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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"

Obsolete
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8-Bit
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12C, SPI, UART/USART, USB
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
35

24KB (12K x 16)

FLASH

256 x 8

2K x 8

4.2V ~ 5.5V

A/D 13x12b

Internal

-40°C ~ 85°C (TA)
Surface Mount

44-TQFP

44-TQFP (10x10)
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PIC18F2458/2553/4458/4553

Pin Diagrams

28-Pin SPDIP, SOIC

(o]
MCLR/VPP/RE3 — |1 ~ 28[ ] < RB7/KBI3/PGD
RAO/ANO <—[]2 27[] <— RB6/KBI2/PGC
RA1/AN1 =— [|3 26| ] <—= RB5/KBI1/PGM
RA2/AN2/VREF-ICVREF =—= |4 25[ ] <— RB4/AN11/KBIO
RA3/AN3/VREF+ <[5 @ 24| ] <— RB3/AN9/cCP2(W)VPO
RA4/TOCKI/C1OUT/RCV <—[|6 9 23[] = RB2/AN8/INT2/VMO
RAS5/AN4/SS/HLVDIN/C20UT =—=[|7 L L 22[] < RB1/AN10/INT1/SCK/SCL
Vss —=[8 e 21[] =— RBO/AN12/INTO/FLTO/SDI/SDA
osc1/cLKl —=[]9 SRS 20[] <— VoD
0SC2/CLKO/RA6 =—— []10 oo 19[ ] <~— Vss
RCO/T10SO/T13CKI =—= |11 18[] =—= RC7/RX/DT/SDO
RC1/T10SI/CCP2/UOE <— [ 12 17[] =— RC6/TX/CK
RC2/CCP1 =—= [|13 16[ ] =—= RC5/D+/VP
Vuse <-—>[ |14 15[ ] <—= RC4/D-VM
40-Pin PDIP
__ ° |/
MCLR/VPP/RE3 — [] 1 40 [1 =— RB7/KBI3/PGD
RAO/ANO <—[]] 2 39 [1 =— RB6/KBI2/PGC
RAT/AN1 <—[] 3 38 [1 =<— RB5/KBI1/PGM
RA2/AN2/VREF-/CVREF <—[] 4 37 [1 =— RB4/AN11/KBIO/CSSPP
RA3/AN3/VREF+ <—[] 5 36 [1 =— RB3/AN9/CCP2(W)/VPO
RA4/TOCKI/C1OUT/RCY <—[] 6 35 [] <— RB2/AN8/INT2/VMO
RA5/AN4/SS/HLVDIN/C20UT <—[] 7 34 [] =— RB1/AN10/INT1/SCK/SCL
REO/AN5/CK1SPP <—[| 8 3 33 [1 <— RBO/AN12/INTO/FLTO/SDI/SDA
RE1/AN6/CK2SPP <—[] 9 IQ 32 [1 =—— VDD
RE2/AN7/OESPP <—[] 10 L L 31 [0 <—Vss
Voo — [ 11 xX® 30 [1 =<— RD7/SPP7/P1D
Vss — =[] 12 (SRS 29 [] <— RD6/SPP6/P1C
OSC1/CLKI — [ 13 oo 28 [] =<— RD5/SPP5/P1B
OSC2/CLKO/RA6 =——[] 14 27 [ <— RD4/SPP4
RCO/T10SO/T13CKI <—[] 15 26 [1 =— RC7/RX/DT/SDO
RC1/T10SI/CCP2(/JUOE <—[] 16 25 [1 =— RC6/TX/CK
RC2/CCP1/P1A <— [ 17 24 [] <—> RC5/D+/VP
VusB <—»[] 18 23 [] =— RC4/D-VM
RDO/SPP0 <—»[] 19 22 [1 <—> RD3/SPP3
RD1/SPP1 <—[] 20 21 [] =— RD2/SPP2

Note 1: RB3 is the alternate pin for CCP2 multiplexing.
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PIC18F2458/2553/4458/4553

1.0 DEVICE OVERVIEW

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

+ PIC18F2458
+ PIC18F2553

+ PIC18F4458
» PIC18F4553

Note: This data sheet documents only the
devices’ features and specifications that are
in addition to the features and specifica-
tions of the PIC18F2455/2550/4455/4550
devices. For information on the features
and specifications shared by
the PIC18F2458/2553/4458/4553 and
PIC18F2455/2550/4455/4550 devices,
see the “PIC18F2455/2550/4455/4550
Data Sheet” (DS39632).

The PIC18F4553 family of devices offers the advan-
tages of all PIC18 microcontrollers — namely, high
computational performance at an economical price —
with the addition of high-endurance, Enhanced Flash
program memory. In addition to these features, the
PIC18F4553 family introduces design enhancements
that make these microcontrollers a logical choice for
many high-performance, power sensitive applications.

1.1 Special Features

» 12-Bit A/D Converter: The PIC18F4553 family
implements a 12-bit A/D Converter. The A/D
Converter incorporates programmable acquisi-
tion time. This allows for a channel to be selected
and a conversion to be initiated, without waiting
for a sampling period and thus, reducing code
overhead.

1.2 Details on Individual Family
Members

The PIC18F2458/2553/4458/4553 devices are
available in 28-pin and 40/44-pin 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 the
following ways:

1. Flash program memory (24 Kbytes for
PIC18F X458 devices, 32 Kbytes for
PIC18FX553).

2. A/D channels (10 for 28-pin devices, 13 for
40-pin and 44-pin devices).

3. /O ports (3 bidirectional ports and 1 input only
port on 28-pin devices, 5 bidirectional ports on
40-pin and 44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have two standard CCP
modules, 40-pin and 44-pin devices have one
standard CCP module and one ECCP module).

5. Streaming Parallel Port (present only on
40/44-pin devices).

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

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Members of the PIC18F4553 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an “F” in the part number (such as PIC18F2458),
accommodate an operating VDD range of 4.2V to 5.5V.
Low-voltage parts, designated by “LF” (such as
PIC18LF2458), function over an extended VDD range
of 2.0V to 5.5V.

© 2009 Microchip Technology Inc.
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PIC18F2458/2553/4458/4553

TABLE 1-1: DEVICE FEATURES

Features PIC18F2458 PIC18F2553 PIC18F4458 PIC18F4553
Operating Frequency DC — 48 MHz DC — 48 MHz DC - 48 MHz DC - 48 MHz
Program Memory (Bytes) 24576 32768 24576 32768
Program Memory 12288 16384 12288 16384
(Instructions)
Data Memory (Bytes) 2048 2048 2048 2048
Data EEPROM Memory 256 256 256 256
(Bytes)
Interrupt Sources 19 19 20 20
1/0 Ports Ports A, B, C, (E) | PortsA,B,C,(E) | PortsA,B,C,D,E | Ports A,B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM 2 2 1 1
Modules
Enhanced Capture/ 0 0 1 1
Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,

Enhanced USART

Enhanced USART

Enhanced USART

Enhanced USART

Universal Serial Bus (USB)
Module

1

1

1

1

Streaming Parallel Port (SPP)

No

No

Yes

Yes

12-Bit Analog-to-Digital
Converter Module

10 Input Channels

10 Input Channels

13 Input Channels

13 Input Channels

Comparators

2

2

2

2

Resets (and Delays)

POR, BOR, WDT,
RESET Instruction,
Stack Full, Stack
Underflow, MCLR

POR, BOR, WDT,
RESET Instruction,
Stack Full, Stack
Underflow, MCLR

POR, BOR, WDT,
RESET Instruction,
Stack Full, Stack
Underflow, MCLR

POR, BOR, WDT,
RESET Instruction,
Stack Full, Stack
Underflow, MCLR

Reset

(optional), (optional), (optional), (optional),
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Programmable High/ Yes Yes Yes Yes
Low-Voltage Detect
Programmable Brown-out Yes Yes Yes Yes

Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

10-Bit A/D

Enabled Enabled Enabled Enabled
Packages 28-Pin SPDIP 28-Pin SPDIP 40-Pin PDIP 40-Pin PDIP
28-Pin SOIC 28-Pin SOIC 44-Pin QFN 44-Pin QFN
44-Pin TQFP 44-Pin TQFP
Corresponding Devices with PIC18F2455 PIC18F2550 PIC18F4455 PIC18F4550

DS39887C-page 8
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PIC18F2458/2553/4458/4553

TABLE 1-2: PIC18F2458/2553 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin
Number | p;:
Pin Name TPm BTuffer Description
SPDIP, | 'YPe | Type
SoiC
PORTA is a bidirectional 1/0O port.

RAO/ANO 2

RAO /0 TTL Digital 1/0.

ANO | Analog Analog input 0.
RA1/AN1 3

RA1 /0 TTL Digital 1/0.

AN1 | Analog Analog input 1.
RA2/AN2/VREF-/CVREF 4

RA2 /0 TTL Digital 1/0.

AN2 | Analog Analog input 2.

VREF- | Analog A/D reference voltage (low) input.

CVREF O | Analog Analog comparator reference output.
RA3/AN3/VREF+ 5

RA3 110 TTL Digital I/0.

AN3 | Analog Analog input 3.

VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI/C10OUT/RCV 6

RA4 110 ST Digital I/0.

TOCKI | ST TimerQ external clock input.

cC10UT (0] — Comparator 1 output.

RCV | TTL External USB transceiver RCV input.
RA5/AN4/SS/ 7
HLVDIN/C20UT

RAS5 /0 TTL Digital 1/0.

AN4 | Analog Analog input 4.

SS | TTL SPI slave select input.

HLVDIN | Analog High/Low-Voltage Detect input.

C20uUT 0] — Comparator 2 output.
RA6 — — — See the OSC2/CLKO/RAG pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input

O = Output

P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

DS39887C-page 12
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PIC18F2458/2553/4458/4553

TABLE 1-3: PIC18F4458/4553 PINOUT 1/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin |Buffer -
Pin Name Description
PDIP | QFN |TQFP | TyPe | Type
PORTA is a bidirectional I/O port.
RAO/ANO 2 19 19
RAO /O | TTL Digital 1/0.
ANO | |Analog| Analog input 0.
RA1/AN1 3 20 20
RA1 /O | TTL Digital 1/0.
ANA1 | |Analog| Analog input 1.
RA2/AN2/VREF-/ 4 21 21
CVREF
RA2 /O | TTL Digital 1/0.
AN2 | |Analog| Analog input 2.
VREF- I |Analog| A/D reference voltage (low) input.
CVREF O |Analog| Analog comparator reference output.
RA3/AN3/VREF+ 5 22 22
RA3 /O | TTL Digital 1/0.
AN3 I |Analog| Analog input 3.
VREF+ I |Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT/ 6 23 23
RCV
RA4 I/0 ST Digital 1/0.
TOCKI | ST TimerQ external clock input.
c10UT (0] — Comparator 1 output.
RCV | TTL External USB transceiver RCV input.
RA5/AN4/SS/ 7 | 24 | 24
HLVDIN/C20UT
RAS5 /O | TTL Digital 1/0.
AN4 | |Analog| Analog input4.
SS | TTL SPI slave select input.
HLVDIN I |Analog| High/Low-Voltage Detect input.
Cc20uT 0] — Comparator 2 output.
RA6 — — — — — See the OSC2/CLKO/RAG pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O =Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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PIC18F2458/2553/4458/4553

TABLE 1-3: PIC18F4458/4553 PINOUT 1/0O DESCRIPTIONS (CONTINUED)

Pin Name Description

Pin Number Pin | Buffer

PDIP | QFN |TQFP | TyPe | Type

RBO/AN12/INTO/ 33 9 8
FLTO/SDI/SDA
RBO /O | TTL Digital 1/0.
AN12 I |Analog| Analog input 12.
INTO | ST External interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP1 module).
SDI | ST SPI data in.
SDA /o | ST I2C™ data /0.
RB1/AN10/INT1/SCK/ 34 10 9
SCL
RB1 /O | TTL Digital 1/0.
AN10 | |Analog| Analog input 10.
INT1 | ST External interrupt 1.
SCK I/O ST Synchronous serial clock input/output for SPI mode.
SCL I/0 ST Synchronous serial clock input/output for 12C mode.
RB2/ANS8/INT2/VMO 35 11 10
RB2 /O | TTL Digital 1/0.
ANS8 I |Analog| Analog input 8.
INT2 | ST External interrupt 2.
VMO (0] — External USB transceiver VMO output.

RB3/AN9/CCP2/VPO 36 12 1

RB3 /O | TTL Digital 1/0.

AN9 | |Analog| Analog input 9.

ccp2 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output.
VPO 0] — External USB transceiver VPO output.

RB4/AN11/KBIO/CSSPP| 37 14 14

PORTB is a bidirectional I/0 port. PORTB can be soft-
ware programmed for internal weak pull-ups on all inputs.

RB4 /O | TTL Digital 1/0.

AN11 | |Analog| Analog input 11.

KBIO | TTL Interrupt-on-change pin.

CSSPP 0] — SPP chip select control output.
RB5/KBI1/PGM 38 15 15

RB5 /O | TTL Digital 1/0.

KBI1 | TTL Interrupt-on-change pin.

PGM I/0 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39 16 16

RB6 /O | TTL Digital 1/0.

KBI2 | TTL Interrupt-on-change pin.

PGC I/0 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 17

RB7 /O | TTL Digital 1/0.

KBI3 | TTL Interrupt-on-change pin.

PGD I/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 | = Input
O =Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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PIC18F2458/2553/4458/4553

TABLE 1-3: PIC18F4458/4553 PINOUT 1/0O DESCRIPTIONS (CONTINUED)

. Pin Number Pin |Buffer -
Pin Name T T Description
PDIP | QFN | TQFP | 'YPe | lype
PORTD is a bidirectional 1/0 port or a Streaming
Parallel Port (SPP). PORTD can be software
programmed for internal weak pull-ups on all inputs.
These pins have TTL input buffers when the SPP
module is enabled.
RDO/SPPO 19 38 38
RDO I/0 ST Digital 1/0.
SPPO /O | TTL Streaming Parallel Port data.
RD1/SPP1 20 39 39
RD1 I/0 ST Digital 1/0.
SPP1 /O | TTL Streaming Parallel Port data.
RD2/SPP2 21 40 40
RD2 I/0 ST Digital 1/0.
SPP2 /O | TTL Streaming Parallel Port data.
RD3/SPP3 22 41 41
RD3 I/0 ST Digital 1/0.
SPP3 /O | TTL Streaming Parallel Port data.
RD4/SPP4 27 2 2
RD4 I/0 ST Digital 1/0.
SPP4 /O | TTL Streaming Parallel Port data.
RD5/SPP5/P1B 28 3 3
RD5 I/0 ST Digital 1/0.
SPP5 /O | TTL Streaming Parallel Port data.
P1B (0] — ECCP1 PWM output, channel B.
RD6/SPP6/P1C 29 4 4
RD6 I/0 ST Digital 1/0.
SPP6 /O | TTL Streaming Parallel Port data.
P1C (0] — ECCP1 PWM output, channel C.
RD7/SPP7/P1D 30 5 5
RD7 I/0 ST Digital 1/0.
SPP7 /O | TTL Streaming Parallel Port data.
P1D (0] — ECCP1 PWM output, channel D.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O =Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

© 2009 Microchip Technology Inc. DS39887C-page 19



PIC18F2458/2553/4458/4553

2.0 12-BIT ANALOG-TO-DIGITAL

CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has
10 inputs for the 28-pin devices and 13 for the 40-pin
and 44-pin devices. This module allows conversion of an
analog input signal to a corresponding 12-bit digital
number.

The module has five registers:

» A/D Result High Register (ADRESH)
» A/D Result Low Register (ADRESL)
» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Control Register 2 (ADCON2)

REGISTER 2-1:

The ADCONO register, shown in Register 2-1, controls
the operation of the A/D module. The ADCON1
register, shown in Register 2-2, configures the
functions of the port pins. The ADCON2 register,
shown in Register 2-3, configures the A/D clock
source, programmed acquisition time and justification.

ADCONO: A/D CONTROL REGISTER 0

u-0 u-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0

CHS3 CHS2

CHS1 CHSO GO/DONE ADON

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 7-6
bit 5-2

Unimplemented: Read as ‘0’
CHS3:CHSO0: Analog Channel Select bits
0000 = Channel 0 (ANO)

0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)(1:2)
0110 = Channel 6 (AN6)1-2)
0111 = Channel 7 (AN7)(1:2)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12
1101 = Unimplemented(®
1110= Unimplemented(z)
1111 = Unimplemented(z)

GO/DONE: A/D Conversion Status bit
When ADON = 1:

1 = A/D conversion in progress

0 =A/D Idle

ADON: A/D On bit

1 = A/D Converter module is enabled
0 = A/D Converter module is disabled

bit 1

bit 0

Note 1: These channels are not implemented on 28-pin devices.
2: Performing a conversion on unimplemented channels will return a floating input measurement.

© 2009 Microchip Technology Inc. DS39887C-page 21



PIC18F2458/2553/4458/4553

REGISTER 2-3: = ADCONZ2: A/D CONTROL REGISTER 2

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’
bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits

111 =20 TAD
110 =16 TAD
101 =12 TAD
100 =8 TAD
011 =6 TAD
010 =4 TAD
001 =2 TAD

bit 2-0

Note 1:

000 =0 TaD(™

ADCS2:ADCSO0: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)(")
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = FRC (clock derived from A/D RC oscillator)")
010 = Fosc/32

001 = Fosc/8

000 = Fosc/2

If the A/D FRc clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.

© 2009 Microchip Technology Inc.
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PIC18F2458/2553/4458/4553

2.1 A/D Acquisition Requirements

For the A/D Converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 2-3. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD). The

To calculate the minimum acquisition time, Equation 2-1
may be used. This equation assumes that 1/2 LSb error
is used (4096 steps for the 12-bit A/D). The 1/2 LSb error
is the maximum error allowed for the A/D to meet its
specified resolution.

Example 2-3 shows the calculation of the minimum
required acquisition time, TAcQ. This calculation is
based on the following application system
assumptions:

source impedance affects the offset voltage at the ana- CHoLD = 25pF
log input (due to pin leakage current). The maximum Rs = 25kQ
recommended impedance for analog sources is Conversion Error < 1/2LSb
2.5 kQ. After the analog input channel is selected VDD = 3V —>Rss=4kQ
(changed), the channel must be sampled for at least Temperature = 85°C (system max.)
the minimum acquisition time before starting a
conversion.
Note: When the conversion is started, the
holding capacitor is disconnected from the
input pin.
EQUATION 2-1: ACQUISITION TIME
TacQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient
= TAMP + Tc + TCOFF
EQUATION 2-2: A/D MINIMUM CHARGING TIME
VHOLD =  (VREF — (VREF/4096)) « (1 — (-TC/CHOLD(RIC + RsS + Rs)),
or
Tc = -(CHOLD)(RIC + RSS + RS) In(1/4096)

EQUATION 2-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME
TacQ = TAMP + TC + TCOFF
TamMp = 02pus
TCOFF = (Temp — 25°C)(0.02 ps/°C)
(85°C —25°C)(0.02 us/°C)
1.2 us
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ps.
TC = -(CHOLD)(RIC + Rss + RS) In(1/4096) ps
-(25 pF) (1 kQ +4 kQ + 2.5 kQ) In(0.0002441) us
1.56 ps
TACQ = 02 us+ 1.56 us+ 1.2 us
2.96 us

DS39887C-page 26

© 2009 Microchip Technology Inc.



PIC18F2458/2553/4458/4553

2.2 Selecting and Configuring

Acquisition Time

The ADCON2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set. It also gives users the option to use an
automatically determined acquisition time.

Acquisition time may be set with the ACQT2:ACQTO
bits (ADCON2<5:3>), which provides a range of 2 to
20 TaD. When the GO/DONE bit is set, the A/D module
continues to sample the input for the selected acquisi-
tion time, then automatically begins a conversion.
Since the acquisition time is programmed, there may
be no need to wait for an acquisition time between
selecting a channel and setting the GO/DONE bit.

Manual acquisition is selected when
ACQT2:ACQTO = 000. When the GO/DONE bit is set,
sampling is stopped and a conversion begins. The user
is responsible for ensuring the required acquisition time
has passed between selecting the desired input
channel and setting the GO/DONE bit. This option is
also the default Reset state of the ACQT2:ACQTO bits
and is compatible with devices that do not offer
programmable acquisition times.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended or
if the conversion has begun.

2.3 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 13 TAD per 12-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

* 2Tosc

* 4 Tosc

» 8 Tosc

* 16 Tosc

* 32 Tosc

* 64 Tosc

* Internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TAD) must be as short as possible, but greater than the

minimum TAD (see parameter 130 for more
information).

Table 2-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 2-1: TAD vs. DEVICE OPERATING FREQUENCIES
A/D Clock Source (TAD) Assumes TAD Min. = 0.8 us
Operation ADCS2:ADCS0 Maximum Fosc

2 Tosc 000 2.50 MHz
4 Tosc 100 5.00 MHz

8 Tosc 001 10.00 MHz
16 Tosc 101 20.00 MHz
32 Tosc 010 40.00 MHz
64 Tosc 110 48.00 MHz

RC x11 1.00 MHz(2)

Note 1: The RC source has a typical TAD time of 2.5 ps.

2: For device frequencies above 1 MHz, the device must be in Sleep for the entire conversion or a FOsc
divider should be used instead; otherwise, the A/D accuracy specification may not be met.

© 2009 Microchip Technology Inc.
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24 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 ADCS2:ADCSO0 bits in
ADCON2 should be updated in accordance with the
clock source to be used. The ACQT2:ACQTO bits do
not need to be adjusted as the ADCS2:ADCSO0 bits
adjust the TAD time for the new clock speed. After
entering the mode, an A/D acquisition or conversion
may be started. Once started, the device should
continue to be clocked by the same clock source until
the conversion has been completed.

If desired, the device may be placed into the
corresponding Idle mode during the conversion. If the
device clock frequency is less than 1 MHz, the A/D RC
clock source should be selected.

Operation in Sleep mode requires the A/D FRc 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 bit
(OSCCON<7>) must have already been cleared prior
to starting the conversion.

2.5 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). Analog con-
version on pins configured as digital pins
can be performed. The voltage on the pin
will be accurately converted.

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

3: The PBADEN bit in Configuration
Register 3H configures PORTB pins to
reset as analog or digital pins by control-
ling how the PCFG3:PCFGO bits in

ADCONT1 are reset.
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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
CCP2M3:CCP2MO0 bits (CCP2CON<3:0>) be pro-
grammed 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 (firmware must move 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 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 2-2: REGISTERS ASSOCIATED WITH A/D OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Values
on Page:

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF )
PIR1 sppPIF( ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF )
PIE1 SPPIE™M | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE “)
IPR1 sPrPIP(M | ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP )
PIR2 OSCFIF CMIF USBIF EEIF BCLIF | HLVDIF | TMR3IF | CCP2IF )
PIE2 OSCFIE | CMIE USBIE EEIE BCLIE | HLVDIE | TMR3IE | CCP2IE “)
IPR2 OSCFIP | CMIP USBIP EEIP BCLIP | HLVDIP | TMR3IP | CCP2IP )
ADRESH | A/D Result Register High Byte ()
ADRESL | A/D Result Register Low Byte “)
ADCONO — — CHS3 CHS2 CHS1 CHSO |GO/DONE| ADON 21
ADCON/1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 22
ADCON2 | ADFM — ACQT2 | ACQT1 | ACQTO | ADCS2 | ADCS1 | ADCSO 23
PORTA — RA6( RA5 RA4 RA3 RA2 RA1 RAO )
TRISA — TRISA6(® |PORTA Data Direction Control Register “)
PORTB RB7 RB6 RB5 | RB4 RB3 | RB2 RB1 RBO “
TRISB  |PORTB Data Direction Control Register ()
LATB PORTB Data Latch Register (Read and Write to Data Latch) “)
PORTE(" | RDPU — — — RE3(®) | Re2(1) RE1(™ | Reo™ )
TRISE( — — — — — TRISE2 | TRISE1 | TRISEO )
LATE( — — — — —  |PORTE Data Latch Register “)
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 28-pin devices and are read as ‘0’.

2: RAG6 and its associated latch and data direction bits are enabled as 1/O pins based on oscillator configuration;

otherwise, they are read as ‘0’.
3: RE3 port bit is available only as an input pin when the MCLRE Configuration bit is ‘0’.
4: For these Reset values, see the “PIC18F2455/2550/4455/4550 Data Sheet’.
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REGISTER 3-1: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F2458/2553/4458/4553 DEVICES

R R R R R R R R
DEV2 DEV1 DEVO REV4 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 7-5 DEV2:DEVO: Device ID bits
See Register 3-2 for a complete listing.
bit 4-0 REV3:REVO0: Revision ID bits

These bits are used to indicate the device revision.

REGISTER 3-2: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F2458/2553/4458/4553 DEVICES

R R R R R R R R
DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3
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 DEV10:DEV3: Device ID bits
DEV10:DEV3 DEV2:DEV0 .
Device
(DEVID2<7:0>) (DEVID1<7:5>)
0010 1010 011 PIC18F2458
0010 1010 010 PIC18F2553
0010 1010 001 PIC18F4458
0010 1010 000 PIC18F4553
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FIGURE 4-1: PIC18F2458/2553/4458/4553 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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FIGURE 4-2: PIC18LF2458/2553/4458/4553 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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For 2.0V < VDD < 4.2V: FMAX = (16.36 MHZz/V) (VDDAPPMIN — 2.0V) + 4 MHz
For 4.2V <VDD: FMAX = 48 MHz

Note: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
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NOTES:
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APPENDIX C: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442”. The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.

APPENDIX D: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and
differences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18CXXX Migration”.

This Application Note is available as Literature Number
DS00726.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com

© 2009 Microchip Technology Inc.
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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: PIC18F2458/2553/4458/4553 Literature Number: DS39887C
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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PRODUCT IDENTIFICATION SYSTEM

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

PART NO. X XX XXX
'|' —|— —|— Examples:
Device Temperature Package Pattern a)  PIC18LF4553-I/P 301 = Industrial temp., PDIP

Range ggglﬁage, Extended VDD limits, QTP pattern

b)  PIC18LF2458-/SO = Industrial temp., SOIC

package, Extended VDD limits.
Device PIC18F2458/2553(1), PIC18F4458/4553("), )  PIC18F4458-I/P = Industrial temp., PDIP
PIC18F2458/2553T(), PIC18F4458/4553T(2); package, normal VDD limits.

VDD range 4.2V to 5.5V
PIC18LF2458/2553™, PIC18LF4458/4553(1),
PIC18LF2458/2553T@), PIC18LF4458/4553T();

VDD range 2.0V to 5.5V

Temperature Range | -40°C to +85°C (Industrial)

-40°C to +125°C (Extended)

Package gg = -Srgllzg (Thin Quad Flatpack) Note 1: F = Standard Voltage Range
SP = Skinny PDIP LF = Wide Voltage Range
p = PDIP 2: T = Intape andreel TQFP
ML = QFN packages only.

Pattern QTP, SQTP, Code or Special Requirements

(blank otherwise)
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