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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

25MHz

I2C, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
25

32KB (16K x 16)
FLASH

256 x 8

1.5Kx 8

4.2V ~ 5.5V

A/D 10x10b

Internal

-40°C ~ 125°C (TA)
Surface Mount
28-VQFN Exposed Pad
28-QFN (6x6)
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PIC18F2420/2520/4420/4520

Pin Diagrams (Cont.’d)
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Note 1: RB3 is the alternate pin for CCP2 multiplexing.
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TABLE 1-3: PIC18F4420/4520 PINOUT 1I/O DESCRIPTIONS
. Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP | Type | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.
VPP P Programming voltage input.
RE3 | ST Digital input.
OSC1/CLKI/RA7 13 32 30 Oscillator crystal or external clock input.
0OSC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode;
analog otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function, OSCA1. (See related OSC1/CLKI,
OSC2/CLKO pins.)
RA7 /0 TTL General purpose /O pin.
OSC2/CLKO/RAG 14 33 31 Oscillator crystal or clock output.
0SC2 0] — Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKO (0] — In RC mode, OSC2 pin outputs CLKO which
has 1/4 the frequency of OSC1 and denotes
the instruction cycle rate.
RAG6 /0 TTL General purpose /O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1:

Default assignment for CCP2 when Configuration bit, CCP2MX, is set.

2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared.
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TABLE 1-3: PIC18F4420/4520 PINOUT I/O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO/FLTO/AN12 33 9 8
RBO /0 TTL Digital 1/0.
INTO | ST External interrupt 0.
FLTO | ST PWM Fault input for Enhanced CCP1.
AN12 I | Analog| Analog input 12.
RB1/INT1/AN10 34 10 9
RB1 /0 TTL Digital I/0.
INT1 | ST External interrupt 1.
AN10 | Analog| Analog input 10.
RB2/INT2/AN8 35 11 10
RB2 /0 TTL Digital 1/0.
INT2 | ST External interrupt 2.
ANS8 I |Analog| Analog input 8.
RB3/AN9/CCP2 36 12 11
RB3 /0 TTL Digital 1/0.
AN9 | Analog Analog input 9.
ccp2) /0 ST Capture 2 input/Compare 2 output/PWM2 output.
RB4/KBI0/AN11 37 14 14
RB4 /0 TTL Digital 1/0.
KBIO | TTL Interrupt-on-change pin.
AN11 I | Analog| Analog input 11.
RB5/KBI1/PGM 38 15 15
RB5 I/0 TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
PGM /0 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39 16 16
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC /0 ST In-Circuit Debugger and ICSP programming
clock pin.
RB7/KBI3/PGD 40 17 17
RB7 I/0 TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD /0 ST In-Circuit Debugger and ICSP programming
data pin.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

O = Output
Default assignment for CCP2 when Configuration bit, CCP2MX, is set.

Note 1:

CMOS =

CMOS compatible input or output
Input
= Power

2: Alternate assignment for CCP2 when Configuration bit, CCP2MX; is cleared.
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REGISTER 9-9: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 R/W-1 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP CMIP — EEIP BCLIP HLVDIP TMR3IP CCP2IP
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 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 CMIP: Comparator Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIP: Data EEPROM/Flash Write Operation Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 BCLIP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority

© 2008 Microchip Technology Inc. DS39631E-page 101
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NOTES:
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13.2 Timer2 Interrupt

Timer2 also can generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match) pro-
vides the input for the 4-bit output counter/postscaler.
This counter generates the TMR2 match interrupt flag
which is latched in TMR2IF (PIR1<1>). The interrupt is
enabled by setting the TMR2 Match Interrupt Enable
bit, TMR2IE (PIE1<1>).

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T20UTPS<3:0> (T2CON<6:3>).

FIGURE 13-1: TIMER2 BLOCK DIAGRAM

13.3 Timer2 Output

The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can optionally be used as the shift clock source
for the MSSP module operating in SPI mode. Addi-
tional information is provided in Section 17.0 “Master
Synchronous Serial Port (MSSP) Module”.
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TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 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 49
PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PSPIEW ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE 52
IPR1 PsPIP() ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 52
TMR2 |Timer2 Register 50
T2CON — T20UTPS3|T20UTPS2| T20UTPS1| T20UTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 50
PR2 Timer2 Period Register 50

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
Note 1. These bits are unimplemented on 28-pin devices; always maintain these bits clear.
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14.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 14-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

14.3 Using the Timerl Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the TTOSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timer1 oscillator is described in Section 12.0
“Timerl Module”.

14.4  Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

145 Resetting Timer3 Using the CCP

Special Event Trigger

If either of the CCP modules is configured to use Timer3
and to generate a Special Event Trigger in Compare
mode (CCP1M<3:0> or CCP2M<3:0> = 1011), this
signal will reset Timer3. It will also start an A/D conver-
sion if the A/D module is enabled (see Section 15.3.4
“Special Event Trigger” for more information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRXxL register
pair effectively becomes a Period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from a CCP module, the write will
take precedence.

Note:  The Special Event Triggers from the CCP2
module will not set the TMR3IF interrupt

flag bit (PIR1<0>).

TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER3 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 49
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
TMR3L Timer3 Register Low Byte 51
TMR3H Timer3 Register High Byte 51
T1CON RD16 | T1RUN |T1CKPS1|T1CKPSO0|T10SCEN| T1SYNC | TMR1CS | TMR10ON 50
T3CON RD16 T3CCP2 | T3CKPS1|T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 51
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.

© 2008 Microchip Technology Inc.
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TABLE 16-3: REGISTERS ASSOCIATED WITH ECCP MODULE AND TIMER1 TO TIMER3
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 49
RCON IPEN SBOREN — RI TO PD POR BOR 48
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 52
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 52
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
TRISB PORTB Data Direction Register 52
TRISC PORTC Data Direction Register 52
TRISD PORTD Data Direction Register 52
TMR1L Timer1 Register Low Byte 50
TMR1H Timer1 Register High Byte 50
T1CON RD16 | TIRUN | TICKPS1 | TICKPS0 | T1IOSCEN | TISYNC | TMR1CS | TMR1ON | 50
TMR2 Timer2 Register 50
T2CON — | T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR20ON | T2CKPS1 | T2CKPSO | 50
PR2 Timer2 Period Register 50
TMR3L Timer3 Register Low Byte 51
TMR3H Timer3 Register High Byte 51
T3CON RD16 | T3CCP2 | T3CKPS1 | T3CKPS0 | T3CcCP1 | T3SYNC | TMR3CS | TMR3ON | 51
CCPR1L Capture/Compare/PWM Register 1 Low Byte 51
CCPR1H Capture/Compare/PWM Register 1 High Byte 51
CCP1CON | P1M1® | P1mO® DC1B1 DC1BO | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 51
ECCP1AS |ECCPASE| ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO |PssBD1®|pssBDOW| 51
PWM1CON | PRSEN | PDCeW PDC5M PDC4® Ppc3® | ppc2® | ppbc1® | ppco® 51
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during ECCP operation.
Note 1: These bits are unimplemented on 28-pin devices; always maintain these bits clear.
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I>’C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESSING)

FIGURE 17-11:
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17.4.17.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 17-31). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 17-32).

FIGURE 17-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG ‘ TBRG ‘ SDA sampled
low after TBRG,
"""""""" set BCLIF
SDA
SDA asserted low
SCL
PEN 4 L
BCLIF
P ‘0’
SSPIF 0
FIGURE 17-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG |
SDA
T Assert SDA SCL goes low before SDA goes high,
set BCLIF
SCL \/
PEN 4 L
BCLIF
P ‘0’
SSPIF 0

© 2008 Microchip Technology Inc.
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EXAMPLE 18-1: CALCULATING BAUD RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:
Desired Baud Rate = Fosc/(64 ([SPBRGH:SPBRG] + 1))
Solving for SPBRGH:SPBRG:

Error (Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate

(9615 —9600)/9600 = 0.16%

X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042] =25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 9615

TABLE 18-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bitl | Bito | ReoetValues

on page
TXSTA CSRC TX9 TXEN SYNC SENDB | BRGH TRMT TX9D 51
RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR | RX9D 51
BAUDCON | ABDOVF | RCIDL | RXDTP | TXCKP | BRG16 — WUE | ABDEN 51
SPBRGH |EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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18.2.4.1 Special Considerations Using 18.2.4.2  Special Considerations Using
Auto-Wake-up the WUE Bit
Since auto-wake-up functions by sensing rising edge The timing of WUE and RCIF events may cause some
transitions on RX/DT, information with any state confusion when it comes to determining the validity of
changes before the Stop bit may signal a false End-of- received data. As noted, setting the WUE bit places the
Character (EOC) and cause data or framing errors. To EUSART in an Idle mode. The wake-up event causes a
work properly, therefore, the initial character in the receive interrupt by setting the RCIF bit. The WUE bit is
transmission must be all ‘0’s. This can be 00h (8 bytes) cleared after this when a rising edge is seen on RX/DT.
for standard RS-232 devices or 000h (12 bits) for LIN The interrupt condition is then cleared by reading the
bus. RCREG register. Ordinarily, the data in RCREG will be
Oscillator start-up time must also be considered, dummy data and should be discarded.
especially in applications using oscillators with longer The fact that the WUE bit has been cleared (or is still
start-up intervals (i.e., XT or HS mode). The Sync set) and the RCIF flag is set should not be used as an
Break (or Wake-up Signal) character must be of indicator of the integrity of the data in RCREG. Users
sufficient length and be followed by a sufficient interval should consider implementing a parallel method in
to allow enough time for the selected oscillator to start firmware to verify received data integrity.

and provide proper initialization of the EUSART. To assure that no actual data is lost, check the RCIDL

bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.

FIGURE 18-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

1Q1]Q2| a3 a4,a1|Q2 a3 a4, a1] Q2| a3|a4,Q1|a2|a3|a4,a1| Q2| a3|a4,a1]a2|a3la4,1]a2| a3|a4 1| a2| a3la4,a1|a2|a3|a4,a1| Q2| a3|a4
osct MTVuyvwuUyyyyvyuyyyyyyyyyyvyyyyyvyyyyyUyyyvyyuyyuyyuywuUruuwyuUuuu gL

' Bit Set by User : o Do ! l Do ' | _— Auto-Cleared

WUE bit® ] % (- T 0 7 T " } \ '
RX/DT Line 1 . . e . . 77777 ' ‘
RCIF ; ; ! ; ! ' f

Cleared Due to User Read of RCREG —",

Note 1: The EUSART remains in Idle while the WUE bit is set.

FIGURE 18-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

,Q1]Q2|Q3|a4,Q1|Q2|Q3|a4, Q1| Q2| Q3| Q4, Q1 |@2|@3|a4,Q1]|Q2|Q3|q4,Q1| Q2| Q3|Q4,Q1|Q2|Q3|Q4, Q1] Q2| Q3|Q4,
osc1 | f / ! (WANRUANWANAWAWANWAN WANAWAWRN SU AW AW AW
. BitSet by,User—_ . | | L ' . — Auto-Cleared |
WUE bit® ; y ; : T ! /} ! :
RX/DT Line : : : ; ; VZZZZZH ot 1 l :
RCIF | . ) ' . — : - .

' ' ' T T Cleared Due to User Read of RCREG A

Sleep Command Executed Sleep Ends

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This
sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.
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FIGURE 23-4: FSCM TIMING DIAGRAM
Sample Clock
Device : : : . Oscillator : :
Clock : X : , Failure : :
Output ) . | . . .
CM Output ' , ' , ' :
@ %_, Z : :
: X : X : Failure !
' , ! ) ! Detected ’;—
OSCFIF : ! : ! : |
CM Test CM Test CM Test
Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in this
example have been chosen for clarity.

2343 FSCM INTERRUPTS IN

POWER-MANAGED MODES

By entering a power-managed mode, the clock multi-
plexer selects the clock source selected by the OSCCON
register. Fail-Safe Clock Monitoring of the power-
managed clock source resumes in the power-managed
mode.

If an oscillator failure occurs during power-managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.

If the interrupt is disabled, subsequent interrupts while
in Idle mode will cause the CPU to begin executing
instructions while being clocked by the INTOSC
source.

234.4 POR OR WAKE FROM SLEEP

The FSCM is designed to detect oscillator failure at any
point after the device has exited Power-on Reset
(POR) or low-power Sleep mode. When the primary
device clock is EC, RC or INTRC modes, monitoring
can begin immediately following these events.

For oscillator modes involving a crystal or resonator
(HS, HSPLL, LP or XT), the situation is somewhat
different. Since the oscillator may require a start-up

time considerably longer than the FCSM sample clock
time, a false clock failure may be detected. To prevent
this, the internal oscillator block is automatically config-
ured as the device clock and functions until the primary
clock is stable (the OST and PLL timers have timed
out). This is identical to Two-Speed Start-up mode.
Once the primary clock is stable, the INTRC returns to
its role as the FSCM source.

Note:  The same logic that prevents false oscilla-
tor failure interrupts on POR, or wake from
Sleep, will also prevent the detection of
the oscillator’s failure to start at all follow-
ing these events. This can be avoided by
monitoring the OSTS bit and using a
timing routine to determine if the oscillator

is taking too long to start. Even so, no

oscillator failure interrupt will be flagged.

As noted in Section 23.3.1 “Special Considerations
for Using Two-Speed Start-up”, it is also possible to
select another clock configuration and enter an
alternate power-managed mode while waiting for the
primary clock to become stable. When the new power-
managed mode is selected, the primary clock is
disabled.
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MOVFF Move f to f MOVLB Move Literal to Low Nibble in BSR
Syntax: MOVFF fg,fq Syntax: MOVLW k
Operands: 0 <fg <4095 Operands: 0<k<255
0 <fy <4095 Operation: k- BSR
Operation: (fs) =g Status Affected: None
Status Affected: None Encoding: ‘ 0000 | 0001 ‘ kkkk | kkkk ‘
Encoding: Description: The 8-bit literal ‘K’ is loaded into the
1st word (source) 1100 ffEF fEff ffffy Bank Select Register (BSR). The value
2nd word (destin.) 1111 fEEE fEEfE ffffy of BSR<7:4> always remains ‘0’
Description: The contents of source register fg’ are regardless of the value of k7:ky.
moved to destination register fy'. Words: 1
Location of source ‘fg’ can be anywhere '
in the 4096-byte data space (000h to Cycles: 1
FFFh) and location of destination ‘fy’ Q Cycle Activity:
can also be anywhere from 000h to Q1 Q2 Q3 Q4
FFFh. ite li
Either source or destination can be W Decode Read Process | Write literal
(a useful special situation). literal 'k Data k'to BSR

MOVFF is particularly useful for
transferring a data memory location to a Example: MOVLB 5
peripheral register (such as the transmit

buffer or an /O port). Before Instruction

The MOVFF instruction cannot use the Aft IIBSR Rggister = 02h
PCL, TOSU, TOSH or TOSL as the er ”;”“Ct'oﬁ B
destination register. BSR Register = 05h
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
(src)
Decode No No Write
operation operation register f’
No dummy (dest)
read
Example: MOVFF REG1, REG2
Before Instruction
REGH1 = 33h
REG2 = 11h
After Instruction
REGH1 = 33h
REG2 = 33h
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RLNCF Rotate Left f (No Carry)
Syntax: RLNCF  f{,d{,a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) — dest<o0>
Status Affected: N, Z
Encoding: | 0100 | 0lda | fEff ‘ fE£ff |
Description: The contents of register ‘f’ are rotated
one bit to the left. If ‘d” is ‘0’, the result
is placed in W. If ‘'d’ is ‘1’, the result is
stored back in register ‘f’ (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 ‘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 24.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
| registerf |y
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example: RLNCF REG, 1, 0
Before Instruction
REG = 1010 1011
After Instruction
REG = 0101 0111

RRCF Rotate Right f through Carry
Syntax: RRCF f{d{a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f<n>) — dest<n — 1>,
(f<0>) = C,
(C) — dest<7>
Status Affected: C,N,zZ
Encoding: | o011 | ooda | fref | £rerf |
Description: The contents of register ‘" are rotated
one bit to the right through the Carry
flag. If ‘d’ is ‘0’, the result is placed in W.
If ‘d”is ‘1’, the result is placed back in
register ‘f’ (default).
If ‘a’ is ‘0, the Access Bank is selected.
If ‘@’ 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 24.2.3 “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: RRCF REG, 0, 0
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 0111 o001l1
C = 0
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2420/2520/4420/4520 (Industrial)
PIC18LF2420/2520/4420/4520 (Industrial) (Continued)

PIC18LF2420/2520/4420/4520 Standard Operating Conditions (unless otherwise stated)

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

PIC18F2420/2520/4420/4520 Standa}rd Operating Condltlonos (unless oth:erwmle state.d)

(IndUstriall Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Pﬁsm Device Typ | Max | Units Conditions
DO025L Timerl Oscillator| 45 | 9.0 | pA -40°Cc®
(Aloscs) 09 | 16 | uA -10°C
VDD = 2.0V 32 kH Timer1
09 | 16 | A +25°C Zon imer
0.9 1.8 LA +85°C
48 | 10 | pA -40°C®)
1.0 2.0 LA -10°C )
VDD = 3.0V 32 kHz on Timer1
1.0 2.0 LA +25°C
1.0 2.6 LA +85°C
60 | M LA -40°C®
1.6 4.0 LA -10°C
VDD = 5.0V 32 kH Timer1
16 | 40 | uA +25°C Zon Himer
1.6 4.0 LA +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 /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:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
When operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.

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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FIGURE 26-4:

HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

VLVD
(HLVDIF set by hardware)

(HLVDIF can be
cleared in software)

HVDIED ] [
Note 1: VDIRMAG = 0.

TABLE 26-4: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < Ta < +85°C for industrial

Pilrgm Sym Characteristic Min Typ | Max |Units Conditions

D420 HLVD Voltage on VDD |HLVDL<3:0>=0000| 2.06 | 2.17 | 2.28 Vv

Transition High-to-Low || yp| <3:0> = 0001 | 212 | 223 | 234 | V

HLVDL<3:0>=0010| 224 | 2.36 | 2.48 \Y
HLVDL<3:0>=0011| 2.32 | 2.44 | 2.56 Vv
HLVDL<3:0>=0100| 247 | 2.60 | 2.73 \Y
HLVDL<3:0>=0101| 2.65 | 2.79 | 2.93 \Y
HLVDL<3:0>=0110| 2.74 | 2.89 | 3.04 \Y
HLVDL<3:0>=0111| 296 | 3.12 | 3.28 \Y
HLVDL<3:0>=1000| 3.22 | 3.39 | 3.56 \Y
HLVDL<3:0>=1001| 3.37 | 3.55 | 3.73 \Y,
HLVDL<3:0>=1010| 3.52 | 3.71 | 3.90 \Y
HLVDL<3:0>=1011| 3.70 | 3.90 | 4.10 \Y
HLVDL<3:0>=1100| 3.90 | 4.11 | 4.32 Y,
HLVDL<3:0>=1101| 4.11 4.33 | 455 \Y,
HLVDL<3:0>=1110| 4.36 | 4.59 | 4.82 \Y
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27.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents (mean + 3c) or (mean — 3c)

respectively, where ¢ is a standard deviation, over the whole temperature range.

FIGURE 27-1. SLEEP MODE
100
Test instrument results are compressed to about 0.05 pA for actual values below 0.05 mA.
Measurements below 0.01 mA are suspect and considered unmeasurable.
This is supported by the instrument specifications.
10 7 ——55
‘ —— 5.0
/
. 4.5
_ / /-/ 4.0
< o
S / - —%— 35
g_ = —e— 3.0
—+— 25
—— 20
0.1
0.01 :
-50 -25 0 25 50 75 100 125
Temp (C)
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FIGURE 27-19:

TYPICAL IpD vs. Fosc, 500 kHz TO 4 MHz (PRI_RUN MODE (EC CLOCK), +25°C)

IDD (mA)

3.0

0.0

2.0 25 3.0 .0

Fosc (MHz)

0.5 1.0 1.5

FIGURE 27-20:

MAXIMUM IpD vs. Fosc, 500 kHz TO 4 MHz (PRI_RUN MODE (EC CLOCK),
-40°C TO +125°C)

IDD (mA)

4.5

4.0

3.51

3.01

2.51

2.0

1.51

1.01

0.5

0.0

2.0 2.5 3.0

Fosc (MHz)

0.5 1.0 1.5
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

28-Lead SPDIP Example
0810017
2 OQ\ YYWWNNN y Q S Q

28-Lead SOIC Example
XXXXXXXXXXXXXXXXX XXX PIC18F2520-E/SOE3
XXXXXXXXXXX XXX XXX XXX ﬁ\ 0810017
XXXXXXXXXXX XXX XXX XXX
R YYWWNNN
@) @)
28-Lead QFN Example
XXXXXXXX 18F2420
XXXXXXXX -I/MLE3
YYWWNNNO 0810017 o

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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