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PIC18FXX39

FIGURE 1-1: PIC18F2X39 BLOCK DIAGRAM
Data Bus<8>
r— - - - — — — A
! L | |
2| Tabte Pointer_| Data Latch | ERTA |
e RAO/ANO
<A 78 Data RAM | RAL/AN1 |
21 RA2/AN2/VREF- |
:lj RA3/AN3/VREF+
‘ ‘ Address Latch | RA4/TOCKI |
Address Latch 21 ﬁ% 1@ | 222/AN4/SS/LVDIN |
Program Memory Address<12>
(up to 2 Mbytes) | |
Program Counter 4 12ﬁ 4ﬁ
Data Latch BSR srol| [Banko, F | |
FSR1 | |
| FSR2 12 | |
16 inc/dec| | PORTB |
| REOINTO |
RB1/INT1
H 8 | RB2/INT2 |
L Re3 |
RB4
| RB5/PGM |
- RB6/PGC
Instruction
Register | RB7/PGD |
| |
Instruction
Decode & | |
Control | |
0OSC2/CLKO
OSC1/CLKI * * # ‘ * | |
Pov_ver-up
Timing O-I—"']Iﬂlletr | PORTC |
scillator
¥%8§glo Generation <= Start-up Timer, | |
RCO/T13CKI
D<= i Poweron | Rca/sck/scL |
RC4/SDI/SDA |
= Watchdog RC5/SDO
P Timer ALU<8> | RC6/TX/CK |
RC7/RX/IDT
Precision Brown-out 8 | |
Voltage [ Reset S |
- Reference Low Voltage v
MCL% Programming | |
VDD, Vss In-Circuit PWM1 |
|E Debugger | PWM2 |
L - - - - — — — -
r— - - - - - - - - - - - — — — — —/— —/ —/ —/ /7 n - - — — — A
I I
| Timer0 Timerl Timer2 Timer3 —1 A/D Converter |
| i it i |
| & & U Lo
| Master Addressable |
PWM1 PWM2 Synchronous Data EEPROM
| . USART |
Serial Port
L - -

Note 1: The high order bits of the Direct Address for the RAM are from the BSR register (except for the MOVFF instruction).

2: Many of the general purpose 1/O pins are multiplexed with one or more peripheral module functions. The multiplexing combinations
are device dependent.
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PIC18FXX39

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset. Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

FSR1H 2439 | 4439 | 2539 | 4539 ---- XXXX ---- uuuu ---- uuuu
FSR1L 2439 | 4439 | 2539 | 4539 XXXX KXXX uuuu uuuu uuuu uuuu
BSR 2439 | 4439 | 2539 | 4539 ---- 0000 ---- 0000 ---- uuuu
INDF2 2439 | 4439 | 2539 | 4539 N/A N/A N/A
POSTINC2 | 2439 | 4439|2539 |4539 N/A N/A N/A
POSTDEC2 | 2439|4439 | 2539|4539 N/A N/A N/A
PREINC2 2439 | 4439 | 2539 | 4539 N/A N/A N/A
PLUSW2 2439 | 4439 | 2539 | 4539 N/A N/A N/A
FSR2H 2439 | 4439 | 2539 | 4539 ---- XXXX ---- uuuu ---- uuuu
FSR2L 2439 | 4439 | 2539 | 4539 XXXX KXXX uuuu uuuu uuuu uuuu
STATUS 2439 | 4439 | 2539 | 4539 ---X XXXX ---u uuuu ---u uuuu
TMROH 2439 | 4439 | 2539 | 4539 0000 0000 uuuu uuuu uuuu uuuu
TMROL 2439 | 4439 | 2539 | 4539 XXXX KXXX uuuu uuuu uuuu uuuu
TOCON 2439 | 4439 | 2539 | 4539 1111 1111 1111 1111 uuuu uuuu
OSCCON" 2439|4439 (2539|4539 « ---- --- [ [ u
LVDCON 2439 | 4439 | 2539 | 4539 --00 0101 --00 0101 --uu uuuu
WDTCON 2439|4439 (2539|4539 « ---- --- o | ---- --- o | ---- --- u
RCON®) 2439 | 4439 | 2539 | 4539 0--q 1lqq 0--g gquu u--u gquu
TMR1H 2439 | 4439 | 2539 | 4539 XXXX KXXX uuuu uuuu uuuu uuuu
TMR1L 2439 | 4439 | 2539 | 4539 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 2439 | 4439 | 2539 | 4539 0-00 0000 u-uu uuuu u-uu uuuu
TMR2" 2439 | 4439 | 2539 | 4539 0000 0000 0000 0000 uuuu uuuu
PRZ* 2439 | 4439 | 2539 | 4539 1111 1111 1111 1111 1111 1111
T2CON" 2439 | 4439 | 2539 | 4539 -000 0000 -000 0000 -uuu uuuu
SSPBUF 2439 | 4439 | 2539 | 4539 XXXX KXXX uuuu uuuu uuuu uuuu
SSPADD 2439 | 4439 | 2539 | 4539 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 2439 | 4439 | 2539 | 4539 0000 0000 0000 0000 uuuu uuuu
SSPCON1 2439 | 4439 | 2539 | 4539 0000 0000 0000 0000 uuuu uuuu
SSPCON2 2439|4439 | 2539 | 4539 0000 0000 0000 0000 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
* These registers are retained to maintain compatibility with PIC18FXX2 devices; however, one or more bits
are reserved. Users should not modify the value of these bits. See Section 4.9.2 for details.

Note 1: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

3: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

4. See Table 3-2 for RESET value for specific condition.

5. Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
Oscillator modes, they are disabled and read ‘0’.

6: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read ‘0'.
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REGISTER 4-1: STKPTR REGISTER
R/C-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL | STKUNF — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
bit 71 STKFUL: Stack Full Flag bit
1 = Stack became full or overflowed
0 = Stack has not become full or overflowed
bit 6V STKUNF: Stack Underflow Flag bit
1 = Stack underflow occurred
0 = Stack underflow did not occur
bit 5 Unimplemented: Read as 'O’
bit 4-0 SP4:SP0: Stack Pointer Location bits
Note 1: Bit 7 and bit 6 can only be cleared in user software or by a POR.
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
FIGURE 4-2: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS
Return Address Stack
11111
11110
11101
TOSU TOSH TOSL L e _ STKPTR<4:0>
[ox00] [OxIA] [Ox34] - ¢
A A A 00011 /
;»Top-of-Stack 0x001A34 [00010
0x000D58 [00001
00000
4.2.3 PUSH AND POP INSTRUCTIONS 4.2.4 STACK FULL/UNDERFLOW RESETS

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pull values
off the stack, without disturbing normal program execu-
tion, is a desirable option. To push the current PC value
onto the stack, a PUSH instruction can be executed.
This will increment the stack pointer and load the cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place a return address on the
stack.

The ability to pull the TOS value off of the stack and
replace it with the value that was previously pushed
onto the stack, without disturbing normal execution, is
achieved by using the POP instruction. The POP instruc-
tion discards the current TOS by decrementing the
stack pointer. The previous value pushed onto the
stack then becomes the TOS value.

These RESETS are enabled by programming the
STVREN configuration bit. When the STVREN bit is
disabled, a full or underflow condition will set the appro-
priate STKFUL or STKUNF bit, but not cause a device
RESET. When the STVREN bit is enabled, a full or
underflow condition will set the appropriate STKFUL or
STKUNF bit and then cause a device RESET. The
STKFUL or STKUNF bits are only cleared by the user
software or a POR Reset.

© 2002-2013 Microchip Technology Inc.
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FIGURE 4-6: DATA MEMORY MAP FOR PIC18FX539
BSR<3:0> Data Memory Map
000h
= 0000 00h Access RAM 07Eh
Bank0O | — — — — 7 080h
GPR
o 2bon
00h
=0001
> Bank 1 GPR
FFh 1FFrr]1
200
- 00h
= 0010 Bank 2 GPR
FFh 2FFh
_ 00h 300h
= 0011 Bank 3 GPR
FFh 3FFh
400h
= 0100
Bank 4 GPR Access Bank
4FFh 00h
- 0101 00h GPR 500h Access RAM Low 2eh
Bank 5 - — — — — 4 ettt
Frn| PrOMPT Memory | grpr Access RAM High| 80h
800h (SFRs) EEh
= 0110
When a =0,
) Bank 6 A Unused A the BSR is ignored and the
to ™ Read‘oOh’ M Access Bank is used.
Bank 14 The first 128 bytes are General
Purpose RAM (from Bank 0).
=1110 The second 128 bytes are
Special Function Registers
EFFh (from Bank 15).
FOOh
=1111 00h Unused E7Eh
—————>» Bankl5 < — — — — F&O0n
FFh SFR FFFh
Whena =1,

the BSR is used to specify the
RAM location that the
instruction uses.
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EXAMPLE 5-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW D'é64 ; number of bytes in erase block
MOVWF COUNTER
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSROH
MOVLW BUFFER_ADDR_LOW
MOVWF FSROL
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
READ BLOCK
TBLRD* + ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWF POSTINCO ; store data
DECFSZ COUNTER ; done?
BRA READ BLOCK ; repeat
MODIFY WORD
MOVLW  DATA ADDR_HIGH ; point to buffer
MOVWF FSROH
MOVLW DATA ADDR_LOW
MOVWF FSROL
MOVLW NEW_DATA LOW ; update buffer word
MOVWF POSTINCO
MOVLW NEW_DATA HIGH
MOVWF INDFO
ERASE BLOCK
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
BSF EECON1, 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
MOVWF EECON2 ; write 55h
MOVLW AAh
MOVWF EECON2 ; write AAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
TBLRD* - ; dummy read decrement
WRITE_BUFFER_BACK
MOVLW 8 ; number of write buffer groups of 8 bytes
MOVWF COUNTER_HI
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSROH
MOVLW BUFFER_ADDR_ LOW
MOVWF FSROL
PROGRAM LOOP
MOVLW 8 ; number of bytes in holding register
MOVWF COUNTER
WRITE WORD TO_HREGS
MOVF POSTINCO, W ; get low byte of buffer data
MOVWF TABLAT ; present data to table latch
TBLWT+* ; write data, perform a short write

DECFSZ COUNTER
BRA WRITE WORD TO_HREGS

to internal TBLWT holding register.
loop until buffers are full

DS30485B-page 58
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8.0 INTERRUPTS

The PIC18FXX39 devices have multiple interrupt
sources and an interrupt priority feature that allows
each interrupt source to be assigned a high priority
level or a low priority level. The high priority interrupt
vector is at 000008h and the low priority interrupt vector
is at 000018h. High priority interrupt events will
override any low priority interrupts that may be in
progress.

There are ten registers which are used to control
interrupt operation. These registers are:

* RCON

* INTCON

* INTCON2
* INTCON3
* PIR1, PIR2
* PIE1, PIE2
* IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source, except INTO, has three bits to
control its operation. The functions of these bits are:

 Flag bit to indicate that an interrupt event
occurred

» Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

« Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts glo-
bally. Setting the GIEH bit (INTCON<7>) enables all
interrupts that have the priority bit set. Setting the GIEL
bit (INTCON<6>) enables all interrupts that have the
priority bit cleared. When the interrupt flag, enable bit
and appropriate global interrupt enable bit are set, the
interrupt will vector immediately to address 000008h or
000018h, depending on the priority level. Individual
interrupts can be disabled through their corresponding
enable bits.

While PIC18FXX39 devices have two interrupt priority
levels like other PIC18 microcontrollers, their allocation
is different. In these devices, the high priority interrupt
is used exclusively by the ProMPT kernel via the
Timer2 match interrupt. In order for the kernel to func-
tion properly, it is imperative that all other interrupts
either set as low priority (IPR bit = 0), or disabled.

Note: Disabling interrupts, or setting interrupts as
low priority, is not the same as disabling
interrupt priorities. The interrupt priority
levels must remain enabled (IPEN = 1).
Clearing the IPEN bit will result in erratic
operation of the ProMPT kernel.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bitis cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High priority interrupt sources can interrupt a low
priority interrupt.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIEH or GIEL bits (as
applicable), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to modify
any of the Interrupt control registers while
any interrupt is enabled. Doing so may
cause erratic microcontroller behavior.

© 2002-2013 Microchip Technology Inc.
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8.2 PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are two Peripheral Interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

Flag registers (PIR1, PIR2). 2: User software should ensure the appropri-

REGISTER 8-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2
bit 1

bit 0

ate interrupt flag bits are cleared prior to
enabling an interrupt, and after servicing
that interrupt.

PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

RW-0  RW-0 R-0 R-0 RW-0 U0 RW-0  RMW-0
PSPIFD | ADIF RCIF | TXF [ ssPF | — |7TMR2IF® [ TMRLF
bit 7 bit 0

PSPIF(M: Parallel Slave Port Read/Write Interrupt Flag bit

1 = Aread or a write operation has taken place (must be cleared in software)

0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit

1 = An A/D conversion completed (must be cleared in software)

0 =The A/D conversion is not complete

RCIF: USART Receive Interrupt Flag bit

1 = The USART receive buffer, RCREG, is full (cleared when RCREG is read)

0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit (see Section 17.0 for details on TXIF functionality)
1 =The USART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The USART transmit buffer is full

SSPIF: Master Synchronous Serial Port Interrupt Flag bit

1 = The transmission/reception is complete (must be cleared in software)

0 = Waiting to transmit/receive

Unimplemented: Read as ‘0’

TMR2IF@: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 =No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = MR1 register did not overflow

Note 1: This bitis reserved on PIC18F2X39 devices; always maintain this bit clear.
2: This bit is reserved for use by the ProMPT kernel; do not alter its value.

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 74
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FIGURE 9-12: PARALLEL SLAVE PORT READ WAVEFORMS

QL | @ | @ | Q4 . Q1 | @ | Q3 | o4 Q1 Q2 | Q3 | 4

PORTD<7:0> I ) i
BF . \ |

oo T \
pSPIE | \’/

TABLE 9-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR BOR All Other

' RESETS
PORTD | Port Data Latch when written; Port pins when read XXXX XXXX | uuuu uuuu
LATD LATD Data Output bits XXXX XXXX | uuuu uuuu
TRISD PORTD Data Direction bits 1111 1111 | 1111 1111
PORTE — — — — — RE2 RE1 REO ---- -000 | ---- -000
LATE — — — — — LATE Data Output bits ---- -XXX | ---- -uuu
TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits 0000 -111 | 0000 -111
INTCON GIE/ PEIE/ | TMROIF INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u

GIEH GIEL

PIR1 PSPIF ADIF RCIF TXIF SSPIF — TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE — TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP — TMR2IP | TMR1IP | 0000 0000 | 0000 0000
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 the Parallel Slave Port.
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NOTES:
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TABLE 17-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD | FOSC=40MHz  gpppg 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
RATE % val_ue % val_ue % val_ue % val_ue
(Kbps) | kgaup  ERROR (ecimal) | ypaup  ERROR (decimal) | ygaup ERROR (d€Cimal) | kpayup ERROR (decimal)
03 NA } } NA } ; NA } } NA ; }
12 NA ; ; NA ; ; NA ; ; NA ; ;
2.4 NA ; ; 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
9.6 9.62 +0.16 64 9.55 -0.54 53 953 -0.76 40 9.47 1.36 32
192 | 1894  -1.36 32 19.10 -0.54 26 1953  +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 73.66 -4.09 6 7813  +1.73 4 7813 +1.73 3
96 | 89.29  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417  +851 2
300 | 31250  +4.17 1 257.81  -14.06 1 NA ; ; 31250  +4.17 0
500 625  +25.00 0 NA ; ; NA ; ; NA ; ;
HIGH | 625 ; 0 515.63 ; 0 390.63 ; 0 312.50 ; 0
Low | 244 - 255 2.01 ; 255 153 - 255 1.22 ; 255
BAUD Fosc = 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % va!ue % va!ue % va[ue % va!ue
(Kbps) | kgaup ERROR (@e¢imal) | ypaup  ErrOrR  (@eCimal) | ypaup  ErrOR  (decimal)| ypayp ERROR  (decimal)
03 NA } - NA - - NA - } NA } -
12 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
2.4 2.40 +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
96 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953  +1.73 7 18.64 -2.90 5 19.80  +3.13 3
768 | 8333  +851 2 7813  +1.73 1 111.86  +45.65 0 7920  +3.13 0
9 | 8333  -13.19 2 7813  -18.62 1 NA ; ; NA ; ;
300 250 -16.67 0 156.25  -47.92 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;
HIGH | 250 ; 0 156.25 ; 0 111.86 ; 0 79.20 ; 0
Low | 098 ; 255 0.61 ; 255 0.44 ; 255 031 ; 255
BAUD Fosc =4 MHz SPBRG 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (ecimal| ypaup  ErRROR (decimal)| wpaup ERrROR (eCiMal)| kpAup ERROR (decimal)
03 0.30 0.16 207 0.30 +0.23 185 0.30 +0.16 51 026  -1467 1
12 1.20 +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA ; ;
24 2.40 +1.67 25 243 +1.32 22 223 -6.99 6 NA ; ;
96 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA ; ;
192 | 2083  +851 2 18.64 2,90 2 1563  -18.62 0 NA ; ;
768 | 6250  -18.62 0 5593  -27.17 0 NA ; ; NA ; ;
9% NA ; ; NA ; ; NA ; ; NA ; ;
300 NA ; ; NA ; ; NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;
HIGH | 62.50 ; 0 55.93 ; 0 15.63 ; 0 0.51 ; 0
LoW | 024 ; 255 0.22 ; 255 0.06 ; 255 0.002 ; 255
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17.3 USART Synchronous Master

Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RC6/TX/CK and RC7/RX/DT 1/O pins
to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

1731 USART SYNCHRONOUS MASTER

TRANSMISSION

The USART transmitter block diagram is shown in
Figure 17-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TcycLE), the TXREG is empty and inter-

(PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE, and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit, which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory, so it is not
available to the user.

To set up a Synchronous Master Transmission:
1. Initialize the SPBRG register for the appropriate
baud rate (Section 17.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

Start transmission by loading data to the TXREG
register.

o 0k~ w

N

Note:  TXIFis not cleared immediately upon load-
ing data into the transmit buffer TXREG.

The flag bit becomes valid in the second

rupt bit TXIF (PIR1<4>) is set. The interrupt can be instruction cycle following the load
enabled/disabled by setting/clearing enable bit TXIE instruction.
TABLE 17-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR All Other
' RESETS
INTCON| GIE/ | PEIE/ |{TMROIE | INTOIE| RBIE | TMROIF | INTOIF | RBIF | 0000 000x | 0000 000u
GIEH GIEL
PIR1 PsPIF® | ADIF RCIF TXIF | SSPIF — TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE® | ADIE RCIE TXIE | SSPIE — TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 psPiPW | ADIP RCIP TXIP | SSPIP — TMR2IP | TMR1IP | 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN | CREN |ADDEN| FERR OERR RX9D | 0000 -00x | 0000 -00x
TXREG |USART Transmit Register 0000 0000 [ 0000 0000
TXSTA | CSRC | TX9 | TXEN |SYNC| — | BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
SPBRG |Baud Rate Generator Register 0000 0000 [ 0000 0000
Legend: x = unknown, - = unimplemented, read as '0'.

Shaded cells are not used for Synchronous Master Transmission.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X39 devices; always maintain these bits

clear.
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REGISTER 20-5:

bit 7-4
bit 3
bit 2

bit 1

bit 0

REGISTER 20-6:

bit 7

bit 6

bit 5-0

CONFIG5L: CONFIGURATION REGISTER5 LOW (BYTE ADDRESS 300008h)

U-0 U-0 U-0 U-0 U-1 RIC-L  RIC1  RIC1
— — — — | = | cp® cr1 | cpo |
bit 7 bit 0

Unimplemented: Read as ‘0’
Unimplemented and reserved: Maintain as ‘1’
CP2: Code Protection bit(%)

1 = Block 2 (004000-005FFFh) not code protected
0 = Block 2 (004000-005FFFh) code protected

CP1: Code Protection bit

1 = Block 1 (002000-003FFFh) not code protected
0 = Block 1 (002000-003FFFh) code protected

CPO: Code Protection bit

1 = Block 0 (000200-001FFFh) not code protected
0 = Block 0 (000200-001FFFh) code protected

Note 1: Unimplemented in PIC18FX439 devices; maintain this bit set.

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

CONFIG5H: CONFIGURATION REGISTER 5 HIGH (BYTE ADDRESS 300009h)

RIC-1  RIC-1 U-0 U-0 U-0 U-0 U-0 U-0
CPD CPB — === ==
bit 7 bit 0

CPD: Data EEPROM Code Protection bit
1 = Data EEPROM not code protected

0 = Data EEPROM code protected

CPB: Boot Block Code Protection bit

1 = Boot block (000000-0001FFh) not code protected
0 = Boot block (000000-0001FFh) code protected

Unimplemented: Read as ‘0’

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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TABLE 21-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.
d Destination select bit
d = 0: store result in WREG,
d = 1: store result in file register f.
dest Destination, either the WREG register or the specified register file location.
£ 8-bit Register file address (0x00 to OXFF).
fs 12-bit Register file address (0x000 to OxFFF). This is the source address.
£4 12-bit Register file address (0x000 to OxFFF). This is the destination address.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).
label Label name.
mm The mode of the TBLPTR register for the Table Read and Table Write instructions.
Only used with Table Read and Table Write instructions:
* No Change to register (such as TBLPTR with Table Reads and Writes).
* 4 Post-Increment register (such as TBLPTR with Table Reads and Writes).
* - Post-Decrement register (such as TBLPTR with Table Reads and Writes).
+* Pre-Increment register (such as TBLPTR with Table Reads and Writes).
n The relative address (2's complement number) for relative branch instructions, or the direct address for
Call/Branch and Return instructions.
PRODH Product of Multiply high byte.
PRODL Product of Multiply low byte.
s Fast Call/Return mode select bit
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)
u Unused or Unchanged.
WREG Working register (accumulator).
X Don't care (0 or 1).
The assembler will generate code with x = 0. It is the recommended form of use for compatibility with all
Microchip software tools.
TBLPTR 21-bit Table Pointer (points to a Program Memory location).
TABLAT 8-bit Table Latch.
TOS Top-of-Stack.
PC Program Counter.
PCL Program Counter Low Byte.
PCH Program Counter High Byte.
PCLATH Program Counter High Byte Latch.
PCLATU Program Counter Upper Byte Latch.
GIE Global Interrupt Enable bit.
WDT Watchdog Timer.
TO Time-out bit.
PD Power-down bit.
c, DC, Z, OV, N |ALU status bits Carry, Digit Carry, Zero, Overflow, Negative.
[ 1] Optional.
() Contents.
- Assigned to.
< > Register bit field.
€ In the set of.
italics User defined term (font is courier).
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BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [label] BSF f,b[,a]
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC)+2+2n— PC 0<bs<7
a e[0,1]
Status Affected:  None )
) Operation: 1— f<b>
Encoding: ‘ 1101 | onnn ‘ nnnn | nnnn ‘
o Status Affected: ~ None
Description: Add the 2's complement number .
“2n’ to the PC. Since the PC will Encoding: ‘ 1000 | bbba ‘ ffff | ffff ‘
have incremented to fetch the next Description: Bit 'b' in register 'f' is set. If ‘@’ is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a riding the BSR value. If ‘a’ = 1, then
two-cycle instruction. the bank will be selected as per the
Words: 1 BSR value.
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode |Read literal | Process |Write to PC Q1 Q2 Q3 Q4
n' Data Decode Read Process Write
No No No No register 'f' Data register 'f'
operation operation operation operation
Example: BSF FLAG REG, 7, 1
Example: HERE BRA Jump Before Instruction

Before Instruction

PC

= address (HERE)

After Instruction

PC

= address (Jump)

FLAG_REG

O0x0A

After Instruction

FLAG_REG

Ox8A

© 2002-2013 Microchip Technology Inc.
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MULLW Multiply Literal with W MULWF Multiply W with f
Syntax: [label] MULLW k Syntax: [label] MULWF f[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) x k — PRODH:PRODL ae[0]]
Status Affected:  None Operation: (W) x (f) > PRODH:PRODL
Encoding: ‘ 0000 ‘ 1101 ‘ kkkk | kkkk | Status Affected:  None
Description: An unsigned multiplication is car- Encoding: ‘ 0000 ‘ o0la ‘ ELff | it ‘
ried out between the contents of Description: An unsigned multiplication is car-
W and the 8-bit literal 'k'. The ried out between the contents of
16-bit result is placed in W and the register file location 'f'.
PRODH:PRODL register pair. The 16-bit result is stored in the
PRODH contains the high byte. PRODH:PRODL register pair.
W is unchanged. PRODH contains the high byte.
None of the status flags are Both W and 'f' are unchanged.
affected. None of the status flags are
Note that neither overflow nor affected.
carry is possible in this opera- Note that neither overflow nor
tion. A zero result is possible but carry is possible in this opera-
not detected. tion. A zero result is possible but
Words: 1 not detected. If.‘a’ is 0, the
Access Bank will be selected,
Cycles: 1 overriding the BSR value. If
Q Cycle Activity: ‘a’ = 1, then the bank will be
Q1 Q2 Q3 Q4 selected as per the BSR value
Decode Read Process Write (default).
literal 'k’ Data registers Words: 1
PRODH: Cveles: 1
PRODL ycles.
Q Cycle Activity:
Example: MULLW  0xC4 Q1 Q2 Q3 Q4
Before Instruction Decode Read - Process Wr|te
reglster f Data reg|sters
w = OxE2 PRODH:
PRODH = 2
PRODL = 2 PRODL
After Instruction
W = OxE2 Example: MULWF  REG, 1
ESOBE = O0xAD Before Instruction
© = 008 W = oxc4
REG = O0xB5
PRODH = 2
PRODL = 2
After Instruction
w = O0xC4
REG = O0xB5
PRODH = Ox8A
PRODL = 0x94
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [label] RETURN [s] Syntax: [label] RLCF f[,d[,a]
Operands: s € [0,1] Operands: 0<f<255
Operation: (TOS) — PC, d e [0,1]
|f s=1 ae [0,1]
(WS) > W, Operation: (f<n>) — dest<n+1>,
(STATUSS) — STATUS, (f<7>) = C,
(BSRS) —» BSR, (C) - dest<0>
PCLATU, PCLATH are unchanged Status Affected: C.N,Z
Status Affected: ~ None Encoding: ‘ 0011 | 0lda ‘ EEEF | FEEE ‘
Encoding: ‘ 0000 | 0000 ‘ 0001 | 001s ‘ Description: The contents of register 'f' are
Description: Return from subroutine. The stack rotated one bit to the left through
is popped and the top of the stack the Carry Flag. If 'd" is 0, the result
(TOS) is loaded into the program is placed in W. If 'd" is 1, the result
counter. If ‘s’= 1, the contents of the is stored back in register 'f'
shadow registers WS, STATUSS (default). If ‘a’ is 0, the Access
and BSRS are loaded into their cor- Bank will be selected, overriding
responding registers, W, STATUS the BSR value. If ‘a’ = 1, then the
and BSR. If 's’ = 0, no update of bank will be selected as per the
these registers occurs (default). BSR value (default).
Words: 1 vt
Cycles: 2
- Words: 1
Q Cycle Activity:
01 Q2 Q3 Q4 Cycles:
Decode No Process  |pop PC from Q Cycle Activity:
operation Data stack Q1 Q2 Q3 Q4
No No No No Decode Read Process Write to
operation operation operation operation register 'f' Data destination
Example: RLCF REG, 0, O
Example: RETURN Before Instruction
After Interrupt REG = 1110 0110
PC =TOS ¢ =0
After Instruction
REG = 1110 0110
w = 1100 1100
C = 1
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FIGURE 24-7: IPD vs. VDD, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED)
100
/
Max
(-40°C to +125°C)
10
/
Max . —
(+85°C)
/
I——
<
T
Typ (+25°C)
0.1
Typical: statistical mean @ 25°C
Maximum: mean + 3c (-40°C to 125°C)
Minimum: mean — 3o (-40°C to 125°C)
0.01 ; " " ‘
2.0 25 3.0 35 4.0 45 5.0 55
VoD (V)
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging
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[t—— o3 ——| B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 .175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width E1l .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
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 D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MO-011
Drawing No. C04-016
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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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