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TABLE 1-3: PIC18F4220/4320 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number

. Pin | Buffer i
Pin Name T T Description
PDIP [TQFP| QFN | 'YP€ | Type
PORTE is a bidirectional I/O port.
REO/AN5/RD 8 | 25 | 25
REO 110 ST Digital 1/0.
ANS I |Analog| Analog input5.
RD I TTL Read control for Parallel Slave Port
(see also WR and CS pins).
RE1/AN6/WR 9 | 26 | 26
RE1 110 ST Digital 1/0.
ANG I |Analog| Analog input6.
WR | TTL Write control for Parallel Slave Port
(see CS and RD pins).
RE2/AN7/CS 10 | 27 | 27
RE2 110 ST Digital 1/0.
AN7 I |Analog| Analoginput?.
CS | TTL Chip select control for Parallel Slave Port
(see related RD and WR).
RE3 1 18 18 — — |See MCLR/VPP/RES3 pin.
Vss 12, 16,29 (6,30,| P — | Ground reference for logic and 1/O pins.
31 31
VDD 11,32 7,28 | 7,8 P — |Positive supply for logic and I/O pins.
29
NC — — 13, | NC NC [No connect.
28

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels
O = Output
OD = Open-drain (no diode to VDD)

Note 1: Alternate assignment for CCP2 when CCP2MX is cleared.
2: Default assignment for CCP2 when CCP2MX (CONFIG3H<0>) is set.

CMOS = CMOS compatible input or output
| = Input
P = Power

DS39599G-page 18
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REGISTER 6-1: EECON1: DATA EEPROM CONTROL REGISTER 1

R/W-x R/W-x U-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR) WREN WR RD
bit 7 bit 0
Legend: S = Settable bit
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 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Perform write-only
bit 3 WRERR: EEPROM Error Flag bit(")
1 = A write operation was prematurely terminated (any Reset during self-timed programming)
0 = The write operation completed normally
bit 2 WREN: Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once write is complete.
The WR bit can only be set (not cleared) in software.)
0 = Write cycle completed
bit 0 RD: Read Control bit
1 = Initiates a memory read (Read takes one cycle. RD is cleared in hardware. The RD bit can only be
set (not cleared) in software. RD bit cannot be set when EEPGD = 1.)
0 = Read completed

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error
condition.
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7.3 Reading the Data EEPROM
Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD con-
trol bit (EECON1<7>) and then set control bit, RD
(EECON1<0>). The data is available for the very next
instruction cycle; therefore, the EEDATA register can
be read by the next instruction. EEDATA will hold this
value until another read operation or until it is written to
by the user (during a write operation).

7.4 Writing to the Data EEPROM
Memory

To write an EEPROM data location, the address must
first be written to the EEADR register and the data
written to the EEDATA register. The sequence in
Example 7-2 must be followed to initiate the write cycle.

The write will not begin if this sequence is not exactly
followed (write 55h to EECONZ2, write AAh to EECON2,
then set WR bit) for each byte. It is strongly recom-
mended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution (i.e., runaway programs). The WREN bit should
be kept clear at all times except when updating the
EEPROM. The WREN bit is not cleared by hardware.

After a write sequence has been initiated, EECON1,
EEADR and EEDATA cannot be modified. The WR bit
will be inhibited from being set unless the WREN bit is
set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt
or poll this bit. EEIF must be cleared by software.

7.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the mem-
ory should be verified against the original value. This
should be used in applications where excessive writes
can stress bits near the specification limit.

7.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch, or software malfunction.

EXAMPLE 7-1: DATA EEPROM READ

MOVLW DATA EE_ ADDR ;

MOVWF EEADR ; Data Memory Address to read

BCF EECON1, EEPGD ; Point to DATA memory

BSF EECON1, RD ; EEPROM Read

MOVF EEDATA, W ; W = EEDATA

EXAMPLE 7-2: DATA EEPROM WRITE
MOVLW DATA EE_ ADDR ;
MOVWE  EEADR ; Data Memory Address to write
MOVLW DATA EE_DATA ;
MOVWE EEDATA ; Data Memory Value to write
BCF EECON1, EEPGD ; Point to DATA memory
BSF EECON1, WREN ; Enable writes
BCF INTCON, GIE ; Disable Interrupts
MOVLW 55h ;
Required MOVWE  EECON2 ; Write 55h
Sequence MOVLW AAh 8

MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BSF INTCON, GIE ; Enable Interrupts
SLEEP ; Wait for interrupt to signal write complete
BCF EECON1, WREN ; Disable writes

© 2007 Microchip Technology Inc.
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Example 8-3 shows the sequence to do a 16 x 16 EQUATION 8-2: 16 x 16 SIGNED
unsigned multiply. Equation 8-1 shows the algorithm MULTIPLICATION
that is used. The 32-bit result is stored in four registers, ALGORITHM
RES3:RESO. RES3:RESO
= ARGIH:ARGIL ¢ ARG2H:ARG2L
EQUATION 8-1: 16 x 16 UNSIGNED = (ARGIH e ARG2H e 2!6)+
MULTIPLICATION (ARGIH e ARG2L ¢ 2%) +
ALGORITHM (ARGIL » ARG2H 2 28) +
RES3:RESO = ARGIH:ARGIL ¢ ARG2H:ARG2L (ARGIL ¢ ARG2L) + 6
— (ARGIH e ARG2H o 216) + (-1 o ARG2H<7> e ARGIH:ARGIL o2 ) +
(ARGIH o ARG2L o 2%) (-1 « ARG1H<7> ¢ ARG2H:ARG2L e 219)
(ARGIL o ARG2H o 28) +
(ARGIL » ARG2L) EXAMPLE 8-4: 16 x 16 SIGNED
MULTIPLY ROUTINE
MOVF ARG1L, W
EXAMPLE 8-3: 16 x 16 UNSIGNED MULWE  ARG2L ; ARGLL * ARG2L ->

MULTIPLY ROUTINE ; PRODH:PRODL
MOVFF  PRODH, RESl ;
MOVFF  PRODL, RESO ;

MOVFE ARG1L, W

MULWE ARG2L ; ARG1L * ARG2L ->
; PRODH:PRODL

MOVFEF PRODH, RES1 ;

MOVFEF PRODL, RESO ;

MOVF ARG1H, W

MULWF ARG2H ; ARG1H * ARG2H ->
; PRODH:PRODL

/ MOVFEF PRODH, RES3 ;

MOVE  ARGLH, W MOVFF PRODL, RES2 ;
MULWF ~ ARG2H ; ARG1H * ARG2H ->

; PRODH:PRODL
MOVEF PRODH, RES3 ;
MOVFF PRODL, RES2 ;

MOVF ARGIL, W
MULWE  ARG2H ; ARGIL * ARG2H ->
; PRODH:PRODL
; MOVF PRODL, W ;
MOVF  ARGLL, W ADDWF RES1, F ; Add cross
MULWE  ARG2H ; ARG1L * ARG2H -> MOVF PRODH, W ; products
i PRODH:PRODL ADDWFC RES2, F ;
MOVFE PRODL, W ; CLRF WREG .
ADDWF RES1, F ; Add cross ADDWFC RES3, F ;
MOVF PRODH, W ; products
ADDWFC RES2, F ;
CLRF WREG ;
ADDWEC RES3, F ;

MOVF  ARGLH, W ;
MULWF ~ ARG2L ; ARG1H * ARG2L ->
; PRODH:PRODI,
; MOVF PRODL, W ;
MOVE  ARGLH, W ; ADDWF RES1, F ; Add cross
MULWF  ARG2L ; ARG1H * ARG2L -> MOVE  PRODH, W ; products

7 PRODH:PRODL ADDWEC RES2, F ;
MOVF PRODL, W ; CLRF WREG ;

ADDWF  RES1, F i Add cross ADDWFC RES3, F ;

MOVF PRODH, W ; products .

ADDWFC RES2, F ; BTFSS  ARG2H, 7 ; ARG2H:ARG2L neg?
CLRF WREG ; BRA SIGN ARGl ; no, check ARGl

ADDWFC RES3, F ;

MOVF ARGIL, W ;
SUBWF RES2 ;

Example 8-4 shows the sequence to do a 16 x 16 MOVF ARG1H, W ;
signed multiply. Equation 8-2 shows the algorithm SUBWEB RES3
used. The 32-bit result is stored in four registers, ;
RES3:RESO. To account for the sign bits of the argu- SIGN_ARGL
BTFSS ARGlH, 7 ; ARG1H:ARG1L neg?

ments, each argument pairs’ Most Significant bit (MSb)

. . . BRA CONT CODE ; no, done
is tested and the appropriate subtractions are done. - !

MOVF ARG2L, W ;
SUBWF RES2 ;
MOVF ARG2H, W ;
SUBWFB RES3

CONT CODE
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10.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 10-2: INITIALIZING PORTB

CLRF PORTB

Initialize PORTB by
clearing output
data latches
Alternate method

to clear output
data latches

Set RB<4:0> as
digital I/0 pins

CLRF LATB

MOVLW 0x07
MOVWEF ADCON1
MOVLW 0xCF Value used to
initialize data
direction

Set RB<3:0> as inputs
RB<5:4> as outputs
RB<7:6> as inputs

MOVWF TRISB

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Note: On a Power-on Reset, RB4:RBO are con-
figured as analog inputs by default and
read as ‘0’; RB7:RB5 are configured as
digital inputs.

By programming the Configuration bit,
PBADEN (CONFIG3H<1>), RB4:RBO will
alternatively be configured as digital inputs
on POR.

Four of the PORTB pins (RB7:RB4) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF (ANY), PORTB instruction). This will
end the mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

RB3 can be configured by the Configuration bit,
CCP2MX, as the alternate peripheral pin for the CCP2
module (CCP2MX = 0).

FIGURE 10-6: BLOCK DIAGRAM OF
RB7:RB5 PINS
VbD
RBPU® Weak
@4 P Pull-up
Data Latch
T aenlEE
or PORTB 0 pin
CKT\_
TRIS Latch
D Q
WR TRISB TTL
CK \
Y Y
° <F > Buffer
RD TRISB

— <
RD LATB
Latch

RD PORTB \TJ

Set RBIF

EN Q1

(S
RD PORTB
From other
RB7:RB5 and EN @03
RB4

pins

RB7:RB5 in Serial Programming Mode

Note 1: /O pins have diode protection to VDD and Vss.

2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (INTCON2<7>).
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19.8 Use of the CCP2 Trigger

An A/D conversion can be started by the “Special Event
Trigger” of the CCP2 module. This requires that the
CCP2M3:CCP2MO0 bits (CCP2CON<3:0>) be pro-
grammed as ‘1011’ and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the GO/
DONE bit will be set, starting the A/D acquisition and
conversion and the Timer1 (or Timer3) counter will be
reset to zero. Timer1 (or Timer3) is reset to automati-
cally repeat the A/D acquisition period with minimal
software overhead (moving ADRESH/ADRESL to the

desired location). The appropriate analog input chan-
nel must be selected and the minimum acquisition
period is either timed by the user or an appropriate
Taca time, selected before the “Special Event Trigger”,
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), the
“Special Event Trigger” will be ignored by the A/D
module but will still reset the Timer1 (or Timer3)
counter.

TABLE 19-2: SUMMARY OF A/D REGISTERS
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON | GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF [ 0000 0000 | 0000 0000
GIEH GIEL
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 1111 1111 | 1111 1111
PIR2 OSCFIF CMIF — EEIF BCLIF LVDIF TMR3IF | CCP2IF | 00-0 0000 | 00-0 0000
PIE2 OSCFIE CMIE — EEIE BCLIE LVDIE TMR3IE | CCP2IE | 00-0 0000 | 00-0 0000
IPR2 OSCFIP CMIP — EEIP BCLIP LVDIP TMR3IP | CCP2IP | 11-1 1111 | 11-1 1111
ADRESH | A/D Result Register High Byte XXXX XXXX | uuuu uuuu
ADRESL | A/D Result Register Low Byte XXXX XXXX | uuuu uuuu
ADCONO — — CHS3 CHS3 CHS1 CHSO |GO/DONE| ADON | --00 0000 | -=00 0000
ADCON1 — — VCFG1 VCFGO | PCFG3 | PCFG2 | PCFG1 PCFGO | --00 0ggq | --00 0gqq
ADCON2 ADFM — ACQT2 ACQT1 ACQTO | ADCS2 ADCSH1 ADCSO0 | 0-00 0000 | 0-00 0000
PORTA RA7) RA64) RA5 RA4 RA3 RA2 RA1 RAO | --0x 0000 | --0Ou 0000
TRISA | TRISA7® [TRISAG®™ --11 1111 | --11 1111
PORTB Read PORTB pins, Write LATB Latch XXXX XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
LATB PORTB Output Data Latch XXXX XXXX | uuuu uuuu
PORTE® — — — — RE3(") |Read PORTE pins, Write LATE®| ———— xxxx | -—-- uuuu
TRISE®@ IBF OBE IBOV |PSPMODE| — |PORTE Data Direction 0000 -111 | 0000 -111
LATE®@ = = = = PORTE Output Data Latch ———— —xxx | --—— -uuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’, g = value depends on condition.
Shaded cells are not used for A/D conversion.
Note 1: The RE3 port bit is available as an input-only pin only in 40-pin devices and when Master Clear functionality is disabled
(CONFIG3H<7>=0).
2: This register is not implemented on PIC18F2X20 devices and reads back 0x00.
3: These pins may be configured as port pins depending on the oscillator mode selected.
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21.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The comparator voltage reference is a 16-tap resistor
ladder network that provides a selectable voltage refer-
ence. The resistor ladder is segmented to provide two
ranges of CVREF values and has a power-down func-

21.1 Configuring the Comparator
Voltage Reference

The comparator voltage reference can output 16 distinct
voltage levels for each range. The equations used to cal-
culate the output of the comparator voltage reference
are as follows:

tion to conserve power when the reference is not being

used. The CVRCON register controls the operation of EQUATION 21-1:

the reference as shown in Register 21-1. The block IfCVRR = 1: VDD
diagram is given in Figure 21-1. CVREF = (CVR<3:0>) o 24

The comparator reference supply voltage comes from

VDD and Vss. If CVRR = 0: VDD

CVREF = (CVR<3:0>+8) e EVE

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 26-2 in Section 26.0 “Electrical
Characteristics”).

REGISTER 21-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE(M CVRR — CVR3 CVR2 CVR1 CVRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit(")
1 = CVREF voltage level is also output on the RA2/AN2/VREF-/CVREF pin
0 = CVREF voltage is disconnected from the RA2/AN2/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit

1= 0.00 VDD to 0.667 VDD, with VDD/24 step size
0 = 0.25 VDD to 0.75 VDD, with VDD/32 step size

bit 4 Unimplemented: Read as ‘0’
bit 3-0 CVR3:CVRO0: Comparator VREF Value Selection 0 < VR3:VRO < 15 bits
When CVRR = 1: VDD
CVREF = (CVR<3:0>) e ———
When CVRR = 0: VDD
CVREF = 1/4 ¢ (CVRSRC) + (CVR<3:0> + 8) T

Note 1: CVROE overrides the TRISA<2> bit setting.

© 2007 Microchip Technology Inc. DS39599G-page 227



PIC18F2220/2320/4220/4320

23.5 Program Verification and
Code Protection

The overall structure of the code protection on the
PIC18 Flash devices differs significantly from other
PIC® devices.

The user program memory is divided into five blocks.
One of these is a boot block of 512 bytes. The remain-
der of the memory is divided into four blocks on binary
boundaries.

Each of the five blocks has three code protection bits
associated with them. They are:

» Code-Protect bit (CPn)

» Write-Protect bit (WRTn)

» External Block Table Read bit (EBTRn)

Figure 23-5 shows the program memory organization
for 4 and 8-Kbyte devices and the specific code protec-

tion bit associated with each block. The actual locations
of the bits are summarized in Table 23-3.

FIGURE 23-5: CODE-PROTECTED PROGRAM MEMORY FOR PIC18F2X20/4X20
MEMORY SIZE/DEVICE
Block Code Protection
4 Kbytes 8 Kbytes Address Controlled By:
(PIC18F2220/4220) (PIC18F2320/4320) Range
000000h
Boot Block Boot Block 0001FFh CPB, WRTB, EBTRB
000200h
Block 0 Block 0 CPO, WRTO, EBTRO
0007FFh
000800h
Block 1 Block 1 CP1, WRT1, EBTR1
000FFFh
Unimplemented 001000h
Rgad iore Block 2 CP2, WRT2, EBTR2
0017FFh
Unimplemented 001800h
Re?ad ‘0's Block 3 CP3, WRT3, EBTR3
001FFFh
002000h
Unimplemented Unimplemented
Read ‘0’s Read ‘0’s (Unimplemented Memory Space)
1FFFFFh

TABLE 23-3: SUMMARY OF CODE PROTECTION REGISTERS

File Name Bit7 Bit 6 Bit 5

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

300008h | CONFIG5L — — —

— CP3 CP2 CP1 CPO

300009h |[CONFIG5H| CPD CPB —

30000Ah | CONFIG6L — = —

— WRT3 WRT2 WRT1 WRTO

30000Bh | CONFIG6H| WRTD WRTB WRTC

30000Ch | CONFIG7L — = —

— EBTR3 EBTR2 EBTR1 EBTRO

30000Dh | CONFIG7H — EBTRB —

Legend: Shaded cells are unimplemented.
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24.2 Instruction Set
ADDLW ADD Literal to W ADDWF ADD W to f
Syntax: [ label] ADDLW Syntax: [ label ] ADDWF  f[,d[,a]]
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) +k > W de {81}
a e |0,
Status Affected: N, OV, C,DC, Z .
Operation: (W) + (f) > dest
Encoding: ‘ 0000 | 1111 ‘ kkkk | kkkk ‘
Status Affected: N, OV, C,DC, Z
Description: The contents of W are added to the o
8-bit literal 'k’ and the result is Encoding: [ 0010 | otda | eeee | erer |
placed in W. Description: Add W to register f'. If 'd’ is ‘0’, the
Words: 1 result is stored in W. If ‘d’ is ‘1, the
’ result is stored back in register ‘f
Cycles: 1 (default). If ‘@’ is ‘0, the Access
Q Cycle Activity: Bank will be selected. If ‘a’ is ‘1’,
Q1 Q2 Q3 Q4 the BSR is used.
Decode Read Process Write to W Words: 1
literal 'k Data Cycles: 1
Q Cycle Activity:
Example: ADDLW  0x15
. - Q1 Q2 Q3 Q4
Before Instruction Decode Read Process Write to
W = 0x10 register ‘f’ Data destination
After Instruction
W = 0x25 Example: ADDWF REG, W
Before Instruction
W = 0x17
REG = 0xC2
After Instruction
W = 0xD9
REG = 0xC2
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MULLW Multiply Literal with W
Syntax: [labell] MULLW k
Operands: 0<k<255
Operation: (W) x k > PRODH:PRODL
Status Affected:  None
Encoding: ‘ 0000 ‘ 1101 ‘ kkkk | kkkk |
Description: An unsigned multiplication is
carried out between the contents
of W and the 8-bit literal ‘k’. The
16-bit result is placed in
PRODH:PRODL register pair.
PRODH contains the high byte.
W is unchanged.
None of the Status flags are
affected.
Note that neither overflow nor
carry is possible in this opera-
tion. A zero result is possible but
not detected.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
literal 'k’ Data registers
PRODH:
PRODL
Example: MULLW  0xC4
Before Instruction
w = OxE2
PRODH = ?
PRODL = ?
After Instruction
W = 0xE2
PRODH = 0xAD
PRODL = 0x08

MULWF Multiply W with f
Syntax: [label] MULWF f[,a]
Operands: 0<f<255
a e [0,1]
Operation: (W) x (f) > PRODH:PRODL
Status Affected:  None
Encoding: ‘ 0000 ‘ 00la ‘ ffff | ffff ‘
Description: An unsigned multiplication is
carried out between the contents
of W and the register file location
‘f’. The 16-bit result is stored in
the PRODH:PRODL register
pair. PRODH contains the high
byte.
Both W and ‘f are unchanged.
None of the Status flags are
affected.
Note that neither overflow nor
carry is possible in this opera-
tion. A zero result is possible but
not detected. If ‘a’ is ‘0’, the
Access Bank will be selected,
overriding the BSR value. If
‘a’= 1, then the bank will be
selected as per the BSR value
(default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f’ Data registers
PRODH:
PRODL
Example: MULWE  REG
Before Instruction
w = 0xC4
REG = 0xB5
PRODH = 2
PRODL = ?
After Instruction
w = 0xC4
REG = 0xB5
PRODH = Ox8A
PRODL = 0x94
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SUBLW Subtract W from Literal
Syntax: [ label ] SUBLW k
Operands: 0<k<255
Operation: k—(W)->W
Status Affected: N, OV, C,DC, Z
Encoding: ‘ 0000 | 1000 ‘ kkkk ‘ kkkk |
Description: W is subtracted from the eight-bit
literal ‘k’. The result is placed in
W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example 1: SUBLW 0x02
Before Instruction
W = 1
c = 2
After Instruction
W = 1
C = 1 ; result is positive
z = 0
N = 0
Example 2: SUBLW 0x02
Before Instruction
W = 2
C = ?
After Instruction
w = 0
C = 1 ; result is zero
z = 1
N = 0
Example 3: SUBLW 0x02
Before Instruction
W = 3
C = ?
After Instruction
w = FF ;(2's complement)
C = 0 ;resultis negative
A = 0
N = 1

SUBWF Subtract W from f
Syntax: [ label1] SUBWF f[,d[,a]]
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (f) = (W) — dest
Status Affected: N, OV, C,DC, zZ
Encoding: ‘ 0101 | llda | ffff ‘ fEEf |
Description: Subtract W from register ‘' (2's
complement method). If ‘d’ is ‘0’,
the result is stored in W. If ‘'d’ is
‘1’, the result is stored back in
register ‘f’ (default). If = ‘a’is ‘0’,
the Access Bank will be selected,
overriding the BSR value. If ‘a’ is
‘1’, then the bank will be selected
as per the BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBWF REG
Before Instruction
REG = 3
W = 2
C = ?
After Instruction
REG = 1
w = 2
C = 1 ;resultis positive
z = 0
N = 0
Example 2: SUBWF REG, W
Before Instruction
REG = 2
w = 2
C = ?
After Instruction
REG = 2
w = 0
C = 1 ;resultis zero
z = 1
N = 0
Example 3: SUBWF REG
Before Instruction
REG = 0x01
w = 0x02
C = ?
After Instruction
REG = OxFFh ;(2's complement)
W = 0x02
C = 0x00 ;resultis negative
Z = 0x00
N = 0x01
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26.2 DC Characteristics: Power-Down and Supply Current

PIC18F2220/2320/4220/4320 (Industrial)
PIC18LF2220/2320/4220/4320 (Industrial) (Continued)

PIC18LF2220/2320/4220/4320 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2220/2320/4220/4320 Standa_rd Operating Conditions Sunless othe:mse _stated)_
Industrial. Extended Operating temperature -40°C < TA < +85°C for industrial
( ’ ) -40°C < TA < +125°C for extended
Par‘;'ca’m Device Typ | Max | Units Conditions
Supply Current (IDD)(2'3)
PIC18LF2X20/4X20| 100 220 pA -40°C
110 220 A +25°C VDD = 2.0V
120 220 pA +85°C
PIC18LF2X20/4X20| 180 330 pA -40°C
180 | 330 | pA +25°C VDD = 3.0V Fosc = 1 MHz
S (RC_RUN mode,
170 | 330 HA +85°C internal oscillator source)
All devices| 340 550 pA -40°C
330 550 pA +25°C
VDD = 5.0V
310 550 pA +85°C
Extended devices| 410 650 pA +125°C
PIC18LF2X20/4X20| 350 600 pA -40°C
360 600 pA +25°C VDD = 2.0V
370 600 pA +85°C
PIC18LF2X20/4X20| 580 900 pA -40°C
580 | 900 | pA +25°C VDD = 3.0V Fosc = 4 MHz
o (RC_RUN mode,
560 | 900 HA +85°C internal oscillator source)
All devices| 1.1 1.8 mA -40°C
1.1 1.8 mA +25°C
VpD = 5.0V
1.0 1.8 mA +85°C
Extended devices| 1.2 1.8 mA +125°C

Legend:
Note 1:

Shading of rows is to assist in readability of the table.
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 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.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;

MCLR = VDD; WDT enabled/disabled as specified.
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.
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 26-2: COMPARATOR SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +125°C, unless otherwise stated.

P:lr:m Sym Characteristics Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — 5.0 +10 mV
D301 VicM Input Common Mode Voltage* 0 — Vbb-1.5 \Y,
D302 CMRR  |Common Mode Rejection Ratio* 55 — — dB
300 TRESP  |Response Time(")" — 150 400 ns |PIC18FXX20
300A 600 ns |PIC18LFXX20
301 Tmc2ov |Comparator Mode Change to — — 10 us

Output Valid*

*

These parameters are characterized but not tested.

Note 1: Response time measured with one comparator input at (VDD — 1.5)/2, while the other input transitions
from Vss to VDD.

TABLE 26-3: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +125°C, unless otherwise stated.

P:r;)m Sym Characteristics Min Typ Max Units Comments
D310 VRES Resolution VDD/24 — | Vbp/32 | LSb
D311 VRAA Absolute Accuracy — — 1/2 LSb |Low Range (VRR=1)
— — 112 LSb [High Range (VRR =0)
D312 VRUR Unit Resistor Value (R)* — 2k — Q
310 TsET Settling Time("* — — 10 us

*

These parameters are characterized but not tested.
Note 1: Settling time measured while VRR = 1 and VR<3:0> transitions from ‘0000’ to ‘1111".

FIGURE 26-4: LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

------------------ /~ (LVDIF can be

VLVD cleared in software)

(LVDIF set by hardware)

LVDIF _
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TABLE 26-7: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2V TO 5.5V)

P:{:m Sym Characteristic Min Typt Max | Units | Conditions
F10 Fosc |Oscillator Frequency Range 4 — 10 MHz |HS mode only
F11 Fsys |On-Chip VCO System Frequency 16 — 40 MHz |HS mode only
F12 tp. |PLL Start-up Time (Lock Time) — — 2 ms

F13 ACLK |CLKO Stability (Jitter) -2 — +2 %

1 Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

TABLE 26-8: INTERNAL RC ACCURACY: PIC18F2220/2320/4220/4320 (Industrial)
PIC18LF2220/2320/4220/4320 (Industrial, Extended)
PIC18LF1220/1320 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F1220/1320 Standard Operating Conditions (unless otherwise stated)

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

(Industrial, Extended) Operating temperature

P:{jm Device Min Typ Max | Units Conditions
INTOSC Accuracy @ Freq = 8 MHz, 4 MHz, 2 MHz, 1 MHz, 500 kHz, 250 kHz, 125 kHz("

F14 PIC18LF2220/2320/4220/4320| -2 +/-1 2 % +25°C VDD = 2.7-3.3V

F15 -5 — 5 % |-10°C to +85°C| VDD = 2.7-3.3V

F16 -10 — 10 % |-40°C to +85°C| VDD = 2.7-3.3V

F17 PIC18F2220/2320/4220/4320| -2 +/-1 2 % +25°C VDD = 4.5-5.5V

F18 -5 — % |-10°C to +85°C| VDD = 4.5-5.5V

F19 -10 — 10 % |-40°C to +85°C| VDD = 4.5-5.5V
INTRC Accuracy @ Freq = 31 kHz(?

F20 PIC18LF2220/2320/4220/4320| 26.562 — 35.938 | kHz [-40°C to +85°C| VDD = 2.7-3.3V

F21 PIC18F2220/2320/4220/4320| 26.562 — 35.938 | kHz |[-40°C to +85°C| VDD = 4.5-5.5V

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

Note 1: Frequency calibrated at 25°C. OSCTUNE register can be used to compensate for temperature drift.

2: INTRC frequency after calibration.
3: Change of INTRC frequency as VDD changes.

© 2007 Microchip Technology Inc.

DS39599G-page 329




PIC18F2220/2320/4220/4320

FIGURE 26-19:

MASTER SSP I12C™ BUS START/STOP BITS TIMING WAVEFORMS

SCL

Note:

Start
Condition

Refer to Figure 26-5 for load conditions.

Stop
Condition

TABLE 26-20: MASTER SSP I2C™ BUS START/STOP BITS REQUIREMENTS

Pa;zm. Symbol Characteristic Min Max | Units Conditions
90 Tsu:STA |Start condition |100 kHz mode | 2(Tosc)(BRG + 1) — ns |Only relevant for
Setup time 400 kHz mode | 2(Tosc)BRG +1) | — Repeated Start condition
1 MHz mode( | 2(Tosc)(BRG + 1) —
91 THD:STA |Start condition |100 kHz mode | 2(Tosc)(BRG + 1) — ns |After this period, the first
Hold time 400 kHz mode | 2(Tosc)(BRG +1) | — clock pulse is generated
1 MHz mode( | 2(Tosc)(BRG + 1) —
92 Tsu:sTO |Stop condition |100 kHz mode | 2(Tosc)(BRG + 1) — ns
Setup time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode( | 2(Tosc)(BRG + 1) —
93 THD:STO |Stop condition |100 kHz mode | 2(Tosc)(BRG + 1) — ns
Hold time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode( | 2(Tosc)(BRG + 1) —
Note 1: Maximum pin capacitance = 10 pF for all 12c pins.
FIGURE 26-20: MASTER SSP I12C™ BUS DATA TIMING
— e 102

SCL

SDA
In

SDA
Out

Note:

103> e

— 100—»,

- 101—,

Refer to Figure 26-5 for load conditions.
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FIGURE 26-21: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCOTXICK 2 R

Pin e 121 el e 21 -
RC7/RX/DT N 2
pin : ><: X
— 120 - s e
: 122

Note: Refer to Figure 26-5 for load conditions.

TABLE 26-22: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilrgm Symbol Characteristic Min Max Units | Conditions
120 TckH2DTV|SYNC XMIT (MASTER & SLAVE)
Clock High to Data Out Valid PIC18FXX20 — 40 ns
PIC18LFXX20 — 100 ns
121 TCKRF Clock Out Rise Time and Fall Time |PIC18FXX20 — 20 ns
(Master mode) PIC18LFXX20| — 50 ns
122 TDTRF Data Out Rise Time and Fall Time |PIC18FXX20 — 20 ns
PIC18LFXX20 — 50 ns

FIGURE 26-22: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RCO/TXICK /7 \_
pin © 125

RC7/RX/DT ; ; :
X ?<

! 47126—>5

Note: Refer to Figure 26-5 for load conditions.

TABLE 26-23: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Pa;\;’ca)m. Symbol Characteristic Min Max | Units Conditions
125 ToTV2cKL |SYNC RCV (MASTER & SLAVE)

Data Hold before CK { (DT hold time) 10 — ns
126 TckL2DTL |Data Hold after CK | (DT hold time) 15 — ns
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FIGURE 27-25: VOH vs. loH OVER TEMPERATURE (-40°C

TO +125°C), VDD = 5.0V

5.0
) b§
\ Max (+125°C)
—

4.0 —]
\ \ Typ (+2500)
T~

3.0

25

VOH (V)

2.0

Min (+125°C)

0.5

0.0

10H (-mA)
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FIGURE 27-26: VoL vs. loL OVER TEMPERATURE (-40°C TO +125°C), VDD = 3.0V
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—
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