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PIC16(L)F720/721

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Website; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our website at www.microchip.com to receive the most current information on all of our products.
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FIGURE 1-1: 20-PIN DEVICE BLOCK DIAGRAM FOR PIC16(L)F720/721
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Note:  PIC16(L)F720 — 2k x 14 Flash, 128 x 8 RAM

PIC16(L)F721 — 4k x 14 Flash, 256 x 8 RAM.
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6.0 /O PORTS

There are as many as 18 general purpose /O pins
available. Depending on which peripherals are
enabled, some or all of the pins may not be available as
general purpose I/O. In general, when a peripheral is
enabled, the associated pin may not be used as a
general purpose 1/O pin.

6.1 PORTA and TRISA Registers

PORTA is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 6-2). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). Example 6-1 shows how to
initialize PORTA.

Reading the PORTA register (Register 6-1) 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 TRISA register (Register 6-2) controls the PORTA
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISA register are maintained set when using them as
analog inputs. I/0 pins configured as analog input always
read ‘0.
Note:  The ANSELA register must be initialized
to configure an analog channel as a digital
input. Pins configured as analog inputs

will read ‘0.
EXAMPLE 6-1: INITIALIZING PORTA
BANKSEL PORTA :

CLRF PORTA ;Init PORTA
BANKSEL ANSELA ;
CLRF ANSELA
BANKSEL TRI SA
MOVLW  0Ch
MOVWWF  TRI SA

;digital 1/0

; Set RA<3:2> as inputs
;and set RA<5:4,1:0>
;as outputs

6.1.1 WEAK PULL-UPS

Each of the PORTA pins has an individually
configurable internal weak pull-up. Control bits
WPUA<5:0> enable or disable each pull-up (see
Register 6-5). 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.

6.1.2 INTERRUPT-ON-CHANGE

All of the PORTA pins are individually configurable as
an interrupt-on-change pin. Control bits IOCA<5:0>
enable or disable the interrupt function for each pin
(see Register 6-6). The interrupt-on-change feature is
disabled on a Power-on Reset.

For enable interrupt-on-change pins, the present value
is compared with the old value latched on the last read
of PORTA 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 PORTA
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:

1. Any read or write of PORTA. This will end the
mismatch condition.

2. Clear the flag bit RABIF.

A mismatch condition will continue to set flag bit RABIF.
Reading or writing PORTA 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 or 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 PORTA, the
RABIF flag will always be set. If multiple
PORTA pins are configured for the inter-
rupt-on-change, the user may not be able
to identify which pin changed state.
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REGISTER 6-1: PORTA: PORTA REGISTER
U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— | — | ras | ra4 | RA3® RA2 RAL RAO
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 RA<5:0>: PORTA I/O Pin bit
1 = Port pinis > VIH
0 = Port pinis < VIL
Note 1: RA<3>isinputonly.
REGISTER 6-2: TRISA: PORTA TRI-STATE REGISTER
U-0 U-0 R/W-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1
— | — | TRisAs | TRISA4 | —@ TRISA2 TRISAL TRISAO
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 5-4 TRISA<5:4>: PORTA Tri-State Control bit
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
bit 3 Unimplemented: Read as ‘1’
bit 2-0 TRISA<2:0>: PORTA Tri-State Control bit
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
Note 1: TRISA<3>is unimplemented and read as 1.
REGISTER 6-3: WPUA: WEAK PULL-UP PORTA REGISTER
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — WPUA5 WPUA4 WPUA3@ WPUA2 WPUA1L WPUAO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 7-6
bit 5-0

Note 1:
2:

Unimplemented: Read as ‘0’

WPUA<5:0>: Weak Pull-up PORTA Control bits
1= Weak pull-up enabled®

0 = Weak pull-up disabled

Enabling weak pull-ups also requires that the RABPU bit of the OPTION_REG register be cleared.
If MCLREN = 1, WPUAS is always enabled.

© 2010-2015 Microchip Technology Inc.
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9.1 ADC Configuration

When configuring and using the ADC, the following
functions must be considered:

» Port Configuration

» Channel selection

« ADC conversion clock source

* Interrupt control

9.1.1 PORT CONFIGURATION

When converting analog signals, the 1/0 pin selected
as the input channel should be configured for analog by
setting the associated TRIS and ANSEL bits. Refer to
Section 6.0 “1/O Ports” for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

9.1.2 CHANNEL SELECTION

There are 14 channel selections available:
- AN<11:0> pins
- Temperature Indicator
- FVR (Fixed Voltage Reference) Output
Refer to Section 11.0 “Temperature Indicator Mod-

ule” and Section 10.0 “Fixed Voltage Reference” for
more information on these channel selections.

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 9.2

9.1.3

ADC Operation” for more information.

CONVERSION CLOCK

The source of the conversion clock is software-
selectable via the ADCS bits of the ADCONL1 register.
There are seven possible clock options:

Fosc/2

Fosc/4

Fosc/8

Fosc/16

Fosc/32

Fosc/64

FRC (dedicated internal oscillator)

The time to complete one bit conversion is defined as
TaD. One full 8-bit conversion requires 10 TAD periods
as shown in Figure 9-2.

For correct

conversion, the appropriate TAD

specification must be met. Refer to the A/D conversion

r

equirements in Section 23.0 “Electrical

Specifications” for more information. Table 9-1 gives
examples of appropriate ADC clock selections.

Note:  Unless using the FRc, any changes in the
system clock frequency will change the
ADC clock frequency, which may

adversely affect the ADC result.

TABLE 9-1: ADC CLOCK PERIOD (TaD) Vs. DEVICE OPERATING FREQUENCIES
ADC Clock Period (TAD) Device Frequency (Fosc)

Cloc':zgurce ADCS<2:0> 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 125 ns® 250 ns@ 500 ns®@ 2.0 ps
Foscl4 100 250 ns@ 500 ns@ 1.0 ps 4.0 ps
Fosc/8 001 0.5 us® 1.0 ps 2.0 s 8 us®
Fosc/16 101 1.0 ps 2.0 us 4.0 us 16.0 ps®
Fosc/32 010 2.0 us 4.0 us 8 us® 32.0 ps®
Fosc/64 110 4.0 us 8 us® 16.0 ps® 64.0 ps®
FRC x11 1.0-6.0 pst4 1.0-6.0 ps¥ | 1.0-6.0 ust¥ | 1.0-6.0 ps(t¥
Legend: Shaded cells are outside of the recommended range.

Note 1: The FRcC source has a typical TAD time of 1.6 us for VDD.
2:  These values violate the minimum required TAD time.
3:  For faster conversion times, the selection of another clock source is recommended.
4: When the device frequency is greater than 1 MHz, the FRc clock source is only recommended if the
conversion will be performed during Sleep.
5. Recommended values for VDD < 2.0V and temperature -40°C to 85°C. The 16.0 us setting should be

avoided for temperature > 85°C.
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12.2 Option Register
REGISTER 12-1: 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 PORT latch values
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: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: TMRO 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 TMRO 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
TABLE 12-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bito | Register
on Page
INTCON GIE PEIE | TMROIE INTE RABIE | TMROIF INTF RABIF 37
OPTION_REG | RABPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 20
TMRO TimerO module Register 83
TRISA — — |TRisAs| TRISA4 | — | TRISA2 | TRISAL | TRISAO 43
Legend: - =Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

Timer0 module.
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FIGURE 13-5: TIMER1 GATE SINGLE-PULSE MODE
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FIGURE 13-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE
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15.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin CCP1. An event is defined as one of the
following and is configured by the CCP1M<3:0> bits of
the CCP1CON register:

» Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

When a capture is made, the Interrupt Request Flag bit
CCPL1IF of the PIR1 register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPR1H, CCPRLL register pair

is read, the old captured value is overwritten by the new
captured value (refer to Figure 15-1).

1511 CCP1 PIN CONFIGURATION

In Capture mode, the CCP1 pin should be configured
as an input by setting the associated TRIS control bit.

Note:  Ifthe CCP1 pinis configured as an output,
a write to the port can cause a CAPTURE
condition.

FIGURE 15-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM
Set Flag bit CCP1IF

Prescaler (PIR1 register)
X’* +1,4,16
ccpP1 | ccPriH | ccPriL |
and Capture
Edge Detect Enable
} | TMRiH [ TwRiL |
CCP1CON<3:0>

System Clock (Fosc)

15.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode or when
Timerl is clocked at Fosc, the capture operation may
not work.

Note:  Clocking Timerl from the system clock
(Fosc) should not be used in Capture
mode. In order for Capture mode to
recognize the trigger event on the CCP1
pin, Timerl must be clocked from the
Instruction Clock (Fosc/4) or from an
external clock source.

15.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPLIE interrupt enable bit of the PIE1 register clear to
avoid false interrupts. Additionally, the user should
clear the CCP1IF interrupt flag bit of the PIR1 register
following any change in Operating mode.

15.14 CCP PRESCALER

There are four prescaler settings specified by the
CCP1M<3:.0> bits of the CCP1CON register.
Whenever the CCP module is turned off, or the CCP
module is not in Capture mode, the prescaler counter
is cleared. Any Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the CCP1CON register before changing the
prescaler (refer to Example 15-1).

EXAMPLE 15-1: CHANGING BETWEEN

CAPTURE PRESCALERS

; Set Bank bits to point

; to CCP1CON

CLRF CCP1CON ; Turn CCP nodul e of f

MOVLW  NEW CAPT_PS; Load the Wreg with

; the new prescal er
nove val ue and CCP ON

; Load CCP1CON with this

; val ue

BANKSEL CCP1CON

MOV CCP1CON

15.1.5 CAPTURE DURING SLEEP

Capture mode depends upon the Timerl module for
proper operation. There are two options for driving the
Timerl module in Capture mode. It can be driven by the
instruction clock (Fosc/4), or by an external clock
source.

If Timerl is clocked by Fosc/4, then Timerl will not
increment during Sleep. When the device wakes from
Sleep, Timerl will continue from its previous state.

If Timerl is clocked by an external clock source, then
Capture mode will operate as defined in Section 15.1
“Capture Mode”.

© 2010-2015 Microchip Technology Inc.
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FIGURE 16-2: AUSART RECEIVE BLOCK DIAGRAM
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FIFO
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_______________________________________ 8

FERR RX9D RCREG Register

Data Bus

RCIF Interrupt
RCIE

The operation of the AUSART module is controlled
through two registers:

» Transmit Status and Control (TXSTA)
* Receive Status and Control (RCSTA)

These registers are detailed in Register 16-1 and
Register 16-2, respectively.
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16.1.2.7 Address Detection

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RCSTA
register.

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCIF interrupt
bit of the PIR1 register. All other characters will be
ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.

16.1.2.8  Asynchronous Reception Setup:

1. [Initialize the SPBRG register and the BRGH bit
to achieve the desired baud rate (refer to
Section 16.2 “AUSART Baud Rate Generator
(BRG)").

2. Enable the serial port by setting the SPEN bit.
The SYNC bit must be clear for asynchronous
operation.

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

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

Enable reception by setting the CREN bit.

6. The RCIF interrupt flag bit of the PIR1 register
will be set when a character is transferred from
the RSR to the receive buffer. An interrupt will be
generated if the RCIE bit of the PIE1 register
was also set.

7. Read the RCSTA register to get the error flags
and, if 9-bit data reception is enabled, the ninth
data bit.

8. Getthe received eight Least Significant data bits
from the receive buffer by reading the RCREG
register.

9. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

o

16.1.2.9 9-bit Address Detection Mode Setup

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1. Initialize the SPBRG register and the BRGH bit
to achieve the desired baud rate (refer to
Section 16.2 “AUSART Baud Rate Generator
(BRG)").

2. Enable the serial port by setting the SPEN bit.
The SYNC bit must be clear for asynchronous
operation.

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

4. Enable 9-bit reception by setting the RX9 bit.
Enable address detection by setting the ADDEN
bit.

6. Enable reception by setting the CREN bit.

7. The RCIF interrupt flag bit of the PIR1 register
will be set when a character with the ninth bit set
is transferred from the RSR to the receive buffer.
An interrupt will be generated if the RCIE
interrupt enable bit of the PIE1 register was also
set.

8. Read the RCSTA register to get the error flags.
The ninth data bit will always be set.

9. Getthe received eight Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device's address.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

© 2010-2015 Microchip Technology Inc.
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17.1.2 SLAVE MODE

For any SPI device acting as a slave, the data is
transmitted and received as external clock pulses
appear on SCK pin. This external clock must meet the
minimum high and low times as specified in the
electrical specifications.

17.1.2.1 Slave Mode Operation

The SSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready.

The slave has no control as to when data will be
clocked in or out of the device. All data that is to be
transmitted, to a master or another slave, must be
loaded into the SSPBUF register before the first clock
pulse is received.

Once eight bits of data have been received:

» Received byte is moved to the SSPBUF register
» BF bit of the SSPSTAT register is set
» SSPIF bit of the PIR1 register is set

Any write to the SSPBUF register during transmission/
reception of data will be ignored and the Write Collision
Detect bit, WCOL of the SSPCON register, will be set.
User software must clear the WCOL bit so that it can be
determined if the following write(s) to the SSPBUF
register completed successfully.

The user’s firmware must read SSPBUF, clearing the
BF flag, or the SSPOV bit of the SSPCON register will
be set with the reception of the next byte and
communication will be disabled.

A SPI module transmits and receives at the same time,
occasionally causing dummy data to be transmitted/
received. It is up to the user to determine which data is
to be used and what can be discarded.

17.1.2.2 Enabling Slave I/O

To enable the serial port, the SSPEN bit of the
SSPCON register must be set. If a Slave mode of
operation is selected in the SSPM bits of the SSPCON
register, the SDI, SDO and SCK pins will be assigned
as serial port pins.

For these pins to function as serial port pins, they must
have their corresponding data direction bits set or
cleared in the associated TRIS register as follows:

» SDI configured as input
» SDO configured as output
» SCK configured as input

Optionally, a fourth pin, Slave Select (SS) may be used
in Slave mode. Slave Select may be configured to
operate on the RC6/SS pin via the SSSEL bit in the
APFCON register.

Upon selection of a Slave Select pin, the appropriate
bits must be set in the ANSELA and TRISA registers.
Slave Select must be set as an input by setting the
corresponding bit in TRISA, and digital /O must be
enabled on the SS pin by clearing the corresponding bit
of the ANSELA register.

17.1.2.3 Slave Mode Setup

When initializing the SSP module to SPI Slave mode,
compatibility must be ensured with the master device.
This is done by programming the appropriate control
bits of the SSPCON and SSPSTAT registers. These
control bits allow the following to be specified:

» SCK as clock input

« Idle state of SCK (CKP bit)

» Data input sample phase (SMP bit)

» Output data on rising/falling edge of SCK (CKE bit)

Figure 17-4 and Figure 17-5 show example waveforms
of Slave mode operation.
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21.0 INSTRUCTION SET SUMMARY

The PIC16(L)F720/721 instruction set is highly
orthogonal and is comprised of three basic categories:

» Byte-oriented operations
 Bit-oriented operations
 Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 21-1, while the various opcode
fields are summarized in Table 21-1.

Table 21-2 lists the instructions recognized by the
MPASM™ assembler.

For byte-oriented instructions, ‘f' represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the resultis placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator, which selects the bit affected by the
operation, while ‘' represents the address of the file in
which the bit is located.

For literal and control operations, ‘k’ represents an 8-
bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a
nominal instruction execution time of 1pus. All
instructions are executed within a single instruction
cycle, unless a conditional test is true, or the program
counter is changed as a result of an instruction. When
this occurs, the execution takes two instruction cycles,
with the second cycle executed as a NOP.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

21.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a CLRF PORTB instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the
unintended consequence of clearing the condition that
set the RABIF flag.

TABLE 21-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X |x|oc|S|=

Don't care location (= 0 or 1).

The assembler will generate code with x = 0. Itis
the recommended form of use for

compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultis d = 1.

PC | Program Counter

TO | Time-out bit

C | Carry bit
DC | Digit carry bit
Z | Zero bit

PD | Power-down bit

FIGURE 21-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 109 76 0
OPCODE |b (BIT #)| f (FILE #)

3-bit bit address

b
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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23.4 DC Characteristics: PIC16(L)F720/721-1/E
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < Ta < +125°C for extended
Pa’\rlgm. Sym. Characteristic Min. Typt Max. Units Conditions
VIL Input Low Voltage
1/0 PORT:
D030 with TTL buffer — — 0.8 V [45V<VDD<55V
DO30A — — 0.15Vop | V |1.8V<VDD<4.5V
D031 with Schmitt Trigger buffer — — 0.2 VDD V [2.0V<VDD<5.5V
with 12C levels — — 03VbD | V
VIH Input High Voltage
1/0 ports: — —
D040 with TTL buffer 2.0 — — V [45V<VDD<5.5V
DO40A 0.25 VDD + — — V [1.8V<VDD<4.5V
0.8
D041 with Schmitt Trigger buffer | 0.8 VDD — — V  |2.0V<VDD<5.5V
with 12C levels 0.7 VDD — — v
D042 MCLR 0.8 VDD — — v
I Input Leakage Current®
D060 1/0 ports — +5 +125 nA | Vss < VPIN < VDD, Pin at high-
impedance, 85°C
+5 + 1000 nA |[125°C
D061 MCLR® — +50 +200 | NA |VsS<VPIN<VDD, 85°C
IPUR PORTB Weak Pull-up Current
DO70* 25 100 200 VDD = 3.3V, VPIN = Vss
25 140 300 pA | VDD = 5.0V, VPIN = VsSs
VoL Output Low Voltage
D080 1/0 ports loL = 8mA, VDD =5V
— — 0.6 V |loL=6mA, VDD = 3.3V
loL=1.8mA, VDD = 1.8V
VOH Output High Voltage
D090 1/0 ports IoH = 3.5mA, VDD = 5V
VDD - 0.7 — — \Y loH = 3mA, VDD = 3.3V
IoH = 1mA, VDD = 1.8V
Cio Capacitive Loading Specs on Output Pins
D101A* All /O pins — — 50 | pF
EpP Program Flash Memory
D130 Cell Endurance 1k 10k — E/W | Temperature during programming:
10°C < TA<40°C
D131 VPR VDD for Read VMIN — —
VIHH Voltage on MCLR/VPP during 8.0 — 9.0 v | Temperature during programming:
Erase/Program 10°C<Ta<40°C
D132 VPEW VDD for Write or Row Erase 18 — 55 V | PIC16F720/721
1.8 — 3.6 V | PIC16LF720/721
IPPPGM* | Current on MCLR/VPP during — 1.0 — mA | Temperature during programming:
Erase/Write 10°C<Ta<40°C
IDDPGM* | Current on VDD during Erase/ — 5.0 — mA | Temperature during programming:
Write 10°C < TA<40°C
*  These parameters are characterized but not tested.
t Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: Negative current is defined as current sourced by the pin.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent

normal operating conditions. Higher leakage current may be measured at different input voltages.
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FIGURE 23-7: CLKOUT AND 1I/O TIMING
Cycle Write Fetch Read Execute
Q4 Q1 Q2 Q3 .
Fosc E: :
N oo /—s
CLKOUT AN ~i——=0821 : ! ,
+ ~—0s19 T osie —»: :4—0818 |
. =—=0s13 <—I>'0817 !
////////////////////M EO//////////////////
(Input)
I <—0515—~ 0S14 :
I(/c())u?,i)r&t) Old Value X . . New Value
—~! = 0S18, 0519
TABLE 23-3: CLKOUT AND I/O TIMING PARAMETERS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < Ta < +125°C
Pa’\rlglm. Sym. Characteristic Min. Typt | Max. | Units | Conditions
0S11* |TosH2ckL |FoscT to CLKOUTY (D) — — | 70 | ns |VbD=3.3-5.0V
0S12* |TosH2ckH |FoscT to CLKOUTT () — — | 72 | ns |VDD=3.3-5.0V
0S13* |TckL2ioV | CLKOUTY to Port out valid® — — | 20 | ns
0S14* [TioV2ckH | Port input valid before CLKOUTT®  |Tosc +200ns| — | — ns
0S15* |TosH2ioV |FoscT (Q1 cycle) to Port out valid — 50 70* ns |VbpD =3.3-5.0V
0Ss16* |TosH2iol FoscT (Q2 cycle) to Port input invalid 50 — — ns |VDD=3.3-5.0V
(I/0 in hold time)
0S17* |TioV2osH |Port input valid to FoscT (Q2 cycle) 20 — — ns
(/O in setup time)
0S18* | TioR Port output rise time — 15 32 ns |VDD=2.0V
— 40 72 VDD = 3.3-5.0V
0S19* | TioF Port output fall time — 28 55 ns |VDD = 2.0V
— 15 30 VDD = 3.3-5.0V
0S20* |TINP INT pin input high or low time 25 — — ns
0S21* |TrBP PORTB interrupt-on-change new input Tey — — ns
level time

* These parameters are characterized but not tested.
T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.

Note 1:

Measurements are taken in EC mode where CLKOUT output is 4 x Tosc.
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FIGURE 23-19:

I2C BUS START/STOP BITS TIMING

scL . Co
L ~—=sPo1 Co
SPO0I~—> 1 SPO2 s ¢
o S A Na
L (¢ o
! ! 2 : :
- Y
Start Stop
Condition Condition
Note 1: Refer to Figure 23-2 for load conditions.
TABLE 23-12: 1°C BUS START/STOP BITS REQUIREMENTS
P?\:gm' Symbol Characteristic Min. | Typ | Max. | Units Conditions
SP90* | Tsu:sTA | Start condition 100 kHz mode | 4700 | — — ns | Only relevant for Repeated
Setup time 400 kHz mode | 600 | — | — Start condition
SP91* | THD:STA | Start condition 100 kHz mode | 4000 | — — ns | After this period, the first
Hold time 400 kHz mode | 600 | — | — clock pulse is generated
SP92* | Tsu:sTO | Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 | THD:STO | Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 | — —
* These parameters are characterized but not tested.
FIGURE 23-20: 1°C BUS DATA TIMING
. SP100 , — =— SP102

—~ ~—SP103:

SCL

SDA
In

SDA
Out

Note 1. Referto Figure 23-2 for load conditions.

DS40001430F-page 198 © 2010-2015 Microchip Technology Inc.



PIC16(L)F720/721

24.0 DC AND AC CHARACTERISTICS GRAPHS AND CHARTS

FIGURE 24-1: PIC16F720/721 MAX IpD vs. Fosc OVER VDD, EC MODE
1800 ; ; ; oV
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(-40°C to 125°C)
1400 / // 30V
% 1000 / o
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FIGURE 24-2: PIC16F720/721 TYPICAL Ipbp vs. Fosc OVER Vbb, EC MODE
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FIGURE 24-20: PIC16F720/721 BOR IPD vs. VDD
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FIGURE 24-21.: PIC16LF720/721 BOR IPD vs. VDD
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25.2 Package Details
The following sections give the technical details of the packages.

20-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

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

N
Corarrararararlrdry

—— b1
—~=— b e eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 1130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .980 1.030 1.060
Tip to Seating Plane L 115 130 150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-019B
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