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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

40MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
36

16KB (8K x 16)

FLASH

256 x 8

768 x 8

4.2V ~ 5.5V

A/D 13x12b

Internal

-40°C ~ 85°C (TA)
Surface Mount
44-VQFN Exposed Pad
44-QFN (8x8)
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
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WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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MICROCHIP

PIC18F2423/2523/4423/4523

28/40/44-Pin, Enhanced Flash Microcontrollers with
12-Bit A/D and nanoWatt Technology

Power Management Features:

Run: CPU on, Peripherals on

Idle: CPU off, Peripherals on

Sleep: CPU off, Peripherals off

Ultra Low 50 nA Input Leakage

Run mode Currents Down to 11 pA Typical
Idle mode Currents Down to 2.5 pA Typical
Sleep mode Current Down to 100 pA Typical
Timer1 Oscillator: 900 nA, 32 kHz, 2V
Watchdog Timer: 1.4 pA, 2V Typical
Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

Four Crystal modes, up to 40 MHz

4x Phase Lock Loop (PLL) — Available for Crystal

and Internal Oscillators

Two External RC modes, up to 4 MHz

Two External Clock modes, up to 40 MHz

Internal Oscillator Block:

- Fast wake from Sleep and Idle, 1 us typical

- 8 user-selectable frequencies, from 31 kHz to 8 MHz

- Provides a complete range of clock speeds,
from 31 kHz to 32 MHz, when used with PLL

- User-tunable to Compensate for Frequency Drift

Secondary Oscillator using Timer1 @ 32 kHz

Fail-Safe Clock Monitor:

- Allows for safe shutdown if peripheral clock stops

Perlpheral Highlights:

12-Bit, Up to 13-Channel Analog-to-Digital Converter
module (A/D):

- Auto-acquisition capability

- Conversion available during Sleep mode

Dual Analog Comparators with Input Multiplexing
High-Current Sink/Source 25 mA/25 mA

Perlpheral Highlights (Continued):

Master Synchronous Serial Port (MSSP) module

Supporting 3-Wire SPI (all four modes) and [2c

Master and Slave modes

Enhanced USART module:

- Support for RS-485, RS-232 and LIN/J2602

- RS-232 operation using internal oscillator
block (no external crystal required)

- Auto-wake-up on Start bit

- Auto-Baud Detect (ABD)

Special Microcontroller Features:

C Compiler Optimized Architecture: Optional
Extended Instruction Set Designed to Optimize
Re-Entrant Code

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

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

Flash/Data EEPROM Retention: 100 Years Typical
Self-Programmable under Software Control
Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT): Programmable
Period, from 4 ms to 131s

Single-Supply In-Circuit Serial Programming™
(ICSP™) via Two Pins

In-Circuit Debug (ICD) via Two Pins

Operating Voltage Range: 2.0V to 5.5V
Programmable, 16-Level High/Low-Voltage
Detection (HLVD) module: Supports Interrupt on
High/Low-Voltage Detection

Programmable Brown-out Reset (BOR): With
Software-Enable Option

* Three Programmable External Interrupts Note:  This document is supplemented by the
. E%Utro"%svtg gg;&gggﬁ; f;iaﬁt:/PWM coP) “PIC18F2420/2520/4420/4520 Data Sheet”
modules, One with Auto-Shutdown (28-pin devices) g:)vi?,s?eil,),' SED EEEED Y e
» Enhanced Capture/Compare/PWM (ECCP) module .
(40/44-pin devices only):
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-shutdown and auto-restart
Program Memory Data Memory . ccP/ MSSP E .
. 12-Bit < Timers
Device Flash | # Single-Word | SRAM |EEPROM | VO | o5 (cpy) | ECCP Master| o | ComP. | g e pi
(bytes) | Instructions |(bytes)| (bytes) (PWM) SPI 2c™ a
PIC18F2423 16K 8192 768 256 25 10 2/0 Y Y 1 2 1/3
PIC18F2523 32K 16384 1536 256 25 10 2/0 Y Y 1 2 1/3
PIC18F4423 16K 8192 768 256 36 13 171 Y Y 1 2 1/3
PIC18F4523 32K 16384 1536 256 36 13 171 Y Y 1 2 1/3

© 2009 Microchip Technology Inc.
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PIC18F2423/2523/4423/4523

Pin Diagrams (Continued)

[1 <— RB7/KBI3/PGD

[1 <— RB6/KBI2/PGC

[] =— RB5/KBI1/PGM

[ <— RB4/KBIO/AN11
1 «<— RB3/AN9/CCP2(")
[1 <— RB2/INT2/AN8

[1 <— RB1/INT1/AN10
[ =— RBO/INTO/FLTO/AN12
[] «<—— VDD

[] «——Vss

[1 <— RD7/PSP7/P1D
[1 <— RD6/PSP6/P1C
[] <— RD5/PSP5/P1B
[ <—— RD4/PSP4

[1 <— RC7/RX/DT

[1 <— RC6/TX/CK

[1 <— RC5/SDO

[1 «<— RC4/SDI/SDA

[] < RD3/PSP3

[ =—— RD2/PSP2

NC
RCO/T10SO/T13CKI
0SC2/CLKO@/RAG
OSC1/CLKI?/RA7
Vss

VoD
RE2/CS/AN7
RE1/WR/AN6G
REO/RD/AN5
RAS5/AN4/SS/HLVDIN/C20UT
RA4/TOCKI/C10UT

40-Pin PDIP
o
MCLR/VPP/RE3 —[] 1 v 40
RAO/ANO <—[] 2 39
RA1/AN1 <=—[] 3 38
RA2/AN2/VREF-/CVREF <— [ 4 37
RA3/AN3/VREF+ <-—[] 5 36
iA4/TOCKI/C1OUT -—[]6 35
RAS/AN4/SS/HLVDINQOUT -7 34
REO/RD/AN5 <—=[] 8 [Y 33
RE1/WR/AN6 =—[] 9 IQ 32
RE2/CS/AN7 <——[] 10 L L 31
VoD — [ 11 XX 3
Vss —» [] 12 (SIS 29
OSC1/CLKI®/RA7 =—= []13 B B 28
0SC2/CLKO®/RA <[] 14 27
RCO/T10SO/T13CKI <-—[] 15 26
RC1/T108l/cCP2(!) =——[] 16 25
RC2/CCP1/P1A =—[] 17 24
RC3/SCK/SCL <-—[] 18 23
RDO/PSP0 <—[] 19 22
RD1/PSP1 <—[] 20 21
44-Pin TQFP
®
<
< 23293
X doarol= 5
Qo=ZndaonoaxXos
XOQnNnnnnoo<
E0naaadNo
OUOTON—OMAN «—
000AaQQ0000
FYXCEXXCEEEXZ
03IQITIRBRSIABI
RC7/RX/DT <—=[CT11]1 33T
RD4/PSP4 <—»[1T]2 P20 <-—>
RD5/PSP5/P1B <—>[11] 3 3] -
RD6/PSP6/P1C <—»[T1T] 4 30T -—>
RD7/PSP7/P1D <—[TIT]5 PIC18F4423 29T -~
Vss —=[10p 2811 ] -——
V— PIC18F4523 27 HT -
RBO/INTO/FLTO/AN12 <—=[TT{§ 26T 1 <—>
RB1/INT1/AN10 <—[T11]9 25T ] =—>
RB2/INT2/AN8 <—»[TT] 10 24 T =—>
RB3/AN9/CCP2) =T 11 | o) ¢ o m o o 0 « 2P
v+~ NNN
QOSSO AQAMO D b+
- w w
ST E LY
Li55ca=0%
S5oaiizss
CrLcETTEg
39 IS
@ @ oo
@mmML 35
<
o
<
@
Note 1: RB3is the alternate pin for CCP2 multiplexing.
2: OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not
being used as digital /0. For additional information, see Section 2.0 “Oscillator Configurations” of the
“PIC18F2420/2520/4420/4520 Data Sheet” (DS39631).

© 2009 Microchip Technology Inc.
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PIC18F2423/2523/4423/4523

1.0 DEVICE OVERVIEW

This document contains device-specific information for

the following devices:

+ PIC18F2423
» PIC18F2523
» PIC18F4423
+ PIC18F4523

PIC18LF2423
PIC18LF2523
PIC18LF4423
PIC18LF4523

Note: This data sheet documents only the devices’
features and specifications that are in addition
to, or different from, the features and specifi-
cations of the PIC18F2420/2520/4420/4520
devices. For information on the features and
specifications shared by the PIC18F2423/
2523/4423/4523 and PIC18F2420/2520/
4420/4520 devices, see the “PIC18F2420/
2520/4420/4520 Data Sheet” (DS39631).

This family offers the advantages of all PIC18
microcontrollers — namely, high computational perfor-

mance at an economical price — with the addition of

high-endurance, Enhanced Flash program memory.
On top of these features, the PIC18F2423/2523/4423/
4523 family introduces design enhancements that
make these microcontrollers a logical choice for many
high-performance, power-sensitive applications.

1.1 New Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2423/2523/4423/4523
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

+ Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

« Multiple Idle Modes: The controller also can run
with its CPU core disabled and the peripherals still
active. In these states, power consumption can be
reduced even further, to as little as 4% of normal
operation requirements.

* On-the-Fly Mode Switching: The power-managed
modes are invoked by user code during operation,
allowing the user to incorporate power-saving ideas
into their application’s software design.

* Low Consumption in Key Modules: The power
requirements for both Timer1 and the Watchdog
Timer are minimized. See Section 4.0 “Electrical
Characteristics” for values.

1.1.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2423/2523/4423/4523
family offer ten different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

» Four Crystal modes, using crystals or ceramic
resonators.

» 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 1/O).

* Two External RC Oscillator modes with the same
pin options as the External Clock modes.

» An internal oscillator block that offers eight clock
frequencies: an 8 MHz clock and an INTRC source
(approximately 31 kHz), as well as a range of six
user-selectable clock frequencies, between
125 kHz to 4 MHz. This option frees the two
oscillator pins for use as additional general
purpose /0.

* A Phase Lock Loop (PLL) frequency multiplier,
available to both the High-Speed Crystal and
Internal Oscillator modes, allowing clock speeds
of up to 40 MHz from the HS clock source. Used
with the internal oscillator, the PLL gives users a
complete selection of clock speeds, from 31 kHz
to 32 MHz, all without using an external crystal or
clock circuit.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

 Fail-Safe Clock Monitor: Constantly monitors
the main clock source against a reference signal
provided by the internal oscillator. If a clock failure
occurs, the controller is switched to the internal
oscillator block, allowing for continued operation
or a safe application shutdown.

* Two-Speed Start-up: Allows the internal oscillator
to serve as the clock source from Power-on Reset,
or wake-up from Sleep mode, until the primary clock
source is available.

© 2009 Microchip Technology Inc.
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PIC18F2423/2523/4423/4523

TABLE 1-1: DEVICE FEATURES

Features PIC18F2423 PIC18F2523 PIC18F4423 PIC18F4523
Operating Frequency DC —-40 MHz DC —40 MHz DC —-40 MHz DC - 40 MHz
Program Memory (Bytes) 16,384 32,768 16,384 32,768
Program Memory (Instructions) 8,192 16,384 8,192 16,384
Data Memory (Bytes) 768 1,536 768 1,536
Data EEPROM Memory (Bytes) 256 256 256 256
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
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 1 1
Enhanced 0 0 1 1
Capture/Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,

Enhanced USART Enhanced USART Enhanced USART Enhanced USART

Parallel Communications (PSP) No No Yes Yes
12-Bit Analog-to-Digital Module 10 Input Channels 10 Input Channels 13 Input Channels 13 Input Channels
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,

RESET Instruction,
Stack Full, Stack
Underflow (PWRT, OST),
MCLR (optional), WDT

RESET Instruction,
Stack Full, Stack
Underflow (PWRT, OST),
MCLR (optional), WDT

RESET Instruction,
Stack Full, Stack
Underflow (PWRT, OST),
MCLR (optional), WDT

RESET Instruction,
Stack Full, Stack
Underflow (PWRT, OST),
MCLR (optional), WDT

Programmable Yes Yes Yes Yes
High/Low-Voltage Detect
Programmable Brown-out Reset Yes Yes Yes Yes

Instruction Set

75 Instructions;
83 with Extended
Instruction Set enabled

75 Instructions;
83 with Extended
Instruction Set enabled

75 Instructions;
83 with Extended
Instruction Set enabled

75 Instructions;
83 with Extended
Instruction Set enabled

Packages

28-Pin PDIP
28-Pin SOIC
28-Pin QFN

28-Pin PDIP
28-Pin SOIC
28-Pin QFN

40-Pin PDIP
44-Pin QFN
44-Pin TQFP

40-Pin PDIP
44-Pin QFN
44-Pin TQFP

© 2009 Microchip Technology Inc.
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PIC18F2423/2523/4423/4523

TABLE 1-3: PIC18F4423/4523 PINOUT I/O DESCRIPTIONS
. Pin Number Pin | Buffer -
Pin Name Description
PDIP | QFN | TQFP | Type | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.
VPP P Programming voltage input.
RE3 | ST Digital input.
OSC1/CLKI/RA7 13 32 30 Oscillator crystal or external clock input.
OSC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode;
analog otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function, OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)
RA7 /0 TTL General purpose /O pin.
OSC2/CLKO/RAG 14 33 31 Oscillator crystal or clock output.
0SC2 0] — Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKO 0] — In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes
the instruction cycle rate.
RA6 1/0 TTL General purpose I/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power
1’C = I12C™/SMBus
Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.

2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared.

DS39755C-page 18
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PIC18F2423/2523/4423/4523

TABLE 1-3: PIC18F4423/4523 PINOUT I/O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer -
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO/FLTO/AN12 33 9 8
RBO I/0 TTL Digital I/0.
INTO | ST External Interrupt 0.
FLTO | ST PWM Fault input for Enhanced CCP1.
AN12 | | Analog| Analog Input12.
RB1/INT1/AN10 34 10 9
RB1 I/0 TTL Digital I/0.
INT1 | ST External Interrupt 1.
AN10 | | Analog| Analog Input10.
RB2/INT2/AN8 35 11 10
RB2 I/0 TTL Digital I/0.
INT2 | ST External Interrupt 2.
AN8 I |Analog| Analog Input 8.
RB3/AN9/CCP2 36 12 11
RB3 I/0 TTL Digital I/0.
AN9 I |Analog| Analog Input9.
ccp2 /o | ST Capture 2 input/Compare 2 output/PWM2 output.
RB4/KBIO/AN11 37 14 14
RB4 I/0 TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
AN11 I |Analog| Analog Input 11.
RB5/KBI1/PGM 38 15 15
RB5 I/0 TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
PGM /0 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39 16 16
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC /0 ST In-Circuit Debugger and ICSP programming
clock pin.
RB7/KBI3/PGD 40 17 17
RB7 I/0 TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD /0 ST In-Circuit Debugger and ICSP programming
data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power
1’C = I1>C™/SMBus
Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.

2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared.

DS39755C-page 20
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PIC18F2423/2523/4423/4523

REGISTER 2-2: 2 ADCON1: A/D CONTROL REGISTER 1

u-0 u-0 R/W-0 R/W-0 Rw-0(") Rw™ Rw™ Rw™
— — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5 VCFG1: Voltage Reference Configuration bit (VREF- source)
1 = VREF- (AN2)
0=Vss
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)
1 = VREF+ (AN3)
0 = VDD
bit 3-0 PCFG<3:0>: A/D Port Configuration Control bits:
N | = | © § |§& |g
PCFG<3:0>| 2 |2 |2 |2 |2 |2 |2 |2 |2 |2 |2 |Z 2
< < < < < < < < < < < | € | <
0ooo( AlA|A|A|A|A|A|A]|A|]A|A|IA]|A
0001 A A A A A A A A A A A Al A
0010 A A A A A A A A A A A Al A
0011 D A A A A A A A A A A Al A
0100 D D A A A A A A A A A Al A
0101 D D D A A A A A A A A Al A
0110 D D D D A A A A A A A Al A
0111M D D D D D A A A A A A Al A
1000 D D D D D D A A A A A Al A
1001 D D D D D D D A A A A Al A
1010 D D D D D D D D A A A Al A
1011 D D D D D D D D D A A Al A
1100 D D D D D D D D D D A Al A
1101 D D D D D D D D D D D Al A
1110 D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D
A = Analog input D = Digital I/0

Note 1: The POR value of the PCFG bits depends on the value of the PBADEN Configuration bit. When
PBADEN = 1, PCFG<3:0> = 0000; when PBADEN = 0, PCFG<3:0>=0111.

2: ANS5 through AN7 are only available on PIC18F4423/4523 devices.
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(VDD and Vss), 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
register pair, the GO/DONE bit (ADCONO0<1>) is cleared
and A/D Interrupt Flag bit, ADIF, is set.

The block diagram of the A/D module is shown in
Figure 2-1.

FIGURE 2-1: A/D BLOCK DIAGRAM
CHS<3:0>
_____ [ A
| O—|1100 : % AN12
: O—ilOll : g AN11
O—Mlo % AN10
N\ 1001 IE ANO
! 1000 :
: o X AN8
! N 0111 . IE AN7(1)
: \. 0110 . % AN6(1)
: N\ 0101 . % AN5(1)
l \__ 0100 . % ANA
VAIN ' :
12-Bit (Input Voltage) : \O&H
c A/D ! . ’—|% AN3
onverter : . 0010 .
| a—i% AN2
l \O 0001 .
VCFG<1:0> . : @ AN1
reoe vop@ . \Coooo . & ANO
F— = — v ; S I
REF+ )  x1
| Reference | o0~ )ix
| Voltage | Vi : o 0
Lo REF- :O/OIX -
_______ Vsst?
Note 1: Channels, AN5 through AN7, are not available on PIC18F2423/2523 devices.
2: 1/O pins have diode protection to VDD and Vss.
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The value in the ADRESH:ADRESL registers is
unknown following POR and BOR Resets and is not
affected by any other Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.
To determine acquisition time, see Section 2.1 “A/D
Acquisition Requirements”.

After this acquisition time has elapsed, the A/D conver-
sion can be started. An acquisition time can be
programmed to occur between setting the GO/DONE
bit and the actual start of the conversion.

The following steps should be followed to perform an A/D
conversion:
1. Configure the A/D module:

» Configure analog pins, voltage reference and
digital I/O (ADCON1)

» Select A/D input channel (ADCONO)
» Select A/D acquisition time (ADCON2)
» Select A/D conversion clock (ADCON2)
* Turn on the A/D module (ADCONO)
2. Configure the A/D interrupt (if desired):
» Clear ADIF bit
» Set ADIE bit
+ Set GIE bit
3. Wait the required acquisition time (if required).

5. Wait for the A/D conversion to complete by either:
» Polling for the GO/DONE bit to be cleared

OR

» Waiting for the A/D interrupt

6. Read the A/D Result registers (ADRESH:ADRESL)
and clear the ADIF bit, if required.

7. For the next conversion, go to step 1 or step 2,
as required.

The A/D conversion time per bit is defined as
TAD. A minimum wait of 2 TAD is required before
the next acquisition starts.

FIGURE 2-2: A/D TRANSFER FUNCTION

FFFh

FFEh

Digital Code Output

25LSBf-----
4095 LSB
40955LSB- - - - """ -

i
!
!
:
!
!
:
!
!
:
!
!
:
!
!
:
!
!
:
m m
n o
- 4
3 =
g 3
¥ o
<

m o I:Cl [aa] m
4. Start conversion by setting the GO/DONE bit 22279 |
n «~ s
(ADCONO<1>). g~ 2"
B
Analog Input Voltage
FIGURE 2-3: ANALOG INPUT MODEL
VDD
Sampling
VT = 0.6V Switch
RiC < 1K SS  Rss |
_ ILEAKAGE l CHoLD = 25 pF
VT =0.6V +100 nA T
hd lVSS
Legend: CPIN = Input Capacitance
VT = Threshold Voltage 6V
ILEAKAGE = Leakage Current at the pin due to % \
various junctions Voo v
Ric = Interconnect Resistance 2V
SS = Sampling Switch
CHoLD = Sample/Hold Capacitance (from DAC) 1 2 3 4
Rss = Sampling Switch Resistance Sampling Switch (kQ)
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2.6 A/D Conversions

Figure 2-4 shows the operation of the A/D Converter
after the GO/DONE bit has been set and the
ACQT<2:0> bits are cleared. A conversion is started
after the following instruction to allow entry into Sleep
mode before the conversion begins.

Figure 2-5 shows the operation of the A/D Converter
after the GO/DONE bit has been set, the ACQT<2:0>
bits have been set to ‘010’ and a 4 TAD acquisition time
has been selected before the conversion starts.

Clearing the GO/DONE bit during a conversion will abort
the current conversion. The A/D Result register pair will
NOT be updated with the partially completed A/D
conversion sample. This means, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers).

FIGURE 2-4:

After the A/D conversion is completed or aborted, a
2 Tey wait is required before the next acquisition can
be started. After this wait, acquisition on the selected
channel is automatically started.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.
Code should wait at least 3 TAD after
enabling the A/D before beginning an
acquisition and conversion cycle.

2.7 Discharge

The discharge phase is used to initialize the value of
the holding capacitor. The array is discharged before
every sample. This feature helps to optimize the unity-
gain amplifier, as the circuit always needs to charge the
capacitor array, rather than charge/discharge based on
previous measure values.

A/D CONVERSION Tabp CYCLES (ACQT<2:0> = 000, TAcQ = 0)

TCY TADTAD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD9 TAD10 TAD11 TAD12 TAD13 TAD1

Tbﬂ b10 b9 b8 b7

Conversion starts

b6 b5

Holding capacitor is disconnected from analog input (typically 100 ns)

b4 b3 b2 b1 b0 T

Discharge
(typically 200 ns)

Set GO/DONE bit

On the following cycle:
ADRESH:ADRESL are loaded, GO/DONE bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

Set GO/DONE bit
(Holding capacitor continues
acquiring input)

FIGURE 2-5: A/D CONVERSION Tap CYCLES (ACQT<2:0> = 010, TACQ = 4 TAD)
-g— TACQT Cycles TAD Cycles
1,2 3,411 2 3 4 5 .7 ., 8 9 10 1 12 13 TAD1|
A b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
‘ Aﬁgjtomatlc T T
quisition ) .
Time Conversion starts Dlsqharge
(Holding capacitor is disconnected) (typically
Points to end of TAcQT period (current black arrow) 200 ns)

On the following cycle:
ADRESH:ADRESL are loaded, GO/DONE bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
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2.8 Use of the CCP2 Trigger

An A/D conversion can be started by the Special Event
Trigger of the CCP2 module. This requires that the
CCP2M<3:0> bits (CCP2CON<3:0>) be programmed
as ‘1011’ and that the A/D module is enabled (ADON
bit is set). When the trigger occurs, the GO/DONE bit
will be set, starting the A/D acquisition and conversion,
and the Timer1 (or Timer3) counter will be reset to zero.
Timer1 (or Timer3) is reset to automatically repeat the
A/D acquisition period with minimal software overhead
(moving ADRESH:ADRESL to the desired location).

The appropriate analog input channel must be selected
and the minimum acquisition period is either timed by
the user or an appropriate TACQ time is selected before
the Special Event Trigger sets the GO/DONE bit (starts
a conversion).

If the A/D module is not enabled (ADON is cleared), the
Special Event Trigger will be ignored by the A/D
module, but will still reset the Timer1 (or Timer3)
counter.

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

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE | TMROIF INTOIF RBIF (Note 4)
PIR1 PsPIF() ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | (Note 4)
PIE1 PsPIE(M) ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | (Note 4)
IPR1 PsPIp() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | (Note 4)
PIR2 OSCFIF CMIF — EEIF BCLIF | HLVDIF | TMR3IF | CCP2IF (Note 4)
PIE2 OSCFIE CMIE — EEIE BCLIE | HLVDIE | TMR3IE | CCP2IE | (Note 4)
IPR2 OSCFIP CMIP — EEIP BCLIP | HLVDIP | TMR3IP | CCP2IP | (Note 4)
ADRESH | A/D Result Register High Byte (Note 4)
ADRESL | A/D Result Register Low Byte (Note 4)
ADCONO — — CHS3 CHS2 CHS1 | CHSO |GO/DONE| ADON | (Note 4)
ADCON1 — — VCFG1 VCFGO PCFG3 | PCFG2 PCFG1 PCFGO (Note 4)
ADCON2 ADFM — ACQT2 | ACQT1 | ACQTO | ADCS2 | ADCS1 | ADCSO | (Note 4)
PORTA RA7(2 RA6(2) RA5 RA4 RA3 RA2 RA1 RAO (Note 4)
TRISA TRISA7(?) |TRISA6(®) |PORTA Data Direction Control Register (Note 4)
PORTB RB7 RB6 RB5 | RB4 RB3 | RB2 | RBM RBO | (Note4)
TRISB PORTB Data Direction Control Register (Note 4)
LATB PORTB Data Latch Register (Read and Write to Data Latch) (Note 4)
PORTE" — — — — RE3() RE2 RE1 REO (Note 4)
TRISE(" IBF OBF IBOV |PSPMODE| — | TRISE2 | TRISE1 | TRISEO | (Note 4)
LATE( — — — — —  |PORTE Data Latch Register (Note 4)
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: These registers and/or bits are not implemented on PIC18F2423/2523 devices and are read as ‘0.

2: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary

oscillator modes. When disabled, these bits read as ‘0’.
3: RES3 port bit is available only as an input pin when the MCLRE Configuration bit is ‘0.
4: For these Reset values, see Section 4.0 “Reset” of the “PIC18F2420/2520/4420/4520 Data Sheet”

(DS39631).
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3.0 SPECIAL FEATURES OF THE 3.1 Device ID Registers
CPU

The Device ID registers are read-only registers. They

; = - . ; identify the device type and revision for device pro-
Note: Fpr additional det_alls on thf Con_f|gurat_|on grammers and can be read by firmware using table
bits, refer to Section 23.1 “Configuration reads
Bits” in the “PIC18F2420/2520/4420/4520 '
Data Sheet” (DS39631). Device ID informa-
tion presented in this section is for the
PIC18F2423/2523/4423/4523 devices only.
TABLE 3-1: DEVICE IDs
Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed
Value
3FFFFEh |DEVID1™M | DEV3 | DEV2 | DEV1 DEVO REV3 REV2 REV1 REVO xxxx xxxx@
3FFFFFh |DEVID2(" | DEV11 | DEV10 | DEV9 | DEV8 DEV7 DEV6 DEV5 DEV4 xxxx xxxx?@

Legend: x =unknown, u = unchanged, — = unimplemented. Shaded cells are unimplemented, read as ‘0.
Note 1: DEVID registers are read-only and cannot be programmed by the user.
2: See Register 3-1 and Register 3-2 for DEVID1 and DEVID2 values.

REGISTER 3-1: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F2423/2523/4423/4523

R R R R R R R R
DEV3 DEV2 DEV1 DEVO REV3 REV2 REV1 REVO
bit 7 bit 0
Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-4 DEV<3:0>: Device ID bits

1101 = PIC18F4423
1001 = PIC18F4523
0101 = PIC18F2423
0001 = PIC18F2523
bit 3-0 REV<3:0>: Revision ID bits
These bits are used to indicate the device revision.
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REGISTER 3-2: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F2423/2523/4423/4523

R R R R R R R R
DEV11() DEV10(" DEVO( DEVS(" DEV7( DEVe6(! DEV5(! DEV4(!
bit 7 bit 0

Legend:

R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-0 DEV<11:4>: Device ID bits(!)

These bits are used with the DEV<3:0> bits in Device ID Register 1 to identify the part number.
0001 0001 = PIC18F2423/2523 devices
0001 0000 = PIC18F4423/4523 devices

Note 1: These values for DEV<11:4> may be shared with other devices. The specific device is always identified by
using the entire DEV<11:0> bit sequence.
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TABLE 4-1: A/D CONVERTER CHARACTERISTICS: PIC18F2423/2523/4423/4523 (INDUSTRIAL)
PIC18LF2423/2523/4423/4523 (INDUSTRIAL)
P;rsm Sym Characteristic Min Typ Max Units Conditions
AO1 NR Resolution — — 12 bit AVREF > 3.0V
A03 EIL Integral Linearity Error — <%1 +2.0 LSB | VDD = 3.0V |AVREF > 3.0V
— — 2.0 LSB | VDD =5.0V
A04 EDL Differential Linearity Error — <#1 +1.5/-1.0 LSB | VDD = 3.0V |AVREF > 3.0V
— — +1.5/-1.0 LSB |VDD=5.0V
A06 EoFF |Offset Error — <1 +5 LSB | VDD = 3.0V |AVREF > 3.0V
— — 13 LSB | VDD =5.0V
A07 EGN  |Gain Error — <1 +1.25 LSB | VDD =3.0V |AVREF > 3.0V
— — +2.00 LSB | VDD =5.0V
A10 — Monotonicity Guaranteed(!) — Vss < VAN < VREF
A20 AVREF |Reference Voltage Range 3 — VDD — Vss \% For 12-bit resolution.
(VREFH — VREFL)
A21 VREFH | Reference Voltage High Vss + 3.0V — VDD + 0.3V \Y For 12-bit resolution.
A22 VREFL |Reference Voltage Low Vss - 0.3V — VDD - 3.0V \Y For 12-bit resolution.
A25 VAIN | Analog Input Voltage VREFL — VREFH \Y
A30 ZAIN  |Recommended — — 25 kQ
Impedance of Analog
Voltage Source
A50 IREF | VREF Input Current(® — — 5 pA During VAIN acquisition.
— — 150 LA During A/D conversion
cycle.
Note 1: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.

2:

the RA2/AN2/VREF-/CVREF pin or Vss, whichever is selected as the VREFL source.

VREFH current is from the RA3/AN3/VREF+ pin or VDD, whichever is selected as the VREFH source. VREFL current is from
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision A (June 2006)

Original data sheet for PIC18F2423/2523/4423/4523

devices.

Revision B (January 2007)

This revision includes updates to the packaging

diagrams.

Revision C (September 2009)

Electrical specifications updated. Preliminary condition
status removed. Converted document to the “mini data

sheet” format.

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 PIC18F2423 PIC18F2523 PIC18F4423 PIC18F4523

Program Memory (Bytes) 16384 32768 16384 32768

Program Memory (Instructions) 8192 16384 8192 16384

Interrupt Sources 19 19 20 20

1/0 Ports Ports A, B, C, (E) | Ports A,B,C, (E) | PortsA,B,C,D,E | Ports A,B,C,D, E

Capture/Compare/PWM Modules 2 2 1 1

Enhanced 0 0 1 1

Capture/Compare/PWM Modules

Parallel Communications (PSP) No No Yes Yes

12-Bit Analog-to-Digital Module 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels

Packages 28-Pin PDIP 28-Pin PDIP 40-Pin PDIP 40-Pin PDIP
28-Pin SOIC 28-Pin SOIC 44-Pin TQFP 44-Pin TQFP
28-Pin QFN 28-Pin QFN 44-Pin QFN 44-Pin QFN

© 2009 Microchip Technology Inc.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Temperature Range

Package

Pattern

PART NO. _|)§ Q(% XXX
Device Temperature Package Pattern
Range
Device PICc18F2423"), pICc18F2523(M), PIC18F4423T2),

PIC18F4523T(2);

VDD range 4.2V to 5.5V
PIC18F2423() PIC18F2523(M), PIC18F4423T(2),
PIC18F4523T(2):

VDD range 2.0V to 5.5V

| -40°Cto +85°C  (Industrial)
E

-40°C to +125°C  (Extended)
PT = TQFP (Thin Quad Flat pack)
ML = QFN
SO = SOIC
SP = Skinny Plastic DIP
P = PDIP

QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a) PIC18F4523-I/P 301 = Industrial temp., PDIP
package, Extended VDD limits, QTP pattern
#301.

b)  PIC18F4523-I/PT = Industrial temp., TQFP
package, Extended VDD limits.

c) PIC18F4523-E/P = Extended temp., PDIP
package, normal VDD limits.

Note 1: F = Standard Voltage Range
LF = Wide Voltage Range
2 T = Intape and reel PLCC, and TQFP

packages only.
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