Microchip Technology - PIC18F4620T-I/ML Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

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

64KB (32K x 16)
FLASH

1K x 8

3.8Kx 8

4.2V ~ 5.5V

A/D 13x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
44-VQFN Exposed Pad
44-QFN (8x8)

https://www.e-xfl.com/product-detail/microchip-technology/pic18f4620t-i-ml

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic18f4620t-i-ml-4392295
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

PIC18F2525/2620/4525/4620

Table of Contents

L1.0  DEVICE OVEIVIEW ...ttt ettt ettt et et h ettt bt bt e eh e ea bt o2kt eeH bt e oh e £ 4 e 4o eh bt ea bt e a ke ea kbt ea bt et e e e as e e e e bt e shbeesbe e ae e e bt e ebs e e nr e sbaeenns 7
A O B @ 1ol =1 (o] g O o] g To U = Lo TP PP U PP PPPPPRPUPP 23
3.0 Power-Managed Modes . .. 33

40 Reset......cccooccieiiiinne .41
5.0 Memory Organization..... .. 53
6.0  Data EEPROM MEIMOIY ....ooiiiiiiiitiiiitee ittt e ettt e e e e s et e e e e sa e et ee e e e E et ee e e e sh e Ee e et e e e an e et ee e e e se e s ee et e e e s e s snneeeeeeesannnnneeeas 73
7.0 FIaSh PrOgram MEIMIOIY .......coueiiiiiiit ettt ettt ettt ettt h et eh bttt a ke be oo b e e eh et eh bt e eh e eh et eh bt e be e et e e eas e e eb e e shbees e e nabeenbeesaneas 79
8.0 8 X 8 HAIAWAIE MUIIPIET ... ettt ettt e et e ook et e e st e e e ae e e es bt e e ea e e e e s b et e e s s et e e s bt e e ns e e e ennneeennnneennes 89
LI 1L B o] £ TP T PP PPRP
OO [ =T ¢ (U] o] £ PP PR UPP RPN
11,0 TIMEIO MOTUIE ... b bt b e h e b e e h e b e e e e b e sh e sh e e e s b e s b e e be e s a e sh e e sn e e

12.0 Timerl Module ...
13.0 Timer2 Module ...

14.0 Timer3 Module ...........cccoeoiiiiiiiiiiiieee

15.0 Capture/Compare/PWM (CCP) MOUUIES .........cooiiiiiiiiiie ettt ettt e sb e e eh et e s e e s et e e s e e e e snee e e s e e e s anneeenes 139
16.0 Enhanced Capture/Compare/PWM (ECCP) MOGUIE........c.oiiiiiiiiiit ittt bbb 147
17.0 Master Synchronous Serial POrt (MSSP) MOGUIE .........ooiiiiiiiiiie ettt s e e e s s e e s e e e e 161
18.0 Enhanced Universal Synchronous Receiver TransSmitter (EUSART) .......oiiiiiiiiiiiieeiiiees sttt e e 201
19.0 10-Bit Analog-to-Digital Converter (A/D) Module .........ccccccveviienienenen. 223
20.0 Comparator Module...........ccccoviveeeiiineenne 233
21.0 Comparator Voltage Reference Module.. 239
22.0 High/LOW-VOItage DEECE (HLVD)......ciiiiiiiiiii ettt ettt ettt h e bt e e he e be ekt e e bt esh e e sbt b e ea e et e nbe e e aeesneentee e 243
23.0 Special FEAUIES OF the CPU ...ttt ettt et e ookt e e e a et e et e e e et e e bt e e eh et e e s et e enn e e e s bn e e e nnnneeeneneeas 249
24.0 INSTIUCHION SEE SUMIMANY ...eeiiiiieiiieie ettt e sttt ettt e et e e e ate e e e e st et e e eh b et e ease e e oo ae et e Ee e e 4 s e e e s b et e e s e e e ek e e e es e e e e annbe e e abneeeenbbeeennnrees 267
25.0 DEVEIOPMENT SUPPOIT. ....cutiiitieitit ettt ettt sttt et ettt b e e e et eh et e b e e ek e e ee bt e sbe e ekt e e ss e e oh e e eh bt es bt e oh e e shbeesbe e e an e e ete e et b e sbaeebbeenan e e beeaineenns 317
26.0 EIECtriCal CharaCLEIISHICS ......cuiiiiiiiiiiiiii e b bbb s b s b e s e et e e e b e sh e b e e be e sbe e sse e 321
27.0 DC and AC Characteristics Graphs @nd TabIES ........coiiuiiiiiiie e e e st e s naene e e nene s 361
28.0 Packaging Information.............cccceeeveeninniiinnnene

Appendix A: Revision History...

Appendix B: Device Differences..................

Appendix C: CONVErSiON CONSIAEIALIONS ........c.iiiiiiitieitiiiitie ettt ettt b e b b et b e et e s b bt ettt et e e s be e e b e e shbeeebeesieenbreeateeas 395
Appendix D: Migration from Baseline t0 ENNANCEA DEVICES.........ccoiuiiiiiiiiiiiieee ettt ettt e st e e s nree e e nneeeeannes 395
Appendix E: Migration from Mid-Range TO ENNANCEA DEVICES .........ccoiiiiiiiiiieiiiiiie ittt e e e s anae e snee e annes 396
Appendix F: Migration from High-End t0 ENNANCEA DEVICES ..........cciuiiiiiiiiiiiiie ettt ettt 396
INAEX .o

The Microchip Web Site..........ccccveeee

Customer Change Notification Service .

(018 o] g T=T g U1 o] o Lo o ST P PP PP
[RYCTo Lo [T (T oo TP UP PP PPPPPRPN
PIC18F2525/2620/4525/4620 Product Identification SYSIEM .........c.coiiiiiiiiiiiiiii et et 409

DS39626E-page 4 © 2008 Microchip Technology Inc.



PIC18F2525/2620/4525/4620

7.3 Reading the Flash Program
Memory

The TBLRD instruction is used to retrieve data from
program memory and places it into data RAM. Table
reads from program memory are performed one byte at
atime.

TBLPTR points to a byte address in program space.
Executing TBLRD places the byte pointed to into
TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 7-4
shows the interface between the internal program
memory and the TABLAT.

FIGURE 7-4: READS FROM FLASH PROGRAM MEMORY

Program

(Even Byte Address)

Memory

(Odd Byte Address)

Instruction Register
(R) —— FETCH

TBLPTR = xxxxx1 TBLPTR = xxxxx0

TABLAT
Read Register

TBLRD ——

EXAMPLE 7-1: READING A FLASH PROGRAM MEMORY WORD

MOVLW CODE_ADDR_UPPER
MOWAF TBLPTRU

MOVLW CODE_ADDR_HI GH
MOVWE TBLPTRH

MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL

READ_WORD
TBLRD* +
MOVF TABLAT, W
MOVWF WORD_EVEN
TBLRD* +
MOVF TABLAT, W

MOVWF WORD_QODD

; Load TBLPTR with the base
address of the word

; read into TABLAT and i ncrenent
; get data

; read into TABLAT and increnent
; get data

© 2008 Microchip Technology Inc.
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TABLE 9-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
PORTA RA7TM | rRas® RA5 RA4 RA3 RA2 RA1 RAO 52
LATA LATA7D | LATA6() |PORTA Data Latch Register (Read and Write to Data Latch) 52
TRISA TRISA7® | TRISA6(M | PORTA Data Direction Control Register 52
ADCON1 == == VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 51
CMCON C20UT | C1OUT | C2INV | C1INV cIs CM2 cMm1 CMO 51
CVRCON CVREN | CVROE | CVRR | CVRSS | CVR3 CVR2 CVR1 CVRO 51

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTA.

Note 1: RA7:RA6 and their associated latch and data direction bits are enabled as 1/0O pins based on oscillator
configuration; otherwise, they are read as ‘0.

© 2008 Microchip Technology Inc. DS39626E-page 93
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TABLE 9-3: PORTB 1/0 SUMMARY
Pin Function S-;:\;ilﬁg 110 nge Description
RBO/INTO/FLTO/ RBO 0 (0] DIG LATB<0> data output; not affected by analog input.
AN12 1 | TTL PORTB<0> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INTO 1 | ST External interrupt O input.
FLTO 1 | ST Enhanced PWM Fault input (ECCP1 module); enabled in software.
AN12 1 I ANA | A/D input channel 12.()
RB1/INT1/AN10 RB1 0 (0] DIG LATB<1> data output; not affected by analog input.
1 | TTL PORTB<1> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INT1 1 | ST External interrupt 1 input.
AN10 1 I ANA | A/D input channel 10.()
RB2/INT2/AN8 RB2 0 O DIG LATB<2> data output; not affected by analog input.
1 | TTL PORTB<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INT2 1 | ST External interrupt 2 input.
ANS 1 I ANA | A/D input channel 8.()
RB3/AN9/CCP2 RB3 0 (0] DIG LATB<3> data output; not affected by analog input.
1 | TTL PORTB<3> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
AN9 1 I ANA | A/D input channel 9.1
ccp2®@ 0 o DIG | CCP2 compare and PWM output.
1 | ST CCP2 capture input.
RB4/KBIO/AN11 RB4 0 O DIG LATB<4> data output; not affected by analog input.
1 | TTL PORTB<4> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
KBIO 1 | TTL Interrupt on pin change.
AN11 1 I ANA | A/D input channel 11.(1)
RB5/KBI1/PGM RB5 0 (0] DIG LATB<5> data output.
1 | TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 | TTL Interrupt on pin change.
PGM X | ST Single-Supply Programming mode entry (ICSP™). Enabled by LVP
Configuration bit; all other pin functions disabled.
RB6/KBI2/PGC RB6 0 o} DIG LATB<6> data output.
1 I TTL | PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 | TTL Interrupt on pin change.
PGC X | ST Serial execution (ICSP™) clock input for ICSP and ICD operation.(3)
RB7/KBI3/PGD RB7 0 o} DIG LATB<7> data output.
1 I TTL | PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 | TTL Interrupt on pin change.
PGD X O DIG Serial execution data output for ICSP and ICD operation.(3)
X | ST Serial execution data input for ICSP and ICD operation.(3)

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output;
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Configuration on POR is determined by the PBADEN Configuration bit. Pins are configured as analog inputs by default
when PBADEN is set and digital inputs when PBADEN is cleared.
2:  Alternate assignment for CCP2 when the CCP2MX Configuration bit is ‘0’. Default assignment is RC1.
3:  All other pin functions are disabled when ICSP or ICD is enabled.

© 2008 Microchip Technology Inc.
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FIGURE 9-3: PARALLEL SLAVE PORT WRITE WAVEFORMS
» Q1 | Q2 [ Q3 | Q4 Q1 [ @ [ e | Q@ Q| Q| e[ o4
s\ : /
WR AN |
R ' |\
PORTD<7:0> 4( \ \ >
IBF \ \\*/
OBF \ !
PSPIF \*/
FIGURE 9-4: PARALLEL SLAVE PORT READ WAVEFORMS
Q1 | 2 [ Q3 | Qo Q1 | @ [ e | @ . Q|0 | e[ Q4
cs 1\ /
WR | |
RO \
PORTD<7:0> —! | —
IBF . \
OBF ; ~\ \
PSPIF ! N /
TABLE 9-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 52
LATD PORTD Data Latch Register (Read and Write to Data Latch) 52
TRISD PORTD Data Direction Control Register 52
PORTE — — — — RE3 RE2 RE1 REO 52
LATE — — — — — LATE Data Output bits 52
TRISE IBF OBF IBOV | PSPMODE — TRISE2 | TRISE1 | TRISEO 52
INTCON | GIE/GIEH | PEIE/GIEL | TMROIF INTOIE RBIE TMROIF INTOIF RBIF 49
PIR1 PsPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PsSPIEW ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE 52
IPR1 psPip) ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMRI1IP 52
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’

© 2008 Microchip Technology Inc. DS39626E-page 107



PIC18F2525/2620/4525/4620

REGISTER 10-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF CMIF — EEF | BCUF | HLWDIF | TMR3IF CCP2IF
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 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating
bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = A high/low-voltage condition occurred (direction determined by VDIRMAG bit, HLVDCON<7>)
0 = A high/low-voltage condition has not occurred
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
bit 0 CCP2IF: CCP2 Interrupt Flag bit

Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode.

© 2008 Microchip Technology Inc. DS39626E-page 115
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11.0 TIMERO MODULE

The Timer0 module incorporates the following features:
« Software selectable operation as a timer or

counter in both 8-bit or 16-bit modes
* Readable and writable registers

» Dedicated 8-bit, software programmable
prescaler

» Selectable clock source (internal or external)
» Edge select for external clock
* Interrupt-on-overflow

The TOCON register (Register 11-1) controls all
aspects of the module’s operation, including the
prescale selection. It is both readable and writable.

A simplified block diagram of the Timer0O module in 8-bit
mode is shown in Figure 11-1. Figure 11-2 shows a
simplified block diagram of the Timer0 module in 16-bit
mode.

REGISTER 11-1: TOCON: TIMERO CONTROL REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 7 TMROON: Timer0 On/Off Control bit
1 = Enables Timer0
0 = Stops Timer0
bit 6 TO8BIT: Timer0 8-Bit/16-Bit Control bit

1 = TimerO0 is configured as an 8-hit timer/counter
0 = TimerO is configured as a 16-bit timer/counter

bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKO)

bit 4 TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

bit 3 PSA: TimerO Prescaler Assignment bit

1 = TIimerO0 prescaler is not assigned. Timer0 clock input bypasses prescaler.
0 = TimerO prescaler is assigned. Timer0 clock input comes from prescaler output.

bit 2-0 TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 =1:64 Prescale value
100 =1:32 Prescale value
011 =1:16 Prescale value
010 =1:8 Prescale value
001 =1:4 Prescale value
000 =1:2 Prescale value

© 2008 Microchip Technology Inc.
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14.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 14-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timerl without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

14.3 Using the Timerl Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timerl oscillator is enabled by
setting the TLOSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timerl oscillator is described in Section 12.0
“Timerl Module”.

14.4 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

14,5 Resetting Timer3 Using the CCP

Special Event Trigger

If either of the CCP modules is configured to use
Timer3 and to generate a Special Event Trigger
in Compare mode (CCP1M3:CCP1MO or
CCP2M3:CCP2M0O0 = 1011), this signal will reset
Timer3. It will also start an A/D conversion if the A/D
module is enabled (see Section 15.3.4 “Special
Event Trigger” for more information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPR2H:CCPR2L register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from a CCP module, the write will
take precedence.

Note:  The Special Event Triggers from the
CCP2 module will not set the TMR3IF

interrupt flag bit (PIR1<0>).

TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
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 49
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
TMR3L Timer3 Register Low Byte 51
TMR3H Timer3 Register High Byte 51
T1CON RD16 TIRUN |T1CKPS1|T1CKPSO|T10SCEN| T1SYNC | TMR1CS | TMR1ON 50
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.

© 2008 Microchip Technology Inc.
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17.4.9 I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 1°C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPADD<5:0> and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDA is sampled high, the SCL
pin will be deasserted (brought high). When SCL is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPADD<6:0> and begins count-
ing. SDA and SCL must be sampled high for one TBRG.
This action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.

FIGURE 17-20:

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

¢ SDA is sampled low when SCL goes
from low-to-high.

¢ SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to

transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

17.49.1  WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCONZ2 is disabled until the Repeated
Start condition is complete.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA=1,
SCL (no change).

SDA

RSEN bit set by hardware
on falling edge of ninth clock,
end of Xmit

occurs here. SDA =1,
SCL=1

-
[+TBrG*TBRG —|>|<—T RG —
|
|
|

l l [«TBRG~|

S bit set by hardware
At completion of Start bit,

hardware clears RSEN bit
and sets SSPIF

“

1st bit X

Write to SSPBUF occurs here

B
I
|
|
|

| lTBRG
L 4
Sr = Repeated Start

DS39626E-page 190
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset. The ADRESH:ADRESL
registers will contain unknown data after a Power-on
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 an
input. To determine acquisition time, see Section 19.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to

5. Wait for 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 A/D Result registers (ADRESH:ADRESL);
clear bit ADIF, if required.

7. For 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.

occur between setting the GO/DONE bit and the actual FIGURE 19-2: A/D TRANSFER FUNCTION
start of the conversion.
The following steps should be followed to perform an A/D 3FFh
conversion: !
1. Configure the A/D module: _SFEN ,
» Configure analog pins, voltage reference and § : !
digital /O (ADCON1) ° : :
« Select A/D input channel (ADCONO) g : :
« Select A/D acquisition time (ADCON2)  003h , : :
(=] 1 ! '
« Select A/D conversion clock (ADCONZ2) a oozh ! ' .
« Turn on A/D module (ADCONO) L ; : :
2. Configure A/D interrupt (if desired): 001h : X : :
+ Clear ADIF bit Z : : : :
« Set ADIE bit 000h 3 : f f i
. M O MO M MM m M m Mm
* Set GIE bit 9999949 99 99
3. Wait the required acquisition time (if required). A 838 a
4. Start conversion: - . T g 7S
« Set GO/DONE bit (ADCONO register) Analog Input Voliage
FIGURE 19-3: ANALOG INPUT MODEL
VDD .
T Sampling
Switch
________ VT =0.6V
. Rs ' ANX Rc<lk 'SS Rss !
: @ . cen l wewsce —— CHowD = 25pF
: . 5pF ‘_ V=06V +100 nA T Tee

l Vss

Legend: CPIN = Input Capacitance
VT = Threshold Voltage

6V
ILEAKAGE = Leakage Current at the pin due to Voo % \
various junctions 3V

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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200 COMPARATOR MODULE The CMCON register (Register 20-1) selects the

comparator input and output configuration. Block
The analog comparator module contains two diagrams of the various comparator configurations are
comparators that can be configured in a variety of shown in Figure 20-1.

ways. The inputs can be selected from the analog
inputs multiplexed with pins RAO through RA5, as well
as the on-chip voltage reference (see Section 21.0
“Comparator Voltage Reference Module”). The digi-
tal outputs (normal or inverted) are available at the pin
level and can also be read through the control register.

REGISTER 20-1: CMCON: COMPARATOR CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1
C20UT CciouT C2INV C1INV CIs CM2 CM1 CMO
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’ = Bitis cleared X = Bit is unknown
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-

When C2INV =1:
1 =C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-
bit 6 C10UT: Comparator 1 Output bit
When C1INV = 0:
1 =C1 VIN+ > C1 VIN-
0 = C1 VIN+ < C1 VIN-
When C1INV =1:
1 =C1VIN+ < C1 VIN-
0 = C1 ViN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted
0 = C2 output not inverted
bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted
0 = C1 output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CM0O =110:
1 = C1 VIN- connects to RA3/AN3/VREF+
C2 VIN- connects to RA2/AN2/VREF-/CVREF
0 = C1 VIN- connects to RAO/ANO
C2 VIN- connects to RA1/AN1
bit 2-0 CM2:CMO: Comparator Mode bits
Figure 20-1 shows the Comparator modes and the CM2:CMO bit settings.
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22.2 HLVD Setup

The following steps are needed to set up the HLVD
module:

1. Disable the module by clearing the HLVDEN bit
(HLVDCON<4>).

2. Write the value to the HLVDL3:HLVDLO bits that
selects the desired HLVD trip point.

3. Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).

4. Enable the HLVD module by setting the
HLVDEN bit.

5. Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

6. Enable the HLVD interrupt if interrupts are
desired by setting the HLVDIE and GIE bits
(PIE<2> and INTCON<7>). An interrupt will not
be generated until the IRVST bit is set.

22.3

When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static

Current Consumption

Depending on the application, the HLVD module does
not need to be operating constantly. To decrease the
current requirements, the HLVD circuitry may only
need to be enabled for short periods where the voltage
is checked. After doing the check, the HLVD module
may be disabled.

22.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification parameter D420,
may be used by other internal circuitry, such as the
Programmable Brown-out Reset. If the HLVD or other
circuits using the voltage reference are disabled to
lower the device’s current consumption, the reference
voltage circuit will require time to become stable before
a low or high-voltage condition can be reliably
detected. This start-up time, TIRVST, is an interval that
is independent of device clock speed. It is specified in
electrical specification parameter 36.

The HLVD interrupt flag is not enabled until TIRvVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may

. not be detected during this interval. Refer to
current. The total current consumption, when enabled, Figure 22-2 or Figure 22-3
is specified in electrical specification parameter D022B. '
FIGURE 22-2: LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)
CASE 1
HLVDIF may not be set
VDD /
_______ \_/ ________}FJ[___________ VLVD
HLVDIF |
A
Enable HLVD |
|
|
IRVST ~<— TIRVST —]

CASE 2:

Internal Reference is stable

VDD
—————————— \— ———————————J—————————————-VLVD

HLVDIF cleared in software

HLVDIF

Enable HLVD [
|
|

IRVST

~— TIRVST ]

Internal Reference is stable J

HLVDIF cleared in software

HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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REGISTER 23-6: CONFIG5L: CONFIGURATION REGISTER 5 LOW (BYTE ADDRESS 300008h)

uU-0 uU-0 uU-0 U-0 R/C-1 R/C-1 R/C-1 R/C-1
— — — — ces® | cp2 | cPr | cPo
bit 7 bit 0
Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-4 Unimplemented: Read as ‘0’
bit 3 CP3: Code Protection bit(?
1 = Block 3 (006000-007FFFh) not code-protected
0 = Block 3 (006000-007FFFh) code-protected
bit 2 CP2: Code Protection bit
1 = Block 2 (004000-005FFFh) not code-protected
0 = Block 2 (004000-005FFFh) code-protected
bit 1 CP1: Code Protection bit
1 = Block 1 (002000-003FFFh) not code-protected
0 = Block 1 (002000-003FFFh) code-protected
bit 0 CPO0: Code Protection bit
1 = Block 0 (000800-001FFFh) not code-protected
0 = Block 0 (000800-001FFFh) code-protected
Note 1. Unimplemented in PIC18FX525 devices; maintain this bit set.

REGISTER 23-7: CONFIG5H: CONFIGURATION REGISTER 5 HIGH (BYTE ADDRESS 300009h)

R/C-1 R/C-1 U-0 U-0 U-0 U-0 U-0 U-0
CPD CPB — — — — \ — | —
bit 7 bit 0
Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7 CPD: Data EEPROM Code Protection bit
1 = Data EEPROM not code-protected
0 = Data EEPROM code-protected
bit 6 CPB: Boot Block Code Protection bit
1 = Boot block (000000-0007FFh) not code-protected
0 = Boot block (000000-0007FFh) code-protected
bit 5-0 Unimplemented: Read as ‘0’
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TABLE 24-2: PIC18FXXXX INSTRUCTION SET (CONTINUED)
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW k Add Literal and WREG 1 0000 1111 Kkkkk kkkk |C,DC,Z, OV, N
ANDLW k AND Literal with WREG 1 0000 1011 kkkk kkkk [Z,N
IORLW k Inclusive OR Literal with WREG 1 0000 1001 kkkk kkkk [Z,N
LFSR f, k Move Literal (12-bit) 2nd word 2 1110 1110 OOff kkkk [None
to FSR(f) 1st word 1111 0000 kkkk kkkk
MOVLB k Move Literal to BSR<3:0> 1 0000 0001 0000 kkkk [None
MOVLW k Move Literal to WREG 1 0000 1110 Kkkkk kkkk |None
MULLW k Multiply Literal with WREG 1 0000 1101 kkkk kkkk [None
RETLW k Return with Literal in WREG 2 0000 1100 kkkk kkkk [None
SUBLW k Subtract WREG from Literal 1 0000 1000 Kkkkk kkkk |C,DC,Z, OV, N
XORLW k Exclusive OR Literal with WREG |1 0000 1010 kkkk kkkk [Z,N
DATA MEMORY <> PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with Post-Increment 0000 0000 0000 1001 |None
TBLRD*- Table Read with Post-Decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with Pre-Increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 0000 0000 0000 1100 ([None
TBLWT*+ Table Write with Post-Increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with Post-Decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with Pre-Increment 0000 0000 0000 1111 |None
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an

external device, the data will be written back with a ‘0.

2: Ifthis instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.
3: If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second

cycle is

executed as a NOP.

4:  Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless the
first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program memory
locations have a valid instruction.
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SLEEP Enter Sleep mode

Syntax: SLEEP

Operands: None

Operation: 00h — WDT,
0 — WDT postscaler,
170,
0—>PD

Status Affected: T0,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
E =
PD =
After Instruction
E =
PD =

1t

T If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{d{,a}}
Operands: 0<f<255
d € [0,1]
a € [0,1]
Operation: W) - () - (6) — dest
Status Affected: N, OV, C,DC, Z

Encoding: | o101 | o1da [ fff | ffff |
Description: Subtract register ‘f’ and Carry flag
(borrow) from W (2’s complement
method). If ‘d’is ‘0’, the result is 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: SUBFW\B REG, 1, O
Before Instructiol
REG = 3
w = 2
C = 1
After Instruction
RE = FF
w = 2
C = 0
V4 = 0
N = 1 ;resultis negative
Example 2: SUBFW\B REG 0, O
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
V4 = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG 1, O
Before Instruction 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
z = 1 ;resultis zero
N = 0
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26.1

DC Characteristics:

Supply Voltage

PIC18F2525/2620/4525/4620 (Industrial)
PIC18LF2525/2620/4525/4620 (Industrial)

PIC18LF2525/2620/4525/4620 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2525/2620/4525/4620 Standa}rd Operating Conditionf (unless othoerwisc_e state_d)
(Industrial, Extended) Operating temperature -40°C <TA< +85 (;‘, for industrial
-40°C < TA < +125°C for extended
Pal\:(a)m Symbol Characteristic Min | Typ | Max | Units Conditions
D001 VDD Supply Voltage
PIC18LFX525/X620( 2.0 — 55 V  |HS, XT, RC and LP Oscillator mode
PIC18FX525/X620( 4.2 — 5.2 \%
D002 VDR RAM Data Retention 1.5 — — \%
Voltage®
D003 VPOR VDD Start Voltage — — 0.7 V  |See section on Power-on Reset for details
to ensure internal
Power-on Reset signal
D004 SvDD VDD Rise Rate 0.05 — — | VIms |See section on Power-on Reset for details
to ensure internal
Power-on Reset signal
VBOR Brown-out Reset Voltage
D005 PIC18LFX525/X620
BORV1:BORVO =11 200 | 211 |2.22 \%
BORV1:BORVO =10 265 | 279 |293| V
D005 All Devices
BORV1:BORVO =01 | 411 | 433 [455| V
BORV1:BORVO = 00 4.36 | 459 |4.82 \%
Legend: Shading of rows is to assist in readability of the table.
Note 1: Thisis the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.
2:  With BOR enabled, full-speed operation (Fosc = 40 MHz) is supported until a BOR occurs. This is valid although

VDD may be below the minimum voltage for this frequency.
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FIGURE 26-16:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)

SCK
(CKP = 1)

SDO

SDI

(C

D)

LSb

MSb In

.74
Note: Refer to Figure 26-5 for load conditions.

LSb In

TABLE 26-17: EXAMPLE SPI SLAVE MODE REQUIREMENTS (CKE = 1)

Pelilrg\m Symbol Characteristic Min Max | Units | Conditions
70 TssL2scH, |SS { to SCK 4 or SCK 1 Input 3 Tey — | ns
TssL2scL
71 TscH SCK Input High Time Continuous 1.25Tcy +30| — ns
71A (Slave mode) Single Byte 40 — | ns |(Notel)
72 TscL SCK Input Low Time Continuous 1.25Tcy +30| — ns
72A (Slave mode) Single Byte 40 — | ns |(Notel)
73A  |Tbh2b Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2| 1.5 Tcy + 40 | — ns |(Note 2)
74 TscH2diL, |Hold Time of SDI Data Input to SCK Edge 40 — ns
TscL2diL
75 TdoR SDO Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX 45 ns |VDD =2.0V
76 TdoF SDO Data Output Fall Time — 25 ns
77 TssH2doZ |SS T to SDO Output High-Impedance 10 50 ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns
(Master mode) PICI8LFXXXX — 45 | ns |vbp=2.0V
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2doV, |SDO Data Output Valid after SCK  [PIC18FXXXX — 50 ns
TscL2doV |Edge PICI8LFXXXX — 100 | ns |Vob=2.0V
82 TssL2doV |SDO Data Output Valid after SS{ |PIC18FXXXX — 50 ns
Edge PICI8LFXXXX — 100 | ns |Vop=2.0V
83 TscH2ssH, |SS T after SCK Edge 15Tcy+40 | — | ns
TscL2ssH
Note 1: Requires the use of Parameter #73A.

2:  Only if Parameter #71A and #72A are used.
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NOTES:
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