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"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)F722A/723A
2.2.2.3 PCON Register

The Power Control (PCON) register contains flag bits
(refer to Table 3-2) to differentiate between a:

• Power-on Reset (POR)

• Brown-out Reset (BOR)

• Watchdog Timer Reset (WDT)

• External MCLR Reset

The PCON register also controls the software enable of
the BOR.

The PCON register bits are shown in Register 2-3.

             

REGISTER 2-3: PCON: POWER CONTROL REGISTER

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

— — — — — — POR BOR

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

q = Value depends on condition

bit 7-2 Unimplemented: Read as ‘0’

bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset

occurs)

Note 1: Set BOREN<1:0> = 01 in the Configuration Word register for this bit to control the BOR.
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4.3 Interrupts During Sleep

Some interrupts can be used to wake from Sleep. To
wake from Sleep, the peripheral must be able to
operate without the system clock. The interrupt source
must have the appropriate interrupt enable bit(s) set
prior to entering Sleep.

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to Section 19.0 “Power-
Down Mode (Sleep)” for more details.

4.4 INT Pin

The external interrupt, INT pin, causes an
asynchronous, edge-triggered interrupt. The INTEDG bit
of the OPTION register determines on which edge the
interrupt will occur. When the INTEDG bit is set, the
rising edge will cause the interrupt. When the INTEDG
bit is clear, the falling edge will cause the interrupt. The
INTF bit of the INTCON register will be set when a valid
edge appears on the INT pin. If the GIE and INTE bits
are also set, the processor will redirect program
execution to the interrupt vector. This interrupt is
disabled by clearing the INTE bit of the INTCON register. 

4.5 Context Saving

When an interrupt occurs, only the return PC value is
saved to the stack. If the ISR modifies or uses an
instruction that modifies key registers, their values
must be saved at the beginning of the ISR and restored
when the ISR completes. This prevents instructions

following the ISR from using invalid data. Examples of
key registers include the W, STATUS, FSR and
PCLATH registers.

The code shown in Example 4-1 can be used to do the
following.

• Save the W register

• Save the STATUS register

• Save the PCLATH register

• Execute the ISR program

• Restore the PCLATH register

• Restore the STATUS register

• Restore the W register

Since most instructions modify the W register, it must
be saved immediately upon entering the ISR. The
SWAPF instruction is used when saving and restoring
the W and STATUS registers because it will not affect
any bits in the STATUS register. It is useful to place
W_TEMP in shared memory because the ISR cannot
predict which bank will be selected when the interrupt
occurs.

The processor will branch to the interrupt vector by
loading the PC with 0004h. The PCLATH register will
remain unchanged. This requires the ISR to ensure
that the PCLATH register is set properly before using
an instruction that causes PCLATH to be loaded into
the PC. See Section 2.3 “PCL and PCLATH” for
details on PC operation.

EXAMPLE 4-1:  SAVING W, STATUS AND PCLATH REGISTERS IN RAM 

Note: The microcontroller does not normally
require saving the PCLATH register.
However, if computed GOTO’s are used,
the PCLATH register must be saved at the
beginning of the ISR and restored when
the ISR is complete to ensure correct
program flow.

MOVWFW_TEMP ;Copy W to W_TEMP register
SWAPFSTATUS,W ;Swap status to be saved into W 

;Swaps are used because they do not affect the status bits
BANKSELSTATUS_TEMP ;Select regardless of current bank
MOVWFSTATUS_TEMP ;Copy status to bank zero STATUS_TEMP register
MOVF    PCLATH,W ;Copy PCLATH to W register
MOVWF   PCLATH_TEMP   ;Copy W register to PCLATH_TEMP
:
:(ISR) ;Insert user code here
:
BANKSELSTATUS_TEMP ;Select regardless of current bank
MOVF    PCLATH_TEMP,W ;
MOVWF   PCLATH ;Restore PCLATH
SWAPFSTATUS_TEMP,W ;Swap STATUS_TEMP register into W 

;(sets bank to original state)
MOVWFSTATUS ;Move W into STATUS register
SWAPFW_TEMP,F ;Swap W_TEMP
SWAPFW_TEMP,W ;Swap W_TEMP into W
 2010-2016 Microchip Technology Inc. DS40001417C-page 35



PIC16(L)F722A/723A
4.5.1 INTCON REGISTER

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMR0 register overflow, PORTB change and
external RB0/INT/SEG0 pin interrupts.

 

             

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE of the INTCON register.
User software should ensure the appropri-
ate interrupt flag bits are clear prior to
enabling an interrupt.

REGISTER 4-1: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEIE T0IE INTE RBIE(1) T0IF(2) INTF RBIF

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 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 T0IE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt

bit 4 INTE: RB0/INT External Interrupt Enable bit
1 = Enables the RB0/INT external interrupt
0 = Disables the RB0/INT external interrupt

bit 3 RBIE: PORTB Change Interrupt Enable bit(1)

1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt

bit 2 T0IF: Timer0 Overflow Interrupt Flag bit(2)

1 = TMR0 register has overflowed (must be cleared in software)
0 = TMR0 register did not overflow

bit 1 INTF: RB0/INT External Interrupt Flag bit
1 = The RB0/INT external interrupt occurred (must be cleared in software)
0 = The RB0/INT external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose I/O pins changed state (must be cleared in

software)
0 = None of the PORTB general purpose I/O pins have changed state

Note 1: The appropriate bits in the IOCB register must also be set.

2: T0IF bit is set when Timer0 rolls over. Timer0 is unchanged on Reset and should be initialized before 
clearing T0IF bit.
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6.2.2 PIN DESCRIPTIONS AND 
DIAGRAMS

Each PORTA pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions
such as the A/D Converter (ADC), refer to the
appropriate section in this data sheet.

6.2.2.1 RA0/AN0/SS/VCAP

Figure 6-1 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Analog input for the ADC

• Slave select input for the SSP(1)

•  Voltage regulator capacitor pin (PIC16F722A/
723A only)

6.2.2.2 RA1/AN1

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Analog input for the ADC

6.2.2.3 RA2/AN2

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Analog input for the ADC

6.2.2.4 RA3/AN3/VREF

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Analog input for the ADC

• Voltage reference input for the ADC

6.2.2.5 RA4/CPS6/T0CKI

Figure 6-3 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Capacitive sensing input

• Clock input for Timer0

The Timer0 clock input function works independently
of any TRIS register setting. Effectively, if TRISA4 = 0,
the PORTA4 register bit will output to the pad and
clock Timer0 at the same time.

6.2.2.6 RA5/AN4/CPS7/SS/VCAP

Figure 6-4 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Analog input for the ADC

• Capacitive sensing input

• Slave select input for the SSP(1)

• Voltage regulator capacitor pin (PIC16F722A/
723A only)

6.2.2.7 RA6/OSC2/CLKOUT/VCAP

Figure 6-5 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Crystal/resonator connection

• Clock output

• Voltage regulator capacitor pin (PIC16F722A/
723A only)

6.2.2.8 RA7/OSC1/CLKIN

Figure 6-6 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• General purpose I/O

• Crystal/resonator connection

• Clock input

Note 1: SS pin location may be selected as RA5
or RA0.

Note 1: SS pin location may be selected as RA5
or RA0.
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FIGURE 6-2: RA<3:1> BLOCK DIAGRAM 

FIGURE 6-3: BLOCK DIAGRAM OF RA4
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FIGURE 6-8: BLOCK DIAGRAM OF RB4, RB<2:1>
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FIGURE 12-6: TIMER1 GATE SINGLE-PULSE MODE   

TMR1GE

T1GPOL

T1G_IN

T1CKI

T1GVAL

TIMER1 N N + 1 N + 2

T1GSPM

T1GGO/

DONE

Set by software
Cleared by hardware on
falling edge of T1GVAL

Set by hardware on
falling edge of T1GVAL

Cleared by software
Cleared by
softwareTMR1GIF

Counting enabled on
rising edge of T1G
 2010-2016 Microchip Technology Inc. DS40001417C-page 101



PIC16(L)F722A/723A
12.12 Timer1 Gate Control Register

The Timer1 Gate Control register (T1GCON), shown in
Register 12-2, is used to control Timer1 gate.

 

REGISTER 12-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0

TMR1GE T1GPOL T1GTM T1GSPM T1GGO/
DONE

T1GVAL T1GSS1 T1GSS0

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 TMR1GE: Timer1 Gate Enable bit

If TMR1ON = 0:
This bit is ignored
If TMR1ON = 1:
1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function

bit 6 T1GPOL: Timer1 Gate Polarity bit

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)

bit 5 T1GTM: Timer1 Gate Toggle Mode bit

1 = Timer1 Gate Toggle mode is enabled.
0 = Timer1 Gate Toggle mode is disabled and toggle flip flop is cleared
Timer1 gate flip-flop toggles on every rising edge.

bit 4 T1GSPM: Timer1 Gate Single Pulse Mode bit

1 = Timer1 Gate Single-Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 Gate Single-Pulse mode is disabled

bit 3 T1GGO/DONE: Timer1 Gate Single-Pulse Acquisition Status bit

1 = Timer1 gate single-pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single-pulse acquisition has completed or has not been started
This bit is automatically cleared when T1GSPM is cleared.

bit 2 T1GVAL: Timer1 Gate Current State bit

Indicates the current state of the Timer1 gate that could be provided to TMR1H:TMR1L.
Unaffected by Timer1 Gate Enable (TMR1GE).

bit 1-0 T1GSS<1:0>: Timer1 Gate Source Select bits

00 = Timer1 gate pin
01 = Timer0 Overflow output
10 = TMR2 Match PR2 output
11 = Watchdog Timer scaler overflow

Watchdog Timer oscillator is turned on if TMR1GE = 1, regardless of the state of TMR1ON
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15.3.2 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 15-1.

EQUATION 15-1: PWM PERIOD

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

• TMR2 is cleared

• The CCPx pin is set. (Exception: If the PWM duty 
cycle = 0%, the pin will not be set.)

• The PWM duty cycle is latched from CCPRxL into 
CCPRxH.

15.3.3 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit value
to multiple registers: CCPRxL register and DCxB<1:0>
bits of the CCPxCON register. The CCPRxL contains
the eight MSbs and the DCxB<1:0> bits of the
CCPxCON register contain the two LSbs. CCPRxL and
DCxB<1:0> bits of the CCPxCON register can be written
to at any time. The duty cycle value is not latched into
CCPRxH until after the period completes (i.e., a match
between PR2 and TMR2 registers occurs). While using
the PWM, the CCPRxH register is read-only.

Equation 15-2 is used to calculate the PWM pulse
width.

Equation 15-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 15-2: PULSE WIDTH

EQUATION 15-3: DUTY CYCLE RATIO

The CCPRxH register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (FOSC), or 2 bits of
the prescaler, to create the 10-bit time base. The system
clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPRxH and
2-bit latch, then the CCPx pin is cleared (refer to
Figure 15-3).

Note: The Timer2 postscaler (refer to
Section 13.1 “Timer2 Operation”) is not
used in the determination of the PWM
frequency.

PWM Period PR2  1+  4 TOSC  =

(TMR2 Prescale Value)

Note: TOSC = 1/FOSC

Pulse Width CCPRxL:CCPxCON<5:4>   =

TOSC     (TMR2 Prescale Value)

Note: TOSC = 1/FOSC

Duty Cycle Ratio
CCPRxL:CCPxCON<5:4> 

4 PR2 1+ 
-----------------------------------------------------------------------=
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BAUD
RATE

SYNC = 0, BRGH = 1
FOSC = 8.000 MHz FOSC = 4.000 MHz FOSC = 3.6864 MHz FOSC = 1.000 MHz

Actual
Rate

%
Error

SPBRG
value

(decimal)

Actual
Rate

%
Error

SPBRG
value

(decimal)

Actual
Rate

%
Error

SPBRG
value

(decimal)

Actual
Rate

%
Error

SPBRG
value

(decimal)

300 — — — — — — — — — 300 0.16 207

1200 — — — 1202 0.16 207 1200 0.00 191 1202 0.16 51

2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25

9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —

10417 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5

19.2k 19231 0.16 25 19.23k 0.16 12 19.2k 0.00 11 — — —

57.6k 55556 -3.55 8 — — — 57.60k 0.00 3 — — —

115.2k — — — — — — 115.2k 0.00 1 — — —

TABLE 16-5: BAUD RATES FOR ASYNCHRONOUS MODES
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TABLE 17-1: SUMMARY OF REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSA0 44

APFCON — — — — — — SSSEL CCP2SEL 42

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 36

PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 37

PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 39

PR2 Timer2 Period Register 106

SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 147

SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 152

SSPSTAT SMP CKE D/A P S R/W UA BF 153

TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 43

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 62

T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 107

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’. Shaded cells are not used by the SSP in 
SPI mode.
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19.0 POWER-DOWN MODE (SLEEP)

The Power-down mode is entered by executing a
SLEEP instruction. 

If the Watchdog Timer is enabled:

• WDT will be cleared but keeps running.

• PD bit of the STATUS register is cleared.

• TO bit of the STATUS register is set.

• Oscillator driver is turned off.

• Timer1 oscillator is unaffected

• I/O ports maintain the status they had before 
SLEEP was executed (driving high, low or high-
impedance).

For lowest current consumption in this mode, all I/O
pins should be either at VDD or VSS, with no external
circuitry drawing current from the I/O pin. I/O pins that
are high-impedance inputs should be pulled high or low
externally to avoid switching currents caused by float-
ing inputs. The T0CKI input should also be at VDD or
VSS for lowest current consumption. The contribution
from on-chip pull ups on PORTB should be considered.

The MCLR pin must be at a logic high level when
external MCLR is enabled.      

19.1 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer wake-up (if WDT was
enabled).

3. Interrupt from RB0/INT pin, PORTB change or a
peripheral interrupt.

The first event will cause a device Reset. The two latter
events are considered a continuation of program
execution. The TO and PD bits in the STATUS register
can be used to determine the cause of device Reset.
The PD bit, which is set on power-up, is cleared when
Sleep is invoked. TO bit is cleared if WDT wake-up
occurred.

The following peripheral interrupts can wake the device
from Sleep:

1. TMR1 Interrupt. Timer1 must be operating as an
asynchronous counter.

2. USART Receive Interrupt (Synchronous Slave
mode only)

3. A/D conversion (when A/D clock source is RC)

4. Interrupt-on-change

5. External Interrupt from INT pin

6. Capture event on CCP1 or CCP2

7. SSP Interrupt in SPI or I2C Slave mode

Other peripherals cannot generate interrupts since
during Sleep, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction, then branches to the interrupt
address (0004h). In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

Note: A Reset generated by a WDT time out
does not drive MCLR pin low.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the
corresponding interrupt flag bits set, the
device will immediately wake-up from
Sleep. The SLEEP instruction is
completely executed.
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19.2 Wake-up Using Interrupts

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

• If the interrupt occurs before the execution of a 
SLEEP instruction, the SLEEP instruction will 
complete as a NOP. Therefore, the WDT and WDT 
prescaler and postscaler (if enabled) will not be 
cleared, the TO bit will not be set and the PD bit 
will not be cleared.

• If the interrupt occurs during or after the 
execution of a SLEEP instruction, the device will 
immediately wake-up from Sleep. The SLEEP 
instruction will be completely executed before the 
wake-up. Therefore, the WDT and WDT prescaler 
and postscaler (if enabled) will be cleared, the TO 
bit will be set and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruction
should be executed before a SLEEP instruction.

FIGURE 19-1: WAKE-UP FROM SLEEP THROUGH INTERRUPT

TABLE 19-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register on 

Page

IOCB IOCB7 IOCB6 IOCB5 IOCB4 IOCB3 IOCB2 IOCB1 IOCB0 53

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 36

PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 37

PIE2 — — — — — — — CCP2IE 38

PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 39

PIR2 — — — — — — — CCP2IF 40

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’. Shaded cells are not used in Power-Down 
mode.

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1(1)

CLKOUT(4)

INT pin

INTF flag
(INTCON reg.)

GIE bit
(INTCON reg.)

Instruction Flow
PC

Instruction
Fetched

Instruction
Executed

PC PC + 1 PC + 2

Inst(PC) = Sleep

Inst(PC - 1)

Inst(PC + 1)

Sleep

Processor in
Sleep

Interrupt Latency(3)

Inst(PC + 2)

Inst(PC + 1)

Inst(0004h) Inst(0005h)

Inst(0004h)Dummy Cycle

PC + 2 0004h 0005h

Dummy Cycle

TOST(2)

PC + 2

Note 1: XT, HS or LP Oscillator mode assumed.
2: TOST = 1024 TOSC (drawing not to scale). This delay does not apply to EC and RC Oscillator modes.
3: GIE = 1 assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = 0, execution will continue in-line.
4: CLKOUT is not available in XT, HS, LP or EC Oscillator modes, but shown here for timing reference.
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20.0 IN-CIRCUIT SERIAL 
PROGRAMMING™ (ICSP™)

ICSP™ programming allows customers to manufacture
circuit boards with unprogrammed devices. Programming
can be done after the assembly process allowing the
device to be programmed with the most recent firmware
or a custom firmware. Five pins are needed for ICSP™
programming:

• ICSPCLK

• ICSPDAT

• MCLR/VPP

• VDD

• VSS

The device is placed into Program/Verify mode by
holding the ICSPCLK and ICSPDAT pins low then
raising the voltage on MCLR/VPP from 0v to VPP. In
Program/Verify mode the Program Memory, User IDs
and the Configuration Words are programmed through
serial communications. The ICSPDAT pin is a
bidirectional I/O used for transferring the serial data and
the ISCPCLK pin is the clock input. For more information
on ICSP™ refer to the “PIC16(L)F72X Memory
Programming Specification” (DS41332).

FIGURE 20-1: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING

Note: The ICD 2 produces a VPP voltage greater
than the maximum VPP specification of the
PIC16(L)F722A/723A. When using this
programmer, an external circuit, such as
the AC164112 MPLAB ICD 2 VPP voltage
limiter, is required to keep the VPP voltage
within the device specifications.

VDD

VPP

GND

External
Device to be

Data

Clock

VDD

MCLR/VPP

VSS

ICSPDAT

ICSPCLK

* **

To Normal Connections

* Isolation devices (as required).

10k

Programming 
Signals Programmed

VDD
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SUBWF Subtract W from f

Syntax: [ label ] SUBWF   f,d

Operands: 0 f 127
d  [0,1]

Operation: (f) - (W) destination)

Status Affected: C, DC, Z

Description: Subtract (2’s complement method) 
W register from register ‘f’. If ‘d’ is 
‘0’, the result is stored in the W 
register. If ‘d’ is ‘1’, the result is 
stored back in register ‘f.

SWAPF Swap Nibbles in f

Syntax: [ label ] SWAPF f,d

Operands: 0  f  127
d  [0,1]

Operation: (f<3:0>)  (destination<7:4>),
(f<7:4>)  (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of 
register ‘f’ are exchanged. If ‘d’ is 
‘0’, the result is placed in the W 
register. If ‘d’ is ‘1’, the result is 
placed in register ‘f’.

C = 0 W  f

C = 1 W  f

DC = 0 W<3:0>  f<3:0>

DC = 1 W<3:0>  f<3:0>

XORLW Exclusive OR literal with W

Syntax: [ label ] XORLW   k

Operands: 0 k 255

Operation: (W) .XOR. k W)

Status Affected: Z

Description: The contents of the W register 
are XOR’ed with the 8-bit
literal ‘k’. The result is placed in 
the W register.

XORWF Exclusive OR W with f

Syntax: [ label ] XORWF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (W) .XOR. (f) destination)

Status Affected: Z

Description: Exclusive OR the contents of the 
W register with register ‘f’. If ‘d’ is 
‘0’, the result is stored in the W 
register. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.
 2010-2016 Microchip Technology Inc. DS40001417C-page 181



PIC16(L)F722A/723A
FIGURE 23-14: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING       

TABLE 23-9: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS    

FIGURE 23-15: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING        

TABLE 23-10: USART SYNCHRONOUS RECEIVE REQUIREMENTS       

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C TA +125°C

Param. 
No.

Symbol Characteristic Min. Max. Units Conditions

US120 TCKH2DTV SYNC XMIT (Master and Slave)
Clock high to data-out valid

3.0-5.5V — 80 ns

1.8-5.5V — 100 ns

US121 TCKRF Clock out rise time and fall time 
(Master mode)

3.0-5.5V — 45 ns

1.8-5.5V — 50 ns

US122 TDTRF Data-out rise time and fall time 3.0-5.5V — 45 ns

1.8-5.5V — 50 ns

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C TA +125°C

Param. 
No.

Symbol Characteristic Min. Max. Units Conditions

US125 TDTV2CKL SYNC RCV (Master and Slave)
Data-hold before CK  (DT hold time) 10 — ns

US126 TCKL2DTL Data-hold after CK  (DT hold time) 15 — ns

Note:  Refer to Figure 23-2 for load conditions.

US121 US121

US120 US122

CK

DT

Note: Refer to Figure 23-2 for load conditions.

US125

US126

CK

DT
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FIGURE 23-16: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

FIGURE 23-17: SPI MASTER MODE TIMING (CKE = 1, SMP = 1)

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

SP70

SP71 SP72

SP73
SP74

SP75, SP76

SP78SP79

SP80

SP79SP78

MSb LSbbit 6 - - - - - -1

MSb In LSb Inbit 6 - - - -1

Note: Refer to Figure 23-2 for load conditions.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

SP81

SP71 SP72

SP74

SP75, SP76

SP78
SP80

MSb

SP79
SP73

MSb In

bit 6 - - - - - -1

LSb Inbit 6 - - - -1

LSb

Note: Refer to Figure 23-2 for load conditions.
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FIGURE 24-16: PIC16LF722A/723A TYPICAL IDD vs. VDD OVER FOSC, XT MODE

FIGURE 24-17: PIC16F722A/723A IDD vs. VDD, LP MODE, VCAP = 0.1µF
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FIGURE 24-40: PIC16LF722A/723A CAP SENSE LOW POWER IPD vs. VDD

FIGURE 24-41: PIC16F722A/723A T1OSC 32 kHz IPD vs. VDD, VCAP = 0.1µF
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25.0 PACKAGING INFORMATION

25.1 Package Marking Information 

* Standard PICmicro® device marking consists of Microchip part number, year code, week code and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC® designator (     )

can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

3e

3e

28-Lead QFN (6x6 mm) Example

XXXXXXXX
XXXXXXXX
YYWWNNN

PIN 1 PIN 1

16F722A
-I/ML 3e

0810017

28-Lead SPDIP (.300”) Example

PIC16F722A -I/SP

0810017

28-Lead UQFN (4x4x0.5 mm) Example

PIN 1 PIN 1 PIC16

-E/MV
810017

3e

3e

F722A
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