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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 -
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23
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4.2V ~ 5.5V

A/D 5x10b

External
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Surface Mount

28-SOIC (0.295", 7.50mm Width)
28-S0IC
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10.1

Timer0 can operate as a timer or as a counter.

Timer0 Operation

Timer mode is selected by clearing the TOCS bit. In
Timer mode, the Timer0O module will increment every
instruction cycle (without prescaler). If the TMROL reg-
ister is written, the increment is inhibited for the follow-
ing two instruction cycles. The user can work around
this by writing an adjusted value to the TMROL register.

Counter mode is selected by setting the TOCS bit. In
Counter mode, Timer0 will increment, either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit (TOSE). Clearing the TOSE bit selects the ris-
ing edge. Restrictions on the external clock input are
discussed below.

When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

10.2
An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not readable or writable.

The PSA and TOPS2:TOPSO bits determine the
prescaler assignment and prescale ratio.

Prescaler

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4,.., 1:256 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMROL register (e.g., CLRF TMRO,
MOVWF TMRO, BSF TMRO, x....etc.) will clear the
prescaler count.

10.2.1  SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, (i.e., it can be changed “on-the-fly” during program
execution).

10.3 TimerO0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMROIF
bit. The interrupt can be masked by clearing the
TMROIE bit. The TMROIE bit must be cleared in soft-
ware by the Timer0 module Interrupt Service Routine
before re-enabling this interrupt. The TMRO interrupt
cannot awaken the processor from SLEEP, since the
timer is shut-off during SLEEP.

10.4 16-Bit Mode Timer Reads and

Writes

TMROH is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of TimerO0 (refer to Figure 10-2). The high byte
of the Timer0 counter/timer is not directly readable nor
writable. TMROH is updated with the contents of the
high byte of Timer0 during a read of TMROL. This pro-
vides the ability to read all 16-bits of TimerO without
having to verify that the read of the high and low byte
were valid due to a rollover between successive reads
of the high and low byte.

A write to the high byte of Timer0 must also take place
through the TMROH buffer register. Timer0 high byte is
updated with the contents of TMROH when a write
occurs to TMROL. This allows all 16-bits of TimerO to be
updated at once.

Note: Writing to TMROL when the prescaler is
assigned to TimerO will clear the prescaler
count, but will not change the prescaler
assignment.
TABLE 10-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR. BOR All Other
’ RESETS
TMROL TimerO Module Low Byte Register XXXX XXXX | uuuu uuuu
TMROH Timer0 Module High Byte Register 0000 0000 | 0000 0000
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 | TOPSO | 1111 1111 | 1111 1111
TRISA — PORTA Data Direction Register -111 1111 | -111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by TimerO0.

© 2006 Microchip Technology Inc.
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11.1  Timer1 Operation

When TMR1CS = 0, Timer1 increments every instruc-

tion cycle. When TMR1CS = 1, Timer1 increments on

Timer1 can operate in one of these modes:
e As atimer Timer1 oscillator, if enabled.
¢ As a synchronous counter

¢ As an asynchronous counter

The Operating mode is determined by the clock select

bit, TMR1CS (T1CON<1>). ignored, and the pins are read as ‘0’.

every rising edge of the external clock input or the

When the Timer1 oscillator is enabled (TIOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is

Timer1 also has an internal “RESET input’. This
RESET can be generated by the CCP module

(Section 14.0).

FIGURE 11-1: TIMER1 BLOCK DIAGRAM
TMR1IE CCP Special Event Trigger
Overflow :
Interrupt TMR1 0 Synchronized
Flag Bit CLR Clock Input
TMR1H TMR1L ]
TMR10ON
On/Off T1SYNC
'T10sC I~
T1CKI/T10SO |Z T AdTi0scen & ! Synchronize
51T Enab R
nable
F 4 2,4, det
T108| | Oscillator") In(t)efr%/al 0 _/‘_l
[ }
Clock 2 SLEEP Input
T1CKPS1:T1CKPS0O
TMR1CS

Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

FIGURE 11-2: TIMER1 BLOCK DIAGRAM: 16-BIT READ/WRITE MODE
Data Bus<7:0> VAN
8
TMR1H
8
8
Write TMR1L
A = CCP Special Event Trigger
Read TMR1L# k
TMR1IF 8 TMR1 o Synchronized
Overflow
Interrupt Timer 1 CLR Clock Input
Flag bit High Byte TMR1L ]
........ TMRION  Tisvnc
' T1I0SC | N
T13CKI/T10SO |X! . . 1 -
' ' >4 P Synchronize
) | Prescaler
! X T10SCEN Fosc/4 , 2,4, _A det
. . Enable Internal 0
T108I | Oscillator(" Clock 5 |
________ TMR1CS SLEEP Input

T1CKPS1:T1CKPSO

Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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13.0 TIMER3 MODULE

The Timer3 module timer/counter has the following
features:

¢ 16-bit timer/counter
(two 8-bit registers; TMR3H and TMR3L)
* Readable and writable (both registers)
¢ Internal or external clock select
¢ Interrupt-on-overflow from FFFFh to 0000h
¢ RESET from CCP module trigger

Figure 13-1 is a simplified block diagram of the Timer3
module.

Register 13-1 shows the Timer3 control register. This
register controls the Operating mode of the Timer3
module and sets the CCP clock source.

Register 11-1 shows the Timer1 control register. This
register controls the Operating mode of the Timer1
module, as well as contains the Timer1 oscillator
enable bit (T1OSCEN), which can be a clock source for
Timer3.

REGISTER 13-1: T3CON: TIMER3 CONTROL REGISTER

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

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

| RD16 | T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON

bit 7

bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit
1 = Enables register Read/Write of Timer3 in one 16-bit operation
0 = Enables register Read/Write of Timer3 in two 8-bit operations
bit6-3  T3CCP2:T3CCP1: Timer3 and Timer1 to CCPx Enable bits

1x =Timer3 is the clock source for compare/capture CCP modules

01 =Timer3 is the clock source for compare/capture of CCP2,
Timer1 is the clock source for compare/capture of CCP1

00 =Timer1 is the clock source for compare/capture CCP modules

bit 5-4  T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the system clock comes from Timer1/Timer3)

When TMR3CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR3CS = 0:

This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit

1 = External clock input from Timer1 oscillator or T1CKI
(on the rising edge after the first falling edge)

0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

© 2006 Microchip Technology Inc.
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13.1 Timer3 Operation

Timer3 can operate in one of these modes:

e As atimer

¢ As a synchronous counter
¢ As an asynchronous counter

The Operating mode is determined by the clock select
bit, TMR3CS (T3CON<1>).

FIGURE 13-1:

TIMER3 BLOCK DIAGRAM

When TMR3CS = 0, Timer3 increments every instruc-
tion cycle. When TMR3CS = 1, Timer3 increments on
every rising edge of the Timer1 external clock input or
the Timer1 oscillator, if enabled.

When the Timer1 oscillator is enabled (TIOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored, and the pins are read as ‘0’.

Timer3 also has an internal “RESET input”. This RESET
can be generated by the CCP module (Section 14.0).

TMRS3IF
Overflow
Interrupt

Flag bit

T10S0O/
T13CKI

T10SI

T3CCPx
P Synchronized
CLR - Clock Input
TMR3H TMR3L 4 .
14—
TMR3ON
On/Off T3SYNC

CCP Special Trigger

3)
>

Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

TMR3CS

(
1 .
| Prescaler Synchronize i
T10SCEN  Fosc/4 1.2,4,8 e
Enable ¢y Internal— 0
Oscillator'™ Glock %2 |

SLEEP Input
T3CKPS1:T3CKPS0

TIMER3 BLOCK DIAGRAM CONFIGURED IN 16-BIT READ/WRITE MODE

T10S0O/
T13CKI

T108I

Set TMR3IF Flag bit
on Overflow 4

FIGURE 13-2:
Data Bus<7:0>
8
TMR3H
AN 8 8
Write TMR3L
Read TMR3L7AX K LI

8 \/TMR3\/

CCP Special Trigger

T3CCPx Synchronized

Timer3 CLR Clock Input
High Byte TMR3L
-—
To Timer1 Clock Input <—— TMR3ON
On/Off T3SYNC
'|> ! Synchronize
| Prescaler

T10OSCEN Fosc/4 1; 2; 4’ 8 _f_det

Enable 1 Internal 0 i

Oscillator(") Clock } 5

Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

SLEEP Input
T3CKPS1:T3CKPS0O

TMR3CS
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14.1 CCP1 Module

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

TABLE 14-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timer1 or Timer3
Compare Timer1 or Timer3
PWM Timer2

14.2 CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

TABLE 14-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture | TMR1 or TMRS3 time-base. Time-base can be different for each CCP.

Capture Compare | The compare could be configured for the special event trigger,
which clears either TMR1 or TMR3 depending upon which time-base is used.

Compare Compare | The compare(s) could be configured for the special event trigger,
which clears TMR1 or TMR3 depending upon which time-base is used.

PWM PWM The PWMs will have the same frequency and update rate
(TMR2 interrupt).

PWM Capture | None

PWM Compare |None
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14.5 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data
latch.

Figure 14-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 14.5.3.

SIMPLIFIED PWM BLOCK
DIAGRAM

FIGURE 14-3:

Duty Cycle Registers —— CCP1CON<5:4>

| CCPRIL ‘

|CCPR1H (Slave) ‘

| Comparator i R Q
1T RC2/CCP1
| TMR2 ‘ (Note 1)‘
—|S
Comparator TRISC<2>

Clear Timer,

CCP1 pin and

latch D.C.

Note: 8-bit timer is concatenated with 2-bit internal Q clock or 2
bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 14-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 14-4: PWM OUTPUT

Period

| L =

'
. Duty Cycle
. TMR2 = PR2
ﬁ TMR2 = Duty Cycle

TMR2 = PR2

14.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM period = (PR2) +1] 4« TOSC*
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

e TMR2 is cleared

e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 12.0)
is not used in the determination of the
PWM frequency. The postscaler could be
used to have a servo update rate at a
different frequency than the PWM output.

14.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPR1L:CCP1CON<5:4>)
Tosc » (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPR1H register and a 2-bit internal latch are

used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

og( Fosc)
PWM Resolution (max) = -—l—%hﬁ-bits
og

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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15.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

15.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
¢ Serial Peripheral Interface (SPI)
* Inter-Integrated Circuit (12C)

- Full Master mode

- Slave mode (with general address call)
The I’C interface supports the following modes in
hardware:
e Master mode
¢ Multi-Master mode
¢ Slave mode

15.2 Control Registers

The MSSP module has three associated registers.
These include a status register (SSPSTAT) and two
control registers (SSPCON1 and SSPCON2). The use
of these registers and their individual configuration bits
differ significantly, depending on whether the MSSP
module is operated in SPI or I1°C mode.

Additional details are provided under the individual
sections.

15.3 SPI Mode

The SPI mode allows 8-bits of data to be synchronously
transmitted and received, simultaneously. All four modes
of SPI are supported. To accomplish communication,
typically three pins are used:

» Serial Data Out (SDO) - RC5/SDO

¢ Serial Data In (SDI) - RC4/SDI/SDA

¢ Serial Clock (SCK) - RC3/SCK/SCL/LVDIN

Additionally, a fourth pin may be used when in a Slave
mode of operation:

* Slave Select (SS) - RA5/SS/AN4

Figure 15-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 15-1: MSSP BLOCK DIAGRAM

(SPI MODE)
< Internal
Data Bus

Read ﬁ% Write
| |

SSPBUF reg

RC4/SDI/SDA J ‘

| SSPSRreg | —=

RC5/SDO bit0 shift
bd

clock
RA5/SS/AN4 3S Control
Enable

Edge
Select

Clock Select

SSPM3:SSPM0O

RC3/SCK/ SMP:CKE 4 TMR2 output
2

SCL/LVDIN f2
P &
Select Prescaler | TOsC

4,16,64 [

— Data to TX/RX in SSPSR
— TRIS bit
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15.4.3.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON1<6>) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

If SEN is enabled (SSPCON1<0>=1), RC3/SCK/SCL
will be held low (clock stretch) following each data trans-
fer. The clock must be released by setting bit CKP
(SSPCON<4>). See Section 15.4.4 (“Clock Stretching”),
for more detail.

15.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low, regardless of SEN (see “Clock Stretching”,
Section 15.4.4, for more detail). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data.The
transmit data must be loaded into the SSPBUF register,
which also loads the SSPSR register. Then pin RC3/
SCK/SCL should be enabled by setting bit CKP
(SSPCON1<4>). The eight data bits are shifted out on
the falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 15-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is com-
plete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPSTAT regis-
ter) and the slave monitors for another occurrence of
the START bit. If the SDA line was low (ACK), the next
transmit data must be loaded into the SSPBUF register.
Again, pin RC3/SCK/SCL must be enabled by setting
bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

© 2006 Microchip Technology Inc.
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15.4.17.2 Bus Collision During a Repeated
START Condition

During a Repeated START condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low, indi-
cating that another master is attempting to
transmit a data ’1’.

When the user de-asserts SDA and the pin is allowed
to float high, the BRG is loaded with SSPADD<6:0>
and counts down to 0. The SCL pin is then de-asserted,
and when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data 'O,
Figure 15-29). If SDA is sampled high, the BRG is

reloaded and begins counting. If SDA goes from high to
low before the BRG times out, no bus collision occurs
because no two masters can assert SDA at exactly the
same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ’1’ during the Repeated START
condition, Figure 15-30.

If, at the end of the BRG time-out both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated START condition is
complete.

FIGURE 15-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA =0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF \—
Cleared in software
S ‘0
SSPIF 0"
FIGURE 15-30: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
| i TBRG i
SDA 7.

SCL /
SCL goes low before SDA;

BCLIF Set BCLIF. Release SDA and SCL. |

Interrupt cleared
in software
RSEN |
s 0
SSPIF
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD | FOsC=40MHz  gpppe 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG

RATE % value % value % value % value

(Kbps) | kgaup ERROR (decimal) | wpayp ERROR (decimal) | ygayp EmrrOR (decimal) | kpayp ERROR (decimal)
03 NA } } NA } } NA } } NA - }

1.2 NA ; ; NA ; ; NA ; ; NA ; ;
24 NA ; ; 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
96 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 947 136 32
192 | 1894  -1.36 32 19.10 -0.54 26 1953  +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 73.66 -4.09 6 7813  +1.73 4 7813 +173 3
96 | 8920  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417  +8.51 2
300 | 31250  +4.17 1 257.81  -14.06 1 NA ; ; 31250  +4.17 0
500 625  +25.00 0 NA ; ; NA ; ; NA ; ;

HIGH | 625 ; 0 515.63 ; 0 390.63 ; 0 312.50 ; 0
LOW | 244 - 255 2.01 - 255 153 - 255 1.22 ; 255
BAUD | Fosc=16MHz oo 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | ypayp ErrOR (decimal) | ygayp ERRoR (decimal) | kpayp ERROR (decimal)
03 NA } ) NA } ) NA } } NA } }

1.2 120 +0.16 207 1.20 +0.16 129 1.20 +0.23 9 1.20 0 65
2.4 240  +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
96 962  +0.16 25 9.77 +1.73 15 9.32 2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953  +1.73 7 18.64 -2.90 5 19.80  +3.13 3

768 | 8333 4851 2 7813 +1.73 1 11186  +45.65 0 7920  +3.13 0

9 | 8333  -13.19 2 7843 -18.62 1 NA ; ; NA ; ;
300 250  -16.67 0 156.25  -47.92 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;

HIGH | 250 ; 0 156.25 ; 0 111.86 ; 0 79.20 ; 0
LOW | 098 - 255 0.61 - 255 0.44 - 255 0.31 ; 255
BAUD | FOSC=4MHz  gpppe 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % va!ue % val_ue % val_ue % va!ue
(Kbps) | kgaup ERROR (decimal)| ypayp ERrom (decimal)| ypayp error (decimal)| kgayp ERROR (decimal)

03 0.30 016 207 0.30 +0.23 185 0.30 +0.16 51 026 1467 1
1.2 120  +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA ; ;
24 240  +1.67 25 243 +1.32 22 223 -6.99 6 NA ; ;
9.6 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA ; ;
192 | 2083  +851 2 18.64 2.90 2 1563  -18.62 0 NA ; ;
768 | 6250  -18.62 0 5593  -27.17 0 NA ; ; NA ; ;

9% NA ; ; NA ; ; NA ; ; NA ; ;
300 NA ; ; NA ; ; NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;

HIGH | 62.50 ; 0 55.93 ; 0 15.63 ; 0 0.51 ; 0
LOW | 0.4 ; 255 0.22 ; 255 0.06 ; 255 0.002 - 255
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18.2 Operation

Depending on the power source for the device voltage,
the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease the current require-
ments, the LVD circuitry only needs to be enabled for
short periods, where the voltage is checked. After
doing the check, the LVD module may be disabled.

Each time that the LVD module is enabled, the circuitry
requires some time to stabilize. After the circuitry has
stabilized, all status flags may be cleared. The module
will then indicate the proper state of the system.

FIGURE 18-4:

The following steps are needed to set up the LVD
module:

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD Trip Point.

2. Ensure that LVD interrupts are disabled (the
LVDIE bit is cleared or the GIE bit is cleared).

3. Enable the LVD module (set the LVDEN bit in
the LVDCON register).

4. Wait for the LVD module to stabilize (the IRVST
bit to become set).

5. Clear the LVD interrupt flag, which may have
falsely become set until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the
GIE bits).

Figure 18-4 shows typical waveforms that the LVD
module may be used to detect.

LOW VOLTAGE DETECT WAVEFORMS

CASE 1:

LVDIF may not be set

R V.

LVDIF

Enable LVD

]
|
Internally Generated '« TIVRST —]

Reference Stable

LVDIF cleared in software

LVDIF

Enable LVD |
I
I

Internally Generated <— TIVRST ]

Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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ADDWFC ADD W and Carry bit to f
Syntax: [ label] ADDWFC  f[,d[,a]
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (W) + (f) + (C) — dest
Status Affected: N,0V, C, DC, Z
Encoding: ‘ 0010 | 00da ‘ fEfE ‘ fEfE |
Description: Add W, the Carry Flag and data
memory location 'f'. If 'd' is 0, the
result is placed in W. If 'd'is 1, the
result is placed in data memory loca-
tion 'f. If ‘@’ is 0, the Access Bank
will be selected. If ‘a’ is 1, the BSR
will not be overridden.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' Data destination
Example: ADDWFC REG, 0, 1
Before Instruction
Carry bit = 1
REG = 0x02
\W = 0x4D
After Instruction
Carrybit = 0
REG = 0x02
W = 0x50

ANDLW AND literal with W
Syntax: [ label] ANDLW Kk
Operands: 0<k<255
Operation: (W) .AND. k > W
Status Affected: N,Z
Encoding: ‘ 0000 | 1011 ‘ kkkk | kkkk ‘
Description: The contents of W are ANDed with
the 8-bit literal 'k". The result is
placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to W
k' Data
Example: ANDLW 0X5F

Before Instruction

W

= OxA3

After Instruction

W

= 0x03
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BCF Bit Clear f BN Branch if Negative
Syntax: [ label]l BCF fb[,a] Syntax: [label] BN n
Operands: 0<f<255 Operands: -128<n<127
0<b<7 Operation: if negative bit is '1’
ae[0.1] (PC) + 2 + 2n — PC
Operation: 0 — f<b> Status Affected:  None
Status Affected:  None Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Encoding: ‘ 1001 | bbba ‘ EEff | ELff ‘ Description: If the Negative bit is '1’, then the
Description: Bit 'b' in register 'f' is cleared. If ‘a’ program will branch.
is 0, the Access Bank will be The 2’s complement number ’2n’ is
selected, overriding the BSR value. added to the PC. Since the PC will
If ‘a’ = 1, then the bank will be have incremented to fetch the next
selected as per the BSR value instruction, the new address will be
(default). PC+2+2n. This instruction is then
Words: 1 a two-cycle instruction.
Cycles: 1 Words: 1
Q Cycle Activity: Cycles: 12)
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode Read Process Write If Jump:
register 'f' Data register 'f' Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
Example: BCF FLAG REG, 7, O n Data
i No No No No
Before Instruction operation operation operation operation
FLAG_REG = 0xC7
After Instruction If No Jump:
FLAG_REG = 0x47 Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BN Jump
Before Instruction
PC = address (HERE)

After Instruction
If Negative ;
PC address (Jump)

If Negative 0;
PC address (HERE+2)
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BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [ label] BSF f,b[,a]
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC)+2+2n— PC g < t[’ogg
E ’
Status Affected:  None ,
Operation: 1 — f<b>
Encoding: ‘ 1101 | onnn ‘ nnnn | nnnn ‘
o Status Affected:  None
Description: Add the 2’s complement number .
21’ to the PC. Since the PC will Encoding: ‘ 1000 | bbba ‘ ffff | ffff ‘
have incremented to fetch the next Description: Bit 'b' in register 'f' is set. If ‘@’ is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a riding the BSR value. If ‘@’ =1, then
two-cycle instruction. the bank will be selected as per the
Words: 1 BSR value.
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode |Read literal | Process | Write to PC Q1 Q2 Q3 Q4
'n' Data Decode Read Process Write
No No No No register 'f' Data register 'f'
operation operation operation operation
Example: BSF FLAG REG, 7, 1
Example: HERE BRA Jump Before Instruction
. FLAG_REG =  O0x0A
Before Instruction ]
PC -  address (HERE) After Instruction
. FLAG_REG = O0x8A
After Instruction
PC = address (Jump)
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BTFSC Bit Test File, Skip if Clear
Syntax: [ label] BTFSC f,b[,a]
Operands: 0<f<255
0<b<7
ae [0,1]
Operation: skip if (f<b>) =0
Status Affected:  None
Encoding: ‘ 1011 | bbba | ffff ‘ ffff |
Description: If bit 'b'" in register 'f' is 0, then the
next instruction is skipped.
If bit 'b' is 0, then the next instruction
fetched during the current instruction
execution is discarded, and a NOP is
executed instead, making this a two-
cycle instruction. If ‘a’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register 'f' operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG, 1, O

FALSE
TRUE

Before Instruction

PC

address (HERE)

After Instruction

If FLAG<1>
PC

If FLAG<1>
PC

0;
address (TRUE)

aadress (FALSE)

BTFSS Bit Test File, Skip if Set
Syntax: [ label] BTFSS f,b[,a]
Operands: 0<f<255
0<b<7
ae [0,1]
Operation: skip if (f<b>) = 1
Status Affected:  None
Encoding: ‘ 1010 | bbba ‘ ffff | ffff ‘
Description: If bit 'b" in register 'f' is 1, then the
next instruction is skipped.
If bit 'b" is 1, then the next instruction
fetched during the current instruc-
tion execution, is discarded and a
NOP is executed instead, making this
a two-cycle instruction. If ‘@’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register 'f' operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSS FLAG, 1, 0
FALSE
TRUE

Before Instruction

PC

address (HERE)

After Instruction

If FLAG<1>
PC

If FLAG<1>
PC

0;

address (FALSE)
1;

address (TRUE)
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [label] RETURN [s] Syntax: [ label] RLCF f[,d[,a]
Operands: se [0,1] Operands: 0<f<255
Operation: (TOS) — PC, de [0,1]
|f s=1 ae [0,1]
(WS) - W, Operation: (f<n>) — dest<n+1>,
(STATUSS) — STATUS, (f<7>) = C,
(BSRS) — BSR, (C) — dest<0>
PCLATU, PCLATH are unchanged Status Affected: C.N Z
Status Affected: ~ None Encoding: ‘ 0011 | 01lda ‘ FEEE | FEEE ‘
Encoding: ‘ 0000 | 0000 ‘ o001 | oois ‘ Description: The contents of register 'f' are
Description: Return from subroutine. The stack rotated one bit to the left through
is popped and the top of the stack the Carry Flag. If 'd" is 0, the result
(TOS) is loaded into the program is placed in W. If 'd' is 1, the result
counter. If ‘s’= 1, the contents of the is stored back in register 'f'
shadow registers WS, STATUSS (default). If ‘a’ is 0, the Access
and BSRS are loaded into their cor- Bank will be selected, overriding
responding registers, W, STATUS the BSR value. If 'a’ = 1, then the
and BSR. If ‘s’ = 0, no update of bank will be selected as per the
these registers occurs (default). BSR value (default).
Words: L | registert |+
Cycles: 2
L Words: 1
Q Cycle Activity: _
Qi Q2 Q3 Q4 Cycles: 1
Decode No Process |pop PC from Q Cycle Activity:
operation Data stack Q1 Q2 Q3 Q4
No No No No Decode Read Process Write to
operation operation operation operation register 'f' Data destination
Example: RLCF REG, 0, O
Example: RETURN Before Instruction
After Interrupt REG = 1110 0110
PC =TOS ¢ = 0
After Instruction
REG = 1110 0110
W = 1100 1100
C = 1
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TBLRD Table Read TBLRD Table Read (cont’d)
Syntax: [label] TBLRD (*; *+; *-; +%) Examplet: TBLRD *+ ;
Operands: None Before Instruction
Operation: ~if TBLRD *, TaBLAT T O a6
(Prog Mem (TBLPTR)) — TABLAT; MEMORY(0x00A356) = 0x34
TBLPTR - No Change; After Instruction
if TBLRD "+, TABLAT = 0x34
(Prog Mem (TBLPTR)) — TABLAT; TBLPTR =  0x00A357
(TBLPTR) +1 — TBLPTR;
if TBLRD *-, Example2: TBLRD +* ;
(Prog Mem (TBLPTR)) — TABLAT; Before Instruction
(TBLPTR) -1 - TBLPTR; TABLAT - OxAA
if TBLRD +*, TBLPTR = 0x01A357
(TBLPTR) +1 — TBLPTR; MEMORY(0x01A357) = 0x12
(Prog Mem (TBLPTR)) — TABLAT: MEMORY(0x01A358) = 0x34
After Instruction
Status Affected:None TABLAT - ox34
Encoding: 0000 0000 0000 10nn TBLPTR = 0x01A358
nn=0 *
=1 *+
=2 *-
=3 +%*

Description:  This instruction is used to read the con-
tents of Program Memory (P.M.). To
address the program memory, a pointer
called Table Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points
to each byte in the program memory.
TBLPTR has a 2 Mbyte address range.

TBLPTR[0] = 0: Least Significant
Byte of Program
Memory Word
TBLPTR[0] = 1: Most Significant
Byte of Program
Memory Word
The TBLRD instruction can modify the
value of TBLPTR as follows:
* no change
e post-increment
post-decrement
pre-increment

Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation |(Write TABLAT)
Memory)
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TABLE 22-6: CLKO AND I/0 TIMING REQUIREMENTS

Pa'\:gm' Symbol Characteristic Min Typ Max Units | Conditions
10 TosH2ckL |OSC1T to CLKO! — 75 200 ns |(Note 1)
11 TosH2ckH |OSC1T to CLKOT — 75 200 ns |(Note 1)
12 TckR CLKO rise time — 35 100 ns |(Note 1)
13 TckF CLKO fall time — 35 100 ns |(Note 1)
14 TekL2ioV |CLKOJ to Port out valid — — |0.5Tcy +20| ns |(Note1)
15 TioV2ckH |Port in valid before CLKO T 0.25Tcy +25| — — ns |(Note 1)
16 TckH2iol |Port in hold after CLKO T 0 — — ns |(Note 1)
17 TosH2ioV [OSC1T (Q1 cycle) to Port out valid — 50 150 ns

18 TosH2iol |OSC1T (Q2 cycle) to Port PIC18FXXX 100 — — ns

18A input invalid (I/O in hold time) [ 5|1 8LEXXX 200 _ _ ns

19 TioV20sH |Port input valid to OSC17T (I/O in setup time) 0 — — ns

20 TioR Port output rise time PIC18FXXX — 10 25 ns

20A PIC18LFXXX — — 60 ns |VDD =2V
21 TioF Port output fall time PIC18FXXX — 10 25 ns

21A PIC18LFXXX — — 60 ns |VDD =2V
221t |TINP INT pin high or low time Tey — — ns

23tt |TRBpP RB7:RB4 change INT high or low time Tey — — ns

241t |TRcpP RC7:RC4 change INT high or low time 20 ns

T These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO output is 4 x TOScC.

FIGURE 22-7:

RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING

Watchdog
Timer
Reset

Note:

VDD /
MCLR /

Internal
POR

PWRT
Time-out

:4—33—>'

- 30 >

32 .

0SsC
Time-out

Internal
Reset

1/0O Pins

Refer to Figure 22-4 for load conditions.

—» 34 -—
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FIGURE 22-8: BROWN-OUT RESET TIMING
BVDD - - - -- -+ ‘—l
VDD fe—————
1 35 1
VBGAP = 1.2V
VIRVST / Typical

Enable Internal Reference Voltage

Internal Reference Voltage stable

TABLE 22-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS
Par\;'zm. Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us
31 TwDT Watchdog Timer Time-out Period 7 18 33 ms
(No Postscaler)
32 TosT Oscillation Start-up Timer Period 1024 Tosc| — |1024 Tosc| — |Tosc =0SC1 period
33 TPWRT |Power up Timer Period 28 72 132 ms
34 Tioz I/0 Hi-impedance from MCLR Low — 2 — us
or Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us |VDD < BvDD (see
DO005)
36 TivRsT |Time for Internal Reference — 20 500 us
Voltage to become stable
37 TLVD Low Voltage Detect Pulse Width 200 — — us |VDD < VLVD (see
D420)
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