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TABLE 1-3: PIC16LF1559 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppu; O_F;tg:t Description

RC6 TTL CMOS | General Purpose I/O

RC6/AN14/SS(M) AN14 AN — | ADC Channel Input
Ss ST — | Slave Select Input
RC7 TTL CMOS | General Purpose 1/10

RC7/AN24/SDO AN24 AN — ADC Channel Input
SDO — CMOS | SPI Data Output

Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels 12C = Schmitt Trigger input with 12c

HV = High Voltage

XTAL = Crystal
Note 1: Alternate pin function selected with the APFCON (Register 11-1) register.

levels

© 2014-2016 Microchip Technology Inc.
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2.0 ENHANCED MID-RANGE CPU

This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capability includes automatic context saving. The
hardware stack is 16 levels deep and has Overflow and
Underflow Reset capability. Direct, Indirect, and
Relative Addressing modes are available. Two File
Select Registers (FSRs) provide the ability to read
program and data memory.

» Automatic Interrupt Context Saving

+ 16-level Stack with Overflow and Underflow
+ File Select Registers

* Instruction Set

FIGURE 2-1: CORE BLOCK DIAGRAM
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TABLE 3-3: PIC16LF1554 MEMORY MAP, BANKS 0-7

BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h INDFO 080h INDFO 100h INDFO 180h INDFO 200h INDFO 280h INDFO 300h INDFO 380h INDFO
001h INDF1 081h INDF1 101h INDF1 181h INDF1 201h INDF1 281h INDF1 301h INDF1 381h INDF1
002h PCL 082h PCL 102h PCL 182h PCL 202h PCL 282h PCL 302h PCL 382h PCL
003h STATUS 083h STATUS 103h STATUS 183h STATUS 203h STATUS 283h STATUS 303h STATUS 383h STATUS
004h FSROL 084h FSROL 104h FSROL 184h FSROL 204h FSROL 284h FSROL 304h FSROL 384h FSROL
005h FSROH 085h FSROH 105h FSROH 185h FSROH 205h FSROH 285h FSROH 305h FSROH 385h FSROH
006h FSR1L 086h FSR1L 106h FSR1L 186h FSR1L 206h FSR1L 286h FSR1L 306h FSR1L 386h FSR1L
007h FSR1H 087h FSR1H 107h FSR1H 187h FSR1H 207h FSR1H 287h FSR1H 307h FSR1H 387h FSR1H
008h BSR 088h BSR 108h BSR 188h BSR 208h BSR 288h BSR 308h BSR 388h BSR
009h WREG 089h WREG 109h WREG 189h WREG 209h WREG 289h WREG 309h WREG 389h WREG
00Ah PCLATH 08Ah PCLATH 10Ah PCLATH 18Ah PCLATH 20Ah PCLATH 28Ah PCLATH 30Ah PCLATH 38Ah PCLATH
00Bh INTCON 08Bh INTCON 10Bh INTCON 18Bh INTCON 20Bh INTCON 28Bh INTCON 30Bh INTCON 38Bh INTCON
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch — 30Ch — 38Ch —
00Dh — 08Dh — 10Dh — 18Dh — 20Dh — 28Dh — 30Dh — 38Dh —
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh ANSELC 20Eh — 28Eh — 30Eh — 38Eh —
00Fh — 08Fh — 10Fh — 18Fh — 20Fh — 28Fh — 30Fh — 38Fh —
010h — 090h — 110h — 190h — 210h — 290h — 310h — 390h —
011h PIR1 091h PIE1 111h — 191h PMADRL 211h SSPBUF 291h — 311h — 391h IOCAP
012h PIR2 092h PIE2 112h — 192h PMADRH 212h SSPADD 292h — 312h — 392h I0CAN
013h — 093h — 113h — 193h PMDATL 213h SSPMSK 293h — 313h — 393h IOCAF
014h — 094h — 114h — 194h PMDATH 214h SSPSTAT 294h — 314h — 394h —
015h TMRO 095h OPTION 115h — 195h PMCON1 215h SSPCON1 295h — 315h — 395h —
016h TMR1L 096h PCON 116h BORCON 196h PMCON2 216h SSPCON2 296h — 316h — 396h —
017h TMR1H 097h WDTCON 117h FVRCON 197h — 217h SSPCON3 297h — 317h — 397h —
018h T1CON 098h — 118h — 198h — 218h — 298h — 318h — 398h —
019h T1GCON 099h OSCCON 119h — 199h RCREG 219h — 29%h — 319h — 399h —
01Ah TMR2 09Ah OSCSTAT 11Ah — 19Ah TXREG 21Ah — 29Ah — 31Ah — 39Ah —
018h PR2 ooBh| ADRESG | 18R — 198h|  SPBRGL | 21Bh — 298h — 31Bh — 398h —
01Ch T2CON 09Ch ASPRREESSOT{(” 11Ch — 19Ch SPBRGH 21Ch — 29Ch — 31Ch — 39Ch —
01Dh — 09Dh Ag?ggng(ll) 11Dh APFCON 19Dh RCSTA 21Dh — 29Dh — 31Dh — 39Dh —
01ER - 00Eh| RSOV @) | 11ER - 19Eh TXSTA 21Eh - 29Eh - 31Eh - 39Eh -
01Fh — 09Fh Ag?ggl'\\l‘g(/l) 11Fh — 19Fh BAUDCON 21Fh — 29Fh — 31Fh — 39Fh —
020h 0AOh 120h 1A0h 220h 2A0h 320h 3A0h

General General
Purpose Purpose Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented

General Register Register Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’

Purpose 80 Bytes 80 Bytes

Register

96 Bytes
06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2F0h 370h 3F0h

Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h — 7Fh 70h - 7Fh 70h — 7Fh 70h - 7Fh 70h — 7Fh 70h —7Fh 70h - 7Fh

07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0’.
Note 1: These ADC registers are the same as the registers in Bank 14.

6SST/VSST41910Id
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3.5 Indirect Addressing

The INDFn registers are not physical registers. Any
instruction that accesses an INDFn register actually
accesses the register at the address specified by the
File Select Registers (FSR). If the FSRn address
specifies one of the two INDFn registers, the read will
return ‘0’ and the write will not occur (though Status bits
may be affected). The FSRn register value is created
by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locations
are divided into three memory regions:

» Traditional Data Memory

* Linear Data Memory

* Program Flash Memory

FIGURE 3-9: INDIRECT ADDRESSING
( 0x0000 0x0000
Traditional
Data Memory
OxOFFF OxOFFF
0x1000
Reserved
Ox1FFF
0x2000
Linear
Data Memory
0x29AF
0x29B0
Reserved
FSR Ox7FFF
Address < 0x8000 0x0000
Range
Program
Flash Memory
\ OxFFFF Ox7FFF
Note: Not all memory regions are completely implemented. Consult device memory tables for memory limits.

© 2014-2016 Microchip Technology Inc.
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FIGURE 7-3: INT PIN INTERRUPT TIMING
© Q1] Q2| Q3| Q4: Q1] Q2| Q3] Q4: Q1] Q2] Q3| Q4: Q1] Q2| Q3| Q4: Q1] Q2| Q3| Q4
Fosc j j '
CLKOUT \__. Co . . . :
S O | : | :
INT pin o : . C
T Q R |
INTF #/ 4 : ' Interrupt Latenc%z?
GIE : : : : ! :
\
INSTRUCTION: FLOW : | : |

PC ( PC X PC+T PC + 1 X 0004h X 0005h
Instruction ( : : Z : Z
Fetched { ' Inst (PC) : Inst (PC + 1) ! — : Inst (0004h) ! Inst (0005h)
Efgcuuctf;‘c’,”{ | Nst(PC-1) | Inst(PC) | ForcedNOP | Forced NCP | Inst(0004h):
Note 1: INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where TCY = instruction

cycle time. Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.
3: For minimum width of INT pulse, refer to AC specifications in Section 25.0 “Electrical Specifica-
tions”.
4: INTF is enabled to be set any time during the Q4-Q1 cycles.

© 2014-2016 Microchip Technology Inc. DS40001761E-page 75
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10.2.4 WRITING TO FLASH PROGRAM
MEMORY

Program memory is programmed using the following
steps:

1. Load the address in PMADRH:PMADRL of the
row to be programmed.

2. Load each write latch with data.
3. Initiate a programming operation.
4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be
written must be erased or previously unwritten.
Program memory can only be erased one row at a time.
No automatic erase occurs upon the initiation of the
write.

Program memory can be written one or more words at
a time. The maximum number of words written at one
time is equal to the number of write latches. See
Figure 10-5 (row writes to program memory with 32
write latches) for more details.

The write latches are aligned to the Flash row address
boundary defined by the wupper 10-bits of
PMADRH:PMADRL, (PMADRH<6:0>:PMADRL<7:5>)
with the lower five bits of PMADRL, (PMADRL<4:0>)
determining the write latch being loaded. Write
operations do not cross these boundaries. At the
completion of a program memory write operation, the
data in the write latches is reset to contain Ox3FFF.

The following steps should be completed to load the
write latches and program a row of program memory.
These steps are divided into two parts. First, each write
latch is loaded with data from the PMDATH:PMDATL
using the unlock sequence with LWLO = 1. When the
last word to be loaded into the write latch is ready, the
LWLO bit is cleared and the unlock sequence
executed. This initiates the programming operation,
writing all the latches into Flash program memory.

Note:  The special unlock sequence is required
to load a write latch with data or initiate a
Flash programming operation. If the
unlock sequence is interrupted, writing to
the latches or program memory will not be
initiated.

1. Set the WREN bit of the PMCONT1 register.

2. Clear the CFGS bit of the PMCON1 register.

3. Set the LWLO bit of the PMCON1 register.
When the LWLO bit of the PMCON1 register is
‘1’, the write sequence will only load the write
latches and will not initiate the write to Flash
program memory.

4. Load the PMADRH:PMADRL register pair with
the address of the location to be written.

5. Load the PMDATH:PMDATL register pair with
the program memory data to be written.

6. Execute the unlock sequence (Section 10.2.2
“Flash Memory Unlock Sequence”). The write
latch is now loaded.

7. Increment the PMADRH:PMADRL register pair
to point to the next location.

8. Repeat steps 5 through 7 until all but the last
write latch has been loaded.

9. Clear the LWLO bit of the PMCON1 register.
When the LWLO bit of the PMCONT1 register is
‘0’, the write sequence will initiate the write to
Flash program memory.

10. Load the PMDATH:PMDATL register pair with
the program memory data to be written.

11. Execute the unlock sequence (Section 10.2.2
“Flash Memory Unlock Sequence”). The
entire program memory latch content is now
written to Flash program memory.

Note:  The program memory write latches are
reset to the blank state (Ox3FFF) at the
completion of every write or erase
operation. As a result, it is not necessary
to load all the program memory write
latches. Unloaded latches will remain in
the blank state.

An example of the complete write sequence is shown in
Example 10-3. The initial address is loaded into the
PMADRH:PMADRL register pair; the data is loaded
using indirect addressing.

DS40001761E-page 94

© 2014-2016 Microchip Technology Inc.



PIC16LF1554/1559

10.4 User ID, Device ID and
Configuration Word Access

Instead of accessing program memory, the User ID’s,
Device ID/Revision ID and Configuration Words can be
accessed when CFGS =1 in the PMCON1 register.
This is the region that would be pointed to by
PC<15> =1, but not all addresses are accessible.
Different access may exist for reads and writes. Refer
to Table 10-2.

When read access is initiated on an address outside
the parameters listed in  Table 10-2, the
PMDATH:PMDATL register pair is cleared, reading

back ‘O’s.
TABLE 10-2: USER ID, DEVICE ID AND CONFIGURATION WORD ACCESS (CFGS =1)
Address Function Read Access Write Access
8000h-8003h User IDs Yes Yes

8006h Device ID/Revision ID Yes No
8007h-8008h

Configuration Words 1 and 2 Yes No

EXAMPLE 10-4: CONFIGURATION WORD AND DEVICE ID ACCESS

* This code block will read 1 word of program nenory at the nmenory address:
* PROG_ADDR _LO (nust be 00h-08h) data will be returned in the variables;

BANKSEL  PMADRL
MOVLW  PROG ADDR LO
MOWAE  PMADRL

* PROG_DATA HI, PROG _DATA LO

Sel ect correct Bank

Store LSB of address

CLRF PMADRH ; Clear MSB of address

BSF PMCON1, CFGS ; Sel ect Configuration Space
BCF I NTCON, G E ; Disable interrupts

BSF PMCON1, RD ; Initiate read

NOP ; Executed (See Figure 10-2)
NOP ; lgnored (See Figure 10-2)
BSF I NTCON, G E ; Restore interrupts

MOVF PVMDATL, W ; Get LSB of word

MOVWF PROG_DATA LO ; Store in user location
MOVF PMDATH, W ; Get MsSB of word

MOVWF PROG_DATA _HI ; Store in user location

© 2014-2016 Microchip Technology Inc. DS40001761E-page 99
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REGISTER 10-3:

PMADRL: PROGRAM MEMORY ADDRESS LOW BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PMADR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

REGISTER 10-4:

PMADR<7:0>: Specifies the Least Significant bits for program memory address

PMADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

U-1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— PMADR<14:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7 Unimplemented: Read as ‘1’
bit 6-0 PMADR<14:8>: Specifies the Most Significant bits for program memory address

DS40001761E-page 102

© 2014-2016 Microchip Technology Inc.




PIC16LF1554/1559

REGISTER 11-6: WPUA: WEAK PULL-UP PORTA REGISTER(1-?)

u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 WPUA<5:0>: Weak Pull-up Register bits(®)

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.
2:  The weak pull-up device is automatically disabled if the pin is configured as an output.
3:  For the WPUAZS bit, when MCLRE = 1, weak pull-up is internally enabled, but not reported here.

TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — ANSA5 | ANSA4 — ANSA2 ANSA1 ANSAO 109
APFCON RXDTSEL | SDOSEL | SSSEL | SDSEL — TXCKSEL | GRDBSEL | GRDASEL 106
LATA — — LATAS LATA4 — LATA2 LATA1 LATAO 109
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE | PSA PS<2:0> 166
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO 108
TRISA — — TRISA5 | TRISA4 —@ TRISA2 TRISA1 TRISAO 108
WPUA — — WPUA5 | WPUA4 | WPUA3 | WPUA2 WPUA1 WPUAO 110
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTA.
Note 1: Unimplemented, read as ‘1'.
TABLE 11-4: SUMMARY OF CONFIGURATION WORD WITH PORTA
Name |Bits | Bit-/7 | Bit-/6 | Bit13/5 |Bit12/4| Bit11/3 |Bit10/2| Bito/1 | Bite/o | RediSter
on Page
13:8 — — — — CLKOUTEN | BOREN<1:0> —
CONFIG1 — — 53
7:0 CP MCLRE | PWRTE WDTE<1:0> — FOSC<2:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.

DS40001761E-page 110 © 2014-2016 Microchip Technology Inc.
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20.2.2 SPI MODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

* Master mode (SCKis the clock output)

» Slave mode (SCKis the clock input)

» Clock Polarity (Idle state of SCK)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCK)

* Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

To enable the serial port, SSP Enable bit, SSPEN of the
SSPCON1 register, must be set. To reset or
reconfigure SPI mode, clear the SSPEN bit, re-initialize
the SSPCONX registers and then set the SSPEN bit.
This configures the SDI, SDO, SCK and SS pins as
serial port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRISx register) appropriately programmed as
follows:

» SDI must have corresponding TRISx bit set
» SDO must have corresponding TRISx bit cleared

* SCK (Master mode) must have corresponding
TRISXx bit cleared

» SCK (Slave mode) must have corresponding
TRISXx bit set

+ SS must have corresponding TRISx bit set

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRISx) register to the opposite value.

The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready. Once the eight bits of
data have been received, that byte is moved to the
SSPBUF register. Then, the Buffer Full Detect bit, BF
of the SSPSTAT register, and the interrupt flag bit,
SSP1IF, are set. This double-buffering of the received
data (SSPBUF) allows the next byte to start reception
before reading the data that was just received. Any
write to the SSPBUF register during
transmission/reception of data will be ignored and the
write collision detect bit WCOL of the SSPCON1
register, will be set. User software must clear the
WCOL bit to allow the following write(s) to the SSPBUF
register to complete successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF of the SSPSTAT register, indicates
when SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. If the interrupt method is not going to
be used, then software polling can be done to ensure
that a write collision does not occur.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the SSPSTAT register indicates the
various Status conditions.
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FIGURE 20-7: SPI DAISY-CHAIN CONNECTION
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FIGURE 20-17:
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20.6 1°C MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in the SSPCON1 register and
by setting the SSPEN bit. In Master mode, the SDA and
SCK pins must be configured as inputs. The MSSP
peripheral hardware will override the output driver
TRISx controls when necessary to drive the pins low.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset or when the MSSP module is disabled.
Control of the 12C bus may be taken when the P bit is
set, or the bus is Idle.

In Firmware Controlled Master mode, user code
conducts all 1°C bus operations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other communication is done by the user software
directly manipulating the SDA and SCL lines.

The following events will cause the SSP interrupt flag
bit, SSP1IF, to be set (SSP interrupt, if enabled):

« Start condition detected

» Stop condition detected

» Data transfer byte transmitted/received

» Acknowledge transmitted/received

* Repeated Start generated

Note 1: The MSSP module, when configured in
[2C Master mode, does not allow queuing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
initiate transmission before the Start
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a
write to the SSPBUF did not occur

2: Master mode suspends Start/Stop
detection when sending the Start/Stop
condition by means of the SEN/PEN
control bits. The SSPIF bit is set at the end
of the Start/Stop generation when
hardware clears the Control bit.

20.6.1 I°C MASTER MODE OPERATION

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted eight bits at a time. After each byte is
transmitted, an Acknowledge bit is received. Start and
Stop conditions are output to indicate the beginning
and the end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received eight bits at a time.
After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of transmission.

A Baud Rate Generator is used to set the clock
frequency output on SCL. See Section 20.7 “Baud
Rate Generator” for more detail.

20.6.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
releases the SCL pin (SCL allowed to float high). When
the SCL pin is allowed to float high, the Baud Rate
Generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPADD and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count in the event that the clock
is held low by an external device (Figure 20-25).
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REGISTER 21-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled (held in Reset)
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:

Don’t care
Synchronous mode — Master:

1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave

Don't care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don't care

bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

bit 1 OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: Ninth bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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TABLE 24-3: ENHANCED MID-RANGE INSTRUCTION SET (CONTINUED)

Mnemonic, o 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSb Affected
CONTROL OPERATIONS
BRA k Relative Branch 2 11 001k kkkk kkkk
BRW - Relative Branch with W 2 00 0000 0000 1011
CALL k Call Subroutine 2 10 Okkk kkkk kkkk
CALLW - Call Subroutine with W 2 00 0000 0000 1010
GOTO k Go to address 2 10 1kkk kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 0100 kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
INHERENT OPERATIONS
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 |TO,PD
NOP - No Operation 1 00 0000 0000 0000
OPTION - Load OPTION_REG register with W 1 00 0000 0110 0010
RESET - Software device Reset 1 00 0000 0000 0001
SLEEP - Go into Standby mode 1 00 0000 0110 0011 |TO,PD
TRIS f Load TRIS register with W 1 00 0000 0110 Offf
C-COMPILER OPTIMIZED
ADDFSR n, k Add Literal k to FSRn 1 11 0001 Onkk kkkk
MOVIW n mm Move Indirect FSRn to W with pre/post inc/dec | 1 00 0000 0001 Onmm|Z 2,3
modifier, mm kkkk
k[n] Move INDFn to W, Indexed Indirect. 1 11 1111 Onkk 1nmm|Z 2
MOVWI n mm Move W to Indirect FSRn with pre/post inc/dec | 1 00 0000 0001 kkkk 2,3
modifier, mm
k[n] Move W to INDFn, Indexed Indirect. 1 11 1111 1nkk 2

Note 1: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
2: Ifthis instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require
one additional instruction cycle.
3: See Table in the MOVIW and MOVWI instruction descriptions.
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. SUBLW Subtract W from literal
RRF Rotate Right f through Carry
Syntax: [label] SUBLW k
Syntax: [label] RRF fd
Operands: 0<k<255
Operands: 0<f<127 ]
de[0,1] Operation: k- (W) —> (W)
Operation: See description below Status Affected:  C, DC, Z
Status Affected: c Description: The W register is subtracted (2's
o ) . complement method) from the 8-bit
Description: The cgntents qf register ‘' are rotated literal ‘k’. The result is placed in the W
one bit to the right through the Carry register.
flag. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is C=0 W >k
placed back in register ‘f'.
. Cc=1 W <k
~[CJ]—~[_Register DC=0 |W<3:0>> k<3:0>
DC=1 |W<3:0><k<3:0>
SLEEP Enter Sleep mode SUBWF Subtract W from f
Syntax: [label] SLEEP Syntax: [label] SUBWF fd
Operands: None Operands: 0<f<127
Operation: 00h — WDT, def0.1]
0 — WDT prescaler, Operation: (f) - (W) — (destination)
1-T0, Status Affected: ~ C, DC, Z
0—->PD
S Description: Subtract (2's complement method) W
Status Affected: TO, PD register from register ‘. If ‘d’ is ‘0’, the
Description: The power-down Status bit, PD is result is stored in the W register. If ‘d’ is
cleared. Time-out Status bit, TO is ‘1’, the result is stored back in register
set. Watchdog Timer and its pres- f.
caler are cleared.
The processor is put into Sleep mode C=0 W > f
with the oscillator stopped. C=1 W<f
DC=0 W<3:0> > f<3:0>
DC=1 W<3:0> < f<3:0>
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{,d}
Operands: 0<f<127
d e [0,1]
Operation: (f) = (W) = (B) — dest
Status Affected: C,DC,Z
Description: Subtract W and the BORROW flag

(CARRY) from register ‘f’ (2’'s comple-
ment method). If ‘d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1’, the result is
stored back in register ‘f".
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FIGURE 25-15: SPI SLAVE MODE TIMING (CKE = 0)
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Note:  Refer to Figure 25-3 for Load conditions.

FIGURE 25-16: SPI SLAVE MODE TIMING (CKE = 1)
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27.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

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

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembiler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other relo-
catable object files and archives to create an execut-
able file. MPLAB XC Compiler uses the assembler to
produce its object file. Notable features of the assem-
bler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data

* Command-line interface

* Rich directive set

* Flexible macro language

* MPLAB X IDE compatibility

27.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

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

The MPASM Assembler features include:

* Integration into MPLAB X IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multipurpose
source files

» Directives that allow complete control over the
assembly process

27.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembiler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

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

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

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

27.5 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
* Command-line interface

* Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility
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THE MICROCHIP WEBSITE

Microchip provides online support via our website at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”’, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the website
at: http://www.microchip.com/support
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