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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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2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers (GPRS)
and the Special Function Registers (SFRs). Bits RPO
and RP1 are bank select bits.

RP1  RPO
0 0 — Bank 0 is selected
0 1 — Bank 1 is selected
1 0 — Bank 2 is selected
1 1 — Bank 3 is selected

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function
Registers are the General Purpose Registers,
implemented as static RAM. All implemented banks
contain Special Function Registers. Some frequently
used Special Function Registers from one bank are
mirrored in another bank for code reduction and
quicker access.

221 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 128 x 8 bits in the
PIC16(L)F720, 256 x 8 bits in the PIC16(L)F721. Each
register is accessed either directly or indirectly through
the File Select Register (FSR), (Refer to Section 2.5
“Indirect Addressing, INDF and FSR Registers”).

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (refer to Table 2-2).
These registers are static RAM.

The Special Function Registers can be classified into
two sets: core and peripheral. The Special Function
Registers associated with the “core” are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripheral feature.

DS40001430F-page 12
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FIGURE 2-4: PIC16(L)F721 SPECIAL FUNCTION REGISTERS
File Address
INDF®) 00h INDF®) 80h INDF®) 100h INDF( 180h
TMRO 01h OPTION_REG |[81h TMRO 101h OPTION_REG |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 ANSELC 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH O0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch
0Dh 8Dh PMADRL 10Dh PMCON2 18Dh
TMR1L OEh PCON 8Eh PMDATH 10Eh 18Eh
TMR1H OFh T1GCON 8Fh PMADRH 10Fh 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 WPUA 95h WPUB 115h 195h
CCPR1H 16h I0CA 96h 10CB 116h 196h
CCP1CON 17h 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah 9Ah 11Ah 19Ah
1Bh 9Bh 11Bh 19Bh
1Ch 9Ch 11Ch 19Ch
1Dh FVRCON 9Dh 11Dh 19Dh
ADRES 1Eh 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
General 20n General Adh General 120h 1AOh
Purpose Purpose Purpose
Register Register Register
80Bytes  Iogrn 80Bytes gy B0Bytes |16 1EFh
070h Accesses FOh Accesses 170h Accesses 1FOh
Access RAM 70h — 7Fh 70h — 7Fh 70h — 7Fh
7Eh FFh 17Fh 1FFh
BANK 0 BANK 1 BANK 2 BANK 3
Legend: = Unimplemented data memory locations, read as ‘0’.

* = Not a physical register.

DS40001430F-page 14 © 2010-2015 Microchip Technology Inc.
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FIGURE 6-4: BLOCK DIAGRAM OF RA3
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FIGURE 6-5: BLOCK DIAGRAM OF RA4
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Note 1: With CLKOUT option.

2:  ANSEL determines Analog Input mode.
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7.2 Clock Source Modes

Clock source modes can be classified as external or
internal.

« Internal clock source (INTOSC) is contained
within the oscillator module and derived from a
500 kHz high-precision oscillator. The oscillator
module has eight selectable output frequencies,
with a maximum internal frequency of 16 MHz.

» The External Clock mode (EC) relies on an
external signal for the clock source.

The system clock can be selected between external or
internal clock sources via the FOSC bits of the
Configuration Word 1.

7.3 Internal Clock Modes

The oscillator module has eight output frequencies
derived from a 500 kHz high-precision oscillator. The
IRCF bits of the OSCCON register select the
postscaler applied to the clock source dividing the
frequency by 1, 2, 4 or 8. Setting the PLLEN bit of the
Configuration Word 1 locks the internal clock source to
16 MHz before the postscaler is selected by the IRCF
bits. The PLLEN bit must be set or cleared at the time
of programming; therefore, only the upper or low four
clock source frequencies are selectable in software.

The internal oscillator block has one internal oscillator
and a dedicated Phase-Locked Loop that are used to
generate two internal system clock sources: the 16
MHz High-Frequency Internal Oscillator (HFINTOSC)
and the 500 kHz (MFINTOSC). Both can be user-
adjusted via software using the OSCTUNE register
(Register 7-2).

7.3.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure the
internal oscillators as system clock source when the
device is programmed using the oscillator selection or
the FOSC<1:0> hits in the CONFIG1 register. See
Section 8.0 “Device Configuration” for more
information.

In INTOSC mode, CLKIN is available for general
purpose /0. CLKOUT outputs the selected internal
oscillator frequency divided by 4. The CLKOUT signal
may be used to provide a clock for external circuitry,
synchronization, Calibration, test or other application
requirements.

In INTOSCIO mode, CLKIN and CLKOUT are available
for general purpose /0.

7.3.2 FREQUENCY SELECT BITS (IRCF)

The output of the 500 kHz MFINTOSC and 16 MHz
HFINTOSC, with Phase-Locked Loop enabled, con-
nect to a postscaler and multiplexer (see Figure 7-1).
The Internal Oscillator Frequency Select bits (IRCF) of
the OSCCON register select the frequency output of
the internal oscillator. Depending upon the PLLEN bit,
one of four frequencies of two frequency sets can be
selected via software:

If PLLEN = 1, HFINTOSC frequency selection is as
follows:

e 16 MHz

* 8 MHz (default after Reset)

e 4 MHz

e 2 MHz

If PLLEN = 0, MFINTOSC frequency selection is as
follows:

* 500 kHz

» 250 kHz (default after Reset)

e 125 kHz

* 62.5kHz

Note: Following any Reset, the IRCF<1:0> bits
of the OSCCON register are setto ‘10’ and
the frequency selection is set to 8 MHz or
250 kHz. The user can modify the IRCF
bits to select a different frequency.

There is no start-up delay before a new frequency
selected in the IRCF bits takes effect. This is because
the old and new frequencies are derived from INTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the
Table 23-2 in Section 23.0 “Electrical
Specifications”.

7.3.3 INTERNAL OSCILLATOR STATUS
BITS

The internal oscillator (500 kHz) is a factory-calibrated
internal clock source. The frequency can be altered via
software using the OSCTUNE register (Register 7-2).

The Internal Oscillator Status Locked bit (ICSL) of the
OSCCON register indicates when the internal oscillator
is running within 2% of its final value.

The Internal Oscillator Status Stable bit (ICSS) of the
OSCCON register indicates when the internal oscillator
is running within 0.5% of its final value.

© 2010-2015 Microchip Technology Inc.
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Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
leakage specification.

FIGURE 9-3:

ANALOG INPUT MODEL

Legend: CHoLD
CPIN

RiCc
Rss
SS
VT

Voo Sampling
. AN % vizoev _s_s‘t‘f't_d] .
Rs IC < ! Rss !
AA , gg " AVA‘IAT : ;{
. cpn L 1
O 5pF | VT~ 06v( ) LEAKAGED l CHoLD = 20 pF
= * I Vss
6V
= Sample/Hold Capacitance VDD 4V
= Input Capacitance
2V

| LEAKAGE = Leakage current at the pin due to

Note 1: Referto Section 23.0 “Electrical Specifications”.

various junctions
= Interconnect Resistance
= Resstgnce of Sampling Switch Sampling Switch, Typical
= Sampling Switch Q)
= Threshold Voltage

FIGURE 9-4:

ADC TRANSFER FUNCTION

ADC Output Code
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FEh
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l«— 1 LSB ideal
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02h .
01h -
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4>‘ ‘4— 1 LSB ideal T
Vss Zero-Scale VREF

Transition

> Analog Input Voltage
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TABLE 9-2: SUMMARY OF ASSOCIATED ADC REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁggzgeé
ADCONO — — CHS3 CHS2 CHS1 CHSO0 GO/ ADON 75
DONE
ADCON1 — ADCS2 ADCS1 ADCSO — — — — 76
ANSELA — — ANSA5 ANSA4 — ANSA2 ANSA1 ANSAO 44
ANSELB — — ANSB5 ANSB4 — — — — 53
ANSELC ANSC7 ANSC6 — — ANSC3 ANSC2 ANSC1 | ANSCO 58
ADRES ADC Result Register 76
FVRCON | FVRRDY | FVREN TSEN TSRNG — — ADFVR1 | ADFVRO 81
INTCON GIE PEIE TMROIE INTE RABIE TMROIF INTF RABIF 37
PIE1 TMR1GIE | ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMR1IE 38
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 39
TRISA — — TRISAS TRISA4 — TRISA2 | TRISA1l | TRISAO 43
TRISB TRISB7 | TRISB6 TRISB5 TRISB4 — — — — 52
TRISC TRISC7 | TRISC6 | TRISC5 TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 58
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends on condition. Shaded

cells are not used for ADC module.
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FIGURE 13-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE
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DONE
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13.11 Timerl Gate Control Register

The Timerl Gate Control register (TLGCON), shown in
Register 13-2, is used to control Timerl gate.

REGISTER 13-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0
TMR1GE T1GPOL TI1IGTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSSO0
DONE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMR1GE: Timerl Gate Enable bit
If TMRI1ON = 0:
This bit is ignored
If TMRI1ION = 1:

1 = Timerl counting is controlled by the Timerl gate function
0 = Timerl counts regardless of Timerl gate function
bit 6 T1GPOL: Timerl Gate Polarity bit
1 = Timerl gate is active-high (Timerl counts when gate is high)
0 = Timerl gate is active-low (Timerl counts when gate is low)
bit 5 T1GTM: Timerl Gate Toggle mode bit

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

bit 4 T1GSPM: Timerl Gate Single Pulse mode bit
1 = Timerl Gate Single Pulse mode is enabled and is controlling Timerl gate
0 = Timerl Gate Single Pulse mode is disabled
bit 3 T1GGO/DONE: Timerl Gate Single-Pulse Acquisition Status bit
1 = Timerl gate single-pulse acquisition is ready, waiting for an edge
0 = Timerl gate single-pulse acquisition has completed or has not been started
This bit is automatically cleared when TLGSPM is cleared.
bit 2 T1GVAL: Timerl Gate Current State bit
Indicates the current state of the Timerl gate that could be provided to TMR1H: TMR1L.
Unaffected by Timerl Gate Enable (TMR1GE).
bit 1-0 T1GSS<1:0>: Timerl Gate Source Select bits
00 = Timerl gate pin
01 = Timer0 overflow output
10 = TMR2 match PR2 output

11 = Watchdog Timer scaler overflow
Watchdog Timer oscillator is turned on if TMR1GE = 1, regardless of the state of TMR1ON

DS40001430F-page 96 © 2010-2015 Microchip Technology Inc.
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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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16.2 AUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit timer that
is dedicated to the support of both the asynchronous
and synchronous AUSART operation.

The SPBRG register determines the period of the free
running baud rate timer. In Asynchronous mode, the
multiplier of the baud rate period is determined by the
BRGH bit of the TXSTA register. In Synchronous mode,
the BRGH bit is ignored.

Table 16-3 contains the formulas for determining the
baud rate. Example 16-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
Asynchronous modes have been computed for your
convenience and are shown in Table 16-5. It may be
advantageous to use the high baud rate (BRGH = 1), to
reduce the baud rate error.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures that
the BRG does not wait for a timer overflow before
outputting the new baud rate.

EXAMPLE 16-1: CALCULATING BAUD

RATE ERROR
For a device with Fosc of 16 MHz, desired baud rate of

9600, and Asynchronous mode with SYNC = 0 and BRGH
=0 (as seen in Table 16-5):

Fosc

Desired Baud Rate = m

Solving for SPBRG:

SPBRG

( Fosc _1
64(Desired Baud Rate

_ (1600000())) ~
64(9600

= [25.042] = 25

16000000

Actual Baud Rate = 621—(—2——5—:—1—)

9615

% Error

(Actual Baud Rate — Desired Baud Rate) 100
Desired Baud Rate

_ 9615—9600) e
= (——————9600 100 = 0.16%

TABLE 16-3: BAUD RATE FORMULAS
Configuration Bits
AUSART Mode Baud Rate Formula
SYNC BRGH
0 0 Asynchronous Foscl/[64 (n+1)]
0 1 Asynchronous Fosc/[16 (n+1)]
1 X Synchronous Fosc/[4 (n+1)]
Legend: x =Don't care, n = value of SPBRG register
TABLE 16-4: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 EﬁgF',Z;eé
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 118
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 119
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 117
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for the Baud Rate Generator.

© 2010-2015 Microchip Technology Inc.
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FIGURE 18-1: FLASH PROGRAM MEMORY READ CYCLE EXECUTION — NORMAL MODE
Q1 Q2 |Q3 |Q4 Q1 |Q2 |Q3 Q4 |Q1 |Q2 Q3 |Q4 Q1 Q2 |Q3 |Q4 |Q1 |Q2 Q3 |Q4 |Q1 Q2 |Q3 |Q4
i : I :
I —\ I I
Flash ADDR | PC >|< PC+1 | >|<PMADRH, PMADR% PC+3 * PC+4 * PC+5 >|
I
| | a | | | |
Flash DATA | >< INSTR (PC) >< INSTR (PC +1) XPMDATH, PMDATL>< INSTR (PC + 3) >< INSTR (PC + 4) >< |
| | ; | ‘ | | | |
I INSTR (PC - 1) | BSF PMCONZ, RDI Forced | Forced NOP | INSTR (PC + 3) | INSTR (PC + 4) |
| Executed here | Executed he‘re | Executed here | Executed here | Executed here | Executed here |
I I | I I I I I
RD bit | I /| | I I |
I I I I I I I
PMDATH 1 | | | | | |
PMQATL | | | |>< | | |
Register
I I I I I I I
Force | I I |/ \ I I
NOP | I I I I I I
Stop | | | | | |
pc ! T T T T T T
I I I I I I I
18.2 Code Protection 18.4 PMCON1 and PMCONZ2 Registers

When the device is code-protected, the CPU may
continue to read and write the Flash program memory.
Depending on the settings of the Flash program
memory enable (WRT<1:0>) bits, the device may or
may not be able to write certain blocks of the program
memory. However, reads of the program memory are
allowed.

When the Flash program memory Code Protection
(CP) bit in the Configuration Word register is enabled,
the program memory is code-protected, and the device
programmer (ICSP™) cannot access data or program
memory.

Note:  Code-protect does not affect the CPU
from performing a read operation on the
program memory. For more information,
refer to Section 8.2 “Code Protection”.

18.3 PMADRH and PMADRL Registers

The PMADRH:PMADRL register pair can address up
to a maximum of 4K words of program Flash. The Most
Significant Byte (MSB) of the address is written to the
PMADRH register and the Least Significant Byte (LSB)
is written to the PMADRL register.

PMCONL1 is the control register for the data program
memory accesses.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, but only set
in software. They are cleared in hardware at the
completion of the read or write operation. The inability
to clear the WR bit in software prevents the accidental
premature termination of a write operation. Setting the
control bit WR initiates a write operation. For program
memory writes, WR initiates a write cycle if FREE = 0
and an erase cycle if FREE = 1.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. PMCONZ2 is not a
physical register. Reading PMCON2 will read all ‘0’s.
The PMCONB2 register is used exclusively in the Flash
memory write sequence.

DS40001430F-page 152
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REGISTER 18-2: PMDATH: PROGRAM MEMORY DATA HIGH REGISTER

U-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — PMD13 PMD12 PMD11 PMD10 PMD9 PMD8
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 PMD<13:8>: The value of the program memory word pointed to by PMADRH and PMADRL after a

program memory read command.

REGISTER 18-3: PMDATL: PROGRAM MEMORY DATA LOW REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
PMD7 PMD6 PMD5 PMD4 PMD3 PMD2 PMD1 PMDO
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 PMD<7:0>: The value of the program memory word pointed to by PMADRH and PMADRL after a

program memory read command.

REGISTER 18-4: PMADRH: PROGRAM MEMORY ADDRESS HIGH REGISTER

u-0 U-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — PMA12 PMA11 PMA10 PMA9 PMAS8
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 7-5 Unimplemented: Read as ‘0’
bit 4-0 PMA<12:8>: Program Memory Read Address bits
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22.11 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In additon to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEELOQ® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

22.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

» Device Programmers and Gang Programmers
from companies, such as SoftLog and CCS

» Software Tools from companies, such as Gimpel
and Trace Systems

 Protocol Analyzers from companies, such as
Saleae and Total Phase

» Demonstration Boards from companies, such as
MikroElektronika, Digilent® and Olimex

* Embedded Ethernet Solutions from companies,
such as EZ Web Lynx, WiZnet and IPLogika®

© 2010-2015 Microchip Technology Inc.
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23.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings("

Ambient temperature UNAEr DIAS ............uiiiiiiiiiie et ee e -40°C to +125°C
SEOrage tEMPEIALUIE ........eiiiiieii e e et e e e e et e e e e e e sr e e e e e et e e e e e s e en e e e e nenrneas -65°C to +150°C
Voltage on VDD with respect to VSS, PICLOF720/721 ......ccocouiiiiiiiiiiieeiiiie et -0.3V to +6.5V
Voltage on VDD with respect to VSS, PICLOELF720/72L .....cccovvviiieiiiiieeiiie et -0.3V to +4.0V
Voltage 0N MCLR With T@SPECE 10 VSS .....cu.vveeeeeeieeeieeeseeseeeseeesesee s en s ee s es e nenenen -0.3V to +9.0V
Voltage on all other pins with respect to Vss -0.3V to (VDD + 0.3V)
Total POWEr dISSIPAONMD ... ...ttt 800 mW
MaxXimum CUITENE OUL OF WSS PIN ..ottt et e e sr e e e sbn et n e e a e s e nannas 95 mA
MaxXimum CUTENE INEO VDD PN ...eeeiitieiiiieeeiee et e e sttt e st e ettt este e e s ab e e e asbee e sabbe e s sbe e e e anbeeesbeeeanbeeeenbbeeennneeesnneeas 70 mA
Clamp current, IK (VPIN < 0 OF VPIN 3 VDD) .....cooouiieiiieiiiieieteieeiesieee et eseeressese s s sassesessesaesessesassessssessesesssssssesesesesss +20 mA
Maximum output current SUNK BY @ny 1/0 PiN.......oooiiiiiiii e
Maximum output current sourced BY any 1/O PiN.........cooiuiiiiiiiiii e s
Maximum current sunk by all ports, -40°C < TA < +85°C for iNdUStrial ..........ccooveiiiiiiin e
Maximum current sunk by all ports, -40°C < TA < +125°C for eXtended..........ccceeiieeeriirievieeesieee e
Maximum current sourced by all ports, 40°C < TA < +85°C for industrial ....................

Maximum current sourced by all ports, -40°C < Ta < +125°C for extended

Note 1: Power dissipation is calculated as follows: Ppis = VDD x {IbD — X IoH} + X {(VDD — VOH) X IoH} + > (Vol x
loL).

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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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 23-6: CLOCK TIMING

CLKIN WW

i
|

A
o
)
a
y

CLKOUT

TABLE 23-1: CLOCK OSCILLATOR TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Operating temperature  -40°C < TA < +125°C

Pa’\:gm. Sym. Characteristic Min. Typt Max. Units Conditions
0S01 |Fosc |External CLKIN Frequency™® DC — 16 MHz | EC Oscillator mode
0Ss02 Tosc External CLKIN Period™® 63 — 0 ns EC Oscillator mode
0S03 | Tey Instruction Cycle Time® 250 Tey DC ns | Tcy = 4/Fosc

*  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: Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current
consumption. All devices are tested to operate at “min” values with an external clock applied to CLKIN pin. When an
external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
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TABLE 23-6:

CAPTURE/COMPARE/PWM REQUIREMENTS (CCP)

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA < +125°C
Pe;\:zm. Sym. Characteristic Min. Typt | Max. | Units Conditions
CCO01* |TccL |CCP Input Low Time No Prescaler | 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CCO02* | TccH | CCP Input High Time No Prescaler | 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CC03* | TccP | CCP Input Period 3Tcy + 40 — — ns | N = prescale value (1, 4 or 16)
N
*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
TABLE 23-7: PIC16F720/721 A/D CONVERTER (ADC) CHARACTERISTICS

Operating Conditions (unless otherwise stated)
VDD = 3.0V, TA=25°C

Pa’\rlgm. Sym. Characteristic Min. | Typt | Max. | Units Conditions
ADO1 NR Resolution — — bit
ADO02 EiL Integral Error — — +1.7 LSb | VDD = 3.0V
ADO3 EpbL | Differential Error — — +1 LSb | No missing codes
VDD = 3.0V
ADO7 EGN | Gain Error — — +1.5 LSb |VDD = 3.0V
ADO7 VAIN | Full-Scale Range Vss — VDD \Y,
ADO8* |ZAIN | Recommended Impedance of — — 10 kQ
Analog Voltage Source

These parameters are characterized but not tested.

Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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FIGURE 24-3: PIC16LF720/721 MAX. Ipbb vs. Fosc OVER Vbbb, EC MODE
2000
1800 14— Typical: étatistical Méan @25°C ‘ 36V
Maxi M Worst-C T +3
1600 +— (-i)ggc]:utrg 122?8)( orst-Case Temp) +30 ,/ 3.3V
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g 1200 // L / 55V
8 1000 A,/ -
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800 —
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600 —— _— -
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400 / ——
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200 -
0
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FIGURE 24-4: PIC16LF720/721 TYPICAL Ipb vs. Fosc OVER Vbbb, EC MODE
1800 T T T
Typical: Statistical Mean @25°C 3.6V
1600 — Maximum: Mean (Worst-Case Temp) +30 -
(-40°C to 125°C)
1400 /// -
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1200 _~ /4/
< 1000 // // ,/ =
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X X XX XXX
'|' —|— —|— Examples:
Device Tape and Reel  Temperature Package Pattern a) PIC16F720-E/P 301 = Extended Temp., PDIP
Option Range package, QTP pattern #301
b)  PIC16F721T-l/SO = Tape and Reel, Industrial
Temp., SOIC package
Device: PIC16F720, PIC16LF720, PIC16F721, PIC16LF721
Temperature | = -40°Cto +85°C
Range: E = -40°Cto +125°C
Package: ML = Micro Lead Frame (QFN)
P = Plastic DIP
SO = SoIC
SS = SSOP
Pattern: 3-Digit Pattern Code for QTP (blank otherwise) Note 1: T= Available in tape and reel for all

industrial devices except PDIP

2: Tape and Reel identifier only appears in
the catalog part number description. This
identifier is used for ordering purposes
and is not printed on the device package.
Check with your Microchip Sales Office
for package availability with the Tape and
Reel option.
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