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PIC16(L)F1526/7

2.0 ENHANCED MID-RANGE CPU

Relative Addressing modes are available. Two File

Select Registers (FSRs) provide the ability to read

This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capability includes automatic context saving. The
hardware stack is 16 levels deep and has Overflow and
Underflow Reset capability. Direct, Indirect, and

program and data memory.

« Instruction Set

» Automatic Interrupt Context Saving
» 16-level Stack with Overflow and Underflow
* File Select Registers
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FIGURE 3-1: PROGRAM MEMORY MAP FIGURE 3-2: PROGRAM MEMORY MAP
AND STACK FOR AND STACK FOR
PIC16(L)F1526 PIC16(L)F1527
PC<14:0> PC<14:0>
CALL, CALLW
RETURN, RETLW ? 13 RE%',?{K’ %AELFHVV ? 15
Interrupt, RETFIE * Interrupt, RETFI E ¢
Stack Level 0 Stack Level 0
Stack Level 1 Stack Level 1
Stack Level 15 Stack L.evel 15
Reset Vector 0000h Reset Vector 0000h
Interrupt Vector 0004h Interrupt Vector 0004h
0005h 0005h
Page 0 Page 0
07FFh 07FFh
0800h 0800h
] Page 1 Page 1
On-chip < OFFFh OFFFh
Program
Memory 1000h 1000h
Page 2 On-chip Page 2
17FFh Program 17FFh
1800h Memory 1800h
Page 3 Page 3
1FFFh 1FFFh
Rollover to Page 0 2000h Page 4 2000h
. Page 7 3FFFh
: Rollover to Page 0 4000h
Rollover to Page 3 7EFFh Rollover to Page 7 7FFFh

DS40001458D-page 18 © 2011-2015 Microchip Technology Inc.



PIC16(L)F1526/7

3.54 CORE FUNCTION REGISTERS
SUMMARY

The Core Function registers listed in Table 3-4 can be
addressed from any Bank.

TABLE 3-4: CORE FUNCTION REGISTERS SUMMARY

. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR |other Resets
Bank 0-31
x00h or INDFO Addressing_this Iogation uses contents of FSROH/FSROL to address data memory XxxX xxxx | uuuu uuuu
x80h (not a physical register)
x01hor Addressing this location uses contents of FSR1H/FSR1L to address data memory
INDF1 . ; XXXX XXXX | uuuu uuuu
x81h (not a physical register)
iggn o lpcL Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
Xoshor | sTaTus — — — T0 PD z DC ¢ |---11000 | ---q quuu
x04h or . .
x84h FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 | uuuu uuuu
x05h or ' ) )
x85h FSROH Indirect Data Memory Address 0 High Pointer 0000 0000 | 0000 0000
x06h or . .
x86h FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 | uuuu uuuu
x07h or . ) .
x87h FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 [ 0000 0000
iggg o BSR = = = BSR4 BSR3 BSR2 BSR1 BSRO | ---0 0000 | ---0 0000
x09h or . .
x89h WREG Working Register 0000 0000 | uuuu uuuu
xO0Ahor . .
x8Ah PCLATH — Write Buffer for the upper 7 bits of the Program Counter -000 0000 | - 000 0000
iggzor INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 0000 0000 | 0000 0000
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Shaded locations are unimplemented, read as ‘0’.

© 2011-2015 Microchip Technology Inc. DS40001458D-page 27
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REGISTER 7-3: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
U-0 R/W-0/0 U-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0
AD2IE BCL1IE BCL2IE TMR4IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 AD2IE: Analog-to-Digital Converter (ADC2) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5-4 Unimplemented: Read as ‘0’
bit 3 BCL1IE: MSSP1 Bus Collision Interrupt Enable bit
1 = Enables the MSSP1 Bus Collision Interrupt
0 = Disables the MSSP1 Bus Collision Interrupt
bit 2 BCL2IE: MSSP2 Bus Collision Interrupt Enable bit
1 = Enables the MSSP2 Bus Collision Interrupt
0 = Disables the MSSP2 Bus Collision Interrupt
bit 1 TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit
1 = Enables the Timer8 to PR4 match interrupt
0 = Disables the Timer8 to PR4 match interrupt
bit 0 Unimplemented: Read as ‘0’

Note:  Bit PEIE of the INTCON register must beI
set to enable any peripheral interrupt.

DS40001458D-page 78
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REGISTER 7-7:  PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

U-0 R/W-0/0 U-0 u-0 RW-0/0  R/W-0/0 R/W-0/0 u-0

— AD2IF — — | BCLUF | BCL2F TMR4IF —
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 AD2IF: Timer5 Gate Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 5-4 Unimplemented: Read as ‘0’

bit 3 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 BCL2IF: MSSP2 Bus Collision Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 TMRAIF: Timer4 to PR4 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 0 Unimplemented: Read as ‘0’

Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior

to enabling an interrupt.

DS40001458D-page 82
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REGISTER 7-8: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CCP6IF CCP5IF CCP4IF CCP3IF | TMRG6IF ‘ TMRS5IF TMRA4IF TMR3IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 CCP6IF: CCP6 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 6 CCP5IF: CCPS5 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 5 CCP4IF: CCP4 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 CCP3IF: CCP3 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 TMRG6IF: TMRG6 to PR6 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 TMRSIF: Timer5 Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 TMR4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 TMR3IF: Timer3 Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

software  should ensure the

© 2011-2015 Microchip Technology Inc.
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10.1 Independent Clock Source

The WDT derives its time base from the 31 kHz
LFINTOSC internal oscillator. Time intervals in this
chapter are based on a nominal interval of 1 ms. See
Section 25.0 “Electrical Specifications” for the
LFINTOSC tolerances.

10.2 WDT Operating Modes

The Watchdog Timer module has four operating modes
controlled by the WDTE<1:0> bits in Configuration
Words. See Table 10-1.

10.21 WDT IS ALWAYS ON

When the WDTE bits of Configuration Words are set to
11’, the WDT is always on.

WDT protection is active during Sleep.

10.2.2 WDT IS OFF IN SLEEP

When the WDTE bits of Configuration Words are set to
‘10, the WDT is on, except in Sleep.

WDT protection is not active during Sleep.

10.2.3 WDT CONTROLLED BY SOFTWARE

When the WDTE bits of Configuration Words are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

WDT protection is unchanged by Sleep. See
Table 10-1 for more details.

TABLE 10-1: WDT OPERATING MODES

10.3 Time-out Period

The WDTPS bits of the WDTCON register set the
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is 2 seconds.

10.4 Clearing the WDT

The WDT is cleared when any of the following condi-
tions occur:

* Any Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail

* WDT is disabled

» Oscillator Start-up Timer (OST) is running

See Table 10-2 for more information.

10.5 Operation During Sleep

When the device enters Sleep, the WDT is cleared. If
the WDT is enabled during Sleep, the WDT resumes
counting.

When the device exits Sleep, the WDT is cleared
again. The WDT remains clear until the OST, if
enabled, completes. See Section 5.0 “Oscillator
Module (with Fail-Safe Clock Monitor)” for more
information on the OST.

When a WDT time-out occurs while the device is in
Sleep, no Reset is generated. Instead, the device
wakes up and resumes operation. The TO and PD bits

CLRWDT Command

Device WDT in the STATUS register are changed to indicate the
WDTE<1:0> SWDTEN| e Mode event. The RWDT bit in the PCON register can also be
used. See Section 3.0 “Memory Organization” and
11 X X Active The STATUS register (Register 3-1) for more
) information.
Awake | Active
10 X
Sleep | Disabled
1 X Active
01
0 X Disabled
00 X X Disabled
TABLE 10-2: WDT CLEARING CONDITIONS
Conditions WDT
WDTE<1:0> =00
WDTE<1:0>=01 and SWDTEN =0
WDTE<1:0> =10 and enter Sleep
Cleared

Oscillator Fail Detected

Exit Sleep + System Clock = SOSC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected

DS40001458D-page 92

© 2011-2015 Microchip Technology Inc.



PIC16(L)F1526/7

TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;:l;eé
OSCCON — IRCF<3:0> — SCS<1:0> 61
STATUS — — — TO PD z DC o; 21
WDTCON — — WDTPS<4:0> SWDTEN| 93

Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by Watchdog Timer.

TABLE 10-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER

Name |Bits | Bit-/7 Bit -/6 Bit13/5 | Bit12/4 | Bit11/3 | Bit102 | Bitoa Bitgio | Realster
on Page
13:8 — FCMEN IESO CLKOUTEN BOREN<1:0> —
CONFIG1 — —— 43
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.
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12.0 1/0 PORTS

In general, when a peripheral is enabled on a port pin,
that pin cannot be used as a general purpose output.
However, the pin can still be read.

Each port has three standard registers for its operation.
These registers are:
» TRISx registers (data direction)

» PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

Some ports may have one or more of the following
additional registers. These registers are:

* ANSELXx (analog select)
* WPUXx (weak pull-up)

TABLE 12-1: PORT AVAILABILITY PER

DEVICE
<|o|loOo|Oo|jw|w|lo
ElE|lF|F|E|E]|F

; | x|e|x|x|o
Device ol6|5I58155
O |la|d|ld|ad|a|a

PIC16(L)F1526 EEEEEEEEREEEE
PIC16(L)F1527 EEEEEEEEREEEE

The Data Latch (LATA register) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATA register has the same
effect as a write to the corresponding PORTA register.
A read of the LATA register reads of the values held in
the 1/0 PORT latches, while a read of the PORTA
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELXx register. When an ANSEL bit is set, the digital
input buffer associated with that bit is disabled.
Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 12-1.

FIGURE 12-1: GENERIC I/0O PORT

OPERATION

Read LATx TRISX

L D Q

Write LATx
Write PORTX|

CKA VDD

Data Register
Data Bus
1/0 pin
Read PORTx
To digital peripherals €¢—————
ANSELXx Vss

To analog peripherals <
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13.0 INTERRUPT-ON-CHANGE

The PORTB pins can be configured to operate as
Interrupt-On-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual PORTB pin, or
combination of PORTB pins, can be configured to
generate an interrupt. The interrupt-on-change module
has the following features:

* Interrupt-on-Change enable (Master Switch)
* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

Figure 13-1 is a block diagram of the IOC module.

13.1 Enabling the Module

To allow individual PORTB pins to generate an interrupt,
the IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

13.2 Individual Pin Configuration

For each PORTB pin, arising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated IOCBPx bit of the IOCBP
register is set. To enable a pin to detect a falling edge,
the associated IOCBNXx bit of the IOCBN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both the IOCBPx bit
and the IOCBNXx bit of the IOCBP and IOCBN registers,
respectively.

13.3 Interrupt Flags

The I0CBFx bits located in the IOCBF register are
status flags that correspond to the Interrupt-on-change
pins of PORTB. If an expected edge is detected on an
appropriately enabled pin, then the status flag for that pin
will be set, and an interrupt will be generated if the IOCIE
bit is set. The IOCIF bit of the INTCON register reflects
the status of all IOCBFx bits.

13.4 Clearing Interrupt Flags

The individual status flags, (IOCBFx bits), can be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag will be set at the end of the sequence,
regardless of the value actually being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 13-1: CLEARING INTERRUPT
FLAGS
(PORTA EXAMPLE)

MOVLW  Oxf f
XORWF | OCAF, W
ANDW | OCAF, F

13.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCBF
register will be updated prior to the first instruction
executed out of Sleep.

© 2011-2015 Microchip Technology Inc.
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REGISTER 16-5: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— _ _ — — | — \ ADRES<9:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Reserved: Do not use.
bit 1-0 ADRES<9:8>: ADC Result Register bits

Upper 2 bits of 10-bit conversion result

REGISTER 16-6: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 ADRES<7:0>: ADC Result Register bits

Lower 8 bits of 10-bit conversion result
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18.1 Timerl/3/5 Operation

The Timer1/3/5 module is a 16-bit incrementing counter
which is accessed through the TMRxH: TMRXL register
pair. Writes to TMRxH or TMRxL directly update the
counter.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and incre-
ments on every selected edge of the external source.

Timer1/3/5 is enabled by configuring the TMRxON and
TMRXGE bits in the TXCON and TxGCON registers,
respectively. Table 18-1 displays the Timer1/3/5 enable
selections.

TABLE 18-1: TIMER1/3/5 ENABLE

SELECTIONS
TMRXON TMRXGE gg;;lt/ii/r?
0 0 Off
0 1 Off
1 0 Always On
1 1 Count Enabled

TABLE 18-2: CLOCK SOURCE SELECTIONS

18.2 Clock Source Selection

The TMRxCS<1:0> and SOSCEN bits of the TxCON
register are used to select the clock source for
Timer1/3/5. Table 18-2 displays the clock source
selections.

18.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMRxH:TMRXL register pair will increment on multiples
of FOsc as determined by the Timer1/3/5 prescaler.

When the Fosc internal clock source is selected, the
Timer1/3/5 register value will increment by four counts
every instruction clock cycle. Due to this condition, a
2 LSB error in resolution will occur when reading the
Timer1/3/5 value. To utilize the full resolution of
Timer1/3/5, an asynchronous input signal must be used
to gate the Timer1/3/5 clock input.

The following asynchronous sources may be used:

» Asynchronous event on the TxG pin to Timer1/3/5
gate

18.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Tim-
er1/3/5 module may work as a timer or a counter.

When enabled to count, Timer1/3/5 is incremented on
the rising edge of the external clock input TXCKI. These
external clock inputs (TxCKI) can be synchronized to the
microcontroller system clock or they can run
asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note:  In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

*Timer1/3/5 enabled after POR
*Write to TMRxH or TMRxL
*Timer1/3/5 is disabled

*Timer1/3/5 is disabled (TMRxON = 0)
when TxCKl is high then Timer1/3/5
is enabled (TMRxON = 1) when
TxCKl is low.

TMRxCS<1:0> SOSCEN Clock Source
00 X Instruction Clock (Fosc/4)
01 X System Clock (Fosc)
10 0 External Clocking on TxCKI Pin
1 Secondary Oscillator Circuit on SOSCI/SOSCO Pins
11 X LFINTOSC

© 2011-2015 Microchip Technology Inc.
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FIGURE 18-3: TIMER1/3/5 INCREMENTING EDGE

TXCKI=1
when TMR1

Enabled * * * * *

TXCKI= 0
when TMR1

Enabled A A A A

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

FIGURE 18-4: TIMER1/3/5 GATE ENABLE MODE

TMRxGE

TxGPOL

i B i e Hin B B B B

TxGVAL | T

Timer1/3/5 N ><N+1>< N+ 2 N+3>< N +4
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TABLE 19-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2/4/6/8/10

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Ssg;?;
CCP1CON — — DC1B<1:0> CCP1M<3:0> 189
CCP2CON — — DC2B<1:0> CCP2M<3:0> 189
CCP3CON — — DC3B<1:0> CCP3M<3:0> 189
CCP4CON — — DC4B<1:0> CCP4M<3:0> 189
CCP5CON — — DC5B<1:0> CCP5M<3:0> 189
CCP6CON — — DC6B<1:0> CCP6M<3:0> 189
CCP7CON — — DC7B<1:0> CCP7M<3:0> 189
CCP8CON — — DC8B<1:0> CCP8M<3:0> 189
CCP9CON — — DC9B<1:0> CCP9M<3:0> 189
CCP10CON — — DC10B<1:0> CCP10M<3:0> 189
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 76
PIE1 TMR1GIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 77
PIE2 OSFIE TMRS5GIE | TMR3GIE — BCL1IE TMR10IE TMRS8IE CCP2IE 78
PIE3 CCP6IE CCPS5IE CCP4IE CCP3IE TMRGIE TMRSIE TMRA4IE TMRS3IE 79
PIR1 TMR1GIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 81
PIR2 OSFIF TMRS5GIF | TMR3GIF — BCL1IF TMR10IF TMR8IF CCP2IF 82
PIR3 CCP6IF CCPS5IF CCP4IF CCP3IF TMRG6IF TMRSIF TMRA4IF TMR3IF 83
PR2 Timer2 Module Period Register 213*
PR4 Timer4 Module Period Register 213*
PR6 Timer6 Module Period Register 213*
PR8 Timer8 Module Period Register 213*
PR10 Timer10 Module Period Register 213*
T2CON — T20UTPS<3:0> TMR20ON | T2CKPS1 | T2CKPSO0 215
T4CON — T40UTPS<3:0> TMR4ON | T4CKPS1 | T4CKPSO 215
T6CON — T60OUTPS<3:0> TMR60ON | T6CKPS1 | T6CKPSO 215
T8CON — T8OUTPS<3:0> TMR8ON | T8CKPS1 | T8CKPSO 215
T10CON — T100UTPS<3:0> TMR100N | T10CKPS1 | T1I0CKPSO 215
TMR2 Holding Register for the 8-bit TMR2 Register 213*
TMR4 Holding Register for the 8-bit TMR4 Register(!) 213
TMR6 Holding Register for the 8-bit TMR6 Register(") 213+
TMRS Holding Register for the 8-bit TMR8 Register(!) 213*
TMR10 Holding Register for the 8-bit TMR10 Register(") 213
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for Timer2/4/6/8/10 module.

*

Page provides register information.
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21.4.9 ACKNOWLEDGE SEQUENCE

The 9th SCLx pulse for any transferred byte in 1°C is
dedicated as an Acknowledge. It allows receiving
devices to respond back to the transmitter by pulling
the SDAX line low. The transmitter must release con-
trol of the line during this time to shift in the response.
The Acknowledge (ACK) is an active-low signal, pull-
ing the SDAX line low indicated to the transmitter that
the device has received the transmitted data and is
ready to receive more.

The result of an ACK is placed in the ACKSTAT bit of
the SSPxCONZ2 register.

Slave software, when the AHEN and DHEN bits are
set, allow the user to set the ACK value sent back to
the transmitter. The ACKDT bit of the SSPxCON2 reg-
ister is set/cleared to determine the response.

Slave hardware will generate an ACK response if the
AHEN and DHEN bits of the SSPxCONS3 register are
clear.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit of the SSPxSTAT regis-
ter or the SSPOV bit of the SSPxCON1 register are
set when a byte is received.

When the module is addressed, after the 8th falling
edge of SCLx on the bus, the ACKTIM bit of the SSPx-
CONS3 register is set. The ACKTIM bit indicates the
acknowledge time of the active bus. The ACKTIM Sta-
tus bit is only active when the AHEN bit or DHEN bit is
enabled.

21.5 1°C SLAVE MODE OPERATION

The MSSPx Slave mode operates in one of four
modes selected in the SSPM bits of SSPxCON1 regis-
ter. The modes can be divided into 7-bit and 10-bit
Addressing mode. 10-bit Addressing modes operate
the same as 7-bit with some additional overhead for
handling the larger addresses.

Modes with Start and Stop bit interrupts operated the
same as the other modes with SSPxIF additionally
getting set upon detection of a Start, Restart, or Stop
condition.

21.5.1 SLAVE MODE ADDRESSES

The SSPxADD register (Register 21-6) contains the
Slave mode address. The first byte received after a
Start or Restart condition is compared against the
value stored in this register. If the byte matches, the
value is loaded into the SSPxBUF register and an
interrupt is generated. If the value does not match, the
module goes idle and no indication is given to the soft-
ware that anything happened.

The SSPx Mask register (Register 21-5) affects the
address matching process. See Section 21.5.9
“SSPx Mask Register” for more information.

21.5.1.1  12C Slave 7-bit Addressing Mode

In 7-bit Addressing mode, the LSb of the received data
byte is ignored when determining if there is an address
match.

21.5.1.2  12C Slave 10-bit Addressing Mode

In 10-bit Addressing mode, the first received byte is
compared to the binary value of ‘11110 A9 A8 0’. A9
and A8 are the two MSb’s of the 10-bit address and
stored in bits 2 and 1 of the SSPxADD register.

After the acknowledge of the high byte the UA bit is set
and SCLx is held low until the user updates SSPxADD
with the low address. The low address byte is clocked
in and all 8 bits are compared to the low address value
in SSPxADD. Even if there is not an address match;
SSPxIF and UA are set, and SCLx is held low until
SSPxADD is updated to receive a high byte again.
When SSPxADD is updated the UA bit is cleared. This
ensures the module is ready to receive the high
address byte on the next communication.

A high and low address match as a write request is
required at the start of all 10-bit addressing communi-
cation. A transmission can be initiated by issuing a
Restart once the slave is addressed, and clocking in
the high address with the R/W bit set. The slave hard-
ware will then acknowledge the read request and pre-
pare to clock out data. This is only valid for a slave
after it has received a complete high and low address
byte match.

© 2011-2015 Microchip Technology Inc.
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21.6.13.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDAx pin has been deasserted and
allowed to float high, SDAXx is sampled low after
the BRG has timed out (Case 1).

b) After the SCLx pin is deasserted, SCLx is
sampled low before SDAXx goes high (Case 2).

The Stop condition begins with SDAx asserted low.
When SDAXx is sampled low, the SCLx pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPxADD and
counts down to 0. After the BRG times out, SDAX is
sampled. If SDAXx is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0O’ (Figure 21-38). If the SCLx pin is
sampled low before SDAX is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 21-39).

FIGURE 21-38: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG TBRG | SDAx sampled
low after TBRG,
_______________ set BCLxIF
SDAX
!
SDAXx asserted low
SCLx
PEN 4 L
BCLxIF
P o’
SSPxIF 0’
FIGURE 21-39: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG |
SDAX
T Assert SDAX SCLx goes low before SDAXx goes high,
/ set BCLxIF
SCLx \
PEN
BCLxIF
P o’
SSPxIF 0’
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22.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VOH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is 8 bits. Each transmitted bit persists for a period
of 1/(Baud Rate). An on-chip dedicated 8-bit/16-bit Baud
Rate Generator is used to derive standard baud rate
frequencies from the system oscillator. See Table 22-5
for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART’s transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

2211 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 22-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXxREG register.

22.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
+ SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXxSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXxSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCxSTA register enables the EUSART. The program-
mer must set the corresponding TRIS bit to configure the
TXx/CKx 1/O pin as an output. If the TXx/CKx pin is
shared with an analog peripheral, the analog I/O function
must be disabled by clearing the corresponding ANSEL
bit.

Note:  The TXxIF transmitter interrupt flag is setI
when the TXEN enable bit is set.

22.1.1.2

A transmission is initiated by writing a character to the
TXXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXxREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXxREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXxREG.

Transmitting Data

22.1.1.3

The polarity of the transmit data can be controlled with
the SCKP bit of the BAUDxCON register. The default
state of this bit is ‘0’ which selects high true transmit
idle and data bits. Setting the SCKP bit to ‘1’ will invert
the transmit data resulting in low true idle and data bits.
The SCKP bit controls transmit data polarity only in
Asynchronous mode. In Synchronous mode the SCKP
bit has a different function.

Transmit Data Polarity

22114 Transmit Interrupt Flag

The TXxIF interrupt flag bit of the PIR1/PIR4 register is
set whenever the EUSART transmitter is enabled and
no character is being held for transmission in the
TXXREG. In other words, the TXxIF bit is only clear
when the TSR is busy with a character and a new
character has been queued for transmission in the
TXxREG. The TXxIF flag bit is not cleared immediately
upon writing TXxREG. TXxIF becomes valid in the
second instruction cycle following the write execution.
Polling TXxIF immediately following the TXxREG write
will return invalid results. The TXxIF bit is read-only, it
cannot be set or cleared by software.

The TXxIF interrupt can be enabled by setting the
TXxIE interrupt enable bit of the PIE1/PIE4 register.
However, the TXxIF flag bit will be set whenever the
TXxREG is empty, regardless of the state of TXxIE
enable bit.

To use interrupts when transmitting data, set the TXxIE
bit only when there is more data to send. Clear the
TXXIE interrupt enable bit upon writing the last
character of the transmission to the TXxREG.
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22.1.2.3 Receive Interrupts

The RCXxIF interrupt flag bit of the PIR1/PIR4 register is
set whenever the EUSART receiver is enabled and
there is an unread character in the receive FIFO. The
RCxIF interrupt flag bit is read-only, it cannot be set or
cleared by software.

RCxIF interrupts are enabled by setting the following
bits:

* RCxIE interrupt enable bit of the PIE1/PIE4
register

» PEIE peripheral interrupt enable bit of the INTCON
register

» GIE global interrupt enable bit of the INTCON
register

The RCxIF interrupt flag bit will be set when there is an
unread character in the FIFO, regardless of the state of
interrupt enable bits.

22.1.24

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RCxSTA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCxREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RCxSTA register which resets the EUSART.
Clearing the CREN bit of the RCxSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Receive Framing Error

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCxREG will not clear the FERR
bit.

22.1.25

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCxSTA register is
set. The characters already in the FIFO buffer can be
read but no additional characters will be received until
the error is cleared. The error must be cleared by either
clearing the CREN bit of the RCxSTA register or by
resetting the EUSART by clearing the SPEN bit of the
RCxSTA register.

Receive Overrun Error

22.1.2.6 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCxSTA register is set, the EUSART
will shift 9 bits into the RSR for each character
received. The RX9D bit of the RCxSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCxREG.

22.1.2.7

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RCxSTA
register.

Address Detection

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCxIF interrupt
bit. All other characters will be ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.
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FIGURE 26-11: IpD TYPICAL, EXTERNAL CLOCK (ECM), MEDIUM-POWER MODE,
PIC16LF1526 ONLY
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FIGURE 26-12: Ibb MAXIMUM, EXTERNAL CLOCK (ECM), MEDIUM-POWER MODE,
PIC16LF1526 ONLY
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FIGURE 26-53: BROWN-OUT RESET VOLTAGE, BORV =0
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FIGURE 26-54: BROWN-OUT RESET HYSTERESIS, BORV =0
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