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PIC18F8722 FAMILY

6.5 Writing to Flash Program Memory

The minimum programming block is 32 words or
64 bytes. Word or byte programming is not supported.

Table writes are used internally to load the holding
registers needed to program the Flash memory. There
are 64 holding registers used by the table writes for
programming.

Since the Table Latch (TABLAT) is only a single byte, the
TBLW instruction may need to be executed 64 times for
each programming operation. All of the table write oper-
ations will essentially be short writes because only the
holding registers are written. At the end of updating the
64 holding registers, the EECONL1 register must be
written to in order to start the programming operation
with a long write.

FIGURE 6-5:

The long write is necessary for programming the inter-
nal Flash. Instruction execution is halted while in a long
write cycle. The long write will be terminated by the
internal programming timer.

The EEPROM on-chip timer controls the write time.
The write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device.

Note:  The default value of the holding registers on
device Resets and after write operations is
FFh. A write of FFh to a holding register
does not modify that byte. This means that
individual bytes of program memory may be
modified, provided that the change does not
attempt to change any bit froma‘0’toa ‘1’.
When modifying individual bytes, it is not
necessary to load all 64 holding registers
before executing a write operation.

TABLE WRITES TO FLASH PROGRAM MEMORY

TABLAT
Write Register

TBLPTR = xxxxx0 TBLPTR = xxxxx1

TBLPTR = xxxxx2

Holding Register |

Holding Register |

Holding Register |

Program Memory

6.5.1 FLASH PROGRAM MEMORY WRITE
SEQUENCE

The sequence of events for programming an internal

program memory location should be:

1. Read 64 bytes into RAM.

2. Update data values in RAM as necessary.

3. Load Table Pointer register with address being
erased.

4. Execute the row erase procedure.

5. Load Table Pointer register with address of first
byte being written.

6. Write the 64 bytes into the holding registers with
auto-increment.

7. Setthe EECONL1 register for the write operation:
» set EEPGD bit to point to program memory;
* clear the CFGS bit to access program memory;
« set WREN to enable byte writes.

8. Disable interrupts.

9. Write 55h to EECONZ2.

10. Write 0OAAh to EECONZ2.

11. Set the WR bit. This will begin the write cycle.

12. The CPU will stall for duration of the write for Tiw
(see parameter D133A).

13. Re-enable interrupts.

14. Verify the memory (table read).

An example of the required code is shown in
Example 6-3 on the following page.

Note: Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the 64 bytes in
the holding register.

© 2008 Microchip Technology Inc.
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7.5.2 16-BIT WORD WRITE MODE

Figure 7-2 shows an example of 16-bit Word Write
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for word-wide memories which includes
some of the EPROM and Flash-type memories. This
mode allows opcode fetches and table reads from all
forms of 16-bit memory and table writes to any type of
word-wide external memories. This method makes a
distinction between TBLWI cycles to even or odd
addresses.

During a TBLWI cycle to an even address
(TBLPTR<0> = 0), the TABLAT data is transferred to a
holding latch and the external address data bus is
tri-stated for the data portion of the bus cycle. No write
signals are activated.

FIGURE 7-2:

During a TBLW cycle to an odd address
(TBLPTR<0> = 1), the TABLAT data is presented on
the upper byte of the AD15:ADO0 bus. The contents of
the holding latch are presented on the lower byte of the
AD<15:0> bus.

The WRH signal is strobed for each write cycle; the
WRL pin is unused. The signal on the BAO pin indicates
the Least Significant bit of TBLPTR but it is left
unconnected. Instead, the UB and LB signals are
active to select both bytes. The obvious limitation to
this method is that the table write must be done in pairs
on a specific word boundary to correctly write a word
location.

16-BIT WORD WRITE MODE EXAMPLE

PIC18F8X27/8X22
AD<7:0> 373

A<20:1> P A<x:0> JEDEC Word

EPROM Memory
D<15:0>

AD<15:8> _>

ALE

373

A<19:16>M

P D<15:0>

CE OE WR®@

CE
OE

WRH

Note 1: Upper-order address lines are used only for 20-bit address widths.
2. This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.

Address Bus
Data Bus

Control Lines

DS39646C-page 102
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11.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to nine ports available. Some
pins of the 1/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose 1/O pin.

Each port has three registers for its operation. These
registers are:

» TRIS register (Data Direction register)

« Port register (reads the levels on the pins of the
device)

» LAT register (output latch)

The Data Latch (LAT register) is useful for

read-modify-write operations on the value that the 1/0
pins are driving.

A simplified model of a generic 1/0 port, without the
interfaces to other peripherals, is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT
OPERATION
RD LAT :I
Data
Bus D o) ; Eﬂ
WR LAT 1/0 pin®
or Port CKROL_
Data Latch
o— D Q
WR TRIS CK;L
TRIS Latch Input
/| Kj Buffer
RD TRIS \l\I
/I Q D ||

EN
RD Port DC —‘

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

11.1 PORTA, TRISA and
LATA Registers

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

Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the port latch.

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

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. Pins RA6
and RA7 are multiplexed with the main oscillator pins;
they are enabled as oscillator or 1/0 pins by the selec-
tion of the main oscillator in the Configuration register
(see Section 25.1 “Configuration Bits” for details).
When they are not used as port pins, RA6 and RA7 and
their associated TRIS and LAT bits are read as ‘0’.

The other PORTA pins are multiplexed with the analog
VREF+ and VREF- inputs. The operation of pins
RA5:RA0 as A/D converter inputs is selected by
clearing or setting the PCFG<3:0> control bits in the
ADCONLI register.

Note: On a Power-on Reset, RA5 and RA<3:0>
are configured as analog inputs and read
as ‘0’. RA4 is configured as a digital input.

The RA4/TOCKI pin is a Schmitt Trigger input and an
open-drain output. All other PORTA pins have TTL
input levels and full CMOS output drivers.

The TRISA register controls the direction of the PORTA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 11-1:
CLRF  PORTA

INITIALIZING PORTA

; Initialize PORTA by
; clearing output
; data |l atches
CLRF LATA ; Alternate nethod
; to clear output
; data |l atches

MOVLW  OFh ; Configure A/D
MOVWF  ADCONL ; for digital inputs
MOVLW  OCFh ; Value used to

; initialize data

; direction

MOWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs

© 2008 Microchip Technology Inc.
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TABLE 11-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values on
page
PORTG - . RG5D RG4 RG3 RG2 RG1 RGO 60
LATG - - LATG5(M) | LATG4 | LATG3 | LATG2 | LATG1 | LATGO 60
TRISG — — — TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTG.
Note 1. RG5 and LATGS5 are only available when MCLR is disabled (MCLRE Configuration bit = 0; otherwise, RG5

and LATG5 read as ‘0'.

© 2008 Microchip Technology Inc.
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11.10 Parallel Slave Port

PORTD can also function as an 8-bit wide Parallel
Slave Port, or microprocessor port, when control bit
PSPMODE (PSPCON<4>) is set. It is asynchronously
readable and writable by the external world through the
RD and WR control input pins.

Note: For PIC18F8527/8622/8627/8722 devices,
the Parallel Slave Port is available only in
Microcontroller mode.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin REO/RD to be the RD
input, RE1/WR to be the WR input and RE2/CS to be
the CS (Chip Select) input. For this functionality, the
corresponding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set).

A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits are both set
when the write ends.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit is set. If the user writes new data
to PORTD to set OBF, the data is immediately read out;
however, the OBF bit is not set.

When either the CS or RD lines are detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP; when this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.

The timing for the control signals in Write and Read
modes is shown in Figure 11-3 and Figure 11-4,
respectively.

FIGURE 11-2: PORTD AND PORTE

BLOCK DIAGRAM
(PARALLEL SLAVE PORT)

r——— - - - - -- - - = A

Data B

| DataBus 5 o L\ ]

| | 'Rox

| [WRLATD ) o\ | pin

| |PORTD Data Latch TTL I

I Q b |

I |

| |RDPORTD EN |

| TRIS Latch |

I A I

: RD LATD\[\J :

L — — — — — — l - — — — 4

One bit of PORTD

P Set Interrupt Flag /7

' PSPIF (PIR1<7>)

Note: 1/O pin has protection diodes to VDD and Vss.
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121

Timer0Q can operate as either a timer or a counter; the
mode is selected with the TOCS bit (TOCON<5>). In
Timer mode (TOCS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 12.3 “Prescaler”). If the
TMRO register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, TimerO increments either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit, TOSE (TOCON<4>); clearing this bit selects
the rising edge. Restrictions on the external clock input
are discussed below.

Timer0 Operation

An external clock source can be used to drive TimerO;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

12.2 Timer0O Reads and Writes in
16-bit Mode

TMROH is not the actual high byte of Timer0 in 16-bit
mode; it is actually a buffered version of the real high
byte of TimerO which is not directly readable nor writ-
able (refer to Figure 12-2). TMROH is updated with the
contents of the high byte of TimerO during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte.

Similarly, a write to the high byte of TimerO must also
take place through the TMROH Buffer register. The high
byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of Timer0
to be updated at once.

FIGURE 12-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/a
Sync with Set
Internal ——®| TMROL TMROIF

TOCKI pin Clocks on Overflow

TOSE (2 Tcy Delay)

TOCS 8

TOPS<2:0> 3

PSA < > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

FIGURE 12-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with Set
internal —>| TMROL | High vte TMROIF
TOCKI pin Programmable Clocks 5 on Overflow
Prescaler
TOSE (2 Tcy Delay)
TOCS 3 x K L Read TMROL
TOPS<2:0> [ M )
PSA A Write TMROL
TMROH
8
< > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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Timer3 can operate in one of three modes:

Timer3 Operation

e Timer
« Synchronous Counter
« Asynchronous Counter

The operating mode is determined by the clock select
bit, TMR3CS (T3CON<1>). When TMR3CS is cleared
(= 0), Timer3 increments on every internal instruction
cycle (Fosc/4). When the bit is set, Timer3 increments
on every rising edge of the Timerl external clock input
or the Timer1 oscillator, if enabled.

As with Timerl, the RC1/T10SI and RCO0/T10S0O/
T13CKI pins become inputs when the Timerl oscillator
is enabled. This means the values of TRISC<1:0> are
ignored and the pins are read as ‘0.

FIGURE 15-1: TIMER3 BLOCK DIAGRAM
Timer1 Oscillator — Timer1 Clock Input
T 1
T10SO/T13CKI IX} ——— '|> 1 :
| | Prescaler Synchronize
: ' Foscl4 1,2,4,8 4 Detect 0
, Internal
' Clock 0
T108I , o¢ A 5
““““ Sleep Input .
T10SCEN® TMR3CS Timer3
T3CKPS<1:0> on/oft
T3SYNC
TMR3ON
CCPx Special Event Trigger Clear TMR3 + TMR3 Set
CCPx Select from T3CON<6,3> TMR3L ‘ High Byte TMR3IF
on Overflow
Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.
FIGURE 15-2: TIMER3 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)
Timer1 Oscillator — Timerl Clock Input
. ) 1
T13CKIIT10SO E Y S S > 1
: . = Prescaler Synchronize
! ' Fosc/4 1,2,4,8 4 Detect 0
, Internal 0
\ Clock
T108!I , e A, |
"""" Sleep Input )
T10SCEN® TMR3CS Timer3
T3CKPS<1:0> On/Off
T3SYNC
TMR3ON
CCPx Special Event Trigger Clear TMR3 v TMR3 Set
CCPx Select from T3CON<6,3> ‘ TMRSL | High Byte TMR3IF
3 on Overflow
X K LRead TMRI1L
— M
Write TMR1L
8
8 /
TMR3H
8
5
< > Internal Data Bus
Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.
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REGISTER 18-3:

ECCPxAS: ENHANCED CCP AUTO-SHUTDOWN CONFIGURATION REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ECCPXASE | ECCPxAS2 | ECCPxAS1 | ECCPxASO | PSSxAC1 PSSxACO PSSxBD1 PSSxBDO
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 ECCPXASE: ECCP Auto-Shutdown Event Status bit
0 = ECCP outputs are operating
1 = A shutdown event has occurred; ECCP outputs are in shutdown state
bit 6-4 ECCPxAS<2:0>: ECCP Auto-Shutdown Source Select bits
000 = Auto-shutdown is disabled
001 = Comparator 1 output
010 = Comparator 2 output
011 = Either Comparator 1 or 2
100 = FLTO
101 = FLTO or Comparator 1
110 = FLTO or Comparator 2
111 = FLTO or Comparator 1 or Comparator 2
bit 3-2 PSSxAC<1:0>: Pins A and C Shutdown State Control bits
00 = Drive pins Aand C to ‘0’
01 = Drive pins Aand C to ‘1’
1x = Pins A and C tri-state
bit 1-0 PSSxBD<1:0>: Pins B and D Shutdown State Control bits

00 = Drive pins B and D to ‘0’
01 = Drive pins B and D to ‘1’
1x = Pins B and D tri-state

© 2008 Microchip Technology Inc.
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TABLE 20-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

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 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE | TMRI1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP | TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISCA4 TRISC3 TRISC2 TRISC1 TRISCO 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISGO 60
RCSTAX SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREGx EUSARTX Receive Register 59
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx | ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx |EUSARTx Baud Rate Generator Register High Byte 61
SPBRGX EUSARTXx Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.

© 2008 Microchip Technology Inc. DS39646C-page 267
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has
12 inputs for the 64-pin devices and 16 for the 80-pin
devices. This module allows conversion of an analog
input signal to a corresponding 10-bit digital number.
The module has five registers:

» A/D Result High Register (ADRESH)
» A/D Result Low Register (ADRESL)
» A/D Control Register 0 (ADCONO)
» A/D Control Register 1 (ADCONL1)
» A/D Control Register 2 (ADCON2)

The ADCONO register, shown in Register 21-1,
controls the operation of the A/D module. The
ADCONL1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.

REGISTER 21-1: ADCONO: A/D CONTROL REGISTER

R = Readable bit W = Writable bit

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

= = CHs3W CHs2W CHs1W CHsoW GO/DONE ADON
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-2 CHS<3:0> Analog Channel Select bits(?)

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)
0110 = Channel 6 (AN6)
0111 = Channel 7 (AN7)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)®
1101 = Channel 13 (AN13)(®
1110 = Channel 14 (AN14)®
1111 = Channel 15 (AN15)®

bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1:
1 = A/D conversion in progress
0 = A/D Idle

bit 0 ADON: A/D On bit

1 = A/D converter module is enabled
0 = A/D converter module is disabled

Note 1. These channels are not implemented on 64-pin devices.

© 2008 Microchip Technology Inc.
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24.6

Operation During Sleep

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have

24.7

Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.

been globally enabled.
TABLE 24-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

HLVDCON | VDIRMAG — IRVST | HLVDEN | HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO 58
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR2 OSCFIF CMIF — EEIF BCL1IF | HLVDIF | TMR3IF | CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE | HLVDIE | TMR3IE | CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP | HLVDIP | TMR3IP | CCP2IP 60
TRISA TRISA7D | TRISA6D | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary

oscillator modes. When disabled, these bits read as ‘0’.

© 2008 Microchip Technology Inc.
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REGISTER 25-12: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)

U-0 R/C-1 U-0 U-0 U-0 U-0 U-0 U-0
— EBTRB — — — ] — | — | —
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 Unimplemented: Read as ‘0’
bit 6 EBTRB: Boot Block Table Read Protection bit

1 = Boot block (000000-007FFF, 000FFF or OOlFFFh(l)) not protected from table reads executed in
other blocks

0 = Boot block (000000-007FFF, 000FFF or 001FFFh(1)) protected from table reads executed in other
blocks

bit 5-0 Unimplemented: Read as ‘0’

Note 1. Boot block size is determined by the BBSIZ<1:0> bits in CONFIGA4L.

DS39646C-page 310 © 2008 Microchip Technology Inc.
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ADDWFC ADD W and Carry bit to f ANDLW AND Literal with W
Syntax: ADDWFC  f{d{.a}} Syntax: ANDLW  k
Operands: 0<f<255 Operands: 0<k<255
de[01] Operation: (W) .AND. k > W
a e[0,1]
Status Affected: N, Z
Operation: (W) + (f) + (C) — dest
Encoding: \ 0000 | 1011 \ kkkk | kkkk \
Status Affected: N,0V, C, DC, Z
o Description: The contents of W are ANDed with the
Encoding: ‘ 0010 | 00da ‘ frff ‘ fref | 8-bit literal ‘k’. The result is placed in W.
Description: Add W, the Carry flag and data memory Words: 1
location ‘f'. If 'd’ is ‘0", the result is '
placed in W. If ‘'d’ is ‘1", the result is Cycles: 1
placed in data memory location ‘f’. Q Cycle Activity:
If ‘a’is ‘0’, the Access Bank is selected. Q1 Q2 Q3 Q4
If'a’is '1’, the BSR is used to select the Decode |Read literal | Process Write to
GPR bank (default). 0% Data w
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates Example: ANDLW 05Fh
in Indexed Literal Offset Addressing )
mode whenever f < 95 (5Fh). See Before Instruction
Section 26.2.3 “Byte-Oriented and W = Ash
Bit-Oriented Instructions in Indexed After Instruction
Literal Offset Mode” for details. W = 03h
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ADDWFC REG, 0, 1
Before Instruction
Carry bit = 1
REG = 02h
W = 4Dh
After Instruction
Carry bit = 0
REG = 02h
W = 50h
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TBLRD Table Read TBLRD Table Read (Continued)
Syntax: TBLRD (*; *+; *-; +*) Example 1: TBLRD *+ ;
Operands: None Before Instruction
. . TABLAT = 55h
Operation: if TBLRD *, TBLPTR =  00A356h
(Prog Mem (TBLPTR)) — TABLAT; MEMORY (00A356h) =  34h
TBLPTR — No Change After Instruction
if TBLRD *+, TABLAT = 34h
(Prog Mem (TBLPTR)) — TABLAT; TBLPTR = 00A357h
(TBLPTR) + 1 — TBLPTR Example 2: TBLRD +* ;
if TBLRD *-, ' _ '
(Prog Mem (TBLPTR)) — TABLAT; Before Instruction
(TBLPTR) - 1 — TBLPTR TABLAT = AAh
if TBLRD +* TBLPTR = 01A357h
’ ) MEMORY (01A357h) = 12h
(TBLPTR) + 1 — TBLPTR; MEMORY(01A358h) =  34h
(Prog Mem (TBLPTR)) — TABLAT After Instruction
Status Affected: None TABLAT = 34h
TBLPTR = 01A358h
Encoding: 0000 0000 0000 10nn
nn=0 *
=1 *+
=2 *-
=3 +*
Description: This instruction is used to read the contents
of Program Memory (P.M.). To address the
program memory, a pointer called Table
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory. TBLPTR
has a 2-Mbyte address range.
TBLPTR<0> = 0:Least Significant Byte of
Program Memory Word
TBLPTR<0> = 1:Most Significant Byte of
Program Memory Word
The TBLRD instruction can modify the value
of TBLPTR as follows:
* no change
¢ post-increment
* post-decrement
¢ pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation (Write
Memory) TABLAT)
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26.2.2 EXTENDED INSTRUCTION SET

ADDFSR Add Literal to FSR ADDULNK Add Literal to FSR2 and Return
Syntax: ADDFSR f, k Syntax: ADDULNK k
Operands: 0<k<63 Operands: 0<k<63
fe[0,1,2] Operation: FSR2 + k - FSR2,
Operation: FSR(f) + k - FSR(f) (TOS) > PC
Status Affected: None Status Affected: None
Encoding: [1110 [1000 [ffkk |kkkk | Encoding: | 1110 [1000 |11kk [kkkk |
Description: The 6-bit literal 'k’ is added to the Description: The 6-bit literal *k’ is added to the
contents of the FSR specified by ‘f'. contents of FSR2. A RETURN is then
Words: 1 executed by loading the PC with the
Cycles: 1 TOS.
Q Cycle Activity: The instruction takes two cycles to
Q1 Q2 Q3 Q4 execute; a NOP is performed during
Decode Read Process Write to the second cycle.
literal ‘K’ Data FSR This may be thought of as a special
case of the ADDFSR instruction,
where f = 3 (binary ‘11’); it operates
Example: ADDFSR 2, 23h only on FSR2.
Before Instruction Words: 1
FSR2 = O03FFh Cycles: 2
After Instruction Q Cycle Activity:
FSR2 = 0422h Q1 Q2 Q3 Q4
Decode Read Process Write to
literal 'k’ Data FSR
No No No No
Operation Operation Operation Operation

Example: ADDULNK 23h
Before Instruction
FSR2 = O03FFh
PC = 0100h
After Instruction
FSR2 = 0422h
PC = (TOS)

Note:  All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in
symbolic addressing. If a label is used, the instruction format then becomes: {label} instruction argument(s).
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27.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

« Directives that allow complete control over the
assembly process

27.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcon-
trollers and the dsPIC30 and dsPIC33 family of digital
signal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

27.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

27.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
 Support for fixed-point and floating-point data
e Command line interface

* Rich directive set

 Flexible macro language

* MPLAB IDE compatibility

27.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool.
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27.11 PICSTART® Plus Development
Programmer

The PICSTART® Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

27.12 PICkit™ 2 Development
Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH’s PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

27.13 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended)
PIC18LF6X27/6X22/8X27/8X22 (Industrial)

PIC18LF6X27/6X22/8X27/8X22 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial

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

PIC18F6X27/6X22/8X27/8X22
(Industrial, Extended)

Pa;\:sm Device Typ Max | Units Conditions
Power-Down Current (Ipp)®)
PIC18LF6X27/6X22/8X27/8X22| 120 700 nA -40°C
S VDD = 2.0V
120 700 nA +25°C (Sleep mode)
0.24 3.0 pA +85°C
PIC18LF6X27/6X22/8X27/8X22| 120 900 nA -40°C
" VDD = 3.0V
120 900 nA +25°C (Sleep mode)
0.36 6 HA +85°C
All devices| 0.12 2 JIVAN -40°C
0.12 2 HA +25°C VDD = 5.0V
0.48 9 pA +85°C (Sleep mode)
Extended devices only| 12 100 A +125°C

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

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

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/0 pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

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

3:  When operation below -10°C is expected, use TLOSC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0. When
operation will always be above -10°C, then the low-power Timerl 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 28-9: PROGRAM MEMORY WRITE TIMING DIAGRAM
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Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < TA < +125°C unless otherwise stated.
TABLE 28-11: PROGRAM MEMORY WRITE TIMING REQUIREMENTS
Pa’:lim. Symbol Characteristics Min Typ Max | Units
150 TadV2alL |Address Out Valid to ALE | (address setup time) 0.25 Tcy — 10 — — ns
151 TalL2adl |ALE | to Address Out Invalid (address hold time) 5 — — ns
153 TwrH2adl |WRn T to Data Out Invalid (data hold time) 5 — — ns
154 TwrL WRn Pulse Width 0.5Tcy-5 | 0.5 Tecy — ns
156 TadV2wrH |Data Valid before WRn T (data setup time) 0.5Tcy - 10 — — ns
157 ThsV2wrL |Byte Select Valid before WRn { (byte select setup 0.25 Tcy — — ns
time)
157A |TwrH2bsl |WRn T to Byte Select Invalid (byte select hold time) | 0.125 Tcy -5 — — ns
166 TalH2alH |ALE T to ALE T (cycle time) — 0.25Tey| — ns
171 TalH2csL |Chip Enable Active to ALE 0.25 Tey - 20 — — ns
171A | TubL20eH |AD Valid to Chip Enable Active — — 10 ns

DS39646C-page 402

© 2008 Microchip Technology Inc.




PIC18F8722 FAMILY

FIGURE 28-23: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING
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Note: Refer to Figure 28-5 for load conditions.

TABLE 28-24: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pzrgm Symbol Characteristic Min Max Units | Conditions
120 TckH2DTV [SYNC XMIT (MASTER and SLAVE)
Clock High to Data Out Valid PIC18FXXXX — 40 ns
PIC18LFXXXX — 100 ns |VDD=2.0V
121 TCKRF Clock Out Rise Time and Fall Time |PIC18FXXXX — 20 ns
(Master mode) PICI8LFXXXX | — 50 ns |Vbp = 2.0V
122 TDTRF Data Out Rise Time and Fall Time |PIC18FXXXX — 20 ns
PIC18LFXXXX — 50 ns |VDD = 2.0V

FIGURE 28-24: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING
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Note: Refer to Figure 28-5 for load conditions.

TABLE 28-25: EUSART SYNCHRONOUS RECEIVE REQUIREMENTS

Pa’\:gm. Symbol Characteristic Min Max | Units Conditions
125 TDTV2CKL | SYNC RCV (MASTER and SLAVE)

Data Hold before CKx 4 (DTx hold time) 10 — ns
126 TckL2pTL | Data Hold after CKx 4 (DTx hold time) 15 — ns
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