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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"

Active

PIC

8-Bit

16MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
17

7KB (4K x 14)

FLASH

256 x 8

1.8V ~ 3.6V

A/D 12x8b

Internal

-40°C ~ 125°C (TA)
Through Hole

20-DIP (0.300", 7.62mm)
20-PDIP

https://www.e-xfl.com/product-detail/microchip-technology/pic16If721-e-p

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16lf721-e-p-4402009
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16(L)F720/721

PIC16(L)F72X Family Types
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PIC16(L)F707 (1) | 8192 | 363 | 0 |36 |14[32] 42 | 1 | 1 | 2 | Y
PIC16(L)F720 2 | 2048 | 128 | 128 |18 12| — | 211 | 1 1 1 | Y
PIC16(L)F721 (2) 4096 256 128 | 18 |12 | — | 2/1 1 1 1 I Y
PIC16(L)F722 (4) 2048 128 0 25 |11 | 8 2/1 1 1 2 | Y
PIC16(L)F722A 3) 2048 128 0 25 |11 | 8 2/1 1 1 2 | Y
PIC16(L)F723 @ | 4006 | 192 | o |25 1|8 21 | 1 1 | 2 | Y
PIC16(L)F723A 3| 4006 | 192 | o [25 1|8 22 | 1 1 | 2 | Y
PIC16(L)F724 @ | 4006 | 192 | o [36]14|16] 22 | 1 1 | 2 | Y
PIC16(L)F726 (4) 8192 368 0 25 |11 | 8 2/1 1 1 2 | Y
PIC16(L)F727 (4) 8192 368 0 36 (14|16 | 2/1 1 1 2 | Y

Note 1: |- Debugging, Integrated on Chip; H - Debugging, Requires Debug Header.

2:  One pin is input-only.

Data Sheet Index: (Unshaded devices are described in this document.)
PIC16(L)F707 Data Sheet, 40/44-Pin Flash, 8-bit Microcontrollers
PIC16(L)F720/721 Data Sheet, 20-Pin Flash, 8-bit Microcontrollers
PIC16(L)F722A/723A Data Sheet, 28-Pin Flash, 8-bit Microcontrollers
PIC16(L)F72X Data Sheet, 28/40/44-Pin Flash, 8-bit Microcontrollers

1. DS41418
2: DS41430
3: DS41417
4: DS41341

Note: For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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PIC16(L)F720/721

TABLE 2-2: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on Value on all
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 other
POR, BOR
Resets
Bank 3
180h( 2) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | XXXX XXXX
181h OPTION_ | RABPU INTEDG TOCS TOSE PSA PS2 PS1 PS0O 1111 1111 | 1111 1111
REG
182h(2) PCL Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
183nh(2) STATUS IRP RP1 RPO T0 PD z DC c 0001 1xxx | 000g quuu
184h(2) FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
185h ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO | ---1 -111 | ---1 -111
186h ANSELB — — ANSB5 ANSB4 — — — — --11 ---- | --11 ----
187h ANSELC ANSC7 ANSC6 — — ANSC3 ANSC2 ANSC1 ANSCO | 11-- 1111 | 11-- 1111
188h — Unimplemented — —
18An(1(2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
18Bh( 2) INTCON GIE PEIE TMROIE INTE RABIE TMROIF INTF RABIF | 0000 000x | 0000 000x
18Ch PMCONL1 —6 CFGS LWLO FREE — WREN WR RD 1000 -000 | 1000 -000
18Dh PMCON2 Program Memory Control Register 2 (not a physical register) R e IR
190h — Unimplemented — —
191h — Unimplemented — —
192h — Unimplemented — —
193h — Unimplemented — —
194h — Unimplemented — —
195h — Unimplemented — —
196h — Unimplemented — —
197h — Unimplemented — —
198h — Unimplemented — —
199h — Unimplemented — —
19Ah — Unimplemented — —
19Bh — Unimplemented — —
19Ch — Unimplemented — —
19Dh — Unimplemented — —
19Eh — Unimplemented — —
19Fh — Unimplemented — —
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: This bit is unimplemented and reads as ‘1’.

5: See Register 6-2.
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PIC16(L)F720/721

2.2.2.2 OPTION_REG Register

The OPTION_REG register, shown in Register 2-2, is
a readable and writable register, which contains
various control bits to configure:

Note:  To achieve a 1:1 prescaler assignment for
TimerOQ, assign the prescaler to the WDT
by setting the PSA bit of the
OPTION_REG register to ‘1’. Refer to

« Software programmable prescaler for the Timer0/ Section 12.1.3 “Software
WDT Programmable Prescaler”.

« External RA2/INT interrupt

e Timer0

* Weak pull-ups on PORTA or PORTB

REGISTER 2-2: OPTION_REG: OPTION 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
RABPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
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 RABPU: PORTA or PORTB Pull-up Enable bit

1 = PORTA or PORTB pull-ups are disabled
0 = PORTA or PORTB pull-ups are enabled by individual bits in the WPUA or WPUB register,
respectively
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value  TimerO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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PIC16(L)F720/721

45.2 PIE1 REGISTER

The PIE1 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be
shown in Register 4-2. set to enable any peripheral interrupt.
REGISTER 4-2: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRL1IE
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 TMR1GIE: Timerl Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enable the Timerl gate acquisition complete interrupt
0 = Disable the Timerl gate acquisition complete interrupt
ADIE: A/D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

RCIE: USART Receive Interrupt Enable bit

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

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

SSPIE: Synchronous Serial Port (SSP) Interrupt Enable bit

1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

CCPL1IE: CCP1 Interrupt Enable bit

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

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

TMR1IE: Timerl Overflow Interrupt Enable bit

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

DS40001430F-page 38
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5.0 LOW DROPOUT (LDO)
VOLTAGE REGULATOR

The PIC16F720/721 devices differ from the
PIC16LF720/721 devices due to an internal Low
Dropout (LDO) voltage regulator. The PIC16F720/721
contain an internal LDO, while the PIC16LF720/721 do
not.

The lithography of the die allows a maximum operating
voltage of 3.6V on the internal digital logic. In order to
continue to support 5.0V designs, a LDO voltage
regulator is integrated on the die. The LDO voltage
regulator allows for the internal digital logic to operate
at 3.2V, while the 1/Os operate at 5.0V (VDD).

© 2010-2015 Microchip Technology Inc.
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6.2 PORTB and TRISB Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 6-7). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High Impedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-2 shows how to initialize PORTB.

Reading the PORTB register (Register 6-6) 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 TRISB register (Register 6-7) controls the PORTB
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISB register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0’. Example 6-2 shows how to initialize PORTB.

EXAMPLE 6-2:

BANKSEL PORTB  ;

CLRF PORTB ;Init PORTB

BANKSEL ANSELB

CLRF ANSELB ; Make RB<7: 4> digital
BANKSEL TRI SB

MOVLW B'11110000’; Set RB<7:4> as inputs
MOWF  TRISB ;

INITIALIZING PORTB

Note:  The ANSELB register must be initialized
to configure an analog channel as a digital
input. Pins configured as analog inputs
will read ‘0.

6.2.1 ANSELB REGISTER

The ANSELB register (Register 6-10) is used to
configure the Input mode of an I/O pin to analog input.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no affect on digital
output functions. A pin with TRIS clear and ANSELB
set will still operate as a digital output, but the Input
mode will be analog. This can cause unexpected
behavior when executing read-modify-write
instructions on the affected port.

6.2.2 WEAK PULL-UPS

Each of the PORTB pins has an individually configurable
internal weak pull-up. Control bits WPUB<7:4> enable or
disable each pull-up (see Register 6-8). Each weak pull-
up is automatically turned off when the port pin is
configured as an output. All pull-ups are disabled on a
Power-on Reset by the RABPU bit of the OPTION_REG
register.

6.2.3 INTERRUPT-ON-CHANGE

All of the PORTB pins are individually configurable as an
interrupt-on-change pin. Control bits IOCB<7:4> enable
or disable the interrupt function for each pin. Refer to
Register 6-9. The interrupt-on-change feature is
disabled on a Power-on Reset.

For enabled interrupt-on-change pins, the present value
is compared with the old value latched on the last read
of PORTB to determine which bits have changed or
mismatched the old value. The ‘mismatch’ outputs of
the last read are OR’'d together to set the PORTB
Change Interrupt Flag bit (RABIF) in the INTCON
register.

This interrupt can wake the device from Sleep. The user,
in the Interrupt Service Routine, clears the interrupt by:

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear the flag bit RABIF.

A mismatch condition will continue to set flag bit RABIF.
Reading or writing PORTB will end the mismatch
condition and allow flag bit RABIF to be cleared. The latch
holding the last read value is not affected by a MCLR nor
Brown-out Reset. After these Resets, the RABIF flag will
continue to be set if a mismatch is present.

Note: ~ When a pin change occurs at the same
time as a read operation on PORTB, the
RABIF flag will always be set. If multiple
PORTB pins are configured for the
interrupt-on-change, the user may not be
able to identify which pin changed state.

© 2010-2015 Microchip Technology Inc.
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6.3 PORTC and TRISC Registers

PORTC is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC
(Register 6-12). 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 6-11) 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 6-12) 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 set when using them as analog
inputs. 1/0O pins configured as analog input always read
‘0.

EXAMPLE 6-3:

BANKSEL PORTC

CLRF PORTC

BANKSEL TRI SC ;

MOVLW B 00001100" ;Set RC<3:2> as inputs

MOWFF  TRI SC ;and set RC<7:4,1:0>
;as outputs

INITIALIZING PORTC

;Init PORTC

6.3.1 ANSELC REGISTER

The ANSELC register (Register 6-13) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELC bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELC bits has no effect on digital
output functions. A pin with TRIS clear and ANSELC
set will still operate as a digital output, but the Input
mode will be analog. This can cause unexpected
behavior when executing read-modify-write
instructions on the affected port.

© 2010-2015 Microchip Technology Inc.
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REGISTER 6-11: PORTC: PORTC REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-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 pinis > VIH
0 = Port pin is < VIL

REGISTER 6-12: 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 TRISCA4 TRISC3 TRISC2 TRISC1 TRISCO
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

REGISTER 6-13: ANSELC: ANALOG SELECT REGISTER FOR PORTC

R/W-1 R/W-1 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1
ANSC7 ANSC6 — — ANSC3 ANSC2 ANSC1 ANSCO
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’ = Bitis cleared X = Bit is unknown
bit 7-6 ANSC<7:6>: Analog Select between Analog or Digital Function on Pins RB<7:6>, respectively

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

bit 5-4 Unimplemented: Read as ‘0’

bit 3-0 ANSC<3:0>: Analog Select between Analog or Digital Function on Pins RC<3:0>, respectively
0 = Digital I/O. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input®. Digital input buffer disabled.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry. Weak pull-ups, if available,
are unaffected. The corresponding TRIS bit must be set to Input mode by the user in order to allow external
control of the voltage on the pin.
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6.3.2 RCO/AN4

Figure 6-11 shows the diagram for this pin. The RCO pin
is configurable to function as one of the following:

« General purpose I/O
* Analog input for the A/D

6.3.3 RC1/AN5

Figure 6-11 shows the diagram for this pin. The RC1 pin
is configurable to function as one of the following:

» General purpose /O
 Analog input for the A/D

6.3.4 RC2/ANG

Figure 6-12 shows the diagram for this pin. The RC2
pin is configurable to function as one of the following:

* General purpose I/O
* Analog input for the A/D

6.3.5 RC3/AN7

Figure 6-12 shows the diagram for this pin. The RC3 pin
is configurable to function as one of the following:

* General purpose /O
 Analog input for the A/D

6.3.6 RC4

Figure 6-13 shows the diagram for this pin. The RC4 pin
functions as one of the following:

* General purpose I/O

6.3.7 RC5/CCP1

Figure 6-14 shows the diagram for this pin. The RC5 pin
is configurable to function as one of the following:

* General purpose /O
» Capture, Compare or PWM (one output)

6.3.8 RC6/AN8/SS

Figure 6-15 shows the diagram for this pin. The RC6 pin
is configurable to function as one of the following:

« General purpose I/O

* Analog input for the A/D

« SSinput to SSP

6.3.9 RC7/AN9/SDO

Figure 6-16 shows the diagram for this pin. The RC7 pin
is configurable to function as one of the following:

» General purpose /O

 Analog input for the A/D

« SDO output of SSP

FIGURE 6-11: BLOCK DIAGRAM OF RCO
AND RC1
Data Bus
D Q yoo
WR CK =
porTCT P <C @
1/0 Pin
& D Q
WR CK =
TRISC ~ Q¢ Vss
Analog Input
y mode®
RD
TRISC /
pd
RD
PORTC
To A/D Converter
Note 1:  ANSEL determines Analog Input mode.

FIGURE 6-12: BLOCK DIAGRAM OF RC2

AND RC3

Data Bus

VDD

WR CK =
porRTCTP U Q

I/O Pin

WR oK =

TRISC ~ @ Vss
Analog Ing)ut
RD ¢ mode® i

TRISC |

RD
PORTC

___To A/ID Converter

Note 1:  ANSEL determines Analog Input mode.
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13.3 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The TICKPS bits of the
T1CON register control the prescaler counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMR1H or TMRL1L.

13.4 Timerl Operation in
Asynchronous Counter Mode

If the control bit TASYNC of the TLCON register is set,
the external clock input is not synchronized. The timer
increments asynchronously to the internal phase
clocks. If external clock source is selected then the
timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 13.4.1 “Reading and Writing Timerl in
Asynchronous Counter Mode”).

Note: ~ When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional
increment.

13.5 Timerl Gate

Timerl can be configured to count freely or the count
can be enabled and disabled using Timerl gate
circuitry. This is also referred to as Timerl gate count
enable.

Timerl gate can also be driven by multiple selectable
sources.

1351 TIMER1 GATE COUNT ENABLE

The Timerl gate is enabled by setting the TMR1GE bit
of the TLGCON register. The polarity of the Timer1 gate
is configured using the TIGPOL bit of the TLGCON
register.

When Timerl Gate (T1G) input is active, Timerl will
increment on the rising edge of the Timerl clock
source. When Timerl gate input is inactive, no
incrementing will occur and Timerl will hold the current
count. See Figure 13-3 for timing details.

TABLE 13-3: TIMER1 GATE ENABLE

1341 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the TMR1H:TMR1L register pair.

SELECTIONS
T1CLK | TIGPOL T1G Timerl Operation
T 0 0 Counts
0 0 1 Holds Count
0 1 0 Holds Count
0 1 1 Counts

13.5.2 TIMER1 GATE SOURCE
SELECTION

The Timerl gate source can be selected from one of
four different sources. Source selection is controlled by
the T1GSS bits of the TLGCON register. The polarity
for each available source is also selectable. Polarity
selection is controlled by the T1GPOL bit of the
T1GCON register.

TABLE 13-4. TIMER1 GATE SOURCES
T1GSS Timerl Gate Source

00 Timerl Gate Pin

01 Overflow of TimerO
(TMRO increments from FFh to 00h)

10 Timer2 match PR2
(TMR2 increments to match PR2)

11 Count Enabled by WDT Overflow
(Watchdog Time-out interval expired)
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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

PWM Period = [(PR2)+ 1] e 4e TOSC e
(TMR2 Prescale Value)

Note: Tosc = 1/Fosc

When TMR2 is equal to PR2, the following three events

occur on the next increment cycle:

« TMR2is cleared

* The CCP1 pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from CCPRL1L into
CCPR1H.

Note: The Timer2 postscaler (refer to
Section 14.1 “Timer2 Operation”) is not
used in the determination of the PWM
frequency.

15.3.3 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit value
to multiple registers: CCPRLL register and DC1 and B1
bits of the CCP1CON register. The CCPR1L contains
the eight MSbs and the DC1 and Bl bits of the
CCP1CON register contain the two LSbs. CCPR1L and
DC1 and B1 bits of the CCP1CON register can be
written to at any time. The duty cycle value is not latched
into CCPR1H until after the period completes (i.e., a
match between PR2 and TMR2 registers occurs). While
using the PWM, the CCPR1H 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

Pulse Width = (CCPR1L:CCP1CON<5:4>) o
Tosc e (TMR2 Prescale Value)

Note: Tosc = 1/Fosc

EQUATION 15-3: DUTY CYCLE RATIO

_ (CCPRIL:CCP1CON<5:4>)

Duty Cycle Ratio APR2+ 1)

The CCPR1H 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 (FOSsC), or two 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 CCPR1H and
2-bit latch, then the CCP1 pin is cleared (refer to
Figure 15-3).
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17.0 SSP MODULE OVERVIEW

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other
peripherals or microcontroller devices. These
peripheral devices may be serial EEPROMSs, shift
registers, display drivers, A/D converters, etc. The SSP
module can operate in one of two modes:

 Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (IZC)

17.1 SPI Mode

The SPI mode allows eight bits of data to be
synchronously transmitted and received,
simultaneously. The SSP module can be operated in
one of two SPI modes:

* Master mode
* Slave mode

SPI is a full-duplex protocol, with all communication
being bidirectional and initiated by a master device. All
clocking is provided by the master device and all bits
are transmitted, MSb first. Care must be taken to
ensure that all devices on the SPI bus are setup to
allow all controllers to send and receive data at the
same time.

A typical SPI connection between microcontroller
devices is shown in Figure 17-1. Addressing of more
than one slave device is accomplished via multiple
hardware slave select lines. External hardware and
additional 1/0 pins must be used to support multiple
slave select addressing. This prevents extra overhead
in software for communication.

For SPI communication, typically three pins are used:
 Serial Data Out (SDO)

 Serial Data In (SDI)

« Serial Clock (SCK)

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS)

FIGURE 17-1: TYPICAL SPI MASTER/SLAVE CONNECTION

| SPI Master SSPM<3:0> = 00xx | \ SPI Slave SSPM<3:0> = 010x :
\ SDO, _, SDI |
l ] T |
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) | , (SSPBUF) ,
| @ : | @ |
| | | |
| | | |
| Shift Register SDI | - | SDO Shift Register |
. (SSPSR) . | (SSPSR) |
| |

| MSb LSb : . MSb LSb .
1 | |

: SCK : Serial Clock > SCK |
| 1 | 1
: : Slave Select : — :
| General IO - — — — | |
| Processor 1 , (optional) Processor 2 |

© 2010-2015 Microchip Technology Inc.
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17.2.2 START AND STOP CONDITIONS

During times of no data transfer (Idle time), both the
clock line (SCL) and the data line (SDA) are pulled high
through external pull-up resistors. The Start and Stop
conditions determine the start and stop of data trans-
mission. The Start condition is defined as a high-to-low
transition of the SDA line while SCL is high. The Stop
condition is defined as a low-to-high transition of the
SDA line while SCL is high.

Figure 17-9 shows the Start and Stop conditions. A
master device generates these conditions for starting
and terminating data transfer. Due to the definition of
the Start and Stop conditions, when data is being
transmitted, the SDA line can only change state when
the SCL line is low.

FIGURE 17-9: START AND STOP CONDITIONS
=1 i : =1
Son N _ N4
I | . . : . | |
I | | S B
scL w w
| s | '€ > :‘ > | P |
- f - : Change of : * Change of Y
Data Allowed Data Allowed
Start Stop
Condition Condition
17.2.3 ACKNOWLEDGE In such a case, the SSPSR register value is not loaded

After the valid reception of an address or data byte, the
hardware automatically will generate the Acknowledge
(ACK) pulse and load the SSPBUF register with the
received value currently in the SSPSR register. There
are certain conditions that will cause the SSP module
not to generate this ACK pulse. They include any or all
of the following:

« The Buffer Full bit, BF of the SSPSTAT register,
was set before the transfer was received.

* The SSP Overflow bit, SSPOV of the SSPCON
register, was set before the transfer was received.

* The SSP module is being operated in Firmware
Master mode.

into the SSPBUF, but bit SSPIF of the PIR1 register is
set. Table 17-2 shows the results of when a data
transfer byte is received, given the status of bits BF and
SSPOV. Flag hit BF is cleared by reading the SSPBUF
register, while bit SSPOV is cleared through software.

TABLE 17-2: DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Qata Generate ACK Set bit SSPIF
Transfer is Received SSPSR —> SSPBUF Dolse (SSP Interrupt occurs
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes
Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.
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1°C SLAVE MODE TIMING (TRANSMISSION 10-BIT ADDRESS)

FIGURE 17-13:
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RETFIE Return from Interrupt RETLW Return with literal in W
Syntax: [label] RETFIE Syntax: [label] RETLW k
Operands: None Operands: 0< k<255
Operation: TOS — PC, Operation: k — (W);
1> GIE TOS —» PC
Status Affected:  None Status Affected:  None
Description: Return from Interrupt. Stack is Description: The W register is loaded with the
POPed and Top-of-Stack (TOS) is 8-bit literal ‘k’. The program
loaded in the PC. Interrupts are counter is loaded from the top of
enabled by setting Global the stack (the return address).
Interrupt Enable bit, GIE (INT- This is a 2-cycle instruction.
CONK<7>). This is a 2-cycle Words: 1
instruction.
Cycles: 2
Words: 1 )
Example: CALL TABLE; W cont ai ns
Cycles: 2 tabl e
Example: RETFI E ; of fset val ue
After Interrupt TABLE ; Wnow has tabl e val ue
PC = TOS .
GE= 1 ADDWE PC ;W= of f set
RETLW k1 ;Begin table
RETLW k2 ;
RETLW kn End of table
Before Instruction
W = 0x07
After Instruction
W = value of k8
RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS —» PC
Status Affected:  None
Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a 2-cycle instruc-
tion.

© 2010-2015 Microchip Technology Inc.
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23.6  Timing Parameter Symbology

The timing parameter symbols have been created with

one of the following formats:

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase letters (pp) and their meanings:

pp
cc CCP1 osc CLKIN
ck CLKOUT rd RD
cs CcS w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 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) \% Valid
L Low z High-impedance

FIGURE 23-2: LOAD CONDITIONS

Load Condition

CL

Pin l
T

Vss

Legend: CL =50 pF for all pins
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FIGURE 23-8: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR + VHYST
VBOR e e e e e e oo

(Device in Brown-out Reset) (Device not in Brown-out Reset)

TBORDC —»

g : - TPwrT® —

(due to BOR)

Note 1: The additional delay of TPWRT, prior to releasing Reset, only occurs when the Power-up Timer is enabled (PWRTE = 0).
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FIGURE 23-16: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

Ss
ScK |
(CKP = 0) : ! .
| _SPTL_.!_SP72 . o
o v f SP7
| = =~SP73:. .
SCK AN Vi
(CKP = 1) L !
: | '«—= SP80 —! -
R SP78

SDO \k . IMSb }i; bhe-%--4. >< LSb
oo . )

SDI

Note 1: Refer to Figure 23-2 for load conditions.

FIGURE 23-17: SPI SLAVE MODE TIMING (CKE = 0)

. SP70 -

X S__jzf_____xxt sPs3
' . e I\ r————;
SP71 ‘' SP72 O -

SP78 SP79

— — — e

SP79 SP78

' L C ' .
. 7 _ ) >< S
SDO . MSb :Z; bit6--7>--1 LSb 7
! [} ) l—!
SP77
SDI LSb In
. SP74
'~ SP73

Note 1: Refer to Figure 23-2 for load conditions.
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FIGURE 24-7: PIC16LF720/721 MAX. IDD vs. Fosc OVER VDD, MFINTOSC
250 T T T T T
Typical: Statistical Mean @25°C | | |
Maximum: Mean (Worst-Case Temp) +3c | | |
(-40°C to 125°C)
o | E——— [ N [ I
, — 3.6V
| | | . |
/‘/"’17 | | __lav
150 | | f | — 2.5V
T — 7 77777777777777777
N | | | — 18V
- : | | | |
3 | | | | |
810 + — — — — — — — — — — — — o — — — — — — — — = — — —
| | | | |
| | | | |
| | | | |
S [l el et Bl ey
| | | | |
| | | | |
0 ' ' ! ' :
0 100 200 300 400 500 600
Fosc (kHz)
FIGURE 24-8: PIC16LF720/721 TYPICAL IpD vs. Fosc OVER VDD, MFINTOSC
250 T T T T
Typical: Statistical Mean @25°C | | |
Maximum: Mean (Worst-Case Temp) +30| ‘ ‘ |
(-40°C to 125°C)
200 1 : : -t === == = = — 7
\ \ \ \ |
\ \ \ \ |
150+ — — — — -+ —— == — = — = = — — ]
| | 3.6V
\

DD (MA)
\

\

!

|

\

|
oW
o 0 <
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100 e —— — —

|
50 + — — — — |
\ \
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0 | 1
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Fosc (kHz)
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20-Lead Plastic Quad Flat, No Lead Package (ML) - 4x4 mm Body [QFN]
With 0.40 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

C1
W2

~uUUL

E
o | [ [ 1—
I — —
ai =l |
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 2.50
Optional Center Pad Length T2 2.50
Contact Pad Spacing C1 3.93
Contact Pad Spacing C2 3.93
Contact Pad Width X1 0.30
Contact Pad Length Y1 0.73
Distance Between Pads G 0.20

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

Microchip Technology Drawing No. C04-2126A
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