Microchip Technology - PIC18F4439T-E/ML Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

8-Bit

40MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
32

12KB (6K x 16)

FLASH

256 x 8

640 x 8

4.2V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 125°C (TA)
Surface Mount
44-VQFN Exposed Pad
44-QFN (8x8)
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Pin Diagrams
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4.3 Fast Register Stack

For PIC18FXX39 devices, a “fast interrupt return”
option is available for high priority interrupts. A single
level Fast Register Stack is provided for the STATUS,
WREG and BSR registers; it is not readable or writable.
When the processor vectors for an interrupt, the stack
is loaded with the current value of the corresponding
register. If the FAST RETURN instruction is used to
return from the interrupt, the values in the registers are
then loaded back into the working registers.

Note:  The fast interrupt return for PIC18FXX39
devices is reserved for use by the ProMPT
kernel and the Timer2 match interrupt. It is
not available to the user for any other

interrupts or returns from subroutines.

4.4 PCL, PCLATH and PCLATU

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21-bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<15:8>
bits and is not directly readable or writable. Updates to
the PCH register may be performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits and is not directly
readable or writable. Updates to the PCU register may
be performed through the PCLATU register.

FIGURE 4-3:

CLOCK/INSTRUCTION CYCLE

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSB of PCL is fixed to a value of ‘0.
The PC increments by 2 to address sequential
instructions in the program memory.

The cALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 4.8.1).

4.5 Clocking Scheme/Instruction
Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Ql1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 4-3.

QL | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 I Q1 | Q2 | Q3 | Q4 !

oscil /v /v /L /v /v /L

Qly— f \ y \ !
o — — | gtemal
Q3 | / \ — \ | / \ || Clock
Q4 I\ /—Ik /—I\ /A |

PC PC PC+2 X PC+4

(RC mode)

Execute INST (PC-2)

X
OSC2/CLKO k—/—k—/—(—/il

Execute INST (PC) |

|
I
[ Fetch INST (PC)
|

Fetch INST (PC+2)

Execute INST (PC+2)

Fetch INST (PC+4)
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4.12 Indirect Addressing, INDF and
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory, where the data memory address in the instruction
is not fixed. An FSR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-8
shows the operation of indirect addressing. This shows
the moving of the value to the data memory address
specified by the value of the FSR register.

Indirect addressing is possible by using one of the
INDF registers. Any instruction using the INDF register
actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself,
indirectly (FSR = 0), will read 00h. Writing to the INDF
register indirectly, results in a NOP operation. The FSR
register contains a 12-bit address, which is shown in
Figure 4-9.

The INDFn register is not a physical register. Address-
ing INDFn actually addresses the register whose
address is contained in the FSRn register (FSRn is a
pointer). This is indirect addressing.

Example 4-3 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.
EXAMPLE 4-3: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING
LFSR FSRO ,0x100 ;

NEXT CLRF POSTINCO ; Clear INDF

; register and

; inc pointer

BTFSS FSROH, 1 ; All done with

; Bank1?
GOTO NEXT ; NO, clear next
CONTINUE ; YES, continue

There are three indirect addressing registers. To
address the entire data memory space (4096 bytes),
these registers are 12-bits wide. To store the 12 bits of
addressing information, two 8-bit registers are
required. These indirect addressing registers are:

1. FSRO: composed of FSROH:FSROL
2. FSR1: composed of FSR1H:FSR1L
3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDFO, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data. If an instruction writes a
value to INDFO, the value will be written to the address
pointed to by FSROH:FSROL. A read from INDF1 reads

the data from the address pointed to by
FSR1H:FSRI1L. INDFn can be used in code anywhere
an operand can be used.

If INDFO, INDF1 or INDF2 are read indirectly via an
FSR, all '0's are read (zero bit is set). Similarly, if
INDFO, INDF1 or INDF2 are written to indirectly, the
operation will be equivalent to a NOP instruction and the
STATUS bits are not affected.

4121 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation on one of these five registers deter-
mines how the FSR will be modified during indirect
addressing.

When data access is done to one of the five INDFn
locations, the address selected will configure the FSRn
register to:

» Do nothing to FSRn after an indirect access (no
change) - INDFn

« Auto-decrement FSRn after an indirect access
(post-decrement) - POSTDECnh

« Auto-increment FSRn after an indirect access
(post-increment) - POSTINCn

* Auto-increment FSRn before an indirect access
(pre-increment) - PREINCn

» Use the value in the WREG register as an offset
to FSRn. Do not modify the value of the WREG or
the FSRn register after an indirect access (no
change) - PLUSWn

When using the auto-increment or auto-decrement fea-
tures, the effect on the FSR is not reflected in the
STATUS register. For example, if the indirect address
causes the FSR to equal '0', the Z bit will not be set.

Incrementing or decrementing an FSR affects all 12
bits. That is, when FSRnL overflows from an increment,
FSRnH will be incremented automatically.

Adding these features allows the FSRn to be used as a
stack pointer, in addition to its uses for table operations
in data memory.

Each FSR has an address associated with it that per-
forms an indexed indirect access. When a data access
to this INDFn location (PLUSWnN) occurs, the FSRn is
configured to add the signed value in the WREG regis-
ter and the value in FSR to form the address, before an
indirect access. The FSR value is not changed.

If an FSR register contains a value that points to one of
the INDFn, an indirect read will read 00h (zero bit is
set), while an indirect write will be equivalent to a NOP
(STATUS bits are not affected).

If an indirect addressing operation is done where the
target address is an FSRnH or FSRnL register, the
write operation will dominate over the pre- or
post-increment/decrement functions.

© 2002-2013 Microchip Technology Inc.
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12.0 TIMER2 MODULE Note: In PIC18FXX39 devices, Timer2 is used
The Timer2 module is an 8-bit timer with a selectable excclju_cl,lve!y as ta tlme-tbe:se f?.r tI;e PV\'IA\M
8-bit period. It has the following features: rsnu?:hu e|ts :2 r:gtog\f;g lg(I)e at[c))p chalrznzs :1
* Input from system clock at Fosc/4 with resource. Although their locations are

programmable input prescaler shown on the device data memory maps,
* Interrupt on timer-to-period match with none of the Timer2 registers are directly

programmable postscaler accessible. Users should not alter the
The module has three registers: the TMR2 counter, the values of these registers.
PR2 period register, and the T2CON control register.
The general operation of Timer2 is shown in
Figure 12-1.
Additional information on the use of Timer2 as a
time-base is available in Section 15.0 (PWM Modules).
FIGURE 12-1: TIMER2 BLOCK DIAGRAM

Prescaler TMR2
Fosc/4 1:1, 1:4, 1:16 T™MR2 | Output
i RESET
‘ Y (TMR2 = PR2)
Postscaler
Comparator |, SetsFlag
(ProMPT Module) 1:1to0 1:16 bit TMR2IE
PR2 (ProMPT Module)

© 2002-2013 Microchip Technology Inc. Prelimin ary
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unsi gned char ProMPT_Get Boost Ti me()
Resources used: 1 stack level

Range of values: 0 to 255

Description: Returns the time in seconds for Boost mode.

unsi gned char ProMPT_Get Decel Rat e()

Resources used: 1 stack level

Range of values: 0 to 255

Description: Returns the current deceleration rate in Hz/second.

unsi gned char ProMPT_Get Frequency(voi d)
Resources used: 1 stack level
Range of values: 0to 127

Description: Returns the current output frequency in Hz. This may not be the frequency commanded due to Boost or
Accel/Decel logic.

unsi gned char ProMPT_Get Modul ati on(voi d)
Resources used: Hardware Multiplier; 1 stack level
Range of values: 0 to 200

Description: Returns the current output modulation in %.

unsi gned char ProMPT_GCet Par anet er (unsi gned char paraneter)
Resources used: 1 stack level

Description: In addition to its pre-defined APl methods, the ProMPT kernel allows the user to custom define up to 16
functions for control or communication purposes not covered by the ProMPT APIs. These parameters are used to com-
municate with motor control GUI evaluation tools, such as Microchip’s DashDriveMP™. This method returns the current
value of any one of the parameters.

unsi gned char ProMPT_Get VFCur ve(unsi gned char point)
Resources used: Hardware Multiplier; 1 stack level

Description: This function returns one of the 17 modulation values (in %) of the V/F curve. Each point represents a
frequency increment of 8 Hz, ranging from point 0 (0 Hz) to point 16 (128 Hz).

void ProMPT_Init(unsigned char PW/requency)

Resources used: 64 Bytes RAM; Timer2; PWM1 and PWM2; High Priority Interrupt Vector; Hardware Multiplier; fast
call/return; FSR 0; TBLPTR; 2 stack levels

PWM requency values: Oor 1

Description: This function must be called before all other ProMPT methods, and it must be called only once. This
routine configures Timer2 and the PWM outputs.

When PWM r equency is ‘0, the module’s operating frequency is 9.75 kHz. When PWM r equency is ‘1’, the module’s
operating frequency is 19.53 kHz.

Note: Since the high priority interrupt is used, the fast call/return cannot be used by other routines.

DS30485B-page 118 Preliminary © 2002-2013 Microchip Technology Inc.
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16.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times, as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

16.3.7 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSPCON1<3:0> = 04h). The pin must not be driven
low for the SS pin to function as an input. The Data
Latch must be high. When the SS pin is low, transmis-
sion and reception are enabled and the SDO pin is
driven. When the SS pin goes high, the SDO pin is no

FIGURE 16-4:

longer driven, even if in the middle of a transmitted
byte, and becomes a floating output. External pull-up/
pull-down resistors may be desirable, depending on the
application.

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2: Ifthe SPI is used in Slave mode with CKE
set, then the SS pin control must be
enabled.

When the SPI module resets, the bit counter is forced
to ‘0. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function),
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

=

SCK ;
(CKP =0

CKE = 0)

SCK .
(CKP=1 -
CKE = 0) .

Write to

SSPBUF ' l

c
J —

SDO 2 X bito X

SDI 2 OO . —C KOS

(SMP = 0) : btz | l bit7 ! ! l

Input ! ! ' : : |

Sample . . T ' T T T . SS T ' T : ?

(SMP =0) ; ; ; : | .

SSPIF ' :

Interrupt C

Flag ) Next Q4 cycle

SSPSR to  after Q2!

SSPBUF g6
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REGISTER 16-4:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER 1 (IC MODE)

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

wcoL | sspov | sSPEN | ckP | ssPm3 | ssPM2 | SSPM1 | SSPMO

bit 7 bit 0

WCOL: Write Collision Detect bit

In Master Transmit mode:

1 = A write to the SSPBUF register was attempted while the 12C conditions were not valid for
a transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be
cleared in software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit

SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must
be cleared in software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode

SSPEN: Synchronous Serial Port Enable bit
1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note:  When enabled, the SDA and SCL pins must be properly configured as input or output.

CKP: SCK Release Control bit

In Slave mode:

1 = Release clock

0 = Holds clock low (clock stretch), used to ensure data setup time
In Master mode:

Unused in this mode

SSPM3:SSPMO: Synchronous Serial Port Mode Select bits

1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1011 = IC Firmware Controlled Master mode (Slave IDLE)

1000 = I°C Master mode, clock = Fosc / (4 * (SSPADD+1))

0111 = I2C Slave mode, 10-bit address

0110 = I2C Slave mode, 7-bit address

Note:  Bit combinations not specifically listed here are either reserved, or implemented in

SPI mode only.
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

DS30485B-page 136
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TABLE 17-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
BAUD | FOSC=40MHz  gpppg 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
RATE % val_ue % val_ue % va!ue % val_ue
(Kbps) | kgaup ERROR (@ecimal) | ymayp ErrOr (decimal) | ymayp ErRrROR (@eCimal) | ypaup ERROR (decimal)
03 NA - } NA - - NA - - NA - -
12 NA ; ; NA ; ; NA ; ; NA ; ;
2.4 NA ; ; NA ; ; NA ; ; NA ; ;
96 NA ; ; 9.60 -0.07 214 9.59 -0.15 162 962  +0.16 129
19.2 1923 +0.16 129 1928  +0.39 106 1930  +0.47 80 1923  +0.16 64
768 | 75.76  -1.36 32 7639  -0.54 26 7813  +1.73 19 7813 +1.73 15
% 96.15  +0.16 25 9821  +2.31 20 97.66  +1.73 15 96.15  +0.16 12
300 | 31250  +4.17 7 29464  -1.79 6 31250  +4.17 4 31250  +4.17 3
500 500 0 4 51563  +3.13 3 52083  +4.17 2 416.67 -16.67 2
HIGH | 2500 ; 0 2062.50 ; 0 1562.50 ; 0 1250 ; 0
Low 9.77 - 255 8,06 ; 255 6.10 ; 255 4.88 ; 255
BAUD Fosc = 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | ypaup ERrROR (decimal) | ypaup ErrOrR (decimal) | gayp ERROR (decimal)
03 NA ; ; NA ; ; NA ; ; NA ; ;
12 NA ; ; NA ; ; NA ; ; NA ; ;
2.4 NA ; ; NA ; ; 241  +0.23 185 2.40 0 131
96 962  +0.16 103 962  +0.16 64 9.52 -0.83 46 9.60 0 32
19.2 1923  +0.16 51 1894  -1.36 32 1945  +1.32 22 1864  -2.94 16
768 | 7692  +0.16 12 7813 +1.73 7 7457  -2.90 5 7920  +3.13 3
9% 100 +4.17 9 89.29  -6.99 6 89.49  -6.78 4 105.60  +10.00 2
300 | 33333 +11.11 2 31250  +4.17 1 447.44 44915 0 31680  +5.60 0
500 500 0 625  +25.00 0 44744 1051 0 NA ; ;
HIGH | 1000 ; 625 ; 0 447.44 ; 0 316.80 ; 0
Low 391 ; 255 2.44 ; 255 175 ; 255 1.24 ; 255
BAUD Fosc = 4 MHz SPBRG 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % val_ue % va!ue % va!ue % val_ue
(Kbps) | kgaup ERROR (d€cimal) | ypayp ErrOR (@eCiMal) | ymayp ErRROR (@€Cimal) | gAuD ERROR (decimal)
03 NA } } NA - - 030  +0.16 207 029 248 6
12 120 +0.16 207 120  +0.23 185 120  +0.16 51 102 -14.67 1
24 240  +0.16 103 241  +0.23 92 240  +0.16 25 205  -14.67 0
96 962  +0.16 25 073 +1.32 22 8.93 -6.99 6 NA ; ;
19.2 1923 +0.16 12 1864  -2.90 1 2083  +851 2 NA ; ;
76.8 NA ; ; 7457  -2.90 2 6250  -18.62 0 NA ; ;
96 NA ; ; 111.86  +16.52 1 NA ; ; NA ; ;
300 NA ; ; 22372 -25.43 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;
HIGH 250 ; 0 55.93 ; 0 62.50 ; 0 2.05 ; 0
Low 0.98 ; 255 0.22 ; 255 0.24 ; 255 0.008 ; 255

© 2002-2013 Microchip Technology Inc.
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FIGURE 20-2:

WAKE-UP FROM SLEEP THROUGH INTERRUPT(%:2)

'Q11Q2l Q3104 Q11021 Q3| Q4 Q1

. . Q11Q2/ Q31Q4,Q11Q2/ Q31 Q4, Q11 Q21 Q31 Q4; Q11 Q21 Q3| Q4,
AW aWAWAWaWaWAW AW a . A Al e e a aaAlaWaWaWalaAWalWaWal

cLko® \  //—/—\ 1\  Tost® | / \ \ / \ :
INT pin ' | ' ( ! ' ' ' | |
INTF Flag ' ' \«/'
(INTCON<1>) ' ' ‘Interrupt Latency® ' '
GIEH bit ; : : o 2 : \ : : :
(INTCON<7>) . . Lrocessor in, . . . . .
' | . SLEEP ' ' | ' | '
INSTRUCTION FLOW : : : . : 1 : 1
PC X BC X Pc+2 X PC+a X PC+d X\ PC+4 ¥ __0008h X __O00AR .
Instruction : : : : : : : :
Fetched,INSt(PC) = SLEEP!  Inst(PC +2) ' ' Inst(PC +4) ! ' Inst(0008h) '  Inst(000Ah) !
Instruction | 3 X ! ! + X ! X !
Executed ! Inst(PC - 1) ! SLEEP : Inst(PC + 2) ! Dummy Cycle . Dummy Cycle . Inst(0008h) .
Note 1: XT, HS or LP Oscillator mode assumed.
2:  GIE =1 assumed. In this case, after wake-up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
3: TosT = 1024 Tosc (drawing not to scale). This delay will not occur for RC and EC Osc modes.
4: CLKO is not available in these Osc modes, but shown here for timing reference.

20.4 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 on
binary boundaries into individual blocks, each of which
has three separate code protection bits associated with
it:

» Code Protect bit (CPn)
» Write Protect bit (WRTn)
» External Block Table Read bit (EBTRn)

The code protection bits are located in Configuration
Registers 5L through 7H. Their locations within the
registers are summarized in Table 20-3.

In the PIC18FXX39 family, program memory is divided
into segments of 8 Kbytes. The first block in turn
divided into a boot block of 512 bytes and a separately
protected remainder (Block 0) of 7.5 Kbytes. This
means for PIC18FXX39 devices, that there may be up
to five blocks, depending on the program memory size.
The organization of the blocks and their associated
code protection bits are shown in Figure 20-3.

For PIC18FX439 devices, program memory is divided
into three blocks: a boot block, Block 0 (7.5 Kbytes)
and Block 1 (8 Kbytes). Block 1 is further divided in
half; the upper portion above 3000h is reserved, and
unavailable to user applications. The entire block can
be protected as a whole by bits CP1, WRT1 and
EBTRL1. By default, Block 1 is not code protected.

For PIC18FX539 devices, program memory is divided
into five blocks: the boot block, Block 0 (7.5 Kbytes),
and Blocks 1 through 3 (8 Kbytes). Code protection is
implemented for the boot block and Blocks 0 through 2.
There is no provision for code protection for Block 3.

Note: The reserved segments of the program
memory space are used by the Motor Con-
trol kernel. For the kernel to function prop-
erly, this area must not be write protected.
If users are developing applications that
require code protection for PIC18FX439
devices, they should restrict program code
(or at least those sections requiring protec-
tion) to below the 1FFFh memory
boundary.
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BNOV Branch if Not Overflow
Syntax: [label] BNOV n
Operands: -128 <n <127
Operation: if overflow bit is ‘0’
(PC)+2+2n— PC
Status Affected:  None
Encoding: ‘ 1110 | 0101 ‘ nnnn | nnnn ‘
Description: If the Overflow bit is ‘0’, then the
program will branch.
The 2’s complement number ‘2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then
a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNOV Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 0;
= address (Jump)
If Overflow = 1;
PC = address (HERE+2)

BNZ Branch if Not Zero
Syntax: [label] BNZ n
Operands: -128 <n <127
Operation: if zero bit is ‘0’
(PC)+2+2n— PC
Status Affected:  None
Encoding: ‘ 1110 | 0001 ‘ nnnn | nnnn ‘
Description: If the Zero bit is ‘0", then the
program will branch.
The 2’s complement number ‘2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then
a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n' Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n' Data operation
Example: HERE BNZ Jump
Before Instruction
PC = address (HERE)
After Instruction
If Zero = 0;
= address (Jump)
If Zero = 1
P = address (HERE+2)
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TBLRD Table Read TBLRD Table Read (cont’d)
Syntax: [label] TBLRD (*; *+; *-; +¥) Examplel: TBLRD *+ ;
Operands: None Before Instruction
Operation: if TBLRD *, %ELS,E#TR z 8§88 7356
(Prog Mem (TBLPTR)) — TABLAT, MEMORY(Ox00A356) =  0x34
TBLPTR - No Change; After Instruction
if TBLRD *+, TABLAT = Ox34
(PI’Og Mem (TBLPTR)) —> TABLAT; TBLPTR = 0x00A357
(TBLPTR) +1 — TBLPTR;
if TBLRD *-, Example2: TBLRD +* ;
(Prog Mem (TBLPTR)) — TABLAT; Before Instruction
(TBLPTR) -1 —» TBLPTR; TABLAT = OxAA
if TBLRD +*, TBLPTR =  O0x01A357
(TBLPTR) +1 — TBLPTR; MEMORY(0x01A357) =  0x12
(Prog Mem (TBLPTR)) —> TABLAT, MEMORY(Ox01A388) = Ox34
After Instruction
Status Affected:None TABLAT - ox34
Encoding: 0000 0000 0000 10nn TBLPTR = 0x01A358
nn=0 *
=1 *4
=2 *-
=3 +%*
Description:  This instruction is used to read the con-
tents 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[O] = 1: Most Significant
Byte of Program
Memory Word
The TBLRD instruction can modify the
value of TBLPTR as follows:
¢ no change
e 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 TABLAT)
Memory)
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 22-1:
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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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FIGURE 23-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)
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Note:

Refer to Figure 23-4 for load conditions.

TABLE 23-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Pe;\:sm. Symbol Characteristic Min Max | Units |Conditions
71 TscH SCK input high time Continuous 1.25Tcy+30 | — ns
71A (Slave mode) Single Byte 40 — | ns |(Note1)
72 TscL SCK input low time Continuous 125Tcy+30 | — ns
72A (Slave mode) Single Byte 40 — | ns |[(Note 1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge 100 — ns
TdiV2scL
73A TB2B Last clock edge of Byte 1 to the 1st clock edge of Byte 2| 1.5 Tcy + 40 — ns |[(Note 2)
74 TscH2diL, [Hold time of SDI data input to SCK edge 100 — ns
TscL2diL
75 TdoR SDO data output rise time PIC18FXXXX — 25 ns
PIC18LFXXXX — 60 ns |VDD =2V
76 TdoF SDO data output fall time PIC18FXXXX — 25 ns
PIC18LFXXXX — 60 ns |VDD =2V
78 TscR SCK output rise time (Master mode) | PIC18FXXXX — 25 ns
PIC18LFXXXX — 60 ns |VbD =2V
79 TscF SCK output fall time (Master mode) |PIC18FXXXX — 25 ns
PIC18LFXXXX — 60 ns |VDD =2V
80 TscH2doV, |SDO data output valid after SCK PIC18FXXXX — 50 ns
TscL2doV |edge PIC18LFXXXX — 150 | ns |vbp=2V
81 TdoV2scH, |SDO data output setup to SCK edge Tcy — ns
TdoV2scL

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.
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FIGURE 24-7: IPD vs. VDD, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED)
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FIGURE 24-8: AlBOR vs. VDD OVER TEMPERATURE (BOR ENABLED, VBOR =2.00 - 2.16V)
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25.0 PACKAGING INFORMATION

25.1 Package Marking Information

28-Lead PDIP (Skinny DIP)

Example

1,:9,9.9.9,0.9.9,0.9.9,9,90.9,0,.0.0.¢ PIC18F2439-1/SP
D) (O x00000000000000x () D O
c\ YYWWNNN @ 0217017
28-Lead SOIC Example
XXXXX XXX XXXXXXXXX PIC18F2439-E/SO
XXXXX XXX XXX XXX XXX
XXXXX XXX XXX XXX XXX
YYWWNNN 0210017
o o
Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

WwW Week code (week of January 1 is week ‘01")

NNN  Alphanumeric traceability code

@ Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

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