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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)F722A/723A
FIGURE 2-3: PIC16(L)F722A SPECIAL FUNCTION REGISTERS    
  

File Address

Indirect addr.(*) 00h Indirect addr.(*) 80h Indirect addr.(*) 100h Indirect addr.(*) 180h

TMR0 01h OPTION 81h TMR0 101h OPTION 181h

PCL 02h PCL 82h PCL 102h PCL 182h

STATUS 03h STATUS 83h STATUS 103h STATUS 183h

FSR 04h FSR 84h FSR 104h FSR 184h

PORTA 05h TRISA 85h 105h ANSELA 185h

PORTB 06h TRISB 86h 106h ANSELB 186h

PORTC 07h TRISC 87h 107h 187h

08h 88h CPSCON0 108h 188h

PORTE 09h TRISE 89h CPSCON1 109h 189h

PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah

INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh

PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch

PIR2 0Dh PIE2 8Dh PMADRL 10Dh Reserved 18Dh

TMR1L 0Eh PCON 8Eh PMDATH 10Eh Reserved 18Eh

TMR1H 0Fh T1GCON 8Fh PMADRH 10Fh Reserved 18Fh

T1CON 10h OSCCON 90h 110h 190h

TMR2 11h OSCTUNE 91h 111h 191h

T2CON 12h PR2 92h 112h 192h

SSPBUF 13h SSPADD/SSPMSK 93h 113h 193h

SSPCON 14h SSPSTAT 94h 114h 194h

CCPR1L 15h WPUB 95h 115h 195h

CCPR1H 16h IOCB 96h 116h 196h

CCP1CON 17h 97h 117h 197h

RCSTA 18h TXSTA 98h 118h 198h

TXREG 19h SPBRG 99h 119h 199h

RCREG 1Ah 9Ah 11Ah 19Ah

CCPR2L 1Bh 9Bh 11Bh 19Bh

CCPR2H 1Ch APFCON 9Ch 11Ch 19Ch

CCP2CON 1Dh FVRCON 9Dh 11Dh 19Dh

ADRES 1Eh 9Eh 11Eh 19Eh

ADCON0 1Fh ADCON1 9Fh 11Fh 19Fh

General
Purpose
Register
96 Bytes

20h

General
Purpose
Register
32 Bytes

A0h

BFh

120h 1A0h

C0h

EFh 16Fh 1EFh

Accesses
70h-7Fh

F0h

Accesses
70h-7Fh

170h

Accesses
70h-7Fh

1F0h

7Fh FFh 17Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

Legend: = Unimplemented data memory locations, read as ‘0’.
* = Not a physical register.
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PIC16(L)F722A/723A
   Bank 1

80h(2) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) xxxx xxxx 22,30

81h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 19,30

82h(2) PCL Program Counter (PC) Least Significant Byte 0000 0000 21,30

83h(2) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 18,30

84h(2) FSR Indirect Data Memory Address Pointer xxxx xxxx 22,30

85h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 1111 1111 43,30

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 52,30

87h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111 62,30

89h TRISE — — — — TRISE3(5) — — — ---- 1111 69,30

8Ah(1, 2) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 21,30

8Bh(2) INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 36,30

8Ch PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 37,31

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 38,31

8Eh PCON — — — — — — POR BOR ---- --qq 20,31

8Fh T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO
DONE

T1GVAL T1GSS1 T1GSS0 0000 0x00 104,31

90h OSCCON — — IRCF1 IRCF0 ICSL ICSS — — --10 qq-- 73,31

91h OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUN1 TUN0 --00 0000 74,31

92h PR2 Timer2 Period Register 1111 1111 106,31

93h SSPADD(4) Synchronous Serial Port (I2C mode) Address Register 0000 0000 155,31

93h SSPMSK(3) Synchronous Serial Port (I2C mode) Address Mask Register 1111 1111 166,31

94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 153,31

95h WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUB0 1111 1111 52,31

96h IOCB IOCB7 IOCB6 IOCB5 IOCB4 IOCB3 IOCB2 IOCB1 IOCB0 0000 0000 53,31

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 133,31

99h SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRG0 0000 0000 135,31

9Ah — Unimplemented — —

9Bh — Unimplemented — —

9Ch APFCON — — — — — — SSSEL CCP2SEL ---- --00 42,31

9Dh FVRCON FVRRDY FVREN — — — — ADFVR1 ADFVR0 q0-- --00 90,31

9Eh — Unimplemented — —

9Fh ADCON1 — ADCS2 ADCS1 ADCS0 — — ADREF1 ADREF0 0000 --00 86,31

TABLE 2-1: PIC16(L)F722A/723A 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: Accessible only when SSPM<3:0> = 1001.
4: Accessible only when SSPM<3:0>  1001.
5: This bit is always ‘1’ as RE3 is input-only.
DS40001417C-page 16  2010-2016 Microchip Technology Inc.



PIC16(L)F722A/723A
2.2.2.1 STATUS Register

The STATUS register, shown in Register 2-1, contains:

• the arithmetic status of the ALU

• the Reset status

• the bank select bits for data memory (SRAM)

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u u1uu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 21.0
“Instruction Set Summary”). 

             

Note 1: The C and DC bits operate as Borrow
and Digit Borrow out bits, respectively, in
subtraction.

REGISTER 2-1: STATUS: STATUS REGISTER

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x

IRP RP1 RP0 TO PD Z DC(1) C(1)

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 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

00 = Bank 0 (00h-7Fh)
01 = Bank 1 (80h-FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred

bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Digit Borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions)(1)

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bit(1) (ADDWF, ADDLW, SUBLW, SUBWF instructions)(1)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the 
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order 
bit of the source register.
DS40001417C-page 18  2010-2016 Microchip Technology Inc.
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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
FIGURE 6-2: RA<3:1> BLOCK DIAGRAM 

FIGURE 6-3: BLOCK DIAGRAM OF RA4
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FIGURE 6-5: BLOCK DIAGRAM OF RA6

FIGURE 6-6: BLOCK DIAGRAM OF RA7
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PIC16(L)F722A/723A
TABLE 6-2: SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES

TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

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

ADCON0 — — CHS3 CHS2 CHS1 CHS0 GO/
DONE

ADON 85

ADCON1 — ADCS2 ADCS1 ADCS0 — — ADREF1 ADREF0 86

ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSA0 44

APFCON — — — — — — SSSEL CCP2SEL 42

CPSCON0 CPSON — — — CPSRNG1 CPSRNG0 CPSOUT T0XCS 112

CPSCON1 — — — — — CPSCH2 CPSCH1 CPSCH0 113

OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 19

PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RA0 43

SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 152

TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 43

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

Name Bits Bit -/7 Bit -/6 Bit 13/5 Bit 12/4 Bit 11/3 Bit 10/2 Bit 9/1 Bit 8/0
Register 
on Page

CONFIG2(1) 13:8 — — — — — — — —
78

7:0 — — VCAPEN1 VCAPEN0 WDTE — — —

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
Note 1: PIC16F722A/723A only.
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REGISTER 6-8: IOCB: INTERRUPT-ON-CHANGE PORTB REGISTER

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

IOCB7 IOCB6 IOCB5 IOCB4 IOCB3 IOCB2 IOCB1 IOCB0

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 IOCB<7:0>: Interrupt-on-Change PORTB Control bits
1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

REGISTER 6-9: ANSELB: PORTB ANALOG SELECT REGISTER

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSB0

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 7-6 Unimplemented: Read as ‘0’

bit 5-0 ANSB<5:0>: Analog Select between Analog or Digital Function on Pins RB<5:0>, respectively

0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(1). Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to 
allow external control of the voltage on the pin.
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FIGURE 6-12: BLOCK DIAGRAM OF RB7
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7.0 OSCILLATOR MODULE

7.1 Overview

The oscillator module has a wide variety of clock sources
and selection features that allow it to be used in a wide
range of applications while maximizing performance and
minimizing power consumption. Figure 7-1 illustrates a
block diagram of the oscillator module.

Clock sources can be configured from external
oscillators, quartz crystal resonators, ceramic resonators
and Resistor-Capacitor (RC) circuits. In addition, the
system can be configured to use an internal calibrated
high-frequency oscillator as clock source, with a choice
of selectable speeds via software. 

Clock source modes are configured by the FOSC bits
in Configuration Word 1 (CONFIG1). The oscillator
module can be configured for one of eight modes of
operation.

1. RC – External Resistor-Capacitor (RC) with
FOSC/4 output on OSC2/CLKOUT.

2. RCIO – External Resistor-Capacitor (RC) with
I/O on OSC2/CLKOUT.

3. INTOSC – Internal oscillator with FOSC/4 output
on OSC2 and I/O on OSC1/CLKIN.

4. INTOSCIO – Internal oscillator with I/O on
OSC1/CLKIN and OSC2/CLKOUT.

5. EC – External clock with I/O on OSC2/CLKOUT.

6. HS – High Gain Crystal or Ceramic Resonator
mode.

7. XT – Medium Gain Crystal or Ceramic
Resonator Oscillator mode.

8. LP – Low-Power Crystal mode.

FIGURE 7-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM 
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PIC16(L)F722A/723A
              

bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 = RC oscillator: CLKOUT function on RA6/OSC2/CLKOUT pin, RC on RA7/OSC1/CLKIN
110 = RCIO oscillator: I/O function on RA6/OSC2/CLKOUT pin, RC on RA7/OSC1/CLKIN
101 = INTOSC oscillator: CLKOUT function on RA6/OSC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN
100 = INTOSCIO oscillator: I/O function on RA6/OSC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN
011 = EC: I/O function on RA6/OSC2/CLKOUT pin, CLKIN on RA7/OSC1/CLKIN
010 = HS oscillator: High-speed crystal/resonator on RA6/OSC2/CLKOUT and RA7/OSC1/CLKIN
001 = XT oscillator: Crystal/resonator on RA6/OSC2/CLKOUT and RA7/OSC1/CLKIN
000 = LP oscillator: Low-power crystal on RA6/OSC2/CLKOUT and RA7/OSC1/CLKIN

REGISTER 8-1: CONFIG1: CONFIGURATION WORD REGISTER 1 (CONTINUED)

Note 1: Enabling Brown-out Reset does not automatically enable Power-up Timer.
2: The entire program memory will be erased when the code protection is turned off.
3: When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.
4: MPLAB® X IDE masks unimplemented Configuration bits to ‘0’.

REGISTER 8-2: CONFIG2: CONFIGURATION WORD REGISTER 2

U-1(1) U-1(1) U-1(1) U-1(1) U-1(1) U-1(1)

— — — — — —

bit 13 bit 8

U-1(1) U-1(1) R/P-1 R/P-1 U-1(1) U-1(1) U-1(1) U-1(1)

— — VCAPEN1 VCAPEN0 — — — —

bit 7 bit 0

Legend: P = Programmable bit

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 13-6 Unimplemented: Read as ‘1’

bit 5-4 VCAPEN<1:0>: Voltage Regulator Capacitor Enable bits
For the PIC16LF722A/723A:
These bits are ignored. All VCAP pin functions are disabled.
For the PIC16F722A/723A:
00 = VCAP functionality is enabled on RA0
01 = VCAP functionality is enabled on RA5
10 = VCAP functionality is enabled on RA6
11 = All VCAP functions are disabled (not recommended)

bit 3-0 Unimplemented: Read as ‘1’

Note 1: MPLAB® X IDE masks unimplemented Configuration bits to ‘0’.
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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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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
Transmit/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.

SCK
(CKP = 1

SCK
(CKP = 0

Input
Sample

SDI

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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23.5 Thermal Considerations

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

Param
No.

Sym. Characteristic Typ. Units Conditions

TH01 JA Thermal Resistance Junction to Ambient 60.0 C/W 28-pin SPDIP package

69.7 C/W 28-pin SOIC package

71.0 C/W 28-pin SSOP package

52.5 C/W 28-pin UQFN 4x4mm package

30.0 C/W 28-pin QFN 6x6mm package

TH02 JC Thermal Resistance Junction to Case 29.0 C/W 28-pin SPDIP package

18.9 C/W 28-pin SOIC package

24.0 C/W 28-pin SSOP package

16.7 C/W 28-pin UQFN 4x4mm package

5.0 C/W 28-pin QFN 6x6mm package

TH03 TJMAX Maximum Junction Temperature 150 C
TH04 PD Power Dissipation — W PD = PINTERNAL + PI/O

TH05 PINTERNAL Internal Power Dissipation — W PINTERNAL = IDD x VDD(1)

TH06 PI/O I/O Power Dissipation — W PI/O =  (IOL * VOL) +  (IOH * (VDD - VOH))

TH07 PDER Derated Power — W PDER = PDMAX (TJ - TA)/JA(2)

Note 1:    IDD is current to run the chip alone without driving any load on the output pins.
2: TA = Ambient Temperature
3: TJ = Junction Temperature
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23.6  Timing Parameter Symbology

The timing parameter symbols have been created with
one of the following formats:

FIGURE 23-2: LOAD CONDITIONS

1. TppS2ppS

2. TppS

T

F Frequency T Time

Lowercase letters (pp) and their meanings:

pp

cc CCP1 osc OSC1

ck CLKOUT rd RD

cs CS rw RD or WR

di SDI sc SCK

do SDO ss SS

dt Data in t0 T0CKI

io I/O PORT t1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:

S

F Fall P Period

H High R Rise

I Invalid (High-impedance) V Valid

L Low Z High-impedance

VSS

CL

Legend: CL = 50 pF for all pins, 15 pF for 
OSC2 output

Load Condition

Pin
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TABLE 23-13: I2C BUS DATA REQUIREMENTS

Param.
No.

Symbol Characteristic Min. Max. Units Conditions

SP100* THIGH Clock high time 100 kHz mode 4.0 — s Device must operate at a 
minimum of 1.5 MHz

400 kHz mode 0.6 — s Device must operate at a 
minimum of 10 MHz

SSP Module 1.5TCY —

SP101* TLOW Clock low time 100 kHz mode 4.7 — s Device must operate at a 
minimum of 1.5 MHz

400 kHz mode 1.3 — s Device must operate at a 
minimum of 10 MHz

SSP Module 1.5TCY —

SP102* TR SDA and SCL rise 
time

100 kHz mode — 1000 ns

400 kHz mode 20 + 
0.1CB

300 ns CB is specified to be from 
10-400 pF 

SP103* TF SDA and SCL fall 
time

100 kHz mode — 250 ns

400 kHz mode 20 + 
0.1CB

250 ns CB is specified to be from 
10-400 pF 

SP106* THD:DAT Data input hold 
time

100 kHz mode 0 — ns

400 kHz mode 0 0.9 s

SP107* TSU:DAT Data input setup 
time

100 kHz mode 250 — ns (Note 2)

400 kHz mode 100 — ns

SP109* TAA Output valid from 
clock

100 kHz mode — 3500 ns (Note 1)

400 kHz mode — — ns

SP110* TBUF Bus free time 100 kHz mode 4.7 — s Time the bus must be free 
before a new transmis-
sion can start

400 kHz mode 1.3 — s

SP111 CB Bus capacitive loading —  400 pF 

* These parameters are characterized but not tested.

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region 
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

2: A Fast mode (400 kHz) I2C bus device can be used in a Standard mode (100 kHz) I2C bus system, but the 
requirement TSU:DAT 250 ns must then be met. This will automatically be the case if the device does not 
stretch the low period of the SCL signal. If such a device does stretch the low period of the SCL signal, it 
must output the next data bit to the SDA line TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the 
Standard mode I2C bus specification), before the SCL line is released. 
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FIGURE 24-10: PIC16LF722A/723A MAXIMUM IDD vs. FOSC OVER VDD, HS MODE

FIGURE 24-11: PIC16F722A/723A TYPICAL IDD vs. FOSC OVER VDD, HS MODE, VCAP = 0.1µF
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FIGURE 24-34: PIC16LF722A/723A BOR IPD vs. VDD

FIGURE 24-35: PIC16F722A/723A CAP SENSE HIGH POWER IPD vs. VDD, VCAP = 0.1µF
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FIGURE 24-50: SCHMITT TRIGGER INPUT THRESHOLD VIN vs. VDD OVER TEMPERATURE

FIGURE 24-51: SCHMITT TRIGGER INPUT THRESHOLD VIN vs. VDD OVER TEMPERATURE

VIHMin. 125°C     

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1.8 3.6 5.5

V
IN

 (
V

)

VDD (V)

VIHMax. -40°C 

Maximum: Mean + 3 (-40°C to 125°C)

Minimum: Mean - 3 (-40°C to 125°C) 
Typical: Mean @25°C

0.0

0.5

1.0

1.5

2.0

2.5

3.0

1.8 3.6 5.5

V
IN

 (
V

)

VDD (V)

VIL Min. 125°C

VIL Max. -40°C

Maximum: Mean + 3 (-40°C to 125°C)

Minimum: Mean - 3 (-40°C to 125°C) 
Typical: Mean @25°C
 2010-2016 Microchip Technology Inc. DS40001417C-page 239



PIC16(L)F722A/723A
FIGURE 24-52: VOH vs. IOH OVER TEMPERATURE, VDD = 5.5V

FIGURE 24-53: VOH vs. IOH OVER TEMPERATURE, VDD = 3.6V
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