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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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3.2.3 EXTERNAL CLOCK INPUT
The EC and ECPLL Oscillator modes require an
external clock source to be connected to the OSC1 pin.
There is no oscillator start-up time required after a
Power-on Reset (POR) or after an exit from Sleep
mode.

In the EC Oscillator mode, the oscillator frequency
divided-by-4 is available on the OSC2 pin. In the
ECPLL Oscillator mode, the PLL output divided-by-4 is
available on the OSC2 pin. This signal may be used for
test purposes or to synchronize other logic. Figure 3-3
displays the pin connections for the EC Oscillator
mode.

FIGURE 3-3: EXTERNAL CLOCK INPUT 
OPERATION (EC AND 
ECPLL CONFIGURATION)   

3.2.4  PLL FREQUENCY MULTIPLIER
A Phase Locked Loop (PLL) circuit is provided as an
option for users who want to use a lower frequency
oscillator circuit, or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals, or users who require higher
clock speeds from an internal oscillator.

3.2.5 INTERNAL OSCILLATOR BLOCK
The PIC18F46J11 family devices include an internal
oscillator block which generates two different clock
signals; either can be used as the microcontroller�s
clock source. The internal oscillator may eliminate the
need for external oscillator circuits on the OSC1 and/or
OSC2 pins.

The main output (INTOSC) is an 8 MHz clock source
which can be used to directly drive the device clock. It
also drives the INTOSC postscaler, which can provide
a range of clock frequencies from 31 kHz to 8 MHz.
Additionally, the INTOSC may be used in conjunction
with the PLL to generate clock frequencies up to
32 MHz.

The other clock source is the internal RC oscillator
(INTRC), which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source. It is also enabled automatically when any of the
following are enabled:

� Power-up Timer
� Fail-Safe Clock Monitor
� Watchdog Timer
� Two-Speed Start-up

These features are discussed in more detail in
Section 26.0 �Special Features of the CPU� .

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 44).

OSC1/CLKI

OSC2/CLKOFOSC/4

Clock from
Ext. System PIC18F46J11
DS39932D-page 40  �⁄  2011 Microchip Technology Inc.
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4.3 Sleep Mode

The power-managed Sleep mode is identical to the
legacy Sleep mode offered in all other PIC devices. It is
entered by clearing the IDLEN bit (the default state on
device Reset) and executing the SLEEP instruction.
This shuts down the selected oscillator (Figure 4-5). All
clock source status bits are cleared.

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep mode. If
the WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrup
Reset or WDT time-out), the device will not be clocke
until the clock source selected by the SCS<1:0> b
becomes ready (see Figure 4-6), or it will be clocke
from the internal oscillator if either the Two-Spee
Start-up or the FSCM is enabled (see Section 26.
�Special Features of the CPU� ). In either case, th
OSTS bit is set when the primary clock is providing th
device clocks. The IDLEN and SCS bits are n
affected by the wake-up.

FIGURE 4-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE

FIGURE 4-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL) 

Q4Q3Q2

OSC1

Peripheral

Sleep

Program

Q1Q1

Counter

Clock

CPU
Clock

PC + 2PC

Q3 Q4 Q1 Q2

OSC1

Peripheral

Program PC

PLL Clock

Q3 Q4

Output

CPU Clock

Q1 Q2 Q3 Q4 Q1 Q2

Clock

Counter PC + 6PC + 4

Q1 Q2 Q3 Q4

Wake Event

Note 1: TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.

TOST(1) TPLL(1)

OSTS Bit Set

PC + 2
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6.1.3 PROGRAM COUNTER
The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is contained in three separate 8-bit registers. The
low byte, known as the PCL register, is both readable
and writable. The high byte, or PCH register, contains
the PC<15:8> bits; it is not directly readable or writable.
Updates to the PCH register are performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits; it is also not
directly readable or writable. Updates to the PCU
register are performed through the PCLATU register.

The contents of PCLATH and PCLATU are transferred
to the program counter by any operation that writes to
PCL. Similarly, the upper 2 bytes of the program
counter are transferred to PCLATH and PCLATU by an
operation that reads PCL. This is useful for computed
offsets to the PC (see Section 6.1.6.1 �Computed
GOTO� ).

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the Least Significant bit (LSb) of PCL is
fixed to a value of �0�. The PC increments by two to
address sequential instructions in the program
memory.

The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

6.1.4 RETURN ADDRESS STACK
The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC is
pushed onto the stack when a CALL or RCALL instruc-
tion is executed, or an interrupt is Acknowledged. The
PC value is pulled off the stack on a RETURN, RETLW
or a RETFIE instruction (and on ADDULNK and
SUBULNK instructions if the extended instruction set is
enabled). PCLATU and PCLATH are not affected by
any of the RETURN or CALL instructions.

The stack operates as a 31-word by 21-bit RAM and
5-bit Stack Pointer (SP), STKPTR. The stack space 
not part of either program or data space. The Sta
Pointer is readable and writable, and the address o
the top of the stack is readable and writable through th
Top-of-Stack Special Function Registers (SFRs). Da
can also be pushed to, or popped from, the stack usin
these registers. 

A CALL type instruction causes a push onto the stac
The Stack Pointer is first incremented and the locatio
pointed to by the Stack Pointer is written with th
contents of the PC (already pointing to the instructio
following the CALL). A RETURN type instruction cause
a pop from the stack. The contents of the locatio
pointed to by the STKPTR are transferred to the P
and then the Stack Pointer is decremented.

The Stack Pointer is initialized to �00000 � after 
Resets. There is no RAM associated with the locatio
corresponding to a Stack Pointer value of �00000 �; th
is only a Reset value. Status bits indicate if the stack
full, has overflowed or has underflowed. 

6.1.4.1 Top-of-Stack Access
Only the top of the return address stack (TOS) is rea
able and writable. A set of three register
TOSU:TOSH:TOSL, holds the contents of the sta
location pointed to by the STKPTR regist
(Figure 6-3). This allows users to implement a softwa
stack if necessary. After a CALL, RCALL  or interru
(and ADDULNK and SUBULNK instructions if th
extended instruction set is enabled), the software ca
read the pushed value by reading th
TOSU:TOSH:TOSL registers. These values can b
placed on a user-defined software stack. At return tim
the software can return these values 
TOSU:TOSH:TOSL and do a return.

The user must disable the Global Interrupt Enab
(GIE) bits while accessing the stack to prevent inadve
tent stack corruption.

FIGURE 6-3: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS     

00011
001A34h

11111
11110
11101

00010
00001
00000

00010

Return Address Stack <20:0>

Top-of-Stack
000D58h

TOSLTOSHTOSU
34h1Ah00h

STKPTR<4:0>

Top-of-Stack Registers Stack Pointer
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6.1.4.4 Stack Full and Underflow Resets
Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit in
Configuration register 1L. When STVREN is set, a full
or underflow condition sets the appropriate STKFUL or
STKUNF bit and then causes a device Reset. When
STVREN is cleared, a full or underflow condition sets
the appropriate STKFUL or STKUNF bit, but does not
cause a device Reset. The STKFUL or STKUNF bits
are cleared by the user software or a POR.

6.1.5 FAST REGISTER STACK (FRS)
A Fast Register Stack (FRS) is provided for the
STATUS, WREG and BSR registers to provide a �fast
return� option for interrupts. This stack is only one level
deep and is neither readable nor writable. It is loaded
with the current value of the corresponding register
when the processor vectors for an interrupt. All inter-
rupt sources push values into the Stack registers. The
values in the registers are then loaded back into the
working registers if the RETFIE, FAST instruction is
used to return from the interrupt.

If both low-priority and high-priority interrupts are
enabled, the Stack registers cannot be used reliably to
return from low-priority interrupts. If a high-priority
interrupt occurs while servicing a low-priority interrupt,
the Stack register values stored by the low-priority
interrupt will be overwritten. In these cases, users must
save the key registers in software during a low-priority
interrupt.

If interrupt priority is not used, all interrupts may use the
FRS for returns from interrupt. If no interrupts are used,
the FRS can be used to restore the STATUS, WREG
and BSR registers at the end of a subroutine call. To
use the Fast Register Stack for a subroutine call, a
CALL label, FAST  instruction must be executed to
save the STATUS, WREG and BSR registers to the
Fast Register Stack. A RETURN, FAST instruction is
then executed to restore these registers from the FRS.

Example 6-1 provides a source code example that
uses the FRS during a subroutine call and return.

EXAMPLE 6-1: FAST REGISTER STACK 
CODE EXAMPLE 

6.1.6 LOOK-UP TABLES IN PROGRAM 
MEMORY

There may be programming situations that require th
creation of data structures or look-up tables in progra
memory. For PIC18 devices, look-up tables can b
implemented in two ways:

� Computed GOTO
� Table Reads

6.1.6.1 Computed GOTO
A computed GOTO is accomplished by adding an offs
to the PC. An example is shown in Example 6-2.

A look-up table can be formed with an ADDWF P
instruction and a group of RETLW nn instructions. Th
W register is loaded with an offset into the table befo
executing a call to that table. The first instruction of th
called routine is the ADDWF PCL instruction. The ne
executed instruction will be one of the RETLW n
instructions that returns the value �nn � to the callin
function.

The offset value (in WREG) specifies the number 
bytes that the PC should advance and should b
multiples of 2 (LSb = 0).

In this method, only one byte may be stored in eac
instruction location; room on the return address stack
required.

EXAMPLE 6-2: COMPUTED GOTO USING 
AN OFFSET VALUE

6.1.6.2 Table Reads
A better method of storing data in program memo
allows two bytes to be stored in each instructio
location.

Look-up table data may be stored two bytes p
program word while programming. The Table Point
(TBLPTR) specifies the byte address and the Tab
Latch (TABLAT) contains the data that is read from th
program memory. Data is transferred from progra
memory one byte at a time.

Table read operation is discussed further 
Section 7.1 �Table Reads and Table Writes� .

CALL SUB1, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
;STACK

�x
�x

SUB1 �x
�x

RETURN FAST ;RESTORE VALUES SAVED
;IN FAST REGISTER STACK

MOVF OFFSET, W
CALL TABLE

ORG nn00h
TABLE ADDWF PCL

RETLW nnh
RETLW nnh
RETLW nnh
.
.
.

�⁄  2011 Microchip Technology Inc.  DS39932D-page 81
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URE 6-7: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)      

.2 ACCESS BANK
ile the use of the BSR with an embedded 8-bit

dress allows users to address the entire range of
ta memory, it also means that the user must always
sure that the correct bank is selected. Otherwise,
ta may be read from or written to the wrong location.
is can be disastrous if a GPR is the intended target
an operation, but an SFR is written to instead.
rifying and/or changing the BSR for each read or
ite to data memory can become very inefficient.

 streamline access for the most commonly used data
mory locations, the data memory is configured with

 Access Bank, which allows users to access a
pped block of memory without specifying a BSR.
e Access Bank consists of the first 96 bytes of
mory (00h-5Fh) in Bank 0 and the last 160 bytes of
mory (60h-FFh) in Bank 15. The lower half is known

 the Access RAM and is composed of GPRs. The
per half is where the device�s SFRs are mapped.
ese two areas are mapped contiguously in the
cess Bank and can be addressed in a linear fashion
 an 8-bit address (Figure 6-6).

e Access Bank is used by core PIC18 instructions
t include the Access RAM bit (the �a� parameter in
 instruction). When �a� is equal to �1�, the instruction

es the BSR and the 8-bit address included in the
code for the data memory address. When �a� is �0�,
wever, the instruction is forced to use the Access
nk address map; the current value of the BSR is
ored entirely. 

Using this �forced� addressing allows the instruction to
operate on a data address in a single cycle without
updating the BSR first. For 8-bit addresses of 60h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 60h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detail
in Section 6.6.3 �Mapping the Access Bank in
Indexed Literal Offset Mode� .

6.3.3 GENERAL PURPOSE 
REGISTER FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM, which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upward toward the bottom of
the SFR area. GPRs are not initialized by a POR and
are unchanged on all other Resets.

Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to 
the registers of the Access Bank.

2: The MOVFF instruction embeds the entire 12-bit address in the instruction.

Data Memory

Bank Select(2)

7 0From Opcode(2)

0 0 0 0

000h

100h

200h

300h

F00h

E00h

FFFh

Bank 0

Bank 1

Bank 2

Bank 14

Bank 15

00h

FFh
00h

FFh
00h

FFh

00h

FFh
00h

FFh

00h

FFh

Bank 3
through
Bank 13

0 0 1 0 1 1 1 1 1 1 1 1

7 0BSR(1)

1 1 1 1 1 1 1 1
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6 INTx Pin Interrupts

ternal interrupts on the INT0, INT1, INT2 and INT3
s are edge-triggered. If the corresponding INTEDGx

 in the INTCON2 register is set (= 1), the interrupt is
gered by a rising edge; if the bit is clear, the trigger

on the falling edge. When a valid edge appears on
 INTx pin, the corresponding flag bit and INTxIF are

t. This interrupt can be disabled by clearing the
rresponding enable bit, INTxIE. Flag bit, INTxIF,
st be cleared in software in the Interrupt Service
utine before re-enabling the interrupt.

 external interrupts (INT0, INT1, INT2 and INT3) can
ke-up the processor from the Sleep and Idle modes
it, INTxIE, was set prior to going into the power-man-
ed modes. After waking from Sleep or Idle mode, the
cessor will branch to the interrupt vector if the
bal Interrupt Enable bit (GIE) is set. Deep Sleep
de can wake up from INT0, but the processor will
rt execution from the Power-on Reset vector rather
n branch to the interrupt vector. 

errupt priority for INT1, INT2 and INT3 is determined
 the value contained in the Interrupt Priority bits,
1IP (INTCON3<6>), INT2IP (INTCON3<7>) and

T3IP (INTCON2<1>). There is no priority bit
sociated with INT0. It is always a high-priority
errupt source.

7 TMR0 Interrupt

8-bit mode (which is the default), an overflow in the
R0 register (FFh �o 00h) will set flag bit, TMR0IF. In

-bit mode, an overflow in the TMR0H:TMR0L register

pair (FFFFh �o 0000h) will set TMR0IF. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TMR0IE (INTCON<5>). Interrupt priority for Timer0 is
determined by the value contained in the interrupt prior-
ity bit, TMR0IP (INTCON2<2>). See Section 12.0
�Timer0 Module�  for further details on the Timer0
module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (see Section 6.3
�Data Memory Organization� ), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user�s application, other registers may also need to be
saved. Example 9-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

AMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM  
OVWF W_TEMP ; W_TEMP is in access bank
OVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
OVFF BSR, BSR_TEMP ; BSR_TEMP located anywhere

USER ISR CODE

OVFF BSR_TEMP, BSR ; Restore BSR
OVF W_TEMP, W ; Restore WREG
OVFF STATUS_TEMP, STATUS ; Restore STATUS
39932D-page 130  �⁄  2011 Microchip Technology Inc.
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TABLE 10-4: SUMMARY OF REGIST ERS ASSOCIATED WITH PORTA

RA5/AN4/SS1/
HLVDIN/RP2

RA5 0 O DIG LATA<5> data output; not affected by analog input.
1 I TTL PORTA<5> data input; disabled when analog input enabled

AN4 1 I ANA A/D input channel 4. Default configuration on POR.

SS1 1 I TTL Slave select input for MSSP1.
HLVDIN 1 I ANA High/Low-Voltage Detect external trip point reference input.

RP2 1 I ST Remappable Peripheral pin 2 input.
0 O DIG Remappable Peripheral pin 2 output.

OSC2/CLKO/
RA6

OSC2 x O ANA Main oscillator feedback output connection (HS mode).
CLKO x O DIG System cycle clock output (FOSC/4) in RC and EC Oscillator

modes.
RA6 1 I TTL PORTA<6> data input.

0 O DIG LATA<6> data output.
OSC1/CLKI/RA7 OSC1 1 I ANA Main oscillator input connection.

CLKI 1 I ANA Main clock input connection.
RA7 1 I TTL PORTA<6> data input.

0 O DIG LATA<6> data output.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset 
Values

on page

PORTA RA7 RA6 RA5 � RA3 RA2 RA1 RA0 87
LATA LAT7 LAT6 LAT5 � LAT3 LAT2 LAT1 LAT0 87
TRISA TRIS7 TRIS6 TRISA5 � TRISA3 TRISA2 TRISA1 TRISA0 87
ANCON0 PCFG7(1) PCFG6(1) PCFG5(1) PCFG4 PCFG3 PCFG2 PCFG1 PCFG0 88
CMxCON CON COE CPOL EVPOL1 EVPOL0 CREF CCH1 CCH0 87
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 88
Legend: � = unimplemented, read as � 0�. Shaded cells are not used by PORTA.
Note 1: These bits are only available in 44-pin devices.

TABLE 10-3: PORTA I/O SUMMARY (CONTINUED)

Pin Function TRIS
Setting I/O I/O

Type Description

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level 
input/output; x  = Don�t care (TRIS bit does not affect port direction or is overridden for this option)

Note 1: This bit is only available on 44-pin devices.
�⁄  2011 Microchip Technology Inc.  DS39932D-page 137
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11.3.5 CHIP SELECT FEATURES
One chip select line, PMCS, is available for the Master
modes of the PMP. The chip select line is multiplexed
with the second Most Significant bit (MSb) of the
address bus (PMADDRH<6>). When configured for
chip select, the PMADDRH<7:6> bits are not included
in any address auto-increment/decrement. The
function of the chip select signal is configured using the
chip select function bits (PMCONL<7:6>).

11.3.6 AUTO-INCREMENT/DECREMENT
While the module is operating in one of the Master
modes, the INCMx bits (PMMODEH<4:3>) control the
behavior of the address value. The address can be
made to automatically increment or decrement after
each read and write operation. The address increments
once each operation is completed and the BUSY bit
goes to �0�. If the chip select signals are disabled and
configured as address bits, the bits will participate in
the increment and decrement operations; otherwise,
the CS1 bit values will be unaffected.

11.3.7 WAIT STATES
In Master mode, the user has control over the duration
of the read, write and address cycles by configuring the
module Wait states. Three portions of the cycle, the
beginning, middle and end, are configured using the
corresponding WAITBx, WAITMx and WAITEx bits in
the PMMODEL register.

The WAITBx bits (PMMODEL<7:6>) set the number of
Wait cycles for the data setup prior to the
PMRD/PMWT strobe in Mode 10, or prior to the
PMENB strobe in Mode 11. The WAITMx bits
(PMMODEL<5:2>) set the number of Wait cycles for
the PMRD/PMWT strobe in Mode 10, or for the PMENB
strobe in Mode 11. When this Wait state setting is �0�,
then WAITB and WAITE have no effect. The WAITE
bits (PMMODEL<1:0>) define the number of Wait
cycles for the data hold time after the PMRD/PMWT
strobe in Mode 10, or after the PMENB strobe in
Mode 11.

11.3.8 READ OPERATION
To perform a read on the PMP, the user reads the
PMDIN1L register. This causes the PMP to output the
desired values on the chip select lines and the address
bus. Then the read line (PMRD) is strobed. The read
data is placed into the PMDIN1L register.

If the 16-bit mode is enabled (MODE16 = 1), the read
of the low byte of the PMDIN1L register will initiate two
bus reads. The first read data byte is placed into the
PMDIN1L register, and the second read data is placed
into the PMDIN1H.

Note that the read data obtained from the PMDIN1
register is actually the read value from the previou
read operation. Hence, the first user read will be 
dummy read to initiate the first bus read and fill the rea
register. Also, the requested read value will not b
ready until after the BUSY bit is observed low. Thus, 
a back-to-back read operation, the data read from th
register will be the same for both reads. The next rea
of the register will yield the new value.

11.3.9 WRITE OPERATION
To perform a write onto the parallel bus, the user write
to the PMDIN1L register. This causes the module 
first output the desired values on the chip select line
and the address bus. The write data from the PMDIN1
register is placed onto the PMD<7:0> data bus. The
the write line (PMWR) is strobed. If the 16-bit mode 
enabled (MODE16 = 1), the write to the PMDIN1
register will initiate two bus writes. The first write w
consist of the data contained in PMDIN1L and th
second write will contain the PMDIN1H.

11.3.10 PARALLEL MASTER PORT STATU

11.3.10.1 The BUSY Bit
In addition to the PMP interrupt, a BUSY bit is provide
to indicate the status of the module. This bit is use
only in Master mode. While any read or write operatio
is in progress, the BUSY bit is set for all but the very la
CPU cycle of the operation. In effect, if a single-cyc
read or write operation is requested, the BUSY bit w
never be active. This allows back-to-back transfer
While the bit is set, any request by the user to initiate
new operation will be ignored (i.e., writing or readin
the lower byte of the PMDIN1L register will neith
initiate a read nor a write).

11.3.10.2 Interrupts
When the PMP module interrupt is enabled for Mast
mode, the module will interrupt on every complete
read or write cycle; otherwise, the BUSY bit is availab
to query the status of the module.
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URE 11-24: WRITE TIMING, 16-BIT MULTIPLEXED DATA, PARTIALLY MULTIPLEXED 
ADDRESS

URE 11-25: READ TIMING, 16-BIT MULTIPLEXED DATA, FULLY MULTIPLEXED 16-BIT 
ADDRESS

URE 11-26: WRITE TIMING, 16-BIT MULTIPLEXED DATA, FULLY MULTIPLEXED 16-BIT 
ADDRESS
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.7 Resetting Timer1 Using the ECCP 
Special Event Trigger

CCP1 or ECCP2 is configured to use Timer1 and to
nerate a Special Event Trigger in Compare mode
CPxM<3:0> = 1011 ), this signal will reset Timer3.
e trigger from ECCP2 will also start an A/D conver-
n if the A/D module is enabled (see Section 18.3.4
ecial Event Trigger�  for more information). 

e module must be configured as either a timer or a
chronous counter to take advantage of this feature.
en used this way, the CCPRxH:CCPRxL register

ir effectively becomes a Period register for Timer1. 

imer1 is running in Asynchronous Counter mode,
s Reset operation may not work.

the event that a write to Timer1 coincides with a
ecial Event Trigger, the write operation will take
cedence.

.8 Timer1 Gate

er1 can be configured to count freely or the count can
 enabled and disabled using the Timer1 gate circuitry.
is is also referred to as Timer1 gate count enable.

e Timer1 gate can also be driven by multiple
lectable sources.

13.8.1 TIMER1 GATE COUNT ENABLE
The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the T1GCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit of the T1GCON register.

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 13-4 for timing details.

TABLE 13-3: TIMER1 GATE ENABLE 
SELECTIONS

ote: The Special Event Trigger from the
ECCPx module will not set the TMR1IF
interrupt flag bit (PIR1<0>). 

T1CLK T1GPOL T1G Timer1 Operation

�n 0 0 Counts
�n 0 1 Holds Count
�n 1 0 Holds Count
�n 1 1 Counts
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