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3.4 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. For these
reasons, the HSPLL and ECPLL modes are available.

The HSPLL and ECPLL modes provide the ability to
selectively run the device at 4 times the external oscil-
lating source to produce frequencies up to 40 MHz.
The PLL is enabled by setting the PLLEN bit in the
OSCTUNE register (Register 3-1).

FIGURE

3-4.
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REGISTER 3-1: OSCTUNE: PLL CONTROL REGISTER

uU-0 R/W-0 uU-0 uU-0 u-0 u-0 uU-0 uU-0

— PLLEN® — — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 PLLEN: Frequency Multiplier PLL Enable bit™®

1 = PLL enabled
0 = PLL disabled

bit 5-0 Unimplemented: Read as ‘0’

Note 1: Available only for ECPLL and HSPLL oscillator configurations; otherwise, this bit is unavailable and reads

as ‘0.

© 2009 Microchip Technology Inc.
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6.3.5 STATUS REGISTER

The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction.

If the STATUS register is the destination for an instruc-
tion that affects the Z, DC, C, OV or N bits, the results
of the instruction are not written; instead, the STATUS
register is updated according to the instruction
performed. Therefore, the result of an instruction with

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOWAF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 22-2 and
Table 22-3.

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in

the STATUS register as its destination may be different subtraction.
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u uluu’).
REGISTER 6-2: STATUS REGISTER
uU-0 uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N oV z pc® c®@
bit 7 bit 0
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

bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result was negative

(ALU MSB =1).
1 = Result was negative
0 = Result was positive

bit 3 QV: Overflow bit

bit 2

bit 1

bit 0

Note 1:

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the 7-bit magnitude
which causes the sign bit (bit 7) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred

Z: Zero bit

1 = The result of an arithmetic or logic operation is zero

0 = The result of an arithmetic or logic operation is not zero

DC: Digit Carry/Borrow bit(})

For ADDWF, ADDLW SUBLWand SUBWF instructions:

1 = A carry-out from the 4th low-order bit of the result occurred

0 = No carry-out from the 4th low-order bit of the result

C: Carry/Borrow bit®

For ADDWF, ADDLW SUBLWand SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

For borrow, the polarity is reversed. A subtraction is executed by adding the 2’'s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either bit 4 or bit 3 of the source register.

2. For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit of the

source register.

© 2009 Microchip Technology Inc.
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2, PIE3). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.

REGISTER 9-7: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE®W ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE
bit 7 bit 0

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
bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit®)

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TXIE: EUSART Transmit Interrupt Enable bit

1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt

bit 3 SSP1IE: Master Synchronous Serial Port 1 Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 2 CCPL1IE: ECCP1/CCP1 Interrupt Enable bit
1 = Enables the ECCP1/CCP1 interrupt
0 = Disables the ECCP1/CCP1 interrupt
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: This bit is not implemented on 28-pin devices and should be read as ‘0’.

DS39682E-page 90 © 2009 Microchip Technology Inc.
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9.5 RCON Register

The RCON register contains bits used to determine the
cause of the last Reset or wake-up from Idle or Sleep
modes. RCON also contains the bit that enables
interrupt priorities (IPEN).

REGISTER 9-13: RCON: RESET CONTROL REGISTER

R/W-0 u-0 R/W-1 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — CcM RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6 Unimplemented: Read as ‘0’
bit 5 cM: Configuration Mismatch Flag bit

For details of bit operation, see Register 5-1.
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 5-1.
bit 3 TO: Watchdog Timer Time-out Flag bit

For details of bit operation, see Register 5-1.
bit 2 PD: Power-Down Detection Flag bit

For details of bit operation, see Register 5-1.
bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 5-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 5-1.
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15.4.5 FULL-BRIDGE MODE P1A, P1B, P1C and P1D outputs are multiplexed with
the PORTC<2> and PORTD<7:5> data latches. The
TRISC<2> and TRISD<7:5> bits must be cleared to
make the P1A, P1B, P1C and P1D pins outputs.

In Full-Bridge Output mode, four pins are used as
outputs; however, only two outputs are active at a time.
In the Forward mode, pin P1A is continuously active
and pin P1D is modulated. In the Reverse mode, pin
P1C is continuously active and pin P1B is modulated.
These are illustrated in Figure 15-6.

FIGURE 15-6: FULL-BRIDGE PWM OUTPUT
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Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: Output signal is shown as active-high.
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16.3.2 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCKXx is the clock output)

» Slave mode (SCKXx is the clock input)

» Clock Polarity (Idle state of SCKXx)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCKXx)

» Clock Rate (Master mode only)

» Slave Select mode (Slave mode only)

Each MSSP consists of a transmit/receive shift register
(SSPxSR) and a buffer register (SSPxBUF). The
SSPxSR shifts the data in and out of the device, MSb
first. The SSPxBUF holds the data that was written to the
SSPxSR until the received data is ready. Once the 8 bits
of data have been received, that byte is moved to the
SSPxBUF register. Then, the Buffer Full detect bit, BF
(SSPxSTAT<0>), and the interrupt flag bit, SSPxIF, are
set. This double-buffering of the received data
(SSPxBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the

EXAMPLE 16-1:

SSPxBUF register during transmission/reception of data
will be ignored and the Write Collision detect bit, WCOL
(SSPxCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the following
write(s) to the SSPxBUF register completed
successfully.

When the application software is expecting to receive
valid data, the SSPxBUF should be read before the next
byte of data to transfer is written to the SSPxBUF. The
Buffer Full bit, BF (SSPxSTAT<0>), indicates when
SSPxBUF has been loaded with the received data
(transmission is complete). When the SSPxBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPI is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPxBUF must be read and/or
written. If the interrupt method is not going to be used,
then software polling can be done to ensure that a write
collision does not occur. Example 16-1 shows the
loading of the SSP1BUF (SSP1SR) for data
transmission.

The SSPxSR is not directly readable or writable and
can only be accessed by addressing the SSPxBUF
register. Additionally, the SSPxSTAT register indicates
the various status conditions.

LOADING THE SSP1BUF (SSP1SR) REGISTER

LOOP BTFSS SSP1STAT, BF
BRA LOOP ; No
MOVF SSP1BUF, W

MOVWF  RXDATA

MOVF TXDATA, W
MOVW  SSP1BUF

; Has data been received (transmt conplete)?

; WREG reg = contents of SSP1BUF
; Save in user RAM

i Wreg = contents of TXDATA
;New data to xmit

if data i s meaningful

DS39682E-page 152
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I2C™ SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESSING)

FIGURE 16-9:
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=0 (RECEPTION, 10-BIT ADDRESSING)

I2C™ SLAVE MODE TIMING WITH SEN

FIGURE 16-10:
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16.4.17.1 Bus Collision During a Start

Condition
During a Start condition, a bus collision occurs if:
a) SDAx or SCLx are sampled low at the beginning
of the Start condition (Figure 16-26).
b) SCLx is sampled low before SDAXx is asserted
low (Figure 16-27).
During a Start condition, both the SDAx and the SCLx
pins are monitored.
If the SDAX pin is already low, or the SCLx pin is
already low, then all of the following occur:
« the Start condition is aborted;
» the BCLxIF flag is set; and
» the MSSP module is reset to its Idle state
(Figure 16-26).

The Start condition begins with the SDAx and SCLx
pins deasserted. When the SDAX pin is sampled high,
the Baud Rate Generator is loaded from
SSPxADD<6:0> and counts down to ‘0’. If the SCLx pin
is sampled low while SDAXx is high, a bus collision
occurs, because it is assumed that another master is
attempting to drive a data ‘1’ during the Start condition.

FIGURE 16-26:

If the SDAX pin is sampled low during this count, the
BRG is reset and the SDAXx line is asserted early
(Figure 16-28). If, however, a ‘1’ is sampled on the
SDAX pin, the SDAX pin is asserted low at the end of
the BRG count. The Baud Rate Generator is then
reloaded and counts down to 0. If the SCLx pin is
sampled as ‘0’ during this time, a bus collision does not
occur. At the end of the BRG count, the SCLx pin is
asserted low.

The reason that bus collision is not a factor
during a Start condition is that no two bus
masters can assert a Start condition at the
exact same time. Therefore, one master
will always assert SDAXx before the other.
This condition does not cause a bus colli-
sion because the two masters must be
allowed to arbitrate the first address
following the Start condition. If the address
is the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

Note:

BUS COLLISION DURING START CONDITION (SDAx ONLY)

Set BCLxIF,

SDAx =0, SCLx = 1.

SDAX \

S bit and SSPxIF set because

SDAXx goes low before the SEN bit is set.

—_— e = —

SEN cleared automatically because of bus collision.

Y

MSSP module reset into Idle state.

1 SSPxIF and BCLxIF are
cleared in software

SCLx .
Set SEN, enable Start 3 :
condition if SDAx =1, SCLx =1 |

SEN |

|
SDAXx sampled low before
Start condition. Set BCLxIF. v
S bit and SSPxIF set because
BCLxIF SDAx =0, SCLx = 1.
|
|
S
SSPxIF

SSPxIF and BCLXIF are
cleared in software
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REGISTER 17-1: TXSTA: EUSART TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
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
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don'’t care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-Bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(})
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: EUSART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode:

1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed

Synchronous mode:
Don'’t care.
bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
0 = Low speed
Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1= TSR empty
0 = TSRAull

bit 0 TX9D: 9th Bit of Transmit Data

Can be address/data bit or a parity bit.

Note 1: SREN/CREN overrides TXEN in Sync mode.
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FIGURE 17-1: AUTOMATIC BAUD RATE CALCULATION

BRa vaive oo Y oooon | 0000000000 O osien

\ ' Edge #1 'S Edge #2 Edge #3 Edge #4 s Edge #5
RX pin . | Start [ Bito | Bit1 ["Bit2 | _Bit3 [ Bit4 | Bit5 [ Bit6 | _Bit7 | Stop Bit

BRG Clock

Set by User—\ : ! /:— Auto-Cleared
ABDEN bit \ !
RCIF bit :
(Interrupt) A !
Read ! '
RCREG ]
SPBRG ' 't XXXXh X ' 1Ch
SPBRGH XXXXh X 00h

Note: The ABD sequence requires the EUSART module to be configured in Asynchronous mode and WUE = 0.

FIGURE 17-2: BRG OVERFLOW SEQUENCE
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BRGVale | xxxxh | 0000h O 0 0 O ™
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17.2.5 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN/J2602 support standard. The Break character
transmit consists of a Start bit, followed by twelve ‘0’
bits and a Stop bit. The frame Break character is sent
whenever the SENDB and TXEN bits (TXSTA<3> and
TXSTA<5>) are set while the Transmit Shift register is
loaded with data. Note that the value of data written to
TXREG will be ignored and all ‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN/J2602 support).

Note that the data value written to the TXREG for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 17-10 for the timing of the Break
character sequence.

17.2.5.1

The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN bus
master.

Break and Sync Transmit Sequence

N

Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to set up the
Break character.

3. Load the TXREG with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘55h’ to TXREG to load the Sync character
into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware. The Sync character now
transmits in the preconfigured mode.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

17.2.6 RECEIVING A BREAK CHARACTER

The Enhanced USART module can receive a Break
character in two ways.

The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling loca-
tion (13 bits for Break versus Start bit and 8 data bits for
typical data).

The second method uses the auto-wake-up feature
described in Section 17.2.4 “ Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
EUSART will sample the next two transitions on RX/DT,
cause an RCIF interrupt and receive the next data byte
followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
once the TXIF interrupt is observed.

FIGURE 17-10: SEND BREAK CHARACTER SEQUENCE
Write to TXREG I (C
Dummy Write J)
BRG Output X
(Shift Clock) | I I I [ I [ I [ 5 J( I I I I I I [
TX(pin) Start Bit Bit0 Bit 1 J( /( Bit11 / StopBit .
- Break > \
TXIF bit , .
(Transmit Buffer |_| )()( T
Reg. Empty Flag)
TRMT bit
(Transmit Shift C
Reg. Empty Flag) . JJ .
' SENDB sampled here Auto-Cleared '
SENDB 7/7
(Transmit Shift (¢ ‘\

Reg. Empty Flag)

|
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20.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The comparator voltage reference is a 16-tap resistor
ladder network that provides a selectable reference
voltage. Although its primary purpose is to provide a
reference for the analog comparators, it may also be
used independently of them.

A block diagram of the module is shown in Figure 20-1.
The resistor ladder is segmented to provide two ranges
of CVREF values and has a power-down function to
conserve power when the reference is not being used.
The module’s supply reference can be provided from
either device VDD/VsS or an external voltage reference.

20.1 Configuring the Comparator
Voltage Reference

The voltage reference module is controlled through the
CVRCON register (Register 20-1). The comparator
voltage reference provides two ranges of output

used is selected by the CVRR bit (CVRCON<5>). The
primary difference between the ranges is the size of the
steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.
The equations used to calculate the output of the
comparator voltage reference are as follows:

If CVRR = 1:
CVREF = ((CVR<3:0>)/24) x CVRSRC

If CVRR = 0:
CVREF = (CVRSRC x 1/4) + (((CVR<3:0>)/32) x
CVRSRC)

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF- that are multiplexed with RA2 and RA3. The
voltage source is selected by the CVRSS bit
(CVRCON<4>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 24-3 in Section 24.0 “Electrical
Characteristics”).

voltage, each with 16 distinct levels. The range to be

REGISTER 20-1: CVRCON: COMPARATOR VOLTAGE REFERENCE 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
CVREN CVROEW CVRR CVRSS CVR3 CVR2 CVR1 CVRO
bit 7 bit 0
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
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on

0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit()

1 = CVREF voltage level is also output on the RA2/AN2/VVREF-/CVREF pin

0 = CVREF voltage is disconnected from the RA2/AN2/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit

1= 0to 0.667 CVRsSRC, with CVRSRC/24 step size (low range)

0 = 0.25 CVRSRc to 0.75 CVRSRC, with CVRSRC/32 step size (high range)
bit 4 CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator reference source, CVRSRC = VDD — VSS

bit 3-0 CVR<3:0>: Comparator VREF Value Selection bits (0 < (CVR<3:0>) < 15)
When CVRR = 1:
CVREF = ((CVR<3:0>)/24) ¢ (CVRSRC)
When CVRR = 0:
CVREF = (CVRSRcC/4) + ((CVR<3:0>)/32) e (CVRSRC)

Note 1: CVROE overrides the TRISA<2> bit setting.
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TABLE 21-1: CONFIGURATION BITS AND DEVICE IDs

Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Unprogrammed
Value®
300000h |CONFIG1L | DEBUG | XINST | STVREN — — — — WDTEN | 111- ---1
300001h [CONFIGIH| —@ —@ —@ —@ —® CPO = = 1111 01--
300002h |CONFIG2L | IESO | FCMEN — — — FOSC2 | FOSC1 | FOSCO | 11-- -111
300003h [CONFIG2H| —@ —@ —@ —@ | wDTPS3 |WDTPS2| WDTPS1 |WDTPSO| 1111 1111
300004h |CONFIG3L — — — — — — — — | e -
300005h |CONFIG3H| —@ —@ —@ —@ = = = CCP2MX| 1111 ---1
3FFFFEh |DEVID1 DEV2 | DEV1 DEVO REV4 REV3 REV2 REV1 REVO | xxxx xxxx@®
3FFFFFh |DEVID2 DEV10 | DEV9 DEVS DEV7 DEV6 DEV5 DEV4 DEV3 | 0001 110x®
Legend: x =unknown, u =unchanged, - = unimplemented. Shaded cells are unimplemented, read as ‘0.

Note 1: Values reflect the unprogrammed state as received from the factory and following Power-on Resets. In all other Reset
states, the configuration bytes maintain their previously programmed states.

2:  The value of these bits in program memory should always be ‘1’. This ensures that the location is executed as a NOP if it
is accidentally executed.

3:  This bit should always be maintained as ‘0’.

4:  See Register 21-7 and Register 21-8 for DEVID values. These registers are read-only and cannot be programmed by
the user.
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TABLE 22-2:  PIC18FXXXX INSTRUCTION SET (CONTINUED)
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f,b,a |Bit Clearf 1 1001 bbba ffff ffff [None 1,2
BSF f,b,a |BitSetf 1 1000 bbba ffff ffff [None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3)| 1011 bbba ffff ffff [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(2or3)| 1010 bbba ffff ffff |None 3,4
BTG f,d,a |Bit Toggle f 1 0111 bbba ffff ffff |[None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn  nnnn |[None
BN n Branch if Negative 1(2) 1110 0110 nnnn  nnnn |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn  nnnn |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn  nnnn |[None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn  nnnn |None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn  nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn  nnnn |[None
BRA n Branch Unconditionally 2 1101 Onnn  nnnn  nnnn |None
Bz n Branch if Zero 1(2) 1110 0000 nnnn  nnnn |None
CALL n,s Call subroutine 1st Word 2 1110 110s kkkk  kkkk [None

2nd Word 1111 kkkk  kkkk  kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 [TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address  1st Word 2 1110 1111 kkkk kkkk [None

2nd Word 1111 kkkk  kkkk  kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation 1 1111 xxxx  xxxx  xxxx |None 4
POP — Pop Top of Return Stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push Top of Return Stack (TOS) 1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn  nnnn  nnnn [None
RESET Software Device Reset 1 0000 0000 1111 1111 |AI
RETFIE s Return from Interrupt Enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with Literal in WREG 2 0000 1100 kkkk kkkk |[None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None _
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 [TO,PD
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an

external device, the data will be written back with a ‘0.

2: If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.
3: If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
4:  Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless the
first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program memory
locations have a valid instruction.
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ADDWFC ADD W and Carry bit to f
Syntax: ADDWFC  f{d{.a}}
Operands: 0<f<255
de [0, 1]
ael0, 1]
Operation: (W) + (f) + (C) — dest
Status Affected: N,0V, C, DC, Z
Encoding: | o010 | ooda | ffff [ frff |
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 location ‘f'.
If ‘a’ is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
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 = 02h
w = 4Dh
After Instruction
Carrybit = 0
REG = 02h
w = 50h

ANDLW AND Literal with W
Syntax: ANDLW  k
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 05Fh

Before Instruction

W

= A3h

After Instruction

W

= 03h
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23.11 PICSTART Plus Development
Programmer

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

23.12 PICkit 2 Development Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH’s PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

23.13 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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24.3

DC Characteristics: PIC18F45J10 Family (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial

Param

No. Symbol Characteristic Min Max Units Conditions
ViL Input Low Voltage
All'1/O Ports:
D030 with TTL Buffer Vss 0.15 VbD V |VDD < 3.3V
DO030A — 0.8 V 3.3V <VDD<3.6V
D031 with Schmitt Trigger Buffer Vss 0.2 VbD \Y,
D032 MCLR Vss 02Vop | V
D033 OSCH1 Vss 0.3 VbD V  |HS, HSPLL modes
DO33A 0scC1 Vss 0.2Vop | V |EC, ECPLL modes®
D034 T1CKI Vss 0.3 \
VIH Input High Voltage
1/0 Ports with non 5.5V
Tolerance:
D040 with TTL Buffer 0.25 VoD + 0.8V VDD V |VDD < 3.3V
D040A 2.0 VDD V |3.3V<VDD<3.6V
D041 with Schmitt Trigger Buffer 0.8 VbD VDD \Y,
1/0 Ports with 5.5V
Tolerance:®)
Dxxx with TTL Buffer 0.25 VoD + 0.8V 5.5 V |VDD < 3.3V
DxxxA 2.0 5.5 V |3.3V<VDD <3.6V
Dxxx with Schmitt Trigger Buffer 0.8 VbD 5.5 \
D042 MCLR 0.8 VDD VDD v
D043 OSC1 0.7 VbD VDD V  |HS, HSPLL modes
D043A OSCH1 0.8 VbD VDD V |EC, ECPLL modes
D044 T1CKI 1.6 VDD \Y
L Input Leakage Current?-3)
D060 1/0 Ports with non 5.5V — +0.2 pA |VSs < VPIN < VDD,
Tolerance® Pin at high-impedance
DO60A 1/0 Ports with 5.5V — +0.2 pA [VSS <VPIN <5.5V,
Tolerance® Pin at high-impedance
D061 MCLR — +0.2 pA |Vss < VPIN < VDD
D063 0OSC1 — +0.2 pA [Vss <VPIN < VDD
IPU Weak Pull-up Current
D070 |(lPurB |PORTB Weak Pull-up Current 30 240 pA |VDD = 3.3V, VPIN = Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC® device be driven with an external clock while in RC mode.

2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3:  Negative current is defined as current sourced by the pin.

4: Refer to Table 10-2 for the pins that have corresponding tolerance limits.
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Package Marking Information (Continued)

40-Lead PDIP

XXXXXXXXXXXXXXXKXXX
XXXXXXKXXXXXXXXKXKX
D Q XXXHHXXXXHKHIXXXKKXK
YYWWNNN
O MicRocHIP

44-Lead QFN

(N

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

44-Lead TQFP

S

MICROCHIP

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
O YYWWNNN

Example

PIC1 8F44J10-I/P@

0910017
D Q MicrocHIP Q
O

Example

N

18F44J10
-I/MLE3
0910017

Example

N

MICROCHIP

18F45J10
IIPTe3)
0910017

O
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