

https://www.e-xfl.com/product/pdf/pic18lf8390t-i-pt-4428491
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC18F6390/6490/8390/8490

Table of Contents

RO I T Tt @ 1YY SRR 7
2.0 Oscillator Configurations ... ... 31
3.0 Power-Managed Modes ....
40 ReSet..cccoceiiiciieiiiean,
5.0 MeMOTY OFGANIZATION ....coueiiitiiieie ettt ettt ettt ee e a et et e e et e e eh e eh et ea bt e eh et eh e st e e et et e e e et eh e e ettt et e e neen
6.0 FIaSh Program IMEIMOIY .........uiii ittt ettt oo et e ook et e 44kttt e 2k e a4 e e bt e e o s et et et e b ee e ek bbe e e s be e e eain e e eaanneeesnnneennes
7.0 8 x 8 Hardware Multiplier...
I 101 (= 4 (o] €O OO PO RSP RUP RO PTR VPP PPRP
9.0 1O POIS ..ottt h e Lo e bR Rt et nE e R e e R e e R ke eR et e ea ettt eh e e e ae e nae e nreas

10.0 TimerO Module
11.0 Timer1 Module
12.0 Timer2 Module
13.0 Timer3 Module

14.0 Capture/Compare/PWM (CCP) MOTUIES .........cccoiiiiiitiiiie ettt ettt et sttt et et e ae et e e et e e e naaeeneeens 147
15.0 Master Synchronous Serial Port (MSSP) MOAUIE ........coiuiiiiiiie ettt e e e enee e 157
16.0 Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART) ......cccoiiiiiiiiiiiiniieeeree e 197
17.0 Addressable Universal Synchronous Asynchronous Receiver Transmitter (AUSART) ......oooiiiiiiiiiiiie e 217
18.0 10-Bit Analog-to-Digital Converter (A/D) MOGUIE .........coouiiiiiiie ettt et e e e enee e e 231
19.0 ComMPArATOr MOGUIE.......c.eiiei ittt ettt ettt et e et e e b et eh e e et e eab e eh e e e et e st e e et e e et eaeeeat e e e e e s e e naneeneen 241
20.0 Comparator Voltage Reference Module... .. 247
21.0 High/Low-Voltage Detect (HLVD)................... .. 251
22.0 Liquid Crystal Display (LCD) Driver Module.... .. 257
23.0 Special Features Of the CPU ........c...ii ittt a e ea ettt s e ettt e e et et e e e bt e sreeeateenen e e bt eaneenne 281
24.0 INSTIUCHION SEE SUMIMAIY ...ttt e et a et e o ea et e ea et e e bt oo s b et e e st e e ea et e e sbe e e eanee e e bae e e nataeeenaneeas 295
25.0 Development Support .

b I = =Y (g Tor= L O 4T = Tor (=T o o7 SRR 349
27.0 DC and AC Characteristics Graphs and TabIES ........ccoiiiiiiiiiiiie et e e e e e e e e s st aeee e s ssbaeaeeeesesssnsaeeeaeeeeannnnees 387
28.0 Packaging INfOMMEatION. ... ....ooui ittt ettt ea e et eea e e o b e e eh e ettt et e e et e e e bt e nhaeeateenan e e aeeen e e e

APPENIX A REVISION HISTOTY ...ttt ettt ettt et e e bt et e et ee bt e bt e et e e et e et e e ebeeeabe e nareenteens
Appendix B: Device Differences .
Appendix C: ConVersion CONSIAEIALIONS ..........citiiiuiiiiiiitie ettt ettt ettt b ehee et et e e bt e te e et e e es e e nbeenateeebeesanenareeneeens
Appendix D: Migration from Baseline to ENhanced DEVICES ............couiiiiiiiiii ittt
Appendix E: migration from Mid-Range to Enhanced Devices
Appendix F: Migration from High-End to Enhanced Devices...
INAEX .

BT et o a1 o T AT = o JRS T1 (= PR PPUPERPON
Customer Change NOLIfICAtION SEIVICE ..........ooiiiiiiiiii ettt ettt et et e et e e e bt sbaeeateeneneeeaeeaaneeee
Customer Support........ccccecereieennenns

Reader RESPONSE .....ccoeeiiiiiiiiie et .
PIC18F6390/6490/8390/8490 Product Identification SYStEm ...........cooiiiiiiiiii e

DS39629C-page 4 © 2007 Microchip Technology Inc.



PIC18F6390/6490/8390/8490

TABLE 1-3: PIC18F8X90 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number | p:
Pin Name Pin | Buffer Description
TaFp  |Type| Type
PORTG is a bidirectional 1/O port.
RGO/SEG30 5
RGO I/0 ST Digital I/0.
SEG30 O | Analog SEG30 output for LCD.
RG1/TX2/CK2/SEG29 6
RG1 I/0 ST Digital I/0.
TX2 o — AUSART2 asynchronous transmit.
CK2 I/0 ST AUSART2 synchronous clock (see related RX2/DT2).
SEG29 O | Analog SEG29 output for LCD.
RG2/RX2/DT2/SEG28 7
RG2 I/0 ST Digital I/0.
RX2 | ST AUSART2 asynchronous receive.
DT2 I/0 ST AUSART2 synchronous data (see related TX2/CK2).
SEG28 O | Analog SEG28 output for LCD.
RG3/SEG27 8
RG3 I/0 ST Digital I/0.
SEG27 O | Analog SEG27 output for LCD.
RG4/SEG26 10
RG4 I/0 ST Digital I/0.
SEG26 O | Analog SEG26 output for LCD.
RG5 See MCLR/VPP/RGS pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.

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

© 2007 Microchip Technology Inc.
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NOTES:
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FIGURE 5-5: DATA MEMORY MAP FOR PIC18F6390/6490/8390/8490 DEVICES
BSR<3:0> Data Memory Map When a = 0:
The BSR is ignored and the
00h 000h Access Bank is used.
= 0000 _ Access RAM | g5, The first 128 bytes are
Bank 0 060h
GPR general purpose RAM
FFh OFFh (from Bank 0).
=0001 0on 100h The second 128 bytes are
Bank 1 GPR Special  Function  Registers
FFh 1FFh (from Bank 15).
=0010 00h 200h
> Bank 2 GPR When a =1:
FFh 2FFh The BSR specifies the bank
300h used by the instruction.
- 001t Bank 3
Access Bank
A RAM L oon
00098 T 2O s
Access RAM High| 60h
Unused (SFRs) FFh
to Read as 00h
- 1110 Bank 14
EFFh
=1111 00h | Unimplemented Fooh
L » Bank 15 - — — — — TFs0n Banked SFRs
SFR
FFh FFFh
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5.5 Program Memory and the
Extended Instruction Set

The operation of program memory is unaffected by the
use of the extended instruction set.

Enabling the extended instruction set adds five addi-
tional two-word commands to the existing PIC18
instruction set: ADDFSR, CALLW, MOVSF, MOVSS and
SUBFSR. These instructions are executed as described
in Section 5.2.4 “Two-Word Instructions”.

5.6 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing.
Specifically, the use of the Access Bank for many of the
core PIC18 instructions is different; this is due to the
introduction of a new addressing mode for the data
memory space. This mode also alters the behavior of
Indirect Addressing using FSR2 and its associated
operands.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect Addressing
with FSRO and FSR1 also remains unchanged.

5.6.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of Indirect Addressing using the FSR2
register pair and its associated file operands. Under the
proper conditions, instructions that use the Access
Bank — that is, most bit-oriented and byte-oriented
instructions — can invoke a form of Indexed Addressing
using an offset specified in the instruction. This special
addressing mode is known as Indexed Addressing with
Literal Offset, or Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

* The use of the Access Bank is forced (‘a’ = 0);
and

» The file address argument is less than or equal to
5Fh.

Under these conditions, the file address of the
instruction is not interpreted as the lower byte of an
address (used with the BSR in Direct Addressing), or
as an 8-bit address in the Access Bank. Instead, the
value is interpreted as an offset value to an Address
Pointer specified by FSR2. The offset and the contents
of FSR2 are added to obtain the target address of the
operation.

5.6.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use Direct
Addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set. Instruc-
tions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they use the Access Bank (Access
RAM bitis ‘1), or include a file address of 60h or above.
Instructions meeting these criteria will continue to
execute as before. A comparison of the different
possible addressing modes when the extended
instruction set is enabled is shown in Figure 5-8.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 24.2.1
“Extended Instruction Syntax”.

DS39629C-page 84
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REGISTER 8-11: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 R/W-1 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP CMIP — — BCLIP HLVDIP TMR3IP CCP2IP
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 CMIP: Comparator Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5-4 Unimplemented: Read as ‘0’
bit 3 BCLIP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority

© 2007 Microchip Technology Inc. DS39629C-page 105
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TABLE 9-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 62
LATC LATC Data Output Register 62
TRISC PORTC Data Direction Register 62
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SES8 64

Legend: Shaded cells are not used by PORTC.

© 2007 Microchip Technology Inc. DS39629C-page 117
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TABLE 9-13: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Re:ﬁtp\g:es
TRISF PORTF Data Direction Register 62
PORTF Read PORTF Data Latch/Write PORTF Data Latch 62
LATF LATF Data Output Register 62
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 61
CMCON C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 61
CVRCON CVREN | CVROE | CVRR | CVRSS | CVR3 CVR2 CVR1 CVRO 61
LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 64
LCDSE3 SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 64
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTF.
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14.4.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRZ2L register and to the CCP2CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR2L contains
the eight MSbs and the CCP2CON<5:4> bits contain
the two LSbs. This 10-bit value is represented by
CCPR2L:CCP2CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

EQUATION 14-2:

PWM Duty Cycle = (CCPR2L:CCP2CON<5:4>) »
Tosc * (TMR2 Prescale Value)

CCPR2L and CCP2CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR2H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR2H is a read-only register.

The CCPR2H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPR2H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP2 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 14-3:

PWM Resolution (max) = —————bits
0

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP2 pin will not be

cleared.

TABLE 14-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 14 12 10 8 7 6.58

DS39629C-page 154
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I2C™ SLAVE MODE TIMING WITH SEN = 1 (RECEPTION, 7-BIT ADDRESS)

FIGURE 15-13

$4N020 BuIyo}BIS %000

Jajsuely
SojeUIWID}
Jo)sew sng

pue ,0, 0} }8sa1 S| dMD 4no20 |1m Buiyojens
¥00|0 Y16 8y} Jo abpa 390[9 ou pue 0, 0}
Buijey joye 188 s Josal 8q jou [IIM MO
aIemyos HIE} 154839 $1 48 420J0 Y16 8u} Jo abpa
ur.T, 0} Buijre} ayy 0} Joud
usplm paleso si 49 4| J
dMO J '
m (<¥>LNOdSS) dMO
‘JuSs jJou sI MOV “lIng [13s ” _ m
SI 4N9dSS esnedsq : H _
188 8| >on_mm« ' : "
L Lo " (<9>INODdSS) AOdSS
P peaJ 51 4N9dSS -
BIBMYOS Ul paJERI) — ! H
: : _|_ (<0>1VLSdSS) 49

T = MOV @sneodaq
MoJ PISY 10U S1 300[0

: (<€>Lyld) IdSS

108

vas

ejeq Buinieoay

\T,0119S SI MO 3900 Ui6 0

13U MO| PIBY SI %90[D abpa Buijjey 0) Joud Jes|d
S1Iq (I} Jaynq asnedaq

MO| p|ay Jou s! %90|0

© 2007 Microchip Technology Inc.

DS39629C-page 178



PIC18F6390/6490/8390/8490

FIGURE 16-12:

SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX1/DT1 pin

RC6/TX1/CK1 pin

X

bit 0

X

bit 1

Xbitzgg

X

bit 6

X

bit 7

/_\5%/_\_/_\_

IXREG] "F?JS j )/ >/ .
TX1IF bit : (¢ :
! ))
TRMT bit 4| )( g |
‘C
TXEN bit ))

TABLE 16-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Reset
Name Bit7 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 59
PIR1 — ADIF RC1IF TX1IF SSPIF | CCP1IF | TMR2IF | TMR1IF 61
PIE1 — ADIE RC1IE TX1IE SSPIE | CCP1IE | TMR2IE | TMR1IE 61
IPR1 — ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 61
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 61
TXREG1 EUSART1 Transmit Register 61
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 61
BAUDCON1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 62
SPBRGH1 |EUSART1 Baud Rate Generator Register High Byte 62
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.

© 2007 Microchip Technology Inc.

DS39629C-page 213




PIC18F6390/6490/8390/8490

EUSART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of Sleep or any
Idle mode and bit, SREN, which is a “don’t care” in
Slave mode.

16.4.2

If receive is enabled by setting the CREN bit prior to
entering Sleep or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREGH1 register. If the RC1IE enable bit is set, the
interrupt generated will wake the chip from the
low-power mode. If the global interrupt is enabled, the
program will branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1.

ok owbn

Enable the synchronous master serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

If interrupts are desired, set enable bit, RC1IE.
If 9-bit reception is desired, set bit, RX9.

To enable reception, set enable bit, CREN.

Flag bit, RC1IF, will be set when reception is
complete. An interrupt will be generated if
enable bit, RC1IE, was set.

Read the RCSTA1 register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREGH1 register.

If any error occurred, clear the error by clearing
bit, CREN.

If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 16-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

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 59
PIR1 — ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 61
PIE1 — ADIE RC1IE TX1IE SSPIE | CCP1IE | TMR2IE | TMR1IE 61
IPR1 — ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 61
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 61
RCREG1 EUSART1 Receive Register 61
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 61
BAUDCON1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 62
SPBRGH1 |EUSART1 Baud Rate Generator Register High Byte 62
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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17.4.2 AUSART SYNCHRONOUS

SLAVE RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of Sleep, or any
Idle mode and bit SREN, which is a “don’t care” in
Slave mode.

If receive is enabled by setting the CREN bit prior to
entering Sleep, or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREG?2 register; if the RC2IE enable bit is set, the
interrupt generated will wake the chip from low-power
mode. If the global interrupt is enabled, the program will
branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1.

ok owbn

Enable the synchronous master serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

If interrupts are desired, set enable bit, RC2IE.
If 9-bit reception is desired, set bit, RX9.

To enable reception, set enable bit, CREN.

Flag bit, RC2IF, will be set when reception is
complete. An interrupt will be generated if
enable bit, RC2IE, was set.

Read the RCSTA2 register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREG?2 register.

If any error occurred, clear the error by clearing
bit, CREN.

If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 17-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION
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 59
PIR3 — LCDIF RC2IF TX2IF — — — — 61
PIE3 — LCDIE RC2IE TX2IE — — — — 61
IPR3 — LCDIP RC2IP TX2IP — — — — 61
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 63
RCREG2 AUSART2 Receive Register 63
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 63
SPBRG2 AUSART?2 Baud Rate Generator Register 63
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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REGISTER 18-3:

ADCON2: 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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7

bit 6
bit 5-3

bit 2-0

Note 1:

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

Unimplemented: Read as ‘0’

ACQT2:ACQTO: A/D Acquisition Time Select bits
111 =20 TAaD

110 =16 TAD

101 =12 TAD

100 = 8 TAD

011 =6 TAaD

010 =4 TaD

001 =2 TaD

000 =0 Tan{"

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.

© 2007 Microchip Technology Inc.
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18.1 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 18-3. The
source impedance (RsS) 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

To calculate the minimum acquisition time,
Equation 18-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 18-3 shows the calculation of the minimum
required acquisition time, TAcQ. This calculation is
based on the following application system
assumptions:

(VDD). The source impedance affects the offset voltage CHoLD = 25pF
at the analog input (due to pin leakage current). The Rs = 25kQ
maximum recommended impedance for analog Conversion Error < 1/2LSb
sources is 2.5 kQ. After the analog input channel is VDD = 5V > Rss=2kQ
selected (changed), the channel must be sampled for Temperature = 85°C (system max.)
at least the minimum acquisition time before starting a
conversion.
Note: When the conversion is started, the

holding capacitor is disconnected from the

input pin.
EQUATION 18-1: ACQUISITION TIME
TacQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

= TaMP + TcC + TCOFF

EQUATION 18-2: A/D MINIMUM CHARGING TIME
VHOLD =  (VREF — (VREF/2048)) « (1 — (-TC/CHOLD(RIC + RsS + Rs)))

or
Tc

-(CHOLD)(RIC + RsS + Rs) In(1/2048)

EQUATION 18-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TC + TCOFF
TamMp = 02pus
TCcoFF = (Temp — 25°C)(0.02 ps/°C)
(50°C —25°C)(0.02 ps/°C)
1.2 us
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.
Tc = -(CHOLD)(RIC + RSs + RS) In(1/2047) us
-(25 pF) (1 kQ + 2 kQ + 2.5 kQ) In(0.0004883) us
5.03 us
TACQ = 02pus+S5us+1.2ps
6.4 us

DS39629C-page 236
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19.1 Comparator Configuration

There are eight modes of operation for the compara-
tors, shown in Figure 19-1. Bits, CM2:CMO0 of the
CMCON register, are used to select these modes. The
TRISF register controls the data direction of the
comparator pins for each mode. If the Comparator

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 26.0 “Electrical Characteristics”.

Note: Comparator interrupts should be disabled
during a Comparator mode change;
otherwise, a false interrupt may occur.

FIGURE 19-1: COMPARATOR /O OPERATING MODES
Comparators Reset (POR Default Value) Comparators Off
CM2:CMO0 =000 CM2:CMO0 =111

RF6/AN11/ A VIN-

SEG24 - .
RF5/AN10/ _A VIN+ C1 Off (Read as ‘0’)
CVREF/SEG23

+

RF4/AN9/ A VIN-
SEG22 I

RF3/AN8/ A VIN+ C2 Off (Read as '0’)

SEG21

+

RF6/AN11/ D VIN-
SEG24 -

RF5/AN10/ D JVIN* || C1 Off (Read as ‘0’)

CVREF/SEG23

Off (Read as ‘0’)

RF3/AN8/ D vint || C2
SEG21 T +

RF4/AN9/ D VIN-
SEG22 — -

Two Independent Comparators

Two Independent Comparators with Outputs

CM2:CMO0 =010 CM2:CMO0 = 011
RF6/AN11/ A VIN- RF6/AN11/ A VIN-
SEG24 ————— |~ SEG24 e
RF5/AN10/ A Vit | CT c1out RF5/AN10/ A Vvinr | C1 c1out
CVREF/SEG23 CVREF/SEG23
RF2/AN7/C10UT*/SEG20
RF4/AN9/ A N
SEG22 A YN 1 RF4/ANO/ 5 VIN-
RF3/AN8/ A VIN+ Cc2 C20UT SEG22 —_—
SEG21 E— RF3/AN8/ A VIN+ Cc2 C20uUT
SEG21 —+t
RF1/AN6/C20UT*/SEG19
Two Common Reference Comparators Two Common Reference Comparators with Outputs
CM2:CMO0 =100 CM2:CMO0 = 101
RF6/AN11/ A - RF6/AN11/ A -
SEG24 VIN- | D SEG94 VIN- |
RF5/AN10/ _A VIN+ " C1 C10UT RF5/AN10/ A VIN+ n C1 C10UT
CVREF/SEG23 CVREF/SEG23
RF2/AN7/C10UT*/SEG20
RF4/AN9/
SEG22 AN RF4/ANY/ A
RF3/AN8/ p VIN+ n C2 C20UT SEG22 VIN- | =
SEG21 RF3/ANS/ b vine| C2 C20UT

SEG21 —_—

RF1/AN6/C20UT*/SEG19

One Independent Comparator with Output
CM2:CMO0 =001

RFG6/AN11/ A VIN-

SEG24 ——————— |—

RF5/AN10/_ A VIN+ |, C1 C10UT
CVREF/SEG23

RF2/AN7/C10UT*/SEG20

RF4/ANO/ !
SEG | 2 Y
VIN+ CZ

RF3/AN8/ D
SEG21 ——

Off (Read as ‘0’)

2

Four Inputs Multiplexed to Two Comparators
CM2:CM0 =110

RF6/AN11/_A
SEG24 " _cIs=0 VIN-

RF5/AN10/_A_, ~ CIs=1

CVREF/SEG23 Vin+ > c10UT

RF4/AN9/ A o
SEG22 T _cCIs=0 VIN-
RF3/AN8/ A " CIsS=1
SEG21 — ° Vin+

C20uUT

| CVReF From VREF Module

A = Analog Input, port reads zeros always

D = Digital Input
* Setting the TRISF<2:1> bits will disable the comparator outputs by configuring the pins as inputs.

CIS (CMCON<3>) is the Comparator Input Switch
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FIGURE 22-6: TYPE-B WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE

‘ comMo

COM1
COMO

COM1
i\ SEGO
2 8 58 SEG1

11) 11) w w

[p] [p] n w
COMO-SEGO
COMO-SEG1

~<—2 Frames —»
:
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REGISTER 23-3: CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

uU-0 u-0 uU-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | WDTEN
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-5 Unimplemented: Read as ‘0’
bit 4-1 WDTPS3:WDTPS0: Watchdog Timer Postscale Select bits

1111 = 1:32,768
1110 =1:16,384
1101 =1:8,192
1100 = 1:4,096
1011 = 1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 =1:128
0110 = 1:64
0101 =1:32
0100 =1:16
0011 =1:8
0010=14
0001 =1:2
0000 =1:1

bit 0 WDTEN: Watchdog Timer Enable bit

1 = WDT enabled
0 = WDT disabled (control is placed on the SWDTEN bit)

REGISTER 23-4: CONFIG3H: CONFIGURATION REGISTER 3 HIGH (BYTE ADDRESS 300005h)

R/P-1 U-0 U-0 U-0 U-0 R/P-0 U-0 R/P-1
MCLRE — — — — | rpmiosc | — | ccpamx
bit 7 bit 0

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7 MCLRE: MCLR Pin Enable bit

1 = MCLR pin enabled; RG5 input pin disabled
0 = RG5 input pin enabled; MCLR disabled
bit 6-3 Unimplemented: Read as ‘0’
bit 2 LPT10SC: Low-Power Timer 1 Oscillator Enable bit

1 = Timer1 configured for low-power operation
0 = Timer1 configured for higher power operation

bit 1 Unimplemented: Read as ‘0’
bit 0 CCP2MX: CCP2 MUX bit

1 = CCP2 input/output is multiplexed with RC1
0 = CCP2 input/output is multiplexed with RE7
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SLEEP Enter Sleep mode
Syntax: SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1-T0,
0—>PD
Status Affected: TO, PD
Encoding: ‘ 0000 | 0000 ‘ 0000 ‘ 0011 |
Description: The Power-Down status bit (ﬁ) is_
cleared. The Time-out status bit (TO)
is set. Watchdog Timer and its
postscaler are cleared.
The processor is put into Sleep mode
with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
0 = °
PD = ?
After Instruction
O = 1t
PD = 0

1 If WDT causes wak

e-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{,d {a}}
Operands: 0 <f<255
d e [0,1]
a e [0,1]
Operation: (W) = (f) - (C) — dest
Status Affected: N, OV, C, DC, Z
Encoding: ‘ 0101 | 0lda | ffff ‘ ffff |
Description: Subtract register ‘f’ and Carry flag
(borrow) from W (2’s complement
method). If ‘d’ is ‘0’, the resultis stored
in W. If ‘d"is ‘1’, the result is stored in
register ‘f’ (default).
If‘a’is ‘0’, the Access Bank is selected.
If‘a’is ‘1, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBFWB REG, 1, 0
Before Instruction
REG = 3
w = 2
C = 1
After Instruction
REG = FF
w = 2
C = 0
Z = 0
N = 1 ;resultis negative
Example 2: SUBFWB REG, 0, 0
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
Z = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG, 1, O
Before Instruction
REG = 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
Z = 1 ;resultis zero
N = 0
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26.3 DC Characteristics: PIC18F6390/6490/8390/8490 (Industrial)
PIC18LF6390/6490/8390/8490 (Industrial)
Standard Operating Conditions (unless otherwise stated
DC CHARACTERISTICS Operating terr)nperatt?re -40°C < T/-\(S +85°C for industrial )
Pi{:m Symbol Characteristic Min Max Units Conditions
VIL Input Low Voltage
1/0O Ports:
D030 with TTL Buffer Vss 0.15VbD V |VDD < 4.5V
D030A — 0.8 V |4.5V <VDD <5.5V
D031 with Schmitt Trigger Buffer Vss 0.2 VbD \Y
RC3 and RC4 Vss 0.3 VbD \Y
D032 MCLR Vss 02Vop | V
D032A OSC1 and T10SI Vss 0.3 VbD V |LP, XT, HS, HSPLL
modes!(")
D033 0SC1 Vss 02Vop | V |EC mode("
VIH Input High Voltage
1/0O Ports:
D040 with TTL Buffer 0.25 VoD + 0.8V VDD V |VDD < 4.5V
D040A 20 VDD V |45V <VDD<5.5V
D041 with Schmitt Trigger Buffer 0.8 VbD VDD \Y,
RC3 and RC4 0.7 VbD VDD Y
D042 MCLR 0.8 VDD VDD %
D042A OSC1 and T10SI 0.7 VDD VDD V |LP, XT, HS, HSPLL
modes(?)
D043 0SC1 0.8 VoD VDD V  |EC mode(")
liL Input Leakage Current(®3)
D060 1/0 Ports — +1 pA |Vss <VPIN < VDD,
Pin at hi-impedance
D061 MCLR — +5 pA |Vss < VPIN < VDD
D063 OSC1 — +5 pA |Vss <VPIN < VDD
IPU Weak Pull-up Current
D070 |(lpurB |PORTB Weak Pull-up Current 50 400 pA |VDD =5V, VPIN = Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC® device be driven with an external clock while in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.

4: Parameter is characterized but not tested.
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