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PIC18FXX39

2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

The PIC18FXX39 can be operated in four different
Oscillator modes at a frequency of 20 MHz. The user
can program three configuration bits (FOSC2, FOSC1,
and FOSCO) to select one of these four modes:

1. HS High Speed Crystal/Resonator

2. HS+PLL High Speed Crystal/Resonator
with PLL enabled using 5 MHz

crystal

3. EC External Clock

4. ECIO External Clock with /O pin
enabled

Note:  The operation of the Motor Control kernel
and its APIs (Section 14.0) is based on an
assumed clock frequency of 20 MHz.
Changing the oscillator frequency will
change the timing used in the Motor Con-
trol kernel accordingly. To achieve the best
results in motor control applications, a
clock frequency of 20 MHz is highly
recommended.

2.2 Crystal Oscillator/Ceramic
Resonators

In HS or HS+PLL Oscillator modes, a crystal or ceramic
resonator is connected to the OSC1 and OSC2 pins to
establish oscillation. Figure 2-1 shows the pin
connections.

The PIC18FXX39 oscillator design requires the use of
a parallel cut crystal.

CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS CONFIGURATION)

FIGURE 2-1:
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Note 1: See Table 2-1 for recommended values of
Cland C2.

2: A series resistor (Rs) may be required for
AT strip cut crystals.

3: RF varies with the Oscillator mode chosen.

Note:  Use of a series cut crystal may give a fre-
quency out of the crystal manufacturers
specifications.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.

EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>O—> 0sC1
Ext. System PIC18FXX39

Open «—— OSC2

FIGURE 2-2:

Note 1: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components, or
verify oscillator performance.
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4.14 RCON Register

The Reset Control (RCON) register contains flag bits
that allow differentiation between the sources of a

device RESET. These flags include the TO, PD, POR,
BOR and RI bits. This register is readable and writable.

For PIC18FXX39 devices, the IPEN bit must always be
set (= 1) for the ProMPT kernel to function correctly.
Refer to Section 8.0 (page 69) for a more detailed
discussion.

Note 1: If the BOREN configuration bit is set

(Brown-out Reset enabled), the BOR bit is
‘1’ on a Power-on Reset. After a Brown-
out Reset has occurred, the BOR bit will
be cleared, and must be set by firmware to
indicate the occurrence of the next
Brown-out Reset.

. Itis recommended that the POR bit be set

after a Power-on Reset has been
detected, so that subsequent Power-on
Resets may be detected.

REGISTER 4-3: RCON REGISTER
R/W-0 u-0 uU-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
bit 7 bit 0
bit 7 IPEN: Interrupt Priority Enable bit

Always maintain this bit set for proper operation of ProMPT kernel.

bit 6-5 Unimplemented: Read as '0'
bit 4 RI: RESET Instruction Flag bit

1 = The RESET instruction was not executed

0 = The RESET instruction was executed causing a device RESET
(must be set in software after a Brown-out Reset occurs)

bit 3 TO: Watchdog Time-out Flag bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction

0 = A WDT time-out occurred
bit 2 PD: Power-down Detection Flag bit

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred
0 = A Power-on Reset occurred

(must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred
0 = A Brown-out Reset occurred

(must be set in software after a Brown-out Reset occurs)

Legend:
R = Readable bit
- n = Value at POR

‘1’ = Bit is set

W = Writable bit

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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5.0 FLASH PROGRAM MEMORY

The FLASH Program Memory is readable, writable,
and erasable during normal operation over the entire
VDD range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

Writing or erasing program memory will cease instruc-
tion fetches until the operation is complete. The pro-
gram memory cannot be accessed during the write or
erase, therefore, code cannot execute. An internal pro-
gramming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 5-1: TABLE READ OPERATION

5.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data
RAM:

» Table Read (TBLRD)
« Table Write (TBLWT)

The program memory space is 16-bits wide, while the
data RAM space is 8-bits wide. Table Reads and Table
Writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table Read operations retrieve data from program
memory and places it into the data RAM space.
Figure 5-1 shows the operation of a Table Read with
program memory and data RAM.

Table Write operations store data from the data mem-
ory space into holding registers in program memory.
The procedure to write the contents of the holding reg-
isters into program memory is detailed in Section 5.5,
“Writing to FLASH Program Memory”. Figure 5-2
shows the operation of a Table Write with program
memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block
can start and end at any byte address. If a Table Write
is being used to write executable code into program
memory, program instructions will need to be word
aligned.

Table Pointer®

Instruction: TBLRD*

Program Memory

TBLPTRU { TBLPTRH : TBLPTRL

—~—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬂ_}

Note 1: Table Pointer points to a byte in program memory.

© 2002-2013 Microchip Technology Inc.
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54 Erasing FLASH Program memory

The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control can larger blocks of program memory be
bulk erased. Word erase in the FLASH array is not
supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased,;
TBLPTR<5:0> are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the FLASH pro-
gram memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal
FLASH. Instruction execution is halted while in a long
write cycle. The long write will be terminated by the
internal programming timer.

54.1 FLASH PROGRAM MEMORY

ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load table pointer with address of row being
erased.

2. Set EEPGD bit to point to program memory,
clear CFGS bit to access program memory, set
WREN bit to enable writes, and set FREE bit to
enable the erase.

Disable interrupts.
Write 55h to EECONZ2.
Write AAh to EECON2.

Set the WR bit. This will begin the row erase
cycle.

7. The CPU will stall for duration of the erase
(about 2 ms using internal timer).

8. Re-enable interrupts.

S

EXAMPLE 5-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF  TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL
ERASE_ROW

BSF EECONL1, EEPGD ; point to FLASH program memory
BCF EECON1, CFGS ; access FLASH program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 55h

Required MOVWF  EECON2 ; write 55h

Sequence MOVLW AAh
MOVWF EECON2 ; write AAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
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REGISTER 8-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

u-0 u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
= = — | EEF | BCLF | LvDIF | TMR3IF [ —
bit 7 bit 0
bit 7-5 Unimplemented: Read as 'O’
bit 4 EEIF: Data EEPROM/FLASH Write Operation Interrupt Flag bit

1 = The write operation is complete (must be cleared in software)

0 = The write operation is not complete, or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision occurred (must be cleared in software)

0 = No bus collision occurred
bit 2 LVDIF: Low Voltage Detect Interrupt Flag bit

1 = A low voltage condition occurred (must be cleared in software)

0 = The device voltage is above the Low Voltage Detect trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit

1 = TMRS register overflowed (must be cleared in software)
0 = TMRS register did not overflow

bit 0 Unimplemented: Read as ‘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
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8.6 INTO Interrupt

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge triggered: either rising, if the
corresponding INTEDGX bit is set in the INTCONZ2 reg-
ister, or falling, if the INTEDGx bit is clear. When a valid
edge appears on the RBx/INTx pin, the corresponding
flag bit INTXF is set. This interrupt can be disabled by
clearing the corresponding enable bit INTXE. Flag bit
INTxF must be cleared in software in the Interrupt Ser-
vice Routine before re-enabling the interrupt. All exter-
nal interrupts (INTO, INT1 and INT2) can wake-up the
processor from SLEEP, if bit INTXE was set prior to
going into SLEEP. If the global interrupt enable bit GIE
is set, the processor will branch to the interrupt vector
following wake-up.

The INTO interrupt is always configured as a high prior-
ity interrupt, and cannot be reconfigured. Interrupt pri-
ority for INT1 and INT2 is determined by the value
contained in the interrupt priority bits, INT1IP
(INTCON3<6>) and INT2IP (INTCON3<7>).

Because it is always configured as a high priority inter-
rupt, INTO cannot be used in conjunction with the
ProMPT kernel; it must always be disabled
(INTCON<4> = 0). Failure to do this may result in
erratic operation of the motor control.

8.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL regis-
ter pair (FFFFh — 0000h) will set flag bit TMROIF. The
interrupt can be enabled or disabled by setting or
clearing enable bit TMROIE (INTCON<5>). Interrupt
priority for TimerO is determined by the value contained
in the interrupt priority bit TMROIP (INTCON2<2>). See
Section 10.0 for further details on the TimerO module.

8.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled or dis-
abled by setting or clearing the enable bit RBIE
(INTCON<3>). Interrupt priority for PORTB interrupt-
on-change is determined by the value contained in the
interrupt priority bit RBIP (INTCON2<0>).

8.9 Context Saving During Interrupts

During an interrupt, the return PC value is saved on the
stack. Additionally, the WREG, STATUS and BSR regis-
ters are saved on the fast return stack. If a fast return
from interrupt is not used (see Section 4.3), the user
may need to save the WREG, STATUS and BSR regis-
ters in software. Depending on the user’s application,
other registers may also need to be saved. Example 8-1
saves and restores the WREG, STATUS and BSR
registers during an Interrupt Service Routine.

EXAMPLE 8-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOVWF  W_TEMP ; W_TEMP is in virtual bank
MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF  BSR, BSR_TEMP ; BSR located anywhere
; USER ISR CODE
MOVFF BSR_TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS TEMP, STATUS ; Restore STATUS

© 2002-2013 Microchip Technology Inc.

Preliminary

DS30485B-page 81



PIC18FXX39

NOTES:
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TABLE 9-9: PORTE FUNCTIONS

Name Bit# Buffer Type Function

Input/output port pin or analog input or read control input in Parallel
Slave Port mode

REO/AN5/RD bit0 STATL® | For RD (PSP mode):

1 = Not a read operation
0 = Read operation. Reads PORTD register (if chip selected).

Input/output port pin or analog input or write control input in Parallel
Slave Port mode

RE1/AN6/WR bitl sTATLD | For WR (PSP mode):

1 = Not a write operation

0 = Write operation. Writes PORTD register (if chip selected).
Input/output port pin or analog input or chip select control input in
Parallel Slave Port mode

RE2/AN7/CS bit2 sT/TTL® | For CS (PSP mode):

1 = Device is not selected

0 = Device is selected

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in 1/0 mode and TTL buffers when in Parallel Slave Port mode.

TABLE 9-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

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

PORTE — — — — — RE2 RE1 REO ---- -000| ---- -000
LATE — — — — — LATE Data Output Register ---- -XXX | ---- -uuu
TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits 0000 -111 | 0000 -111
ADCON1 ADFM | ADCS2 — = PCFG3 | PCFG2 | PCFG1 | PCFGO | 00-- 0000 | 00-- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTE.
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14.3.3 ProMPT API METHODS

There are 27 separate API methods for the ProMPT kernel:

Note:  The operation of the Motor Control kernel and its APIs is based on an assumed clock frequency of 20 MHz.
Changing the oscillator frequency will change the timing used in the Motor Control kernel accordingly. To
achieve the best results in motor control applications, a clock frequency of 20 MHz is highly recommended.

voi d ProMPT_d ear Ti ck(voi d)
Resources used: 0 stack levels

Description: This function clears the Tick (62.5 ms) timer flag returned by ProMPT_t i ck() . This function must be
called by any routine that is used for timing purposes.

voi d ProMPT_Di sabl eBoost Mbde(voi d)
Resources used: 0 stack levels

Description: This function disables the Boost mode logic. This method should be called before changing any of the
Boost mode parameters.

voi d ProMPT_Enabl eBoost Mbde( voi d)
Resources used: 0 stack levels

Description: This function enables the Boost mode logic. Boost mode is entered when a stopped drive is commanded
to start. The drive will immediately go to Boost Frequency and ramp from Start Modulation to End Modulation over the
time period, Boost Time.

unsi gned char ProMPT_Get Accel Rat e(voi d)

Resources used: 1 stack level

Range of values: 0 to 255

Description: Returns the current Acceleration Rate in Hz/second.

unsi gned char ProMPT_GCet Boost EndMbdul at i on(voi d)

Resources used: 1 stack level

Range of values: 0 to 200

Description: Returns the current End Modulation (in %) used in the boost logic.

unsi gned char ProMPT_Get Boost Frequency(voi d)
Resources used: 1 stack level

Range of values: 0to 127

Description: Returns the current Boost Frequency in Hz.

unsi gned char ProMPT_Get Boost St art Modul at i on(voi d)
Resources used: 1 stack level

Range of values: 0 to Boost EndMbdul at i on

Description: Returns the Start Modulation (in %) used in the Boost logic.

© 2002-2013 Microchip Technology Inc. Preliminary DS30485B-page 117



PIC18FXX39

16.4 I1°C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

 Serial clock (SCL) - RC3/SCK/SCL
» Serial data (SDA) - RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 16-7: MSSP BLOCK DIAGRAM
(1°C MODE)
<; Internal
Data Bus
Read *@% Write
RC3/SCK/SCL ‘ SSPBUF reg ‘

DS
D2 jﬁ ﬂ
Clock

E <<—‘ SSPSR reg
RC4/ MSb Lsb
spl/ ._|>

SDA

‘ Match Detect |—> Addr Match

i

‘ SSPADD reg |
START and Set, Reset
STOP bit Detect [ S, P bits
(SSPSTAT reg)

16.4.1 REGISTERS

The MSSP module has six registers for 1°C operation.
These are:

* MSSP Control Registerl (SSPCON1)

* MSSP Control Register2 (SSPCONZ2)

« MSSP Status Register (SSPSTAT)
 Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in 1°C mode operation. The
SSPCON and SSPCON?2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read
only. The upper two bits of the SSPSTAT are
read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in 12C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together,
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.
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16.4.9 I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2<1>) is programmed high and the 1’c
logic module is in the IDLE state. When the RSEN bit is
set, the SCL pin is asserted low. When the SCL pin is
sampled low, the baud rate generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one baud rate
generator count (TBRG). When the baud rate generator
times out, if SDA is sampled high, the SCL pin will be
de-asserted (brought high). When SCL is sampled
high, the baud rate generator is reloaded with the con-
tents of SSPADD<6:0> and begins counting. SDA and
SCL must be sampled high for one TBRG. This action is
then followed by assertion of the SDA pin (SDA = 0) for
one TBRG while SCL is high. Following this, the RSEN
bit (SSPCON2<1>) will be automatically cleared and
the baud rate generator will not be reloaded, leaving
the SDA pin held low. As soon as a START condition is
detected on the SDA and SCL pins, the S bit
(SSPSTAT<3>) will be set. The SSPIF bit will not be set
until the baud rate generator has timed out.

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in
7-bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

16.4.9.1  WCOL Status Flag

If the user writes the SSPBUF when a Repeated
START sequence is in progress, the WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated

START condition is complete.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated
START condition occurs if:

» SDA is sampled low when SCL goes
from low to high.

» SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data "1".

FIGURE 16-20:

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

occurs here. 22':\_: 11 At completion of START bit,
SDA =1, T hardware clears RSEN bit
SCL (no change). 1 and sets SSPIF
[T
[TerGTBrRG —|’|‘—TB|RG -
T
| 1st bit X
SDA I N
Falling edge of ninth clock | | Write to SSPBUF occurs here
End of Xmit
SCL —

Set S (SSPSTAT<3>)

jTBRG

|
L
= Repeated START

Sr
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16.4.17.1 Bus Collision During a START
Condition
During a START condition, a bus collision occurs if:
a) SDA or SCL are sampled low at the beginning of
the START condition (Figure 16-26).
b) SCL is sampled low before SDA is asserted low
(Figure 16-27).
During a START condition, both the SDA and the SCL
pins are monitored.
If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
» the START condition is aborted,
« the BCLIF flag is set, and
» the MSSP module is reset to its IDLE state
(Figure 16-26).
The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to ‘0". If the SCL pin is sampled low
while SDA is high, a bus collision occurs, because it is

assumed that another master is attempting to drive a
data '1' during the START condition.

FIGURE 16-26:

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 16-28). If, however, a '1'is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to ‘0", and during this time, if the SCL pins
are sampled as '0', a bus collision does not occur. At
the end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a factor
during a START condition, is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision, because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL=1.

SDA \

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

e - — —

[~ SEN cleared automatically because of bus collision.

SSP module reset into IDLE state.

| Y SSPIF and BCLIF are
| cleared in software.

SCL ,
Set SEN, enable START ~ — |
condition if SDA=1,SCL=1 |

SEN |

|
SDA sampled low before
START condition. Set BCLIF. v
S bit and SSPIF set because

BCLIF SDA=0,SCL=1.

S

SSPIF

SSPIF and BCLIF are
cleared in software.
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21.1 Instruction Set

ADDLW ADD literal to W ADDWF ADD W to f
Syntax: [label] ADDLW  k Syntax: [label ] ADDWF  f[,d[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: W) +k >W de[0,1]
a e [0,1]
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 ]
8-bit literal 'k’ and the result is Encoding: ‘ 0010 | o1lda ‘ EEEE | EEEE ‘
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 ‘a’ is 0, the Access
Q Cycle Activity: Bank will be selected. If ‘a’is 1, the
Q1 Q2 Q3 Q4 BSR is used.
Decode Read Process Write to W Words: 1
literal 'k' Data
Cycles: 1
Example: ADDLW  0x15 Q Cycle Activity:
. 1 2 4
Before Instruction Q Q Q3 Q
_ Decode Read Process Write to
w = 0x10 register 'f' Data destination
After Instruction
W = 0x25 Example: ADDWF REG, 0, O

Before Instruction

w = 0x17

REG = 0xC2
After Instruction

w = 0xD9

REG = 0xC2
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23.1 DC Characteristics: PIC18FXX39 (Industrial, Extended)
PIC18LFXX39 (Industrial) (Continued)
PIC18LFXX39 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature ~ -40°C < TA < +85°C for industrial
PIC18EXX39 Standgrd Operating COI‘]dItIO:’]S (unless otTerW|§e statgd)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
P?\rlsm Symbol Characteristic Min | Typ |Max | Units Conditions
Module Differential Current
D022 |AlwDT Watchdog Timer| — 0.75 | 1.5 pA  |VDD = 2.0V, +25°C
PIC18LFXX39| — 2 8 pA  |VDD = 2.0V, -40°C to +85°C
— 10 25 pA  |VDD = 4.2V, -40°C to +85°C
D022 Watchdog Timer| — 7 15 pA |VDD = 4.2V, +25°C
PIC18FXX39| — 10 25 pA |VDD = 4.2V, -40°C to +85°C
— 25 40 pA VDD = 4.2V, -40°C to +125°C
DO022A |AIBOR Brown-out Reset®| — | 29 | 35 | pA |VDD = 2.0V, +25°C
PIC18LFXX39| — 29 45 pA |VDD = 2.0V, -40°C to +85°C
— 33 50 pA  |VDD = 4.2V, -40°C to +85°C
D022A Brown-out Reset®| — 36 | 40 | pA |VDD =4.2V, +25°C
PIC18FXX39| — 36 50 pA  |VDD = 4.2V, -40°C to +85°C
— 36 65 pA VDD = 4.2V, -40°C to +125°C
D022B |AlLvD Low Voltage Detect®| — | 29 | 35 | puA |VDD=2.0V, +25°C
PIC18LFXX39| — 29 45 pA |VDD = 2.0V, -40°C to +85°C
— 33 50 pA  |VDD = 4.2V, -40°C to +85°C
D022B Low Voltage Detect®| — | 33 | 40 | pA |VDD=4.2V, +25°C
PIC18FXX39| — 33 50 pA  |VDD = 4.2V, -40°C to +85°C
— 33 65 pA VDD = 4.2V, -40°C to +125°C
Legend: Shading of rows is to assist in readability of the table.
Note 1: Thisis the limit to which VDD can be lowered in SLEEP mode, or during a device RESET, without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin
loading and switching rate, oscillator type, 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.

3: 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 hi-impedance state and tied to VDD or Vss, and all
features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

4: The LVD and BOR modules share a large portion of circuitry. The AIBOR and AlLVD currents are not additive.

Once one of these modules is enabled, the other may also be enabled without further penalty.
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TABLE 23-18: MASTER SSP I1°C BUS DATA REQUIREMENTS

Pal\:gm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock high time {100 kHz mode 2(Tosc)(BRG +1) | — ms
400 kHz mode 2(Tosc)(BRG +1) | — ms
1 MHz mode®® | 2(Tosc)(BRG +1) | — ms
101 TLow Clock low time {100 kHz mode 2(Tosc)(BRG +1) | — ms
400 kHz mode 2(Tosc)(BRG +1) | — ms
1 MHz mode®® | 2(Tosc)(BRG +1) | — ms
102 TR SDA and SCL {100 kHz mode — 1000 ns |Csis specified to be from
rise time 400 kHz mode 20 + 0.1 CB 300 | ns |101t0400pF
1 MHz mode® — 300 | ns
103 TF SDA and SCL {100 kHz mode — 1000 ns |VDD>4.2V
fall time 400 kHz mode 20 + 0.1 CB 300 | ns |vbp=>4.2v
90 Tsu:sTA |START condition {100 kHz mode 2(Tosc)(BRG +1) | — ms |Only relevant for
setup time 400 kHz mode | 2(TosC)(BRG +1) | — ms |Repeated START
condition
1 MHz mode®® | 2(Tosc)(BRG +1) | — ms
91 THD:STA |START condition {100 kHz mode 2(Tosc)(BRG +1) | — ms | After this period, the first
hold time 400 kHz mode 2(TosC)(BRG +1) | — ms |clock pulse is generated
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
106 THD:DAT |Data input 100 kHz mode 0 — ns
hold time 400 kHz mode 0 09 | ms
107 Tsu:DAT |Data input 100 kHz mode 250 — ns |[(Note 2)
setup time 400 kHz mode 100 — ns
92 Tsu:sTO |STOP condition {100 kHz mode 2(Tosc)(BRG + 1) — ms
setup time 400 kHz mode | 2(TosC)(BRG +1) | — ms
1 MHz mode®® | 2(Tosc)(BRG +1) | — ms
109 TAA Output valid from {100 kHz mode — 3500 ns
clock 400 kHz mode — 1000 | ns
1 MHz mode® — — ns
110 TBUF Bus free time 100 kHz mode 4.7 — ms | Time the bus must be free
400 kHz mode 1.3 _ ms |Pbefore a new transmission
can start
D102 |Cs Bus capacitive loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all 1’c pins.

2: A Fast mode 12C bus device can be used in a Standard mode 12C bus system, but parameter #107 > 250 ns
must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL
signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the
SDA line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode) before the SCL line
is released.
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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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#leads=n1
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¢ L Saiaisiaisiaiziaiziansies 2 \ A
r fi
B Lj’ ’I
~— L ALl— A2
[— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44
Pitch p .031 0.80
Pins per Side nl 11 11
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 3.5 7 0 3.5 7
Overall Width E 463 AT72 482 11.75 12.00 12.25
Overall Length D 463 472 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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44-Lead Plastic Quad Flat No Lead Package (ML) 8x8 mm Body (QFN)

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

fo—————————— ]

OPTIONAL PIN 1
INDEX ON
TOP MARKING

TOP VIEW

EXPOSED
METAL
PAD

PIN 1

INDEX ON
EXPOSED PAD

BOTTOM VIEW

- I
A3
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p .026 BSC 0.65 BSC
Overall Height A .031 .035 .039 0.80 0.90 1.00
Standoff A1 .000 .001 .002 0 0.02 0.05
Base Thickness A3 .010 REF 0.25 REF
Overall Width E .315BSC 8.00 BSC
Exposed Pad Width E2 .262 .268 274 6.65 6.80 6.95
Overall Length D .315 BSC 8.00 BSC
Exposed Pad Length D2 .262 .268 274 6.65 6.80 6.95
Lead Width B .012 .013 .013 0.30 0.33 0.35
Lead Length L .014 .016 .018 0.35 0.40 0.45

*Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC equivalent: M0-220

Drawing No. C04-103
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APPENDIX A: REVISION HISTORY APPENDIX B: DEVICE

DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

Revision A (November 2002)
Original data sheet for the PIC18FXX39 family.

Revision B (January 2013)

Added a note to each package outline drawing.

TABLE B-1: DEVICE DIFFERENCES
Feature PIC18F2439 PIC18F2539 PIC18F4439 PIC18F4539
Program Memory (Kbytes) 12 24 12 24
Data Memory (Bytes) 640 1408 640 1408
A/D Channels 5 5 8 8
Parallel Slave Port (PSP) No No Yes Yes
. . 40-pin DIP 40-pin DIP
Package Types 225_3'?:1”8'30'; 2285_3'?;1”5%7; 44-pin TQFP | 44-pin TQFP
P P 44-pin QFN 44-pin QFN
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INDEX
A
AUD e e 181
A/D Converter Flag (ADIF Bit) ......cccoceeciiriiieiiennn. 183
A/D Converter Interrupt, Configuring .........ccccceeveeen. 184
Acquisition Requirements .........cccoccveviveeiiiieeeinineenn. 184
ADCONO REQGISLEN ....cvviiiiiiiieiiie e 181
ADCONIL REQISLEN .....eveeiiiieetiie et 181
ADRESH REQISLEN .....ovviiiiieeiiiieeeiieee e 181
ADRESH/ADRESL RegiSters ........ccccocevviinienneennnn. 183
ADRESL REJISIEN ....vviiiiiieeitiieeeiie e 181
ANalog POrt PiNS .......ccccoiviieiiiiiiiiee e 95, 96
Analog Port Pins, Configuring .........ccccccecvenivnneennen. 186
Associated REgISIErS .......ccccovivieiiieieniee e 188
Configuring the Module ..........cccoviiiiiiiiiiieeeees 184
Conversion Clock (TAD) .......cccceeeiuieiieniiieniienirieniees 186
Conversion Status (GO/DONE Bit) ......cccccveeeivneenns 183
CONVEISIONS ....ovviiiiiiiii e 187
Converter CharacteristiCs ..........coevverivieiiciiieninenns 285
Equations
Acquisition Time .................
Minimum Charging Time
Examples
Calculating the Minimum Required
Acquisition Time .......cccccvvevieriinniieneee. 185
ReSUIt REQISIEIS ......oveiiiiiieiiiieeee e 187
TAD vs. Device Operating Frequencies .................... 186

Absolute Maximum Ratings
AC (Timing) Characteristics ...

CONIIONS v

Load Conditions for Device

Timing Specifications ..........cccccvvevviiiiiiiiieiees 269

Parameter Symbology ........cccceveiiniieiiiiieenee e, 268

Temperature and Voltage Specifications ................. 269
ACKSTAT Status Flag ......cocceveereiiinieienieceee e 155
ADCONQO Register ........

GO/DONE Bit ....
ADCONL1 Register .....
ADDLW .ot
Addressable Universal Synchronous Asynchronous

Receiver Transmitter. See USART

ADDWE ...ttt 217
ADDWEC ..ottt e 218
ADRESH REGISIEr .....oiiiiiiiiiiiiiitie it 181
ADRESH/ADRESL REQIStErS .......ccvriiererriieere e 183

ADRESL REQISIEr ....eiiiiiiiiiiiie ittt 181
Analog-to-Digital Converter. See A/D
ANDLW oo 218
ANDWE .ottt 219
Assembler

MPASM Assembler .........cccevviiieiiiieee e 253
B
Baud Rate Generator ...........ccceevveeeeriieeniiee e 151
B i 219
BCF e 220
BF Status Flag .......cccccoviieiiiiiiieee e 155

Block Diagrams
AID CONVEITET ...eeiiiiiiiieeiee et
Analog Input Model .......
Baud Rate Generator
Low Voltage Detect

External Reference Source ..........cccccovvveennnen. 190

Internal Reference Source ..........ccccooveenieenene 190
MSSP (I2C MOUE) ..o, 134
MSSP (SPIMOCE) ...ocvveviciriciiiecieeree e 125
ON-Chip Reset CirCUIt .......cocveiieriiieiie e 23
PICLI8F2X39 ..t 9
PIC18F4X39 .. ... 10
PLL ot .21
PORTC (Peripheral Output Override) ..........ccccceeuveeen. 89
PORTD (/O MOE) ....eveveeiriiiiieiieeee e 91
PORTD and PORTE (Parallel Slave Port) ................. 96
PORTE (I/O Port Mode) ........ccocvveeiieensiiiee e

PWM Operation (Simplified)
RA3:RA0 and RA5 Pins ...

RA4/TOCKI Pin .............
RAB PiN ..o
RB2:RBO PiNS ...coviiiiiiiiieeiiieieeeceee e
RB3 PiN oo
RB7:RB4 PINS ....c.oooiiiiiiiiiiiiiici e
Reads from FLASH Program Memory ..............cc.......
Table Read Operation .........c.ccccevvvveiniieeeniiee e
Table Write Operation ..........c.cccceevvveenen.

Table Writes to FLASH Program Memory

Timer0 in 16-bit Mode .............cccoevieinennne .

Timer0 in 8-bit Mode ...,

TIMEIL oo

Timerl (16-bit R/W M0ode€) .......ccccecvviiieiiiiniinieeee.

TIMEI2 oo

Timer3 ..o,

Timer3 (16-bit R/W Mode) ...
Typical Motor Control System . .
USART RECEIVE ....ooviiiiiiiiiieiiciiie s
USART TranSmit ......c.cocueeiiiieiieniieiie e
Watchdog TImMer ......ccooeiiiiiiiiie e

BOR. See Brown-out Reset

BOV e 225
BRA e 223
BRG. See Baud Rate Generator

Brown-out Reset (BOR) .......cocuviiieiiiiiiiiiiecicee e 24

BSF
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PIC18FXX39 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. - _|>g IXX XXX
Device Temperature  Package Pattern
Range
Device PIC18FXx39(), PIC18FXX39T?);
VDD range 4.2V to 5.5V
PIC18LFXX39W), PIC18LFXX39T);
VDD range 2.0V to 5.5V
Temperature | = -40°Cto +85°C (Industrial)
Range E = -40°Cto +125°C (Extended)
Package ML QFN (Quad Flatpack, No Leads)
P = PDIP
PT = TQFP (Plastic Thin Quad Flatpack)
SO = SOIC
SP = Skinny Plastic DIP
Pattern QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a) PIC18LF4539 - I/P 301 = Industrial
temp., PDIP package, Extended VDD
limits, QTP pattern #301.

b) PIC18LF2439 - I/SO = Industrial temp.,
SOIC package, Extended VDD limits.

c) PIC18F4439 - E/P = Extended temp.,
PDIP package, normal VDD limits.

Note 1: F
LF

2: T

Standard Voltage range
Wide Voltage Range

in tape and reel - SOIC,
QFN, and TQFP
packages only.

Sales and Support

Data Sheets

1. Your local Microchip sales office
2. The Microchip Worldwide Site (www.microchip.com)

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
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