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PIC16(L)F1784/6/7

TABLE 1-2: PIC16(L)F1784/6/7 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O#;S;t Description
RB5/AN13/C4IN2-/T1G/CCP3™M RB5 TTL/ST | CMOS | General purpose /0.
spot) AN13 AN — | ADC Channel 13 input.
C4IN2- AN — Comparator C4 negative input.
T1G ST — Timer1 gate input.
CCP3 ST CMOS | Capture/Compare/PWM3.
SDO — CMOS | SPI data output.
RB6/C4IN1+TXD/cK®/sDIM) RB6 TTL/ST | CMOS | General purpose 1/0.
SDAM/ICSPCLK C4IN1+ AN — Comparator C4 positive input.
X — CMOS | EUSART asynchronous transmit.
CK ST CMOS | EUSART synchronous clock.
SDI ST — SPI data input.
SDA 1’c OD |I2C™ data input/output.
ICSPCLK ST — Serial Programming Clock.
RB7/DAC10UT2/RX®/DT®) RB7 TTL/ST | CMOS | General purpose 1/0.
SCKM/sCLM/ICSPDAT DAC10UT2 — AN | Voltage Reference output.
RX ST — EUSART asynchronous input.
DT ST CMOS | EUSART synchronous data.
SCK ST | CMOS | SPI clock.
SCL e OD |I12C™ clock.
ICSPDAT ST | CMOS |ICSP™ Data I/O.
RCO0/T10SO/T1CKI/PSMC1A RCO TTL/ST | CMOS | General purpose 1/O.
T10SO XTAL | XTAL | Timer1 Oscillator Connection.
T1CKI ST — Timer1 clock input.
PSMC1A — CMOS | PSMC1 output A.
RC1/T10SI/PSMC1B/CCP2 RC1 TTL/ST | CMOS | General purpose /0.
T10SI XTAL | XTAL | Timer1 Oscillator Connection.
PSMC1B — CMOS | PSMC1 output B.
CCP2 ST CMOS | Capture/Compare/PWM2.
RC2/PSMC1C/CCP1 RC2 TTL/ST | CMOS | General purpose /0.
PSMC1C — CMOS | PSMC1 output C.
CCP1 ST CMOS | Capture/Compare/PWM1.
RC3/PSMC1D/SCKY/scL® RC3 TTL/ST | CMOS | General purpose /0.
PSMC1D — CMOS | PSMC1 output D.
SCK ST | CMOS | SPI clock.
SCL e OD |I12C™ clock.
RC4/PSMC1E/SDIM/SDAMY RC4 TTL/ST | CMOS | General purpose I/O.
PSMC1E — CMOS | PSMC1 output E.
SDI ST — SPI data input.
SDA 12c OD |I2C™ data input/output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1:

Pin functions can be assigned to one of two locations via software. See Register 13-1.
2:  All pins have interrupt-on-change functionality.

3:  PIC16(L)F1784/7 only.

4:  PIC16(L)F1786 only.
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PIC16(L)F1784/6/7

3.3.1 SPECIAL FUNCTION REGISTER FIGURE 3-3: BANKED MEMORY
The Special Function Registers (SFR) are registers PARTITIONING
used by the application to control the desired operation
of peripheral functions in the device. The SFR occupies ” Memory Region
the 20 bytes after the core registers of every data 7-bit Bank Offset fy ~eg!
memory bank (addresses xOCh/x8Ch through
x1Fh/x9Fh). The registers associated with the operation 00h
of each peripheral are described in the corresponding Core Registers
peripheral chapters of this data sheet. (12 bytes)
0Bh
3.3.2 GENERAL PURPOSE RAM 0Ch
There are up to 80 bytes of General Purpose Registers Special Function Registers
(GPR) in each data memory bank. The GPR occupies (20 bytes maximum)
the space immediately after the SFR of selected data 1Fh
memory banks. The number of banks selected 20h
depends on the total amount of GPR space available in
the device.
3.3.2.1 Linear Access to GPR
The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify General Purpose RAM
access to large memory structures. See Section 3.6.2 (80 bytes maximum)
“Linear Data Memory” for more information.
3.3.3 COMMON RAM
There are 16 bytes of common RAM accessible from all
banks.
6Fh
70h
Common RAM
(16 bytes)
7Fh
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FIGURE 3-9: INDIRECT ADDRESSING
0x0000 0x0000
Traditional
Data Memory
OxOFFF OxOFFF
0x1000 5 ’
Ox1FFF esenve
0x2000
Linear
Data Memory
0x29AF
0x29B0
FSR Reserved
Address OX7FFF
Range 0x8000 0x0000
Program
Flash Memory
OxFFFF Ox7FFF

Note: Not all memory regions are completely implemented. Consult device memory tables for memory limits.
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PIC16(L)F1784/6/7

4.2 Register Definitions: Configuration Words

REGISTER 4-1: CONFIG1: CONFIGURATION WORD 1

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
FCMEN IESO CLKOUTEN BOREN<1:0> CPD
bit 13 bit 8

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

R/P-1
CP

MCLRE PWRTE WDTE<1:0> FOSC<2:0>

bit 7

bit 0

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set -n = Value when blank or after Bulk Erase

bit 13

bit 12

bit 11

bit 10-9

bit 8

bit 7

bit 6

bit 5

bit 4-3

FCMEN: Fail-Safe Clock Monitor Enable bit
1 = Fail-Safe Clock Monitor and internal/external switchover are both enabled.
0 = Fail-Safe Clock Monitor is disabled

IESO: Internal External Switchover bit
1 = Internal/External Switchover mode is enabled
0 = Internal/External Switchover mode is disabled

CLKOUTEN: Clock Out Enable bit
If FOSC configuration bits are set to LP, XT, HS modes:

This bit is ignored, CLKOUT function is disabled. Oscillator function on the CLKOUT pin.
All other FOSC modes:

1 = CLKOUT function is disabled. 1/0 function on the CLKOUT pin.

0 = CLKOUT function is enabled on the CLKOUT pin

BOREN<1:0>: Brown-out Reset Enable bits

11 = BOR enabled

10 = BOR enabled during operation and disabled in Sleep

01 = BOR controlled by SBOREN bit of the BORCON register
00 = BOR disabled

CPD: Data Code Protection bit®
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled

CP: Code Protection bit
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled

MCLRE: MCLR/VPP Pin Function Select bit
If LVP bit=1:
This bit is ignored.
If LVP bit = 0:
1 = MCLR/VPP pin function is MCLR; Weak pull-up enabled.
0 = MCLR/VPP pin function is digital input; MCLR internally disabled; Weak pull-up under control of
WPUES3 bit.

PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

WDTE<1:0>: Watchdog Timer Enable bit

11 =WDT enabled

10 =WDT enabled while running and disabled in Sleep

01 =WDT controlled by the SWDTEN bit in the WDTCON register
00 =WDT disabled
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FIGURE 8-3: INT PIN INTERRUPT TIMING

Q1] Q2| @3] Q4. Q1] Q2] Q3| @4 Q1| Q2] Q3| Q4. Q1] Q2] Q3| @4: Q1| @2| Q3| Q4

0scC1 :
cLKouT® . C ) . . Z
Lo @. : : : :

INT pin — — ; ; ; i
L 2 L, O . . . .

INTF L/ (5) : : Interrupt Latency(z) ' : :
GIE . ' Z ! Z ! Z
: : | \ : | :
INSTRUCTION FLOW | : | :
PC ( PC X PC+1 PC+1 X 0004h X 0005h
Instruction ( . : : : : :
Fetched { ! Inst (PC) ! Inst(PC+1) . — + Inst (0004h) . Inst (0005h)
Ej;;“u"tg‘(’j”{ ' Inst(PC—1) '  Inst(PC) ' ForcedNOP '  Forced NOP Inst (0004h)

Note 1: |INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where TCY = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

3: CLKOUT not available in all oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 30.0 “Electrical Specifications””.
INTF is enabled to be set any time during the Q4-Q1 cycles.
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REGISTER 8-2: PIELl: PERIPHERAL INTERRUPT ENABLE REGISTER 1
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

TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE
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’ = Bitis cleared
bit 7 TMR1GIE: Timer1 Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enables the Timer1 gate acquisition interrupt

0 = Disables the Timer1 gate acquisition interrupt

ADIE: Analog-to-Digital Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt

0 = Disables the ADC interrupt

RCIE: EUSART Receive Interrupt Enable bit

1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt

TXIE: EUSART Transmit Interrupt Enable bit

1 = Enables the EUSART transmit interrupt

0 = Disables the EUSART transmit interrupt

SSP1IE: Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt

0 = Disables the MSSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt

0 = Disables the Timer2 to PR2 match interrupt
TMR1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

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

DS40001637C-page 94
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REGISTER 8-8: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

uU-0 uU-0 U-0 R/W-0/0 uU-0 U-0 uU-0 uU-0
— — — ccP3IF | — | — — —
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’ = Bitis cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4 CCP3IF: CCP3 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 3-0 Unimplemented: Read as ‘0’
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13.11 PORTE Registers

RE3 is input only, and also functions as MCLR. The
MCLR feature can be disabled via a configuration fuse.
RES3 also supplies the programming voltage. The TRIS bit
for RE3 (TRISE3) always reads ‘1’.

13.11.1 DATA REGISTER

PORTE is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISE
(Register 13-35). Setting a TRISE bit (= 1) will make the
corresponding PORTE pin an input (i.e., put the
corresponding output driver in a High-lmpedance mode).
Clearing a TRISE bit (= 0) will make the corresponding
PORTE pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 13-1 shows how to initialize an 1/O port.

Reading the PORTE register (Register 13-34) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATE).

13.11.2 DIRECTION CONTROL

The TRISE register (Register 13-35) controls the PORTE
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISE register are maintained set when using them as
analog inputs. /O pins configured as analog inputs
always read ‘0’.

13.11.3 OPEN DRAIN CONTROL

The ODCONE register (Register 13-31) controls the
open-drain feature of the port. Open drain operation is
independently selected for each pin. When an
ODCONE bit is set, the corresponding port output
becomes an open drain driver capable of sinking
current only. When an ODCONE bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

13.11.4 SLEW RATE CONTROL

The SLRCOND register (Register 13-32) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCOND bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCOND bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

13.11.5 INPUT THRESHOLD CONTROL

The INLVLD register (Register 13-33) controls the input
voltage threshold for each of the available PORTD
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTD register and also the

level at which an interrupt-on-change occurs, if that
feature is enabled. See Section 30.1 “DC Character-
istics: PIC16(L)F1784/6/7-1/E (Industrial,
Extended)” for more information on threshold levels.

Note:  Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a tran-
sition associated with an input pin, regard-

less of the actual voltage level on that pin.

13.11.6 INPUT THRESHOLD CONTROL

The INLVLE register (Register 13-41) controls the input
voltage threshold for each of the available PORTE
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTE register and also the level
at which an interrupt-on-change occurs, if that feature
is enabled. See Section TABLE 30-1: “Supply Volt-
age” for more information on threshold levels.

Note:  Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.
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PIC16(L)F1784/6/7

TABLE 17-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (TAD) Device Frequency (Fosc)
ADC
Clock Source | ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns®? 100 ns® 125 ns® 250 ns® 500 ns® 20pus
Foscl4 100 125 ns®@ 200 ns® 250 ns® 500 ns® 1.0 us 4.0 pus
Fosc/8 001 0.5 us® 400 ns® 0.5 us®@ 1.0 us 2.0 ps 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 s 4.0 us 16.0 us®
Fosc/32 010 1.0 us 1.6 us 2.0 us 4.0 ps 8.0 us® 32.0 ps®
Fosc/64 110 2.0 us 3.2 s 4.0 us 8.0 us® 16.0 us® 64.0 ps®
FRC x11 1.0-6.0 pst4 | 1.0-6.0 us@4 | 1.0-6.0 us™¥ | 1.0-6.0 ps@4 | 1.0-6.0 us™®? | 1.0-6.0 ps@4

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 1.6 us for VDD.
2:  These values violate the minimum required TAD time.
3:  For faster conversion times, the selection of another clock source is recommended.
4:  The ADC clock period (TaD) and total ADC conversion time can be minimized when the ADC clock is derived from the
system clock Fosc. However, the FRC oscillator source must be used when conversions are to be performed with the
device in Sleep mode.

FIGURE 17-2: ANALOG-TO-DIGITAL CONVERSION Tab CYCLES

TcY - TAD, TAD1 . TAD2 = TAD3 . TAD4 | TAD5 | TAD6 . TAD7 , TAD8 . TAD9 A TAD10  TAD11 TAD12 TAD13, TAD14  TAD15 TAD16 | TAD17
4 4 4590 b1t b0 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Conversion < - >
starts Holding cap.
discharge
W Holding cap disconnected
tsa'(tat GO h from input
i

Input

A

Sample
On the following cycle:
GO bit is cleared, ADIF bit is set,
holding capacitor is connected to analog input.
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TABLE 17-3:  SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Ssgpiztge;
ADCONO ADRMD CHS<4:0> GO/DONE | ADON 172
ADCON1 ADFM ADCS<2:0> — ADNREF ADPREF<1:0> 173
ADCON2 TRIGSEL<3:0> CHSN<3:0> 174
ADRESH A/D Result Register High 175, 176
ADRESL A/D Result Register Low 175, 176
ANSELA ANSA7 — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 132
ANSELB — ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 138
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 93
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 94
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 98
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 131
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 137
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 162
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends on condition. Shaded cells are not

used for the ADC module.
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22.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

*« TMR1ON bit of the T1ICON register

* TMR1IE bit of the PIE1 register

* PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TMRI1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

22.8 Timerl Operation During Sleep

Timer1 can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

* TMR1ON bit of the T1CON register must be set

* TMR1IE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

* T1SYNC bit of the T1CON register must be set

* TMR1CS bits of the T1CON register must be
configured

» T10SCEN bit of the T1CON register must be
configured

The device will wake-up on an overflow and execute

the next instructions. If the GIE bit of the INTCON

register is set, the device will call the Interrupt Service

Routine.

Timer1 oscillator will continue to operate in Sleep
regardless of the T1ISYNC bit setting.

FIGURE 22-2:

TIMER1 INCREMENTING EDGE

22.9 CCP Capture/Compare Time Base

The CCP modules use the TMR1H:TMR1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPR1L register pair matches the value in
the TMR1H:TMR1L register pair. This event can be a
Auto-conversion Trigger.

For more information, see Section 25.0

“Capture/Compare/PWM Modules”.

22.10 CCP Auto-Conversion Trigger

When any of the CCP’s are configured to trigger a
auto-conversion, the trigger will clear the
TMR1H:TMR1L register pair. This auto-conversion
does not cause a Timer1 interrupt. The CCP module
may still be configured to generate a CCP interrupt.

In this mode of operation, the CCPR1H:CCPR1L
register pair becomes the period register for Timer1.

Timer1 should be synchronized and Fosc/4 should be
selected as the clock source in order to utilize the
Auto-conversion Trigger. Asynchronous operation of
Timer1 can cause a Auto-conversion Trigger to be
missed.

In the event that a write to TMR1H or TMR1L coincides
with a Auto-conversion Trigger from the CCP, the write
will take precedence.

For more information, see Section 25.2.4
“Auto-Conversion Trigger”.

T1CKI =1
when TMR1

Enabled *

T1CKI= 0

when TMR1
Enabled *

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.

© 2012-2014 Microchip Technology Inc.
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FIGURE 24-20: AUTO-SHUTDOWN AND RESTART WAVEFORM

1 2 3 4 5
Base PWM signal

PxARSEN ‘

Auto-Shutdown Source
cleared cleared
PSMCx Auto-shutdown int flag bit in software in software

Cleared
n hardware

-+ |«Next Period Event

-+ | «Next Period Event

PXASE Cleared
in software

PSMCxA
PSMCxB

Operating State | Normal Auto- Normal Auto- Normal
Output shutdown Output shutdown Output
Manual Restart Auto-restart
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REGISTER 24-15: PSMCXxASDC: PSMC AUTO-SHUTDOWN CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 U-0 uU-0 u-0 uU-0 R/W-0/0
PxASE PxASDEN PXARSEN — — — — PxASDOV
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 PXASE: PWM Auto-Shutdown Event Status bit(")

1 = A shutdown event has occurred, PWM outputs are inactive and in their shutdown states
0= PWM outputs are operating normally
bit 6 PxASDEN: PWM Auto-Shutdown Enable bit
1 = Auto-shutdown is enabled. If any of the sources in PSMCxASDS assert a logic ‘1’, then the out-
puts will go into their auto-shutdown state and PSMCxSIF flag will be set.
0 = Auto-shutdown is disabled
bit 5 PXARSEN: PWM Auto-Restart Enable bit

1= PWM restarts automatically when the shutdown condition is removed.
0 = The PxASE bit must be cleared in firmware to restart PWM after the auto-shutdown condition is

cleared.
bit 4-1 Unimplemented: Read as ‘0’
bit 0 PxASDOV: PWM Auto-Shutdown Override bit
PxASDEN = 1:

1= Force PxASDL[n] levels on the PSMCx[n] pins without causing a PSMCXxSIF interrupt
0 = Normal PWM and auto-shutdown execution

PxASDEN = 0:
No effect

Note 1: PASE bit may be set in software. When this occurs the functionality is the same as that caused by
hardware.
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REGISTER 24-16: PSMCxASDL: PSMC AUTO-SHUTDOWN OUTPUT LEVEL REGISTER

uU-0 u-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
— — PxASDLF® | PxASDLE™ | PxASDLD® | PxASDLCY) | PxASDLB | PxASDLA
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 7-6 Unimplemented: Read as ‘0’
bit 5 PxASDLF: PSMCx Output F Auto-Shutdown Pin Level bit(1)

1= When auto-shutdown is asserted, pin PSMCxF will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCxF will drive logic ‘0’

bit 4 PXASDLE: PSMCx Output E Auto-Shutdown Pin Level bit™®

1 = When auto-shutdown is asserted, pin PSMCXxE will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCXxE will drive logic ‘0’

bit 3 PXASDLD: PSMCx Output D Auto-Shutdown Pin Level bit™®
1 = When auto-shutdown is asserted, pin PSMCxD will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCxD will drive logic ‘0’
bit 2 PxASDLC: PSMCx Output C Auto-Shutdown Pin Level bit(1)

1 = When auto-shutdown is asserted, pin PSMCxC will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCxC will drive logic ‘0’

bit 1 PxASDLB: PSMCx Output B Auto-Shutdown Pin Level bit

1 = When auto-shutdown is asserted, pin PSMCxB will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCxB will drive logic ‘0’

bit 0 PxASDLA: PSMCx Output A Auto-Shutdown Pin Level bit

1= When auto-shutdown is asserted, pin PSMCXxA will drive logic ‘1’
0 = When auto-shutdown is asserted, pin PSMCxA will drive logic ‘0’

Note 1. These bits are not implemented on PSMC2.
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REGISTER 24-31: PSMCxSTRO: PSMC STEERING CONTROL REGISTER 0

uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-1/1
— — PxSTRF® | PxSTRE® | PxSTRD® | PxSTRC® PxSTRB PxSTRA
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 7-6 Unimplemented: Read as ‘0’
bit 5 PXSTRF: PWM Steering PSMCxF Output Enable bit®?

If PXMODE<3:0> = 0000 (Single-phase PWM):
1= Single PWM output is active on pin PSMCxF
0 = Single PWM output is not active on pin PSMCxF. PWM drive is in inactive state
If PxMODE<3:0> = 0001 (Complementary Single-phase PWM):
1= Complementary PWM output is active on pin PSMCxF
0 = Complementary PWM output is not active on pin PSMCxOUT5. PWM drive is in inactive state
IF PXMODE<3:0> = 1100 (3-phase Steering):(!
1= PSMCxD and PSMCXE are high. PSMCxA, PMSCxB, PSMCxC and PMSCxF are low.
0 = 3-phase output combination is not active
bit 4 PXSTRE: PWM Steering PSMCXE Output Enable bit®
If PxMODE<3:0> = 000x (single-phase PWM or Complementary PWM):
1= Single PWM output is active on pin PSMCxE
0 = Single PWM output is not active on pin PSMCxE. PWM drive is in inactive state
IF PXMODE<3:0> = 1100 (3-phase Steering):!
1= PSMCxB and PSMCXxE are high. PSMCxA, PMSCxC, PSMCxD and PMSCxF are low.
0 = 3-phase output combination is not active
bit 3 PxSTRD: PWM Steering PSMCxD Output Enable bit?®
If PXMODE<3:0> = 0000 (Single-phase PWM):
1= Single PWM output is active on pin PSMCxD
0 = Single PWM output is not active on pin PSMCxD. PWM drive is in inactive state
If PxMODE<3:0> = 0001 (Complementary single-phase PWM):
1= Complementary PWM output is active on pin PSMCxD
0 = Complementary PWM output is not active on pin PSMCxD. PWM drive is in inactive state
IF PXMODE<3:0> = 1100 (3-phase Steering):(")
1= PSMCxB and PSMCxC are high. PSMCxA, PMSCxD, PSMCxE and PMSCxF are low.
0 = 3-phase output combination is not active
bit 2 PXSTRC: PWM Steering PSMCxC Output Enable bit(?)
If PxXMODE<3:0> = 000x (Single-phase PWM or Complementary PWM):
1= Single PWM output is active on pin PSMCxC
0 = Single PWM output is not active on pin PSMCxC. PWM drive is in inactive state
IF PxXMODE<3:0> = 1100 (3-phase Steering):(?
1= PSMCxC and PSMCxF are high. PSMCxA, PMSCxB, PSMCxD and PMSCXE are low.
0 = 3-phase output combination is not active
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25.3 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 25-3 shows a typical waveform of the PWM
signal.

25.3.1 STANDARD PWM OPERATION

The standard PWM function described in this section is
available and identical for all CCP modules.

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to 10
bits of resolution. The period, duty cycle, and resolution
are controlled by the following registers:

* PR2 registers

* T2CON registers

* CCPRHxL registers

* CCPxCON registers

Figure 25-4 shows a simplified block diagram of PWM
operation.

FIGURE 25-3: CCP PWM OUTPUT SIGNAL

- Period
] ]

Pulse Width
-~ ~<—TMR2 = PR2

LI

<+—TMR2 = CCPRxH:CCPxCON<5:4>

E<—TMR2 =0
FIGURE 25-4: SIMPLIFIED PWM BLOCK
DIAGRAM
CCP1CON<5:4>
Duty Cycle Registers f
‘ CCPRIL |
4/ To PSMC module
‘ CCPR1H® (Slave) | ‘
JT : CCP1
‘ Comparator I R Q
it
S
‘ TMR2 ‘ @ |
TRIS
Comparator
Clear Timer,
* toggle CCP1 pin and

PR2 latch duty cycle

Note 1: The 8-bit timer TMR2 register is
concatenated with the 2-bit internal system
clock (Fosc), or 2 bits of the prescaler, to
create the 10-bit time base.

2:  In PWM mode, CCPR1H is a read-only
register.

Note 1: The corresponding TRIS bit must be
cleared to enable the PWM output on the
CCPx pin.

2: Clearing the CCPxCON register will

relinquish control of the CCPx pin.
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REGISTER 26-4: SSPCON3: SSP CONTROL REGISTER 3

R-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
ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

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 ACKTIM: Acknowledge Time Status bit (12C mode only)®©)

1 = Indicates the I2C bus is in an Acknowledge sequence, set on 8™ falling edge of SCL clock
0 = Not an Acknowledge sequence, cleared on 9™ rising edge of SCL clock

bit 6 PCIE: Stop Condition Interrupt Enable bit (IZC mode only)
1 = Enable interrupt on detection of Stop condition
0 = Stop detection interrupts are disabled®

bit 5 SCIE: Start Condition Interrupt Enable bit (IZC mode only)

1 = Enable interrupt on detection of Start or Restart conditions
0 = Start detection interrupts are disabled®
bit 4 BOEN: Buffer Overwrite Enable bit
In SPI Slave mode:®
1 = SSPBUF updates every time that a new data byte is shifted in ignoring the BF bit
0 = If new byte is received with BF bit of the SSPSTAT register already set, SSPOV bit of the
SSPCONT1 register is set, and the buffer is not updated
In 12C Master mode and SPI Master mode:
This bit is ignored.
In 12C Slave mode: _
1 = SSPBUF is updated and ACK is generated for a received address/data byte, ignoring the state
of the SSPOV bit only if the BF bit = 0.
0 = SSPBUF is only updated when SSPOQOV is clear

bit 3 SDAHT: SDA Hold Time Selection bit (1°C mode only)
1 = Minimum of 300 ns hold time on SDA after the falling edge of SCL
0 = Minimum of 100 ns hold time on SDA after the falling edge of SCL
bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (I°C Slave mode only)

If on the rising edge of SCL, SDA is sampled low when the module is outputting a high state, the
BCL1IF bit of the PIR2 register is set, and bus goes idle

1 = Enable slave bus collision interrupts
0 = Slave bus collision interrupts are disabled
bit 1 AHEN: Address Hold Enable bit (I°C Slave mode only)
1 = Following the 8th falling edge of SCL for a matching received address byte; CKP bit of the SSP-
CON{1 register will be cleared and the SCL will be held low.
0 = Address holding is disabled
bit 0 DHEN: Data Hold Enable bit (I°C Slave mode only)

1 = Following the 8th falling edge of SCL for a received data byte; slave hardware clears the CKP bit
of the SSPCON1 register and SCL is held low.
0 = Data holding is disabled

Note 1: For daisy-chained SPI operation; allows the user to ignore all but the last received byte. SSPOV is still set
when a new byte is received and BF = 1, but hardware continues to write the most recent byte to SSPBUF.

2: This bit has no effect in Slave modes that Start and Stop condition detection is explicitly listed as enabled.
3:  The ACKTIM Status bit is only active when the AHEN bit or DHEN bit is set.
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27.5.2.3 EUSART Synchronous Slave

Reception

The operation of the Synchronous Master and Slave
modes is identical (Section 27.5.1.5 “Synchronous
Master Reception”), with the following exceptions:

* Sleep

* CREN bit is always set, therefore the receiver is
never idle

» SREN bit, which is a “don’t care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREG register. If the RCIE enable bit is set, the
interrupt generated will wake the device from Sleep
and execute the next instruction. If the GIE bit is also
set, the program will branch to the interrupt vector.

27.5.2.4  Synchronous Slave Reception
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for both the CK and DT pins
(if applicable).

3. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit reception is desired, set the RX9 bit.

5. Set the CREN bit to enable reception.

6. The RCIF bit will be set when reception is
complete. An interrupt will be generated if the
RCIE bit was set.

7. If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCSTA
register.

8. Retrieve the eight Least Significant bits from the
receive FIFO by reading the RCREG register.

9. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA
register or by clearing the SPEN bit which resets
the EUSART.

TABLE 27-10: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE

RECEPTION
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

APFCON1 C20UTSEL | CC1PSEL | SDOSEL | SCKSEL SDISEL TXSEL RXSEL | CCP2SEL 127
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 347
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 93
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 94
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 98
RCREG EUSART Receive Data Register 340*
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 346
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 142
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 345
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for synchronous slave reception.

*

Page provides register information.
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TABLE 30-4: 1/O PORTS (CONTINUED)

Standard Operating Conditions (unless otherwise stated)
Pilr:m Sym. Characteristic Min. Typt Max. Units Conditions
Capacitive Loading Specs on Output Pins
D101* |[COSC2|0SC2 pin — — 15 pF | In XT, HS and LP modes when
external clock is used to drive
0OSsC1
D101A* | Cio All /O pins — — 50 pF
VcAp Capacitor Charging
D102 Charging current — 200 — HA
D102A Source/sink capability when — 0.0 — mA
charging complete
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an external
clock in RC mode.
2: Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
4: Including OSC2 in CLKOUT mode.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
| c |
| w2 |
& I| }D |:| |:| |:| |:| |: || r E
c2 1] ] G
T2 _
L] ]
X1 ——l |——
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits| MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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