
pDIP |s0ic|TvPe| Type
PORTE is a bidirectional VO port. PORTE can be software
programmed for internal weak pull-ups on all inputs.

REOAN12NTD Fa i s |

RBD Va | TTL Digital 110,

AMN12 | | Analog | Analog input 122

INTD | 5T External intemupt 0.
RE1ANTOINT 2| 2

RBE1 Vo | TTL Digital 110,

AN1D I | Analog | Anslog input 10

INT1 | 5T External intermuapt 1.
REZIANANNTZ 23 | 23

RB2 Vo | TTL Digital 110,

ANE | | Analog | Anslog input 8.

INTZ | 5T External intermupt 2.
REAANSCCPZ 24 | 24

RBE3 Va | TTL Digital 110,

AND | | Analog | Anslog input 9.

copal va | 8T Capture 2 input, Compare 2 output, PWM2 output.
RE4AN11KEID 25 | 25

RE4 Vo | TTL Digital 1510,

AN | | Analog | Analog input 11.

KEID 1 TTL Internupt-on-changse pin.
RESHEBNPGM 26 | 36

RBES Va | TTL Digital 110,

KEI1 | TTL Internupt-on-changse pin.

PGM o 5T Low-woltage ICSP™ programming enabde pin.
RBEHBIZPGC ar | &

RBE& Vo | TTL Digital 1510,

KEIZ | TTL Internupt-on-changs pin.

PGC [7s] 5T In-Circuit Debugger and ICSF programming clock pin.
RETHBIVPGED 28 | 2B

RET Vo | TTL Digital 10,

KEI3 | TTL Internupt-on-changs pin.

PGD o 5T In-Ciircuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

5T = Schmitt Trigger input with CMOS levels

0 = 0ulput

0D = Open-drain (no disde to VDo)
Altemate assignment for CCP2 when CCP2MX s cleared.

Naote 1:

| = Input
P = Power

:  Default assignment for CCPE when CCPEZMX (CONFIG3H=0=>) is set.
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TABLE 1-2: PIC1BF2220/2320 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Number
Fin | Buffer
Pin Name Description
poIP |50ic|TyPe| Type
PORTC is a bidirectional 180 port.

RCNT10OSOIMICK] 1 kb

RCO 18] 5T Digital 170

T1080 o] — Timer1 oscillator output.

TiCKI I 5T Timer1Mmer3 exienal clock input.
RCATIOSIMCCPE 12 | 12

RECA 18] 5T Digital 110,

T10S51 I | CMOS | Timer oscillator input

cocp2 Vo | ST Capture 2 input, Compare 2 output, PYWM2 output.
RCECCPAPIA 13 | 13

RC2 8] 5T Digital 170

CCM o 5T Capture 1 input‘Compare 1 output/PWM1 ocutput.

P1A O — Enhanced CCOP1 output
RCWSCKISCL 14 | 14

RC3 8] 5T Digital 110

S5CK o 5T Synchronous serial dock inputioutput for SP1 mode.

SCL 18] 5T Synchronous seral dock inputioutput for FC™ mode.
RCAFSDISDA 15 | 15

RC4 8] 5T Digital 11O

S I 5T SP| data in.

SDA 18] 5T 1% data 15O,
RCSEDO 16 | 18

RCS 18] 5T Digitald 110

500 L8] — SPF| data out.
ROSTXICK 17 | 17

RCE 18] 5T Digital 170

T O — USART asynchronous tramsmit.

CK o 5T USART synchronous clock (see related REDT).
RCTRXDT 18 | 18

RCT 18] 5T Digital 170

Rt [ 5T USART asynchronous recefve.

oT Vo 5T USART synchronous data (see related TX/CK).
Wes 4,198 19| P — Ground reference for logic and 1D pins.
Voo 20 |3 | P —  |Positive supply for logic and 'O pins.
Lagend: TTL = TTL compatible input CMOS = CMOS compatible input or ouwtput

5T = Schmitt Trigger input with CMOS levels
O = 0utput

0D = Open-drain (no diode to Voo)

Naote 1:

| = Input
P = Power

Altemate assignment for CCP2 when CCP2MX s cleared.

:  Default assignment for CCP2 when CCP2MX (CONFIG3H=0>) ks set.

PIC18F2220/2320/4220/4320

TABLE 1-3: PIC1BF422004320 PINOUT 'O DESCRIPTIONS
Pin Number
Pin | Buffer
Pin Mame Description
pDIP | TaFe| aFn | Type| Type
MCLRAER/RES 1 18 18 Master Clear (imput) or programming voltage (input).
MCLR 1 5T Master Clear (Resst) input. This pin is an active-low
Reset o the device.
VPP P Programming woltage input.
RE3 | ST Digital input.
OSC1CLENVRAT 13 | 30 | 32 (Oscillator crystal or extamal chock input.
Qsc 1 5T Oecillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI 1 |[CMOS| External clock source input. Always associated with
pin function OSC1. (See related OSCA/CLKL
OSCACLKD pins.)
RAT o | TTL General purpose 1D pin.
OECHCLKOMRASG 14 k| 33 (Oscilllator crystal or clock output.
0sCc2 a — Oscillator crystal output. Connects o crystal or resonator
in Crystal Oscillator mode.
CLKO — In RC mode, OSC2 pin outputs CLKO which has 1M the
frequency of OSC1 and demobes the instruction cyde rate.
RAS o | TTL General purpose 0 pin.
PORTA is a bidirectional LD port.
RADMANO 2 18 19
RAD 2 [ TTL Digital 1#O0.
ANO 1 |Anslog| Ansloginput 0.
RATMANA 3 20 [ 20
RA1 2 | TTL Digital 1¥O0.
AN I |Analog| Analoginput 1.
RAHANZNVREFCVREF| 4 21 s |
RAZ 2 | TTL Digital 1#0.
ANZ 1 |Anslog| Analoginput 2.
VREF- I |Anslog| AMD reference voltage (low) input.
CVREF O |Analog| Comparator reference vokage output
RASMANINREF+ 5 22 | 22
RAS 2 | TTL Digital 1#0.
AN 1 |Anslog| Analoginput 3.
VREF+ I |Anslog| AD reference voltage (high) input.
RAATOCKIAC1OUT [ 23 | 23
RA4 I8 | STiOD | Digital ¥O. Open drain when configured as output.
TOCKI 1 5T Timer() external chock input.
ciouT [a] — Comparator 1 output.
RASIANASSAVDING | 7 | 24 | 24
C20UT
RAS 2 [ TTL Digital 11O,
AN4 1 |Anslog| Ansloginput 4.
13 | TTL SP| slave salect input.
LvDirM 1 |Anslog| Low-Voliege Detect input
C20ouUT a — Comparator 2 outpat.
RAE See the OSCHCLKORAS pin.
RAT See the OSCUCLEIRAT pin.
Legend: TTL = TTL compatibde input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0O = Owiput P = FPower

00 = Open-drain (no diode to Voo)

Mote 1:

Altemate assignment for CCP2 when CCP2MX is cleared.

2: Default ssignment for CCP2 when CCP2ZMX (CONFIG3H<0-) is set.
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TABLE 1-3: PIC1BF422004320 PINQUT /O DESCRIPTIONS (CONTIMUED)
Pin Mumber
Fin | Buffer
Pin Hame Description
PDIP | TQFP | aFM | Type | Type
PORTE is a bidirectional /O port.
RED/ANSIRD 8 | 25 | 25
REOQ | 5T Digital WO,
ANS I |Anslog| Anaboginput 5.
RD TTL Read controd for Parallel Slave Port
{see atso WH and CF pins).
RE1IANGANT 9 26 | 26
RE1 > | BT Digital WO,
ANG I |Anslog| Analoginput 6.
WR TTL ‘Wirite control for Parallel Slave Port
{see TF and D pins).
RE2IANTICS 0 | 27 | 27
RE2 > | ST Digital 1.
ANT I |Anslog| Analoginput 7.
[ TTL Chip select control for Parallel Slave Port
{zee related RO and WH).
RE3 1 18 18 | — —  |See MCLRNVPRRES pin.
Wes 12, | 6,20 (6,30, P — | Ground reference for logic and O pina.
3 H
WiDo 11.32| 7,28 | 7.8 P —  |Paositive supply for logic and 100 pins.
]
NC - - 13, | BWC | MNC  |Moconnect
23
Legend: TTL = TTL compatibde input CMOS = CMOS compatible input or output
5T = Schmitt Tigger input with CMOS levels | = Input
0O = 0Ouwiput P = Power

0D = Open-drain (no diode to VDo)
Mote 1: Altemate assignment for CCP2 when CCP2MX s cleared.
2: Default assignment for CCP2 when CCP2MX (CONFIG3H=0=) is s&t.

PIC18F2220/2320/4220/4320

TABLE 1-3: PIC1BF422004320 PINOUT /O DESCRIPTIONS [CONTINUED)
Pin Number
Pin | Buffer
Pin Hame Description
PoIP |TaFP| aFn | Type | Type
PORTE is a bidirectional /O port. FORTE can be software
programmed for internal weak pullups on all inputs.

REOAN1ZANTO 33 a ]

RBO 2 | TTL Digital 110,

AN1Z2 1 |Analog| Ansloginput 12,

INTO | 5T External intermapt 0.
RE1/AN10AMT 34 =] 10

RB1 2 [ TTL Digital 1#O0.

AN1O 1 |Analog| Analoginput 10.

INT1 1 5T External intermapt 1.
REZANEANT2 35 10 1"

RB2 2 [ TTL Digital 11O,

ANE 1 |Analog| Analoginput 8.

INTZ | 5T External internapt 2.
REIANHCCP2 36 1 12

RBE3 2 | TTL Digital 1#O0.

AND 1 |Analog| Ansloginput 8.

cop2 o | ST Capture 2 input, Compare 2 output, PWM2 output.
RE4/ANT1KEBIO ar 14 14

2 | TTL Digital 1#O0.

AN I |Analog| Anaboginput 11.

KEID 1 TTL Intennapt-on-change pin.
RESHEI1/PGM 38 15 15

RBS 2 | TTL Digital 1#O0.

KEI1 1 TTL Intenmupi-on-change pin.

PGM el 8T Low-voltage ICSP™ programming enable pin.
REEHBIZPGEC 30 16 16

RB& 2 | TTL Digital 1#O0.

KBIZ 1 TTL Intenmupi-on-change pin.

PGC il 5T In-Circuit Debwgger and ICSP programming clock pin.
RETHBIVPGED 40 17 17

RET 2 | TTL Digital /0.

KEI3 1 TTL Intenmupi-on-change pin.

PGD o =1 In-Circuit Debwgger and ICSP programming data pin.
Legend: TTL = TTL compatibde input CMOS = CMOS compatible input or output

5T

0 = Cutput

oD
Mote 1:

= Open-drain (no diode to Voo)
Altemate assignment for CCP2 when CCP2MX is ceared.

= Schmitt Trigger input with CMOS levels

| = Input
P = Power

2: Default assignment for CCP2 when CCP2ZMX (CONFIG3H<0>) is set.
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TABLE 2-2: CAPACITOR SELECTIOM FOR An external clock source may also be connected to the
CRYSTAL OSCILLATOR D5C1 pin in the HS mode, as shown in Figure 2-2.
Crystal | TPice! Capactior Values FIGURE 2-2: EXTERMAL CLOCK INPUT
Osc Type Freq OPERATION (HS OS5C
(s3] cz COMNFIGURATION)
P 32 hHz 33 pF 33 pF .
200kHz | 15pF 15 pF Clockfrom — “sc—s-| OSC1
KT 1 MHz 33pF 33pF Ext. System PIC18FXXXX
4 MHz 2T pF T pF Open -—— oscz  HE Made)
HS 4 MHz 7 pF 7 pF
& MHz 2 pF 2 pF
20 MHz 15 pF 15 pF 2.3 HSPLL

Capacitor values are for design guldance only.

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

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

See the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz

200 kHz & 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 Voo, or when
using certain ceramic resonators at any
woltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonatoricrysial has its own
characieristics, the user should consult
the resonatoricrystal manufacturer for
approprate  walues of  exemnal
companents.

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

5: Absays verify oscillator performance over
the Voo and tfemperature range that is
expected for the application.

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to w=e a lower frequency
crystal cacillator circuit, or to cock 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-freqguency crystals.

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. APLL then multiplies the
oscillator output freguency by 4 to produce an internal
clock freguency up 1o 40 MHz.

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

FIGURE 2-3: PLL BELOCHK DIAGRAM
HE Dt Enabile =
PLL Enable L

(from Canfigurafion Register 1H)

OEC2

Dosc
T—E—
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TABLE 1-3: PIC1BF4Z20/4320 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin | Buffer
Pin Mame Description
POIP | TaFP| aFn | Type| Type
PORTC is a bidirectional 'O port.
RONT10SONTICKI 15 | 32 34
RCO 1o 5T Digital 0.
T1080 [a] — Timer{ oscillator output.
TiCKI 1 5T Timer1Timer3 external clock input.
RCAUT10SINCCR2 16 | 35 35
RC1 1o 5T Digital 0.
T108I 1 [CMOS| Timer! oscillator input.
cCp2i W | 8T Capture 2 input, Compare 2 output, PWM2 output.
RCHCCP1P1IA 17 | 36 36
RG2 1o 5T Digital 0.
CCP il 5T Capbure 1 input'Compare 1 output/PWk1 output.
P1A a — Enhanced CCP1 output.
RCWSCHSCL 18 | a7 ar
REC3 o 5T Digital 1.
SCK Ll 5T Synchronous serial clock inputioutput for SP1 mode.
SCL s] 5T Synchronous serial clock inputioutput for 25 ™ mode.
RCAFSDISDA 23 | 42 42
RC4 1o 5T Digital 1O,
S0 1 5T SP| data in.
S0A a] a7 12 data /0.
RCS/SDO 24 | 43 43
RCS s] 5T Digital 0.
500 a] - SP| data out.
ROGTRICK 25 i a4
RCE 1o 5T Digital 0.
Tx [a] — USART asynchronous transmit.
CK o 5T USART synchronous dock (see related RX/DT).
RCTRXDT 26 1 1
RCT 1o 5T Digital 0.
R 1 8T USART asynchronous recaive.
oT o 5T USART synchronous data {see related TAICK)
Legend: TTL = TTL compatible input CAMOS = CMOS compatible input or output
5T = Schmitt Trigger input with CMOS levels | = Input
0O = COuitput P = Power
0D = Open-drain (no diode to VDo)
Mote 1: Altemate assignment for CCF2 when CCP2MX is cleared.
2: Default assignment for CCP2 when CCP2ZMX (CONFIG3H<0-) is set.
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2.0 OSCILLATOR
CONFIGURATIONS

21 Oscillator Types

The PIC1BF2%20 and PIC18F4X20 devices can be
operated in ten different oscillator modes. The user can
program the Configuration bits, FOSC3I:FOSCO, in
Configuration Register 1H to select one of these ten
modes:

1. LP Low-Fower Crystal

2 XT CrystalResonator

3 HS High-Speed CrystallResonator

4. HSPLL High-Speed Crystal/Resonator
with PLL Enabled

5 RC External Resistor!Capaciior with
Fosci Output on RAG

& RCIO External Resistor!Capacitor with
190 on RAS

7. IWTIO Internal Oecillator with Foscid

Ouwitput on RAG and VO on RAT
8 INTIOR2 Intennal Oscillator with 10 on RAG

and RAT
a. EC External Clock with Fascld Output
10. ECID External Clock with 140 on RAS

22 Crystal OscillatorfCeramic
Resonators

In XT, LF, HS or HSPLL Oscillator modes, a crystal or
ceramic resonator is connected o the OSC1 and
OS5C2 pins 1o esteblish osdillation. Figure 2-1 shows
the pin comnections.

The oscillator design requires the use of a parallel cut
crystal_

Mote:  Use of a senes cut crystal may give a fre-
guency out of the crystal manufacturers
specifications.

FIGURE 2-1: CRYSTALICERAMIC
RESOMATOROPERATION
{XT, LP, HS OR HSPLL
CONFIGURATION)
cim OSC1

1 . l Tl
:F|!Fm l'"-.:-_.-‘Ll Logic
= ae Ishm

RatB
cpi osCs PICA1BFXO0O0C
Hobe 1: See Table 2.1 and Table 2.2 for iniial values
af C1 and 2.
2 A series resisior (RS) may be required for AT
a¥ip eut erystals,

3:  FF vanes with the ascillalor mode chosen.

TABLE 2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS

Typical Capacitor Values Used:

Mode Freg oscd oscz
AT 455 KHz 56 o 56 oF
2.0 MHz 47 pE 47 pE

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 2T pE
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capaditors were tested with the resonstors
listed below fior basic start-up and operation. These
walues are not optimized.

Differant capacitor values may be required to produce
ecceptable oscillator operation. The user should test
the performance of the cscillator over the expected
Voo and temperature range for the application.

See the notes on page 20 for additional information.

Resonators Used:

455 kHz 4.0 MHz

2.0 MHz B.0 MHz

16.0 MHz

PIC18F2220/2320/4220/4320

24 External Clock Input

The EC and ECIO Oscillator modes require an external
clock sowrce to be connected io the OSC1 pin. There is
no oacillator start-up time required afier a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscilator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be usad for test purposes or fo synchronize other
logic. Figure 2-4 shows the pin connections for the EC
Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK INPUT
OPERATION
(EC CONFIGURATIOMN)
Clack fram —| o] OSCUCLK)
Ext. System |- PICABFX000E

Fosod —— OSCHCLKD

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2Z pin becomes an additional gen-
eral purpose A0 pin. The VO pin becomes bit 6 of
PORTA (RAB). Figure 2-5 shows the pin connections
for the ECKD Oscillator mode.

FIGURE 2-5: EXTERNAL CLOCK INPUT
OPERATION
(ECIO CONFIGURATION)
Clack froen H OSC1/CLEL
B Syelem L~ PICABFXHX

RAR  =—] 1D {OEC2)

2.5 RC Oscillator

For timing insensitwe applications, the “RC" and
*RCIO" device options offer additional cost savings.
The RC osdillator frequency is a function of the supply
voltage, the resistor (RExT) and capacitor (CExT) val-
ues and the operating temperature. In addition to this,
the oscillator frequency will vary from unit to unit due to
normal manufacturing variaion. Furthermore, the dif-
ference in lead frame capaciance betwesen package
types will also affect the oscillation frequency. espe-
cially for low CExT values. The user also needs to take
into account variation due to tolerance of exiernal R
end C components used. Figure 2-6 shows how the
RJC combination is conmected.

In the RC Osdllator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize ather
logic.

FIGURE 2-6:

08C1 [ Int=rmal
. Clock
.:EHI£ LT

= PICIBFXXXX

~t— OSCHCLKD
Foscid

RC OSCILLATOR MODE

Recommended values: 3 ki < REXT < 100 kit
CexT = 20 pF

The RCIHD Oscillator mode (Figure 2-7) funciions. like
the RC mode, except that the O5C2 pin becomes an
edditional general pwpose WO pin. The WO pin
becomes bit & of PORTA (RAB).

FIGURE 2-T:
voo

T

... Irernal
I Dsmil_" -
CEXT

= PIC1BFXO00

RAG —a—e=| LD (OEC2)

RCIO OSCILLATOR MODE

ves —

Recommended values: 3 ki < REXT < 100 ki
Cexr = 20 pF
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26 Internal Oscillator Block

The PIC1SF2X20M330 devices include eBn internal
oacillator block that generates two independent clock
signals. Either can be used as the system's clock
source. This can eliminate the nesd for external
oacillator circuits on the OSC1 or O5C2 pins.

The main output (INTOSC) i an 8-MHz dock source
that can be used to directly drive the system clock. It
also drives a post-scaler that can provide a range of
clock frequencies from 125kHz to 4 MHz. The
INTOSC output is enabled when the system clock
frequency is set from 125 kHz to 8 MHz.

The other clock source is the internal RC oscillator
{INTRC) that provides 8 31-kHz output. The INTRC
oscillator is enabled by selecting the intemnal oscillator
block as the system clock source or by enabling any of
thi following:

* Power-up Timer

+ Fail-Safe Clock Monfior

= \Watchdog Timer

+ Two-Speed Start-up

These featwss are discussed in greater detsil in
Sectlon 23.0 “Special Features of the CPU".

The dock source freguency (INTOSC direct, INTRC
direct or INTOSC post-scaler) is selected by configur-

ing the IRCF bie of the OSCCON register
(Register 2-Z).

2.6.1 INTIO MODES

Using the intermal oscillator as the clock source can

eliminate the need for up to two external oscillator pins.

This frees the pins to be wsed for digital 1O,

Two configurations are gvailable:

= INTIO1 mode — The OSC2 pin outputs FOSC&M
while OSC1 functions as RAT for digital input and
output.

* INTIOZ mode - O5C1 funchions as RAT and
OS2 functions as RAS, both for digital input and
output.

PIC18F2220/2320/4220/4320

282 OSCTUNE REGISTER

The imtemnal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of approwi-
mately BMHz. (See parameters F14-F18 in
Table 26-8.)

The INTOSC frequency can be adjusted using the
TUMS:TUM1 bits in the OSCTUNE register
OSCTUME=S:1>. OSCTUNE<D> has no effect, but is
readable and writable, enabling changes of the
INTOSC frequency using two increment or decrement
instructions.

The internal oscillator's output can be adjusted in the
user's application. This is done by writing to the
OSCTUME  register (Register 2-1). The tuning
sensitivity is constant throughout the tuning range.

When the OSCTUME register is modified, the INTOSC
and INTRC frequencies begin shifting to the new fre-
guency. The INTOSC and INTRC clocks will stabilize at
the new frequency within 100 ps. Code execution
continues during this shift.

There is no indication when the shift occurs. Operation
of featwres that depend on the INTRC clock source
frequency alko will be affected by the change in
frequency. This includes the WDT, Fail-Safe Clock
Monitor and peripherals.

REGISTER 2-1: OSCTUMNE: OSCILLATOR TUNING REGISTER
U-0 u-0 RAN-O R0 Rrw-0 RA-0 Rrw-0 RAN-0
— — TUNS TUM4 TUMN3 TUMZ TUM1 TUMND

bit 7 bit 0

Legend:

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

-n = Walue at FOR "= Bit is set ‘0" = Bit is dearsd x = Bit B unknown

bit 76 Unimplemented: Read as "0’

bt 5-1 TUMN<5:1>: Freguency Tuning bits — Adjusts the frequency of INTOSC. Can adjust INTRC, depending

on TUNSEL (OSCTUN2=T>)

011111 = Maxzimurm frequency

0000l

oo0000 = Center frequency. Oscillator module is running at the calibrated frequency.

111111

100000 = Minimum frequency

bit 0 TUMN<0=: A placeholder with no effect on the INTRC freguency. Provided to facilitate incrementation
and decrementation of the OSCTUN2 register and adjustment of the INTRC freguency.



