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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 -
Microcontrollers"

Active

PIC

8-Bit

40MHz

CANbus, I2C, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
36

32KB (16K x 16)

FLASH

256 x 8

1.5Kx 8

4.2V ~ 5.5V

A/D 11x10b

Internal

-40°C ~ 85°C (TA)

Through Hole

40-DIP (0.600", 15.24mm)
40-PDIP
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PIC18F2480/2580/4480/4580

Pin Diagrams
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40-Pin PDIP MCLR/VPP/RE3 — [] 1 U/ 40 [0 <—— RB7/KBI3/PGD
RAO/ANO/CVREF <—»[] 2 39 [ <—» RB6/KBI2/PGC
RA1/AN1 <—[]3 38 [1 <—» RB5/KBI1/PGM
RA2/AN2/VREF- <[] 4 37 [ <—» RB4/KBIO/ANO
RA3/AN3/VREF+ <[] 5 36 [1 <—= RB3/CANRX
RA4/TOCKI <[] 6 35 [ <—» RB2/INT2/CANTX
RA5/AN4/SS/HLVDIN <—[] 7 34 [1 <— RB1/INT1/AN8
___REO/RD/AN5 <—=[] 8 oo 33 [1 <—» RBO/INTO/FLTO/AN10
RE1/WR/AN6/C10UT <—[] 9 g g 32 [] =<—— VDD
RE2/CS/AN7/C20UT <—[] 10 < < 31 [0 =——Vss
VoD — [ 11 5% 30 [0 «<—= RD7/PSP7/P1D
Vss — o []12 50 29 [1 =— RD6/PSP6/P1C
OSC1/CLKI/RA7 ——[] 13 & o 28 [] < RD5/PSP5/P1B
OSC2/CLKO/RA6 <[] 14 27 [] «——= RD4/PSP4/ECCP1/P1A
RCO/T10SO/T13CKI <—»[] 15 26 [] ~— RC7/RX/DT
RC1/T10SI <[] 16 25 [] <—» RCB/TX/CK
RC2/CCP1 «—»[] 17 24 [] <— RC5/SDO
RC3/SCK/SCL <—[] 18 23 [] =— RC4/SDI/SDA
RDO/PSPO/C1IN+ <—[] 19 22 [] <—» RD3/PSP3/C2IN-
RD1/PSP1/C1IN- <— [] 20 21 [] = RD2/PSP2/C2IN+
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PIC18F2480/2580/4480/4580

TABLE 1-2: PIC18F2480/2580 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number ]
Pin Name SPDIP Pin | Buffer Description
’ T T
SOIC QFN | lype ype
PORTB is a bidirectional 1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INTO/ AN10 21 18

RBO 110 TTL Digital I/O.

INTO | ST External Interrupt 0.

AN10 | Analog Analog Input 10.
RB1/INT1/AN8 22 19

RB1 110 TTL Digital 1/0.

INT1 | ST External Interrupt 1.

AN8 | Analog Analog Input 8.
RB2/INT2/CANTX 23 20

RB2 /0 TTL Digital I/O.

INT2 | ST External Interrupt 2.

CANTX o TTL CAN bus TX.
RB3/CANRX 24 21

RB3 /0 TTL Digital I/O.

CANRX | TTL CAN bus RX.
RB4/KBIO/AN9 25 22

RB4 /0 TTL Digital I/0.

KBIO | TTL Interrupt-on-change pin.

AN9 | Analog Analog Input 9.
RB5/KBI1/PGM 26 23

RB5 /0 TTL Digital I/O.

KBI1 | TTL Interrupt-on-change pin.

PGM 110 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 27 24

RB6 110 TTL Digital I/O.

KBI2 | TTL Interrupt-on-change pin.

PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28 25

RB7 I/0 TTL Digital 1/0.

KBI3 | TTL Interrupt-on-change pin.

PGD 110 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

I2C =12C™/SMBus input buffer
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PIC18F2480/2580/4480/4580

5.4 Brown-out Reset (BOR)

PIC18F2480/2580/4480/4580 devices implement a
BOR circuit that provides the user with a number of
configuration and power-saving options. The BOR is
controlled by the BORV<1:.0> and BOREN<1:0>
Configuration bits. There are a total of four BOR
configurations which are summarized in Table 5-1.

The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below VBOR (parameter D005)
for greater than TBOR (parameter 35) will reset the
device. A Reset may or may not occur if VDD falls below
VBOR for less than TBOR. The chip will remain in
Brown-out Reset until VDD rises above VBOR.

If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay, TPWRT
(parameter 33). If VDD drops below VBOR while the
Power-up Timer is running, the chip will go back into a
Brown-out Reset and the Power-up Timer will be
initialized. Once VDD rises above VBOR, the Power-up
Timer will execute the additional time delay.

BOR and the Power-on Timer (PWRT) are
independently configured. Enabling a Brown-out Reset
does not automatically enable the PWRT.

5.4.1 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<6>). Setting SBOREN
enables the BOR to function as previously described.
Clearing SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise it is
read as ‘0’.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change BOR configuration. It also allows the user to
tailor device power consumption in software by elimi-
nating the incremental current that the BOR consumes.
While the BOR current is typically very small, it may
have some impact in low-power applications.

Note: Even when BOR is under software control,
the Brown-out Reset voltage level is still
set by the BORV<1:0> Configuration bits.

It cannot be changed in software.

5.4.2 DETECTING BOR

When Brown-out Reset is enabled, the BOR bit always
resets to ‘0’ on any Brown-out Reset or Power-on
Reset event. This makes it difficult to determine if a
Brown-out Reset event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR bit is reset to ‘1’ in software
immediately after any Power-on Reset event. IF BOR
is ‘0’ while POR is ‘1’, it can be reliably assumed that a
Brown-out Reset event has occurred.

5.4.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

TABLE 5-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation

BOREN1 BORENO | (RCON<6>)

0 0 Unavailable |BOR disabled; must be enabled by reprogramming the Configuration bits.

0 1 Available BOR enabled in software; operation controlled by SBOREN.

1 0 Unavailable |BOR enabled in hardware in Run and Idle modes, disabled during Sleep
mode.

1 1 Unavailable |BOR enabled in hardware; must be disabled by reprogramming the

Configuration bits.
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PIC18F2480/2580/4480/4580

TABLE 6-2: REGISTER FILE SUMMARY (PIC18F2480/2580/4480/4580) (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\ggeB%"R De:g:"
RXF3SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 62,308
RXF2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 62,309
RXF2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 62,309
RXF2SIDL SID2 SID1 SIDO = EXIDEN = EID17 EID16  |xxx- x-xx| 62,308
RXF2SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 62,308
RXF1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 62,309
RXF1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 62,309
RXF1SIDL SID2 SID1 SIDO = EXIDEN = EID17 EID16  |xxx- x-xx| 62,308
RXF1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 62,308
RXFOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 62,309
RXFOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 62,309
RXFOSIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16  |xxx- x-xx| 62,308
RXFOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 62,308
B5D7®) B5D77 B5D76 B5D75 B5D74 B5D73 B5D72 B5D71 B5D70  |xxxx xxxx| 62,305
B5D6(®) B5D67 B5D66 B5D65 B5D64 B5D63 B5D62 B5D61 B5D60  |xxxx xxxx| 62,305
B5D5) B5D57 B5D56 B5D55 B5D54 B5D53 B5D52 B5D51 B5D50  |xxxx xxxx| 62,305
B5D4(®) B5D47 B5D46 B5D45 B5D44 B5D43 B5D42 B5D41 B5D40  |xxxx xxxx| 62,305
B5D3®) B5D37 B5D36 B5D35 B5D34 B5D33 B5D32 B5D31 B5D30  |xxxx xxxx| 62,305
B5D2(8) B5D27 B5D26 B5D25 B5D24 B5D23 B5D22 B5D21 B5D20  |xxxx xxxx| 62,305
B5D1®) B5D17 B5D16 B5D15 B5D14 B5D13 B5D12 B5D11 B5D10  |xxxx xxxx| 62,305
B5D0®) B5D07 B5D06 B5D05 B5D04 B5D03 B5D02 B5D01 B5D00  |xxxx xxxx| 62,305
B5DLC® — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO -xxx xxxx| 62,307
Receive mode
B5DLC®) = TXRTR = = DLC3 DLC2 DLC1 DLCO —x-- xxxx| 62,307
Transmit mode
B5EIDL®) EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 62,305
B5EIDH(®) EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 62,304
B5SIDL®) SID2 SID1 SIDO SRR EXID — EID17 EID16  |xxxx x-xx| 62,303
Receive mode
B5SIDL(®) SID2 SID1 SIDO = EXIDE = EID17 EID16  |xxx- x-xx| 62,303
Transmit mode
B5SIDH® SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx x-xx| 62,302
B5CON(® RXFUL RXM1 | RXRTRRO | FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO {0000 0000| 62,301
Receive mode
B5CON(®) TXBIF TXABT TXLARB | TXERR TXREQ RTREN TXPRI1 TXPRIO {0000 0000| 62,301
Transmit mode
B4D7®) B4D77 B4D76 B4D75 B4D74 B4D73 B4D72 B4D71 B4D70  |xxxx xxxx| 62,305
B4D6®) B4D67 B4D66 B4D65 B4D64 B4D63 B4D62 B4D61 B4D60  |xxxx xxxx| 62,305
B4D5®) B4D57 B4D56 B4D55 B4D54 B4D53 B4D52 B4D51 B4D50  |xxxx xxxx| 62,305
B4D4®) B4D47 B4D46 B4D45 B4D44 B4D43 B4D42 B4D41 B4D40  |xxxx xxxx| 63,305
B4D3®) B4D37 B4D36 B4D35 B4D34 B4D33 B4D32 B4D31 B4D30  |xxxx xxxx| 63,305

Legend: x =unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: Bit 21 of the PC is only available in Test mode and Serial Programming modes.
2: The SBOREN bit is only available when CONFIG2L<1:0> = 01; otherwise, it is disabled and reads as ‘'0’. See Section 5.4 “Brown-out Reset (BOR)”.
3: These registers and/or bits are not implemented on PIC18F2X80 devices and are read as ‘0’. Reset values are shown for PIC18F4X80 devices;
individual unimplemented bits should be interpreted as ‘“—'.
4: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 3.6.4 “PLL in INTOSC
Modes”.
5: The RE3 bit is only available when Master Clear Reset is disabled (CONFIG3H<7> = 0); otherwise, RE3 reads as ‘0’. This bit is read-only.
6: RA6/RAT7 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".
7: CAN bits have multiple functions depending on the selected mode of the CAN module.
8: This register reads all ‘0’s until the ECAN™ technology is set up in Mode 1 or Mode 2.
9: These registers are available on PIC18F4X80 devices only.
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PIC18F2480/2580/4480/4580

REGISTER 11-1: TRISE REGISTER (PIC18F4X80 DEVICES ONLY)

R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1 R/W-1
IBF OBF IBOV | PSPMODE — | TRISE2 | TRISET TRISEO
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 IBF: Input Buffer Full Status bit

1 = A word has been received and waiting to be read by the CPU
0 = No word has been received

bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read (must be cleared in software)
0 = No overflow occurred

bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General purpose I/O mode

bit 3 Unimplemented: Read as ‘0’

bit 2 TRISE2: RE2 Direction Control bit
1 = Input
0 = Output

bit 1 TRISE1: RE1 Direction Control bit
1 = Input
0 = Output

bit 0 TRISEO: REQ Direction Control bit
1 = Input
0 = Output
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NOTES:
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PIC18F2480/2580/4480/4580

TABLE 16-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Values
on Page:

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 55
RCON IPEN |SBOREN® — RI TO PD POR BOR 56
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 58
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 58
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 58
TRISB PORTB Data Direction Register 58
TRISC PORTC Data Direction Register 58
TMR2 Timer2 Register 56
PR2 Timer2 Period Register 56
T2CON — | T20UTPS3|T20UTPS2|T20UTPS1]| T20UTPS0| TMR2ON | T2CKPS1 | T2CKPSO | 56
CCPR1L Capture/Compare/PWM Register 1 Low Byte 57
CCPR1H Capture/Compare/PWM Register 1 High Byte 57
CCP1CON — | — | pciB1 | Dc1BO | CCP1M3 | CCP1M2 | CCPIM1 | CCPIMO | 57
ECCPRILM |Enhanced Capture/Compare/PWM Register 1 Low Byte 57
ECCPR1HM |Enhanced Capture/Compare/PWM Register 1 High Byte 57
EccP1CON®|EPWM1M1| EPWM1MO | EDC1B1 | EDC1BO | ECCP1M3 | ECCP1M2| ECCP1M1|ECCPIMO| 57

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PWM or Timer2.
Note 1: These registers are unimplemented on PIC18F2X80 devices.
2: The SBOREN bit is only available when CONFIG2L<1:0> = 01; otherwise, it is disabled and reads as ‘0’. See
Section 5.4 “Brown-out Reset (BOR)”.
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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 regis-
ter (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
(SSPCON1<7>), will be set. User software must clear

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

the WCOL bit so that it can be determined if the follow-
ing 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: = The SSPBUF register cannot be used with
read-modify-write instructions such as
BCF, BTFSC and COMEF, etc.

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.

LOOP BTFSS SSPSTAT, BF
BRA LOOP ; No
MOVF SSPBUF, W
MOVWEF RXDATA
MOVF TXDATA, W
MOVWE' 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

DS39637D-page 194
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PIC18F2480/2580/4480/4580

TABLE 19-3: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0, BRGH = 0, BRG16 = 0
BRﬁ: Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — 1.221 1.73 255 1.202 0.16 129 1.201 -0.16 103
24 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64 2.403 -0.16 51
9.6 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15 9.615 -0.16 12
19.2 19.531 1.73 31 19.531 1.73 15 19.531 1.73 — — —
57.6 56.818  -1.36 10 62.500 8.51 4 52.083  -9.58 — — —
115.2 | 125.000 8.51 4 104.167 -9.58 2 78.125 -32.18 — — —
SYNC =0, BRGH = 0, BRG16 = 0
BRﬁ'Ll'jED FOSC = 4.000 MHz FOSC = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.16 207 0.300 -0.16 103 0.300 -0.16 51
1.2 1.202 0.16 51 1.201 -0.16 25 1.201 -0.16 12
24 2.404 0.16 25 2.403 -0.16 12 — — —
9.6 8.929 -6.99 6 — — — — — —
19.2 20.833 8.51 2 — — — — — —
57.6 62.500 8.51 0 — — — — — —
115.2 | 62.500 -45.75 0 — — — — — —
SYNC =0, BRGH =1, BRG16 =0
BRﬁ'Ll'jED Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — — — — — — — — — —
2.4 — — — — — — 2.441 1.73 255 2.403 -0.16 207
9.6 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818  -1.36 21 56.818  -1.36 10 55.555 3.55 8
115.2 | 113.636 -1.36 21 113.636  -1.36 10 125.000 8.51 4 — — —
SYNC =0, BRGH =1, BRG16 = 0
BRﬁ'Ll'jED FOSC = 4.000 MHz FOSC = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —
115.2 | 125.000 8.51 1 — — — — — —
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19.2.5 BREAK CHARACTER SEQUENCE

The Enhanced EUSART module has the capability of
sending the special Break character sequences that
are required by the LIN/J2602 bus standard. The Break
character transmit consists of a Start bit, followed by
twelve ‘0’ bits and a Stop bit. The Frame Break charac-
ter 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 specification).

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 19-10 for the timing of the Break
character sequence.

19.2.5.1

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/J2602 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.

19.2.6 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 19.2.4 “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 19-10: SEND BREAK CHARACTER SEQUENCE
Write to TXREG I (C
Dummy Write J)
BRG Output X
BRocuedt [ [ L[| G B s N e B
TX (pin) T\ Start Bit Bit0 Bit 1 J( /( Bit11 / StopBit .
| - Break | \
TXIF bit . :
(Transmit Buffer |_| )()( T
Reg. Empty Flag) !
TRMT bit 5
(Transmit Shift cC [
Reg. Empty Flag) . JJ .
' SENDB sampled here Auto-Cleared '
SENDB e cc ’ o\
(Transmit Shift ) )

Reg. Empty Flag)

.

© 2009 Microchip Technology Inc.

DS39637D-page 247



PIC18F2480/2580/4480/4580

19.3 EUSART Synchronous Once the TXREG register transfers the data to the TSR

Master Mode register (occurs in one TCYCLE), the TXREG is empty

and the TXIF flag bit (PIR1<4>) is set. The interrupt can

The Master mode indicates that the processor trans- be enabled or disabled by setting or clearing the inter-

mits the master clock on the CK line. The Synchronous rupt enable bit, TXIE (PIE1<4>). TXIF is set regardless

Master mode is entered by setting the CSRC bit of the state of enable bit TXIE; it cannot be cleared in

(TXSTA<7>). In this mode, the data is transmitted in a software. It will reset only when new data is loaded into
half-duplex manner (i.e., transmission and reception do the TXREG register.

t”hOt °°C”rt.at the s ;'mezj' When tra”SSm'“'zg data, While flag bit, TXIF, indicates the status of the TXREG

© reception 1S Inhiblted and VIce Versa. Synehronous register, another bit, TRMT (TXSTA<1>), shows the

mode is entered by setting bit, SYNC (TXSTA<4>). In
addition, enable bit, SPEN (RCSTA<7>), is set in order
to configure the TX and RX pins to CK (clock) and DT
(data) lines, respectively.

status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit so the user has to poll this bit in order to
determine if the TSR register is empty. The TSR is not
The Master mode indicates that the processor trans- mapped in data memory so it is not available to the user.
mits the master clock on the CK line. Clock polarity is

selected with the SCKP bit (BAUDCON<4>). Setting To set up a Synchronous Master Transmission:

SCKP sets the Idle state on CK as high, while clearing 1. Initialize the SPBRGH:SPBRG registers for the
the bit sets the Idle state as low. This option is provided appropriate baud rate. Set or clear the BRG16
to support Microwire devices with this module. bit, as required, to achieve the desired baud
rate.
19.3.1 EUSART SYNCHRONOUS MASTER 2. Enable the synchronous master serial port by
TRANSMISSION setting bits, SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit, TXIE.
If 9-bit transmission is desired, set bit, TX9.

The EUSART transmitter block diagram is shown in
Figure 19-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains Enable the transmission by setting bit, TXEN.
its data from the Read/Write Transmit Buffer register, If 9-bit transmission is selected. the ninth bit
TXREG. The TXREG register is loaded with data in should be loaded in bit, TX9D.

software. The TSR register is not loaded until the last

o0

bit has been transmitted from the previous load. As 7. Startttransm|33|on by loading data to the TXREG

soon as the last bit is transmitted, the TSR is loaded register.

with new data from the TXREG (if available). 8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 19-11: SYNCHRONOUS TRANSMISSION

Q1 |QZ|Q3|Q4EQ1 |Q2 |03|Q4'o1 |Q2|Q3|Q4 !Q1|Q2 |03|Q4'o1 |Qz|os |Q4| |Qs|o4l Q1 |Qz|os|o4!Q1 |oz|03|o4!Q1 |QZ|Q3|Q4;Q1 |Q2|03|Q4|Q1 |QZ|Q3|Q4EQ1|QZ|Q3|Q4|
SﬁwRX/DT B0 X b1 X b2 ><j 5:>< bit 7 >< bt0 X " bit1 X GDCE
! - Word 1 Word 2 L
RCB/TX/CK pi ' :
(SCKP = 0) pin : |—| l—\_l—\_l—g W g_l+\_
RC6/TX/CK pin '
(SCKP =1) : I_._I mgg—m_mfj—l__l—
Write to ] ' ] ! . . . . (¢ . :
TXREG Reg Write Word 1! Write Word 2 55 - - . - )) - .
. . . X (¢ X :
aa(tlgnpult)t Flag) : : )()( X ) JJ ; !
TRMT bit : : ' : (C . : (¢ : :
) ' ' ! : J) : :
TXENbit .V : : f : (¢ : : ! : c 5 R
D) . )
Note: Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.
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REGISTER 20-3:

ADCON2: A/D CONTROL REGISTER 2

R/W-0

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

R/W-0 R/W-0

ADFM

— ACQT2 ACQT1 ACQTO

ADCS1 ADCSO0

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7

bit 6
bit 5-3

bit 2-0

Note 1:

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

Unimplemented: Read as ‘0’

ACQT<2:0>: A/D Acquisition Time Select bits
111 =20 TAD

110 =16 TAD

101 =12 TAD

100=8TAD

011=6TAD

010=4TAD

001 =2 TAD

000 =0 Tan("

ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)(!)
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = FRc (clock derived from A/D RC oscillator)(")
010 = Fosc/32

001 = Fosc/8

000 = Fosc/2

If the A/D FRc clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.

© 2009 Microchip Technology Inc.
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21.0 COMPARATOR MODULE

The analog comparator module contains two
comparators that can be configured in a variety of
ways. The inputs can be selected from the analog
inputs multiplexed with pins, RAO through RA5, as well
as the on-chip voltage reference (see Section 22.0
“Comparator Voltage Reference Module”). The
digital outputs (normal or inverted) are available at the
pin level and can also be read through the control
register.

REGISTER 21-1:

The CMCON register (Register 21-1) selects the
comparator input and output configuration. Block
diagrams of the various comparator configurations are
shown in Figure 21-1.

CMCON: COMPARATOR CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C20uUT C10uUT C2INV C1INV CIS CM2 CM1 CMO
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’ = Bitis cleared x = Bit is unknown

bit 7 C20UT: Comparator 2 Output bit
When C2INV = o:
1 =C2VIN+ > C2 VIN-

0 = C2 VIN+ < C2 VIN-

When C2INV = 1:

1 =C2 VIN+ < C2 VIN-

0 = C2 VIN+ > C2 VIN-

C10UT: Comparator 1 Output bit
When C1INV = 0:

1 =C1VIN+>C1 VIN-

0 = C1 VIN+ < C1 VIN-

When C1INV = 1:

1 =C1VIN+ < C1 VIN-

0 = C1 VIN+ > C1 VIN-

C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted
0 = C2 output not inverted

bit 6

bit 5

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 output inverted

0 = C1 output not inverted

bit 3 CIS: Comparator Input Switch bit

When CM<2:0> = 110:

1 = C1 VIN- connects to RDO/PSPO/C1IN+
C2 VIN- connects to RD2/PSP2/C2IN+

0 = C1 VIN- connects to RD1/PSP1/C1IN-

C2 VIN- connects to RD3/PSP3/C2IN-

bit 2-0

CM<2:0>: Comparator Mode bits

Figure 21-1 shows the Comparator modes and the CM<2:0> bit settings.

© 2009 Microchip Technology Inc.
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FIGURE 22-2: COMPARATOR VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

PIC18F4X80

CVREF R()

Module Eﬂ

Voltage RAO _ >+ CVREF Output
Reference
Output

Impedance

Note 1: R is dependent upon the voltage reference configuration bits, CVRCON<3:0> and CVRCON<5>.

TABLE 22-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE

Reset

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

CVRCON® | CVREN | CVROE | CVRR | CVRSS | CVR3 CVR2 CVR1 CVRO 57
CMCON®@ | C20UT | C10UT | C2INV | C1INV cIS CcM2 CcM1 CMO 57
TRISA TRISA7(" | TRISA6(") | PORTA Data Direction Register 58

Legend: Shaded cells are not used with the comparator voltage reference.
Note 1: PORTA pins are enabled based on oscillator configuration.
2: These registers are unimplemented on PIC18F2X80 devices.
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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
select 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 Current Consumption

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

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.. .Thg total cgrrent cop§umptlon, 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 /
ST _\/_" _______ )Ii/ ___________ VLvVD
HLVDIF I )
—————
Enable HLVD |
|
|
IRVST ~— TIRvST ]
HLVDIF cleared in software
Internal Reference is stable
CASE 2:
VDD
——————————\—————————————/ ————————————— VLVD
HLVDIF | A
Enable HLVD | |
| |
| ,
IRVST ~— TIRvST
Internal Reference is stable
HLVDIF cleared in software
HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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24.2.6 CAN INTERRUPT REGISTERS

The registers in this section are the same as described
in Section 10.0 “Interrupts”. They are duplicated here
for convenience.

REGISTER 24-56: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

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

IRXIF | WAKIF | ERRIF | TxB2IF | TXB1IF™ [ TXBoIF™ | RXB1IF | RXBOIF
Mode 1.2 | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

’ IRXIF | WAKIF | ERRIF | TxBnIF | TXB1IF™ | TXBoIF™ | RXBnIF | FIFOWMIF
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’ = Bit is cleared x = Bit is unknown
bit 7 IRXIF: CAN Bus Error Message Received Interrupt Flag bit

1 = An invalid message has occurred on the CAN bus
0 = No invalid message on CAN bus

bit 6 WAKIF: CAN Bus Activity Wake-up Interrupt Flag bit
1 = Activity on CAN bus has occurred
0 = No activity on CAN bus

bit 5 ERRIF: CAN Module Error Interrupt Flag bit
1 = An error has occurred in the CAN module (multiple sources; refer to Section 24.15.6 “Error Interrupt”)
0 = No CAN module errors

bit 4 When CAN is in Mode 0:
TXB2IF: CAN Transmit Buffer 2 Interrupt Flag bit
1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
When CAN is in Mode 1 or 2:
TXBnIF: Any Transmit Buffer Interrupt Flag bit
1 = One or more transmit buffers have completed transmission of a message and may be reloaded
0 = No transmit buffer is ready for reload

bit 3 TXB1IF: CAN Transmit Buffer 1 Interrupt Flag bit(")
1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message

bit 2 TXBOIF: CAN Transmit Buffer 0 Interrupt Flag bit(1)
1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer O has not completed transmission of a message

bit 1 When CAN is in Mode 0:
RXB1IF: CAN Receive Buffer 1 Interrupt Flag bit
1 = Receive Buffer 1 has received a new message
0 = Receive Buffer 1 has not received a new message
When CAN is in Mode 1 or 2:
RXBnIF: Any Receive Buffer Interrupt Flag bit
1 = One or more receive buffers has received a new message
0 = No receive buffer has received a new message

bit 0 When CAN is in Mode 0:
RXBOIF: CAN Receive Buffer 0 Interrupt Flag bit
1 = Receive Buffer 0 has received a new message
0 = Receive Buffer 0 has not received a new message
When CAN is in Mode 1:
Unimplemented: Read as ‘0’
When CAN is in Mode 2:
FIFOWMIF: FIFO Watermark Interrupt Flag bit
1 = FIFO high watermark is reached
0 = FIFO high watermark is not reached

Note 1: In CAN Mode 1 and 2, these bits are forced to ‘0.
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24.13 Bit Timing Configuration
Registers

The Baud Rate Control registers (BRGCONT,
BRGCON2, BRGCON3) control the bit timing for the
CAN bus interface. These registers can only be modi-
fied when the PIC18F2480/2580/4480/4580 devices
are in Configuration mode.

24.13.1 BRGCON1

The BRP bits control the baud rate prescaler. The
SJW<1:0> bits select the synchronization jump width in
terms of multiples of Ta.

24.13.2 BRGCON2

The PRSEG bits set the length of the propagation seg-
ment in terms of TQ. The SEG1PH bits set the length of
Phase Segment 1 in TQ. The SAM bit controls how
many times the RXCAN pin is sampled. Setting this bit
to a ‘1’ causes the bus to be sampled three times: twice
at Ta/2 before the sample point and once at the normal
sample point (which is at the end of Phase Segment 1).
The value of the bus is determined to be the value read
during at least two of the samples. If the SAM bit is set
to a ‘0’, then the RXCAN pin is sampled only once at
the sample point. The SEG2PHTS bit controls how the
length of Phase Segment 2 is determined. If this bit is
set to a ‘1’, then the length of Phase Segment 2 is
determined by the SEG2PH bits of BRGCONS. If the
SEG2PHTS bit is set to a ‘0’, then the length of Phase
Segment 2 is the greater of Phase Segment 1 and the
information processing time (which is fixed at 2 Ta for
the PIC18F2480/2580/4480/4580).

24.13.3 BRGCON3

The PHSEG2<2:0> bits set the length (in TQ) of Phase
Segment 2 if the SEG2PHTS bit is set to a ‘1’. If the
SEG2PHTS bit is set to a ‘0’, then the PHSEG2<2:0>
bits have no effect.

24.14 Error Detection

The CAN protocol provides sophisticated error
detection mechanisms. The following errors can be
detected.

24141 CRCERROR

With the Cyclic Redundancy Check (CRC), the trans-
mitter calculates special check bits for the bit
sequence, from the start of a frame until the end of the
data field. This CRC sequence is transmitted in the
CRC field. The receiving node also calculates the CRC
sequence using the same formula and performs a
comparison to the received sequence. If a mismatch is
detected, a CRC error has occurred and an error frame
is generated. The message is repeated.

24.14.2 ACKNOWLEDGE ERROR

In the Acknowledge field of a message, the transmitter
checks if the Acknowledge slot (which was sent out as
a recessive bit) contains a dominant bit. If not, no other
node has received the frame correctly. An Acknowl-
edge error has occurred, an error frame is generated
and the message will have to be repeated.

24143 FORM ERROR

If a node detects a dominant bit in one of the four seg-
ments, including End-Of-Frame (EOF), interframe
space, Acknowledge delimiter or CRC delimiter, then a
form error has occurred and an error frame is
generated. The message is repeated.

24144 BIT ERROR

A bit error occurs if a transmitter sends a dominant bit
and detects a recessive bit, or if it sends a recessive bit
and detects a dominant bit, when monitoring the actual
bus level and comparing it to the just transmitted bit. In
the case where the transmitter sends a recessive bit
and a dominant bit is detected during the arbitration
field and the Acknowledge slot, no bit error is
generated because normal arbitration is occurring.

24145 STUFF BIT ERROR

If, between the Start-Of-Frame (SOF) and the CRC
delimiter, six consecutive bits with the same polarity are
detected, the bit stuffing rule has been violated. A stuff
bit error occurs and an error frame is generated. The
message is repeated.

24146 ERROR STATES

Detected errors are made public to all other nodes via
error frames. The transmission of the erroneous mes-
sage is aborted and the frame is repeated as soon as
possible. Furthermore, each CAN node is in one of the
three error states; “error-active”, “error-passive” or
“bus-off’, according to the value of the internal error
counters. The error-active state is the usual state
where the bus node can transmit messages and acti-
vate error frames (made of dominant bits) without any
restrictions. In the error-passive state, messages and
passive error frames (made of recessive bits) may be
transmitted. The bus-off state makes it temporarily
impossible for the node to participate in the bus
communication. During this state, messages can neither
be received nor transmitted.

24.14.7 ERROR MODES AND ERROR
COUNTERS

The PIC18F2480/2580/4480/4580 devices contain two
error counters: the Receive Error Counter (RXERRCNT)
and the Transmit Error Counter (TXERRCNT). The
values of both counters can be read by the MCU. These
counters are incremented or decremented in
accordance with the CAN bus specification.
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28.2 DC Characteristics:

Power-Down and Supply Current
PIC18F2480/2580/4480/4580 (Industrial, Extended)
PIC18LF2480/2580/4480/4580 (Industrial) (Continued)

PIC18LF2480/2580/4480/4580
(Industrial)

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

Operating temperature

PIC18F2480/2580/4480/4580
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Operating temperature

Par‘;'ca’m Device Typ | Max | Units Conditions
Supply Current (IDD)(2'3)
PIC18LF2X80/4X80| 300 390 pA -40°C
320 390 pA +25°C VDD = 2.0V
330 390 pA +85°C
PIC18LF2X80/4X80| 450 550 pA -40°C
470 | 550 | pA +25°C VDD = 3.0V Fosc = 1 MHz
" (RC_IDLE mode,
490 | 550 A *+85°C Internal oscillator source)
All devices| 840 | 1030 | pA -40°C
880 | 1030 | pA +25°C
VDD = 5.0V
900 | 1030 | pA +85°C
Extended devices only| 2.8 3.2 mA +125°C
PIC18LF2X80/4X80| 760 | 1050 | pA -40°C
790 | 1050 | pA +25°C VDD = 2.0V
810 | 1050 | pA +85°C
PIC18LF2X80/4X80| 1.2 1.5 mA -40°C
12 | 15 | mA +25°C VDD = 3.0V FOsC = 4 MHz
S (RC_IDLE mode,
13 1.5 mA +85°C Internal oscillator source)
All devices| 2.2 2.7 mA -40°C
23 27 mA +25°C
VDD = 5.0V
23 27 mA +85°C
Extended devices only| 4.7 5.5 mA +125°C
PIC18LF2X80/4X80| 410 550 pA -40°C
420 550 pA +25°C VDD = 2.0V
420 550 pA +85°C
PIC18LF2X80/4X80| 870 830 pA -40°C
770 | 830 | A +25°C VDD = 3.0V Fosc = 1 MHz
> (PRI_RUN,
720 | 830 A +85°C EC oscillator)
All devices| 1.8 3.3 mA -40°C
1.6 3.3 mA +25°C
VDD = 5.0V
1.5 3.3 mA +85°C
Extended devices only| 1.5 3.3 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 1/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 /O pins tri-stated, pulled to VDD;

MCLR = VDD; WDT enabled/disabled as specified.
3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated

by the formula, Ir = VDD/2REXT (mA), with REXT in kQ.

4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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TABLE 28-19: 12C™ BUS DATA REQUIREMENTS (SLAVE MODE)

Par‘;"a)m. Symbol Characteristic Min Max Units Conditions
100 THIGH Clock High Time 100 kHz mode 4.0 — us PIC18FXXXX must operate at
a minimum of 1.5 MHz
400 kHz mode 0.6 — us PIC18FXXXX must operate at
a minimum of 10 MHz
MSSP module 1.5 Tey —
101 TLow Clock Low Time 100 kHz mode 4.7 — us PIC18FXXXX must operate at
a minimum of 1.5 MHz
400 kHz mode 1.3 — us PIC18FXXXX must operate at
a minimum of 10 MHz
MSSP module 1.5 Tey —
102 TR SDA and SCL Rise 100 kHz mode — 1000 ns
Time 400 kHz mode 20+0.1Cs | 300 ns |CB is specified to be from
10 to 400 pF
103 TF SDA and SCL Fall 100 kHz mode — 300 ns
Time 400 kHz mode 20+0.1Cs | 300 ns |CB is specified to be from
10 to 400 pF
90 TSU:STA Start Condition Setup |100 kHz mode 4.7 — us Only relevant for Repeated
Time 400 kHz mode 0.6 _ us Start condition
91 THD:STA Start Condition Hold  |100 kHz mode 4.0 — us After this period, the first clock
Time 400 kHz mode 0.6 _ us pulse is generated
106 THD:DAT Data Input Hold Time |100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107 TSU:DAT Data Input Setup Time | 100 kHz mode 250 — ns (Note 2)
400 kHz mode 100 — ns
92 Tsu:sTO Stop Condition Setup | 100 kHz mode 4.7 — us
Time 400 kHz mode 0.6 — us
109 TAA Output Valid from 100 kHz mode — 3500 ns (Note 1)
Clock 400 kHz mode — — ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 13 _ s before a new transmission can
start
D102 Cs Bus Capacitive Loading — 400 pF
Note 1: Asatransmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of

the falling edge of SCL to avoid unintended generation of Start or Stop conditions.
2:  AFast mode I2C™ bus device can be used in a Standard mode 12C bus system, but the requirement TSU:DAT > 250 ns

must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If

such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line,

TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the Standard mode 12C bus specification), before the SCL line

is released.
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NOTES:
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