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3.21.2 Indirect Read with FSR

The program memory can be accessed as data by set-
ting bit 7 of the FSRxH register and reading the match-
ing INDFx register. The MOVl Winstruction will place the
lower eight bits of the addressed word in the W register.
Writes to the program memory cannot be performed via
the INDF registers. Instructions that access the pro-
gram memory via the FSR require one extra instruction
cycle to complete. Example 3-2 demonstrates access-
ing the program memory via an FSR.

The HI GH operator will set bit<7> if a label points to a
location in program memory.

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR

constants
DW DATAO ; First constant
DW DATA1 ; Second const ant
DW DATA2
DW DATA3

my_function
; ... LOTS OF CODE...
MOVLW  DATA | NDEX
ADDLW LOW constants
MOWWF  FSRI1L
MOVLW HI GH constants; Msb sets

automatical ly

MOWWF  FSR1H
BTFSC STATUS, C ;carry from ADDLW?
I NCF FSR1h, f yyes
MOVI W O[ FSR1]

; THE PROGRAM MEMORY IS IN W

© 2014-2016 Microchip Technology Inc.
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TABLE 3-14: SPECIAL FUNCTION REGISTER SUMMARY
. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR |other Resets
Bank 0
00Ch |PORTA — — RA5 RA4 RA3 RA2 RA1 RAO S - XX XXXX | - - XX XXXX
00Dh |PORTB® RB7 RB6 RB5 RB4 — — — — XXXX ---- | XXXX ----
00Eh |PORTC RC7¢) RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX | XXXX XXXX
00Fh — Unimplemented — —
010h PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 0000 0000 | 0000 0000
011h PIR2 OSFIF C2IF C1IF — BCL1IF TMRG6IF TMR4IF CCP2IF -00- 0000 | -00- 0000
012h PIR3 — — CWGIF ZCDIF CLC4IF CLC3IF CLC2IF CLC1IF --00 0000 | --00 0000
013h PIR4 SCANIF CRCIF SMT2PWAIF | SMT2PRAIF SMT2IF SMT1PWAIF | SMT1PRAIF SMT1IF 0000 0000 | 0000 0000
014h PIR5 TMR3GIF TMR3IF TMR5GIF TMRS5IF — AT1IF PID1EIF PID1DIF 0000 -000 | 0000 -000
015h TMRO Holding Register for the 8-bit Timer0 Count XXXX XXXX | uuuu uuuu
016h TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Count XXXX XXXX | uuuu uuuu
017h TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Count XXXX XXXX | uuuu uuuu
018h |T1CON TMR1CS<1:0> T1CKPS<1:0> — T1SYNC — TMR1ON | 0000 -0-0 | uuuu -u-u
019h |T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS<1:0> 0000 0x00 | uuuu uxuu
DONE
01Ah  |TMR2 Timer2 Module Register 0000 0000 | 0000 0000
01Bh |PR2 Timer2 Period Register 1111 11117 | 1111 1111
01Ch |T2CON ON CKPS<2:0> OUTPS<3:0> 0000 0000 | 0000 0000
01Dh | T2HLT PSYNC CKPOL CKSYNC MODE<4:0> 0000 0000 | 0000 0000
01Eh |T2CLKCON — — — — CS<3:0> ---- 0000 | ---- 0000
01Fh |T2RST — — — — RSEL<3:0> ---- 0000 | ---- 0000 -U
Legend: x =unknown, u =unchanged, g = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’. o~
Note 1: PIC16F1615/9 only. O
2:  Unimplemented, read as ‘1". =
3:  PIC16(L)F1615 only. 2
4:  PIC16(L)F1619 only. —
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TABLE 3-14: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR | other Resets
Bank 4
20Ch |WPUA — — WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO --11 1111 | --11 1111
20Dh |wPuB® WPUB7 WPUB6 WPUB5 WPUB4 — — — — 1111 ---- | 1111 ----
20Eh |WPUC wpPUC7@¥ wpPUCe® WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO 1111 1111 | 111 1111
20Fh |— Unimplemented — —
210h — Unimplemented — —
211h SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | XXXX XXXX
212h |SSP1ADD ADD<7:0> 0000 0000 | 0000 0000
213h  |SSP1MSK MSK<7:0> 1111 1111 | 1111 1111
214h  |SSP1STAT SMP CKE D/A P s RW UA BF 0000 0000 | 0000 0000
215h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 0000 0000 0000 0000
216h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000
217h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 0000 0000 0000 0000
218h
to — Unimplemented — —
21Fh

Legend: x =unknown, u =unchanged, g = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.
Note 1: PIC16F1615/9 only.

2. Unimplemented, read as ‘1.

3:  PIC16(L)F1615 only.

4:  PIC16(L)F1619 only.
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5227 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. Either
the 8 or 16 MHz internal oscillator settings can be used,
with the 16 MHz being divided by two before being
input into the PLL. 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<1:0> = 00).

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

* The IRCF bits in the OSCCON register must be
set to either the 16 MHz (IRCF<3:0> = 1111) or
the 8 MHz HFINTOSC (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 8/16 MHz
HFINTOSC option will no longer be
available.

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.

5.2.2.8 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC, MFINTOSC

and the LFINTOSC, the new oscillator may already be

shut down to save power (see Figure 5-5). If this is the

case, there is a delay after the IRCF<3:0> bits of the

OSCCON register are modified before the frequency

selection takes place. The OSCSTAT register will

reflect the current active status of the HFINTOSC,

MFINTOSC and LFINTOSC oscillators. The sequence

of a frequency selection is as follows:

1. IRCF<3:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. The current clock is held low and the clock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.

7. Clock switch is complete.

See Figure 5-5 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 5-1.

Start-up delay specifications are located in the
oscillator tables of Section35.0 “Electrical
Specifications”.

© 2014-2016 Microchip Technology Inc.
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EXAMPLE 10-3:  WRITING TO FLASH PROGRAM MEMORY (32 WRITE LATCHES)

This wite routine assumes the follow ng:

1. 64 bytes of data are |loaded, starting at the address in DATA ADDR
; 2. Each word of data to be witten is nade up of two adjacent bytes in DATA_ADDR,
; stored in little endian format

; 3. Avalid starting address (the Least Significant bits = 00000) is |oaded i n ADDRH: ADDRL
; 4. ADDRH and ADDRL are |ocated in shared data nmenory 0x70 - Ox7F (common RAM

BCF I NTCON, G E Di sable ints so required sequences will execute properly
BANKSEL PMADRH Bank 3
MOVF ADDRH, W Load initial address
MOVWF PMADRH
MOV ADDRL, W
MOVWF PMADRL
MOVLW LOW DATA_ADDR Load initial data address
MOVW\F FSROL
MOVLW H GH DATA_ADDR ; Load initial data address
MOVWF FSROH ;
BCF PMCON1, CFGS Not configuration space
BSF PMCON1, VREN Enable wites
BSF PMCON1, LW.O Only Load Wite Latches
LOOP
MOVI W FSRO++ Load first data byte into |ower
MOVWF PVDATL
MOVI W FSRO++ Load second data byte into upper
MOVWF PVDATH
MOVF PMADRL, W Check if lower bits of address are ' 00000
XORLW Ox1F Check if we're on the |ast of 32 addresses
ANDLW Ox1F
BTFSC STATUS, Z Exit if |ast of 32 words,
GOoTO START_WRI TE
MOVLW 55h Start of required wite sequence:
MOVWF PMCON2 Wite 55h
- 8§ MOWLW AAh
£5 MW PMOON2 Wite AaAh
g% BSF PMCONL, WR Set WR bit to begin wite
Xy NOP NOP instructions are forced as processor
| oads program nmenory wite |atches
NOP
I NCF PMADRL, F Still |oading | atches Increment address
GOoro LOOP Wite next |atches
START_WRI TE
BCF PMCONL, LW.O No nore |oading |atches - Actually start Flash program
menory wite
MOVLW 55h Start of required wite sequence:
MOVWF PMCON2 Wite 55h
- 8§ MWLW AAh
235 mowr PMOON2 Wite AAh
S BSF PMOONL, VIR Set VR bit to begin wite
Xy NOP NOP instructions are forced as processor wites
all the program nmenory wite |atches sinultaneously
NOP to program menory.
— After NOPs, the processor
stalls until the self-wite process in conplete
after wite processor continues with 3rd instruction
BCF PMCON1, VREN Di sable writes
BSF I NTCON, G E Enabl e interrupts

© 2014-2016 Microchip Technology Inc.
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REGISTER 14-7: IOCCP: INTERRUPT-ON-CHANGE PORTC POSITIVE EDGE 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
loccP7® | loccpe® | locces | loccp4 | loccP3 | loccP2 | loccP1 | 1ocCPo
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 IOCCP<7:0>: Interrupt-on-Change PORTC Positive Edge Enable bits(1)

1= Interrupt-on-Change enabled on the pin for a positive going edge. IOCCFx bit and IOCIF flag will be set upon
detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

Note 1: |OCCP<7:6> available on PIC16(L)F1619 only.

REGISTER 14-8: IOCCN: INTERRUPT-ON-CHANGE PORTC NEGATIVE EDGE 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
I0CCN7® locCN6® IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 | 10CCNO
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 IOCCN<7:0>: Interrupt-on-Change PORTC Negative Edge Enable bits(1)

1= Interrupt-on-Change enabled on the pin for a negative going edge. IOCCFx bit and IOCIF flag will be set upon
detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

Note 1: IOCCN<7:6> available on PIC16(L)F1619 only.

REGISTER 14-9: IOCCF: INTERRUPT-ON-CHANGE PORTC FLAG REGISTER®

R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0  R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0

loccF® loccre® IOCCF5 IOCCF4 IOCCF3 IOcCF2 | I10CCF1 | 10CCFO
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 HS - Bit is set in hardware
bit 7-0 IOCCF<7:0>: Interrupt-on-Change PORTC Flag bits(1)

1= An enabled change was detected on the associated pin.
Set when IOCCPx =1 and a rising edge was detected on RCx, or when IOCCNx =1 and a falling edge was
detected on RCx.

0 = No change was detected, or the user cleared the detected change.

Note 1: |OCCF<7:6> available on PIC16(L)F1619 only.

© 2014-2016 Microchip Technology Inc. DS40001770C-page 190
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22.1 Timerl Operation

The Timer1 module is a 16-bit incrementing counter
which is accessed through the TMR1H: TMR1L register
pair. Writes to TMR1H or TMR1L 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 is enabled by configuring the TMR1ON and
TMR1GE bits in the TICON and T1GCON registers,
respectively. Table 22-1 displays the Timer1 enable
selections.

TABLE 22-1: TIMER1 ENABLE

SELECTIONS
TMR1ON TMR1GE O;'e”:aetrii i
0 0 Off
0 1 Off
1 0 Always On
1 1 Count Enabled

TABLE 22-2: CLOCK SOURCE SELECTIONS

22.2 Clock Source Selection

The TMR1CS<1:0> bits of the T1CON register are used
to select the clock source for Timer1. Table 22-2
displays the clock source selections.

22.21 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMR1L register pair will increment on multiples
of FOsc as determined by the Timer1 prescaler.

When the Fosc internal clock source is selected, the
Timer1 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
value. To utilize the full resolution of Timer1, an
asynchronous input signal must be used to gate the
Timer1 clock input.

The following asynchronous sources may be used:

» Asynchronous event on the T1G pin to Timer1
gate

* C1 or C2 comparator input to Timer1 gate

2222 EXTERNAL CLOCK SOURCE

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

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1CKI. The
external clock source can be synchronized to the
microcontroller system clock or it can run
asynchronously.

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 enabled after POR
*Write to TMR1H or TMR1L
*Timer1 is disabled

*Timer1 is disabled (TMR1ON = 0)
when T1CKl is high then Timer1 is
enabled (TMR10N=1) when T1CKl is
low.

TMR1CS<1:0> Clock Source
11 LFINTOSC
10 External Clocking on T1CKI Pin
01 System Clock (Fosc)
00 Instruction Clock (Fosc/4)

© 2014-2016 Microchip Technology Inc.
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FIGURE 22-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMR1GE
T1GPOL
T1GSPM

T1GTM

Cleared by hardware on
T1GGO/ [«— set by software |+ falling edge of TIGVAL
DONE

Counting enabled on
rising edge of T1G

mee LT L L LU

T1GVAL | |

Timer1 N N+1><N+2><N+3><N+4I

Set by hardware on ' Cleared by
TMRIGIF [« Cleared by software falling edge of TIGVAL —  [¢— software

© 2014-2016 Microchip Technology Inc. DS40001770C-page 238
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23.5.10 LEVEL-TRIGGERED HARDWARE
LIMIT ONE-SHOT MODES

The Level-Triggered Hardware Limit One-Shot modes
hold the timer in Reset on an external Reset level and
start counting when both the ON bit is set and the exter-
nal signal is not at the Reset level. If one of either the
external signal is not in Reset or the ON bit is set then
the other signal being set/made active will start the
timer. Reset levels are selected as follows:

* Low Reset level (MODE<4:0>=10110)
» High Reset level (MODE<4:0> =10111)

When the timer count matches the PRx period count,
the timer is reset and the ON bit is cleared. When the
ON bit is cleared by either a PRx match or by software
control the timer will stay in Reset until both the ON bit
is set and the external signal is not at the Reset level.

When Level-Triggered Hardware Limit One-Shot
modes are used in conjunction with the CCP PWM
operation the PWM drive goes active with either the
external signal edge or the setting of the ON bit, which-
ever of the two starts the timer.

© 2014-2016 Microchip Technology Inc.
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2445 START CONDITION

The 12C specification defines a Start condition as a
transition of SDA from a high to a low state while SCL
line is high. A Start condition is always generated by
the master and signifies the transition of the bus from
an Idle to an Active state. Figure 24-12 shows wave
forms for Start and Stop conditions.

A bus collision can occur on a Start condition if the
module samples the SDA line low before asserting it
low. This does not conform to the I1°C Specification that
states no bus collision can occur on a Start.

2446 STOP CONDITION

A Stop condition is a transition of the SDA line from
low-to-high state while the SCL line is high.

Note: At least one SCL low time must appear
before a Stop is valid, therefore, if the SDA
line goes low then high again while the SCL
line stays high, only the Start condition is

2447 RESTART CONDITION

A Restart is valid any time that a Stop would be valid.
A master can issue a Restart if it wishes to hold the
bus after terminating the current transfer. A Restart
has the same effect on the slave that a Start would,
resetting all slave logic and preparing it to clock in an
address. The master may want to address the same or
another slave. Figure 24-13 shows the wave form for a
Restart condition.

In 10-bit Addressing Slave mode a Restart is required
for the master to clock data out of the addressed slave.
Once a slave has been fully addressed, matching both
high and low address bytes, the master can issue a
Restart and the high address byte with the R/W bit set.
The slave logic will then hold the clock and prepare to
clock out data.

After a full match with RAW clear in 10-bit mode, a prior
match flag is set and maintained until a Stop condition, a
high address with R/W clear, or high address match fails.

detected, 2448  START/STOP CONDITION
INTERRUPT MASKING
The SCIE and PCIE bits of the SSPxCON3 register
can enable the generation of an interrupt in Slave
modes that do not typically support this function. Slave
modes where interrupt on Start and Stop detect are
already enabled, these bits will have no effect.
FIGURE 24-12: 12C START AND STOP CONDITIONS
r— " ' r— "
soa | | ! I |
I i . T . . | |
L S 1
s 1 e R < S P
Ex- : Change of : : Change of : U
Data Allowed Data Allowed |
Start Stop
Condition Condition

FIGURE 24-13: I2C RESTART CONDITION

Change of
Data Allowed

Restart
Condition

* Change of :
Data Allowed
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25115 TSR Status

The TRMT bit of the TXxSTA register indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared when a character is transferred to the TSR
register from the TXxREG. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user has to
poll this bit to determine the TSR status.

Note:  The TSR register is not mapped in data
memory, so it is not available to the user.
25.1.1.6 Transmitting 9-Bit Characters

The EUSART supports 9-bit character transmissions.
When the TX9 bit of the TXxSTA register is set, the
EUSART will shift nine bits out for each character trans-
mitted. The TX9D bit of the TXxSTA register is the
ninth, and Most Significant data bit. When transmitting
9-bit data, the TX9D data bit must be written before
writing the eight Least Significant bits into the TXxREG.
All nine bits of data will be transferred to the TSR shift
register immediately after the TXXREG is written.

A special 9-bit Address mode is available for use with
multiple receivers. See Section 25.1.2.7 “Address
Detection” for more information on the Address mode.

25.1.1.7  Asynchronous Transmission Set-up:

1. Initialize the SPXxBRGH, SPxBRGL register pair
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 25.4 “EUSART
Baud Rate Generator (BRG)").

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If 9-bit transmission is desired, set the TX9
control bit. A set ninth data bit will indicate that
the eight Least Significant data bits are an
address when the receiver is set for address
detection.

4. Set SCKP bit if inverted transmit is desired.

5. Enable the transmission by setting the TXEN
control bit. This will cause the TXIF interrupt bit
to be set.

6. |If interrupts are desired, set the TXIE interrupt
enable bit of the PIE1 register. An interrupt will
occur immediately provided that the GIE and
PEIE bits of the INTCON register are also set.

7. If 9-bit transmission is selected, the ninth bit
should be loaded into the TX9D data bit.

8. Load 8-bit data into the TXxREG register. This
will start the transmission.

FIGURE 25-3: ASYNCHRONOUS TRANSMISSION
Write to TXXREG I ((
BRG Output Worg 1 2 )
utpu '
(Shift Clock) — 1 L] . Y S e B —
TX/CK L : !
pin Startbit < bit0 X bit1 ><j S > hit 7/8 Stop bit
TXIF bit . Word 1
(Transmit Buffer —-' <1TCcYy ((
Reg. Empty Fla |
g. Empty Flag) L ) )
f Word 1 —
(Tran-srr?:\t/lghbilf{ Transmit Shift Reg.
Reg. Empty Flag) —| ((
))
FIGURE 25-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXxREG I I ((
Word1  Word 2 ))
BRG Output e IV s I L L | |
(Shift Clock) - : S S_l
TX/CK ' '
pin LN Start Bit bit0 X bit1 D( bit 7/8  Stop bit \Start bit bit 0
TXIF bit 1Tecy - 4-‘ | . Word 1 } Word 2
(Transmit Buffer L] X ((
Reg. Empty Flag) - = 1Tov ))
(Transmit Shift Transmit Shift Reg. Transmit Shift Reg.
Reg. Empty Flag) — ((
) )
Note This timing diagram shows two consecutive transmissions.

© 2014-2016 Microchip Technology Inc.
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27.1 PWMx Pin Configuration

All PWM outputs are multiplexed with the PORT data
latch. The user must configure the pins as outputs by
clearing the associated TRIS bits.

2711 FUNDAMENTAL OPERATION

The PWM module produces a 10-bit resolution output.
Timer2 and PR2 set the period of the PWM. The
PWMxDCL and PWMxDCH registers configure the
duty cycle. The period is common to all PWM modules,
whereas the duty cycle is independently controlled.

Note:  The Timer2 postscaler is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.

All PWM outputs associated with Timer2 are set when
TMR?2 is cleared. Each PWMx is cleared when TMR2
is equal to the value specified in the corresponding
PWMxDCH (8 MSb) and PWMxDCL<7:6> (2 LSb) reg-
isters. When the value is greater than or equal to PR2,
the PWM output is never cleared (100% duty cycle).

Note:  The PWMxDCH and PWMxDCL registers
are double buffered. The buffers are
updated when Timer2 matches PR2. Care
should be taken to update both registers

before the timer match occurs.

271.2 PWM OUTPUT POLARITY

The output polarity is inverted by setting the PWMxPOL
bit of the PWMxCON register.

27.1.3 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 27-1.

EQUATION 27-1: PWM PERIOD

PWM Period = [(PR2)+ 1] e 4e TOSC e
(TMR2 Prescale Value)

Note: Tosc = 1/Fosc

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

*« TMR2 is cleared

* The PWM output is active. (Exception: When the
PWM duty cycle = 0%, the PWM output will
remain inactive.)

* The PWMxDCH and PWMxDCL register values
are latched into the buffers.

Note:  The Timer2 postscaler has no effect on
the PWM operation.

2714 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to the PWMxDCH and PWMxDCL register pair.
The PWMxDCH register contains the eight MSbs and
the PWMxDCL<7:6>, the two LSbs. The PWMxDCH
and PWMXxDCL registers can be written to at any time.

Equation 27-2 is used to calculate the PWM pulse width.

Equation 27-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 27-2: PULSE WIDTH

Pulse Width = (PWMxDCH:PWMxDCL<7:6>) e

Tosc e (TMR2 Prescale Value)

Note: Tosc = 1/Fosc

EQUATION 27-3: DUTY CYCLE RATIO

0= (PWMXDCH:PWMxDCL<7:6>)

Duty Cycle Rati A(PR2+ 1)

The 8-bit timer TMR2 register is concatenated with the
two Least Significant bits of 1/Fosc, adjusted by the
Timer2 prescaler to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.

Figure 27-2 shows a waveform of the PWM signal when
the duty cycle is set for the smallest possible pulse.

FIGURE 27-2: PWM OUTPUT

Q2 , Q3 , Q4 s

PWM ‘Pulse Width‘

—— TMR2 =0

—TMR2 = PWMxDC

+—— TMR2 = PR2
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REGISTER 29-8:

CLCxGLS1: GATE 2 LOGIC SELECT 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
LCxG2D4T | LCxG2D4N | LCxG2D3T | LCxG2D3N | LCxG2D2T | LCxG2D2N | LCxG2D1T | LCxG2D1N
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 LCxG2DA4T: Gate 2 Data 4 True (non-inverted) bit
1 = Icxd4T is gated into Icxg2
0 = Icxd4T is not gated into lcxg2
bit 6 LCxG2D4N: Gate 2 Data 4 Negated (inverted) bit
1 = Icxd4N is gated into lcxg2
0 = Icxd4N is not gated into Icxg2
bit 5 LCxG2D3T: Gate 2 Data 3 True (non-inverted) bit
1 = Icxd3T is gated into Icxg2
0 = Icxd3T is not gated into Icxg2
bit 4 LCxG2D3N: Gate 2 Data 3 Negated (inverted) bit
1 = Icxd3N is gated into Icxg2
0 = Icxd3N is not gated into Icxg2
bit 3 LCxG2D2T: Gate 2 Data 2 True (non-inverted) bit
1 = Icxd2T is gated into Icxg2
0 = Icxd2T is not gated into lcxg2
bit 2 LCxG2D2N: Gate 2 Data 2 Negated (inverted) bit
1 = Icxd2N is gated into lcxg2
0 = Icxd2N is not gated into Icxg2
bit 1 LCxG2D1T: Gate 2 Data 1 True (non-inverted) bit
1 = lexd1T is gated into Icxg2
0 = Icxd1T is not gated into lcxg2
bit 0 LCxG2D1N: Gate 2 Data 1 Negated (inverted) bit

1 = Icxd1N is gated into lcxg2
0 = Icxd1N is not gated into Icxg2
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FIGURE 30-12: GATED WINDOWED MEASURE MODE REPEAT ACQUISITION TIMING DIAGRAM
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FIGURE 31-3:

ANGULAR TIMER SIMPLIFIED MULTI-PULSE PERIOD TRIGGER BLOCK DIAGRAM
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REGISTER 32-14: PIDxOUTHL: PID OUTPUT HIGH LOW 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
OUT<23:16>

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 q = Value depends on condition
bit 7-0 OUT<23:16>: Bits <23:16> of OUT. OUT is the output value of the PID after completing the designated

calculation on the specified inputs.

REGISTER 32-15: PIDxOUTLH: PID OUTPUT LOW HIGH 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
OUT<15:8>

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 q = Value depends on condition
bit 7-0 OUT<15:8>: Bits <15:8> of OUT. OUT is the output value of the PID after completing the designated

calculation on the specified inputs.

REGISTER 32-16: PIDxOUTLL: PID OUTPUT LOW LOW 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
OuUT<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’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-0 OUT<7:0>: Bits <7:0> of OUT. OUT is the output value of the PID after completing the designated

calculation on the specified inputs.
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REGISTER 32-23: PIDXACCU: PID ACCUMULATOR UPPER REGISTER

uU-0 uU-0 uU-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — ACC<34:32>
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 q = Value depends on condition
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 ACC<34:32>: Bits <34:32> of ACC. ACC is the accumulator register in which all of the multiplier

results for the PID are accumulated before being written to the output.

REGISTER 32-24: PIDxACCHH: PID ACCUMULATOR HIGH HIGH 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
ACC<31:24>

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 q = Value depends on condition
bit 7-0 ACC<31:24>: Bits <31:24> of ACC. ACC is the accumulator register in which all of the multiplier

results for the PID are accumulated before being written to the output.

REGISTER 32-25: PIDxACCHL: PID ACCUMULATOR HIGH LOW 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
ACC<23:16>

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 q = Value depends on condition
bit 7-0 ACC<23:16>: Bits <23:16> of ACC. ACC is the accumulator register in which all of the multiplier

results for the PID are accumulated before being written to the output.

© 2014-2016 Microchip Technology Inc. DS40001770C-page 500




PIC16(L)F1615/9

35.2 Standard Operating Conditions

The standard operating conditions for any device are defined as:

Operating Voltage: VDDMIN < VDD < VDDMAX
Operating Temperature:  TA_MIN < TA < TA_MAX

VDD — Operating Supply Voltage®

PIC16LF1615/9
VDDMIN (FOSC < 16 MHZ) ...ttt et e e e e e e e e e enneeean +1.8V
VDDMIN (FOSC <32 MHZ) ...ttt ettt e e et e e et e e neee e anneeean +2.5V
[V 40101 . PRSP +3.6V
PIC16F1615/9
VDDMIN (FOSC < 16 MHZ) ..ottt et e et e et e e e e e anneeean +2.3V
VDDMIN (FOSC <32 MHZ) ...ttt sttt e e e et e e et e e e e snneeean +2.5V
[V 40101 . PRSP +5.5V
TA — Operating Ambient Temperature Range
Industrial Temperature
TA IMIN © ettt e et e e et e e e e e et —e e e e e et a——eee e e e atbeeeeeeeabaeaeeeeaataaaeeeeaanreeeeeeaarrereaeaaraaeaan -40°C
TA IMAX ..ttt E e a et e e E e e a e e e e b et e e b et e ebe et e nneeeanae +85°C
Extended Temperature
TA IMIN © ettt e et e e e et e e e e e et e —e e e e e ettt —ee e e e e atraeee e aabaeaeeeaaataaaeeeeaanrreeeeeaarreeeaeaaraaeaan -40°C
TA IMAX 1.ttt et e e e e et e e e e ettt e e e e e e et b e et ee e e e et——eeeeaaa—aeeeeeeaaa—eeeeeaaabeeeaesaanrreeaeaannes +125°C

Note 1: See Parameter D001, DS Characteristics: Supply Voltage.
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35.4 AC Characteristics

Timing Parameter Symbology has been created with one of the following formats:

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase letters (pp) and their meanings:

pp
cc CCP1 0sc CLKIN
ck CLKOUT rd RD
cs [ rw RD or WR
di SDIx sC SCKx
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 PORT t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y Valid
L Low Z High-impedance

FIGURE 35-4: LOAD CONDITIONS

Rev. 10-000133A
812013

Load Condition

I
—— VSS

Legend: CL=50 pF for all pins
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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.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
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 Millen-
nium 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
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
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 conveyed, implicitly or otherwise, under any
Microchip intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for
its worldwide headquarters, design and wafer fabrica-
tion facilities in Chandler and Tempe, Arizona;
Gresham, Oregon and design centers in California and
India. The Company’s quality system processes and
procedures are for its PIC®* MCUs and dsPICe DSCs,
KeeLoQe code hopping devices, Serial EEPROMS,
microperipherals, nonvolatile memory and analog
products. In addition, Microchip’s quality system for the
design and manufacture of development systems is
ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =
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The Microchip name and logo, the Microchip logo, AnyRate,
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq, Kee-
Log logo, Kleer, LANCheck, LINK MD, MediaLB, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC32 logo,
RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O
are registered trademarks of Microchip Technology Incorpo-
rated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company,
ETHERSYNCH, Hyper Speed Control, HyperLight Load, Intel-
lIMOS, mTouch, Precision Edge, and QUIET-WIRE are regis-
tered trademarks of Microchip Technology Incorporated in the
US.A.

Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN,
EtherGREEN, In-Circuit Serial Programming, ICSP, Inter-Chip
Connectivity, JitterBlocker, KleerNet, KleerNet logo, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Genera-
tion, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon,
RightTouch logo, REAL ICE, Ripple Blocker, Serial Quad 1/0O,
SQI, SuperSwitcher, SuperSwitcher I, Total Endurance,
TSHARC, USBCheck, VariSense, ViewSpan, WiperLock,
Wireless DNA, and ZENA are trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

Silicon Storage Technology is a registered trademark of Micro-
chip Technology Inc. in other countries.
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nology Inc., in other countries.
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