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PIC18F2221/2321/4221/4321 FAMILY

TABLE 6-2: REGISTER FILE SUMMARY (PIC18F2221/2321/4221/4321) (CONTINUED)

File Name |  Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘(’;‘l'?‘feB‘(’)"R De;g:z on
TMROH Timer0 Register High Byte 0000 0000| 56, 131
TMROL Timer0 Register Low Byte xxxx xxxx| 56,131
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 1111 1111| 56,129
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCSs1 SCS0 0100 q000| 37,56
HLVDCON | VDIRMAG — IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDLO |0-00 0101| 56,253
WDTCON — — — — — — — SWDTEN | --- --—- 0 56, 270
RCON IPEN SBOREN( = RI TO PD POR BOR 0g-1 11q0|48,54,108
TMR1H Timer1 Register High Byte xxxx xxxx| 56,137
TMR1L Timer1 Register Low Byte xxxx xxxx| 56,137
T1CON RD16 | T1RUN | T1CKPS1 | T1CKPSO | T10SCEN | T1SYNC | TMR1CS | TMR1ON |[0000 0000| 56,133
TMR2 Timer2 Register 0000 0000| 56,140
PR2 Timer2 Period Register 1111 1111| 56, 140
T2CON — | T20UTPs3 | T20UTPS2 [ T20UTPS1 | T20UTPSO | TMR20N | T2CKPS1 | T2CKPSO |-000 0000| 56,139
SSPBUF MSSP Receive Buffer/Transmit Register XXXX XXXX 561, 71675
SSPADD MSSP Address Register in [’C™ Slave mode. MSSP Baud Rate Reload Register in 12C Master mode. 0000 0000| 56,176
SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000| 56, 168,

177
SSPCON1 WwcCoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 561, 1;39,
7
SSPCON2 GCEN ACKSTAT ACKDT/ ACKEN/ RCEN/ PEN/ RSEN/ SEN 0000 0000| 56,179
ADMSK5 ADMSK4 ADMSK3 ADMSK2 ADMSKA1
ADRESH A/D Result Register High Byte xxxx xxxx| 57,242
ADRESL A/D Result Register Low Byte xxxx xxxx| 57,242
ADCONO — — CHS3 CHS2 CHS1 CHSO0 GO/DONE ADON --00 0000| 57,233
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO --00 Oqgqq| 57,234
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0 0-00 0000| 57,235
CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx| 57,146
CCPR1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx| 57,146
CCP1CON | P1M1®@ P1MO® DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 CCP1MO |0000 0000 571, 51;15,
CCPR2H Capture/Compare/PWM Register 2 High Byte xxxx xxxx| 57,146
CCPR2L Capture/Compare/PWM Register 2 Low Byte xxxx xxxx| 57,146
CCP2CON — — DC2B1 DC2B0 CCP2M3 CCP2M2 CCP2M1 CCP2MO |[--00 0000| 57,145
BAUDCON | ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 0100 0-00| 57,214
ECCP1DEL| PRSEN PDC6(? PDC5(2) PDC4 PDC3@ pDC2( PDC1( PDCO® [0000 0000| 57,162
ECCP1AS ECCPASE | ECCPAS2 | ECCPAS1 ECCPASO PSSAC1 PSSACO PssBD1 | PssBDO® [0000 0000| 57,163
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 0000 0000| 57,249
CMCON C20UT c10UT C2INV C1INV CIS CM2 CM1 CMO 0000 0111| 57,243
TMR3H Timer3 Register High Byte xxxx xxxx| 57,143
TMR3L Timer3 Register Low Byte xxxx xxxx| 57,143
T3CON RD16 T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON |0000 0000| 57,141
Legend: x = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, it is disabled and reads as ‘'0’. See
Section 5.4 “Brown-out Reset (BOR)”.
2:  These registers and/or bits are not implemented on 28-pin devices and are read as ‘0’. Reset values are shown for 40/44-pin devices;
individual unimplemented bits should be interpreted as ‘-'.
3:  The PLLEN bit is only available in specific oscillator configurations; otherwise, it is disabled and reads as ‘0’. See Section 3.6.4 “PLL in
INTOSC Modes”.
4: :’hedilif;bit is only available when Master Clear Reset is disabled (MCLRE Configuration bit = 0); otherwise, RE3 reads as ‘0’. This bit is
5: I:AaB/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.
When disabled, these bits read as ‘0".
6:  Bit 7 and bit 6 are cleared by user software or by a POR.
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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
the STATUS register as its destination may be different
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u uluu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWEF 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 24-2 and
Table 24-3.

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

subtraction.

REGISTER 6-2: STATUS REGISTER
u-0 u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov 4 DC C
bit 7 bit 0

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 OV: Overflow bit

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 of the result) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred
bit 2 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

bit 1 DC: Digit Carry/borrow bit

For ADDWF, ADDLW, SUBLW and 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

Note:  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.

bit 0 C: Carry/borrow bit

For ADDWF, ADDLW, SUBLW and 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

Note:  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.

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
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6.4.3.1 FSR Registers and the

INDF Operand

At the core of indirect addressing are three sets of
registers: FSR0O, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect addressing is accomplished with a set of
Indirect File Operands, INDFO through INDF2. These
can be thought of as “virtual” registers: they are
mapped in the SFR space but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSR1L. Instructions that
use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the
instruction’s target. The INDF operand is just a
convenient way of using the pointer.

Because indirect addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and the Access RAM bit have no
effect on determining the target address.

FIGURE 6-7: INDIRECT ADDRESSING

6.4.3.2 FSR Registers and POSTINC,

POSTDEC, PREINC and PLUSW

In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:

< POSTDEC: accesses the FSR value, then
automatically decrements it by 1 afterwards

* POSTINC: accesses the FSR value, then
automatically increments it by 1 afterwards

* PREINC: increments the FSR value by 1, then
uses it in the operation

* PLUSW: adds the signed value of the W register
(range of -127 to 128) to that of the FSR and uses
the new value in the operation.

In this context, accessing an INDF register uses the
value in the FSR registers without changing them. Sim-
ilarly, accessing a PLUSW register gives the FSR value
offset by that in the W register; neither value is actually
changed in the operation. Accessing the other virtual
registers changes the value of the FSR registers.

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, QV, etc.).

Using an instruction with one of the
indirect addressing registers as the
operand....

ADDWE',

...uses the 12-bit address stored in
the FSR pair associated with that

. 7
register....

0

INDF1,

FSR1H:FSR1L

(<[l <[22 [2]o] [a]2]o[o[2]2]o[o]

-

...to determine the data memory
location to be used in that operation.

In this case, the FSR1 pair contains
ECCh. This means the contents of
location ECCh will be added to that
of the W register and stored back in
ECCh.

000h
1 Bank O
100h
Bank 1
200h
Bank 2
300h
l 0 Bank 3
9 through NN
) NN Bank 13 -
EOOh
> Bank 14
FOOh
Bank 15
FFFh
Data Memory
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EXAMPLE 13-1:

IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE

RTCinit
MOVLW 80h ; Preload TMR1 register pair
MOVWE TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b'00001111" ; Configure for external clock,
MOVWE T1CON ; Asynchronous operation, external oscillator
CLRF secs ; Initialize timekeeping registers
CLRF mins
MOVLW .12
MOVWE hours
BSF PIE1l, TMR1IE ; Enable Timerl interrupt
RETURN
RTCisr
BSF TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF secs, F ; Increment seconds
MOVLW .59 ; 60 seconds elapsed?
CPFSGT secs
RETURN ; No, done
CLRF secs ; Clear seconds
INCF mins, F ; Increment minutes
MOVLW .59 ; 60 minutes elapsed?
CPFSGT mins
RETURN ; No, done
CLRF mins ; clear minutes
INCF hours, F ; Increment hours
MOVLW .23 ; 24 hours elapsed?
CPFSGT hours
RETURN ; No, done
CLRF hours ; Reset hours
RETURN ; Done
TABLE 13-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 55
PIR1 PSPIF( ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 58
PIE1 pspPIE(™ ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 58
IPR1 pspip( ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 58
TMR1L Timer1 Register Low Byte 56
TMR1H Timer1 Register High Byte 56
T1CON RD16 T1RUN | T1CKPS1 | T1ICKPSO0 |T1OSCEN| T1SYNC | TMR1CS | TMR1ON 56
Legend: Shaded cells are not used by the Timer1 module.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.

© 2009 Microchip Technology Inc.
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18.3.2 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCK is the clock output)

+ Slave mode (SCK is the clock input)

+ Clock Polarity (Idle state of SCK)

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

+ Clock Edge (output data on rising/falling edge
of SCK)

» Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

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

EXAMPLE 18-1: LOADING THE SSPBUF (SSPSR) REGISTER

(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the following
write(s) to the SSPBUF register completed successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<0>), indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPBUF 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 18-1 shows the
loading of the SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP Status register (SSPSTAT)
indicates the various status conditions.

Note: To avoid lost data in Master mode, a read of
the SSPBUF must be performed to clear the
Buffer Full (BF) detect bit (SSPSTAT<0>)
between each transmission.

Note: = The SSPBUF register cannot be used with
read-modify-write instructions, such as
BCF, BTFSC and COMF, etc.

LOOP BTFSS SSPSTAT, BF
BRA LOOP ;No
MOVF SSPBUF, W

MOVWEF RXDATA

MOVEF TXDATA, W
MOVWEF SSPBUF

;Has data been received (transmit complete)?

;WREG reg = contents of SSPBUF
;Save in user RAM, if data is meaningful

;W reg = contents of TXDATA
;New data to xmit
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TABLE 18-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 55
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 58
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE 58
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 58
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 58
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 58
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 58
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 58
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO 58
SSPBUF MSSP Receive Buffer/Transmit Register 56
SSPADD ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 56
TMR2 Timer2 Register 56
PR2 Timer2 Period Register 56
SSPCON1 WCOL SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 SSPMO 56
SSPCON2 GCEN | ACKSTAT | ACKDT/ | ACKEN/ | RCEN/ PEN/ RSEN/ SEN 56
ADMSKS5 | ADMSK5 | ADMSK5 | ADMSK5 | ADMSK5

SSPSTAT SMP CKE D/A P S RIW UA BF 56
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in I2C mode.
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REGISTER 19-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and loads the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 9-bit (RX9 = 0):

Don't care.

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receiving next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

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
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21.2 Comparator Operation

A single comparator is shown in Figure 21-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 21-2 represent
the uncertainty, due to input offsets and response time.

21.3 Comparator Reference

Depending on the comparator operating mode, either
an external or internal voltage reference may be used.
The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly (Figure 21-2).

FIGURE 21-2: SINGLE COMPARATOR
VINt [+
Output
VIN- —— |~

21.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the
comparators operate from the same or different
reference sources. However, threshold detector
applications may require the same reference. The
reference signal must be between Vss and VDD and
can be applied to either pin of the comparator(s).

21.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference from the
comparator voltage reference module. This module is
described in more detail in Section 22.0 “Comparator
Voltage Reference Module”.

The internal reference is only available in the mode
where four inputs are multiplexed to two comparators
(CM<2:0> = 110). In this mode, the internal voltage ref-
erence is applied to the VIN+ pin of both comparators.

21.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal ref-
erence is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (see Section 27.0
“Electrical Characteristics”).

21.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA4 and RA5
I/0O pins. When enabled, multiplexors in the output path
of the RA4 and RA5 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 21-3 shows the comparator output block
diagram.

The TRISA bits will still function as an output enable/
disable for the RA4 and RA5 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<5:4>).

Note 1: When reading the Port register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a
digital input may cause the input buffer to
consume more current than is specified.

© 2009 Microchip Technology Inc.
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NOTES:
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23.1 Operation

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.
When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

FIGURE 23-1:

The trip point voltage is software programmable to
any one of 16 values. The trip point is selected by
programming the HLVDL<3:0> bits (HLVDCON<3:0>).

The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits
HLVDL<3:0> are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users flexibility because it
allows them to configure the High/Low-Voltage Detect
interrupt to occur at any voltage in the valid operating
range.

HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)

Externally Generated
Trip Point
VDD

:

F—- - - — — — — —

HLVDIN @

HLVDIN

L
[

16-to-1 MUX

Internal Voltage
BOREN Reference

3
: i:
|
| . .
| . .
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________________ 5
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23.2 HLVD Setup

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

1. Disable the module by clearing the HLVDEN bit
(HLVDCON<4>).

2. Write the value to the HLVDL<3:0> bits that
selects the desired HLVD trip point.

3. Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).

4. Enable the HLVD module by setting the
HLVDEN bit.

5. Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

6. Enable the HLVD interrupt if interrupts are
desired by setting the HLVDIE and GIE bits
(PIE<2> and INTCON<7>). An interrupt will not
be generated until the IRVST bit is set.

23.3

When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static

Current Consumption

Depending on the application, the HLVD module does
not need to be operating constantly. To decrease the
current requirements, the HLVD circuitry may only
need to be enabled for short periods where the voltage
is checked. After doing the check, the HLVD module
may be disabled.

23.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification parameter D420,
may be used by other internal circuitry, such as the
Programmable Brown-out Reset. If the HLVD or other
circuits using the voltage reference are disabled to
lower the device’s current consumption, the reference
voltage circuit will require time to become stable before
a low or high-voltage condition can be reliably
detected. This start-up time, TIRVST, is an interval that
is independent of device clock speed. It is specified in
electrical specification parameter 36.

The HLVD interrupt flag is not enabled until TIRvVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may

. not be detected during this interval. Refer to
current. The total current consumption, when enabled, Figure 23-2 or Figure 23-3
is specified in electrical specification parameter D022B. '
FIGURE 23-2: LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)
CASE 1:
HLVDIF may not be set
VDD /
_______ \_/ ________}F/__________’ VLVD
HLVDIF | y
Enable HLVD |
|
|
IRVST ~— TIRvST ]

CASE 2:

Internal Reference is stable

VDD
—————————— \— ———————————J—————————————-VLVD

HLVDIF cleared in software

HLVDIF

Enable HLVD [

IRVST

'« TIRVST &

Internal Reference is stable J

HLVDIF cleared in software

HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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ADDWFC ADD W and Carry bit to f ANDLW AND Literal with W
Syntax: ADDWFC  f{,d{,a}} Syntax: ANDLW  k
Operands: 0<f<255 Operands: 0<k<255
de[0,1] Operation: (W) .AND. k > W
ae[0,1]
) Status Affected: N, Z
Operation: (W) + (f) + (C) > dest
Encoding: ‘ 0000 | 1011 ‘ kkkk | kkkk ‘
Status Affected: N,0V, C,DC, Z
E o Description: The contents of W are ANDed with the
ncoding: | 0010 | ooda | eree | feef | 8-bit literal 'k’. The result is placed in W.
Description: Add W, the Carry flag and data memory Words: 1
location ‘f'. If ‘d’ is ‘0’, the result is '
placed in W. If ‘d’ is ‘1", the result is Cycles: 1
placed in data memory location ‘f’. Q Cycle Activity:
If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the Q1 Q2 Q3 Q4
GPR bank (default). Decode Read literal Process Write to W
If ‘a’ is ‘0’ and the extended instruction k Data
set is enabled, this instruction operates
in Indexed Literal Offset Addressing Example: ANDLW 05Fh
mode whenever f <95 (5Fh). See .
Section 25.2.3 “Byte-Oriented and Before Instruction
Bit-Oriented Instructions in Indexed w = A3h
Literal Offset Mode” for details. After Instruction
Words: 1 w = 03h
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example: ADDWEC REG, 0, 1
Before Instruction
Carry bit = 1
REG = 02h
w = 4Dh
After Instruction
Carry bit = 0
REG = 02h
w = 50h
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BRA Unconditional Branch BSF Bit Set f
Syntax: BRA n Syntax: BSF f, b{a}
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC) +2 +2n - PC 0<b<7
ael0,1]
Status Affected: None )
Operation: 1 — f<b>
Encoding: 1101 0
g ‘ | oo ‘ nonn ‘ nomn | Status Affected: None
Description: Add the 2’s complement number ‘2n’ to .
the PC. Since the PC will have Encoding: | 2000 | pbba | ref | fese |
incremented to fetch the next instruction, Description: Bit ‘b’ in register f’ is set.
the new address will be PC + 2 + 2n. This If ‘a’ is ‘0, the Access Bank is selected.
instruction is a two-cycle instruction. If ‘@’ is ‘'1’, the BSR is used to select the
Words: 1 GPR. bank (default). . .
If ‘a’ is ‘0’ and the extended instruction
Cycles: 2 set is enabled, this instruction operates
Q Cycle Activity: in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Q1 Q? Qs 94 Section 25.2.3 “Byte-Oriented and
Decode Reac{! Ijteral Process Write to Bit-Oriented Instructions in Indexed
n Data PC Literal Offset Mode” for details.
No No No No
) . . ) Words: 1
operation operation operation operation
Cycles: 1
£ | Q Cycle Activity:
xample: HERE BRA J
. ue Q1 Q2 Q3 Q4
Before Instruction _ Decode Read Process Write
PC . = address (HERE) register ‘f’ Data register ‘f’
After Instruction
PC = address (Jump)
Example: BSF FLAG REG, 7, 1
Before Instruction
FLAG_REG = 0Ah
After Instruction
FLAG_REG = 8Ah
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LFSR Load FSR MOVF Move f
Syntax: LFSR f, k Syntax: MOVF f{d {,a}}
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 de[0,1]
Operation: k - FSRf as[o,1]
Status Affected: None Operation: f— dest
Encoding: 1110 | 1110 | 00ff |k, kkk Status Affected: N.Z
1111 0000 kokkk kkkk Encoding: ‘ 0101 | 00da ‘ ffff | ffff ‘
Description: The 12-bit literal 'k’ is loaded into the Description: The contents of register ‘f’ are moved to
File Select Register pointed to by f. a destination dependent upon the
Words: 2 status qf ‘. If'd’ i§ ‘0’, the result i;
placed in W. If ‘d’ is ‘1’, the result is
Cycles: 2 placed back in register ‘' (default).
Q Cycle Activity: Location ‘f’ can be anywhere in the

256-byte bank.

Q1 QZ_ Q3 Q_4 If ‘@’ is ‘0, the Access Bank is selected.
Decode Read literal Process ‘erte If ‘2’ is ‘1’, the BSR is used to select the
‘k’ MSB Data literal 'k’ GPR bank (default)
MSB to If ‘a’ is ‘0’ and the extended instruction
FSRfH set is enabled, this instruction operates
Decode Read literal Process Write literal in Indexed Literal Offset Addressing
'k’ LSB Data 'k’ to FSRfL mode whenever f < 95 (5Fh). See
Section 25.2.3 “Byte-Oriented and
Exambple: LESR 2, 3ABh Bit-Oriented Instructions in Indexed

Literal Offset Mode” for details.
After Instruction

FSR2H = 03h Words: 1
FSR2L = ABh Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write W
register ‘f’ Data
Example: MOVF REG, 0, O
Before Instruction
REG = 22h
w = FFh
After Instruction
REG = 22h
w = 22h
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MULLW Multiply Literal with W
Syntax: MULLW Kk
Operands: 0<k<255
Operation: (W) x kK > PRODH:PRODL
Status Affected: None
Encoding: ‘ 0000 | 1101 | kkkk ‘ kkkk ‘
Description: An unsigned multiplication is carried
out between the contents of W and the
8-bit literal ‘k’. The 16-bit result is
placed in the PRODH:PRODL register
pair. PRODH contains the high byte.
W is unchanged.
None of the Status flags are affected.
Note that neither Overflow nor Carry is
possible in this operation. A Zero result
is possible but not detected.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
literal 'k’ Data registers
PRODH:
PRODL
Example: MULLW 0C4h
Before Instruction
w = E2h
PRODH = ?
PRODL = ?
After Instruction
w = E2h
PRODH = ADh
PRODL = 08h

MULWF Multiply W with f
Syntax: MULWF  f{,a}
Operands: 0<f<255
ael0,1]
Operation: (W) x (f) > PRODH:PRODL
Status Affected: None
Encoding: | 0000 | 00la ‘ fEff | fEff ‘
Description: An unsigned multiplication is carried
out between the contents of W and the
register file location ‘f’. The 16-bit
result is stored in the PRODH:PRODL
register pair. PRODH contains the
high byte. Both W and f’ are
unchanged.
None of the Status flags are affected.
Note that neither Overflow nor Carry is
possible in this operation. A Zero
result is possible but not detected.
If ‘a’ is ‘0°, the Access Bank is
selected. If ‘a’ is ‘1’, the BSR is used
to select the GPR bank (default).
If ‘@’ is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever
f <95 (5Fh). See Section 25.2.3
“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
register ‘f Data registers
PRODH:
PRODL
Example: MULWF REG, 1
Before Instruction
w = C4h
REG = B5h
PRODH = ?
PRODL = ?
After Instruction
w = C4h
REG = B5h
PRODH = 8Ah
PRODL = 94h
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SLEEP Enter Sleep mode

Syntax: SLEEP

Operands: None

Operation: 00h — WDT,
0 — WDT postscaler,
1 T0,
0—->PD

Status Affected: T0,PD

Encoding: ‘ 0000 | 0000 ‘ 0000 ‘ 0011 |

Description: The Power-Down status bit (ﬁ) is
cleared. The Time-out status bit (TO)
is set. Watchdog Timer and its
postscaler are cleared.
The processor is put into Sleep mode
with the oscillator stopped.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP

Before Instruction

E =
PD =
After Instruction
E =
PD =

1t

1 If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{,d{,a}}
Operands: 0<f<255
del0,1]
ae[0,1]
Operation: (W) = (f) - (C) — dest
Status Affected: N, OV, C,DC, zZ
Encoding: ‘ 0101 | 0lda | ffff ‘ fEff |
Description: Subtract register ‘' and Carry flag
(borrow) from W (2’s complement
method). If ‘d’ is ‘0’, the result is stored
in W. If‘d’is ‘1’, the result is stored in
register ‘' (default).
If ‘a’is ‘0’, the Access Bank is selected.
If‘a’is ‘1, the BSR is used to select the
GPR bank (default).
If ‘@’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 25.2.3 “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 1: SUBFWB REG, 1, 0
Before Instruction
= 3
w = 2
C = 1
After Instruction
RE = FF
w = 2
C = 0
Z = 0
N = 1 ;resultis negative
Example 2: SUBFWB REG, 0, 0
Before Instruction
= 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
V4 = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG, 1, O
Before Instruction
= 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
A = 1 ;resultis zero
N = 0
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FIGURE 27-1: PIC18F2221/2321/4221/4321 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

6.0V
5.5V
5.0V
4.5V
4.0V
3.5V

3.0V
2.5V

|
|
|
|
20Vt |
|
|
|
|

4.2V

Voltage

Frequency

FIGURE 27-2: PIC18F2221/2321/4221/4321 VOLTAGE-FREQUENCY GRAPH (EXTENDED)
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27.2 DC Characteristics: Power-Down and Supply Current

PIC18F2221/2321/4221/4321 (Industrial)
PIC18LF2221/2321/4221/4321 (Industrial) (Continued)

PIC18LF2221/2321/4221/4321 Standard Operating Conditions (unless otherwise stated)

(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC18F2221/2321/4221/4321 Standgrd Operating Conditionos (unless othoerwisg statefi)

(Industrial, Extended) Operating temperature -40°C <TA < +85 E)for industrial
-40°C < TA < +125°C for extended
P:lr:m Device Typ | Max | Units Conditions
Supply Current (Ipp)?
PIC18LF2X21/4X21| 13 19 pA -40°C
13 19 pA +25°C VDD = 2.0V
13 17 pA +85°C
PIC18LF2X21/4X21| 41 45 pA -40°C
34 | 38 | uA +25°C VDD = 3.0V Fosc = 31 kHz
27 30 WA 185°C (RC_RUN mode,
INTRC source)
All Devices| 104 115 pA -40°C
86 95 pA +25°C
VDD = 5.0V
67 75 pA +85°C
Extended Devices Only| 68 100 pA +125°C
PIC18LF2X21/4X21| 0.31 | 0.35 | mA -40°C
0.31 | 0.35 | mA +25°C VDD = 2.0V
0.31 | 0.35 | mA +85°C
PIC18LF2X21/4X21| 0.55 | 0.60 | mA -40°C
051 | 0.60 | mA +25°C VDD = 3.0V (;SS;JJ r“::dze
047 | 060 | mA *+85°C INTOSC source),
All Devices| 1.0 1.3 mA -40°C
094 | 13 mA +25°C VDD = 5.0V
088 | 12 | mA +85°C pp =
Extended Devices Only| 0.88 1.2 mA +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all /O pins in high-impedance state and tied to VDD or Vss, and all features that
add delta current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

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

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

3: Low-power, Timer1 oscillator is selected unless otherwise indicated, where LPT10SC (CONFIG3H<2>) = 1.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.

5:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
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27.3 DC Characteristics: PIC18F2221/2321/4221/4321 (Industrial)
PIC18LF2221/2321/4221/4321 (Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
P.:lr:m Symbol Characteristic Min Max Units Conditions
VIL Input Low Voltage
1/0 Ports:
D030 with TTL Buffer Vss 0.15Vop | V |VDD<4.5V
DO30A — 0.8 V |4.5V <VDD <55V
D031 with Schmitt Trigger Buffer Vss 0.2 VbD \Y
DO31A RC3 and RC4 Vss 03Vop | V [I°C™ enabled
D031B Vss 0.8 V |SMBus enabled
D032 MCLR Vss 0.2 VbD \Y
D033 0OSscC1 Vss 0.3 VbD V  |HS, HSPLL modes
DO33A 0scC1 Vss 02Vop | V |RC,EC modes!!
D033B 0OSCH1 Vss 0.3 V | XT, LP modes
D034 T13CKI Vss 0.3 \Y
VIH Input High Voltage
1/0 Ports:
D040 with TTL Buffer 0.25 VoD + VDD V |VDD < 4.5V
0.8V
DO040A 2.0 VDD V |45V <VDD <55V
D041 with Schmitt Trigger Buffer 0.8 VbD VDD \Y
D041A RC3 and RC4 0.7 VbD VDD V  |I’C™ enabled
D041B 2.1 VDD V |SMBus enabled,
Vss > 3V
D042 MCLR 0.8 VbD VDD \Y
D043 0SscC1 0.7 VbD VDD V  |HS, HSPLL modes
D043A 0OSCH1 0.8 VbD VDD V  |EC mode
D043B 0scC1 0.9 Vop VDD V  |RC mode("
D043C 0OSCH1 1.6 VDD V | XT, LP modes
D044 T13CKI 1.6 VDD \Y
L Input Leakage Current(2-%)
D060 1/0 Ports — +200 nA |VDD < 5.5V,
Vss < VPIN <VDD,
Pin at High-Impedance
— +50 nA |VDD < 3V,
Vss < VPIN < VDD,
Pin at High-Impedance
D061 MCLR — +1 pA |Vss <VPIN <VDD
D063 OSC1 — +1 pA  [Vss <VPIN < VDD
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.
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SETF (Indexed Literal Offset Mode) .
SLEEP e
Standard Instructions ...........cccoiiiiiiiiii
SUBFWB ......ccceviieine
SUBLW ...
SUBWF ......
SUBWEFB ..ottt
SWAPFE e
TBLRD ....
TBLWT ...
TSTFSZ ..

INTCON REQGISters ......cocoeviieriiiiireeieeee e

Inter-Integrated Circuit. See 12C.

Internal Oscillator BIOCK ...........ccccoeciiiiiiiiiic e 32
AdJUSTMENT ..o 32
INTIO MOGES ..ot 32
INTOSC Frequency Drift ...
INTOSC Output Frequency ..........ccccccveeeceencieeneennnn. 32
OSCTUNE RegiSter .......ccccveriieiiiriiiesie e 32
PLL in INTOSC MOdES ......ccveiiieiiiiinieieerenieee e 33

Internal RC Oscillator
Use With WDT ..o

Internet Address ..........ccoeoiiiiiiiii

INtErrUPt SOUICES .....eiiiiiiiiiiiie e
A/D Conversion Complete
Capture Complete (CCP) .....
Compare Complete (CCP)
Interrupt-on-Change (RB7:RB4) .........ccccovvivviennnen. 114
INTX PN oo,
PORTB, Interrupt-on-Change .
TMRO e
TMRO OVerflow ......ccccoiiiiiiiiiiiiii e
TMR1 OVErflow .....oooiiiiiiiieeee e
TMR2 to PR2 Match (PWM)
TMR3 Overflow .

INTEITUPES ..ot e

INTOSC, INTRC. See Internal Oscillator Block.

IORLW

IORWF

IPR Registers

L

LESR e 303

Low-Voltage ICSP Programming. See Single-Supply ICSP
Programming

M

Master Clear (MCLR) .......ccoouiiiiiiiiiiie e 49

Master Synchronous Serial Port (MSSP). See MSSP.
Memory Organization ..
Data Memory ......
Program Memory
Memory Programming Requirements ............ccccoeceeeenee.
Microchip Internet Web Site ..........cccceniineeenen.
Migration from Baseline to Enhanced Devices ..
Migration from High-End to Enhanced Devices
Migration from Mid-Range to Enhanced Devices ............ 388
MOVF .ot
MOVFF ....

MPLAB ASM30 Assembler, Linker, Librarian ..
MPLAB ICD 2 In-Circuit Debugger
MPLAB ICE 2000 High-Performance Universal

In-Circuit Emulator ..., 331
MPLAB Integrated Development Environment

SOftWANe ...eeieei e 329
MPLAB PM3 Device Programmer ..........cccccovvvveennieennnns 331
MPLAB REAL ICE In-Circuit Emulator System ............... 331
MPLINK Object Linker/MPLIB Object Librarian ............... 330
MSSP

ACK PUISE ..o 181, 183

Control Registers (general) .......ccccoociveiiniinieceen. 167

12C Mode. See I°C Mode.

Module OVErVIEW ..........cccccvieiiiiiiiiiieiie e 167

SPI Master/Slave Connection ..........cccccceviinieeneen. 171

SPI Mode. See SPI Mode.

SSPBUF Register ........cccoiiiieiiiiiiiiee e 172

SSPSR Register ......ccccooouiiiiiiiiiiineeeec e 172
MULLW

Oscillator Selection ..o, 259
Oscillator Start-up Timer (OST) ... ... 38, 51
Oscillator SWItChing .......ccceeeiiiiiiiiiee e 35
Oscillator Transitions ...........ccccooiiiiiiiiiiiiiicc e 36
Oscillator, Timer1 .
Oscillator, TIMEr3 .........oooiieiiiiiiiieeeeeeeee e 141
P
Packaging Information
Marking .......ccccoeeene
Parallel Slave Port (PSP)
Associated Registers ... 127
CS (Chip Select)
PORTD ..o
RD (Read Input)
Select (PSPMODE Bit) .....cccocvviiieniiienieene
WR (Write INPUL) ..ooeeiiiiiiee e
PICSTART Plus Development Programmer
PIE REGISErS ....oeiiiiieiie et
Pin Functions
MCLR/VPP/RES .....coiiiiieiicctteeeeeee e
OSC1/CLKI/RAT .....
OSC2/CLKO/RAG ...
RAO/AND ...t
RATIANT Lo
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