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PIC16(L)F1717/8/9

3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- UserID
- Flash Program Memory
» Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM

Note 1: The method to access Flash memory
through the PMCON registers is described
in Section 10.0 “Flash Program Memory
Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH
» Stack
* Indirect Addressing

3.1 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC16(L)F1717/8/9 family.
Accessing a location above these boundaries will cause
a wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figure 3-1).

3.2 High-Endurance Flash

This device has a 128-byte section of high-endurance
program Flash memory (PFM) in lieu of data EEPROM.
This area is especially well suited for nonvolatile data
storage that is expected to be updated frequently over
the life of the end product. See Section 10.2 “Flash
Program Memory Overview” for more information on
writing data to PFM. See Section 3.2.1.2 “Indirect
Read with FSR” for more information about using the
FSR registers to read byte data stored in PFM.

TABLE 3-1: DEVICE SIZES AND ADDRESSES
Device Program Memory Space Last Program Memory High-Endurance Flash
(Words) Address Memory Address Range?
PIC16(L)F1717 8,192 1FFFh 1F80h-1FFFh
PIC16(L)F1718/9 16,384 3FFFh 3F80h-3FFFh

Note 1: High-endurance Flash applies to the low byte of each address in the range.
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3.7.1 TRADITIONAL DATA MEMORY

The ftraditional data memory is a region from FSR
address 0x000 to FSR address OxFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 3-10: TRADITIONAL DATA MEMORY MAP
Direct Addressing Indirect Addressing
4 BSR 0 6 From Opcode 0 7 FSRxH 0o 7 FSRxL 0
LD PP fofofolol T LT TTIITT]
— AN J — AN J
\KBank Select ILocation Select Bank SelectJ VLocation Select
» 00000 00001 00010 11111
0x00
XX
Ox7F
Bank 0 Bank 1 Bank 2 Bank 31
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REGISTER 4-2: CONFIG2: CONFIGURATION WORD 2

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
Lvp® | DEBUG® | TPBOR | BORV® [ STVREN PLLEN
bit 13 bit 8
R/P-1 U-1 U-1 U-1 U-1 R/P-1 R/P-1 R/P-1
ZCDDIS — — ‘ — ‘ — ‘ PPS1WAY ‘ WRT<1:0>
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set -n = Value when blank or after Bulk Erase
bit 13 LVP: Low-Voltage Programming Enable bit()
1 = Low-voltage programming enabled
0 = High-voltage on MCLR must be used for programming
bit 12 DEBUG: In-Circuit Debugger Mode bit®
1 = In-Circuit Debugger disabled, ICSPCLK and ICSPDAT are general purpose I/O pins
0 = In-Circuit Debugger enabled, ICSPCLK and ICSPDAT are dedicated to the debugger
bit 11 LPBOR: Low-Power BOR Enable bit
1 = Low-Power Brown-out Reset is disabled
0 = Low-Power Brown-out Reset is enabled
bit 10 BORYV: Brown-out Reset Voltage Selection bit(3)
1 = Brown-out Reset voltage (VBOR), low trip point selected.
0 = Brown-out Reset voltage (VBOR), high trip point selected.
bit 9 STVREN: Stack Overflow/Underflow Reset Enable bit
1 = Stack Overflow or Underflow will cause a Reset
0 = Stack Overflow or Underflow will not cause a Reset
bit 8 PLLEN: PLL Enable bit
1 = 4xPLL enabled
0 = 4xPLL disabled
bit 7 ZCDDIS: ZCD Disable bit
1 = ZCD disabled. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON
0 = ZCD always enabled
bit 6-3 Unimplemented: Read as ‘1’
bit 2 PPS1WAY: PPSLOCK Bit One-Way Set Enable bit
1 = The PPSLOCK bit can only be set once after an unlocking sequence is executed; once PPSLOCK is set, all
future changes to PPS registers are prevented
0 = The PPSLOCK bit can be set and cleared as needed (provided an unlocking sequence is executed)
bit 1-0 WRT<1:0>: Flash Memory Self-Write Protection bits
8 kW Flash memory (PIC16(L)F1717)
11 = Write protection off
10 =0000h to 01FFh write-protected, 0200h to 1FFFh may be modified by PMCON control
01 =0000h to OFFFh write-protected, 1000h to 1FFFh may be modified by PMCON control
00 =0000h to 1FFFh write-protected, no addresses may be modified by PMCON control
16 kW Flash memory (PIC16(L)F1718/9)
11 = Write protection off
10 =0000h to 01FFh write-protected, 0200h to 3FFFh may be modified by PMCON control
01 =0000h to 1FFFh write-protected, 2000h to 3FFFh may be modified by PMCON control
00 =0000h to 3FFFh write-protected, no addresses may be modified by PMCON control
Note 1: The LVP bit cannot be programmed to ‘0’ when Programming mode is entered via LVP.
2:  The DEBUG bit in Configuration Words is managed automatically by device development tools including debuggers
and programmers. For normal device operation, this bit should be maintained as a ‘1’.
3:  See VBOR parameter for specific trip point voltages.

© 2014-2015 Microchip Technology Inc.
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FIGURE 6-10: FSCM TIMING DIAGRAM
Sample Clock J—l—l—l—l—l—
System Oscillator

Clock Failure

£

Output 3
Clock Monitor Output :
@ ]

Failure '
Detected ’;7

OSCFIF :
' Test ' Test ' Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

this example have been chosen for clarity.
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FIGURE 7-3: INT PIN INTERRUPT TIMING

Q1| Q2] @3] Q4. Q1] Q2| @3] @4 Q1| Q2] @3] Q4. Q1] Q2| Q3| Q4+ Q1| Q2| Q3| Q4-
0SC1 | ' :
cLKouT® . C ) . . Z
Lo @. : : : :
NTpn } M — : : : :
L ) . . . .
INTF L/ (5) : " Interrupt Latency(z) : : :
GIE . ' l ! Z : :
: : | \ : : :
INSTRUCTION FLOW
PC ( PC X PC+1 PC+1 X 0004h X 0005h
Instruction ( . : : : : X
Fetched ! Inst (PC) ! Inst (PC + 1) ! — ! Inst (0004h) ! Inst (0005h)
Ej;;“u"tggn{ | nst(C-1) | Inst(PO) | Forced NP | ForcedNGP | Inst (0004h)

Note 1: INTF flag is sampled here (every Q1).

3: CLKOUT not available in all oscillator modes.

2: Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where TCY = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

For minimum width of INT pulse, refer to AC specifications in Section 34.0 “Electrical Specifications””.
INTF is enabled to be set any time during the Q4-Q1 cycles.

7.3

Some interrupts can be used to wake from Sleep. To
wake from Sleep, the peripheral must be able to
operate without the system clock. The interrupt source
must have the appropriate Interrupt Enable bit(s) set
prior to entering Sleep.

Interrupts During Sleep

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to Section 8.0
“Power-Down Mode (Sleep)” for more details.

7.4 INT Pin

The INT pin can be used to generate an asynchronous
edge-triggered interrupt. This interrupt is enabled by
setting the INTE bit of the INTCON register. The
INTEDG bit of the OPTION_REG register determines on
which edge the interrupt will occur. When the INTEDG
bit is set, the rising edge will cause the interrupt. When
the INTEDG bit is clear, the falling edge will cause the
interrupt. The INTF bit of the INTCON register will be set
when a valid edge appears on the INT pin. If the GIE and
INTE bits are also set, the processor will redirect
program execution to the interrupt vector.

7.5

Upon entering an interrupt, the return PC address is
saved on the stack. Additionally, the following registers
are automatically saved in the shadow registers:

Automatic Context Saving

* W register o o
» STATUS register (except for TO and PD)
* BSR register

* FSR registers

* PCLATH register

Upon exiting the Interrupt Service Routine, these
registers are automatically restored. Any modifications
to these registers during the ISR will be lost. If
modifications to any of these registers are desired, the
corresponding shadow register should be modified and
the value will be restored when exiting the ISR. The
shadow registers are available in Bank 31 and are
readable and writable. Depending on the user’s
application, other registers may also need to be saved.

© 2014-2015 Microchip Technology Inc.
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8.1.1 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction
- SLEEP instruction will execute as a NOP
- WDT and WDT prescaler will not be cleared
- E bit of the STATUS register will not be set
- PD bit of the STATUS register will not be
cleared
« If the interrupt occurs during or after the
execution of a SLEEP instruction
- SLEEP instruction will be completely
executed
- Device will immediately wake-up from Sleep
- WDT and WDT prescaler will be cleared
- TO bit of the STATUS register will be set
- PD bit of the STATUS register will be cleared

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

FIGURE 8-1: WAKE-UP FROM SLEEP THROUGH INTERRUPT

'Q1|Q2|Q3|Q4 Q1]/Q2|Q3]| Q4 Q1 !

'Q1|Q2|QS|Q4 a1laz2] a3l a4 1] Q2] Q3] a4+ Q1|QZ|Q3|Q4'
CLKIN“’WWW
CLKOUT®» \ — — ' TOST(3> .

/

/

/ ‘\_/—

\

- - -

Interrupt flag ) X /

Interrupt Latency®

'
'
'
Ll
'

GIE bit

(INTCON reg.). : Processor in,
' I Sleep

Instruction Flow |

PC+2

X

0004h X 0005h

PC X PC }—Pc+1 X PC+2

nstruction I+ |nst(PC) = Sleep! ~ Inst(PC + 1)

Lot f | P 1) | Sleep

Note 1: External clock. High, Medium, Low mode assumed.
2: CLKOUT is shown here for timing reference.

“Two-Speed Clock Start-up Mode”.

Inst(PC + 2)
Inst(PC + 1)

Forced NOP

3:  TosT =1024 Tosc. This delay does not apply to EC, RC and INTOSC Oscillator modes or Two-Speed Start-up (see Section 6.4

4:  GIE =1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.

Inst(0004h) Inst(0005h)

Forced NOP Inst(0004h)

© 2014-2015 Microchip Technology Inc.
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FIGURE 10-5: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES
7 6 07 5 4 0 7 5 0 7 e
PMADRH PMADRL [-T-T PMDATH | PMDATL |
r9|r8|r7|r6|r5|r4|r3 r2|r1|r0 c4 |c3|c2]|ct]|co 6 8
Y )
( 14
0 [ Program Memory Write Latches  y B

PMADRH<6:0>:
PMADRL<7:5>

N 5 |

im

im

Write Latch #0

Write Latch #1

Write Latch #30

Write Latch #31

—

PMADRL<4.05 00h 01h 1Eh 1Fh
114 114 114 14
| Row Addr Addr << Addr Addr
[ 0oon [ 0ooon 0001h (¢ 001Eh 001Fh
| 001h 0020h 0021h << 003Eh 003Fh
002h 0040h 0041h 44 005Eh 005Fh
CFGS =0
| 3FEh 7FCOh 7FC1h 44 7FDEh 7FDFh
Row \- [ 3FFn 7FEOh 7FE1h 44 7FFEh 7FFFh
Address |— |
Decode Flash Program Memory
- ]
400nh | 8000h - 8003h | 8004h—8005h | 8006h | 8007h - 8008h 8009h - 801Fh
_>< | DEVICE ID Configuration
CFGS = 1 USERIDO-3 reserved Dev / Rev Words reserved
| Configuration Memory
- -]

6/8/.1/.14(1)9TDId
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11.2 Register Definitions: PORTA

REGISTER 11-1: PORTA: PORTA REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R-x/u R/W-x/u R/W-x/u R/W-x/u
RA7 RAG6 RA5 RA4 RA3 RA2 RA1 RAO

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 RA<7:0>: PORTA /O Value bits(?)

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

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return
of actual 1/0O pin values.

REGISTER 11-2: TRISA: PORTA 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
TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
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 TRISA<7:0>: PORTA Tri-State Control bit

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

DS40001740B-page 124 © 2014-2015 Microchip Technology Inc.
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REGISTER 11-35: LATE: PORTE DATA LATCH REGISTER®

uU-0 uU-0 u-0 uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u
— — — — — LATE2 LATE1 LATEO
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 LATE<2:0>: PORTE Output Latch Value bits

Note 1: PIC16(L)F1717/9 only.

REGISTER 11-36: ANSELE: PORTE ANALOG SELECT REGISTER®

uU-0 uU-0 uU-0 u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1
— — — — — ANSE2 ANSE1 ANSEOQ
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 ANSE<2:0>: Analog Select between Analog or Digital Function on Pins RE<2:0>, respectively(l)

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

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
2:  PIC16(L)F1717/9 only.
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REGISTER 18-6: COGxFSIM: COG FALLING EVENT SOURCE INPUT MODE REGISTER

bit 0 GxFSIMO0: COGx Falling Event Input Source 0 Mode bit
GxFIS0 = 1:
1 = Pin selected with COGxPPS control high-to-low transition will cause a falling event after falling event
phase delay
0 = Pin selected with COGxPPS control low level will cause an immediate falling event
GxFIS0 = 0:
Pin selected with COGxPPS control has no effect on falling event

DS40001740B-page 210 © 2014-2015 Microchip Technology Inc.
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22.3 Register Definitions: Op Amp Control

REGISTER 22-1: OPAXxCON: OPERATIONAL AMPLIFIERS (OPAXx) CONTROL REGISTERS

R/W-0/0 R/W-0/0 u-0 R/W-0/0 u-0 uU-0 R/W-0/0 R/W-0/0
OPAXEN | OPAXSP — OPAXUG - | = ] OPAXCH<1:0>
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 OPAXEN: Op Amp Enable bit

1 = Op amp is enabled
0 = Op amp is disabled and consumes no active power
bit 6 OPAXSP: Op Amp Speed/Power Select bit
1 = Op amp operates in high GBWP mode
0 = Reserved. Do not use.
bit 5 Unimplemented: Read as ‘0’
bit 4 OPAXxUG: Op Amp Unity Gain Select bit
1 = OPA output is connected to inverting input. OPAXIN- pin is available for general purpose 1/O.
0 = Inverting input is connected to the OPAXIN- pin
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 OPAXCH<1:0>: Non-inverting Channel Selection bits

11 = Non-inverting input connects to FVR Butter 2 output
10 = Non-inverting input connects to DAC1_output
01 = Non-inverting input connects to DAC2_output
00 = Non-inverting input connects to OPAXIN+ pin

TABLE 22-1: SUMMARY OF REGISTERS ASSOCIATED WITH OP AMPS

Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit2 | Bitl Bit 0 Eﬁgp'zgeé
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 | ANSA1 ANSAO0 125
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 | ANSB1 ANSBO 131
DAC1CONO | DAC1EN — DAC10E1 | DAC10E2 DAC1PSS<1:0> — DAC1INSS 260
DAC1CON1 DAC1R<7:0> 260
FVRCON FVREN | FVRRDY | TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 165
OPA1CON | OPA1EN | OPA1SP — OPA1UG — — OPA1PCH<1:0> 257
OPA2CON | OPA2EN | OPA2SP — OPA2UG — — OPA2PCH<1:0> 257
TRISA TRISB7 | TRISB6 | TRISB5 TRISB4 TRISB3 TRISB2 | TRISB1 | TRISBO 124
TRISB TRISC7 | TRISC6 | TRISC5 TRISC4 TRISC3 TRISC2 | TRISC1 | TRISCO 130
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by op amps.
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can be determined from the time difference between
the ZCDOUT high and low periods. Note that the time
difference, AT, is 4*Tgset- The equation for determining
the pull-up and pull-down resistor values from the high
and low ZCDOUT periods is shown in Equation 25-4.
The ZCDOUT signal can be directly observed on a pin
by routing the ZCDOUT signal through one of the
CLCs.

EQUATION 25-4:

V..
R = R bias _1

series Vpeak(sin(nFreq%)D

R is pull-up or pull-down resistor

Vbias is Vpullup
pull-down

AT is the ZCDOUT high and low period difference

when R is pull-up or VDD when R is

25.6  Handling Veq variations

If the peak amplitude of the external voltage is
expected to vary then the series resistor must be
selected to keep the ZCD current source and sink
below the design maximum range of + 600 LA for the
maximum expected voltage and high enough to be
detected accurately at the minimum peak voltage. A
general rule of thumb is that the maximum peak voltage
can be no more than six times the minimum peak
voltage. To ensure that the maximum current does not
exceed + 600 HA and the minimum is atleast £ 100 pA
compute the series resistance as shown in
Equation 25-5. The compensating pull-up for this
series resistance can be determined with
Equation 25-3 because the pull-up value is
independent from the peak voltage.

EQUATION 25-5: SERIES R FOR V RANGE

_ Vmaxpeak * Vmi npeak

R . =
series
7x 10_4

25.7 Operation During Sleep

The ZCD current sources and interrupts are unaffected
by Sleep.

25.8 Effects of a Reset

The ZCD circuit can be configured to default to the active
or inactive state on Power-On-Reset (POR). When the
ZCDDIS Configuration bit is cleared, the ZCD circuit will
be active at POR. When the ZCDDIS Configuration bit is
set, the ZCDXxEN bit of the ZCDxCON register must be
set to enable the ZCD module.

DS40001740B-page 266
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31.1.24

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RC1STA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RC1REG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RC1STA register which resets the EUSART.
Clearing the CREN bit of the RC1STA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Receive Framing Error

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RC1REG will not clear the FERR
bit.

31.1.25

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RC1STA register is
set. The characters already in the FIFO buffer can be
read but no additional characters will be received until
the error is cleared. The error must be cleared by either
clearing the CREN bit of the RC1STA register or by
resetting the EUSART by clearing the SPEN bit of the
RC1STA register.

Receive Overrun Error

31.1.2.6 Receiving 9-Bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RC1STA register is set the EUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RC1STA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the eight Least Significant bits
from the RC1REG.

31.1.2.7

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RC1STA
register.

Address Detection

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCIF interrupt
bit. All other characters will be ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.

© 2014-2015 Microchip Technology Inc.
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31.4 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUD1CON register selects 16-bit
mode.

The SP1BRGH, SP1BRGL register pair determines the
period of the free running baud rate timer. In
Asynchronous mode the multiplier of the baud rate
period is determined by both the BRGH bit of the
TX1STA register and the BRG16 bit of the BAUD1CON
register. In Synchronous mode, the BRGH bit is ignored.

Table 31-3 contains the formulas for determining the
baud rate. Example 31-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
Asynchronous modes have been computed for your
convenience and are shown in Table 31-5. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SP1BRGH, SP1BRGL reg-
ister pair causes the BRG timer to be reset (or cleared).
This ensures that the BRG does not wait for a timer
overflow before outputting the new baud rate.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is idle before
changing the system clock.

EXAMPLE 31-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Fosc
64([SPBRGH:SPBRGL] + 1)

Solving for SP1BRGH:SP1BRGL:

Fosc
Desired Baud Rate
64

16000000
_ 9600
= & 1

Desired Baud Rate =

1

= [25.042] = 25

16000000

Calculated Baud Rate m

9615

Calc. Baud Rate — Desired Baud Rate

Error = Desired Baud Rate

_ (9615-9600) _

0
9600 0.16%
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34.2 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®
PIC16LF1717/8/9

VDDMIN (FOSC <16 MHZ)....ooooiiiiiiieeee e
VDDMIN (FOSC > 16 MHZ).....ccoiiiiiiieiee e
VDDMAX ...teiiaeieiiiieeaeeeiiieeeaeeesuneeeeaeeaentaeeeeeeaaneeeaeeanns

PIC16F1717/8/9

VDDMIN (FOSC <16 MHZ)....ooooiiiiiiieiiee e
VDDMIN (> 16 MHZ)...eoiiiiieee e
VDDMAX ...teiiaeieiiiieeaeeeiiieeeaeeesuneeeeaeeaentaeeeeeeaaneeeaeeanns

TA — Operating Ambient Temperature Range
Industrial Temperature

................................................................ +1.8V
................................................................ +2.5V
................................................................ +3.6V

................................................................ +2.3V

................................................................ +2.5V
................................................................ +5.5V

................................................................ -40°C

Note 1: See Parameter D001, DS Characteristics: Supply Voltage.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 35-58: LFINTOSC Frequency,
PIC16F1717/8/9 Only.
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FIGURE 35-56: VoL vs. loL Over
Temperature, VDD = 1.8V, PIC16LF1717/8/9
Only.

FIGURE 35-59: WDT Time-Out Period,
PIC16F1717/8/9 Only.
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FIGURE 35-57: LFINTOSC Frequency,
PIC16LF1717/8/9 Only.

FIGURE 35-60: WDT Time-Out Period,
PIC16LF1717/8/9 Only.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 35-103: Comparator Hysteresis,
NP Mode (CxSP = 1), Vbbb = 5.5V, Typical
Measured Values, PIC16F1717/8/9 Only.
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FIGURE 35-104:  Comparator Offset, NP Mode
(CxSP =1), VpD = 5.0V, Typical Measured Values
at 25°C, PIC16F1717/8/9 Only.
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FIGURE 35-105:  Comparator Offset, NP Mode
(CxSP =1), Vpp = 5.5V, Typical Measured Values
From -40°C to 125°C, PIC16F1717/8/9 Only.
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FIGURE 35-106: Comparator Response Time
Over Voltage, NP Mode (CxSP = 1), Typical
Measured Values, PIC16LF1717/8/9 Only.
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FIGURE 35-107:  Comparator Response Time
Over Voltage, NP Mode (CxSP = 1), Typical
Measured Values, PIC16F1717/8/9 Only.
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Only.
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36.0 DEVELOPMENT SUPPORT

The PIC microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:

* Integrated Development Environment
- MPLAB® X IDE Software
» Compilers/Assemblers/Linkers
- MPLAB XC Compiler
- MPASM™ Assembler
- MPLINK™ Object Linker/
MPLIB™ Object Librarian
- MPLAB Assembler/Linker/Librarian for
Various Device Families
» Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICKit 3
» Device Programmers
- MPLAB PM3 Device Programmer
* Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits
» Third-party development tools

36.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

» Color syntax highlighting

» Smart code completion makes suggestions and
provides hints as you type

» Automatic code formatting based on user-defined
rules

« Live parsing

User-Friendly, Customizable Interface:

* Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.
+ Call graph window

Project-Based Workspaces:

» Multiple projects

* Multiple tools

» Multiple configurations

» Simultaneous debugging sessions

File History and Bug Tracking:

* Local file history feature
* Built-in support for Bugzilla issue tracker
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Package Marking Information (Continued)

40-Lead UQFN (5x5x0.5 mm) Example

PIN 17 :F\. @ PIN 17/ |r) @
“XXXXXXX ‘PIC16
XXXXXXX F1719
XXXXXXX -I/IMV @3
YYWWNNN 1401017

44-Lead TQFP (10x10x1 mm) Example

OO000nnanmn OO00000000[0

E MicrROCHIP E E MIcCROCHIP E

E XXXXXXXXXX g E PIC16F1719 g

= XXX XX = = -E/PT &3 =

= XXXXXXXXXX = = 1401017 —

=.O YYWWNNN = = =
nmn gututuututt

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

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

D

\nnnnonnannon

I | ’ ]
? LEMMMM&D_{AZ —%J N
A1 J ¢
L1 f=— L
Units MILLIMETERS
Dimension Limits MIN NOM MAX

Number of Pins N 28
Pitch e 0.65BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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