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PIC16(L)F720/721

2.5 Indirect Addressing, INDF and

FSR Registers
The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register

EXAMPLE 2-2: INDIRECT ADDRESSING
MOVLW 020h ;initialize pointer
MOWF FSR ;to RAM
BANKI SEL 020h
NEXT CLRF | NDF ;clear |NDF register
I NCF  FSR ;inc pointer

BTFSS FSR, 4 ; al |

done?

. . GOTO NEXT ;no clear next
actu_ally accesses data_ pointed to_ by th_e I_:lle Sele(_:t CONTI NUE _yes continue
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit of
the STATUS register, as shown in Figure 2-6.
A simple program to clear the RAM location 020h-02Fh
using indirect addressing is shown in Example 2-2.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing

RP1 RPO 6 From Opcode 0 IRP 7 File Select Register0

\ J v J - v N v J

Bank Select Location Select Bank Select Location Select

- | > 00 01 10 11 <«
00h 180h
Data
Memory
7Fh 1FFh
Bank 0 Bank1l Bank2 Bank3
Note:  For memory map detail, refer to Figures 2-3 and 2-4.
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TABLE 3-1: STATUS BITS AND THEIR SIGNIFICANCE
POR BOR TO | PD Condition

0 X 1 1 |Power-on Reset or LDO Reset

0 X 0 x |lllegal, TO is set on POR

0 X X 0 |lllegal, PD is set on POR

1 0 1 1 Brown-out Reset

1 1 0 1 |WDT Reset

1 1 0 0 |WDT Wake-up

1 1 u u | MCLR Reset during normal operation

1 1 1 0 |MCLR Reset during Sleep or interrupt wake-up from Sleep
TABLE 3-2: RESET CONDITION FOR SPECIAL REGISTERS®

Condition Program STATUS PCON
Counter Register Register

Power-on Reset 0000h 0001 1xxx ---- --0x
MCLR Reset during normal operation 0000h 000u uuuu ---- --uu
MCLR Reset during Sleep 0000h 0001 OQuuu ---- --uu
WDT Reset 0000h 0000 luuu ---- --uu
WDT Wake-up PC+1 uuuO Ouuu ---- --uu
Brown-out Reset 0000h 0001 luuu ---- --u0
Interrupt Wake-up from Sleep pC +1® uuul Ouuu ---- --uu
Legend: u =unchanged, x =unknown, - =unimplemented bit, reads as ‘0.

Note 1: When the wake-up is due to an interrupt and Global Interrupt Enable bit (GIE) is set, the return address is
pushed on the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.
2: If a Status bit is not implemented, that bit will be read as ‘0’

© 2010-2015 Microchip Technology Inc.
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3.6

PWRT time out is invoked after POR has expired. The
total time out will vary based on the oscillator
Configuration and the PWRTE bit status. For example,
in EC mode with PWRTE = 1 (PWRT disabled), there
will be no time out at all. Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences.

Time-out Sequence

Since the time outs occur from the POR pulse, if MCLR
is kept low long enough, the time outs will expire. Then,
bringing MCLR high will begin execution immediately
(see Figure 3-6). This is useful for testing purposes or
to synchronize more than one PIC16(L)F720/721
devices operating in parallel.

Table 3-5 shows the Reset conditions for some special
registers.

3.7 Power Control (PCON) Register

The Power Control (PCON) register has two Status bits
to indicate what type of Reset occurred last.

Bit 0 is BOR (Brown-out Reset). BOR is unknown on
Power-on Reset. It must then be set by the user and
checked on subsequent Resets to see if BOR = 0,
indicating that a Brown-out has occurred. The BOR
Status bit is a “don’t care” and is not necessarily
predictable if the brown-out circuit is disabled
(BOREN<1:0> =00 in the Configuration Word register).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1’ to this bit following a Power-on Reset. On a
subsequent Reset, if POR is ‘0’, it will indicate that a
Power-on Reset has occurred (i.e., VDD may have
gone too low).

For more information, see Section 3.5 “Brown-out
Reset (BOR)".

TABLE 3-4: TIME OUT IN VARIOUS SITUATIONS
Power-up Brown-out Reset .
Oscillator Configuration _— — —_— —_— Wake-up from
PWRTE =0 PWRTE =1 PWRTE =0 PWRTE = 1 Sleep
EC, INTOSC TPWRT — TPWRT — —
TABLE 3-5: RESET BITS AND THEIR SIGNIFICANCE
POR BOR TO PD Condition
0 u 1 1 Power-on Reset
1 0 1 1 Brown-out Reset
u u 0 u WDT Reset
u u 0 0 WDT Wake-up
u u u u MCLR Reset during normal operation
u u 1 0 MCLR Reset during Sleep
Legend: u =unchanged, x = unknown
FIGURE 3-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —:/
MCLR —
Internal POR |_|

TPWRT: !

PWRT Time out

Internal Reset
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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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13.5.3 TIMER1 GATE TOGGLE MODE

When Timerl Gate Toggle mode is enabled, it is
possible to measure the full-cycle length of a Timerl
gate signal, as opposed to the duration of a single level
pulse.

The Timerl gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. See Figure 13-4 for timing details.

Timerl Gate Toggle mode is enabled by setting the
T1GTM bit of the TLIGCON register. When the TLGTM
bit is cleared, the flip-flop is cleared and held clear. This
is necessary in order to control which edge is
measured.

Note: Enabling Toggle mode at the same time
as changing the gate polarity may result in
indeterminate operation.

1354 TIMER1 GATE SINGLE-PULSE
MODE

When Timerl Gate Single-Pulse mode is enabled, it is
possible to capture a single-pulse gate event. Timerl
Gate Single Pulse mode is first enabled by setting the
T1GSPM bit in the T1GCON register. Next, the
T1GGO/DONE bit in the TLGCON register must be set.
The Timerl will be fully enabled on the next
incrementing edge. On the next trailing edge of the
pulse, the TIGGO/DONE bit will automatically be
cleared. No other gate events will be allowed to
increment Timerl until the TIGGO/DONE bit is once
again set in software.

Clearing the TLIGSPM bit of the TLIGCON register will
also clear the TLGGO/DONE bit. See Figure 13-5 for
timing details.

Enabling the Toggle mode and the Single Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timerl gate
source to be measured. See Figure 13-6 for timing
details.

13.5.5 TIMER1 GATE VALUE STATUS

When Timerl gate value status is utilized, it is possible
to read the most current level of the gate control value.
The value is stored in the TLGVAL bit in the TLGCON
register. The TLGVAL bit is valid even when the Timerl
gate is not enabled (the TMR1GE bit is cleared).

13.5.6 TIMER1 GATE EVENT INTERRUPT

When Timerl gate event interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of T1GVAL
occurs, the TMR1GIF flag bit in the PIR1 register will be
set. If the TMR1GIE bit in the PIE1 register is set, then
an interrupt will be recognized.

The TMR1GIF flag bit operates even when the Timerl
gate is not enabled (TMR1GE bit is cleared).

DS40001430F-page 90
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15.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the CCP1 module may:
» Toggle the CCP1 output

» Set the CCP1 output

 Clear the CCP1 output

» Generate a Special Event Trigger

» Generate a Software Interrupt

The action on the pin is based on the value of the
CCP1M<3:0> control bits of the CCP1CON register.

All Compare modes can generate an interrupt.
FIGURE 15-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set CCPL1IF Interrupt Flag

, (PIRD)
\/
I

CCP1

v
Q S_Output
| | Logic Match

TRIS
Output Enable

Special Event Trigger

Special Event Trigger will:

¢ Clear TMR1H and TMRLL registers.

* NOT set interrupt flag bit TMR1IF of the PIR1 register.
» Setthe GO/DONE bit to start the ADC conversion.

1521 CCP1 PIN CONFIGURATION

The user must configure the CCP1 pin as an output by
clearing the associated TRIS bit.

Note:  Clearing the CCP1CON register will force
the CCP1 compare output latch to the
default low level. This is not the PORT I/O
data latch.

15.2.2 TIMER1 MODE SELECTION

In Compare mode, Timerl must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

Note:  Clocking Timerl from the system clock
(Fosc) should not be used in Compare
mode. For the Compare operation of the
TMR1 register to the CCPR1 register to
occur, Timerl must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

15.2.3 SOFTWARE INTERRUPT MODE

When Software Interrupt mode is chosen
(CCP1M<3:0> =1010), the CCP1IF bit in the PIR1
register is set and the CCP1 module does not assert
control of the CCP1 pin (refer to the CCP1CON
register).

15.2.4 SPECIAL EVENT TRIGGER

When Special Event Trigger mode is chosen
(CCP1M<3:0>=1011), the CCP1 module does the
following:

* Resets Timerl
« Starts an ADC conversion if ADC is enabled

The CCP1 module does not assert control of the CCP1
pin in this mode (refer to the CCP1CON register).

The Special Event Trigger output of the CCP occurs
immediately upon a match between the TMR1H,
TMR1L register pair and the CCPR1H, CCPR1L
register pair. The TMR1H, TMRI1L register pair is not
reset until the next rising edge of the Timer1 clock. This
allows the CCPR1H, CCPRI1L register pair to
effectively provide a 16-bit programmable period
register for Timer1.

Note 1: The Special Event Trigger from the CCP
module does not set interrupt flag bit
TMRL1IF of the PIR1 register.

2: Removing the match condition by
changing the contents of the CCPR1H
and CCPR1L register pair, between the
clock edge that generates the Special
Event Trigger and the clock edge that
generates the Timerl Reset, will

preclude the Reset from occurring.

15.2.5 COMPARE DURING SLEEP

The Compare mode is dependent upon the system
clock (Fosc) for proper operation. Since Fosc is shut
down during Sleep mode, the Compare mode will not
function properly during Sleep.

© 2010-2015 Microchip Technology Inc.
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15.3 PWM Mode

The PWM mode generates a Pulse-Width Modulated
signal on the CCP1 pin. The duty cycle, period and
resolution are determined by the following registers:

e PR2

« T2CON

e CCPR1L

+ CCP1CON

In Pulse-Width Modulation (PWM) mode, the CCP
module produces up to a 10-bit resolution PWM output
on the CCP1 pin.

Figure 15-3 shows a simplified block diagram of PWM
operation.

Figure 15-4 shows a typical waveform of the PWM
signal.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, refer to Section 15.3.8
“Setup for PWM Operation”.

FIGURE 15-3: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>
Duty Cycle Registers ’/

CCPRIL | ‘

;

| CCPRIH® (Slave) |

4} CCP1
| Comparator i R Q
| TMR2 ‘ @ ‘ =

TRIS

Comparator
Clear Timer2,

toggle CCP1 pin and
latch duty cycle

1

PR2

Note 1:  The 8-bit timer TMR2 register is concatenated with
the 2-bit internal system clock (Fosc), or two bits of
the prescaler, to create the 10-bit time base.

2: In PWM mode, CCPR1H is a read-only register.

The PWM output (Figure 15-4) has a time base
(period) and a time that the output stays high (duty
cycle).

FIGURE 15-4: CCP PWM OUTPUT

Period

~<—TMR2 = PR2

Pulse Width

! «—TMR2 = CCPR1L:CCP1CON<5:4>

.'<—TMR2 =0

1531 CCPx PIN CONFIGURATION

In PWM mode, the CCP1 pin is multiplexed with the
PORT data latch. The user must configure the CCP1
pin as an output by clearing the associated TRIS bit.

Note:  Clearing the CCP1CON register WiIII

relinquish CCP1 control of the CCP1 pin.

© 2010-2015 Microchip Technology Inc.
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16.1.2.2 Receiving Data

The receiver data recovery circuit initiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
not a zero, then the data recovery circuit aborts
character reception, without generating an error, and
resumes looking for the falling edge of the Start bit. If
the Start bit zero verification succeeds then the data
recovery circuit counts a full-bit time to the center of the
next bit. The bit is then sampled by a majority detect
circuit and the resulting ‘0’ or ‘1’ is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bit time is measured and
the level sampled. This is the Stop bit, which is always
‘1’. If the data recovery circuit samples a ‘0’ in the Stop
bit position, then a framing error is set for this character,
otherwise the framing error is cleared for this character.
Refer to Section 16.1.2.4 “Receive Framing Error”
for more information on framing errors.

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the AUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

Note: If the receive FIFO is overrun, no additional
characters will be received until the overrun
condition is cleared. Refer to
Section 16.1.2.5 “Receive Overrun
Error” for more information on overrun

errors.

16.1.2.3 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is set
whenever the AUSART receiver is enabled and there is
an unread character in the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF interrupts are enabled by setting all of the

following bits:

* RCIE interrupt enable bit of the PIE1 register

» PEIE, Peripheral Interrupt Enable bit of the
INTCON register

* GIE, Global Interrupt Enable bit of the INTCON
register

The RCIF interrupt flag bit of the PIR1 register will be
set when there is an unread character in the FIFO,
regardless of the state of interrupt enable bits.

16.1.2.4 Receive Framing Error

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RCSTA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RCSTA register which resets the AUSART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.

16.1.2.5 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCSTA register is set.
The characters already in the FIFO buffer can be read
but no additional characters will be received until the
error is cleared. The error must be cleared by either
clearing the CREN bit of the RCSTA register or by
setting the AUSART by clearing the SPEN bit of the
RCSTA register.

16.1.2.6 Receiving 9-bit Characters

The AUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set, the AUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the eight Least Significant bits
from the RCREG.

DS40001430F-page 114
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FIGURE 16-5: ASYNCHRONOUS RECEPTION
Start Start Start
RX/DT pin \pit7ig/ Stt)ci)tp\ ot {bit 0 Y C)bic7rg Siop'\_bi A5 § Xt e
Rego" ( n ( n (( :
Rcv Buffer Reg :T Word 1 Word 2 T ) :
RCREG RCREG !
Read R '
Bsfafler Rcé/g S S : S S S S T [
RCREG ' : ')
: (( (( -
RCIF (( T
(Interrupt Flag) )) I )) )) !
i (( (( (( |
OERR bit ) ) ) ) )
CREN (( ( (( 3
)) )) )) EA
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,

causing the OERR (overrun) bit to be set.

TABLE 16-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgéit;
INTCON GIE PEIE TMROIE INTE RABIE | TMROIF INTF RABIF 37
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 38
PIR1 TMRI1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 39
RCREG AUSART Receive Data Register 115
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 118
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 119
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 58
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 117
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for asynchronous reception.
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FIGURE 17-2: SPI MODE BLOCK
DIAGRAM
< Internal
Data Bus
Read Write
SSPBUF Reg

‘ SSPSR Reg I—»

SDI ; ;
bit 0 Shift bit 7

E /] Clock

1

Control
Enable

TMR2
Output

2
Clock Select
Edge
Select
|E e Edge
Select Prescaler
SCK 4,16, 64
TRISX 4

SSPM<3:0>

Fosc
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REGISTER 17-5: SSPMSK: SSP MASK 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

MSK?7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared X = Bit is unknown

R = Readable bit
-n = Value at POR

bit 7-1 MSK<7:1>: Mask bits
1 = The received address bit n is compared to SSPADD<n> to detect I°C address match
0 = The received address bit n is not used to detect 1°C address match

bit 0 MSK<0>: Mask bit for I1°C Slave Mode, 10-bit Address

I2C Slave mode, 10-bit Address (SSPM<3:0> = 0111):

1 = The received address bit ‘0’ is compared to SSPADD<0> to detect I°C address match
0 = The received address bit ‘0’ is not used to detect I2C address match

All other SSP modes: this bit has no effect.

REGISTER 17-6: SSPADD: SSP I°C ADDRESS REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO
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 7-0 ADD<7:0>: Address bits
Received address
TABLE 17-3: REGISTERS ASSOCIATED WITH 12C OPERATION
Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl Bit 0 Eﬁg;z;eé
INTCON GIE PEIE TMROIE INTE RABIE | TMROIF INTF RABIF 37
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 39
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE 38
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 131
SSPADD ADD<7:0> 150
SSPCON wcoL | SsPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPML | SSPMo 148
SSPMsK® MSK<7:0> 150
SSPSTAT smp® | cke® D/A P S RIW UA BF 137
TRISB TRISB7 TRISB6 | TRISB5 | TRISB4 — — — — 52
Legend: x =unknown, u =unchanged, - =unimplemented locations read as ‘0’. Shaded cells are not used by SSP
module in I°C mode.
Note 1: Maintain these bits clear in I2C mode.

2:  Accessible only when SSPM<3:0> = 1001.
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19.2 Wake-up Using Interrupts Even if the flag bits were checked before executing a
) ] SLEEP instruction, it may be possible for flag bits to
When global interrupts are disabled (GIE cleared) and become set before the SLEEP instruction completes. To
any interrupt source has both its interrupt enable bit determine whether a SLEEP instruction was executed,
and interrupt flag bit set, one of the following will occur: test the PD bit. If the PD bit is set, the SLEEP instruction
« If the interrupt occurs before the execution of a was executed as a NOP.
SLEEP instruction, the SLEEP instruction will To ensure that the WDT is cleared, a CLRWDT instruction
complete as a NOP. Therefore, the WDT and WDT should be executed before a SLEEP instruction.

prescaler and postscaler (if enabled) will not be
cleared, the TO bit will not be set and the PD bit
will not be cleared.

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

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

1 Q11Q2] Q3| Q4;Q11Q2|Q3| Q4; Q1] Q11021 Q31 @4, Q11 Q2| Q31 Q4, Q1] Q2] Q31 Q4,; Q1 Q2IQ3 1 Q4,

Oscillator /7 \/\/ N\ /Sl O\ A

CLKOUT® } —\ —\ - : / \ / \ / N A
INT pin ' ' ! ' ] | | \

INTF flag . : 1 - : : ' : ;
(INTCON reg)) /i «__Interrupt Latency® ) ! !
GIE bit : : : - ' ' ' ' '
(INTCON reg.), !  Processor in, ; . \ . . .
| | . Sleep | . . ' |

Instruction Flow ! ! X : ) : : : :
PC X PC X_Pc+1__ X PC+2 X PC+2 X PC+2 X 0004h X 0005h .
'Fnésttcrﬁggo” ' Inst(PC) = Sleep;  Inst(PC +1) ' ' Inst(PC+2) ! ' Inst(0004h) ' Inst(0005h) '
E;éréluctg%n ¢« Inst(PC-1) + Sleep I v Inst(PC+1) « Dummy Cycle . Dummy Cycle:  |nst(0004h)

Note 1: GIE =1 assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = 0, execution will continue in-line.
2: CLKOUT is not available in EC Oscillator mode, but shown here for timing reference.

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

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Registeron
Page
10CB I0CB7 I0CB6 10CB5 I0CB4 — — — — 53
INTCON GIE PEIE TMROIE INTE RABIE | TMROIF INTF RABIF 37
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 38
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 39
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used in Power-Down
mode.
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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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23.7 AC Characteristics: PIC16F720/721-1/E

FIGURE 23-3: PIC16F720/721 VOLTAGE FREQUENCY GRAPH, -40°C <TA <+125°C
5.5
S
o)
a
>
1.8
0 8 16

Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 23-4: PIC16LF720/721 VOLTAGE FREQUENCY GRAPH, -40°C <TA <+125°C
S 36
(]
o
>
1.8
0 8 16

Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
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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.

© 2010-2015 Microchip Technology Inc.
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TABLE 23-13: 1°C BUS DATA REQUIREMENTS

Pa’\rlgm. Symbol Characteristic Min. Max. | Units Conditions
100* | THIGH Clock high time 100 kHz mode 4.0 — ps | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — pus | Device must operate at a
minimum of 10 MHz
SSP module 1.5Tcy —
101* | TLow Clock low time 100 kHz mode 4.7 — ps | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — pus | Device must operate at a
minimum of 10 MHz
SSP module 1.5Tcy —
102* |TR SDA and SCL rise | 100 kHz mode — 1000 ns
time 400 kHz mode 20 + 300 ns |Csis specified to be from
0.1Cs 10-400 pF
103* |TF SDA and SCL fall | 100 kHz mode — 250 ns
time 400 kHz mode 20 + 250 ns |Cs is specified to be from
0.1Cs 10-400 pF
90* TSu:STA | Start condition 100 kHz mode 4.7 — us | Only relevant for
setup time 400 kHz mode 0.6 _ us Repeated Start condition
91* THD:STA | Start condition hold | 100 kHz mode 4.0 — us | After this period the first
time 400 kHz mode 0.6 _ us clock pulse is generated
106* | THD:DAT |Data input hold 100 kHz mode 0 — ns
time 400 kHz mode 0 0.9 us
107* | Tsu:DAT |Data input setup 100 kHz mode 250 — ns | (Note 2)
time 400 kHz mode 100 — ns
92* Tsu:sTo | Stop condition 100 kHz mode 4.7 — us
setup time 400 kHz mode 0.6 — us
109* | TaA Output valid from 100 kHz mode — 3500 ns |(Note 1)
clock 400 kHz mode — — ns
110* | TBUF Bus free time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 1.3 _ us before a new transmis-
sion can start
Cs Bus capacitive loading — 400 pF
* These parameters are characterized but not tested.
Note 1: As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.
2: A Fast mode (400 kHz) 12C bus device can be used in a Standard mode (100 kHz) I2C bus system, but the

requirement TSU:DAT > 250 ns must then be met. This will automatically be the case if the device does not
stretch the low period of the SCL signal. If such a device does stretch the low period of the SCL signal, it
must output the next data bit to the SDA line TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the

Standard mode I12C bus specification), before the SCL line is released.
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FIGURE 24-14: PIC16LF720/721 MAXIMUM BASE IrD vs. VDD
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FIGURE 24-15: PIC16LF720/721 TYPICAL BASE IrD vs. VDD
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FIGURE 24-16: PIC16F720/721 WDT IpD vs. VDD
80 I I 1 1 T I
Typical: Statistical Mean @25°C ‘ | ‘
70 Maximum: Mean (Worst-Case Temp) +30 T — — T ***********
(-40°C to 125°C) IL/Iax 125°C
60
50
<
2 40
g
30
20
10
0
2 25 3 35 4 55 6
VoD (V)
FIGURE 24-17: PIC16LF720/721 WDT IpD vs. VDD
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FIGURE 24-24: SCHMITT TRIGGER INPUT THRESHOLD VIN vs. Vbb OVER TEMPERATURE
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FIGURE 24-25: VOH vs. loH OVER TEMPERATURE, VDD = 5.5V
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25.1 Package M

arking Information

20-Lead SOIC (7.50 mm) Example
LOOO0000MN IO00000000
XXXXXXXXXXXXXX PIC16F720
XXXXXXXXXXXXXX -I/SO€3)
XXXXXXXKXXXXXX R\ 0810017

o A8 YYWWNNN o

IR

ININRIRIN IRINIRIRINIRIRIRIN

20-Lead SSOP (5.30 mm) Example

LT LT

O

) 0,0.0.0.0.0.0.0.0.0.4 PIC16F720
) 9,0.9.0.9.0.0.9.0.9.¢ -1/SS
@ YYWWNNN @ 0810017

O

I JUUUuumut

Legend: XX...X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

@ Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note:

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

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

price.
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