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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16(L)F722/3/4/6/7
RD3/CPS11 RD3 ST CMOS General purpose I/O.

CPS11 AN — Capacitive sensing input 11.

RD4/CPS12 RD4 ST CMOS General purpose I/O.

CPS12 AN — Capacitive sensing input 12.

RD5/CPS13 RD5 ST CMOS General purpose I/O.

CPS13 AN — Capacitive sensing input 13.

RD6/CPS14 RD6 ST CMOS General purpose I/O.

CPS14 AN — Capacitive sensing input 14.

RD7/CPS15 RD7 ST CMOS General purpose I/O.

CPS15 AN — Capacitive sensing input 15.

RE0/AN5 RE0 ST CMOS General purpose I/O.

AN5 AN — A/D Channel 5 input.

RE1/AN6 RE1 ST CMOS General purpose I/O.

AN6 AN — A/D Channel 6 input.

RE2/AN7 RE2 ST CMOS General purpose I/O.

AN7 AN — A/D Channel 7 input.

RE3/MCLR/VPP RE3 TTL — General purpose input.

MCLR ST — Master Clear with internal pull-up.

VPP HV — Programming voltage.

VDD VDD Power — Positive supply.

VSS VSS Power — Ground reference.

Note: The PIC16F722/3/4/6/7 devices have an internal low dropout voltage regulator. An external capacitor must
be connected to one of the available VCAP pins to stabilize the regulator. For more information, see
Section 5.0 “Low Dropout (LDO) Voltage Regulator”. The PIC16LF722/3/4/6/7 devices do not have the
voltage regulator and therefore no external capacitor is required.

TABLE 1-1: PIC16(L)F722/3/4/6/7 PINOUT DESCRIPTION (CONTINUED)

Name Function
Input 
Type

Output 
Type

Description

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 I2C = Schmitt Trigger input with I2C 
HV = High Voltage XTAL = Crystal levels 
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PIC16(L)F722/3/4/6/7
   Bank 1

80h(2) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) xxxx xxxx 29,37

81h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 26,37

82h(2) PCL Program Counter (PC) Least Significant Byte 0000 0000 28,37

83h(2) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 25,37

84h(2) FSR Indirect Data Memory Address Pointer xxxx xxxx 29,37

85h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 1111 1111 51,37

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 60,37

87h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111 70,37

88h(3) TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 1111 1111 78,37

89h TRISE — — — — TRISE3(6) TRISE2(3) TRISE1(3) TRISE0(3) ---- 1111 81,37

8Ah(1, 2) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 28,37

8Bh(2) INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 44,37

8Ch PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 45,37

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 46,37

8Eh PCON — — — — — — POR BOR ---- --qq 27,38

8Fh T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/
DONE

T1GVAL T1GSS1 T1GSS0 0000 0x00 118,38

90h OSCCON — — IRCF1 IRCF0 ICSL ICSS — — --10 qq-- 87,38

91h OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUN1 TUN0 --00 0000 88,38

92h PR2 Timer2 Period Register 1111 1111 120,38

93h SSPADD(5) Synchronous Serial Port (I2C mode) Address Register 0000 0000 169,38

93h SSPMSK(4) Synchronous Serial Port (I2C mode) Address Mask Register 1111 1111 180,38

94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 179,38

95h WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUB0 1111 1111 61,38

96h IOCB IOCB7 IOCB6 IOCB5 IOCB4 IOCB3 IOCB2 IOCB1 IOCB0 0000 0000 61,38

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 147,38

99h SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRG0 0000 0000 149,38

9Ah — Unimplemented — —

9Bh — Unimplemented — —

9Ch APFCON — — — — — — SSSEL CCP2SEL ---- --00 50,38

9Dh FVRCON FVRRDY FVREN — — — — ADFVR1 ADFVR0 q0-- --00 104,38

9Eh — Unimplemented — —

9Fh ADCON1 — ADCS2 ADCS1 ADCS0 — — ADREF1 ADREF0 0000 --00 100,38

TABLE 2-1: PIC16(L)F722/3/4/6/7 SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on:
POR, BOR

Page

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose contents are 
transferred to the upper byte of the program counter.

2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’.
4: Accessible only when SSPM<3:0> = 1001.
5: Accessible only when SSPM<3:0>  1001.
6: This bit is always ‘1’ as RE3 is input-only.
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PIC16(L)F722/3/4/6/7
PCON 8Eh ---- --qq ---- --uu(1,5) ---- --uu

T1GCON 8Fh 0000 0x00 uuuu uxuu uuuu uxuu

OSCCON 90h --10 qq-- --10 qq-- --uu qq--

OSCTUNE 91h --00 0000 --uu uuuu --uu uuuu

PR2 92h 1111 1111 1111 1111 uuuu uuuu

SSPADD 93h 0000 0000 0000 0000 uuuu uuuu

SSPMSK 93h 1111 1111 1111 1111 uuuu uuuu

SSPSTAT 94h 0000 0000 0000 0000 uuuu uuuu

WPUB 95h 1111 1111 1111 1111 uuuu uuuu

IOCB 96h 0000 0000 0000 0000 uuuu uuuu

TXSTA 98h 0000 -010 0000 -010 uuuu -uuu

SPBRG 99h 0000 0000 0000 0000 uuuu uuuu

APFCON 9Ch ---- --00 ---- --00 ---- --uu

FVRCON 9Dh q000 --00 q000 --00 uuuu --uu

ADCON1 9Fh -000 --00 -000 --00 -uuu --uu

CPSCON0 108h 0--- 0000 0--- 0000 u--- uuuu

CPSCON1 109h ---- 0000 ---- 0000 ---- uuuu

PMDATL 10Ch xxxx xxxx xxxx xxxx uuuu uuuu

PMADRL 10Dh xxxx xxxx xxxx xxxx uuuu uuuu

PMDATH 10Eh --xx xxxx --xx xxxx --uu uuuu

PMADRH 10Fh ---x xxxx ---x xxxx ---u uuuu

ANSELA 185h --11 1111 --11 1111 --uu uuuu

ANSELB 186h --11 1111 --11 1111 --uu uuuu

ANSELD(6) 188h 1111 1111 1111 1111 uuuu uuuu

ANSELE 189h ---- -111 ---- -111 ---- -uuu

PMCON1 18Ch 1--- ---0 1--- ---0 u--- ---u

TABLE 3-4: INITIALIZATION CONDITION FOR REGISTERS (CONTINUED)

Register Address
Power-on Reset/

Brown-out Reset(1)
MCLR Reset/
WDT Reset

Wake-up from Sleep through 
Interrupt/Time out

Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2: One or more bits in INTCON and/or PIR1 and PIR2 will be affected (to cause wake-up).
3: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
4: See Table 3-5 for Reset value for specific condition.
5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
6: PIC16F724/727/PIC16LF724/727 only.
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PIC16(L)F722/3/4/6/7
4.5.3 PIE2 REGISTER

The PIE2 register contains the interrupt enable bits, as
shown in Register 4-3.

             

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

REGISTER 4-3: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0

— — — — — — — CCP2IE

bit 7 bit 0

Legend:

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

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

bit 7-1 Unimplemented: Read as ‘0’

bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
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PIC16(L)F722/3/4/6/7
6.4 PORTC and TRISC Registers

PORTC is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC
(Register 6-11). Setting a TRISC bit (= 1) will make the
corresponding PORTC pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding
PORTC pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-3 shows how to initialize PORTC. 

Reading the PORTC register (Register 6-10) 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.

The TRISC register (Register 6-11) controls the PORTC
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISC register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0’.

EXAMPLE 6-3: INITIALIZING PORTC

The location of the CCP2 function is controlled by the
CCP2SEL bit in the APFCON register (refer to
Register 6-1)

BANKSEL PORTC ;
CLRF PORTC ;Init PORTC
BANKSEL TRISC ;
MOVLW B‘00001100’ ;Set RC<3:2> as inputs
MOVWF TRISC ;and set RC<7:4,1:0>

;as outputs

REGISTER 6-10: PORTC: PORTC REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0

bit 7 bit 0

Legend:

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

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

bit 7-0 RC<7:0>: PORTC General Purpose I/O Pin bits
1 = Port pin is > VIH

0 = Port pin is < VIL

REGISTER 6-11: TRISC: PORTC TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0

bit 7 bit 0

Legend:

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

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

bit 7-0 TRISC<7:0>: PORTC Tri-State Control bits
1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
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PIC16(L)F722/3/4/6/7
FIGURE 6-13: BLOCK DIAGRAM OF RC0

FIGURE 6-14: BLOCK DIAGRAM OF RC1
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Note 1: CCP2 input is controlled by CCP2SEL in the APFCON register.
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PIC16(L)F722/3/4/6/7
REGISTER 9-2: ADCON1: A/D CONTROL REGISTER 1

REGISTER 9-3: ADRES: ADC RESULT REGISTER 

U-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0

— ADCS2 ADCS1 ADCS0 — — ADREF1 ADREF0

bit 7 bit 0

Legend:

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

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

bit 7 Unimplemented: Read as ‘0’

bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = FOSC/2
001 = FOSC/8
010 = FOSC/32
011 = FRC (clock supplied from a dedicated RC oscillator)
100 = FOSC/4
101 = FOSC/16
110 = FOSC/64
111 = FRC (clock supplied from a dedicated RC oscillator)

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 ADREF<1:0>: Voltage Reference Configuration bits
0x = VREF is connected to VDD

10 = VREF is connected to external VREF (RA3/AN3) 
11 = VREF is connected to internal Fixed Voltage Reference 

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

ADRES7 ADRES6 ADRES5 ADRES4 ADRES3 ADRES2 ADRES1 ADRES0

bit 7 bit 0

Legend:

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

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

bit 7-0 ADRES<7:0>: ADC Result Register bits

8-bit conversion result.
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12.1 Timer1 Operation

The Timer1 module is a 16-bit incrementing counter
which is accessed through the TMR1H:TMR1L register
pair. Writes to TMR1H or TMR1L 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
increments on every selected edge of the external
source.

Timer1 is enabled by configuring the TMR1ON and
TMR1GE bits in the T1CON and T1GCON registers,
respectively. Table 12-1 displays the Timer1 enable
selections.

12.2 Clock Source Selection

The TMR1CS<1:0> and T1OSCEN bits of the T1CON
register are used to select the clock source for Timer1.
Table 12-2 displays the clock source selections.

12.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMR1L register pair will increment on multiples
of FOSC as determined by the Timer1 prescaler.

12.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1CKI or the
capacitive sensing oscillator signal. Either of these
external clock sources 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. 

TABLE 12-1: TIMER1 ENABLE 
SELECTIONS

TMR1ON TMR1GE
Timer1 

Operation

0 0 Off

0 1 Off

1 0 Always On

1 1 Count Enabled
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 enabled after POR reset

• Write to TMR1H or TMR1L

• Timer1 is disabled

•    Timer1 is disabled (TMR1ON = 0) 
when T1CKI is high then Timer1 is 
enabled (TMR1ON= 1) when T1CKI 
is low.

TABLE 12-2: CLOCK SOURCE SELECTIONS

TMR1CS1 TMR1CS0 T1OSCEN Clock Source

0 1 x System Clock (FOSC)

0 0 x Instruction Clock (FOSC/4)

1 1 x Capacitive Sensing Oscillator

1 0 0 External Clocking on T1CKI Pin

1 0 1 Oscillator Circuit on T1OSI/T1OSO Pins
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16.1.2 AUSART ASYNCHRONOUS 
RECEIVER

The Asynchronous mode is typically used in RS-232
systems. The receiver block diagram is shown in
Figure 16-2. The data is received on the RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at 16 times
the baud rate, whereas the serial Receive Shift
Register (RSR) operates at the bit rate. When all eight
or nine bits of the character have been shifted in, they
are immediately transferred to a two character First-In
First-Out (FIFO) memory. The FIFO buffering allows
reception of two complete characters and the start of a
third character before software must start servicing the
AUSART receiver. The FIFO and RSR registers are not
directly accessible by software. Access to the received
data is via the RCREG register.

16.1.2.1 Enabling the Receiver

The AUSART receiver is enabled for asynchronous
operation by configuring the following three control bits:

• CREN = 1

• SYNC = 0

• SPEN = 1

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

Setting the CREN bit of the RCSTA register enables the
receiver circuitry of the AUSART. Clearing the SYNC bit
of the TXSTA register configures the AUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the AUSART and automatically
configures the RX/DT I/O pin as an input.

16.1.2.2 Receiving Data

The receiver data recovery circuit initiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
not a zero then the data recovery circuit aborts
character reception, without generating an error, and
resumes looking for the falling edge of the Start bit. If
the Start bit zero verification succeeds then the data
recovery circuit counts a full bit time to the center of the
next bit. The bit is then sampled by a majority detect
circuit and the resulting ‘0’ or ‘1’ is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bit time is measured and
the level sampled. This is the Stop bit, which is always
a ‘1’. If the data recovery circuit samples a ‘0’ in the
Stop bit position then a framing error is set for this
character, otherwise the framing error is cleared for this
character. Refer to Section 16.1.2.4 “Receive
Framing Error” for more information on framing
errors.

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the AUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

16.1.2.3 Receive Interrupts

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

RCIF interrupts are enabled by setting all of the
following bits:

• RCIE interrupt enable bit of the PIE1 register

• PEIE peripheral interrupt enable bit of the 
INTCON register

• GIE global interrupt enable bit of the INTCON 
register

The RCIF interrupt flag bit of the PIR1 register will be
set when there is an unread character in the FIFO,
regardless of the state of interrupt enable bits.

Note: When the SPEN bit is set the TX/CK I/O
pin is automatically configured as an
output, regardless of the state of the
corresponding TRIS bit and whether or
not the AUSART transmitter is enabled.
The PORT latch is disconnected from the
output driver so it is not possible to use the
TX/CK pin as a general purpose output.

Note: If the receive FIFO is overrun, no additional
characters will be received until the overrun
condition is cleared. Refer to
Section 16.1.2.5 “Receive Overrun
Error” for more information on overrun
errors.
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16.1.2.4 Receive Framing Error

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 RCSTA 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 RCREG.

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 RCSTA register which resets the AUSART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

16.1.2.5 Receive Overrun Error

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 RCSTA 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 RCSTA register or by
setting the AUSART by clearing the SPEN bit of the
RCSTA register.

16.1.2.6 Receiving 9-bit Characters

The AUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the AUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RCSTA 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 eight Least Significant bits
from the RCREG.

16.1.2.7 Address Detection

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 RCSTA
register.

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 RCIF interrupt
bit of the PIR1 register. 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.

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.
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17.1.2.4 Slave Select Operation

The SS pin allows Synchronous Slave mode operation.
The SPI must be in Slave mode with SS pin control
enabled (SSPM<3:0> = 0100). The associated TRIS bit
for the SS pin must be set, making SS an input.

In Slave Select mode, when:

• SS = 0, The device operates as specified in 
Section 17.1.2 “Slave Mode”.

• SS = 1, The SPI module is held in Reset and the 
SDO pin will be tri-stated.

When the SPI module resets, the bit counter is cleared
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit. Figure 17-6
shows the timing waveform for such a synchronization
event.

17.1.2.5 Sleep in Slave Mode

While in Sleep mode, the slave can transmit/receive
data. The SPI Transmit/Receive Shift register operates
asynchronously to the device on the externally supplied
clock source. This allows the device to be placed in
Sleep mode and data to be shifted into the SPI Trans-
mit/Receive Shift register. When all eight bits have
been received, the SSP Interrupt Flag bit will be set and
if enabled, will wake the device from Sleep.

FIGURE 17-6: SLAVE SELECT SYNCHRONIZATION WAVEFORM      

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPM<3:0> = 0100),
the SPI module will reset if the SS pin is
driven high.

2: If the SPI is used in Slave mode with CKE
set, the SS pin control must be enabled.

Note: SSPSR must be reinitialized by writing to
the SSPBUF register before the data can
be clocked out of the slave again.
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SCK
(CKP = 0

Input
Sample
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bit 7

SDO bit 7 bit 6 bit 7

SSPIF
Interrupt 

(SMP = 0)

CKE = 0)

CKE = 0)

(SMP = 0)

Write to
SSPBUF

SSPSR to
SSPBUF

SS

Flag

bit 0

bit 7

bit 0

SSPSR must be reinitialized by writing to
the SSPBUF register before the data can
be clocked out of the slave again.
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FIGURE 17-11: I2C SLAVE MODE TIMING (RECEPTION, 10-BIT ADDRESS) 

S
S

P
IF

 

B
F

R
ec

e
iv

e 
D

at
a

 B
yt

e
R

/W

R
ec

e
iv

e 
F

irs
t 

B
yt

e 
o

f A
dd

re
ss

C
le

ar
ed

 in
 s

o
ftw

a
re

C
le

a
re

d 
in

 s
of

tw
ar

e

R
ec

e
iv

e 
S

e
co

n
d 

B
yt

e
 o

f 
A

d
dr

es
s

C
le

ar
ed

 b
y 

h
ar

dw
ar

e
w

he
n

 S
S

P
A

D
D

 is
 u

pd
at

e
d

w
ith

 lo
w

 b
yt

e 
o

f a
d

dr
e

ss

U
A

C
lo

ck
 is

 h
el

d
 lo

w
 u

nt
il

u
pd

at
e

 o
f 

S
S

P
A

D
D

 h
a

s 
ta

ke
n 

p
la

ce

U
A

 is
 s

et
 in

di
ca

tin
g

th
at

 t
he

 S
S

P
A

D
D

 n
e

ed
s 

to
b

e 
up

da
te

d

U
A

 is
 s

et
 in

di
ca

tin
g

th
at

 S
S

P
A

D
D

 n
e

ed
s 

to
be

 u
p

da
te

d

C
le

ar
ed

 b
y 

h
ar

dw
ar

e 
w

h
en

S
S

P
A

D
D

 is
 u

pd
a

te
d

 w
ith

 h
ig

h
by

te
 o

f 
ad

d
re

ss

S
S

P
B

U
F

 is
 w

ri
tte

n
w

ith
 c

o
nt

e
nt

s 
of

 S
S

P
S

R
D

um
m

y 
re

ad
 o

f 
S

S
P

B
U

F
to

 c
le

ar
 B

F
 f

la
g

C
K

P

R
e

ce
iv

e
 D

at
a 

B
yt

e

B
u

s 
m

as
te

r
se

nd
s 

S
to

p
co

nd
iti

on

A
C

K

C
le

ar
e

d 
in

 s
of

tw
ar

e
C

le
ar

ed
 in

 s
of

tw
ar

e

S
S

P
O

V

S
S

P
O

V
 is

 s
e

t
b

ec
au

se
 S

S
P

B
U

F
 is

st
ill

 f
ul

l. 
A

C
K

 is
 n

ot
 s

en
t.

C
lo

ck
 is

 h
el

d 
lo

w
 u

nt
il

u
pd

a
te

 o
f S

S
P

A
D

D
 h

as
 

ta
ke

n 
p

la
ce

S
D

A

S
C

L
S

1
2

3
4

5
6

7
8

9
1

2
3

4
5

6
7

8
9

1
2

3
4

5
7

8
9

P

1
1

1
1

0
A

9
A

8
A

7
A

6
A

5
A

4
A

3
A

2
A

1
A

0
D

7
D

6
D

5
D

4
D

3
D

1
D

0
A

C
K

A
C

K
D

2 6

A
C

K

1
2

3
4

5
7

8
9

D
7

D
6

D
5

D
4

D
3

D
1

D
0

D
2 6

A
C

K

0

 2007-2015 Microchip Technology Inc. DS40001341F-page 173



PIC16(L)F722/3/4/6/7
FIGURE 17-13: I2C SLAVE MODE TIMING (TRANSMISSION 10-BIT ADDRESS) 
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MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (dest)

Status Affected: Z

Description: The contents of register f is 
moved to a destination dependent 
upon the status of d. If d = 0,
destination is W register. If d = 1, 
the destination is file register f 
itself. d = 1 is useful to test a file 
register since status flag Z is 
affected.

Words: 1

Cycles: 1

Example: MOVF FSR, 0

After Instruction
W =  value in FSR 
register
Z = 1

MOVLW Move literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0  k  255

Operation: k  (W)

Status Affected: None

Description: The 8-bit literal ‘k’ is loaded into W 
register. The “don’t cares” will 
assemble as ‘0’s.

Words: 1

Cycles: 1

Example: MOVLW 0x5A

After Instruction
W = 0x5A

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f

Operands: 0  f  127

Operation: (W)  (f)

Status Affected: None

Description: Move data from W register to
register ‘f’.

Words: 1

Cycles: 1

Example: MOVW
F

OPTION

Before Instruction
OPTION = 0xFF
W = 0x4F

After Instruction
OPTION = 0x4F
W = 0x4F

NOP No Operation

Syntax: [ label ]    NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.

Words: 1

Cycles: 1

Example: NOP
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23.2 DC Characteristics: PIC16(L)F722/3/4/6/7-I/E (Industrial, Extended)

PIC16LF722/3/4/6/7
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

PIC16F722/3/4/6/7
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

Param
No.

Device 
Characteristics

Min. Typ† Max. Units
Conditions

VDD Note

Supply Current (IDD)(1, 2)

D009 LDO Regulator — 350 — A — HS, EC OR INTOSC/INTOSCIO (8-16 MHZ) 
Clock modes with all VCAP pins disabled

— 50 — A — All VCAP pins disabled

— 30 — A — VCAP enabled on RA0, RA5 or RA6

— 5 — A — LP Clock mode and Sleep (requires FVR and 
BOR to be disabled)

D010 — 7.0 12 A 1.8 FOSC = 32 kHz
LP Oscillator mode (Note 4),
-40°C  TA  +85°C

— 9.0 14 A 3.0

D010 — 11 20 A 1.8 FOSC = 32 kHz
LP Oscillator mode (Note 4),
-40°C  TA  +85°C

— 14 22 A 3.0

— 15 24 A 5.0

D011 — 7.0 12 A 1.8 FOSC = 32 kHz
LP Oscillator mode
-40°C  TA  +125°C

— 9.0 18 A 3.0

D011 — 11 21 A 1.8 FOSC = 32 kHz
LP Oscillator mode (Note 4)
-40°C  TA  +125°C

— 14 25 A 3.0

— 15 27 A 5.0

D011 — 110 150 A 1.8 FOSC = 1 MHz
XT Oscillator mode— 150 215 A 3.0

D011 — 120 175 A 1.8 FOSC = 1 MHz
XT Oscillator mode (Note 5)— 180 250 A 3.0

— 240 300 A 5.0

D012 — 230 300 A 1.8 FOSC = 4 MHz
XT Oscillator mode— 400 600 A 3.0

D012 — 250 350 A 1.8 FOSC = 4 MHz
XT Oscillator mode (Note 5)— 420 650 A 3.0

— 500 750 A 5.0

D013 — 125 180 A 1.8 FOSC = 1 MHz
EC Oscillator mode— 230 270 A 3.0

D013 — 150 205 A 1.8 FOSC = 1 MHz
EC Oscillator mode (Note 5)— 225 320 A 3.0

— 250 410 A 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 I/O pins tri-stated, pulled to VDD; MCLR = VDD; WDT disabled.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O 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 k

4: FVR and BOR are disabled.
5: 0.1 F capacitor on VCAP (RA0).
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FIGURE 23-9: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VBOR

VDD

(Device in Brown-out Reset) (Device not in Brown-out Reset)
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Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to ‘0’. 

Reset
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VBOR and VHYST

37
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FIGURE 24-33: PIC16F722/3/4/6/7 BOR IPD vs. VDD, VCAP = 0.1 µF

FIGURE 24-34: PIC16LF722/3/4/6/7 BOR IPD vs. VDD
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FIGURE 24-55: VOL vs. IOL OVER TEMPERATURE, VDD = 5.5V

FIGURE 24-56: VOL vs. IOL OVER TEMPERATURE, VDD = 3.6V
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FIGURE 24-65: PIC16F722/3/4/6/7 CAP SENSOR HYSTERESIS, POWER MODE = HIGH

FIGURE 24-66: PIC16F722/3/4/6/7 CAP SENSOR HYSTERESIS, POWER MODE = MEDIUM
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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