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FIGURE 2-6: PIC16F726/LF726 AND PIC16F727/LF727 SPECIAL FUNCTION REGISTERS
File Address

Indirect addr.®) |00h Indirect addr.() |80h Indirect addr.®) |100h Indirect addr.() |180h
TMRO 01lh OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h ANSELA 185h
PORTB 06h TRISB 86h 106h ANSELB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD®  |o8h TRISDM 88h CPSCONO  |108h ANSELD'Y  |188h
PORTE 09h TRISE 89h CPSCON1  |109h ANSELE™  |189n
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch
PIR2 0Dh PIE2 8Dh PMADRL 10Dh Reserved 18Dh
TMR1L OEh PCON 8Eh PMDATH 10Eh Reserved 18Eh
TMR1H OFh T1GCON 8Fh PMADRH 10Fh Reserved 18Fh
T1CON 10h OSCCON 90h 110h 190h
TMR2 11h OSCTUNE 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD/SSPMSK|93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRI1L 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCP1CON 17h 97h Purpose 117h Purpose 197h
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch APFCON 9Ch 11Ch 19Ch
CCP2CON 1Dh FVRCON 9Dh 11Dh 19Dh
ADRES 1Eh 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h

General General General

Purpose Purpose Purpose

General Register Register Register

Purpose 80 Bytes 80 Bytes 80 Bytes

Register

96 Bytes EFh 16Fh 1EFh
Accesses FOh Accesses 170h Accesses 1FOh

70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

Legend: = Unimplemented data memory locations, read as ‘0’,

* = Not a physical register
Note 1: PORTD, TRISD, ANSELD and ANSELE are not implemented on the PIC16F726/LF726, read as ‘0’
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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 PCQN
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 Ouuu ---- --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 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’

© 2007-2015 Microchip Technology Inc.
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455 PIR2 REGISTER

The PIR2 register contains the interrupt flag bits, as
shown in Register 4-5.

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 4-5: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0
= = = == = = CCP2IF
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 7-1 Unimplemented: Read as ‘0’
bit 0 CCP2IF: CCP2 Interrupt Flag bit

Capture Mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred

Compare Mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:
Unused in this mode

TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

i i i i i i ; : Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000X
OPTION_REG RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
PIE1 TMRI1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 0000 0000 | 0000 0000
PIE2 — — — — — — — CCP2IE |---- --- 0|---- --- 0
PIR1 TMRI1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMRI1IF 0000 0000 | 0000 0000
PIR2 — — — — — — — CCP2IF | ---- --- 0|---- --- 0

Legend: - =Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture, Compare and PWM.

DS40001341F-page 48

© 2007-2015 Microchip Technology Inc.




PIC16(L)F722/3/4/6/7

REGISTER 9-2: ADCON1: A/D CONTROL REGISTER 1

U-0 R/W-0 R/W-0 R/W-0 U-0 uU-0 R/W-0 R/W-0
— ADCS2 | ADCS1 | ADCSO0 — — ADREF1 ADREFO0
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 Unimplemented: Read as ‘0’
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32
011 = FRc (clock supplied from a dedicated RC oscillator)
100 = Fosc/4
101 = Fosc/16
110 = Fosc/64
111 = FRc (clock supplied from a dedicated RC oscillator)

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 ADREF<1:0>: Voltage Reference Configuration bits
Ox = VREF is connected to VDD

10 = VREF is connected to external VREF (RA3/AN3)
11 = VREF is connected to internal Fixed Voltage Reference

REGISTER 9-3: ADRES: ADC RESULT 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
ADRES7 ADRES6 ADRES5 ADRES4 ADRES3 ADRES?2 ADRES1 ADRESO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-0 ADRES<7:0>: ADC Result Register bits

8-bit conversion result.
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10.0 FIXED VOLTAGE REFERENCE

This device contains an internal voltage regulator. To
provide a reference for the regulator, a band gap
reference is provided. This band gap is also user
accessible via an A/D converter channel.

User level band gap functions are controlled by the
FVRCON register, which is shown in Register 10-1.

REGISTER 10-1: FVRCON: FIXED VOLTAGE REFERENCE REGISTER

R-q R/W-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-0
FVRRDY FVREN — — — — ADFVR1 ADFVRO
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

g = Value depends on condition

bit 7 FVRRDY®: Fixed Voltage Reference Ready Flag bit
0 = Fixed Voltage Reference output is not active or stable
1 = Fixed Voltage Reference output is ready for use
bit 6 FVREN®): Fixed Voltage Reference Enable bit
0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 5-2 Unimplemented: Read as ‘0’
bit 1-0 ADFVR<1:0>: A/D Converter Fixed Voltage Reference Selection bits

00 = A/D Converter Fixed Voltage Reference Peripheral output is off.

01 = A/D Converter Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = A/D Converter Fixed Voltage Reference Peripheral output is 2x (2.048V)(2)
11 = A/D Converter Fixed Voltage Reference Peripheral output is 4x (4.096V)(2)

Note 1: FVRRDY is always ‘1’ for the PIC16F72X devices.
2: Fixed Voltage Reference output cannot exceed VDD.
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12.0 TIMER1 MODULE WITH GATE + Selectable Gate Source Polarity

« Gate Toggle mode
» Gate Single-pulse mode

The Timerl module is a 16-bit timer/counter with the

CONTROL

following features:

16-bit timer/counter register pair (TMR1H:TMR1L)
Programmable internal or external clock source

3-bit prescaler

Dedicated LP oscillator circuit
Synchronous or asynchronous operation
Multiple Timerl gate (count enable) sources

Interrupt on overflow

Wake-up on overflow (external clock,

Asynchronous mode only)

Time base for the Capture/Compare function

Special Event Trigger (with

CCP)

* Gate Value Status

« Gate Event Interrupt

Figure 12-1 is a block diagram of the Timerl module.

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
116 {200 T1GSPM
From Timer0 01 T1G IN 0
Overflow - — T1GVAL S 5 Data Bus
Frlslm Trgrrlge'{% 10 Single Pulse 1 RD
ate | Acq. Control Q1— EN T1GCON
From WDT 11
Overflow T1GGO/DONE Interrupt | Set
TMRI1ON TN det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set flag bit
TMRL1IF on
Overflow @)
L TMR1 EN ol= Synchronized
TMR1H TMRIL TICLK clock input
— Q D
1|
TMR1CS<1:0> TISYNG
T10SO/T1CKI Xl_ OUT — :
Cap. Sensing _ 11
T10SC Oscillator Prescaler Synchronize®
1,2,4,8 f
o det
TosI X gy 10 } ,
Fosc T1CKPS<1:0>
Internal — 01
Clock Fosc/2 .
T10SCEN Internal Sleep input
Fosc/4 Clock
o Internal — 00
Clock
T1CKI @ '|>

Note 1: ST Buffer is high speed type when using T1CKI.
2: Timerl register increments on rising edge.
3:  Synchronize does not operate while in Sleep.

DS40001341F-page 108
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12.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

* TMR1ON bit of the TLCON register

« TMRL1IE bit of the PIEL1 register

* PEIE bit of the INTCON register

* GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TMRLL register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

12.8 Timerl Operation During Sleep

Timerl can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

« TMR1ON bit of the TLCON register must be set

« TMRI1IE bit of the PIEL1 register must be set

* PEIE bit of the INTCON register must be set

* T1SYNC bit of the TLCON register must be set

* TMRI1CS bits of the TLCON register must be
configured

e T1OSCEN bit of the TLCON register must be
configured

* TMR1GIE bit of the TLGCON register must be
configured

FIGURE 12-2:

TIMER1 INCREMENTING EDGE

The device will wake-up on an overflow and execute
the next instructions. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine (0004h).

12.9 CCP Capture/Compare Time Base

The CCP module uses the TMR1H:TMRIL register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPRI1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPRIL register pair matches the value in
the TMR1H:TMRI1L register pair. This event can be a
Special Event Trigger.

For more information, see Section 15.0
“Capture/Compare/PWM (CCP) Module”.

12.10 CCP Special Event Trigger

When the CCP is configured to trigger a special event,
the trigger will clear the TMR1H:TMRLL register pair.
This special event does not cause a Timerl interrupt.
The CCP module may still be configured to generate a
CCP interrupt.

In this mode of operation, the CCPR1H:CCPRI1L
register pair becomes the period register for Timer1l.

Timerl should be synchronized to the Fosc/4 to utilize
the Special Event Trigger. Asynchronous operation of
Timerl can cause a Special Event Trigger to be
missed.

In the event that a write to TMR1H or TMR1L coincides
with a Special Event Trigger from the CCP, the write will
take precedence.

For more information, see Section 9.2.5 “Special
Event Trigger”.

TiCKI=1
when TMR1

Enabled *

TICKI= 0

when TMRT ~——————
Enabled A

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

© 2007-2015 Microchip Technology Inc.
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12.12 Timerl Gate Control Register

The Timerl Gate Control register (TLGCON), shown in
Register 12-2, is used to control Timerl Gate.

REGISTER 12-2: 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 TI1GTM 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 TMR10ON
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TABLE 15-7: SUMMARY OF REGISTERS ASSOCIATED WITH PWM

i i i i i i ; " Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO --11 1111 | --11 1111
APFCON — — — — — — SSSEL | CCP2SEL| ---- --00 | ---- --00
CCP1CON — — DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
CCP2CON — — DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 | --00 0000
CCPRxL Capture/Compare/PWM Register X Low Byte XXXX XXXX | uuuu uuuu
CCPRxH Capture/Compare/PWM Register X High Byte XXXX XXXX | uuuu uuuu
PR2 Timer2 Period Register 1111 1111 | 1111 1111
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO | - 000 0000 | - 000 0000
TMR2 Timer2 Module Register 0000 0000 | 0000 0000
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO | 1111 1111 | 1111 1111
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO | 1111 1111 | 1111 1111

Legend: - =Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the PWM.
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16.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (AUSART)

The Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART)
module is a serial /O communications peripheral. It
contains all the clock generators, shift registers and
data buffers necessary to perform an input or output
serial data transfer independent of device program
execution. The AUSART, also known as a Serial
Communications Interface (SCI), can be configured as
a full-duplex asynchronous system or half-duplex
synchronous system. Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

FIGURE 16-1:

The AUSART module includes the following capabilities:

* Full-duplex asynchronous transmit and receive
» Two-character input buffer

« One-character output buffer

» Programmable 8-bit or 9-bit character length

» Address detection in 9-bit mode

* Input buffer overrun error detection

» Received character framing error detection
 Half-duplex synchronous master

« Half-duplex synchronous slave

 Sleep operation

Block diagrams of the AUSART transmitter and
receiver are shown in Figure 16-1 and Figure 16-2.

AUSART TRANSMIT BLOCK DIAGRAM

Data Bus
TXIE

| TXREG Register | |

| Interrupt
TXIF |

TX/CK

0 . Pin Buffer
\ and Control

Multiplier | x4
SYNC 1 0 0
BRGH X 1 0

Transmit Shift Register (TSR) _ _ _ _ _!

| TRMT | | SPEN |

DS40001341F-page 138
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17.1.2.4 Slave Select Operation

The SS pin allows Synchronous Slave mode operation.
The SPI must be in Slave mode with SS pin control
enabled (SSPM<3:0> = 0100). The associated TRIS bit
for the SS pin must be set, making SS an input.

In Slave Select mode, when:

« SS =0, The device operates as specified in
Section 17.1.2 “Slave Mode”.

¢ SS =1, The SPI module is held in Reset and the
SDO pin will be tri-stated.

When the SPI module resets, the bit counter is cleared
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit. Figure 17-6
shows the timing waveform for such a synchronization
event.

Note: ~ SSPSR must be reinitialized by writing to
the SSPBUF register before the data can
be clocked out of the slave again.

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPM<3:0> = 0100),
the SPI module will reset if the SS pin is
driven high.

2. Ifthe SPlis used in Slave mode with CKE

set, the SS pin control must be enabled.

FIGURE 17-6:

17.1.2.5  Sleep in Slave Mode

While in Sleep mode, the slave can transmit/receive
data. The SPI Transmit/Receive Shift register operates
asynchronously to the device on the externally supplied
clock source. This allows the device to be placed in
Sleep mode and data to be shifted into the SPI Trans-
mit/Receive Shift register. When all eight bits have
been received, the SSP Interrupt Flag bit will be set and
if enabled, will wake the device from Sleep.

SLAVE SELECT SYNCHRONIZATION WAVEFORM

s\

SCcK
(CKP =0

[

55

CKE = 0)

SCcK
(CKP=1
CKE =0)

Write to

5

SSPBUF ; l

SSIIDSR must: be reinitizlalized by writing to X
the. SSPBUF register before the data can
be ¢locked out of the slave again.,

l e l |

SDo bit 7 %’(‘ X bit 0 X

. : . . , iBP) , \
e A

, .o bit7 , bit 7 , , |
Shple | I 1 S A |
(SMP=0) : | | ' ' ' T
SSPIF ' ' f ' —
Interrupt cC
Flag )
SSPSR to T
SSPBUF 55
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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
MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO
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 7-1 MSK<7:1>: Mask bits
1 = The received address bit n is compared to SSPADD<n> to detect 12C address match
0 = The received address bit n is not used to detect I2C address match
bit 0 MSK<0>: Mask bit for I2C 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 IZC 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 | ADDs | 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’ = Bit is cleared X = Bit is unknown
bit 7-0 ADD<7:0>: Address bits
Received address
TABLE 17-7: REGISTERS ASSOCIATED WITH I°C OPERATION
value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
PIR1 TMRI1GIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 TMRI1GIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 0000 0000
SSPCON wcoL | ssPov | SSPEN | ckP | ssPM3 | ssPm2 | ssPm1 | ssPMo | 0000 0000 | 0000 0000
SSPMSK®@ | synchronous Serial Port (12C mode) Address Mask Register 1111 1111 | 1111 1111
SSPSTAT smp® | cke® D/A P s RIW UA BF 0000 0000 | 0000 0000
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
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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SUBWF Subtract W from f
Syntax: [label ] SUBWF f,d
Operands: 0<f<127
d e [0,1]
Operation: (f) - (W) — (destination)
Status Affected: C, DC, Z
Description: Subtract (2's complement method)
W register from register ‘. If ‘'d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register .
Cc=0 W > f
c=1 W< f
DC=0 W<3:0> > f<3:0>
DC=1 |W<3:0><f<3:0>
SWAPF Swap Nibbles in f
Syntax: [label] SWAPF f.d
Operands: 0<f<127
de[0,1]
Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)
Status Affected: None
Description: The upper and lower nibbles of

register ‘f’ are exchanged. If ‘'d’ is
‘0’, the result is placed in the W
register. If ‘d’ is ‘1’, the result is
placed in register ‘f'.

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k > (W)
Status Affected: z
Description: The contents of the W register
are XOR’ed with the 8-bit
literal ‘k’. The result is placed in
the W register.
XORWF Exclusive OR W with f
Syntax: [label] XORWF f,.d
Operands: 0<f<127
d e[0,1]
Operation: (W) .XOR. (f) - (destination)
Status Affected: Z
Description: Exclusive OR the contents of the

W register with register ‘. If 'd’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register ‘f'.

© 2007-2015 Microchip Technology Inc.
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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®

© 2007-2015 Microchip Technology Inc.
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23.7 AC Characteristics: PIC16F72X-I/E

FIGURE 23-3: CLOCK TIMING
Q4 | Q1 Q2 . Q3 Q4 Q1 :
' |
OSCL/CLKIN _, [
" e— 0S02—> e —
! : 0S04  0S04
- 0s03 >
0SC2/CLKOUT ' '
OSC2/CLKOUT
(CLKOUT Mode)
FIGURE 23-4: PIC16F722/3/4/6/7 VOLTAGE FREQUENCY GRAPH, -40°C <TA <+125°C
55
S 36
a
a
> 25
2.3
2.0
1.8
0 4 10 16 20
Frequency (MHz)
Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 23-1 for each Oscillator mode’s supported frequencies.
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TABLE 23-1: CLOCK OSCILLATOR TIMING REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C
Pilr:m Sym. Characteristic Min. Typt Max. Units Conditions
0so01 Fosc External CLKIN Frequency(l) DC — 37 kHz |LP Oscillator mode
DC — 4 MHz | XT Oscillator mode
DC — 20 MHz |HS Oscillator mode
DC — 20 MHz |EC Oscillator mode
Oscillator Frequency™® — 32.768 — kHz |LP Oscillator mode
0.1 — 4 MHz | XT Oscillator mode
1 — 20 MHz |HS Oscillator mode
DC — 4 MHz |RC Oscillator mode
0S02 [Tosc  |External CLKIN Period® 27 — 0 us  |LP Oscillator mode
250 — 0 ns XT Oscillator mode
50 — 0 ns HS Oscillator mode
50 — 0 ns EC Oscillator mode
Oscillator Period® — 30.5 — us  |LP Oscillator mode
250 — 10,000 ns XT Oscillator mode
50 — 1,000 ns HS Oscillator mode
250 — — ns RC Oscillator mode
0Ss03 Tcy Instruction Cycle Time® 200 Tcy DC ns Tcy = 4/Fosc
0S04* |TosH, |External CLKIN High, 2 — — us LP oscillator
TosL External CLKIN Low 100 _ _ ns XT oscillator
20 — — ns HS oscillator
0S05* |TosR, |External CLKIN Rise, 0 — 0 ns LP oscillator
TosF External CLKIN Fall 0 _ 0 ns XT oscillator
0 — 0 ns HS oscillator
*  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 con-

sumption. All devices are tested to operate at “min” values with an external clock applied to OSC1 pin. When an external
clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

© 2007-2015 Microchip Technology Inc.
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FIGURE 23-14: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

ck____ N
—» '«—USI21—» ' '=— USI121 =
oT D Ded
— ' <«— US120 —, =«— US122
Note: Refer to Figure .23-2 for load conditions.
TABLE 23-9: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA<+125°C
P?\:zm' Symbol Characteristic Min. Max. Units Conditions
US120 | TckH2DTV | SYNC XMIT (Master and Slave) 3.0-5.5V — 80 ns
Clock hlgh to data-out valid 1.8-5.5V . 100 ns
US121 | TCKRF Clock out rise time and fall time 3.0-5.5V — 45 ns
(Master mode) 1.8-5.5V _ 50 ns
US122 | TDTRF Data-out rise time and fall time 3.0-5.5V — 45 ns
1.8-5.5V — 50 ns
FIGURE 23-15: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING
CK m
. US125 .
- .
ot d - X
l+——US126——»
Note: Refer to Figure 23-2 for load conditions.
TABLE 23-10: USART SYNCHRONOUS RECEIVE REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C
Pa’\rlzlm. Symbol Characteristic Min. Max. | Units Conditions
US125 | ToTV2cKL | SYNC RCV (Master and Slave)
Data-hold before CK { (DT hold time) 10 — ns
US126 | TckL2DTL | Data-hold after CK 4 (DT hold time) 15 — ns
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FIGURE 24-7: PIC16F722/3/4/6/7 TYPICAL IpD vs. VDD OVER Fosc, EXTRC MODE,
Vcap = 0.1 pF
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FIGURE 24-8: PIC16LF722/3/4/6/7 TYPICAL IpD vs. VDD OVER Fosc, EXTRC MODE
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FIGURE 24-49: TTL INPUT THRESHOLD ViN vs. VDD OVER TEMPERATURE
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FIGURE 24-50: SCHMITT TRIGGER INPUT THRESHOLD VIN vs. VDD OVER TEMPERATURE
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40-Lead Plastic Dual In-Line (P) — 600 mil Body [PDIP]

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

N

e I s e e N e Y e Y o Yt Yt Yt N e Y N e Y e e Y e Y e Y e A

NOTE 1

| [ N [ R [ R [ [y O O [y Oy P [ A [y P [ A W B |

E g e —
| |

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

~-——eB

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 40
Pitch e .100 BSC
Top to Seating Plane A - - .250
Molded Package Thickness A2 125 - .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .590 - .625
Molded Package Width E1 485 - .580
Overall Length D 1.980 - 2.095
Tip to Seating Plane L 115 - .200
Lead Thickness .008 - .015
Upper Lead Width b1 .030 - .070
Lower Lead Width b .014 - .023
Overall Row Spacing § eB - - .700

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 C04-016B
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