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TABLE 2-2: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
; : ’ . . . . ) value on Value on all
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
Bank 2

100h( 2) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | XXXX XXXX
101h TMRO TimerO module Register XXXX XXXX | uuuu uuuu
102h(2) PCL Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
103h(2) STATUS IRP RP1 RPO TO PD z DC c 0001 1xxx | 000g quuu
104h(2) FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
105h — Unimplemented — —
106h — Unimplemented — —
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10An( D 2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
10Bh(2) INTCON GIE PEIE TMROIE INTE RABIE TMROIF INTF RABIF 0000 000x | 0000 000x
10Ch PMDATL Program Memory Read Data Register Low Byte XXXX XXXX | XXXX XXXX
10Dh PMADRL Program Memory Read Address Register Low Byte 0000 0000 | 0000 0000
10Eh PMDATH — — Program Memory Read Data Register High Byte - - XX XXXX | - - XX XXXX
10Fh PMADRH — — — Program Memory Read Address Register High Byte ---0 0000 | ---0 0000
110h — Unimplemented — —
111h — Unimplemented — —
112h — Unimplemented — —
113h — Unimplemented — —
114h — Unimplemented — —
115h WPUB WPUB7 WPUBG6 WPUB5 WPUB4 — — — — 1111 ---- | 1111 ----
116h 10CB 10CB7 10CB6 10CB5 10CB4 — — — — 0000 ---- | 0000 ----
117h — Unimplemented — —
118h — Unimplemented — —
119h — Unimplemented — —
11Ah — Unimplemented — —
11Bh — Unimplemented — —
11Ch — Unimplemented — —
11Dh — Unimplemented — —
11Eh — Unimplemented — —
11Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Shaded locations are unimplemented, read as ‘0.

The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose contents are transferred to the

Note 1:
upper byte of the program counter.
2: These registers can be addressed from any bank.
3: Accessible only when SSPM<3:0> = 1001.
4: This bit is unimplemented and reads as ‘1’.
5: See Register 6-2.

© 2010-2015 Microchip Technology Inc.
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6.1.4 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTA pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the A/D Converter (ADC), refer to the

appropriate section in this data sheet.

6.1.4.1 RAO/ANO/ICSPDAT

Figure 6-1 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« General purpose I/O

 Analog input for the ADC

e ICSP™ programming data (separate controls
from TRISA)

» ICD Debugging data (separate controls from
TRISA)

6.1.4.2 RA1/AN1/ICSPCLK

Figure 6-2 shows the diagram for this pin. This pin is

configurable to function as one of the following:

» General purpose I/0

* Analog input for the ADC

» ICSP programming clock (separate controls from
TRISA)

» |CD Debugging clock (separate controls from
TRISA)

6.1.4.3 RA2/AN2/TOCKI/INT

Figure 6-3 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* General purpose /O

* Analog input for the ADC

» External interrupt

* Clock input for Timer0

The TimerO0 clock input function works independently of
any TRIS register setting. Effectively, if TRISA2 =0,

the PORTAZ register bit will output to the pad and Clock
Timer0 at the same time.

6.1.4.4 RA3/MCLR/VPP

Figure 6-4 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* General purpose /O

* Master Clear Reset with weak pull-up

6.1.4.5 RA4/AN3/T1G/CLKOUT

Figure 6-5 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» General purpose /O

 Analog input for the ADC

» Timerl gate input

 Clock output

6.1.4.6 RAS5/T1CKI/CLKIN

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

« General purpose /O

» Timerl Clock input

 Clock input

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

PORTC is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC
(Register 6-12). Setting a TRISC bit (= 1) will make the
corresponding PORTC pin an input (i.e., put the
corresponding output driver in a High Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding
PORTC pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-3 shows how to initialize PORTC.

Reading the PORTC register (Register 6-11) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISC register (Register 6-12) controls the PORTC
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISC register are set when using them as analog
inputs. 1/0O pins configured as analog input always read
‘0.

EXAMPLE 6-3:

BANKSEL PORTC

CLRF PORTC

BANKSEL TRI SC ;

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

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

INITIALIZING PORTC

;Init PORTC

6.3.1 ANSELC REGISTER

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

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

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

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 RC<7:0>: PORTC General Purpose I/O Pin bits

1 = Port pinis > VIH
0 = Port pin is < VIL

REGISTER 6-12: TRISC: PORTC TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISC7 TRISC6 TRISC5 TRISCA4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 TRISC<7:0>: PORTC Tri-State Control bits

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

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

R/W-1 R/W-1 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1
ANSC7 ANSC6 — — ANSC3 ANSC2 ANSC1 ANSCO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-6 ANSC<7:6>: Analog Select between Analog or Digital Function on Pins RB<7:6>, respectively

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

bit 5-4 Unimplemented: Read as ‘0’

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

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

DS40001430F-page 58 © 2010-2015 Microchip Technology Inc.
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13.0 TIMER1 MODULE WITH GATE

CONTROL

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

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

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)
Selectable Gate Source Polarity

» Gate Toggle Mode

» Gate Single Pulse Mode
» Gate Value Status

« Gate Event Interrupt

Figure 13-1 is a block diagram of the Timerl module.

FIGURE 13-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
T1G 00 T1GSP
From TimerO ——— 01 T1G IN
Overflow - T1GVAL 3 Data Bus
Frl\c/)lmtTri]nlﬁjeRr% 10 Single Pulse RD
ate Acqg. Control Q1— EN T1GCON
From WDT 11
Overflow T1GGO/DONE Interrupt Set
"\ det TMRI1GIF
T1GPOL
TMR1ON TMR1GE
T1GTM
(2
TMR1 EN Ol= Synchronized
lf TMR1H TMRIL o LTI clock input
l gy
Set flag bit .
TMR1CS<1:0>
TMRL1IF on TiISYNC
Overflow
()
T1CKI @ PN 10 Prescaler Synchronize®
= 1,2,4,8 By -
Reserved 11 det
b
Fosc/4 T1CKPS<1:0>
Internal 00
Clock Fosc/2 .
Internal Sleep input
Fosc Clock
Internal 01
Clock
Note 1: ST buffer is of high-speed type when using T1CKI.
2: Timerl register increments on rising edge.
3. Synchronize does not operate while in Sleep.

DS40001430F-page 86
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13.3 Timerl Prescaler

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

13.4 Timerl Operation in
Asynchronous Counter Mode

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

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

13.5 Timerl Gate

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

Timerl gate can also be driven by multiple selectable
sources.

1351 TIMER1 GATE COUNT ENABLE

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

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

TABLE 13-3: TIMER1 GATE ENABLE

1341 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

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

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

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

13.5.2 TIMER1 GATE SOURCE
SELECTION

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

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

00 Timerl Gate Pin

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

10 Timer2 match PR2
(TMR2 increments to match PR2)

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

DS40001430F-page 88
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13.5.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timerl gate control. It
can be used to supply an external source to the Timerl
gate circuitry.

13.5.2.2 Timer0 Overflow Gate Operation

When TimerO increments from FFh to 00h, a low-to-
high pulse will automatically be generated and
internally supplied to the Timerl gate circuitry.

13.5.2.3  Timer2 Match Gate Operation

The TMR2 register will increment until it matches the
value in the PR2 register. On the very next increment
cycle, TMR2 will be reset to 00h. When this Reset
occurs, a low-to-high pulse will automatically be
generated and internally supplied to the Timerl gate
circuitry.

TABLE 13-5: WDT/TIMER1 GATE INTERACTION

13.5.2.4  Watchdog Overflow Gate Operation

The Watchdog Timer oscillator, prescaler and counter
will be automatically turned on when TMR1GE =1 and
T1GSS selects the WDT as a gate source for Timerl
(TIGSS = 11).

TMR1ON does not factor into the oscillator, prescaler
and counter enable (see Table 13-5).

The PSA and PS bits of the OPTION_REG register still
control what time-out interval is selected. Changing the
prescaler during operation may result in a spurious
capture.

Enabling the Watchdog Timer oscillator does not
automatically enable a Watchdog Reset or Wake-up
from Sleep upon counter overflow.

Note:  When using the WDT as a gate source for
Timerl, operations that clear the Watchdog
Timer (CLRWDT, SLEEP instructions) will
affect the time interval being measured.
This includes waking from Sleep. All other
interrupts that might wake the device from
Sleep should be disabled to prevent them
from disturbing the measurement period.

As the gate signal coming from the WDT counter will
generate different pulse widths depending on if the
WDT is enabled, when the CLRWDT instruction is
executed, and so on, Toggle mode must be used. A
specific sequence is required to put the device into the
correct state to capture the next WDT counter interval.

WDTEN Mand WDT OG0T | DT Reset | akeup | VET Avaliable for
T1GSS = 11
1 N v v v N
1 v v v v v
0 v v N N v
0 N N N N N

© 2010-2015 Microchip Technology Inc.
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15.0 CAPTURE/COMPARE/PWM TABLE 161 CCP MODE - TIMER
(CCP) MODULE RESOURCES REQUIRED

The Capture/Compare/PWM module is a peripheral CCP Mode Timer Resource

which allows the user to time and control different

events. In Capture mode, the peripheral allows the Capture Timerl

timing of the duration of an event. The Compare mode Compare Timerl

allows the user to trigger an external event when a PWM Timer2

predetermined amount of time has expired. The PWM
mode can generate a Pulse-Width Modulated signal of
varying frequency and duty cycle.

The timer resources used by the module are shown in
Table 15-1.

Additional information on CCP modules is available in
the Application Note AN594, “Using the CCP Modules”
(DS00594).

REGISTER 15-1: CCP1CON: CCP1 CONTROL REGISTER

uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DC1 Bl CCP1M3 CCP1M2 CCP1M1 CCP1MO
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 DC1:B1: PWM Duty Cycle Least Significant bits

Capture mode:
Unused

Compare mode:
Unused

PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit 3-0 CCP1M<3:0>: CCP mode Select bits

0000 = Capture/Compare/PWM off (resets CCP module)

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCPL1IF bit of the PIRX register is set)

0011 = Unused (reserved)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit of the PIR1 register is set)

1001 = Compare mode, clear output on match (CCP1IF bit of the PIR1 register is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set of the PIRx register,
CCP1 pin is unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit of the PIR1register is set, TMR1 is reset
and A/D conversion is started if the ADC module is enabled. CCP1 pin is unaffected.)

11xx = PWM mode.

DS40001430F-page 100 © 2010-2015 Microchip Technology Inc.
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TABLE 15-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
ADCONO — — CHS3 CHS2 CHS1 CHSO0 GO/ ADON 75
DONE
ANSELB — — ANSB5 ANSB4 — — — — 53
CCP1CON — — DC1 B1 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 100
CCPRI1L Capture/Compare/PWM Register Low Byte —
CCPR1H Capture/Compare/PWM Register High Byte —
INTCON GIE PEIE TMROIE INTE RABIE TMROIF INTF RABIF 37
PIE1 TMRI1GIE ADIE RCIE TXIE SSPIE CCP1lIE | TMR2IE | TMR1IE 38
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 39
TICON | TMR1CS1|TMR1CSO0|T1CKPS1 | TICKPSO — T1SYNC — |TMRION| 95
T1GCON TMR1GE | TIGPOL | T1GTM | T1GSPM | T1GGO/ | TIGVAL | T1GSS1 | T1GSS0 96
DONE
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 91
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 91
TRISB TRISB7 TRISB6 TRISB5 | TRISB4 — — — — 52
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 58
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the
compare.
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16.3.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the AUSART
for synchronous slave operation:

¢« SYNC=1

« CSRC=0

e SREN = 0 (for transmit); SREN = 1 (for receive)

e CREN =0 (for transmit); CREN = 1 (for receive)

« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
AUSART.

16.3.2.1  AUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and Slave
modes are identical (refer to Section 16.3.1.2
“Synchronous Master Transmission”), except in the
case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in the TXREG
register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

16.3.2.2  Synchronous Slave Transmission
Setup
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the CREN and SREN bits.

3. Ifusing interrupts, ensure that the GIE and PEIE
bits of the INTCON register are set and set the
TXIE bit.

4. If 9-bit transmission is desired, set the TX9 bit.

5. Enable transmission by setting the TXEN bit.

6. Verify address detection is disabled by clearing
the ADDEN bit of the RCSTA register.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant eight bits to the TXREG register.

TABLE 16-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁg;z;e;

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
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 118
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 58
TXREG AUSART Transmit Data Register —
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 117
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous slave

transmission.
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17.2.4 ADDRESSING

Once the SSP module has been enabled, it waits for a
Start condition to occur. Following the Start condition,
the eight bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock line (SCL).

17.2.4.1  7-bit Addressing

In 7-bit Addressing mode (Figure 17-10), the value of
register SSPSR<7:1> is compared to the value of reg-
ister SSPADD<7:1>. The address is compared on the
falling edge of the eighth clock (SCL) pulse. If the
addresses match, and the BF and SSPOV bits are
clear, the following events occur:

* The SSPSR register value is loaded into the
SSPBUF register.

* The BF bit is set.

+ An ACK pulse is generated.

* SSP Interrupt Flag bit, SSPIF of the PIR1 register,
is set (interrupt is generated if enabled) on the
falling edge of the ninth SCL pulse.

17.2.4.2 10-bit Addressing

In 10-bit Address mode, two address bytes need to be
received by the slave (Figure 17-11). The five Most
Significant bits (MSbs) of the first address byte specify
if it is a 10-bit address. The R/W bit of the SSPSTAT
register must specify a write so the slave device will
receive the second address byte. For a 10-bit address,
the first byte would equal ‘1111 0 A9 A8 O0’, where
A9 and A8 are the two MSbs of the address.

The sequence of events for 10-bit address is as follows
for reception:
1. Load SSPADD register with high byte of address.

2. Receive first (high) byte of address (bits SSPIF,
BF and UA of the SSPSTAT register are set).

3. Read the SSPBUF register (clears bit BF).
Clear the SSPIF flag bit.

5. Update the SSPADD register with second (low)
byte of address (clears UA bit and releases the
SCL line).

6. Receive low byte of address (bits SSPIF, BF and
UA are set).

7. Update the SSPADD register with the high byte
of address. If match releases SCL line, this will
clear bit UA.

8. Read the SSPBUF register (clears bit BF).
9. Clear flag bit SSPIF.

If data is requested by the master, once the slave has
been addressed:

P

1. Receive repeated Start condition.

2. Receive repeat of high byte address with R/W =1,
indicating a read.

3. BF bitis set and the CKP bit is cleared, stopping
SCL and indicating a read request.

4. SSPBUF is written, setting BF, with the data to
send to the master device.

5. CKP is set in software, releasing the SCL line.

17.2.4.3  Address Masking

The Address Masking register (SSPMSK) is only
accessible while the SSPM bits of the SSPCON
register are set to ‘1001’. In this register, the user can
select which bits of a received address the hardware
will compare when determining an address match. Any
bit that is set to a zero in the SSPMSK register, the
corresponding bit in the received address byte and
SSPADD register are ignored when determining an
address match. By default, the register is set to all
ones, requiring a complete match of a 7-bit address or
the lower eight bits of a 10-bit address.

© 2010-2015 Microchip Technology Inc.
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1°C SLAVE MODE TIMING (TRANSMISSION 10-BIT ADDRESS)

FIGURE 17-13:
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21.2 Instruction Descriptions

ADDLW Add literal and W

Syntax: [label] ADDLW k

Operands: 0<k<255

Operation: (W) +k —> (W)

Status Affected: C,DC, Z

Description: The contents of the W register
are added to the 8-bit literal 'k’
and the result is placed in the
W register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ is ‘0’, the
result is stored in the W register. If
‘d’ is ‘1’, the result is stored back
in register ‘f'.

ANDLW AND literal with W

Syntax: [label] ANDLW k

Operands: 0<k<255

Operation: (W) .AND. (k) - (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the 8-bit literal ‘k’.
The result is placed in the W reg-
ister.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .AND. (f) —» (destination)

Status Affected: Z

Description: AND the W register with register

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

BCF Bit Clear f
Syntax: [label ] BCF f,b
Operands: 0<f<127

0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is cleared.
BSF Bit Set f
Syntax: [label ] BSF f,b
Operands: 0<f<127

0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.
BTFSC Bit Test f, Skip if Clear
Syntax: [label ] BTFSC f,b
Operands: 0<f<127

0<b<7
Operation: skip if (f<b>) =0
Status Affected: None
Description: If bit ‘b’ in register ‘f' is ‘1’, the next

instruction is executed.

If bit ‘b’ in register ‘' is ‘0’ the next
instruction is discarded and a NOP
is executed instead, making this a
2-cycle instruction.

© 2010-2015 Microchip Technology Inc.
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 —> (destination);
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are
decremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f.
If the result is ‘1’, the next
instruction is executed. If the
result is ‘0’, then a NOP is
executed instead, making it a
2-cycle instruction.

GOoro Unconditional Branch

Syntax: [label] GOTO k

Operands: 0< k<2047

Operation: k - PC<10:0>
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: @GOTOis an unconditional branch.
The 11-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTOis a
2-cycle instruction.

INCF Increment f

Syntax: [label] INCF f,d

Operands: 0<f<127
d e[0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

incremented. If ‘d’ is ‘0, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f’.

INCFSZ Increment f, Skip if O

Syntax: [label] INCFSZ f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 — (destination),
skip if result=0

Status Affected: None

Description: The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f’.
If the result is ‘1’, the next
instruction is executed. If the
result is ‘0’, a NOP is executed
instead, making ita 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] 1ORLW k

Operands: 0<k<255

Operation: (W) .OR. k = (W)

Status Affected: Z

Description: The contents of the W register are
OR’ed with the 8-bit literal 'k’. The
result is placed in the
W register.

IORWF Inclusive OR W with f

Syntax: [label] 1ORWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .OR. (f) - (destination)

Status Affected: Z

Description: Inclusive OR the W register with

register ‘f'. If ‘d’ is ‘0’, the result is
placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f’.
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MOVF Move f MOVWF Move W to f
Syntax: [label] MOVF fd Syntax: [label] MOVWF
Operands: 0<f<127 Operands: 0<f<127

de[01] Operation: W) - ()
Operation: (f) — (desy) Status Affected:  None
Status Affected:  Z Description: Move data from W register to
Description: The contents of register f is register ‘f’.

moved to a destination dependent Words: 1

upon the status of d. Ifd = 0, ]

destination is W register. If d = 1, Cycles: 1

the destination is file register f Example: MOVW  OPTI ON

itself. d = 1 is useful to test a file
register since status flag Z is

F

Before Instruction

affected. OPTION=  OxFF
Words: 1 W = Ox4F
After Instruction

Cycles: ! OPTION=  O0x4F
Example: MOVF FSR 0 W = OX4E
After Instruction
W = valuein FSR
register
Z = 1

MOVLW Move literal to W NOP No Operation
Syntax: [label] MOVLW k Syntax: [label] NOP
Operands: 0< k<255 Operands: None
Operation: k — (W) Operation: No operation
Status Affected: None Status Affected:  None
Description: The 8-bit literal ‘k’ is loaded into W Description: No operation.

register. The “don’t cares” will Words: 1

assemble as ‘0’s. '

Cycles: 1
Words: 1 £ | NGP
xample:

Cycles: 1
Example: MOVLW  Ox5A

After Instruction
W = O0Ox5A
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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'.
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22.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

22.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS5).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

22.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’'s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

22.9 PICKkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device 1/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

22.10 MPLAB PMS3 Device Programmer

The MPLAB PMS3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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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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1.8V

VoL vs. loL OVER TEMPERATURE, VDD

FIGURE 24-30:
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