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PIC18F2450/4450

Pin Diagrams (Continued)

44-Pin TQFP

Note 1:
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RE2/AN7
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REO/AN5
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Special ICPORT features are available in select circumstances. For more information, see
Section 18.9 “Special ICPORT Features (Designated Packages Only)”.
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TABLE 2-3: OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION (CONTINUED)
Input Oscillator PLL Division Clock Mode MCU Clock Division Microcontroller
Frequency (PLLDIV2:PLLDIVO0) (FOSC3:FOSCO0) (CPUDIV1:CPUDIVO0) Clock Frequency
None (00) 12 MHz
+2(01) 6 MHz
HS, EC, ECIO
+3(10) 4 MHz
+4(11) 3 MHz
12 MHz +3(010)
+2(00) 48 MHz
+3(01) 32 MHz
HSPLL, ECPLL, ECPIO
+4 (10) 24 MHz
+6(11) 16 MHz
None (00) 8 MHz
+2(01) 4 MHz
HS, EC, ECIO
+3(10) 2.67 MHz
+4(11) 2 MHz
8 MHz +2(001)
+2(00) 48 MHz
+3(01) 32 MHz
HSPLL, ECPLL, ECPIO
+4 (10) 24 MHz
+6(11) 16 MHz
None (00) 4 MHz
+2(01) 2 MHz
XT, HS, EC, ECIO
+3(10) 1.33 MHz
+4(11) 1 MHz
4 MHz +1(000)
+2(00) 48 MHz
HSPLL, ECPLL, XTPLL, +3(01) 32 MHz
ECPIO +4 (10) 24 MHz
+6(11) 16 MHz
Legend: All clock frequencies, except 24 MHz, are exclusively associated with full-speed USB operation (USB clock of 48 MHz).

Bold is used to highlight clock selections that are compatible with low-speed USB operation (system clock of 24 MHz,
USB clock of 6 MHz).

Note 1:

Only valid when the USBDIV Configuration bit is cleared.

© 2008 Microchip Technology Inc.
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25 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. Unless the USB
module is enabled, the OSC1 pin (and OSC2 pin if
used by the oscillator) will stop oscillating.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the device clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator provides the device clock source.
The 31 kHz INTRC output can be used directly to
provide the clock and may be enabled to support various
special features regardless of the power-managed
mode (see Section 18.2 “Watchdog Timer (WDT)”,
Section 18.3 “Two-Speed Start-up” and Section 18.4
“Fail-Safe Clock Monitor” for more information on
WDT, Fail-Safe Clock Monitor and Two-Speed Start-up).

Regardless of the Run or Idle mode selected, the USB
clock source will continue to operate. If the device is
operating from a crystal or resonator-based oscillator,
that oscillator will continue to clock the USB module.
The core and all other modules will switch to the new
clock source.

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Sleep mode should never be invoked while the USB
module is operating and connected. The only exception
is when the device has been issued a “Suspend” com-
mand over the USB. Once the module has suspended
operation and shifted to a low-power state, the
microcontroller may be safely put into Sleep mode.

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timer1 oscillator may be operating to support a Real-
Time Clock. Other features may be operating that do
not require a device clock source (i.e., PSP, INTx pins
and others). Peripherals that may add significant
current consumption are listed in Section 21.2 “DC
Characteristics: Power-Down and Supply Current”.

2.6 Power-up Delays

Power-up delays are controlled by two timers, so that no
external Reset circuitry is required for most applications.
The delays ensure that the device is kept in Reset until
the device power supply is stable under normal circum-
stances and the primary clock is operating and stable.
For additional information on power-up delays, see
Section 4.5 “Device Reset Timers”.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 21-10). It is enabled by clearing (= 0) the
PWRTEN Configuration bit.

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (XT and HS modes). The
OST does this by counting 1024 oscillator cycles
before allowing the oscillator to clock the device.

When the HSPLL Oscillator mode is selected, the
device is kept in Reset for an additional 2 ms following
the HS mode OST delay, so the PLL can lock to the
incoming clock frequency.

There is a delay of interval, TcsD (parameter 38,
Table 21-10), following POR, while the controller
becomes ready to execute instructions. This delay runs
concurrently with any other delays. This may be the
only delay that occurs when any of the EC or internal
oscillator modes are used as the primary clock source.

TABLE 2-4: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
Oscillator Mode 0OSC1 Pin OSC2 Pin

INTCKO Floating, pulled by external clock At logic low (clock/4 output)

INTIO Floating, pulled by external clock Configured as PORTA, bit 6

ECIO, ECPIO Floating, pulled by external clock Configured as PORTA, bit 6

EC Floating, pulled by external clock At logic low (clock/4 output)

XT and HS Feedback inverter disabled at quiescent Feedback inverter disabled at quiescent

voltage level voltage level

Note:  See Table 4-2 in Section 4.0 “Reset” for time-outs due to Sleep and MCLR Reset.
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3.3 Sleep Mode 34 Idle Modes

The power-managed Sleep mode in the PIC18F2450/ The Idle modes allow the controller's CPU to be
4450 devices is identical to the legacy Sleep mode selectively shut down while the peripherals continue to
offered in all other PIC microcontrollers. It is entered by operate. Selecting a particular Idle mode allows users
clearing the IDLEN bit (the default state on device to further manage power consumption.

Reset) and executing the SLEEP instruction. This shuts
down the selected oscillator (Figure 3-5). All clock
source status bits are cleared.

If the IDLEN bit is set to ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS1:SCSO0 bits; however, the

Entering the Sleep mode from any other mode does not CPU will not be clocked. The clock source status bits are
require a clock switch. This is because no clocks are not affected. Setting IDLEN and executing a SLEEP
needed once the controller has entered Sleep. If the instruction provides a quick method of switching from a
WDT is selected, the INTRC source will continue to given Run mode to its corresponding Idle mode.
operate. If the Timer1 oscillator is enabled, it will also If the WDT is selected, the INTRC source will continue
continue to run. to operate. If the Timer1 oscillator is enabled, it will also
When a wake event occurs in Sleep mode (by interrupt, continue to run.

Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS1:SCSO0 bits
becomes ready (see Figure 3-6), or it will be clocked
from the internal oscillator if either the Two-Speed
Start-up or the Fail-Safe Clock Monitor are enabled
(see Section 18.0 “Special Features of the CPU”). In
either case, the OSTS bit is set when the primary clock
is providing the device clocks. The IDLEN and SCS bits
are not affected by the wake-up.

Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TcsD
(parameter 38, Table 21-10) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator will clock the CPU and
peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or Sleep mode, a WDT time-out
will resultin a WDT wake-up to the Run mode currently
specified by the SCS1:SCSO0 bits.

FIGURE 3-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
Q1|Q2|Q3|Q4|Q1'
OSC1_/—\_/—\_/—\_/—\ ' ' : : ! ! ! !
c?fcﬂmm S S N R S
e A IR

Sleep i : : : : .

A R R G PC+2
FIGURE 3-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)

e L = Q2,Q3,Q4,Q1,Q2,Q3,Q4,Q1,Q2,Q3,Q4;,Q1,Q2;Q3,; Q4

0OscC1

re—TosT & (1)
PLL Clock « TP
Output

CPU Clock

Peripheral
Clock

Program -
Counter ] PC X PC+2 X PC+4 X PC +6 X_

Wake Event OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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FIGURE 4-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)
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FIGURE 4-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 1
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FIGURE 4-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbbD): CASE 2
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OST TIME-OUT

INTERNAL RESET

|
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TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

m Resets,
Register Applicable Devices Power-on Reset, WDT Reset,. Wake-up via WDT
Brown-out Reset RESET Instruction, or Interrupt
Stack Resets

UEP9 2450 4450 ---0 0000 ---0 0000 ---u uuuu
UEP8 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEP7 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEP6 2450 4450 ---0 0000 ---0 0000 ---u uuuu
UEPS 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEP4 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEP3 2450 4450 ---0 0000 ---0 0000 ---u uuuu
UEP2 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEP1 2450 4450 ---0 0000 ---0 0000 -—-u uuuu
UEPO 2450 4450 ---0 0000 ---0 0000 ---u uuuu
UCFG 2450 4450 00-0 0000 00-0 0000 uu-u uuuu
UADDR 2450 4450 -000 0000 -000 0000 -uuu uuuu
UCON 2450 4450 -0x0 000- -0x0 000- -uuu uuu-
USTAT 2450 4450 —XXX XXX— -XXX XXX— -uuu uuu-
UEIE 2450 4450 0--0 0000 0--0 0000 u--u uuuu
UEIR 2450 4450 0--0 0000 0--0 0000 u--u uuuu
UIE 2450 4450 -000 0000 -000 0000 -uuu uuuu
UIR 2450 4450 -000 0000 -000 0000 -uuu uuuu
UFRMH 2450 4450 -——— —-XXX —-——— —-XXX -—--- -uuu
UFRML 2450 4450 XXXX XXXX XXXX XXXX uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

2:  One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the
interrupt vector (0008h or 0018h).

4: See Table 4-3 for Reset value for specific condition.

5: PORTA<6>, LATA<6> and TRISA<6> are enabled depending on the oscillator mode selected. When not
enabled as PORTA pins, they are disabled and read ‘0’.
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FIGURE 6-2:

TABLE WRITE OPERATION

Instruction: TBLWT*

Program Memory
Holding Registers

Table Pointer{!)

TBLPTRU | TBLPTRH | TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Note 1:

Table Pointer actually points to one of 16 holding registers, the address of which is determined by
TBLPTRL<3:0>. The process for physically writing data to the program memory array is discussed
in Section 6.5 “Writing to Flash Program Memory”.

6.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include the:
* EECONT1 register

+ EECONZ2 register

» TABLAT register

* TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS

The EECONT1 register (Register 6-1) is the control
register for memory accesses. The EECON2 register is
not a physical register; it is used exclusively in the
memory write and erase sequences. Reading
EECON2 will read all ‘0’s.

The CFGS control bit determines if the access will be
to the Configuration/Calibration registers or to program
memory.

The FREE bit, when set, will allow a program memory
erase operation. When FREE is set, the erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set in hardware when the WREN bit is set and cleared
when the internal programming timer expires and the
write operation is complete.

Note: During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset or a write operation was

attempted improperly.

The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software; it is cleared in
hardware at the completion of the write operation.

DS39760D-page 74

© 2008 Microchip Technology Inc.



PIC18F2450/4450

TABLE 9-5: PORTC 1/0 SUMMARY

Pin Function SZE:ﬁg /0 | 1/O Type Description
RCO/T10S0/ RCO 0 ouT DIG |LATC<0> data output.
T1CKI 1 IN ST | PORTC<0> data input.
T10SO x ouT ANA | Timer1 oscillator output; enabled when Timer1 oscillator enabled.
Disables digital 1/O.
T1CKI 1 IN ST Timer1 counter input.
RC1/T10Sl/ RC1 0 ouT DIG |LATC<1> data output.
UCE 1 IN ST | PORTC<1> data input.
T108SI x IN ANA | Timer1 oscillator input; enabled when Timer1 oscillator enabled.
Disables digital 1/O.
UOE 0 ouT DIG External USB transceiver OE output.
RC2/CCP1 RC2 0 ouT DIG |LATC<2> data output.
1 IN ST PORTC<2> data input.
CCP1 0 ouT DIG CCP1 Compare and PWM output; takes priority over port data.
1 IN ST CCP1 Capture input.
RC4/D-IVM RC4 —M IN TTL | PORTC<4> data input; disabled when USB module or on-chip
transceiver is enabled.
D- —M ouT XCVR | USB bus differential minus line output (internal transceiver).
—M IN XCVR | USB bus differential minus line input (internal transceiver).
VM — IN TTL External USB transceiver VM input.
RC5/D+/VP RC5 —M IN TTL |PORTC<5> data input; disabled when USB module or on-chip
transceiver is enabled.
D+ — ouT XCVR | USB bus differential plus line output (internal transceiver).
— IN XCVR | USB bus differential plus line input (internal transceiver).
VP - IN TTL External USB transceiver VP input.
RC6/TX/CK RC6 0 ouT DIG |LATC<6> data output.
1 IN ST PORTC<6> data input.
X 0 ouT DIG Asynchronous serial transmit data output (EUSART module); takes
priority over port data. User must configure as output.
CK 0 ouT DIG | Synchronous serial clock output (EUSART module); takes priority
over port data.
1 IN ST Synchronous serial clock input (EUSART module).
RC7/RX/DT RC7 0 ouT DIG |LATC<7> data output.
1 IN ST PORTC<7> data input.
RX 1 IN ST Asynchronous serial receive data input (EUSART module).
DT 1 ouT DIG Synchronous serial data output (EUSART module).
1 IN ST Synchronous serial data input (EUSART module). User must
configure as an input.

Legend: OUT = Output, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, XCVR = USB Transceiver, x = Don’t care (TRIS bit does not affect port direction or is
overridden for this option)

Note 1: RC4 and RC5 do not have corresponding TRISC bits. In Port mode, these pins are input only. USB data direction is
determined by the USB configuration.
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TABLE 9-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:
PORTC RC7 RC6 rRcst) | rRcaM — RC2 RC1 RCO 51
LATC LATC7 | LATC6 — — — LATC2 | LATC1 | LATCO 51
TRISC TRISC7 | TRISC6 — — — TRISC2 | TRISC1 | TRISCO 51
UCON — PPBRST | SEO PKTDIS | USBEN | RESUME | SUSPND — 52

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTC.
Note 1: RCS5 and RC4 are only available as port pins when the USB module is disabled (UCON<3> = 0).
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TABLE 9-9: PORTE I/O SUMMARY
Pin Function SZE::g /10 1/0 Type Description
REO/ANS REO 0 ouT DIG LATE<0> data output; not affected by analog input.
1 IN ST PORTE<0> data input; disabled when analog input enabled.
ANS 1 IN ANA | A/D input channel 5; default configuration on POR.
RE1/AN6 RE1 0 ouT DIG LATE<1> data output; not affected by analog input.
1 IN ST PORTE<1> data input; disabled when analog input enabled.
ANG6 1 IN ANA | A/D input channel 6; default configuration on POR.
RE2/AN7 RE2 0 ouT DIG LATE<2> data output; not affected by analog input.
1 IN ST PORTE<2> data input; disabled when analog input enabled.
AN7 1 IN ANA | A/D input channel 7; default configuration on POR.
MCLR/VPR/ MCLR —M IN ST External Master Clear input; enabled when MCLRE Configuration bit
RE3 is set.
VPP —m IN ANA | High-voltage detection, used for ICSP™ mode entry detection.
Always available regardless of pin mode.
RE3 —m IN ST PORTE<3> data input; enabled when MCLRE Configuration bit
is clear.
Legend: OUT = Output, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input.

Note 1: RES does not have a corresponding TRISE<3> bit. This pin is always an input regardless of mode.
TABLE 9-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:

PORTE — — — — RE3®2) | RE2G) | RE1G) | REOG) 51
LATE®) — — — — — LATE2 | LATE1 | LATEO 51
TRISE®) — — — — — TRISE2 | TRISE1 | TRISEO 51
ADCON1 — — VCFG1 VCFGO PCFG3 | PCFG2 | PCFG1 PCFGO 50
Legend: — =unimplemented, read as ‘0’
Note 1: Implemented only when Master Clear functionality is disabled (MCLRE Configuration bit = 0); otherwise,

read as ‘0.

2: RE3is the only PORTE bit implemented on both 28-pin and 40/44-pin devices. All other bits are
implemented only when PORTE is implemented (i.e., 40/44-pin devices).

3: These registers and/or bits are unimplemented on 28-pin devices.
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NOTES:
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14.2.4 USB ENDPOINT CONTROL

Each of the 16 possible bidirectional endpoints has its
own independent control register, UEPn (where ‘n’ rep-
resents the endpoint number). Each register has an
identical complement of control bits. The prototype is
shown in Register 14-4.

The EPHSHK bit (UEPn<4>) controls handshaking for
the endpoint; setting this bit enables USB handshaking.
Typically, this bit is always set except when using
isochronous endpoints.

The EPCONDIS bit (UEPNn<3>) is used to enable or
disable USB control operations (SETUP) through the
endpoint. Clearing this bit enables SETUP
transactions. Note that the corresponding EPINEN and
EPOUTEN bits must be set to enable IN and OUT

REGISTER 14-4:

transactions. For Endpoint 0, this bit should always be
cleared since the USB specifications identify
Endpoint 0 as the default control endpoint.

The EPOUTEN bit (UEPNn<2>) is used to enable or dis-
able USB OUT transactions from the host. Setting this
bit enables OUT transactions. Similarly, the EPINEN bit
(UEPN<1>) enables or disables USB IN transactions
from the host.

The EPSTALL bit (UEPn<0>) is used to indicate a
STALL condition for the endpoint. If a STALL is issued
on a particular endpoint, the EPSTALL bit for that end-
point pair will be set by the SIE. This bit remains set
until it is cleared through firmware, or until the SIE is
reset.

UEPN: USB ENDPOINT n CONTROL REGISTER (UEPO THROUGH UEP15)

uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — EPHSHK | EPCONDIS| EPOUTEN | EPINEN | EPSTALL®
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 EPHSHK: Endpoint Handshake Enable bit
1 = Endpoint handshake enabled
0 = Endpoint handshake disabled (typically used for isochronous endpoints)
bit 3 EPCONDIS: Bidirectional Endpoint Control bit

If EPOUTEN = 1 and EPINEN = 1:

1 = Disable Endpoint n from control transfers; only IN and OUT transfers allowed

0 = Enable Endpoint n for control (SETUP) transfers; IN and OUT transfers also allowed
bit 2 EPOUTEN: Endpoint Output Enable bit

1 = Endpoint n output enabled

0 = Endpoint n output disabled
bit 1 EPINEN: Endpoint Input Enable bit

1 = Endpoint n input enabled

0 = Endpoint n input disabled
bit 0 EPSTALL: Endpoint Stall Indicator bit

1 = Endpoint n has issued one or more STALL packets
0 = Endpoint n has not issued any STALL packets
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BTFSC Bit Test File, Skip if Clear
Syntax: BTFSC f,b{,a}
Operands: 0<f<255
0<b<7
ae[01]
Operation: skip if (f<b>) = 0
Status Affected: None
Encoding: ‘ 1011 | bbba | ffff ‘ ffff |
Description: If bit ‘b’ in register ‘f’ is ‘0’, then the next
instruction is skipped. If bit ‘b’ is ‘0, then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
If ‘a’ is ‘0, the Access Bank 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 19.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG, 1, O
FALSE
TRUE

Before Instruction

BTFSS Bit Test File, Skip if Set
Syntax: BTFSS f, b {,a}
Operands: 0<f<255
0<b<7
ae[0,1]
Operation: skip if (f<b>) =1
Status Affected: None
Encoding: ‘ 1010 | bbba ‘ fEff | fEff ‘
Description: If bit ‘b’ in register ‘f’ is ‘1’, then the next
instruction is skipped. If bit ‘b’ is ‘1, then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
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 19.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSS FLAG, 1, 0
FALSE
TRUE

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (TRUE)
If FLAG<1> = ;
PC = address (FALSE)

PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1,
PC = address (TRUE)
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21.2 DC Characteristics: Power-Down and Supply Current
PIC18F2450/4450 (Industrial)
PIC18LF2450/4450 (Industrial) (Continued)

PIC18LF2450/4450 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2450/4450 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
P:{:m Device Typ | Max | Units Conditions
Supply Current (Ipp)?
PIC18LF2450/4450| 200 | 500 pA -40°C
200 | 500 pA +25°C VDD = 2.0V
200 | 500 pA +85°C
PIC18LF2450/4450| 500 | 650 pA -40°C Fosc = 1 MHz
400 | 650 pA +25°C VDD = 3.0V (PRI_RUN,
360 | 650 nA +85°C EC oscillator)
All devices| 1.0 1.6 mA -40°C
0.9 1.5 mA +25°C VDD = 5.0V
0.8 1.4 mA +85°C
PIC18LF2450/4450| 0.53 | 2.0 mA -40°C
053 | 2.0 mA +25°C VDD = 2.0V
0.55 | 2.0 mA +85°C
PIC18LF2450/4450| 1.0 3.0 mA -40°C Fosc = 4 MHz
0.9 3.0 mA +25°C VDD = 3.0V (PRI_RUN,
0.9 3.0 mA +85°C EC oscillator)
All devices| 2.0 6.0 mA -40°C
1.9 6.0 mA +25°C VDD = 5.0V
1.8 6.0 mA +85°C
All devices| 11.0 35 mA -40°C
11.0 35 mA +25°C VDD = 4.2V
13 35 mA +85°C Fosc = 40 MHz
All devices| 14.0 | 40 mA -40°C E(gzls_c?gtr:’r)
14.0 | 40 mA +25°C VDD = 5.0V
145 | 40 mA +85°C
All devices| 20 40 mA -40°C
20 40 mA +25°C VDD = 4.2V
. 20 | 40 | mA +85°C Fo(icR |_A|1a% ZIHZ
All devices| 25 50 mA -40°C EC oscillator)
25 50 mA +25°C VDD = 5.0V
25 50 mA +85°C

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

Note 1: The power-down currentin Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/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 I/O pins tri-stated, pulled to VDD or Vss;
MCLR = VbD; WDT enabled/disabled as specified.

3: 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.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be
less than the sum of both specifications.
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213

DC Characteristics: PIC18F2450/4450 (Industrial)

PIC18LF2450/4450 (Industrial) (Continued)

DC CHARACTERISTICS

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

Pi{:m Sym Characteristic Min Max |Units Conditions
VoL Output Low Voltage
D080 1/0 Ports (except RC4/RC5 in — 0.6 V |loL=8.5mA, VDD =4.5V,
USB mode) -40°C to +85°C
D083 OSC2/CLKO — 0.6 V |loL=1.6 mA, VDD =4.5V,
(EC, ECIO modes) -40°C to +85°C
VOH  |Output High Voltage(®
D090 1/0 Ports (except RC4/RC5 in VbD - 0.7 — V |loH=-3.0 mA, VDD =4.5V,
USB mode) -40°C to +85°C
D092 OSC2/CLKO VDD - 0.7 — V |loH=-1.3 mA, VDD =4.5V,
(EC, ECIO, ECPIO modes) -40°C to +85°C
Capacitive Loading Specs
on Output Pins
D100¥ |Cosc2 |0SC2 pin — 15 pF |In XT and HS modes
when external clock is
used to drive OSC1
D101 |(Cio All'I/O pins and OSC2 — 50 pF |To meet the AC Timing
(in RC mode) Specifications
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the

PIC® microcontroller 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: Parameter is characterized but not tested.
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22.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

S e O e B e B i W e N e B e B i W e e Y e B

NOTE 1

/
- XXX [z

R T LW L e R R L |
2 3

D)

* | \
Ay [
? J B ‘

Al — b1 ‘ J
b € = —=— eB

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 .135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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INDEX

A

AUD e et 175
Acquisition Requirements .........c.cccoeeviiieeeeeiiiiiiiennns 180
ADCONO RegiSter .........ccovviiiieiiieiieeeeiee e 175
ADCON1 Register ... ... 175
ADCON2 ReISter ...cocvveiiiiiiieeiiiee et 175
ADRESH Register ... 175, 178
ADRESL Register .......cccooiiiiiniiiiieecneeeeeeeee 175
Analog Port Pins, Configuring ..........cccoeceveriieeeninen. 182
Associated Registers
Configuring the Module .............cocoieiiiiiiiniiieee 179
Conversion CIOCK (TAD) ...ccocvivirrieieniiie e 181
Conversion Requirements ...........cccccovieniiineennens 294
Conversion Status (GO/DONE Bit) ......cccccceviieeninens 178
Conversions
Converter CharacteristiCs .........ccoccveiinieniiinieinene 293
Converter Interrupt, Configuring ........ccccoevevrviennns 179
Discharge .......cccccvviiiiiiiiie e ....183
Operation in Power-Managed Modes ........ ... 182
Selecting and Configuring Acquisition Time ... 181
Special Event Trigger (CCP1) ....ccoovvviiiiiiieiiiieee 184
Use of the CCP1 THgger ......ccccovvirnieeiieiieeiieeiees 184

Absolute Maximum Ratings
AC (Timing) Characteristics
Load Conditions for Device Timing
Specifications .........cccoeieiiiiiii s
Parameter Symbology .........cccoeveiiiiiiiiiieiiieees
Temperature and Voltage Specifications ...
Timing Conditions ........ccocovviiiiiiiceeeeeen
AC Characteristics
Internal RC ACCUIaCY ......cccovcvieniieriieiieieereeeee e 286
ADCONO REGISter ......ccoiiiiiiiiiciieie e
GO/DONE Bit ...
ADCONT RegISter .....ooiriiiiieiiiecieeie e
ADCON2 RegISter ......eiiiiiiieciie et
ADDFSR ......cccc....
ADDLW .......
ADDULNK ...
ADDWEF .ot
ADDWEFC ...t
ADRESH Register ....
ADRESL Register .......ccccoiiiiiiiiiiiiiieeieceeces
Analog-to-Digital Converter. See A/D.
ANDLW e 220
ANDWE .o 221
Assembler
MPASM Assembler .........cccooiiriiiniiiieceee s 264
Auto-Wake-up on Sync Break Character ...........c...ccc..c... 167

Block Diagrams
AUD s 178
Analog Input Model .........ccooeiiiiiiiiie 179
Capture Mode Operation ..........ccccecvvevcveeneerieeeninenns 124
Compare Mode Operation ..........ccccccvveeveiiiiieeeeeennnn. 125
DeVice ClOCK .....oeeieiiieiiiiiiie e,
EUSART Receive ...
EUSART Transmit
External Power-on Reset Circuit

(Slow VDD POWEr-UP) ..cveveiiieiiiniiesiie e 43
Fail-Safe Clock Monitor

Generic /O Port ... 99
High/Low-Voltage Detect with External Input .......... 186
INterrupt LOGIC ......occveiiiiiiiieecee e 86

On-Chip Reset Circuit
PIC18F2450 .

PIC18F4450 ..... -1
PLL (HS MOQE) ..ot 26
PWM Operation (Simplified) ........ccoerviiiciiiiinenns 127
Reads from Flash Program Memory ... W77
Table Read Operation .........ccccceeennee .73
Table Write Operation ..........cccccvveeveenne .74
Table Writes to Flash Program Memory .................... 79
Timer0 in 16-Bit Mode .........cccocceiiiiiiiii, 112
TimerO in 8-Bit Mode

TIMEIT e

Timer1 (16-Bit Read/Write Mode) ..........ccccoveervneeene 116
TIMEI2 e 122
Typical External Transceiver with Isolation ............. 131
USB Interrupt Logic Funnel

USB Peripheral and Options ...........cccceeiieiiienceeens 129
USTAT FIFO e 134

Watchdog Timer ..

BN ...... . 222
BNC .. . 223
BNIN s 223
BNOV e 224
BNZ s 224
BOR. See Brown-out Reset.
BOV e e 227
BRA e e 225
Brown-out Reset (BOR) ........ccooviiiiiiiiiiiiiie e 44
Detecting .
Disabling in Sleep Mode .........cccceeeieiiieiiinieeee. 44
Software Enabled ..o 44
B e e 225
BTFSC 226
BTG e 227
Bz s 228
C
C Compilers
MPLAB C18 ..ot 264
CALLW e s 257
Capture (CCP Module) .......cccovirniiiiiiieieeceeeee e 124
Associated Registers ........ ... 126
CCP1 Pin Configuration ......... ... 124
CCPR1H:CCPR1L Registers . ... 124
Prescaler ... 124
Software Interrupt ........ccoveeeieiii 124
Capture/Compare/PWM (CCP) ......ccoevieiiiieiinieeciee 123
Capture Mode. See Capture.
CCP Mode and Timer Resources ...........ccccceuueeennnes 124
CCPR1TH Register ......cccccviiiiiieiiieeeccee e 124
CCPRIL ReQIStEr ...cocveiiiiiiiiieiicee e 124
Compare Mode. See Compare.
Module Configuration ..........cccceeoeiniiiiiiniiinie e 124
ClOCK SOUICES .....eiiieiiiie ettt 30
Selection Using OSCCON Register .........ccccevvveiinnns 30
CLRF e s 229
CLRWDT ..ot e 229
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Code Examples

16 x 16 Signed Multiply Routine .........cccccconvirnnnnen. 84
16 x 16 Unsigned Multiply Routine . .

8 x 8 Signed Multiply Routine .........cccccceeviinninnnnnns

8 x 8 Unsigned Multiply Routine ..........cccccooiniinniens 83

Changing Between Capture Prescalers ....

Computed GOTO Using an Offset Value .. .56
Erasing a Flash Program Memory Row ... .. 78
Fast Register Stack ..........ccociviiiiiiiiiiieeee 56
How to Clear RAM (Bank 1) Using
Indirect AAdressing .......cccceeeueemeerciceniinieesieeene 67
Implementing a Real-Time Clock Using
a Timer1 Interrupt Service ........cccccovviniiecnenne 119
Initializing PORTA .....oiiii e
Initializing PORTB ......cviiiiiiiieiiee e
Initializing PORTC ... .
Initializing PORTD ......ooviiiieiie e 107
Initializing PORTE ......cocoiiiiiiiinciieece e 109
Reading a Flash Program Memory Word .................. 77
Saving STATUS, WREG and
BSR Registers in RAM .......ccccoviiiiiiiiiiecen, 97
Writing to Flash Program Memory ..........c.ccccoc..... 80-81
Code Protection ..........ccooiiiiiiiiie e
COMF ..o
Compare (CCP Module) ...
Associated Registers ..
CCP1 Pin Configuration ........ccccccoviiiinniiiniieeeieen 125
CCPR1 RegiSter .....ccocviiiiiiiiiiiineeeeeeee e 125
Software Interrupt .... ..125
Special Event Trigger ...... ...125
Timer1 Mode Selection ..125
Configuration Bits ..........ccooiiiiiiiiic 192
Configuration Register Protection ...........ccccooviiniiiininnnen. 21
Context Saving During Interrupts .. .
Conversion Considerations ..........ccccccoeerriiineeinieieeneeens
CPFSEQ ..ottt e
CPFSGT ettt
[0 ] TSR
Crystal Oscillator/Ceramic Resonator
Customer Change Notification Service ...........cccceeeveeene 319
Customer Notification Service .........cccccoenviiviiniiiiiieneee 319
CuStomeEr SUPPOTT .....eveiiiiee et 319
D
Data Addressing Modes ..........ccccoovveeiiiiiiiiiie e 67
Comparing Addressing Modes with
the Extended Instruction Set Enabled ................ 71
DIreCt ..o
Indexed Literal Offset ........cccooeeiiiieiiiiiee e
BSR Operation ...........
Instructions Affected ........
Mapping the Access Bank .
INdirect ..o,
Inherent and Literal ...,
Data Memory ........cccceee.

Access Bank ...
and the Extended Instruction Set .
Bank Select Register (BSR) ......c.cccocevvciiiniiniicicen.
General Purpose Registers ..........ccccovvicveniinnennneens
Map for PIC18F2450/4450 Devices .
Special Function Registers ...........cccooiiiiiniinninninnens

MAP e
USB RAM L.

DAW e
DC CharacteristiCs .........cocoeeeeiiiieeiiiie e
Power-Down and Supply Current ... .
Supply Voltage ........ccceveiiiiiiiieeceeeeeeeee e
DCFSNZ ...
DECF .........
DECFSZ ....ccccoviiiiieene .
Dedicated ICD/ICSP Port ........cooiieiiiieeiee e
Demonstration, Development and
Evaluation Boards .........ccccccoieeiiiniiiieeceee e
Development Support ...
Device Differences ........
Device Overview ...........
Features (table) ..o
New Core Features ..........ccocvviiriiieinieiiiiee e
Other Special Features ...
Direct AAressing ........ccocvevieiieiiiieiieeeeeeeee e

E

Effect on Standard PIC MCU

INSrUCtions ......ooiiiiiii 260
Electrical Characteristics .........ccooviiiiiiiiiei e 267
Enhanced Universal Synchronous Receiver

Transmitter (USART). See EUSART.

Equations
A/D Acquisition TIMe ........coveivviireeieeiiiieie e eeeiiees 180
A/D Minimum Charging Time .........ccccevveeenineeennnen. 180
Calculating the Minimum Required
A/D Acquisition TiIMe ........cccceveeeeeiniiiiiiieeeeeeee 180
Errata ..o 6
EUSART
Asynchronous Mode .........ccceviieeeiiiieniiecenece e 163
Associated Registers, Receive ...........c..cc..... 166
Associated Registers, Transmit .......................
Auto-Wake-up on Sync Break
Break Character Sequence ...........cccoeccvvveeennnn.
Receiver .......cocoiiiiiiiiiieens

Receiving a Break Character ..
Setting Up 9-Bit Mode with
Address Detect .........ccoocveviiiiiiiiieeee.
Transmitter ...
Baud Rate Generator (BRG) . .
Associated Registers .........c.cccveviiiiiiciiecinn.
Auto-Baud Rate Detect ...,
Baud Rate Error, Calculating ............cccccoueeennnee
Baud Rates, Asynchronous Modes
High Baud Rate Select (BRGH Bit) .
Operation in Power-Managed Modes .............. 157
SaMPliNG .oeeiiiiiiie e 157
Synchronous Master Mode ............. .
Associated Registers, Receive ...........c..cc.ee.. 171

Associated Registers, Transmit ....................... 170
Reception ....ccceeveeiiiiie e 171
TransSMISSION .......eeiviieiiiiiie e 169
Synchronous Slave Mode ............... 172
Associated Registers, Receive ...........cccc........ 173
Associated Registers, Transmit .............cc....... 172
Reception ... 173

TransSmisSSION .....cc.evvieieieiiiiiiiee e 172

DS39760D-page 312

© 2008 Microchip Technology Inc.



PIC18F2450/4450

Pin Functions
MCLR/VPPIRES ...
NC/ICCK/ICPGC ....
NC/ICDT/ICPGD ...t
NC/ICPORTS ..ot
NC/ICRST/ICVPP ...
OSC1/CLKI ............
OSC2/CLKO/RA6 ..
RAO/ANO ................
RA1/AN1T .............
RA2/AN2/VREF- ......
RA3/AN3/VREF+ .....
RA4/TOCKI/RCV ....
RA5/AN4/HLVDIN ..
RBO/ANT2/INTO oot
RB1/ANTO/INTT oo
RB2/AN8/INT2/VMO .
RB3/ANO/VPO ..ot
RBA4/ANTA/KBIO ..o
RB5/KBI1/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD
RCO/T10SO/TICKI ..
RC1/TT1OSIUOE ..o
RC2/CCP1
RC4/D-/VM
RCS/DH/IVP e 15,19
RCB/TXICK ..o 15,19

Pinout 1/O Descriptions
PIC18F2450 ....
PIC18F4450 ....

PIR REQISIErS ...oiiiiiiiiiiiit e
PLL Frequency MUltiplier .........cccceiriiieiniiienece e, 26
HSPLL, XTPLL, ECPLL and
ECPIO Oscillator Modes ........cccceeevieeeiieeennen. 26
PLL LOCK TimMeE-0UL ......ooiiiiiiiiieiiiie e 45
PO e 242
POR. See Power-on Reset.
PORTA
Associated Registers .........ccoccviiiiiiiniiiiniiiceen 100
1/O SUMMANY ..ot 100
LATA REQGISEr ...ooiiiiiiieic e 99
PORTA Register ....
TRISA REGISIEr ..o

PORTB
Associated Registers .........ccccoveiiiiiieiiiincineee, 103
I/O Summary
LATB REQIStEr ....veiiiiiiiiiiiieieeee e 101
PORTB Register .......ccooiiiiiniiiieiiecie e 101

RB7:RB4 Interrupt-on-Change Flag

(RBIF Bit)

TRISB Register
PORTC

Associated Registers ........ccoocoeeiiiiiiiiiiieieeee 106
I/O SUMMATY ..ot 105
LATC ReQIStEr ..o 104
PORTC RegISter .....ooiiiiiiiiiieeeceeee e 104
TRISC Register .....ccoooviiiiiiiiieceeeeeeceee e 104
PORTD
Associated Registers .........cccoovveiiiiiieniiincinee, 108
I/O Summary
LATD REQIStEr ..ccvviieiiieeeeee e 107
PORTD REQGISter .....ccuveiiiiiiiiiiiiiie e 107
TRISD Register .....coocviiiiiiiiiiieceeecceceeeeee e 107
PORTE
Associated Registers .........ccccoveriiiiiiiiiincineee. 110
I/O Summary
LATE Register .....coooiiiiiiiiiiiecececcec e 109
PORTE Register .......ccccoviiiiniiiieiieeie e 109
TRISE ReGISter .....ccoovoiiiiiiiiiiiiecieeee e 109
Postscaler, WDT
Assignment (PSA Bit) .....ccoooiiiiniiiieeeeecee,
Rate Select (TOPS2:TOPSO Bits) ... .
Power-Managed MOdes ..........ccocvieiiieiiniiie e
and A/D Operation ...........ccoeeeuieniinieeiceee e
Clock Sources .
Clock Transitions and Status Indicators .................... 34
Effects on Various Clock Sources ........c.ccccecuvecueennen. 32
Entering ......ccoooveiiiinie ... 33
Exiting Idle and Sleep Modes ..... ... 39
by Interrupt ......ccooeeiieien. ... 39
by Reset ............... ... 39
by WDT Time-out ......cccccevvevveiecninen. ... 39
Without an Oscillator Start-up Delay ... .40
IIE e 37
Idle Modes
PRI_IDLE ... 38
RC_IDLE ... ... 39
SEC_IDLE ....ccovvriies ... 38
Multiple Sleep Commands ...
RUN MOAES ...
PRI_RUN
RC_RUN .....
SEC_RUN
SelECHNG ..t
Sleep
Summary (table) ........ccooceiiiiiiiii s 33
Power-on Reset (POR) ....ccoovviiiiiiiiiiiieeeee e 43
Power-up Delays
Power-up Timer (PWRT) .....occoiiiiiiiiee e
Prescaler, TIMmer0 .........ccocoiiiiiiiiiiiiiiicc e
Assignment (PSA Bit)
Rate Select (TOPS2:TOPSO0 Bits) ......coveverevieeieneen. 113
Prescaler, TIMmer2 .........cccocoiiiiiiiiiiiiiie e 128
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like areply? Y N

Device: PIC18F2450/4450 Literature Number: DS39760D
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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