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PIC16(L)F1782/3

1.0 DEVICE OVERVIEW

The PIC16(L)F1782/3 are described within this data
sheet. The block diagram of these devices are shown in
Figure 1-1. The available peripherals are shown in
Table 1-1, and the pin out descriptions are shown in

Table 1-2.

TABLE 1-1:

DEVICE PERIPHERAL SUMMARY

Peripheral

PIC16(L)F1782

PIC16(L)F1783

PIC16(L)F1784

PIC16(L)F1786

PIC16(L)F1787

PIC16(L)F1788

PIC16(L)F1789

Analog-to-Digital Converter (ADC)

Fixed Voltage Reference (FVR)

Reference Clock Module

Temperature Indicator

Capture/Compare/PWM (CCP/ECCP) Modules

CCP1

CCP2

CCP3

Comparators

C1

C2

C3

C4

Digital-to-Analog Converter (DAC)

(8-bit DAC) D1

(5-bit DAC) D2

(5-bit DAC) D3

(5-bit DAC) D4

Enhanced Universal Synchronous/Asynchronous Receiver/Transmitter (EUSART)

EUSART| o [ o [ o [ o |

Master Synchronous Serial Ports

MSSP |

Op Amp

Op Amp 1

Op Amp 2

Op Amp 3

Programmable Switch Mode Controller (PSMC)

PSMC1

PSMC2

PSMC3

PSMC4

Timers

Timer0

Timer1

Timer2
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3.2 Data Memory Organization

The data memory is partitioned in 32 memory banks
with 128 bytes in a bank. Each bank consists of
(Figure 3-3):

* 12 core registers

» 20 Special Function Registers (SFR)

» Up to 80 bytes of General Purpose RAM (GPR)

* 16 bytes of common RAM

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory will read as ‘0’. All data memory can be
accessed either directly (via instructions that use the
file registers) or indirectly via the two File Select
Registers (FSR). See Section 3.6 “Indirect
Addressing” for more information.

Data memory uses a 12-bit address. The upper 5 bits
of the address define the Bank address and the lower
7 bits select the registers/RAM in that bank.

3.2.1 CORE REGISTERS

The core registers contain the registers that directly
affect the basic operation. The core registers occupy
the first 12 addresses of every data memory bank
(addresses x00h/x08h through x0Bh/x8Bh). These
registers are listed below in Table 3-2. For detailed
information, see Table 3-7.

TABLE 3-2: CORE REGISTERS
Addresses BANKXx
x00h or x80h INDFO
x01h or x81h INDF1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
x08h or x88h BSR
x09h or x89h WREG
x0Ah or x8Ah PCLATH
x0Bh or x8Bh INTCON

© 2011-2014 Microchip Technology Inc.
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FIGURE 6-10: FSCM TIMING DIAGRAM

sampleClock _ | L[ 1 "1

Oscillator
Failure

System
Clock
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OSCFIF :
' Test ' Test ' Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

this example have been chosen for clarity.
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TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH REFERENCE CLOCK SOURCES

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
CLKRCON CLKREN | CLKROE | CLKRSLR CLKRDC<1:0> CLKRDIV<2:0> 72
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by reference clock sources.

TABLE 7-2: SUMMARY OF CONFIGURATION WORD WITH REFERENCE CLOCK SOURCES

Name |Bits | Bit-7 Bit -/6 Bit13/5 | Bit12/4 | Bit11/3 | Bit102 | Bit9N Bitso | Redister
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN<1:0> CPD
CONFIG1 — ——— 40
7:0 CP MCLRE PWRTE WDTE1<:0> FOSC<2:0>
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by reference clock sources.

© 2011-2014 Microchip Technology Inc. DS40001579E-page 73
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REGISTER 12-6: EECON2: EEPROM CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
EEPROM Control Register 2

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set 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 Data EEPROM Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
EECONZ1 register. The value written to this register is used to unlock the writes. There are specific
timing requirements on these writes. Refer to Section 12.2.2 “Writing to the Data EEPROM
Memory” for more information.

TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reg;zt;:m
EECON1 EEPGD CFGS LWLO FREE WRERR WREN WR RD 107
EECON2 EEPROM Control Register 2 (not a physical register) 108*
EEADRL EEADRL<7:0> 106
EEADRH — EEADRH<6:0> 106
EEDATL EEDATL<7:0> 106
EEDATH — — EEDATH<5:0> 106
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 79
PIE2 OSEIE C2IE C1IE EEIE BCL1IE — C3IE CCP2IE 81
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — C3IF CCP2IF 84
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by data EEPROM module.

* Page provides register information.
2: Unimplemented, read as ‘1.

DS40001579E-page 108 © 2011-2014 Microchip Technology Inc.
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13.4 Register Definitions: PORTA

REGISTER 13-2: PORTA: PORTA REGISTER

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
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 7-0 RA<7:0>: PORTA /O Value bits(")

1 = Port pinis > VIH
0 =Port pinis < VIL

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return of
actual I/O pin values.

REGISTER 13-3: TRISA: PORTA TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 TRISA2 TRISA1 TRISAO
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 7-0 TRISA<7:0>: PORTA Tri-State Control bits

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

REGISTER 13-4: LATA: PORTA DATA LATCH REGISTER

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
LATA7 | LATA6 | LATA5 | LATAd | LATA3 | LATA2 LATA1 LATAO

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 7-4 LATA<7:0>: PORTA Output Latch Value bits(")

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return of
actual I/O pin values.

DS40001579E-page 114 © 2011-2014 Microchip Technology Inc.
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13.6 Register Definitions: PORTB
REGISTER 13-10: PORTB: PORTB REGISTER

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
RB7 | RB6 | RB5 | RB4 RB3 RB2 RB1 RBO

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 7-0 RB<7:0>: PORTB General Purpose I/0 Pin bits(")

1 = Port pin is > VIH
0 = Port pinis < VIL

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is return of
actual 1/0O pin values.

REGISTER 13-11: TRISB: PORTB TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
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 7-0 TRISB<7:0>: PORTB Tri-State Control bits

1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output

REGISTER 13-12: LATB: PORTB DATA LATCH REGISTER

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
LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO
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 7-0 LATB<7:0>: PORTB Output Latch Value bits(")

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.
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13.8 Register Definitions: PORTC

REGISTER 13-18: PORTC: PORTC REGISTER

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
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

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 7-0 RC<7:0>: PORTC General Purpose /O Pin bits(!

1 = Port pin is > VIH
0 = Port pinis < VIL

Note 1: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.

REGISTER 13-19: TRISC: PORTC TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
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 TRISC<7:0>: PORTC Tri-State Control bits

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

REGISTER 13-20: LATC: PORTC DATA LATCH REGISTER

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
LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATCA LATCO
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 LATC<7:0>: PORTC Output Latch Value bits(")

Note 1: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.
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2411 PERIOD EVENT

The period event determines the frequency of the
active pulse. Period event sources include any
combination of the following:

* PSMCxTMR counter match
* PSMC input pin

* sync_C10UT

* sync_C20UT

* sync_C30UT

Period event sources are selected with the PSMC
Period Source (PSMCxPRS) register (Register 24-13).

Section 24.2.1.2 “16-bit Period Register” contains
details on configuring the PSMCxTMR counter match
for synchronous period events.

All period events cause the PSMCxTMR counter to
reset on the counting clock edge immediately following
the period event. The PSMCxTMR counter resumes
counting from zero on the counting clock edge after the
period event Reset.

During a period, the rising event and falling event are
each permitted to occur only once. Subsequent rising
or falling events that may occur within the period are
suppressed, thereby preventing output chatter from
spurious inputs.

2412 RISING EDGE EVENT

The rising edge event determines the start of the active
drive period. The rising edge event is also referred to
as the phase because two synchronized PSMC periph-
erals may have different rising edge events relative to
the period start, thereby creating a phase relationship
between the two PSMC peripheral outputs.

Depending on the PSMC mode, one or more of the
PSMC outputs will change in immediate response to
the rising edge event. Rising edge event sources
include any combination of the following:
» Synchronous:

- PSMCxTMR time base counter match
* Asynchronous:

- PSMC input pin

- sync_C10UT

- sync_C20UT

- sync_C30UT

Rising edge event sources are selected with the PSMC
Phase Source (PSMCxPHS) register (Register 24-11).

For configuring the PSMCxTMR time base counter
match for synchronous rising edge events, see
Section 24.2.1.3 “16-bit Phase Register”.

The first rising edge event in a cycle period is the only
one permitted to cause action. All subsequent rising
edge events in the same period are suppressed to

prevent the PSMC output from chattering in the
presence of spurious event inputs. A rising edge event
is also suppressed when it occurs after a falling edge
event in the same period.

The rising edge event also triggers the start of two other
timers when needed: falling edge blanking and
dead-band period. For more detail refer to
Section 24.2.8 “Input Blanking” and Section 24.4
“Dead-Band Control”.

When the rising edge event is delayed from the period
start, the amount of delay subtracts from the total amount
of time available for the drive duty cycle. For example, if
the rising edge event is delayed by 10% of the period
time, the maximum duty cycle for that period is 90%. A
100% duty cycle is still possible in this example, but duty
cycles from 90% to 100% are not possible.

2413 FALLING EDGE EVENT

The falling edge event determines the end of the active
drive period. The falling edge event is also referred to
as the duty cycle because varying the falling edge
event, while keeping the rising edge event and period
events fixed, varies the active drive duty cycle.

Depending on the PSMC mode, one or more of the
PSMC outputs will change in immediate response to
the falling edge event. Falling edge event sources
include any combination of the following:

» Synchronous:

- PSMCxTMR time base counter match
* Asynchronous:

- PSMC input pin

- sync_C10UT

- sync_C20UT

- sync_C30UT

Falling edge event sources are selected with PSMC Duty
Cycle Source (PSMCxDCS) register (Register 24-12).

For configuring the PSMCxTMR time base counter
match for synchronous falling edge events, see
Section 24.2.1.4 “16-bit Duty Cycle Register”.

The first falling edge event in a cycle period is the only
one permitted to cause action. All subsequent falling
edge events in the same period are suppressed to
prevent the PSMC output from chattering in the
presence of spurious event inputs.

A falling edge event suppresses any subsequent rising
edges that may occur in the same period. In other words,
if an asynchronous falling event input should come late
and occur early in the period, following that for which it
was intended, the rising edge in that period will be sup-
pressed. This will have a similar effect as pulse skipping.

The falling edge event also triggers the start of two
other timers: rising edge blanking and dead-band
period. For more detail refer to Section 24.2.8 “Input
Blanking” and Section 24.4 “Dead-Band Control”.

© 2011-2014 Microchip Technology Inc.

DS40001579E-page 193



PIC16(L)F1782/3

26.2.6 SPIOPERATION IN SLEEP MODE

In SPI Master mode, module clocks may be operating
at a different speed than when in Full-Power mode; in
the case of the Sleep mode, all clocks are halted.

Special care must be taken by the user when the MSSP
clock is much faster than the system clock.

In Slave mode, when MSSP interrupts are enabled,
after the master completes sending data, an MSSP
interrupt will wake the controller from Sleep.

If an exit from Sleep mode is not desired, MSSP
interrupts should be disabled.

In SPI Master mode, when the Sleep mode is selected,
all module clocks are halted and the transmis-
sion/reception will remain in that state until the device
wakes. After the device returns to Run mode, the
module will resume transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in Sleep mode and data
to be shifted into the SPI Transmit/Receive Shift
register. When all 8 bits have been received, the MSSP
interrupt flag bit will be set and if enabled, will wake the
device.

TABLE 26-1: SUMMARY OF REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁglizt;:
ANSELA ANSA7 — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 115
APFCON C20UTSEL| CCP1SEL | SDOSEL SCKSEL SDISEL TXSEL RXSEL CCP2SEL 111
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 79
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 80
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 83
SSP1BUF | Synchronous Serial Port Receive Buffer/Transmit Register 260*
SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 306
SSP1CON3 | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 308
SSP1STAT SMP CKE D/A P S R/W UA BF 304
TRISA TRISA7 TRISAG TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAQ 114
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISAO 125
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the MSSP in SPI mode.

*

Note 1:

Page provides register information.
PIC16(L)F1783 only.
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26.6.5 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
of the SSPCONZ2 register is programmed high and the
master state machine is no longer active. 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 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 and begins counting. 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. SCL is
asserted low. Following this, the RSEN bit of the SSP-

FIGURE 26-27:

CON2 register 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 of the
SSPSTAT register will be set. The SSP1IF bit will not
be set until the Baud Rate Generator has timed out.

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.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA ;

occurs here SDA =1 At completion of Start bit,
SDA=1, L= ’ hardware clears RSEN bit
SCL (no change) SCL= 11 | ‘and sets SSP1IF
[«TBRG-*-TBRG—+TBRG
1 . - —l )

S bit set by hardware

| | X 1st bit X

| | ' Write to SSPBUF occurs here

/—\—Iy_%
SCL ' Z [ Z
_ ! S .

L r B lTBRG~|

Repeated Start

DS40001579E-page 290
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FIGURE 26-31: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2, ___ SCL = 1 for TBRG, followed by SDA = 1 for TBRG
set PEN after SDA sampled high. P bit (SSPSTAT<4>) is set.
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock l hardware and the SSP1IF bit is set
|
TBRG
scL \ <—>)( | |
SDA ACK | |
L P v
“— TBre —— Tere —l— TerRG —
SCL brought high after TBRG
SDA asserted low before rising edge of clock
to setup Stop condition
Note: TBRG = one Baud Rate Generator period.

26.6.10 SLEEP OPERATION

While in Sleep mode, the I2C slave module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

26.6.11 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

26.6.12 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit of the SSPSTAT register is set,
or the bus is Idle, with both the S and P bits clear. When
the bus is busy, enabling the SSP interrupt will
generate the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed by
hardware with the result placed in the BCL1IF bit.

The states where arbitration can be lost are:
» Address Transfer

« Data Transfer

« A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

26.6.13 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1’ and the data sampled on the SDA piniis ‘0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCL1IF and reset the
1’c port to its Idle state (Figure 26-31).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 1’c
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are deasserted and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision Interrupt Service Routine and
if the I°C bus is free, the user can resume communica-
tion by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSP1IF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the I12C bus
can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are
cleared.
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FIGURE 26-34: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA=0,SCL=1
l+— TBRG —*¢— TBrRG —
SDA N
SCL Set SEN, enable Start N
sequence if SDA=1,SCL=1 >
l T— SCL = 0 before SDA = 0,
bus collision occurs. Set BCL1IF.
SEN
SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCL1IF.
BCL1IF | _
T_ Interrupt cleared
by software
s 0’ 0’
ssP1IF [0’ 0

FIGURE 26-35: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION

Less than TBRG —':

SDA=0,SCL=1
lSetS iSet SSP1IF

SDA  SDA pulled low by other master. | \I\ |
Reset BRG and assert SDA. I

|
! |
scL v \
: [ S - |
! | 1 SCL pulled low after BRG
SEN | : time-out
Set SEN, enable Start
sequence if SDA=1,8CL=1 .
BCL1IF ' . 0
! |
! |
! |
S |
|
|
SSP1IF 1 J —
SDA=0,SCL=1, Interrupts cleared
set SSP1IF — by software
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FIGURE 27-2: EUSART RECEIVE BLOCK DIAGRAM

SPEN

RX/DT pin

Pin Buffer
and Control

BRG16

?DT Multiplier | x4 | x16 |xe4]—"
; syNe [1]x|o]o] 0
:|SPBRGH‘ SPBRGL‘ BRGH |x|1]1]o] o0
! BRG16 |[x|1|0|1] 0

| Baud Rate Generator Fosc D —1
Fosc [ |

FERR RX9D RCREG Register

FIFO

8

Data Bus

RCIF Interrupt
RCIE

The operation of the EUSART module is controlled
through three registers:

» Transmit Status and Control (TXSTA)

* Receive Status and Control (RCSTA)

» Baud Rate Control (BAUDCON)

These registers are detailed in Register 27-1,
Register 27-2 and Register 27-3, respectively.

When the receiver or transmitter section is not enabled
then the corresponding RX or TX pin may be used for
general purpose input and output.
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30.0 ELECTRICAL SPECIFICATIONS

30.1 Absolute Maximum Ratings(t

Ambient temperature UNAer Di@s...........oouiii i s -40°C to +125°C
StOrage tEMPEIATUIE .......eeiiiiie ettt e et e e e s e -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
L (O 1] i 4 12 £ S USRS -0.3V to +6.5V
PICTBLEATB2/3 ...ttt ettt sttt ettt e e e e sneesnneas -0.3V to +4.0V
ON IMCLR PN ettt ettt ettt ettt ee e eee et en s s e et ee e eeee et esee e et et ereeeeeesennns -0.3V to +9.0V
Lo T T= 1 o g TY o] o PSSR -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin(®

“40°C S TA S H85%C it ettt ettt nneen 170 mA
“40°C S TA S HT125°C ittt e r et a et ettt e a ettt eneen 70 mA
on Vob pin("
B0 O 1 e 1 e TSRS 85 mA
“40°C S TA S HT125°C ittt r ettt ettt ae et ene s 35 mA
Lo T 1= 10}V 1 I o PR +25 mA
Clamp current, 1K (VPIN < 0 OF VPIN 3 VDD) ...ooiiuiiiiiiiiieiiiie ettt ettt st e et e ssmne e e snne e e e +20 mA

Note 1: Maximum current rating requires even load distribution across 1/O pins. Maximum current rating may be
limited by the device package power dissipation characterizations, see Section 30.4 “Thermal
Considerations” to calculate device specifications.

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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TABLE 30-2: SUPPLY VOLTAGE (Ipp)(1:?)
PIC16LF1782/3 Standard Operating Conditions (unless otherwise stated)
PIC16F1782/3
. Conditions
P;ram ch De‘t"c.e ; Min. | Typt | Max. | Units
o. aracteristics VoD Note
D009 LDO Regulator — 75 — LA — | High-Power mode, normal operation
— 15 — pA — Sleep VREGCON<1> =0
— 0.3 — pA — Sleep VREGCON<1> =1
D010 — 20 pA 1.8 Fosc = 32 kHz
_ 12 24 pA 3.0 LP Oscillator mode (Note 4),
-40°C < TA < +85°C
D010 — 18 63 pA 23 Fosc = 32 kHz
_ 20 74 pA 30 LP Oscillator mode (Note 4, 5),
-40°C < TA < +85°C
— 22 79 pA 5.0
D012 — 160 650 pA 1.8 Fosc =4 MHz
_ 320 1000 IJ'A 3.0 XT Oscillator mode
D012 — 260 700 pA 23 Fosc = 4 MHz
_ 330 1100 pA 3.0 XT Oscillator mode (Note 5)
— 380 1300 pA 5.0
Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from

rail-to-rail; all /O pins tri-stated, pulled to Vbb; MCLR = VDD; WDT disabled.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/0O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current

consumption.

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended

by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4: FVR and BOR are disabled.
0.1 uF capacitor on VCAP.

o

6: 8 MHz crystal oscillator with 4x PLL enabled.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.

4.0

35

3.0

25

20

IoD (mA)

Typical

05 Typical: 25°C

Max: 85°C + 30

0.0

24 26 28 3.0 3.2 3.4 3.6 3.8

Vob (V)

FIGURE 31-31: Ipp, HS Oscillator, 32 MHz
(8 MHz + 4x PLL), PIC16LF1782/3 Only.

200 [{Max: 85°C + 30
Typical: 25°C

Typical

I
0
16 1.8 2.0 2.2 24 26 2.8 3.0 32 3.4 3.6 3.8

Vob (V)

FIGURE 31-33: IPD Base, LP Sleep Mode,
PIC16LF1782/3 Only.

3.0
Max: 85°C + 30
Typical: 25°C
25
/
Max —
20 8
///
< —
2 15
s
&
1.0
|
Typical ///
0.5
0.0
1.6 18 20 22 2.4 26 28 3.0 3.2 34 3.6 3.8
VoD (V)

4.0

3.5
/ ——

/

25

20

Typical

Ibb (mA)

05 Typical: 25°C

Max: 85°C + 30

0.0

Vob (V)
FIGURE 31-32: Ipb, HS Oscillator, 32 MHz
(8 MHz + 4x PLL), PIC16F1782/3 Only.

12
Max.
1.0
—
08
é Max: 85°C + 30
£ 06 Typical: 25°C
0.4
Typical
0.2
p—
0.0
2.0 25 3.0 35 4.0 4.5 50 55 6.0
VoD (V)

FIGURE 31-34: IPD Base, LP Sleep Mode
(VREGPM = 1), PIC16F1782/3 Only.

25

FIGURE 31-35: IPD, Watchdog Timer (WDT),
PIC16LF1782/3 Only.

Max: 85°C + 30
20 Typical: 25°C o
,’-—_//
L —
z 1.5
2
a
&
1.0
Typical
e
0.5
0.0
2.0 25 3.0 3.5 4.0 4.5 5.0 55 6.0
Vob (V)

FIGURE 31-36:
PIC16F1782/3 Only.

IPD, Watchdog Timer (WDT),
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.

14
13 T
Max. /
1.2
—— [ L
~ 11
2 .
3 Typical |_—
-]
g 10 7
o
> /
0.9
Min.
0.8
— Max: Typical + 30
0.7 Typical: istical Mean ||
Min: Typical - 30
06 I I I
-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)

FIGURE 31-73: POR Rearm Voltage,
NP Mode, PIC16LF1782/3 Only.
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20

Max: Typical + 30 (-40°C to +125°C)
Typical; statistical mean @ 25°C

. [ [ ]

1.5 20 25 3.0 35 4.0 4.5 5.0 55 6.0
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FIGURE 31-75:
VREGPM = 1.

Wake From Sleep,

1.0
05 )
=
23
=)
2 00
(=]
05 } 1
1.0
0 128 256 384 512 640 768 806 1024

Output Code

Time (ps)
®
=
5
E

Typical
4
P [Max: Typical + 30 (-40°C to +125°C)
Typical; statistical mean @ 25°C
0
1.5 20 25 3.0 35 4.0 4.5 5.0 55 6.0
Vob (V)

FIGURE 31-74:
VREGPM = 0.

Wake From Sleep,

40
35 Max: Typical + 30
lTyp\ca\: statistical mean @ 25°C
Max.
30
n
2
nE» 25 Typical
E e
20
Note:
The FVR Stabilization Period applies when:
1) coming out of Reset or exiting Sleep mode for PIC12/16LFxxxx devices.
15 2) when exiting Sleep mode with VREGPM = 1 for PIC12/16Fxxxx devices [
In all other cases, the FVR is stable when released from Reset.
0 [ [ [ [ [ [ T T 7
16 18 20 22 24 26 28 30 32 34 36 38
VoD (mV)

FIGURE 31-76:

FVR Stabilization Period.

DNL (LSb)

-0.5

FIGURE 31-77: ADC 10-bit Mode,

Single-Ended DNL, VbD = 3.0V, TAD = 1 uS, 25°C.

384 512 640 768 896 1024

Output Code

FIGURE 31-78:

ADC 10-bit Mode,

Single-Ended DNL, VbD = 3.0V, TAD = 4 uS, 25°C.
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:
http://www.microchip.com/packaging

For the most current package drawings, please see the Microchip Packaging Specification located at

D

M-

AL -
12 L

CITJ —

—| |~——

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.

3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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