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rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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TABLE 5-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgp'zt;
BORCON | SBOREN | BORFS — — — — — BORRDY 54
PCON STKOVF | STKUNF — RWDT RMCLR RI POR BOR 58
STATUS — — — TO PD z DC © 19
WDTCON — — WDTPS<4:0> SWDTEN 98
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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6.2.2.5 Internal Oscillator Frequency
Selection
The system clock speed can be selected via software

using the Internal Oscillator Frequency Select bits
IRCF<3:0> of the OSCCON register.

The postscaled output of the 16 MHz HFINTOSC,
500 kHz MFINTOSC, and 31 kHz LFINTOSC connect
to a multiplexer (see Figure 6-1). The Internal Oscillator
Frequency Select bits IRCF<3:0> of the OSCCON
register select the frequency output of the internal
oscillators. One of the following frequencies can be
selected via software:

- 32 MHz (requires 4x PLL)

- 16 MHz

- 8 MHz

- 4 MHz

- 2MHz

- 1 MHz

- 500 kHz (default after Reset)

- 250 kHz

- 125 kHz

- 62.5kHz

- 31.25kHz

- 31 kHz (LFINTOSC)

6.2.2.6 32 MHz Internal Oscillator
Frequency Selection

The Internal Oscillator Block can be used with the
4x PLL associated with the External Oscillator Block to
produce a 32 MHz internal system clock source. The
following settings are required to use the 32 MHz
internal clock source:

* The FOSC bits in Configuration Words must be
set to use the INTOSC source as the device
system clock (FOSC<2:0> = 100).

* The SCS bits in the OSCCON register must be
cleared to use the clock determined by
FOSC<2:0> in Configuration Words
(SCS<1:0> = 00).

* The IRCF bits in the OSCCON register must be
set to the 8 MHz HFINTOSC set to use
(IRCF<3:0>=1110).

* The SPLLEN bit in the OSCCON register must be
set to enable the 4x PLL, or the PLLEN bit of the
Configuration Words must be programmed to a
1.

Note: ~ When using the PLLEN bit of the
Configuration Words, the 4x PLL cannot
be disabled by software and the SPLLEN
option will not be available.

Note: Following any Reset, the IRCF<3:0> bits
of the OSCCON register are set to ‘0111’
and the frequency selection is set to
500 kHz. The user can modify the IRCF

bits to select a different frequency.

The IRCF<3:0> bits of the OSCCON register allow
duplicate selections for some frequencies. These
duplicate choices can offer system design trade-offs.
Lower power consumption can be obtained when
changing oscillator sources for a given frequency.
Faster transition times can be obtained between
frequency changes that use the same oscillator source.

The 4x PLL is not available for use with the internal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4x PLL with the internal oscillator.

© 2013-2016 Microchip Technology Inc.
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10.2.3 ERASING FLASH PROGRAM FIGURE 10-4: FLASH PROGRAM
MEMORY MEMORY ERASE
FLOWCHART

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the PMADRH:PMADRL register pair with e Start N
any address within the row to be erased. ‘\\ Erase Operation /J
2. Clear the CFGS bit of the PMCON1 register. D
3. Set the FREE and WREN bits of the PMCON1 \ 4
register. Disable Interrupts
4. Write 55h, then AAh, to PMCON2 (Flash (GIE =0)
programming unlock sequence).
5. Set control bit WR of the PMCON?1 register to Se‘zzct
begin the erase operation. Program or Configuration Memory
See Example 10-2. (CFGS)
After the “BSF PMCONL, WR’ instruction, the processor \ 4
requires two cycles to set up the erase operation. The Select Row Address
user must place two NOP instructions immediately fol- (PMADRH:PMADRL)
lowing the WR bit set instruction. The processor will
halt internal operations for the typical 2 ms erase time. \ 4
This is not Sleep mode as the clocks and peripherals Select Erase Operation
will continue to run. After the erase cycle, the processor (FREE = 1)
will resume operation with the third instruction after the
PMCON1 write instruction. 2
Enable Write/Erase Operation
(WREN = 1)
) 4
Unlock Sequence
Figure 10-3
) 4

CPU stalls while
Erase operation completes
(2ms typical)

— 1

Disable Write/Erase Operation
(WREN =0)

\ 4

Re-enable Interrupts
(GIE=1)

\ 4

End
Erase Operation

DS40001726C-page 104 © 2013-2016 Microchip Technology Inc.
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11.6 Register Definitions: PORTC

REGISTER 11-17: 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’
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 RC<7:0>: PORTC General Purpose 1/O Pin bits™)

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

Note 1: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is return of actual
1/O pin values.

REGISTER 11-18: TRISC: PORTC TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISC? | TRISC6 | TRISC5 | TRISC4 | TRISC3 TRISC2 TRISC1 TRISCO
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 7-0 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 11-19: LATC: PORTC DATA LATCH 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
LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO

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 LATC<7:0>: PORTC Output Latch Value bits

DS40001726C-page 130 © 2013-2016 Microchip Technology Inc.
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REGISTER 18-10: COGxDBR: COG RISING EVENT DEAD-BAND COUNT REGISTER

uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — GxDBR<5:0>
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 g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 GxDBR<5:0>: Rising Event Dead-band Count Value bits

GxRDBS = 0:

= Number of COGx clock periods to delay primary output after rising event

GxRDBS = 1:

= Number of delay chain element periods to delay primary output after rising event

REGISTER 18-11: COGxDBF: COG FALLING EVENT DEAD-BAND COUNT REGISTER

uU-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — GxDBF<5:0>
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 g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 GxDBF<5:0>: Falling Event Dead-band Count Value bits

GxFDBS = 0:

= Number of COGx clock periods to delay complementary output after falling event input
GxFDBS = 1:
= Number of delay chain element periods to delay complementary output after falling event input

© 2013-2016 Microchip Technology Inc. DS40001726C-page 199
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REGISTER 21-3:

ADCON2: ADC CONTROL REGISTER 2

R = Readable bit
u = Bit is unchanged
‘1’ = Bitis set

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 u-0 u-0 u-0
TRIGSEL<3:0>(® — — — —
bit 7 bit O
Legend:

W = Writable bit
x = Bit is unknown
‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-4

TRIGSEL<3:0>: Auto-Conversion Trigger Selection bits(®)

0000 = No auto-conversion trigger selected
0001 = CCP1

0010 = CCP2

0011 = Timer0 — TO_overflow®

0100 = Timer1 — T1_overflow®

0101 = Timer2 — T2_match

0110 = Comparator C1 —sync_C10UT
0111 = Comparator C2 — sync_C20UT
1000 = CLC1 - LC1_out

1001 = CLC2 - LC2_out

1010 = CLC3 - LC3_out

1011 = CLC4 - LC4_out

1100 = Timer4 — T4_match

1101 = Timer6 — T6_match

1110 = Reserved

1111 = Reserved

bit 3-0
Note 1:

Unimplemented: Read as ‘0’
This is a rising edge sensitive input for all sources.

2: Signal also sets its corresponding interrupt flag.

© 2013-2016 Microchip Technology Inc.
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24.6

REGISTER 24-1:

Register Definitions: DAC2 Control

DAC2CONO: VOLTAGE REFERENCE CONTROL REGISTER 0

R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
DAC2EN — DAC20E1 DAC20E2 DAC2PSS<1:0> — DAC2NSS
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 DAC2EN: DAC2 Enable bit
1= DAC is enabled
0 = DAC is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 DAC20E1: DAC2 Voltage Output Enable bit
1 = DAC voltage level is also an output on the DAC20UT1 pin
0 = DAC voltage level is disconnected from the DAC20UT1 pin
bit 4 DAC20E2: DAC?2 Voltage Output Enable bit
1 = DAC voltage level is also an output on the DAC20UT2 pin
0 = DAC voltage level is disconnected from the DAC20UT2 pin
bit 3-2 DAC2PSS<1:0>: DAC2 Positive Source Select bits
11 = Reserved, do not use
10 = FVR Buffer2 output
01 = VREF+ pin
00= VDD
bit 1 Unimplemented: Read as ‘0’
bit 0 DAC2NSS: DAC2 Negative Source Select bits

REGISTER 24-2:

1= VREF-
0= Vss

DAC2CON1: VOLTAGE REFERENCE CONTROL REGISTER 1

uU-0 U-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
_ | _ | — | DAC2R<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’ = Bitis set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 DAC2R<4:0>: DAC Voltage Output Select bits
TABLE 24-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE DAC2 MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bito | Register
on page

DAC2CONO DAC2EN — DAC20E1 | DAC20E2 DAC2PSS<1:0> — DAC2NSS 253
DAC2CON1 — — — DAC2R<4:0> 253
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used with the DAC module.

© 2013-2016 Microchip Technology Inc.
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25.2 Register Definitions: Option Register

REGISTER 25-1: OPTION_REG: OPTION REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUEN INTEDG TMROCS TMROSE PSA PS<2:0>
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 WPUEN: Weak Pull-Up Enable bit
1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUx latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TMROCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TMROSE: Timer0O Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is not assigned to the Timer0 module
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate
000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
TABLE 25-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit1 | Bito | Redister
on Page
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 83
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS<2:0> 256
TMRO Timer0 Module Register 254*
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 TRISA2 | TRISA1 | TRISAO 119
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the Timer0 module.

*

Page provides register information.

DS40001726C-page 256 © 2013-2016 Microchip Technology Inc.
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When one device is transmitting a logical one, or letting
the line float, and a second device is transmitting a log-
ical zero, or holding the line low, the first device can
detect that the line is not a logical one. This detection,
when used on the SCL line, is called clock stretching.
Clock stretching gives slave devices a mechanism to
control the flow of data. When this detection is used on
the SDA line, it is called arbitration. Arbitration ensures
that there is only one master device communicating at
any single time.

30.3.1 CLOCK STRETCHING

When a slave device has not completed processing
data, it can delay the transfer of more data through the
process of clock stretching. An addressed slave device
may hold the SCL clock line low after receiving or send-
ing a bit, indicating that it is not yet ready to continue.
The master that is communicating with the slave will
attempt to raise the SCL line in order to transfer the
next bit, but will detect that the clock line has not yet
been released. Because the SCL connection is
open-drain, the slave has the ability to hold that line low
until it is ready to continue communicating.

Clock stretching allows receivers that cannot keep up
with a transmitter to control the flow of incoming data.

30.3.2 ARBITRATION

Each master device must monitor the bus for Start and
Stop bits. If the device detects that the bus is busy, it
cannot begin a new message until the bus returns to an
Idle state.

However, two master devices may try to initiate a trans-
mission on or about the same time. When this occurs,
the process of arbitration begins. Each transmitter
checks the level of the SDA data line and compares it
to the level that it expects to find. The first transmitter to
observe that the two levels do not match, loses arbitra-
tion, and must stop transmitting on the SDA line.

For example, if one transmitter holds the SDA line to a
logical one (lets it float) and a second transmitter holds
it to a logical zero (pulls it low), the result is that the
SDA line will be low. The first transmitter then observes
that the level of the line is different than expected and
concludes that another transmitter is communicating.

The first transmitter to notice this difference is the one
that loses arbitration and must stop driving the SDA
line. If this transmitter is also a master device, it also
must stop driving the SCL line. It then can monitor the
lines for a Stop condition before trying to reissue its
transmission. In the meantime, the other device that
has not noticed any difference between the expected
and actual levels on the SDA line continues with its
original transmission. It can do so without any compli-
cations, because so far, the transmission appears
exactly as expected with no other transmitter disturbing
the message.

Slave Transmit mode can also be arbitrated, when a
master addresses multiple slaves, but this is less
common.

If two master devices are sending a message to two
different slave devices at the address stage, the master
sending the lower slave address always wins arbitra-
tion. When two master devices send messages to the
same slave address, and addresses can sometimes
refer to multiple slaves, the arbitration process must
continue into the data stage.

Arbitration usually occurs very rarely, but it is a
necessary process for proper multi-master support.

DS40001726C-page 298
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30.6.6.1 BF Status Flag

In Transmit mode, the BF bit of the SSPSTAT register
is set when the CPU writes to SSPBUF and is cleared
when all eight bits are shifted out.

30.6.6.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur).

WCOL must be cleared by software before the next
transmission.

30.6.6.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPCON2
register is cleared when the slave has sent an Acknowl-
edge (ACK =0) and is set when the slave does not
Acknowledge (ACK =1). A slave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

30.6.6.4  Typical transmit sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPCONZ2 register.

2. SSPIF is set by hardware on completion of the
Start.

3. SSPIF is cleared by software.

4. The MSSP module will wait the required start
time before any other operation takes place.

5. The user loads the SSPBUF with the slave
address to transmit.

6. Address is shifted out the SDA pin until all eight
bits are transmitted. Transmission begins as
soon as SSPBUF is written to.

7. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

8. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

9. The user loads the SSPBUF with eight bits of
data.

10. Data is shifted out the SDA pin until all eight bits
are transmitted.

11. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by setting the PEN or RSEN bits of the
SSPCONZ2 register. Interrupt is generated once
the Stop/Restart condition is complete.

DS40001726C-page 320 © 2013-2016 Microchip Technology Inc.
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TABLE 31-5:

BAUD RATES FOR ASYNCHRONOUS MODES

SYNC =0,BRGH=0,BRG16=0

Fosc = 32.000 MHz

Fosc = 20.000 MHz

Fosc = 18.432 MHz

Fosc = 11.0592 MHz

BAUD
RATE | Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — 1221 1.73 255 1200 0.00 239 1200 0.00 143
2400 2404 0.16 207 2404 0.16 129 2400 0.00 119 2400 0.00 71
9600 9615 0.16 51 9470 -1.36 32 9600 0.00 29 9600 0.00 17
10417 | 10417 0.00 47 10417 0.00 29 10286  -1.26 27 10165 -2.42 16
19.2k | 19.23k 0.16 25 19.53k 1.73 15 19.20k  0.00 14 19.20k  0.00 8
57.6k | 55.55k -3.55 3 — — — 57.60k  0.00 7 57.60k  0.00 2
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0, BRG16 =0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — 300 0.16 207 300 0.00 191 300 0.16 51
1200 1202 0.16 103 1202 0.16 51 1200 0.00 47 1202 0.16 12
2400 2404 0.16 51 2404 0.16 25 2400 0.00 23 — — —
9600 9615 0.16 12 — — — 9600 0.00 5 — — —
10417 | 10417 0.00 11 10417 0.00 5 — — — — — —
19.2k — — — — — — 19.20k  0.00 2 — — —
57.6k — — — — — — 57.60k  0.00 0 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =1,BRG16 =0
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — — — —
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k | 19.23k  0.16 103 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.82k  -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.64k 2.12 16 113.64k -1.36 10 115.2k  0.00 9 115.2k 0.00 5
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FIGURE 31-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

sl X bito X bit1 X bit2 bit 3 bit 4 bits > bit6 > bit7

SoKp o) T s Y B U s Y I A Iy A

TX/CK pin
LI N e A s (N s sy A AN s AN e A

Write to

bit SREN ~ ||
SREN bit | .

CREN bit _ 0’ o

RCIF bit
(Interrupt) |—
RCREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 31-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER

RECEPTION
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Sﬁggz‘;eé

ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 126
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 131
BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 349
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 83
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 84
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 87
RC1REG EUSART Receive Data Register 342
RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 348
RXPPS — — — RXPPS<4:0> 136
RxyPPS — — — RxyPPS<4:0> 137
SP1BRGL SP1BRG<7:0> 350*
SP1BRGH SP1BRG<15:8> 350*
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 125
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 130
TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 347
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous master reception.

*

Page provides register information.
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 <k <2047

Operation: (PC)+ 1—> TOS,
k - PC<10:0>,
(PCLATH<6:3>) —» PC<14:11>

Status Affected: None

Description: Call Subroutine. First, return address
(PC + 1) is pushed onto the stack.
The 11-bit immediate address is
loaded into PC bits <10:0>. The upper
bits of the PC are loaded from
PCLATH. CALL is a 2-cycle
instruction.

CALLW Subroutine Call With W

Syntax: [ label ] CALLW

Operands: None

Operation: (PC) +1 > TOS,
(W) —» PC<7:0>,
(PCLATH<6:0>) —» PC<14:8>

Status Affected: None

Description: Subroutine call with W. First, the
return address (PC + 1) is pushed
onto the return stack. Then, the
contents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8>. CALLWis a 2-cycle
instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1->Z7

Status Affected: z

Description: The contents of register ‘f’ are cleared
and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
1527

Status Affected: z

Description: W register is cleared. Zero bit (Z) is

set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 — WDT prescaler,
1-TO
1—->PD

Status Affected: TO,PD

Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler
of the WDT. Status bits TO and PD
are set.

COMF Complement f

Syntax: [label] COMF fd

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

Operation: (f) - (destination)

Status Affected: z

Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1", the result is
stored back in register f’.

DECF Decrement f

Syntax: [label ] DECF f,d

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

Operation: (f) - 1 — (destination)

Status Affected: 4

Description: Decrement 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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MOVIW Move INDFn to W MOVLP Move literal to PCLATH
Syntax: [ label ] MOVIW ++FSRn Syntax: [label ] MOVLP k
[ label ] MOVIW --FSRn Operands: 0<k<127
[ label ] MOVIW FSRn++ )
[ label ] MOVIW FSRn-- Operation: k —» PCLATH
[ label ] MOVIW K[FSRn] Status Affected: None
Operands: nef0,1] Description: The 7-bit literal ‘k’ is loaded into the
mm e [00,01, 10, 11] PCLATH register.
-32<k<31
Operation: INDFn —» W
Effective address is determined by MOVLW Move literal to W
* FSR + 1 (preincrement) .
- FSR- 1 (predecrement) Syntax: [label] MOVLW k
* FSR + k (relative offset) Operands: 0<k<255
gfttﬁ;:he Move, the FSR value will be Operation: K = (W)
« FSR + 1 (all increments) Status Affected: None
+ FSR -1 (all decrements) Description: The 8-bit literal 'k’ is loaded into W reg-
* Unchanged ister. The “don’t cares” will assemble as
Status Affected: z ‘0’s.
Words: 1
Mode Syntax mm Cycles: 1
Preincrement ++FSRn 00 Example: MWLW  Ox5A
Predecrement --FSRn 01 After Instruction
. W = Ox5A
Postincrement FSRn++ 10
Postdecrement FSRn-- 11
MOVWEF Move W to f
Syntax: label] MOVWF f
Description: This instruction is used to move data yniax [ ]
between W and one of the indirect Operands: 0<f<127
registers (INDFn). Before/after this Operation: (W) > (f)
move, the pointer (FSRn) is updated by )
pre/post incrementing/decrementing it. Status Affected: None
Description: Move data from W register to register
Note: The INDFn registers are not .
physical registers. Any instruction that Words: 1
accesses an INDFn register actually '
accesses the register at the address Cycles: 1
specified by the FSRn. Example: MOWE  OPTI ON_REG
e Before Instruction
FSRn is limited to the range 0000h - _
FFFFh. Incrementing/decrementing it OPTION—RE\?V__ %XT;
beyond these bounds will cause it to After Instruction =
ap-around.
wrap-arou OPTION_REG = Ox4F
W = Ox4F
MOVLB Move literal to BSR
Syntax: [label ] MOVLB k
Operands: 0<k<31
Operation: k - BSR
Status Affected: None
Description: The 5-bit literal 'k’ is loaded into the

Bank Select Register (BSR).
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TABLE 34-6: THERMAL CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Pilrgm Sym. Characteristic Typ. Units Conditions
THO1 0JA Thermal Resistance Junction to Ambient 60 °C/W  |28-pin SPDIP package
80 °C/W  |28-pin SOIC package
90 °C/W  |28-pin SSOP package
36 °C/W  [28-pin QFN 6x6x0.9 mm package
48 °C/W  [28-pin 4x4x0.5 UQFN package
THO2 0Jc Thermal Resistance Junction to Case 314 °C/W  |28-pin SPDIP package
24 °C/W  |28-pin SOIC package
24 °C/W  |28-pin SSOP package
6 °C/W  [28-pin QFN 6x6x0.9 mm package
12 °C/W  [28-pin 4x4x0.5 mm UQFN package
THO3 TumMAX  |Maximum Junction Temperature 150 °C
THO4 PD Power Dissipation — W PD = PINTERNAL + Pi/0
THO5 | PINTERNAL |Internal Power Dissipation — W PINTERNAL = IpD x VDD
THO6 Pi/o 1/0 Power Dissipation — w Pi/o =% (loL * VoL) + £ (IoH * (VDD - VOH))
THO7 PDER |Derated Power — w PDER = PDMAX (TJ - TA)/0A@)
Note 1: IDDis current to run the chip alone without driving any load on the output pins.

2: Ta = Ambient Temperature, TJ = Junction Temperature

© 2013-2016 Microc!

hip Technology Inc.
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TABLE 34-11: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET PARAMETERS®®

Standard Operating Conditions (unless otherwise stated)

PaNr:m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TMcL  |MCLR Pulse Width (low) 2 — | — | ps
31 TwDTLP |Low-Power Watchdog Timer 10 16 27 ms |VDD = 3.3V-5V
Time-out Period 1:512 Prescaler used
32 TosT  |Oscillator Start-up Timer Period® — | 1024 | — | Tosc
33* |TPWRT |Power-up Timer Period, PWNRTE=0| 40 | 65 | 140 | ms
34*  |Tioz /O high-impedance fromMCLRLow | — | — | 2.0 | ps
or Watchdog Timer Reset
35 VBOR Brown-out Reset Voltage 255 | 270 | 2.85 V [BORV=0
230 | 245 | 2.60 V |BORV =1 (PIC16F1713/6)
1.80 | 1.90 | 2.10 V |BORV =1 (PIC16LF1713/6)
35A  |VLPBOR |Low-Power Brown-out 1.8 2.1 25 V |LPBOR=1
36* VHYST |Brown-out Reset Hysteresis 0 25 75 mV | -40°C < TA<+85°C
37* TBORDC |Brown-out Reset DC Response 1 3 35 pus |VDD < VBOR
Time

*

Note 1

2:

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
. By design, the Oscillator Start-up Timer (OST) counts the first 1024 cycles, independent of frequency.

To ensure these voltage tolerances, VDD and Vss must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 uF values in parallel are recommended.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.
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knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
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WARRANTIES OF ANY KIND WHETHER EXPRESS OR
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OTHERWISE, RELATED TO THE INFORMATION,
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QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
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the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
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intellectual property rights unless otherwise stated.
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