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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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PIC16LF1902/3
FIGURE 2: 28-PIN UQFN 
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PIC16LF1902/3

RB3(1)/AN9/SEG26/VLCD3

RB2(1)/AN8/SEG25/VLCD2

RB1(1)/AN10/SEG24/VLCD1

Note 1: These pins have interrupt-on-change functionality.
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PIC16LF1902/3
3.2.2 SPECIAL FUNCTION REGISTER

The Special Function Registers (SFRs) are registers
used by the application to control the desired operation
of peripheral functions in the device. The Special
Function Registers occupy the 20 bytes after the core
registers of every data memory bank (addresses
x0Ch/x8Ch through x1Fh/x9Fh). The registers
associated with the operation of the peripherals are
described in the appropriate peripheral chapter of this
data sheet.

3.2.3 GENERAL PURPOSE RAM

There are up to 80 bytes of GPR in each data memory
bank. The Special Function Registers occupy the 20
bytes after the core registers of every data memory
bank (addresses x0Ch/x8Ch through x1Fh/x9Fh).

3.2.3.1 Linear Access to GPR

The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section 3.5.2
“Linear Data Memory” for more information.

3.2.4 COMMON RAM

There are 16 bytes of common RAM accessible from all
banks.

FIGURE 3-3: BANKED MEMORY 
PARTITIONING 

3.2.5 DEVICE MEMORY MAPS

The memory maps for PIC16LF1902 and
PIC16LF1903 are as shown in Table 3-3.

0Bh
0Ch

1Fh

20h

6Fh
70h

7Fh

00h

Common RAM
(16 bytes)

General Purpose RAM
(80 bytes maximum)

Core Registers
(12 bytes)

Special Function Registers
(20 bytes maximum)

Memory Region7-bit Bank Offset
 2011-2016 Microchip Technology Inc. DS40001455F-page 17



PIC16LF1902/3
TABLE 3-3: PIC16LF1902/3 MEMORY MAP (CONTINUED) 

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

Bank 15
780h

78Bh

Core Registers 
(Table 3-2)

78Ch

790h

Unimplemented
Read as ‘0’

791h LCDCON

792h LCDPS

793h LCDREF

794h LCDCST

795h LCDRL

796h —

797h —

798h LCDSE0

799h LCDSE1

79Ah —

79Bh LCDSE3

79Ch

79Fh

Unimplemented
Read as ‘0’

7A0h LCDDATA0
7A1h LCDDATA1

7A2h —

7A3h LCDDATA3
7A4h LCDDATA4

7A5h —

7A6h LCDDATA6
7A7h LCDDATA7

7A8h —

7A9h LCDDATA9
7AAh LCDDATA10

7ABh —

7ACh LCDDATA12

7ADh —

7AEh —

7AFh LCDDATA15

7B0h —

7B1h —

7B2h LCDDATA18

7B3h —

7B4h —

7B5h LCDDATA21

7B6h —

7B7h —

7B8h

7EFh

Unimplemented
Read as ‘0’

     
Bank 31

F80h

F8Bh

Core Registers 
(Table 3-2)

F8Ch

FE3h

Unimplemented
Read as ‘0’

FE4h STATUS_SHAD

FE5h WREG_SHAD

FE6h BSR_SHAD

FE7h PCLATH_SHAD

FE8h FSR0L_SHAD

FE9h FSR0H_SHAD

FEAh FSR1L_SHAD

FEBh FSR1H_SHAD

FECh —

FEDh STKPTR
FEEh TOSL
FEFh TOSH
FF0h

Common RAM
(Accesses
70h – 7Fh)

FFFh
DS40001455F-page 20  2011-2016 Microchip Technology Inc.



PIC16LF1902/3
3.5.1 TRADITIONAL DATA MEMORY

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

FIGURE 3-10: TRADITIONAL DATA MEMORY MAP

Indirect AddressingDirect Addressing

Bank Select Location Select

4 BSR 6 0From Opcode FSRxL7 0

Bank Select Location Select

00000 00001 00010 11111
0x00

0x7F

Bank 0 Bank 1 Bank 2 Bank 31

0 FSRxH7 0

0 0 0 0
 2011-2016 Microchip Technology Inc. DS40001455F-page 31



PIC16LF1902/3
FIGURE 7-3: INT PIN INTERRUPT TIMING

Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4

CLKIN

CLKOUT

INT pin

INTF

GIE

INSTRUCTION FLOW

PC

Instruction
Fetched

Instruction
Executed

Interrupt Latency

PC PC + 1 PC + 1 0004h 0005h

Inst (0004h) Inst (0005h)

Dummy Cycle

Inst (PC) Inst (PC + 1)

Inst (PC – 1) Inst (0004h)Dummy CycleInst (PC)

—

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

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.

3: CLKOUT not available in all Oscillator modes.

4: For minimum width of INT pulse, refer to AC specifications in Section 21.0 “Electrical Specifications”.

5: INTF is enabled to be set any time during the Q4-Q1 cycles.

(1)

(2)

(3)

(4)

(5)
(1)
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PIC16LF1902/3
7.3 Interrupts During Sleep

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.

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 the 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 Automatic Context Saving

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

• W register

• STATUS register (except for TO and PD)

• BSR register

• FSR registers

• PCLATH register

Upon exiting the Interrupt Service Routine, these regis-
ters are automatically restored. Any modifications to
these registers during the ISR will be lost. If modifica-
tions to any of these registers are desired, the corre-
sponding 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 appli-
cation, other registers may also need to be saved. 
 2011-2016 Microchip Technology Inc. DS40001455F-page 59



PIC16LF1902/3
7.6 Interrupt Control Registers

7.6.1 INTCON REGISTER

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMR0 register overflow, interrupt-on-change and
external INT pin interrupts.

             

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 7-1: INTCON: INTERRUPT CONTROL REGISTER

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

GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF

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 GIE: Global Interrupt Enable bit

1 = Enables all active interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all active peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 TMR0IE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt

bit 4 INTE: INT External Interrupt Enable bit
1 = Enables the INT external interrupt
0 = Disables the INT external interrupt

bit 3 IOCIE: Interrupt-on-Change Interrupt Enable bit
1 = Enables the interrupt-on-change interrupt
0 = Disables the interrupt-on-change interrupt

bit 2 TMR0IF: Timer0 Overflow Interrupt Flag bit
1 = TMR0 register has overflowed
0 = TMR0 register did not overflow

bit 1 INTF: INT External Interrupt Flag bit
1 = The INT external interrupt occurred
0 = The INT external interrupt did not occur

bit 0 IOCIF: Interrupt-on-Change Interrupt Flag bit
1 = When at least one of the interrupt-on-change pins changed state
0 = None of the interrupt-on-change pins have changed state
DS40001455F-page 60  2011-2016 Microchip Technology Inc.



PIC16LF1902/3
10.0 FLASH PROGRAM MEMORY 
CONTROL

The Flash program memory is readable and writable
during normal operation over the full VDD range.
Program memory is indirectly addressed using Special
Function Registers (SFRs). The SFRs used to access
program memory are:

• PMCON1

• PMCON2

• PMDATL

• PMDATH

• PMADRL

• PMADRH

When accessing the program memory, the
PMDATH:PMDATL register pair forms a 2-byte word
that holds the 14-bit data for read/write, and the
PMADRH:PMADRL register pair forms a 2-byte word
that holds the 15-bit address of the program memory
location being read.

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip charge
pump rated to operate over the operating voltage range
of the device.

The Flash Program Memory can be protected in two
ways; by code protection (CP bit in Configuration Word 1)
and write protection (WRT<1:0> bits in Configuration
Word 2). 

Code protection (CP = 0)(1), disables access, reading
and writing, to the Flash Program Memory via external
device programmers. Code protection does not affect
the self-write and erase functionality. Code protection
can only be reset by a device programmer performing
a Bulk Erase to the device, clearing all Flash Program
Memory, Configuration bits and User IDs.

Write protection prohibits self-write and erase to a
portion or all of the Flash Program Memory as defined
by the bits WRT<1:0>. Write protection does not affect
a device programmers ability to read, write or erase the
device. 

10.1 PMADRL and PMADRH Registers

The PMADRH:PMADRL register pair can address up
to a maximum of 32K words of program memory. When
selecting a program address value, the MSB of the
address is written to the PMADRH register and the LSB
is written to the PMADRL register.

10.1.1 PMCON1 AND PMCON2 
REGISTERS

PMCON1 is the control register for Flash Program
Memory accesses.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared by hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
occur. On power-up, the WREN bit is clear. The
WRERR bit is set when a write operation is interrupted
by a Reset during normal operation. In these situations,
following Reset, the user can check the WRERR bit
and execute the appropriate error handling routine.

The PMCON2 register is a write-only register. Attempting
to read the PMCON2 register will return all ‘0’s. 

To enable writes to the program memory, a specific
pattern (the unlock sequence), must be written to the
PMCON2 register. The required unlock sequence
prevents inadvertent writes to the program memory
write latches and Flash Program Memory. 

10.2 Flash Program Memory Overview

It is important to understand the Flash Program Memory
structure for erase and programming operations. Flash
Program Memory is arranged in rows. A row consists of
a fixed number of 14-bit program memory words. A row
is the minimum size that can be erased by user software.

After a row has been erased, the user can reprogram
all or a portion of this row. Data to be written into the
program memory row is written to 14-bit wide data write
latches. These write latches are not directly accessible
to the user, but may be loaded via sequential writes to
the PMDATH:PMDATL register pair.

See Table 10-1 for Erase Row size and the number of
write latches for Flash Program Memory.

Note 1: Code protection of the entire Flash
Program Memory array is enabled by
clearing the CP bit of Configuration Word 1.

Note: If the user wants to modify only a portion
of a previously programmed row, then the
contents of the entire row must be read
and saved in RAM prior to the erase.
Then, new data and retained data can be
written into the write latches to reprogram
the row of Flash Program Memory. How-
ever, any unprogrammed locations can be
written without first erasing the row. In this
case, it is not necessary to save and
rewrite the other previously programmed
locations.
DS40001455F-page 72  2011-2016 Microchip Technology Inc.
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FIGURE 10-5: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES 

PMDATH

7          5                         0    7  

6

14

1414

PMADRH                  PMADRL

7    6                               0   7         5  4                    0  

Program Memory Write Latches

14 14

510

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

Row 

Row 
Address 
Decode

Addr

Write Latch #1
01h

Write Latch #0
00h

Addr

000h 0000h 0001h

001h 0020h 0021h

002h 0040h 0041h

3FEh 7FC0h 7FC1h

3FFh 7FE0h 7FE1h

r9 r8 r7 r6 r5 r4 r3- r1 r0 c4 c3 c2 c1 c0r2

PMADRL<4:0>

400h 8000h - 8003h

USER ID 0 - 3

8006h

DEVICEID
REVID

reserved

8004h - 8005h

Configuratio

CFGS = 0

CFGS = 1

--



PIC16LF1902/3
10.3 Modifying Flash Program Memory

When modifying existing data in a program memory
row, and data within that row must be preserved, it must
first be read and saved in a RAM image. Program
memory is modified using the following steps:

1. Load the starting address of the row to be
modified.

2. Read the existing data from the row into a RAM
image.

3. Modify the RAM image to contain the new data
to be written into program memory.

4. Load the starting address of the row to be
rewritten.

5. Erase the program memory row.

6. Load the write latches with data from the RAM
image.

7. Initiate a programming operation.

FIGURE 10-7: FLASH PROGRAM 
MEMORY MODIFY 
FLOWCHART 

Start 
Modify Operation

Read Operation
(Figure x.x)

Erase Operation
(Figure x.x)

Modify Image
The words to be modified are 
changed in the RAM image

End 
Modify Operation

Write Operation
use RAM image 

(Figure x.x)

An image of the entire row read 
must be stored in RAM 

Figure 10-2

Figure 10-4

Figure 10-5
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TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

TABLE 11-4: SUMMARY OF CONFIGURATION WORD WITH PORTA  

REGISTER 11-4: ANSELA: PORTA ANALOG SELECT REGISTER

U-0 U-0 R/W-1/1 U-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1

— — ANSA5 — ANSA3 ANSA2 ANSA1 ANSA0

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 ANSA5: Analog Select between Analog or Digital Function on pins RA5, respectively
0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(1). Digital input buffer disabled.

bit 4 Unimplemented: Read as ‘0’

bit 3-0 ANSA<3:0>: Analog Select between Analog or Digital Function on pins RA<3:0>, respectively
0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(1). 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.

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

ANSELA — — ANSA5 — ANSA3 ANSA2 ANSA1 ANSA0 91

LATA LATA7 LATA6 LATA5 LATA4 LATA3 LATA2 LATA1 LATA0 90

OPTION_REG WPUEN INTEDG TMR0CS TMR0SE PSA PS<2:0> 121

PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RA0 90

TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 90

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

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 — — — — CLKOUTEN BOREN<1:0> —

34
7:0 CP MCLRE PWRTE WDTE<1:0> — FOSC<1:0>

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.
 2011-2016 Microchip Technology Inc. DS40001455F-page 91



PIC16LF1902/3
13.0 FIXED VOLTAGE REFERENCE 
(FVR)

The Fixed Voltage Reference, or FVR, is a stable
voltage reference, independent of VDD, with 1.024V or
2.048V selectable output levels. The output of the FVR
can be configured as the FVR input channel on the
ADC.

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

13.1 Independent Gain Amplifiers

The output of the FVR supplied to the ADC is routed
through two independent programmable gain
amplifiers. Each amplifier can be configured to amplify
the reference voltage by 1x or 2x, to produce the two
possible voltage levels.

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module. Refer-
ence Section 15.0 “Analog-to-Digital Converter
(ADC) Module” for additional information.

13.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set. See
Section 21.0 “Electrical Specifications” for the
minimum delay requirement.

FIGURE 13-1: VOLTAGE REFERENCE BLOCK DIAGRAM       

FVR BUFFER1
(To ADC Module)

  x1
  x2

+

-

1.024V Fixed
Reference

FVREN
FVRRDY

2
ADFVR<1:0>

Any peripheral requiring 
the Fixed Reference

(See Table 13-1)

TABLE 13-1: PERIPHERALS REQUIRING THE FIXED VOLTAGE REFERENCE (FVR)

Peripheral Conditions Description

HFINTOSC FOSC<2:0> = 100 and 
IRCF<3:0> = 000x

INTOSC is active and device is not in Sleep.

BOR

BOREN<1:0> = 11 BOR always enabled.

BOREN<1:0> = 10 and BORFS = 1 BOR disabled in Sleep mode, BOR Fast Start enabled.

BOREN<1:0> = 01 and BORFS = 1 BOR under software control, BOR Fast Start enabled.
 Microchip Technology Inc. DS40001455F-page 1032011-2016



PIC16LF1902/3
15.1 ADC Configuration 

When configuring and using the ADC the following
functions must be considered:

• Port configuration

• Channel selection

• ADC voltage reference selection

• ADC conversion clock source

• Interrupt control

• Result formatting

15.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the I/O
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to
Section 11.0 “I/O Ports” for more information.

15.1.2 CHANNEL SELECTION

There are up to 11 channel selections available:

• AN<13:0> pins

• Temperature Indicator

• FVR (Fixed Voltage Reference) Output

Refer to Section 13.0 “Fixed Voltage Reference
(FVR)” and Section 14.0 “Temperature Indicator
Module” for more information on these channel selec-
tions.

The CHS bits of the ADCON0 register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 15.2
“ADC Operation” for more information.

15.1.3 ADC VOLTAGE REFERENCE

The ADPREF bits of the ADCON1 register provides
control of the positive voltage reference. The positive
voltage reference can be:

• VREF+ pin

• VDD

15.1.4  CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCON1 register. There
are seven possible clock options:

• FOSC/2

• FOSC/4

• FOSC/8

• FOSC/16

• FOSC/32

• FOSC/64

• FRC (dedicated internal oscillator)

The time to complete one bit conversion is defined as
TAD. One full 10-bit conversion requires 11.5 TAD

periods as shown in Figure 15-2.

For correct conversion, the appropriate TAD specifica-
tion must be met. Refer to the A/D conversion require-
ments in Section 21.0 “Electrical Specifications” for
more information. Table 15-1 gives examples of appro-
priate ADC clock selections.

Note: Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

Note: Unless using the FRC, any changes in the
system clock frequency will change the
ADC clock frequency, which may
adversely affect the ADC result.
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15.1.5  INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is always executed. If the user is attempting to
wake-up from Sleep and resume in-line code execu-
tion, the GIE and PEIE bits of the INTCON register
must be disabled. If the GIE and PEIE bits of the
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

15.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCON1 register controls the output format.

Figure 15-3 shows the two output formats.

FIGURE 15-3: 10-BIT A/D CONVERSION RESULT FORMAT 

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only
when the FRC oscillator is selected.

ADRESH ADRESL

(ADFM = 0) MSB LSB

bit 7 bit 0 bit 7 bit 0

10-bit A/D Result Unimplemented: Read as ‘0’

(ADFM = 1) MSB LSB

bit 7 bit 0 bit 7 bit 0

Unimplemented: Read as ‘0’ 10-bit A/D Result
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FIGURE 17-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE   

TMR1GE

T1GPOL

T1G_IN

T1CKI

T1GVAL

Timer1 N N + 1 N + 2

T1GSPM

T1GGO/

DONE

Set by software
Cleared by hardware on
falling edge of T1GVAL

Set by hardware on
falling edge of T1GVALCleared by software

Cleared by
softwareTMR1GIF

T1GTM

Counting enabled on
rising edge of T1G

N + 4N + 3
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18.4.3 AUTOMATIC POWER MODE 
SWITCHING

As an LCD segment is electrically only a capacitor, cur-
rent is drawn only during the interval where the voltage
is switching. To minimize total device current, the LCD
internal reference ladder can be operated in a different
power mode for the transition portion of the duration.
This is controlled by the LCDRL Register
(Register 18-7).

The LCDRL register allows switching between two
power modes, designated ‘A’ and ‘B’. ‘A’ Power mode
is active for a programmable time, beginning at the
time when the LCD segments transition. ‘B’ Power
mode is the remaining time before the segments or
commons change again. The LRLAT<2:0> bits select
how long, if any, that the ‘A’ Power mode is active.
Refer to Figure 18-4.

To implement this, the 5-bit prescaler used to divide
the 32 kHz clock down to the LCD controller’s 1 kHz
base rate is used to select the power mode.

FIGURE 18-4: LCD INTERNAL REFERENCE LADDER POWER MODE SWITCHING DIAGRAM – 
TYPE A

Single Segment Time

‘H00 ‘H01 ‘H02 ‘H03 ‘H04 ‘H05 ‘H06 ‘H07 ‘H0E ‘H0F ‘H00 ‘H01

‘H3

Power Mode A Power Mode B Mode A

LRLAT<2:0>

32 kHz Clock

Ladder Power

Segment Clock

LRLAT<2:0>

 Segment Data

Power Mode

COM0

SEG0

COM0-SEG0

Control

V0

V1

V0

V1

V0

V1

-V1
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TABLE 18-8: SUMMARY OF REGISTERS ASSOCIATED WITH LCD OPERATION

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

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 60

LCDCON LCDEN SLPEN WERR — CS1 CS0 LMUX<1:0> 135

LCDCST — — — — — LCDCST<2:0> 138

LCDDATA0 SEG7
COM0

SEG6
COM0

SEG5
COM0

SEG4
COM0

SEG3
COM0

SEG2
COM0

SEG1
COM0

SEG0
COM0

139

LCDDATA1 SEG15
COM0

SEG14
COM0

SEG13
COM0

SEG12
COM0

SEG11
COM0

SEG10
COM0

SEG9
COM0

SEG8
COM0

139

LCDDATA3 SEG7
COM1

SEG6
COM1

SEG5
COM1

SEG4
COM1

SEG3
COM1

SEG2
COM1

SEG1
COM1

SEG0
COM1

139

LCDDATA4 SEG15
COM1

SEG14
COM1

SEG13
COM1

SEG12
COM1

SEG11
COM1

SEG10
COM1

SEG9
COM1

SEG8
COM1

139

LCDDATA6 SEG7
COM2

SEG6
COM2

SEG5
COM2

SEG4
COM2

SEG3
COM2

SEG2
COM2

SEG1
COM2

SEG0
COM2

139

LCDDATA7 SEG15
COM2

SEG14
COM2

SEG13
COM2

SEG12
COM2

SEG11
COM2

SEG10
COM2

SEG9
COM2

SEG8
COM2

139

LCDDATA9 SEG7
COM3

SEG6
COM3

SEG5
COM3

SEG4
COM3

SEG3
COM3

SEG2
COM3

SEG1
COM3

SEG0
COM3

139

LCDDATA10 SEG15
COM3

SEG14
COM3

SEG13
COM3

SEG12
COM3

SEG11
COM3

SEG10
COM3

SEG9
COM3

SEG8
COM3

139

LCDDATA12 — — — — — SEG26
COM0

SEG25
COM0

SEG24
COM0

139

LCDDATA15 — — — — — SEG26
COM1

SEG25
COM1

SEG24
COM1

139

LCDDATA18 — — — — — SEG26
COM2

SEG25
COM2

SEG24
COM2

139

LCDDATA21 — — — — — SEG26
COM3

SEG25
COM3

SEG24
COM3

139

LCDPS WFT BIASMD LCDA WA LP<3:0> 136

LCDREF LCDIRE — LCDIRI — VLCD3PE VLCD2PE VLCD1PE — 137

LCDRL LRLAP<1:0> LRLBP<1:0> — LRLAT<2:0> 146

LCDSE0 SE<7:0> 139

LCDSE1 SE<15:8> 139

LCDSE3 — — — — — SE<26:24> 139

PIE2 — — — — — LCDIE — — 62

PIR2 — — — — — LCDIF — — 64

T1CON TMR1CS1 TMR1CS0 T1CKPS1 T1CKPS0 T1OSCEN T1SYNC — TMR1ON 130

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by the LCD module.
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Another connector often found in use with the PICkit™
programmers is a standard 6-pin header with 0.1 inch
spacing. Refer to Figure 19-2. 

FIGURE 19-2: PICkit™ STYLE CONNECTOR INTERFACE

1
2
3
4
5
6

* The 6-pin header (0.100" spacing) accepts 0.025" square pins.

Pin Description*

1 = VPP/MCLR

2 = VDD Target

3 = VSS (ground)

4 = ICSPDAT

5 = ICSPCLK

6 = No Connect

Pin 1 Indicator
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RRF Rotate Right f through Carry

Syntax: [ label ]    RRF   f,d

Operands: 0  f  127
d  [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are rotated 
one bit to the right through the Carry 
flag. If ‘d’ is ‘0’, the result is placed in 
the W register. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’.

SLEEP Enter Sleep mode

Syntax: [ label ] SLEEP

Operands: None

Operation: 00h  WDT,
0  WDT prescaler,
1  TO,
0  PD

Status Affected: TO, PD

Description: The power-down Status bit, PD is 
cleared. Time-out Status bit, TO is 
set. Watchdog Timer and its pres-
caler are cleared.
The processor is put into Sleep mode 
with the oscillator stopped. 

Register fC

SUBLW Subtract W from literal

Syntax: [ label ] SUBLW   k

Operands: 0 k 255

Operation: k - (W) W)

Status Affected: C, DC, Z

Description: The W register is subtracted (2’s com-
plement method) from the 8-bit literal 
‘k’. The result is placed in the W regis-
ter.

SUBWF Subtract W from f

Syntax: [ label ] SUBWF   f,d

Operands: 0 f 127
d  [0,1]

Operation: (f) - (W) destination)

Status Affected: C, DC, Z

Description: Subtract (2’s complement method) W 
register from register ‘f’. If ‘d’ is ‘0’, the 
result is stored in the W register. If ‘d’ is 
‘1’, the result is stored back in register 
‘f.

SUBWFB Subtract W from f with Borrow

Syntax: SUBWFB    f {,d}

Operands: 0  f  127
d  [0,1]

Operation: (f) – (W) – (B) dest

Status Affected: C, DC, Z

Description: Subtract W and the BORROW flag 
(CARRY) from register ‘f’ (2’s comple-
ment method). If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.

C = 0 W  k

C = 1 W  k

DC = 0 W<3:0>  k<3:0>

DC = 1 W<3:0>  k<3:0>

C = 0 W  f

C = 1 W  f

DC = 0 W<3:0>  f<3:0>

DC = 1 W<3:0>  f<3:0>
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24.3 Package Details
The following sections give the technical details of the packages.
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