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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"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.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16(L)F1825/9
TABLE 2: 20-PIN ALLOCATION TABLE (PIC16(L)F1829)
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RA0 19 16 AN0 VREF-
DACOUT

CPS0 C1IN+ — — — — — IOC — Y ICSPDAT/
ICDDAT

RA1 18 15 AN1 VREF+ CPS1 C12IN0- SRI — — — — IOC — Y ICSPCLK/
ICDCLK

RA2 17 14 AN2 — CPS2 C1OUT SRQ T0CKI CCP3
FLT0

— — INT/
IOC

— Y —

RA3 4 1 — — — — T1G(1) — — — IOC — Y(4) MCLR
VPP

RA4 3 20 AN3 — CPS3 — — T1G(1)

T1OSO
P2B(1) — SS2(1) IOC — Y OSC2

CLKOUT
CLKR

RA5 2 19 — — — — — T1CKI
T1OSI

CCP2(1)

P2A(1)
— SDO2(1) IOC — Y OSC1

CLKIN

RB4 13 10 AN10 — CPS10 — — — — SDA1
SDI1

IOC — Y —

RB5 12 9 AN11 — CPS11 — — — — RX(1)

DT(1)
SDA2
SDI2

IOC — Y —

RB6 11 8 — — — — — — — — SCL1
SCK1

IOC — Y —

RB7 10 7 — — — — — — — TX(1)

CK(1)
SCL2
SCK2

IOC — Y —

RC0 16 13 AN4 — CPS4 C2IN+ — — P1D(1) — SS2(1) — — Y —

RC1 15 12 AN5 — CPS5 C12IN1- — — P1C(1) — SDO2(1) — — Y —

RC2 14 11 AN6 — CPS6 C12IN2- — — P1D(1)

P2B(1)
— — — MDCIN1 Y —

RC3 7 4 AN7 — CPS7 C12IN3- — — P1C(1)

CCP2(1)

P2A(1)

— — — MDMIN Y —

RC4 6 3 — — — C2OUT SRNQ — P1B TX(1)

CK(1)
— — MDOUT Y —

RC5 5 2 — — — — — — CCP1
P1A

RX(1)

DT(1)
— — MDCIN2 Y —

RC6 8 5 AN8 — CPS8 — — — CCP4 — SS1 — — Y —

RC7 9 6 AN9 — CPS9 — — — — — SDO1 — — Y —

VDD 1 18 — — — — — — — — — — — — VDD

Vss 20 17 — — — — — — — — — — — — VSS

Note 1: Pin function is selectable via the APFCON0 or APFCON1 register.
DS40001440E-page 6  2010-2015 Microchip Technology Inc.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced. 

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

• Microchip’s Worldwide Web site; http://www.microchip.com
• Your local Microchip sales office (see last page)
When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
DS40001440E-page 8  2010-2015 Microchip Technology Inc.
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BANK 22 BANK 23

B00h INDF0 B80h INDF0

B01h INDF1 B81h INDF1

B02h PCL B82h PCL

B03h STATUS B83h STATUS

B04h FSR0L B84h FSR0L

B05h FSR0H B85h FSR0H

B06h FSR1L B86h FSR1L

B07h FSR1H B87h FSR1H

B08h BSR B88h BSR

B09h WREG B89h WREG

B0Ah PCLATH B8Ah PCLATH

B0Bh INTCON B8Bh INTCON

B0Ch — B8Ch —

B0Dh — B8Dh —

B0Eh — B8Eh —

B0Fh — B8Fh —

B10h — B90h —

B11h — B91h —

B12h — B92h —

B13h — B93h —

B14h — B94h —

B15h — B95h —

B16h — B96h —

B17h — B97h —

B18h — B98h —

B19h — B99h —

B1Ah — B9Ah —

B1Bh — B9Bh —

B1Ch — B9Ch —

B1Dh — B9Dh —

B1Eh — B9Eh —

B1Fh — B9Fh —
B20h

Unimplemented
Read as ‘0’

BA0h

Unimplemented
Read as ‘0’

B6Fh BEFh

B70h
Accesses
70h – 7Fh

BF0h
Accesses
70h – 7Fh

B7Fh BFFh
TABLE 3-5: PIC16(L)F1825/9 MEMORY MAP, BANKS 16-23

Legend: = Unimplemented data memory locations, read as ‘0’.

BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21

800h INDF0 880h INDF0 900h INDF0 980h INDF0 A00h INDF0 A80h INDF0

801h INDF1 881h INDF1 901h INDF1 981h INDF1 A01h INDF1 A81h INDF1

802h PCL 882h PCL 902h PCL 982h PCL A02h PCL A82h PCL

803h STATUS 883h STATUS 903h STATUS 983h STATUS A03h STATUS A83h STATUS

804h FSR0L 884h FSR0L 904h FSR0L 984h FSR0L A04h FSR0L A84h FSR0L

805h FSR0H 885h FSR0H 905h FSR0H 985h FSR0H A05h FSR0H A85h FSR0H

806h FSR1L 886h FSR1L 906h FSR1L 986h FSR1L A06h FSR1L A86h FSR1L

807h FSR1H 887h FSR1H 907h FSR1H 987h FSR1H A07h FSR1H A87h FSR1H

808h BSR 888h BSR 908h BSR 988h BSR A08h BSR A88h BSR

809h WREG 889h WREG 909h WREG 989h WREG A09h WREG A89h WREG

80Ah PCLATH 88Ah PCLATH 90Ah PCLATH 98Ah PCLATH A0Ah PCLATH A8Ah PCLATH

80Bh INTCON 88Bh INTCON 90Bh INTCON 98Bh INTCON A0Bh INTCON A8Bh INTCON

80Ch — 88Ch — 90Ch — 98Ch — A0Ch — A8Ch —

80Dh — 88Dh — 90Dh — 98Dh — A0Dh — A8Dh —

80Eh — 88Eh — 90Eh — 98Eh — A0Eh — A8Eh —

80Fh — 88Fh — 90Fh — 98Fh — A0Fh — A8Fh —

810h — 890h — 910h — 990h — A10h — A90h —

811h — 891h — 911h — 991h — A11h — A91h —

812h — 892h — 912h — 992h — A12h — A92h —

813h — 893h — 913h — 993h — A13h — A93h —

814h — 894h — 914h — 994h — A14h — A94h —

815h — 895h — 915h — 995h — A15h — A95h —

816h — 896h — 916h — 996h — A16h — A96h —

817h — 897h — 917h — 997h — A17h — A97h —

818h — 898h — 918h — 998h — A18h — A98h —

819h — 899h — 919h — 999h — A19h — A99h —

81Ah — 89Ah — 91Ah — 99Ah — A1Ah — A9Ah —

81Bh — 89Bh — 91Bh — 99Bh — A1Bh — A9Bh —

81Ch — 89Ch — 91Ch — 99Ch — A1Ch — A9Ch —

81Dh — 89Dh — 91Dh — 99Dh — A1Dh — A9Dh —

81Eh — 89Eh — 91Eh — 99Eh — A1Eh — A9Eh —

81Fh — 89Fh — 91Fh — 99Fh — A1Fh — A9Fh —
820h

Unimplemented
Read as ‘0’

8A0h

Unimplemented
Read as ‘0’

920h

Unimplemented
Read as ‘0’

9A0h

Unimplemented
Read as ‘0’

A20h

Unimplemented
Read as ‘0’

AA0h

Unimplemented
Read as ‘0’

86Fh 8EFh 96Fh 9EFh A6Fh AEFh

870h
Accesses
70h – 7Fh

8F0h
Accesses
70h – 7Fh

970h
Accesses
70h – 7Fh

9F0h
Accesses
70h – 7Fh

A70h
Accesses
70h – 7Fh

AF0h
Accesses
70h – 7Fh

87Fh 8FFh 97Fh 9FFh A7Fh AFFh
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FIGURE 5-6: EXTERNAL RC MODES 

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

• threshold voltage variation
• component tolerances
• packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

5.2.2 INTERNAL CLOCK SOURCES

The device may be configured to use the internal
oscillator block as the system clock by performing one
of the following actions:

• Program the FOSC<2:0> bits in Configuration 
Word 1 to select the INTOSC clock source, which 
will be used as the default system clock upon a 
device Reset.

• Write the SCS<1:0> bits in the OSCCON register 
to switch the system clock source to the internal 
oscillator during run-time. See Section 5.3 
“Clock Switching”for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose I/O. OSC2/CLKOUT is available for general
purpose I/O or CLKOUT.

The function of the OSC2/CLKOUT pin is determined
by the state of the CLKOUTEN bit in Configuration
Word 1.

The internal oscillator block has two independent
oscillators and a dedicated Phase-Lock Loop, HFPLL
that can produce one of three internal system clock
sources.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
16 MHz. The HFINTOSC source is generated
from the 500 kHz MFINTOSC source and the
dedicated Phase-Lock Loop, HFPLL. The
frequency of the HFINTOSC can be
user-adjusted via software using the OSCTUNE
register (Register 5-3).

2. The MFINTOSC (Medium-Frequency Internal
Oscillator) is factory calibrated and operates at
500 kHz. The frequency of the MFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 5-3).

3. The LFINTOSC (Low-Frequency Internal
Oscillator) is uncalibrated and operates at
31 kHz.

OSC2/CLKOUT

CEXT

REXT

PIC® MCU

OSC1/CLKIN

FOSC/4 or

Internal
Clock

VDD

VSS

Recommended values: 10 k  REXT  100 k, <3V
3 k  REXT  100 k, 3-5V
CEXT > 20 pF, 2-5V

Note 1: Output depends upon CLKOUTEN bit of the 
Configuration Word 1.

I/O(1)
DS40001440E-page 58  2010-2015 Microchip Technology Inc.
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TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES     

TABLE 5-3: SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES  

REGISTER 5-3: OSCTUNE: OSCILLATOR TUNING REGISTER

U-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

— — TUN<5:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 TUN<5:0>: Frequency Tuning bits
011111 =  Maximum frequency
011110 =  
•
•
•
000001 = 
000000 =  Oscillator module is running at the factory-calibrated frequency.
111111 = 
•
•
•
100000 =  Minimum frequency

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

OSCCON SPLLEN IRCF<3:0> — SCS<1:0> 68

OSCSTAT T1OSCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS 69

OSCTUNE — — TUN<5:0> 70

PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE 89

PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — CCP2IF 93

T1CON TMR1CS<1:0> T1CKPS<1:0> T1OSCEN T1SYNC — TMR1ON 185

Legend: — Unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.

Name Bits Bit -/7 Bit -/6 Bit 13/5 Bit 12/4 Bit 11/3 Bit 10/2 Bit 9/1 Bit 8/0
Register 
on Page

CONFIG1
13:8 — — FCMEN IESO CLKOUTEN BOREN<1:0> CPD

48
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>

Legend: —  Unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
DS40001440E-page 70  2010-2015 Microchip Technology Inc.
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7.0 RESETS

There are multiple ways to reset this device:

• Power-on Reset (POR)

• Brown-out Reset (BOR)

• MCLR Reset

• WDT Reset

• RESET instruction

• Stack Overflow

• Stack Underflow

• Programming mode exit

To allow VDD to stabilize, an optional power-up timer
can be enabled to extend the Reset time after a BOR
or POR event.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 7-1.

FIGURE 7-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

External Reset

MCLR

VDD

WDT
Time-out

Power-on
Reset

LFINTOSC

 

PWRT

64 ms

PWRTEN

Brown-out
Reset

BOR

RESET Instruction

Stack
Pointer

Stack Overflow/Underflow Reset

Sleep

MCLRE

Enable

Device
Reset

Zero

Programming Mode Exit
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TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

TABLE 10-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER  

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

OSCCON SPLLEN IRCF<3:0> — SCS<1:0> 68

STATUS — — — TO PD Z DC C 22

WDTCON — — WDTPS<4:0> SWDTEN 100

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by Watchdog Timer.

Name Bits Bit -/7 Bit -/6 Bit 13/5 Bit 12/4 Bit 11/3 Bit 10/2 Bit 9/1 Bit 8/0
Register 
on Page

CONFIG1
13:8 — — FCMEN IESO CLKOUTEN BOREN<1:0> CPD

48
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>

Legend: — Unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.
 2010-2015 Microchip Technology Inc. DS40001440E-page 101
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EXAMPLE 11-5: WRITING TO FLASH PROGRAM MEMORY 

; This write routine assumes the following:
; 1. The 16 bytes of data are loaded, starting at the address in DATA_ADDR
; 2. Each word of data to be written is made up of two adjacent bytes in DATA_ADDR,
;    stored in little endian format
; 3. A valid starting address (the least significant bits = 000) is loaded in ADDRH:ADDRL
; 4. ADDRH and ADDRL are located in shared data memory 0x70 - 0x7F
;

BCF INTCON,GIE ; Disable ints so required sequences will execute properly
BANKSEL EEADRH ; Bank 3
MOVF ADDRH,W ; Load initial address
MOVWF EEADRH ;
MOVF ADDRL,W ;
MOVWF EEADRL ;
MOVLW LOW DATA_ADDR ; Load initial data address
MOVWF FSR0L ;
MOVLW HIGH DATA_ADDR ; Load initial data address
MOVWF FSR0H ;
BSF EECON1,EEPGD ; Point to program memory
BCF EECON1,CFGS ; Not configuration space
BSF EECON1,WREN ; Enable writes
BSF EECON1,LWLO ; Only Load Write Latches

LOOP
MOVIW FSR0++ ; Load first data byte into lower
MOVWF EEDATL ;
MOVIW FSR0++ ; Load second data byte into upper
MOVWF EEDATH ;

MOVF EEADRL,W ; Check if lower bits of address are '000'
XORLW 0x07 ; Check if we're on the last of 8 addresses
ANDLW 0x07 ;
BTFSC STATUS,Z ; Exit if last of eight words,
GOTO START_WRITE ;

MOVLW 55h ; Start of required write sequence:
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write AAh
BSF EECON1,WR ; Set WR bit to begin write
NOP ; Any instructions here are ignored as processor

; halts to begin write sequence
NOP ; Processor will stop here and wait for write to complete.

; After write processor continues with 3rd instruction.

INCF EEADRL,F ; Still loading latches Increment address
GOTO LOOP ; Write next latches

START_WRITE
BCF EECON1,LWLO ; No more loading latches - Actually start Flash program 

; memory write

MOVLW 55h ; Start of required write sequence:
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write AAh
BSF EECON1,WR ; Set WR bit to begin write
NOP ; Any instructions here are ignored as processor

; halts to begin write sequence
NOP ; Processor will stop here and wait for write complete.

; after write processor continues with 3rd instruction
BCF EECON1,WREN ; Disable writes
BSF INTCON,GIE ; Enable interrupts
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12.1 Alternate Pin Function 

The Alternate Pin Function Control 0 (APFCON0) and
Alternate Pin Function Control 1 (APFCON1) registers
are used to steer specific peripheral input and output
functions between different pins. The APFCON0 and
APFCON1 registers are shown in Register 12-1 and
Register 12-2. For this device family, the following
functions can be moved between different pins.

• RX/DT/TX/CK

• SDO1

• SS (Slave Select)

• T1G

• P1B/P1C/P1D/P2B

• CCP1/P1A/CCP2

These bits have no effect on the values of any TRIS
register. PORT and TRIS overrides will be routed to the
correct pin. The unselected pin will be unaffected.
 2010-2015 Microchip Technology Inc. DS40001440E-page 117
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16.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the
operation of the ADC.

 

REGISTER 16-1: ADCON0: A/D CONTROL REGISTER 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 R/W-0/0

— CHS<4:0> GO/DONE ADON

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 6-2 CHS<4:0>: Analog Channel Select bits

00000 = AN0
00001 = AN1
00010 = AN2
00011 = AN3
00100 = AN4
00101 = AN5
00110 = AN6
00111 = AN7
01000 = AN8(1)

01001 = AN9(1)

01010 = AN10(1)

01011 = AN11(1)

01100 = Reserved. No channel connected.
 •
 •
 •

11100 = Reserved. No channel connected.
11101 = Temperature Indicator(4)

11110 = DAC_output(2)

11111 = FVR (Fixed Voltage Reference) Output(3)

bit 1 GO/DONE: A/D Conversion Status bit

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle. 
      This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

bit 0 ADON: ADC Enable bit
1 = ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1: PIC16(L)F1829 only.

2: See Section 17.0 “Digital-to-Analog Converter (DAC) Module”for more information.

3: See Section 14.0 “Fixed Voltage Reference (FVR)” for more information.

4: See Section 15.0 “Temperature Indicator Module” for more information.
DS40001440E-page 150  2010-2015 Microchip Technology Inc.
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19.2 Comparator Control

Each comparator has two control registers: CMxCON0
and CMxCON1.

The CMxCON0 registers (see Register 19-1) contain
Control and Status bits for the following:

• Enable

• Output selection

• Output polarity

• Speed/Power selection

• Hysteresis enable

• Output synchronization

The CMxCON1 registers (see Register 19-2) contain
Control bits for the following:

• Interrupt enable

• Interrupt edge polarity

• Positive input channel selection

• Negative input channel selection

19.2.1 COMPARATOR ENABLE

Setting the CxON bit of the CMxCON0 register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

19.2.2 COMPARATOR OUTPUT 
SELECTION

The output of the comparator can be monitored by
reading either the CxOUT bit of the CMxCON0 register
or the MCxOUT bit of the CMOUT register. In order to
make the output available for an external connection,
the following conditions must be true:

• CxOE bit of the CMxCON0 register must be set

• Corresponding TRIS bit must be cleared

• CxON bit of the CMxCON0 register must be set

19.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCON0 register.
Clearing the CxPOL bit results in a non-inverted output.

Table 19-1 shows the output state versus input
conditions, including polarity control.

19.2.4 COMPARATOR SPEED/POWER 
SELECTION

The trade-off between speed or power can be
optimized during program execution with the CxSP
control bit. The default state for this bit is ‘1’ which
selects the Normal Speed mode. Device power
consumption can be optimized at the cost of slower
comparator propagation delay by clearing the CxSP bit
to ‘0’.

19.3 Comparator Hysteresis

A selectable amount of separation voltage can be
added to the input pins of each comparator to provide a
hysteresis function to the overall operation. Hysteresis
is enabled by setting the CxHYS bit of the CMxCON0
register.

See Section 30.0 “Electrical Specifications” for
more information.

Note 1: The CxOE bit of the CMxCON0 register
overrides the PORT data latch. Setting
the CxON bit of the CMxCON0 register
has no impact on the port override.

2: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external
outputs are not latched.

TABLE 19-1: COMPARATOR OUTPUT 
STATE VS. INPUT 
CONDITIONS

Input Condition CxPOL CxOUT

CxVN > CxVP 0 0

CxVN < CxVP 0 1

CxVN > CxVP 1 1

CxVN < CxVP 1 0
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21.6.2 TIMER1 GATE SOURCE 
SELECTION

The Timer1 gate source can be selected from one of
four different sources. Source selection is controlled by
the T1GSS bits of the T1GCON register. The polarity
for each available source is also selectable. Polarity
selection is controlled by the T1GPOL bit of the
T1GCON register.

TABLE 21-4: TIMER1 GATE SOURCES

21.6.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timer1 gate control. It
can be used to supply an external source to the Timer1
gate circuitry.

21.6.2.2 Timer0 Overflow Gate Operation

When Timer0 increments from FFh to 00h, a
low-to-high pulse will automatically be generated and
internally supplied to the Timer1 gate circuitry.

21.6.2.3 Comparator C1 Gate Operation

The output resulting from a Comparator 1 operation can
be selected as a source for Timer1 gate control. The
Comparator 1 output (sync_C1OUT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

21.6.2.4 Comparator C2 Gate Operation

The output resulting from a Comparator 2 operation
can be selected as a source for Timer1 Gate Control.
The Comparator 2 output (sync_C2OUT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

21.6.3 TIMER1 GATE TOGGLE MODE

When Timer1 Gate Toggle mode is enabled, it is
possible to measure the full-cycle length of a Timer1
gate signal, as opposed to the duration of a single level
pulse.

The Timer1 gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. See Figure 21-4 for timing details.

Timer1 Gate Toggle mode is enabled by setting the
T1GTM bit of the T1GCON register. When the T1GTM
bit is cleared, the flip-flop is cleared and held clear. This
is necessary in order to control which edge is
measured.

21.6.4 TIMER1 GATE SINGLE-PULSE 
MODE

When Timer1 Gate Single-Pulse mode is enabled, it is
possible to capture a single pulse gate event. Timer1
Gate Single-Pulse mode is first enabled by setting the
T1GSPM bit in the T1GCON register. Next, the
T1GGO/DONE bit in the T1GCON register must be set.
The Timer1 will be fully enabled on the next incrementing
edge. On the next trailing edge of the pulse, the
T1GGO/DONE bit will automatically be cleared. No other
gate events will be allowed to increment Timer1 until the
T1GGO/DONE bit is once again set in software. See
Figure 21-5 for timing details.

If the Single Pulse Gate mode is disabled by clearing the
T1GSPM bit in the T1GCON register, the T1GGO/DONE
bit should also be cleared.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timer1
Gate source to be measured. See Figure 21-6 for
timing details.

21.6.5 TIMER1 GATE VALUE STATUS

When Timer1 gate value status is utilized, it is possible
to read the most current level of the gate control value.
The value is stored in the T1GVAL bit in the T1GCON
register. The T1GVAL bit is valid even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

21.6.6 TIMER1 GATE EVENT INTERRUPT

When Timer1 gate event interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of T1GVAL
occurs, the TMR1GIF flag bit in the PIR1 register will be
set. If the TMR1GIE bit in the PIE1 register is set, then
an interrupt will be recognized.

The TMR1GIF flag bit operates even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

T1GSS Timer1 Gate Source

00 Timer1 Gate Pin

01 Overflow of Timer0
(TMR0 increments from FFh to 00h)

10 Comparator 1 Output sync_C1OUT
(optionally Timer1 synchronized output)

11 Comparator 2 Output sync_C2OUT
(optionally Timer1 synchronized output)

Note: Enabling Toggle mode at the same time
as changing the gate polarity may result in
indeterminate operation.
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25.2.6 SPI OPERATION IN SLEEP MODE

In SPI Master mode, module clocks may be operating
at a different speed than when in full power mode; in
the case of the Sleep mode, all clocks are halted.

Special care must be taken by the user when the
MSSPx clock is much faster than the system clock.

In Slave mode, when MSSPx interrupts are enabled,
after the master completes sending data, an MSSPx
interrupt will wake the controller from Sleep.

If an exit from Sleep mode is not desired, MSSPx
interrupts should be disabled.

In SPI Master mode, when the Sleep mode is selected,
all module clocks are halted and the transmis-
sion/reception will remain in that state until the device
wakes. After the device returns to Run mode, the
module will resume transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in Sleep mode and data
to be shifted into the SPI Transmit/Receive Shift
register. When all eight bits have been received, the
MSSPx interrupt flag bit will be set and if enabled, will
wake the device.

TABLE 25-1: SUMMARY OF REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register on 

Page

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSA0 122

ANSELB(1) — — ANSB5 ANSB4 — — — — 129

ANSELC ANSC7(1) ANSC6(1) — — ANSC3 ANSC2 ANSC1 ANSC0 134

APFCON0 RXDTSEL SDO1SEL(2) SS1SEL(2) — T1GSEL TXCKSEL — — 118

APFCON1 — — SDO2SEL(1) SS2SEL(1) P1DSEL P1CSEL P2BSEL CCP2SEL 119

INLVLA — — INLVLA5(1) INLVLA4(1) INLVLA3 INLVLA2 INLVLA1 INLVLA0 124

INLVLB(1) INLVLB7 INLVLB6 INLVLB5 INLVLB4 — — — — 129

INLVLC INLVLC7(1) INLVLC6(1) INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLC1(1) INLVLC0(1) 135

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 87

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 88

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 92

SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register 233*

SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 277

SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 279

SSP1STAT SMP CKE D/A P S R/W UA BF 276

TRISA — — TRISA5(1) TRISA4(1) TRISA3 TRISA2 TRISA1 TRISA0 122

TRISB(1) TRISB7 TRISB6 TRISB5 TRISB4 — — — — 128

TRISC TRISC7(1) TRISC6(1) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1(1) TRISC0(1) 133

Legend: — Unimplemented location, read as ‘0’. Shaded cells are not used by the MSSP1 in SPI mode.
* Page provides register information.

Note 1: PIC16(L)F1829 only.
2: PIC16(L)F1825 only.
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26.4.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for synchronous slave operation:

• SYNC = 1

• CSRC = 0

• SREN = 0 (for transmit); SREN = 1 (for receive)

• CREN = 0 (for transmit); CREN = 1 (for receive)

• SPEN = 1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
EUSART. 

26.4.2.1 EUSART Synchronous Slave 
Transmit

The operation of the Synchronous Master and Slave
modes are identical (see Section 27.4.1.3
“Synchronous Master Transmission”), except in the
case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

26.4.2.2 Synchronous Slave Transmission 
Setup:

1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for the CK pin (if applicable).

3. Clear the CREN and SREN bits.

4. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit transmission is desired, set the TX9 bit.

6. Enable transmission by setting the TXEN bit.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant eight bits to the TXREG register.

TABLE 26-9: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE 
TRANSMISSION 

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register on 

Page

APFCON0 RXDTSEL SDO1SEL(1) SS1SEL(1) — T1GSEL TXCKSEL — — 118

BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 292

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 87

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 88

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 92

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 291

TXREG EUSART Transmit Data Register 283*

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 290

Legend: — Unimplemented location, read as ‘0’. Shaded cells are not used for Synchronous Slave Transmission.

* Page provides register information.
Note 1: PIC16(L)F1825 only.
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29.0 INSTRUCTION SET SUMMARY

Each PIC16 instruction is a 14-bit word containing the
operation code (opcode) and all required operands.
The opcodes are broken into three broad categories.

• Byte Oriented

• Bit Oriented

• Literal and Control

The literal and control category contains the most
varied instruction word format.

Table 29-3 lists the instructions recognized by the
MPASMTM assembler.

All instructions are executed within a single instruction
cycle, with the following exceptions, which may take
two or three cycles: 

• Subroutine takes two cycles (CALL, CALLW)
• Returns from interrupts or subroutines take two 

cycles (RETURN, RETLW, RETFIE)
• Program branching takes two cycles (GOTO, BRA, 
BRW, BTFSS, BTFSC, DECFSZ, INCSFZ)

• One additional instruction cycle will be used when 
any instruction references an indirect file register 
and the file select register is pointing to program 
memory.

One instruction cycle consists of four oscillator cycles;
for an oscillator frequency of 4 MHz, this gives a
nominal instruction execution rate of 1 MHz.

All instruction examples use the format ‘0xhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

29.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

TABLE 29-1: OPCODE FIELD 
DESCRIPTIONS  

TABLE 29-2: ABBREVIATION 
DESCRIPTIONS  

Field Description

f Register file address (0x00 to 0x7F)

W Working register (accumulator)

b Bit address within an 8-bit file register

k Literal field, constant data or label

x Don’t care location (= 0 or 1). 
The assembler will generate code with x = 0. 
It is the recommended form of use for 
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f. 
Default is d = 1.

n FSR or INDF number. (0-1)

mm Pre-post increment-decrement mode 
selection

Field Description

PC Program Counter

TO Time-out bit

C Carry bit

DC Digit carry bit

Z Zero bit

PD Power-down bit
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MOVIW Move INDFn to W

Syntax: [ label ] MOVIW ++FSRn
[ label ] MOVIW --FSRn
[ label ] MOVIW FSRn++
[ label ] MOVIW FSRn--
[ label ] MOVIW k[FSRn]

Operands: n  [0,1]
mm  [00,01, 10, 11]
-32  k  31

Operation: INDFn  W
Effective address is determined by
• FSR + 1 (preincrement)
• FSR - 1 (predecrement)
• FSR + k (relative offset)
After the Move, the FSR value will be 
either:
• FSR + 1 (all increments)
• FSR - 1 (all decrements)
• Unchanged

Status Affected:  Z

 Mode  Syntax  mm

 Preincrement  ++FSRn  00

 Predecrement  --FSRn  01

 Postincrement  FSRn++  10

 Postdecrement  FSRn--  11

Description: This instruction is used to move data 
between W and one of the indirect 
registers (INDFn). Before/after this 
move, the pointer (FSRn) is updated by 
pre/post incrementing/decrementing it.

Note: The INDFn registers are not 
physical registers. Any instruction that 
accesses an INDFn register actually 
accesses the register at the address 
specified by the FSRn.

FSRn is limited to the range 0000h - 
FFFFh. Incrementing/decrementing it 
beyond these bounds will cause it to 
wrap-around.

MOVLB Move literal to BSR 

Syntax: [ label ] MOVLB   k

Operands: 0  k  15

Operation: k  BSR

Status Affected: None

Description: The 5-bit literal ‘k’ is loaded into the 
Bank Select Register (BSR).

MOVLP Move literal to PCLATH 

Syntax: [ label ] MOVLP   k

Operands: 0  k  127

Operation: k  PCLATH

Status Affected: None

Description: The 7-bit literal ‘k’ is loaded into the 
PCLATH register.

MOVLW Move literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0  k  255

Operation: k  (W)

Status Affected: None

Description: The 8-bit literal ‘k’ is loaded into W 
register. The “don’t cares” will 
assemble as ‘0’s.

Words: 1

Cycles: 1

Example: MOVLW 0x5A

After Instruction
W = 0x5A

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f

Operands: 0  f  127

Operation: (W)  (f)

Status Affected: None

Description: Move data from W register to register 
‘f’.

Words: 1

Cycles: 1

Example: MOVWF OPTION_REG

Before Instruction
OPTION_REG = 0xFF

              W = 0x4F
After Instruction

OPTION_REG = 0x4F
              W = 0x4F
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Supply Current (IDD)(1, 2)

D020 — 2.7 3.6 mA 3.0 FOSC = 32 MHz
HS Oscillator mode (Note 4)— 3.2 4.2 mA 3.6

D020 — 2.7 4.0 mA 3.0 FOSC = 32 MHz
HS Oscillator mode (Note 4)— 3.2 4.3 mA 5.0

D021 — 222 350 A 1.8 FOSC = 4 MHz
EXTRC mode (Note 5)— 400 690 A 3.0

D021 — 240 500 A 1.8 FOSC = 4 MHz
EXTRC mode (Note 5)— 416 800 A 3.0

— 497 900 A 5.0

30.2 DC Characteristics: PIC16(L)F1825/9-I/E (Industrial, Extended) (Continued)

PIC16LF1825/9
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

PIC16F1825/9
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

Param
No.

Device 
Characteristics

Min. Typ† Max. Units
Conditions

VDD Note

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.

Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from 
rail-to-rail; all I/O pins tri-stated, pulled to VDD; MCLR = VDD; WDT disabled.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin loading 
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current 
consumption.

3: 8 MHz internal RC oscillator with 4xPLL enabled.
4: 8 MHz crystal oscillator with 4xPLL enabled.
5: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended 

by the formula IR = VDD/2REXT (mA) with REXT in k.
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TABLE 30-25: A/D CONVERTER (ADC) CHARACTERISTICS FOR PIC16F1825/9-H (High Temp.)

TABLE 30-26: COMPARATOR SPECIFICATIONS FOR PIC16F1825/9-H (High Temp.)

TABLE 30-27: CAP SENSE OSCILLATOR SPECIFICATIONS FOR PIC16F1825/9-H (High Temp.)

PIC16F1825/9
Standard Operating Conditions: (unless otherwise stated)
Operating Temperature: -40°C  TA  +150°C for High Temperature

Param 
No.

Sym.  Characteristic Min. Typ. Max. Units Conditions

AD04 EOFF Offset Error — — 3.5 LSB No missing codes
VREF = 3.0V

† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: Total Absolute Error includes integral, differential, offset and gain errors.
2: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
3: ADC VREF is from external VREF, VDD pin or FVR, whichever is selected as reference input.

PIC16F1825/9
Standard Operating Conditions: (unless otherwise stated)
Operating Temperature: -40°C  TA  +150°C for High Temperature

Param 
No.

Sym.  Characteristic Min. Typ. Max. Units Conditions

CM01 VIOFF Input Offset Voltage — — ±70 mV High-Power mode, 
VICM = VDD/2

PIC16F1825/9
Standard Operating Conditions: (unless otherwise stated)
Operating Temperature: -40°C  TA  +150°C for High Temperature

Param 
No.

Sym.  Characteristic Min. Typ. Max. Units Conditions

All All All — — — — This module is not intended for use in 
high temperature devices.
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FIGURE 31-19: IDD, HS OSCILLATOR, 32 MHz (8 MHz + 4xPLL), PIC16LF1825/9 ONLY

FIGURE 31-20: IDD, HS OSCILLATOR, 32 MHz (8 MHz + 4xPLL), PIC16F1825/9 ONLY
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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