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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC16(L)F1574/5/8/9

Analog Peripherals

» 10-Bit Analog-to-Digital Converter (ADC):
- Up to 12 external channels
- Conversion available during Sleep
* Two Comparators:
- Low-Power/High-Speed modes
- Fixed Voltage Reference at (non)inverting
input(s)
- Comparator outputs externally accessible
- Synchronization with Timer1 clock source
- Software hysteresis enable
» 5-Bit Digital-to-Analog Converter (DAC):
- 5-bit resolution, rail-to-rail
- Positive Reference Selection
- Unbuffered 1/O pin output
- Internal connections to ADCs and
comparators
» Voltage Reference:
- Fixed Voltage Reference with 1.024V, 2.048V
and 4.096V output levels

Clocking Structure

* Precision Internal Oscillator:
- Factory calibrated +1%, typical
- Software-selectable clock speeds from

31 kHz to 32 MHz

» External Oscillator Block with:
- Two external clock modes up to 32 MHz
« Digital Oscillator Input Available

TABLE 1: PIC12(L)F1571/2 AND PIC16(L)F1574/5/8/9 FAMILY TYPES
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PIC12(L)F1571 | (A) 1 175|128 | 6 |24 1 3 4 1 1 0 N [
PIC12(L)F1572 | (A) | 2 | 35 | 256 | 6 [2/4@| 1 3 4 1 1 1 N |
PIC16(L)F1574 | (B) | 4 7 | 512 | 12 |2580)| 2 4 8 1 1 1 Y |
PIC16(L)F1575 | (B) | 8 14 (1024 | 12 |2/58)] 2 4 8 1 1 1 Y [
PIC16(L)F1578 | (B) | 4 7 | 512 | 18 |2/5¥)] 2 4 12 1 1 1 Y |
PIC16(L)F1579 | (B) | 8 14 1024 | 18 |2/58)] 2 4 12 1 1 1 Y |
Note 1: |- Debugging integrated on chip.

2: Three additional 16-bit timers available when not using the 16-bit PWM outputs.
3: Four additional 16-bit timers available when not using the 16-bit PWM outputs.

Data Sheet Index:

A) DS-40001723  PIC12(L)F1571/2 Data Sheet, 8-Pin Flash, 8-bit MCU with High-Precision 16-bit PWM
B) Future Release PIC16(L)F1574/5/8/9 Data Sheet, 8-Pin Flash, 8-bit MCU with High-Precision 16-bit

PWM

Note:  For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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TABLE 2:

PACKAGES

Packages

PDIP

SoIC

TSSOP

SSOP

UQFN

PIC16(L)F1574

PIC16(L)F1575

)
PIC16(L)F1578
PIC16(L)F1579

| Note:

Pin details are subject to change.
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PIC16(L)F1574/5/8/9

TABLE 1-3: PIC16(L)F1578/9 PINOUT DESCRIPTION

Name Function I-:_1yppu; o.ll_;t g:t Description
RAO/ANO/C1IN+/DAC10UT/ RAO TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
ICSPDAT AND AN — ADC Channel input.

C1IN+ AN — Comparator positive input.
DAC10UT — AN Digital-to-Analog Converter output.
ICSPDAT ST CMOS ICSP™ Data 1/O.
RA1/AN1/VREF+/C1INO-/C2INO-/ RA1 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
ICSPCLK AN1 AN — ADC Channel input.
VREF+ AN — Voltage Reference input.
C1INO- AN — Comparator negative input.
C2INO- AN — Comparator negative input.
ICSPCLK ST — ICSP Programming Clock.
RA2/AN2/TOCKIM/cwa 1IN RA2 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
INT() AN2 AN — ADC Channel input.
TOCKI TTL/ST — TimerO clock input.
CWG1IN TTL/ST — CWG complementary input.
INT TTL/ST — External interrupt.
RA3/VPP/MCLR RA3 TTL/ST — General purpose input with |IOC and WPU.
VpPp HV — Programming voltage.
MCLR ST — Master Clear with internal pull-up.
RA4/AN3/T1GM/CLKOUT RA4 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN3 AN — ADC Channel input.
T1G TTL/ST — Timer1 Gate input.
CLKOUT — CMOS Fosc/4 output.
RAS5/CLKIN/T1CKI(™M) RA5 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
CLKIN CMOS — External clock input (EC mode).
T1CKI TTL/ST — Timer1 clock input.
RB4/AN10 RB4 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN10 AN — ADC Channel input.
RB5/AN11/RX(™M RB5 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN11 AN — ADC Channel input.
RX ST — USART asynchronous input.
RB6 RB6 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
RB7/CK RB7 TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
CK ST CMOS USART synchronous clock.
RCO0/AN4/C2IN+ RCO TTL/ST | CMOS/OD | General purpose input with IOC and WPU.
AN4 AN — ADC Channel input.
C2IN+ AN — Comparator positive input.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels l’C = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers.
2:  All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection
registers. See Register 12-1.
3: These USART functions are bidirectional. The output pin selections must be the same as the input pin selections.

© 2016 Microchip Technology Inc. DS40001782C-page 15
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3.2.1 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in
program memory. The first method is to use tables of
RETLWinstructions. The second method is to set an
FSR to point to the program memory.

3.2.11 RETLWiInstruction

The RETLWinstruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 3-1.

EXAMPLE 3-1: RETLWINSTRUCTION
constants
BRW ;Add Index in Wto

; program counter to
;select data
;1 ndex0 data
;I ndexl data

RETLW DATAO
RETLW DATA1
RETLW DATA2
RETLW DATA3

nmy_function
;... LOTS OF CODE...
MOVLW DATA_| NDEX
call constants
;... THE CONSTANT IS IN W

The BRW instruction makes this type of table very
simple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRWinstruction is not available so the older table read
method must be used.

3.21.2 Indirect Read with FSR

The program memory can be accessed as data by
setting bit 7 of the FSRxH register and reading the
matching INDFx register. The MOVI 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 program memory via the FSR require one
extra instruction cycle to complete. Example 3-2
demonstrates accessing the program memory via an
FSR.

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

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR

constants

DwW DATAO ; First constant

DwW DATA1 ; Second const ant

DW DATA2

DW DATA3
nmy_function

;...LOTS OF CODE...

MOVLW DATA | NDEX

ADDLW LOW constants

MOV FSR1L

MOVLW HI GH constants; Msb is set
automatically

MOWF  FSR1H
BTFSC STATUS, C ;carry from ADDLW?
I NCF FSR1H, f yyes

MOVI W O FSR1]
: THE PROGRAM MEMORY 'S IN W

© 2016 Microchip Technology Inc.
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3.6.1 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

From Opcode
0

4 BSR 0 6
CITTTIEITTTITT
Bank Select | Location Select

—® 00000 00001 00010

Rev. 10-000056A
713112013

Indirect Addressing

7 FSRxH 0 7 FSRxL 0
fofofofol TTTJLITTITTTITT]

Bank Select Location Select

11111

0x00

-

Ox7F

Bank 0 Bank 1 Bank2

Bank 31

© 2016 Microchip Technology Inc.
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REGISTER 5-2: OSCSTAT: OSCILLATOR STATUS REGISTER

u-0 R-0/q R-q/q R-0/q R-0/q R-q/q R-0/q R-0/q

— PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS
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 = Conditional
bit 7 Unimplemented: Read as ‘0’
bit 6 PLLR 4x PLL Ready bit

1= 4x PLL is ready
0 = 4xPLL is not ready
bit 5 OSTS: Oscillator Start-up Timer Status bit
1 = Running from the clock defined by the FOSC<1:0> bits of the Configuration Words
0 = Running from an internal oscillator (FOSC<1:0> = 00)
bit 4 HFIOFR: High-Frequency Internal Oscillator Ready bit
1 = HFINTOSC is ready
0 = HFINTOSC is not ready
bit 3 HFIOFL: High-Frequency Internal Oscillator Locked bit
1 = HFINTOSC is at least 2% accurate
0 = HFINTOSC is not 2% accurate
bit 2 MFIOFR: Medium-Frequency Internal Oscillator Ready bit
1= MFINTOSC is ready
0 = MFINTOSC is not ready
bit 1 LFIOFR: Low-Frequency Internal Oscillator Ready bit
1 = LFINTOSC is ready
0 = LFINTOSC is not ready
bit 0 HFIOFS: High-Frequency Internal Oscillator Stable bit

1 = HFINTOSC is at least 0.5% accurate
0 = HFINTOSC is not 0.5% accurate

DS40001782C-page 70 © 2016 Microchip Technology Inc.
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10.2.2 FLASH MEMORY UNLOCK
SEQUENCE

The unlock sequence is a mechanism that protects the
Flash program memory from unintended self-write pro-
gramming or erasing. The sequence must be executed
and completed without interruption to successfully
complete any of the following operations:

* Row Erase

» Load program memory write latches

» Write of program memory write latches to
program memory

» Write of program memory write latches to user
IDs

The unlock sequence consists of the following steps:
1. Write 55h to PMCON2

2. Write AAh to PMCON2

3. Set the WR bit in PMCON1

4. NOP instruction

5. NOP instruction

Once the WR bit is set, the processor will always force
two NCP instructions. When an Erase Row or Program
Row operation is being performed, the processor will stall
internal operations (typical 2 ms), until the operation is
complete and then resume with the next instruction.
When the operation is loading the program memory write
latches, the processor will always force the two NCP
instructions and continue uninterrupted with the next
instruction.

Since the unlock sequence must not be interrupted,
global interrupts should be disabled prior to the unlock
sequence and re-enabled after the unlock sequence is
completed.

FLASH PROGRAM
MEMORY UNLOCK
SEQUENCE FLOWCHART

FIGURE 10-3:

Rev. 10-000047A
713012013

Start
Unlock Sequence

v

Write 0x55 to
PMCON2

Write OxAA to
PMCON2

\ 4
Initiate
Write or Erase operation
(WR=1)

v

Instruction fetched ignored
NOP execution forced

v

Instruction fetched ignored
NOP execution forced

v

End
Unlock Sequence

DS40001782C-page 104
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FIGURE 10-5: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES
7 6 07 54 0 7 5 0 7 0 S
PMADRH PMADRL [CT-] PMDATH | PMDATL |
r9|r8|r7|r6|r5|r4|r3 r2|r1|r0|c4|c3|c2|c1|c0 6 8
C )
14
o ; [ Program Memory Write Latches § -
| \ 14 14 14 1|
| A J A J A J A J |
Write Latch #0 | Write Latch #1 Write Latch #30 | Write Latch #31

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

— —
14
i o

Row
Address
Decode

| Row Addr Addr QQ Addr Addr
| 0oon 0000h 0001h 44 001Eh 001Fh
| 001h 0020h 0021h 44 003Eh 003Fh
002h 0040h 0041h 44 005Eh 005Fh
CFGS =0
| 3FEh 7FCOh 7FC1h 44 7FDEh 7FDFh
\- [ 3FFn 7FEOh 7FE1h 44 7FFEh 7FFFh

Flash Program Memory

400h | 8000h - 8003h 8004h — 8005h 8006h 8007h — 8008h 8009h - 801Fh
_>< | DEVICE ID Configuration
CFGS =1 USERIDO-3 reserved Dev/ Rev Words reserved
| Configuration Memory
_—ee—_—. e,—_— e,_—  ,e—_—  e,—mmee—. e —e—m) e e,e—.  e— e— e— e— —

6/8/S/v.S14(1)9101d
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13.0 INTERRUPT-ON-CHANGE

The PORTA, PORTB(" AND PORTC pins can be
configured to operate as Interrupt-On-Change (IOC)
pins. An interrupt can be generated by detecting a signal
that has either a rising edge or a falling edge. Any
individual port pin, or combination of port pins, can be
configured to generate an interrupt. The
interrupt-on-change module has the following features:

* Interrupt-on-Change enable (Master Switch)

* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

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

Note 1: PORTB available on PIC16(L)F1578/9|
only.

13.1 Enabling the Module

To allow individual port pins to generate an interrupt, the
IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

13.2 Individual Pin Configuration

For each port pin, a rising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated bit of the IOCxP register is
set. To enable a pin to detect a faling edge, the
associated bit of the IOCxN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both associated bits of
the IOCxP and IOCxN registers, respectively.

13.3 Interrupt Flags

The IOCAFx, IOCBFx and IOCCFx bits located in the
IOCAF, IOCBF and IOCCF registers, respectively, are
status flags that correspond to the interrupt-on-change
pins of the associated port. If an expected edge is
detected on an appropriately enabled pin, then the
status flag for that pin will be set, and an interrupt will be
generated if the IOCIE bit is set. The IOCIF bit of the
INTCON register reflects the status of all IOCAFx,
IOCBFx and IOCCFx bits.

13.4 Clearing Interrupt Flags

The individual status flags, (IOCAFx, IOCBFx and
IOCCFx bits), can be cleared by resetting them to zero.
If another edge is detected during this clearing
operation, the associated status flag will be set at the
end of the sequence, regardless of the value actually
being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 13-1: CLEARING INTERRUPT
FLAGS
(PORTA EXAMPLE)

MOVLW  Oxf f
XORWF | OCAF, W
ANDWF | OCAF, F

13.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCxF
register will be updated prior to the first instruction
executed out of Sleep.

© 2016 Microchip Technology Inc.
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13.6 Register Definitions: Interrupt-on-Change Control

REGISTER 13-1:

IOCAP: INTERRUPT-ON-CHANGE PORTA POSITIVE EDGE REGISTER

u-0 uU-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
— | — | locaps | locap4 | locAP3 | 1ocAP2 | 10cAP1 | 10CAPO
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAP<5:0>: Interrupt-on-Change PORTA Positive Edge Enable bits

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

REGISTER 13-2: IOCAN: INTERRUPT-ON-CHANGE PORTA NEGATIVE EDGE REGISTER

uU-0 U-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
— | — | locans [ 10cAN4 | locAN3 | 10CAN2 | IOCAN1 | IOCANO
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAN<5:0>: Interrupt-on-Change PORTA Negative Edge Enable bits

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

REGISTER 13-3: I0CAF: INTERRUPT-ON-CHANGE PORTA FLAG REGISTER

u-0 uU-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
— | — | ocars | locAFa | 1ocAF3 | IOCAF2 | IOCAF1 IOCAFO
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 HS - Bit is set in hardware
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAF<5:0>: Interrupt-on-Change PORTA Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCAPx = 1 and a rising edge was detected on RAX, or when IOCANx = 1 and a falling edge was
detected on RAX.

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

© 2016 Microchip Technology Inc. DS40001782C-page 143
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14.3 Register Definitions: FVR Control

REGISTER 14-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-q/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN® | FVRRDY® | TSENG) | TSRNGO) CDAFVR<1:0>(1) ADFVR<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 FVREN: Fixed Voltage Reference Enable bit(")

1 = Fixed Voltage Reference is enabled
0 = Fixed Voltage Reference is disabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(?
1 = Fixed Voltage Reference output is ready for use
0 = Fixed Voltage Reference output is not ready or not enabled
bit 5 TSEN: Temperature Indicator Enable bit(®)
1 = Temperature Indicator is enabled
0 = Temperature Indicator is disabled
bit 4 TSRNG: Temperature Indicator Range Selection bit(®)
1 = VouT = VDD - 4VT (High Range)
0 = VouTt = VDD - 2VT (Low Range)
bit 3-2 CDAFVR<1:0>: Comparator FVR Buffer Gain Selection bits(1)
11 = Comparator FVR Buffer Gain is 4x, with output VCDAFVR = 4x VFvR@
10 = Comparator FVR Buffer Gain is 2x, with output VCDAFVR = 2x VFVR4)
01 = Comparator FVR Buffer Gain is 1x, with output VCDAFVR = 1x VFVR
00 = Comparator FVR Buffer is off
bit 1-0 ADFVR<1:0>: ADC FVR Buffer Gain Selection bit(")
11 = ADC FVR Buffer Gain is 4x, with output VADFVR = 4x VFVR()
10 = ADC FVR Buffer Gain is 2x, with output VADFVR = 2x VFVR®)
01 = ADC FVR Buffer Gain is 1x, with output VADFVR = 1x VFVR
00 = ADC FVR Buffer is off

Note 1: To minimize current consumption when the FVR is disabled, the FVR buffers should be turned off by clear-
ing the Buffer Gain Selection bits.

2: FVRRDY is always ‘1’ for the PIC16F1574/5/8/9 devices.
3: See Section 15.0 “Temperature Indicator Module” for additional information.
4: Fixed Voltage Reference output cannot exceed VDD.

TABLE 14-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE FIXED VOLTAGE REFERENCE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG CDAFVR>1:0> ADFVR<1:0> 149

Legend: Shaded cells are unused by the Fixed Voltage Reference module.

© 2016 Microchip Technology Inc. DS40001782C-page 149
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17.0 5-BIT DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The Digital-to-Analog Converter supplies a variable
voltage reference, ratiometric with the input source,
with 32 selectable output levels.

The positive input source (VSOURCE+) of the DAC can
be connected to:

« External VREF+ pin

« VDD supply voltage

* FVR_buffer1

The negative input source (VSOURCE-) of the DAC can
be connected to:

The output of the DAC (DACx_output) can be selected
as a reference voltage to the following:

» Comparator positive input

* ADC input channel

+ DACxOUT1 pin

The Digital-to-Analog Converter (DAC) can be enabled
by setting the DACEN bit of the DACxCONO register.

* Vss
FIGURE 17-1: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM
Vbb— 00
VREF+ @7 01 VSOURCE+
FVR_buffer2—{ 10 ] . DACR<4:0>

32
Steps

Reserved—— 11 R
DACPSS — J' R
DACEN——MM — R

R
b
I e e
[P
\

VSOURCE-

Vss

Note 1: The unbuffered DACx_output is provided on the DACxOUT pin(s).

DACx_output

\

To Peripherals

32-to-1 MUX

X DACxOUT1 ™

L
L DACOE1
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20.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS bits of the
T1CON register control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMR1H or TMR1L.

20.4 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC of the T1CON register is set, the
external clock input is not synchronized. The timer
increments asynchronously to the internal phase
clocks. If the external clock source is selected then the
timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 20.4.1 “Reading and Writing Timer1 in
Asynchronous Counter Mode”).

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

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no incrementing will occur and Timer1 will hold the
current count. See Figure 20-3 for timing details.

TABLE 20-3: TIMER1 GATE ENABLE

SELECTIONS
T1CLK | T1IGPOL T1G Timer1 Operation
0 0 0 Counts
0 0 1 Holds Count
0 1 0 Holds Count
0 1 1 Counts

20.5.2 TIMER1 GATE SOURCE
SELECTION

Timer1 gate source selections are shown in Table 20-4.
Source selection is controlled by the T1GSS<1:0> bits
of the T1GCON register. The polarity for each available
source is also selectable. Polarity selection is controlled
by the T1IGPOL bit of the TIGCON register.

TABLE 20-4: TIMER1 GATE SOURCES

T1GSS Timer1 Gate Source

20.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

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

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

20.5 Timer1 Gate

Timer1 can be configured to count freely or the count
can be enabled and disabled using Timer1 gate
circuitry. This is also referred to as Timer1 Gate Enable.

Timer1 gate can also be driven by multiple selectable
sources.

20.5.1 TIMER1 GATE ENABLE

The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the TIGCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit of the T1IGCON register.

00 Timer1 Gate pin (T1G)

01 Overflow of Timer0 (TO_overflow)
(TMRO increments from FFh to 00h)

10 Comparator 1 Output (C1 OUT_sync)(1)

11 | Comparator 2 Output (C20UT_sync)("

Note 1: Optionally synchronized comparator output.
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21.5 Register Definitions: Timer2 Control

REGISTER 21-1: T2CON: TIMER2 CONTROL REGISTER

uU-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
— T20UTPS<3:0> TMR20ON T2CKPS<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
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T20UTPS<3:0>: Timer2 Output Postscaler Select bits

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 =1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 = 1:10 Postscaler
1010 = 1:11 Postscaler
1011 = 1:12 Postscaler
1100 = 1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 =1:16 Postscaler

bit 2 TMR2ON: Timer2 On bit
1= Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
10 =Prescaleris 16
11 =Prescaler is 64

TABLE 21-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE ADIE RCIE TXIE — — TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF — — TMR2IF TMR1IF 90
PR2 Timer2 Module Period Register 189*
T2CON — T20UTPS<3:0> TMR20ON T2CKPS<1:0> 191
TMR2 Holding Register for the 8-bit TMR2 Count 189*
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for Timer2 module.

*

Page provides register information.
Note 1: PIC16(L)F1575 only.
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22.4 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 BAUDCON register selects 16-bit
mode.

The SPBRGH, SPBRGL 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 TXSTA
register and the BRG16 bit of the BAUDCON register. In
Synchronous mode, the BRGH bit is ignored.

Table 22-3 contains the formulas for determining the
baud rate. Example 22-1 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 22-3. 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 SPBRGH, SPBRGL register
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 22-1: 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 SPBRGH:SPBRGL:

Fosc
Desired Baud Rate
64

16000000
_ 9600
= &1 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) _  1n0
e = 016%

© 2016 Microchip Technology Inc.

DS40001782C-page 205



PIC16(L)F1574/5/8/9

23.0 16-BIT PULSE-WIDTH
MODULATION (PWM) MODULE

The Pulse-Width Modulation (PWM) module generates
a pulse width modulated signal determined by the
phase, duty cycle, period, and offset event counts that
are contained in the following registers:

* PWMxPH register

* PWMxDC register

« PWMxPR register

* PWMxOF register

Figure 23-1 shows a simplified block diagram of the
PWM operation.

Each PWM module has four modes of operation:
» Standard

» Set On Match

» Toggle On Match

» Center-Aligned

For a more detailed description of each PWM mode,
refer to Section 23.2 “PWM Modes”.

Each PWM module has four offset modes:

* Independent Run
» Slave Run with Synchronous Start
» One-Shot Slave with Synchronous Start

» Continuous Run Slave with Synchronous Start
and Timer Reset

Using the offset modes, each PWM module can offset
its waveform relative to any other PWM module in the
same device. For a more detailed description of the
offset modes refer to Section 23.3 “Offset Modes”.

Every PWM module has a configurable reload opera-
tion to ensure all event count buffers change at the end
of a period thereby avoiding signal glitches.
Figure 23-2 shows a simplified block diagram of the
reload operation. For a more detailed description of the
reload operation, refer to Section Section 23.4
“Reload Operation”.

FIGURE 23-1: 16-BIT PWM BLOCK DIAGRAM
MODE‘<1 :0> v oz
EN
PHx_match PWM Control
DCx match Unit D D a——PWMxOUT
| ,
Ea
Q4 —pCK
OF3_match®™— 11 PWMxPOL
PWM
OF2_match”— 10 | OF match —w» To Peripherals
OF1_match® | 01 | pry Offset PWMxOE
- PRx_match Control
Reserved— 00 ‘
OFM<1:0> — PWMXx
OFS E R UD
PWM_clock — PWMxTMR TRIS Control
[
PRx_match PHx_match OFx_match DCx_match
set PRIF set PHIF set OFIF set DCIF
16-bt Latch | LDX_t998r | 16 pt | atch |LDX_tigger | 46 pt | atch |LDX_trigger | 4g.pt | atch | LD*_trigger
PWMxPR PWMxPH PWMxOF PWMxDC
Note 1: A PWM module cannot trigger from its own offset match event.
The input corresponding to a PWM module’s own offset match is reserved.
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27.2 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!"
PIC16LF1574/5/8/9

VDDMIN (Fosc <16 MHZ) .......cooiveiiiiiiiene
VDDMIN (FOosC <32 MHZ) .....oooviiiiiiieeieee
VDDMAX ...niitiiiae et e e e e e e e e e ns

PIC16F1574/5/8/9

VDDMIN (Fosc <16 MHZ) .......cooiveiiiiiiiene
VDDMIN (FOosC <32 MHZ) .....oooviiiiiiieeieee
VDDMAX ...niitiiiae et e e e e e e e e e ns

TA — Operating Ambient Temperature Range
Industrial Temperature

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

......................................................................... +2.3V
......................................................................... +2.5V
......................................................................... +5.5V

Note 1: See Parameter D001, DS Characteristics: Supply Voltage.
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TABLE 27-14: ADC CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

1/2 TAD + 1TCY

PaNr:m. Sym. Characteristic Min. Typt Max. | Units Conditions
AD130* | TAD |ADC Clock Period (TADC) 1.0 — 6.0 | ps |Fosc-based
ADC Internal FRC Oscillator Period (TFRC) 1.0 2.0 6.0 | ps |ADCS<2:0>=x11 (ADC FRC mode)
AD131 |TcNv |Conversion Time — 1 — | TAD |Set GO/DONE bit to conversion
(not including Acquisition Time)(") complete
AD132* | TaAcQ |Acquisition Time — 5.0 — us
AD133* | THCD |Holding Capacitor Disconnect Time — 1/2 TAD — Fosc-based

ADCS<2:0> = x11 (ADC FRC mode)

*

Note 1:

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.

The ADRES register may be read on the following Tcy cycle.
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14-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
/\ —~— a4X
v C]
2
— L =
(L1) |—
4X B
|
VIEW C
Units MILLIMETERS
Dimension Limits MIN | NOM [ MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 8.65 BSC
Chamfer (Optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Lead Angle C) 0° - -
Foot Angle P 0° - 8°
Lead Thickness c 0.10 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic

3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.

4. 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.

5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-065C Sheet 2 of 2
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20-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

oo LD

SILK SCREEN

C
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX

Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X20) X1 0.45
Contact Pad Length (X20) Y1 1.75
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2072A
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