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PIC18(L)F27/47K40

15.4 Register Definitions: Port Control
REGISTER 15-1: PORTx: PORTx 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
R | R6 | Ré | R4 | RS Rx2 Rx1 Rx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 Rx<7:0>: Rx7:Rx0 Port I/O Value bits
1 = Port pin is > VIH
0 = Port pinis < VIL

Note 1: Writes to PORTX are actually written to the corresponding LATX register.
Reads from PORTXx register return actual 1/0 pin values.

TABLE 15-2: PORT REGISTERS

Device
Name 28 | 40/44 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pins | Pins

PORTA X X RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
PORTB X X rRB7(" rRB6(" RB5 RB4 RB3 RB2 RB1 RBO
PORTC X X RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

PORTD X = = = = = = = =
X RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO

PORTE X = = = = RE3®) = = =
X = = = = RE3@ RE2 RE1 REO

Note 1: Bits RB6 and RB7 read ‘1’ while in Debug mode.
2: Bit PORTES is read-only, and will read ‘1’ when MCLRE = 1 (Master Clear enabled).
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REGISTER 15-3: LATx: LATx 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
LATx7 LATx6 LATx5 LATx4 LATx3 LATx2 LATx1 LATx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 LATx<7:0>: Rx7:Rx0 Output Latch Value bits

Note 1: Writes to LATx are equivalent with writes to the corresponding PORTX register. Reads from LATX register
return register values, not 1/O pin values.

TABLE 15-4: LAT REGISTERS

Device
Name 28 40/44 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Pins | Pins
LATA X X LATA7 LATA6 LATA5 LATA4 LATA3 LATA2 LATA1 LATAO
LATB X X LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO
LATC X X LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATCA1 LATCO
LATD X — — — — — — — —
X LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO
LATE X — — — — — — — —
X — — — — — LATE2 LATE1 LATEO
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19.2 Timer1/3/5 Operation

The Timer1/3/5 module is a 16-bit incrementing
counter which is accessed through the TMRxH: TMRxL
register pair. Writes to TMRxH or TMRxL directly
update the counter.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and incre-
ments on every selected edge of the external source.

Timer1/3/5 is enabled by configuring the ON and GE
bits in the TXCON and TxGCON registers, respectively.
Table 19-2 displays the Timer1/3/5 enable selections.

TABLE 19-2: TIMER1/3/5 ENABLE

SELECTIONS
oN GE | Gperation
1 1 Count Enabled
1 0 Always On
0 1 Off
0 0 Off

19.3 Clock Source Selection

The CS<3:0> bits of the TMRxCLK register
(Register 19-3) are used to select the clock source for
Timer1/3/5. The four TMRXCLK bits allow the selection
of several possible synchronous and asynchronous
clock sources. Register 19-3 displays the clock source
selections.

19.3.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected the
TMRxH:TMRXxL register pair will increment on multiples
of Fosc as determined by the Timer1/3/5 prescaler.

When the Fosc internal clock source is selected, the
Timer1/3/5 register value will increment by four counts
every instruction clock cycle. Due to this condition, a
2 LSB error in resolution will occur when reading the
Timer1/3/5 value. To utilize the full resolution of Tim-
er1/3/5, an asynchronous input signal must be used to
gate the Timer1/3/5 clock input.

The following asynchronous sources may be used at
the Timer1/3/5 gate:

» Asynchronous event on the TXxGPPS pin

+ TMROOUT

* TMR1/3/50UT (excluding the TMR for which it is
being used)

* TMR 2/4/60UT (post-scaled)

« CCP1/20UT

*+ PWM3/40UT

+ CMP1/20UT

« ZCDOUT

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

* Timer1/3/5 enabled after POR
* Write to TMRxH or TMRxL
* Timer1/3/5 is disabled

+ Timer1/3/5 is disabled (TMRxON = 0)
when TxCKl is high then Timer1/3/5
is enabled (TMRxXON = 1) when
TxCKl is low.

19.3.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the
Timer1/3/5 module may work as a timer or a counter.

When enabled to count, Timer1/3/5 is incremented on
the rising edge of the external clock input of the
TxCKIPPS pin. This external clock source can be
synchronized to the microcontroller system clock or it
can run asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated secondary internal oscillator circuit.

© 2016-2017 Microchip Technology Inc.
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FIGURE 20-2: TIMER2 CLOCK SOURCE
BLOCK DIAGRAM
TxCLKCON e 1000 58

512012014

TXINPPS

Timer Clock Sources
(See Register 20-1)

> TMR2_clk

/

20.1 Timer2 Operation

Timer2 operates in three major modes:

» Free Running Period
* One-shot
* Monostable

Within each mode there are several options for starting,
stopping, and reset. Table 20-1 lists the options.

In all modes, the TMR2 count register is incremented
on the rising edge of the clock signal from the program-
mable prescaler. When TMR2 equals T2PR, a high
level is output to the postscaler counter. TMR2 is
cleared on the next clock input.

An external signal from hardware can also be config-
ured to gate the timer operation or force a TMR2 count
Reset. In Gate modes the counter stops when the gate
is disabled and resumes when the gate is enabled. In
Reset modes the TMR2 count is reset on either the
level or edge from the external source.

The TMR2 and T2PR registers are both directly read-
able and writable. The TMR2 register is cleared and the
T2PR register initializes to FFh on any device Reset.
Both the prescaler and postscaler counters are cleared
on the following events:

* a write to the TMR2 register

» a write to the T2CON register

* any device Reset

» External Reset Source event that resets the timer.

Note: TMR2 is not cleared when T2CON is
written.

20.1.1 FREE RUNNING PERIOD MODE

The value of TMR2 is compared to that of the Period
register, T2PR, on each clock cycle. When the two
values match, the comparator resets the value of TMR2
to 00h on the next cycle and increments the output

postscaler counter. When the postscaler count equals
the value in the OUTPS<4:0> bits of the TMRxCON1
register then a one clock period wide pulse occurs on the
TMR2_postscaled output, and the postscaler count is
cleared.

20.1.2 ONE-SHOT MODE

The One-Shot mode is identical to the Free Running
Period mode except that the ON bit is cleared and the
timer is stopped when TMR2 matches T2PR and will
not restart until the T20N bit is cycled off and on.
Postscaler OUTPS<4:0> values other than 0 are
meaningless in this mode because the timer is stopped
at the first period event and the postscaler is reset
when the timer is restarted.

20.1.3 MONOSTABLE MODE

Monostable modes are similar to One-Shot modes
except that the ON bit is not cleared and the timer can
be restarted by an external Reset event.

20.2 Timer2 Output

The Timer2 module’s primary output is TMR2_posts-
caled, which pulses for a single TMR2_clk period when
the postscaler counter matches the value in the
OUTPS bits of the TMR2CON register. The T2PR post-
scaler is incremented each time the TMR2 value
matches the T2PR value. This signal can be selected
as an input to several other input modules:

* The ADC module, as an Auto-conversion Trigger
¢ COG, as an auto-shutdown source

In addition, the Timer2 is also used by the CCP module
for pulse generation in PWM mode. Both the actual
TMR2 value as well as other internal signals are sent to
the CCP module to properly clock both the period and
pulse width of the PWM signal. See Section
21.0 “Capture/Compare/PWM Module” for more
details on setting up Timer2 for use with the CCP, as
well as the timing diagrams in Section
20.5 “Operation Examples” for examples of how the
varying Timer2 modes affect CCP PWM output.

20.3 External Reset Sources

In addition to the clock source, the Timer2 also takes in
an external Reset source. This external Reset source
is selected for Timer2, Timer4 and Timer6 with the
T2RST, T4RST and T6RST registers, respectively.
This source can control starting and stopping of the
timer, as well as resetting the timer, depending on
which mode the timer is in. The mode of the timer is
controlled by the MODE<4:0> bits of the TMRxHLT
register. Edge-Triggered modes require six Timer clock
periods between external triggers. Level-Triggered
modes require the triggering level to be at least three
Timer clock periods long. External triggers are ignored
while in Debug Freeze mode.
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20.4 Timer2 Interrupt

Timer2 can also generate a device interrupt. The
interrupt is generated when the postscaler counter
matches one of 16 postscale options (from 1:1 through
1:16), which are selected with the postscaler control
bits, OUTPS<3:0> of the T2CON register. The interrupt
is enabled by setting the TMR2IE interrupt enable bit of
the PIE4 register. Interrupt timing is illustrated in

Figure 20-3.
FIGURE 20-3: TIMER2 PRESCALER, POSTSCALER, AND INTERRUPT TIMING DIAGRAM
CKPS‘ 0b010 \
PRX‘ 1 \
OUTPS‘ 0b0001 \

TMRx_clk
TMRx 0 >< 1 >< 0 >< 1 >< 0 >< 1 >< 0 >
TMRx_postscaled ﬂ ﬂ

TMRXIF 0 ‘ ‘ @ M

Note 1:  Setting the interrupt flag is synchronized with the instruction clock.
Synchronization may take as many as 2 instruction cycles
2: Cleared by software.
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20.6 Timer2 Operation During Sleep

When PSYNC =1, Timer2 cannot be operated while
the processor is in Sleep mode. The contents of the
TMR2 and T2PR registers will remain unchanged while
processor is in Sleep mode.

When PSYNC = 0, Timer2 will operate in Sleep as long
as the clock source selected is also still running.
Selecting the LFINTOSC, MFINTOSC, or HFINTOSC
oscillator as the timer clock source will keep the
selected oscillator running during Sleep.
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21.41 CCPx PIN CONFIGURATION

The software must configure the CCPx pin as an output
by clearing the associated TRIS bit and defining the
appropriate output pin through the RxyPPS registers.
See Section 17.0 “Peripheral Pin Select (PPS)
Module” for more details.

The CCP output can also be used as an input for other
peripherals.

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

2142 TIMER1 MODE RESOURCE

In Compare mode, Timer1 must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

See Section 19.0 “Timer1/3/5 Module with Gate
Control” for more information on configuring Timer1.

Note:  Clocking Timer1 from the system clock
(Fosc) should not be used in Compare
mode. In order for Compare mode to
recognize the trigger event on the CCPx
pin, TImer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

2143 AUTO-CONVERSION TRIGGER

All CCPx modes set the CCP interrupt flag (CCPxIF).
When this flag is set and a match occurs, an
auto-conversion trigger can take place if the CCP
module is selected as the conversion trigger source.

Refer to Section 31.2.5 “Auto-Conversion Trigger”
for more information.

Note: Removing the match condition by
changing the contents of the CCPRxH
and CCPRXxL register pair, between the
clock edge that generates the
Auto-conversion Trigger and the clock
edge that generates the Timer1 Reset, will
preclude the Reset from occurring

21.5 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the ON state and the low portion of the signal
is considered the OFF state. The high portion, also
known as the pulse width, can vary in time and is defined
in steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The PWM
period is defined as the duration of one complete cycle
or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the
pulse-width time and in turn the power that is applied to
the load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 21-3 shows a typical waveform of the PWM
signal.

21.5.1 STANDARD PWM OPERATION

The standard PWM function described in this section is
available and identical for all CCP modules.

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to
ten bits of resolution. The period, duty cycle, and
resolution are controlled by the following registers:

* PR2 registers

* T2CON registers

* CCPRxL and CCPRxH registers

* CCPxCON registers

It is required to have Fosc/4 as the clock input to

TMR2/4/6 for correct PWM operation. Figure 21-4
shows a simplified block diagram of PWM operation.

2144 COMPARE DURING SLEEP

Since FOSC is shut down during Sleep mode, the
Compare mode will not function properly during Sleep,
unless the timer is running. The device will wake on
interrupt (if enabled).

Note: The corresponding TRIS bit must be
cleared to enable the PWM output on the

CCPx pin.
FIGURE 21-3: CCP PWM OUTPUT SIGNAL
Period
] I LT

Pulse Width
- ~<—TMR2 = PR2

<+—TMR2 = CCPRxH:CCPRxL

<—TMR2=0
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FIGURE 26-28:

I’C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

Write SSPxCON2<0> SEN =1
Start condition begins

SEN=0
v RW =0 Transmitting Data or Second Half
of 10-bit Address

Transmit Address to Slave

son 1 \1_b /a7 )oY )(ar\, | ko

! SSPxBUF written with 7-bit address and RAW
start transmit

From slave, clear ACKSTAT bit SSPxCON2<6>

ACKSTAT in
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ACK
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! 'L SCL held low : -

X ' while CPU \ '
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SSPxIF [—I I—I
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Cleared by software : from SSP interrupt Cleared by :Soﬂware
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— SSPxBUF written 1— SSPxBUF is written by software

SEN |_|l

t‘— After Start condition, SEN cleared by hardware

PEN
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REGISTER 27-2: RCxSTA: RECEIVE STATUS AND CONTROL REGISTER

R/W-0/0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0 R/HC-0/0 R/HC-0/0

SPEN

RX9 SREN CREN ADDEN FERR OERR RX9D

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit HC = Bit is cleared by hardware

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set

‘0’ = Bit is cleared

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled

0 = Serial port disabled (held in Reset)
RX9: 9-Bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode:

Don’t care
Synchronous mode — Master:

1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave

Don't care
CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 =1):

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don'’t care

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCxREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: Ninth bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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31.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only

when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the ADIE bit of the PIE1 register and the
PEIE bit of the INTCON register must both be set and
the GIE bit of the INTCON register must be cleared. If
all three of these bits are set, the execution will switch
to the Interrupt Service Routine.

FIGURE 31-3:

31.1.6 RESULT FORMATTING

The 10-bit ADC conversion result can be supplied in
two formats, left justified or right justified. The ADFM
bits of the ADCONO register controls the output format.

Figure 31-3 shows the two output formats.

10-BIT ADC CONVERSION RESULT FORMAT

Rev. 10-000054A
1212172016

ADRESH ADRESL
worm=oyfmso] | [ | [ | o 3 I O
\bit7 bit 7 AL bitoj
Yo Yo
10-bit ADC Result Unimplemented: Read as ‘0’
worm=n| [ | [ | [ qws[ | [ [ | [ | [ | [ts]
\bit7 AL bit 7 bitOJ

~

Unimplemented: Read as ‘0’

Y
10-bit ADC Resuilt
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31.3 ADC Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 31-4. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoOLD. The sampling switch (RsS)

source impedance is decreased, the acquisition time
may be decreased. After the analog input channel is
selected (or changed), an ADC acquisition must be
completed before the conversion can be started. To
calculate the minimum acquisition time, Equation 31-1
may be used. This equation assumes that 1/2 LSb error
is used (1,024 steps for the ADC). The 1/2 LSb error is
the maximum error allowed for the ADC to meet its
specified resolution.

impedance varies over the device voltage (VDD), refer
to Figure 31-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

EQUATION 31-1: ACQUISITION TIME EXAMPLE

Assumptions;  Temperature = 50°C and external impedance of 10k<2 5.0V VDD

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
TAmMP + TC + TCOFF

2us+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following equations:

VAPPLIED 1————1—— = VcHoLD :[1] VcHoLD charged to within 1/2 Isb
(2n+ 1) 1
=Tc

Vv 1-e"¢| = v

APPLIED| 1 —€ = VCHOLD :[2] VcHOLD charge response to VAPPLIED

—Ic
RC| _ 1 ) L

VappLiED| 1 —€ = VappLiED| 1 — ——— ;combining [1] and [2]

(20 -1

Note: Where n = number of bits of the ADC.

Solving for Tc:
Tc = —CHoLb(RIC + Rss+ Rs) In(1/2047)
= —10pF(1kQ2+ 7k + 10k«2) In(0.0004885)
= 1.37us
Therefore:
TACQ = 2us+ 892ns+ [(50°C- 25°C)(0.05us/°C)]
= 4.62us

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

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

© 2016-2017 Microchip Technology Inc. Preliminary
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REGISTER 31-11:

ADCAP: ADC ADDITIONAL SAMPLE CAPACITOR SELECTION REGISTER

U-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
_ — — ADCAP<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 ADCAP<4:0>: ADC Additional Sample Capacitor Selection bits
11111 =31 pF
11110 =30 pF
11101 =29 pF
[ ]
[
[ ]
00011 =3 pF
00010 =2 pF
00001 =1 pF

00000 = No additional capacitance

REGISTER 31-12: ADRPT: ADC REPEAT SETTING REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ADRPT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 Unimplemented: Read as ‘0’
bit 7-0 ADRPT<7:0>: ADC Repeat Threshold bits

Counts the number of times that the ADC has been triggered and is used along with ADCNT to deter-
mine when the error threshold is checked when the computation is Low-pass Filter, Burst Average, or
Average modes. See Table 31-3 for more details.

© 2016-2017 Microchip Technology Inc.
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32.9 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Table 37-15 and Table 37-
17 for more details.

FIGURE 32-3: ANALOG INPUT MODEL

32.10 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 32-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to

consume more current than is specified.

VDD

VT 0.6V

Rev. 10-000071A
81212013

| |
|

| ! » To Comparator
| | ILeAKAGE

\ @ | CPN - VT=0.6V

! ! 5pF

| |

| |

| - | !

ILEAKAGE = Leakage Current at the pin due to various junctions

Legend: CPIN = Input Capacitance
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

Note 1: See Section 37.0 “Electrical Specifications”.
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TABLE 35-2: INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f, b, a | Bit Clear f 1 1001 bbba ffff ffff |None 1,2
BSF f, b, a | Bit Set f 1 1000 bbba ffff ffff |None 1,2
BTFSC f, b, a | Bit Test f, Skip if Clear 1(2or3)| 1011 bbba ffff ffff |None 3,4
BTFSS f, b, a | Bit Test f, Skip if Set 1(20r3)| 1010 bbba ffff ffff |[None 3,4
BTG f, b, a | Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn  nnnn |None
BN n Branch if Negative 1(2) 1110 0110 nnnn  nnnn |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn  nnnn |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn  nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn  nnnn |None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn  nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn  nnnn |None
BRA n Branch Unconditionally 2 1101 Onnn  nnnn  nnnn | None
BZ n Branch if Zero 1(2) 1110 0000 nnnn  nnnn |None
CALL k, s Call subroutine 1st word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk  kkkk  kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO k Go to address ~ 1st word 2 1110 1111 kkkk kkkk [None

2nd word 1111 kkkk  kkkk  kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 xxxx  xxxx  xxxX | None 4
POP — Pop top of return stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push top of return stack (TOS) 1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn  nnnn  nnnn |None
RESET Software device Reset 1 0000 0000 1111 1111 |Al
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with literal in WREG 2 0000 1100 kkkk  kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an
external device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless
the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program mem-
ory locations have a valid instruction.
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CPFSGT Compare f with W, skip if f > W CPFSLT Compare f with W, skip if f <W
Syntax: CPFSGT f{a} Syntax: CPFSLT f{a}
Operands: 0<f<255 Operands: 0<f<255
ae[01] a e [0,1]
Operation: (H) = W), Operation: (f) = (W),
skip .|f (f) > (W) . skip if (f) < (W)
(unsigned comparison) (unsigned comparison)
Status Affected: None Status Affected: None
Encoding: | 0110 [ 010a | ffff [ ffff | Encoding: [ 0110 [ooo0a | frer [ frfr |
Description: Compares the contents of data memory o
location ‘f to the contents of the W by Description: ICompar?f? thehcontents of d?::/memory
performing an unsigned subtraction. OC:tIOI’l. to the cgntegts Ob b_y
If the contents of ‘' are greater than the 26 orming an ur;‘sf[gne subtraction.
contents of WREG, then the fetched If the contefr\1/t\7 Oh a;e Ifessr;[han the
instruction is discarded and a NOP is .content.s °_ d"t endt g et(cj: ed )
executed instead, making this a |nstructloq IS discarde .an ‘fi NOP is
2-cycle instruction. executed instead, making this a
If ‘@’ is ‘0", the Access Bank is selected. sz"CYC_IeK |r’1$t':uc}'_|\on. Bank is selected
If ‘@’ is ‘1’, the BSR is used to select the ‘a’ s KO,' the ccess bank Is se ected.
GPR bank. If ‘@’ is '1’, the BSR is used to select the
If ‘a’ is ‘0’ and the extended instruction GPR bank.
set is enabled, this instruction operates Words: 1
in Indexed Literal Offset Addressing Cycles: 12)
rpode whenever f < 9? (5Fh). See §ec- Note: 3 cycles if skip and followed
tion 35.2.3 “Byte-Oriented and Bit- by a 2-word instruction
Oriented Instructions in Indexed Lit- o '
eral Offset Mode” for details. Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1(2) Decode Read Process No
Note: 3 cycles if skip and followed register 'f Data operation
by a 2-word instruction. If skip:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
Decode Read Process No operation operation operation operation
register ‘f’ Data operation If skip and followed by 2-word instruction:
If skip: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
No No No No operation operation operation operation
operation operation operation operation No No No No

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No

operation operation operation operation

Example: HERE CPFSGT REG, 0
NGREATER
GREATER
Before Instruction
PC = Address (HERE)
w = ?
After Instruction
If REG > W,
PC =  Address ( GREATER)
If REG < W;
PC =  Address ( NGREATER)

operation operation operation operation

Example: HERE CPFSLT REG 1
NLESS
LESS
Before Instruction
PC = Address (HERE)
w = ?
After Instruction
If REG < W
PC =  Address (LESS)
If REG > W,
PC =  Address (NLESS)
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INCFSZ Increment f, skip if 0 INFSNZ Increment f, skip if not 0
Syntax: INCFSZ f{,d {,a} Syntax: INFSNZ  f{,d {,a}}
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] d < [0,1]
ae [0’1] ae [0,1]
Operation: (f) + 1 — dest, Operation: (2_+ 1f - dlest,
skip if result =0 skip if result = 0
Status Affected: None Status Affected: None
Encoding: 0100 10da ffff ffff
Encoding: [ o011 [ 11da [ rrer [ eer | 9 | | | | |
Description: The contents of register ‘" are
Description: The contents of register ‘f' are incremented. If ‘d’ is ‘0. the result is
incremented. If ‘d’ is ‘0’, the result is placed in W. If ‘d’ is ‘’, the result is
placed in W. If 'd"is ‘1", the result is placed back in register ‘f (default).
placed bacK in register ‘f (Fjefault).. If the result is not ‘0’, the next
If the result is ‘0", the next instruction, instruction, which is already fetched, is
which is already fetched, is discarded discarded and a NOP is executed
and a NOP is executed instead, making instead, making it a 2-cycle
it a 2-cycle instruction. instruction.
If'a’is '0’, the Access Bank is selected. If ‘a’is ‘0", the Access Bank is selected.
If'a’is'1', the BSR is used to select the If ‘@’ is 1, the BSR is used to select the
GPR bank. GPR bank.
If‘a”is '0’ and the extended instruction If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates set is enabled, this instruction operates
in Indexed Literal Offset Addressing in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See Sec- mode whenever f < 95 (5Fh). See Sec-
tion 35.2.3 “Byte-Oriented and Bit- tion 35.2.3 “Byte-Oriented and Bit-
Oriented Instructions in Indexed Lit- Oriented Instructions in Indexed Lit-
eral Offset Mode” for details. eral Offset Mode” for details.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Note: 3 cycles if skip and followed Note: 3 cycles if skip and followed
by a 2-word instruction. by a 2-word instruction.
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write to Decode Read Process Write to
register ‘f’ Data destination register ‘f’ Data destination
If skip: If skip:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
If skip and followed by 2-word instruction: If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
Example: HERE I NCFSz CNT, 1, O Example: HERE INFSNZ REG, 1, O
NZERO ZERO
ZERO NZERO
Before Instruction Before Instruction
PC = Address (HERE) PC = Address (HERE)
After Instruction After Instruction
CNT = CNT+1 REG = REG+1
IfCNT = 0 IfREG # O0;
PC = Address (ZERO PC =  Address ( NZERO
IfCNT = O fREG = 0
PC = Address ( NZERO) PC = Address (ZERO)
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TBLRD Table Read TBLRD Table Read (Continued)
Syntax: TBLRD ( *; *+; *-; +*) Example1: TBLRD *+ ;
Operands: None Before Instruction
- ; " TABLAT = 55h
Operation: if TBLRD *, TBLPTR = 00A356h
(Prog Mem (TBLPTR)) — TABLAT; MEMORY (00A356h) =  34h
TBLPTR —No Change; After Instruction
if TBLRD *+, TABLAT = 34h
(Prog Mem (TBLPTR)) — TABLAT; TBLPTR = 00A357h
if TBLRD *-, Sxampes: _ ’
(Prog Mem (TBLPTR)) — TABLAT: Before Instruction
(TBLPTR) - 1 - TBLPTR; TABLAT = AAh
if TBLRD +* TBLPTR = 01A357h
’ MEMORY (01A357h) = 12h
(TBLPTR) + 1 — TBLPTR; MEMORY (01A358h) = 34h
(Prog Mem (TBLPTR)) — TABLAT, After Instruction
Status Affected: None TABLAT = 34h
! TBLPTR = 01A358h
Encoding: 0000 0000 0000 10nn
nn=0 *
=1 *H
=2 *-
=3 +*
Description: This instruction is used to read the contents
of Program Memory (P.M.). To address the
program memory, a pointer called Table
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory. TBLPTR
has a 2-Mbyte address range.
TBLPTR[0] =0: LeastSignificantByte
of Program Memory
Word
TBLPTR[0] =1: Most Significant Byte
of Program Memory
Word
The TBLRD instruction can modify the value
of TBLPTR as follows:
* no change
* post-increment
» post-decrement
* pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation | (Read Program | operation | (Write TABLAT)
Memory)
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TSTFSZ Test f, skip if 0 XORLW Exclusive OR literal with W
Syntax: TSTFSZ f{,a Syntax: XORLW k
Y| Y|
Operands: 0<f<255 Operands: 0<k<255
a<[01] Operation: (W) XOR. k »>W
Operation: skipiff=0 Status Affected: N, Z
Status Affected:  None Encoding: [ 0000 [ 1010 [ kkkk | kkkk |
Encoding: ‘ 0110 | 0Olla | fiff ‘ frff ‘ Description: The contents of W are XORed with
Description: If f = 0, the next instruction fetched the 8-bit literal ‘k’. The result is placed
during the current instruction execution in W.
is discarded and a NOP is executed, Words: 1
making this a 2-cycle instruction. '
If ‘a’ is ‘0’, the Access Bank is selected. Cycles: 1
If ‘a’is '1’, the BSR is used to select the Q Cycle Activity:
GPR bank.
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 'Q4
set is enabled, this instruction operates Decode 'Read Process | Write to W
in Indexed Literal Offset Addressing literal 'k Data
mode whenever f <95 (5Fh). See Sec-
tion 35.2.3 “Byte-Oriented and Bit- Example: XORLW  OAFh
Oriented Instructions in Indexed Lit- .
eral Offset Mode” for details. Before Instruction
Words: 1 w = Bbh
After Instruction
Cycles: 1(2) W - 1Ah

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT, 1
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO
If CNT # ,
PC = Address ( NZERO)
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging
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THE MICROCHIP WEBSITE

Microchip provides online support via our website at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

» Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the website
at: http://www.microchip.com/support
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