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58.1  OVERVIEW

The Master Synchronous Serial Port (MSSP) module is an 8-bit serial interface, useful for com-
municating with other peripheral or microcontroller devices. These peripheral devices may be
serial EEPROMs, shift registers, display drivers, A/D Converters, etc. The MSSP module can
operate in one of two modes:

• Serial Peripheral Interface (SPI)

• Inter-Integrated Circuit (I2C™)

- Full Master mode

- Slave mode (with General Call Address)

The SPI interface supports these modes in hardware:

• Master mode

• Slave mode

• Daisy-Chaining Operation in Slave mode

• Synchronized Slave Operation

The I2C interface supports the following modes in hardware:

• Master mode

• Multi-Master mode

• Slave mode with 10-Bit and 7-Bit Addressing and Address Masking

• Byte NACKing

• Selectable Address and Data Hold and Interrupt Masking

PIC24F devices that use the MSSP module may incorporate more than one instance of the
module. Each module functions independently of the others.

58.2  REGISTERS

Each MSSP module has a total of six associated registers that control and monitor operation.
These include a STATUS register (SSPxSTAT), three control registers (SSPxCON1, SSPxCON2
and SSPxCON3) and two registers to configure I2C operations (SSPxADD and SSPxMSK). 

The use of these registers and their individual bits differ significantly depending on whether the
MSSP module is operated in SPI or I2C mode. For clarity, the registers that change the most in
bit names and/or functions are shown separately for each mode.

Each MSSP module uses three control registers for SPI mode operation. These are: 

• MSSP Status Register (SSPxSTAT) (Register 58-1)

• MSSP Control Register 1 (SSPxCON1) (Register 58-2)

• MSSP Control Register 3 (SSPxCON3) (Register 58-3)

The SSPxCON1 and SSPxCON3 registers are readable and writable. The lower 6 bits of the
SSPxSTAT are read-only. The upper two bits of the SSPxSTAT are read/write.

The MSSP module uses six control registers for I2C operation. These are: 

• MSSP Status Register (SSPxSTAT) (Register 58-4)

• MSSP Control Register 1 (SSPxCON1) (Register 58-5)

• MSSP Control Register 2 (SSPxCON2) (Register 58-6)

• MSSP Control Register 3 (SSPxCON3) (Register 58-7)

• MSSP Address Register (SSPxADD) (Register 58-8)

• MSSP 7-Bit Address Mask Register (SSPxMSK) (Register 58-9)

In addition, each MSSP module has two data registers: the MSSP Shift Register (SSPxSR) and
the Serial Receive/Transmit Buffer register (SSPxBUF). SSPxSR is the shift register used for
shifting data in or out; it is not memory mapped and therefore, cannot be directly accessed.

SSPxBUF is the buffer register to which data bytes are written to or read from. In receive opera-
tions, SSPxSR and SSPxBUF together, create a double-buffered receiver. When SSPxSR
receives a complete byte, it is transferred to SSPxBUF and the SSPxIF interrupt flag is set.
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Register 58-1: SSPxSTAT: MSSPx Status Register (SPI Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

SMP CKE(1) D/A P S R/W UA BF

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 SMP: Sample bit

SPI Master mode:
1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time

SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.

bit 6 CKE: SPI Clock Select bit(1)

1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state

bit 5 D/A: Data/Address bit 

Used in I2C™ mode only.

bit 4 P: Stop bit 

Used in I2C mode only. This bit is cleared when the MSSP module is disabled; SSPEN is cleared.

bit 3 S: Start bit

Used in I2C mode only. 

bit 2 R/W: Read/Write Information bit

Used in I2C mode only.

bit 1 UA: Update Address bit

Used in I2C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive is complete, SSPxBUF is full 
0 = Receive is not complete, SSPxBUF is empty

Note 1: The polarity of the clock state is set by the CKP bit (SSPxCON1<4>).
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Register 58-2: SSPxCON1: MSSPx Control Register 1 (SPI Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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(1) SSPEN(2) CKP SSPM3(3) SSPM2(3) SSPM1(3) SSPM0(3)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 WCOL: Write Collision Detect bit

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

0 = No collision 

bit 6 SSPOV: Receive Overflow Indicator bit(1)

SPI Slave mode: 
1 = A new byte is received while the SSPxBUF register is still holding the previous data. In case of over-

flow, the data in SSPxSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPxBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).

0 = No overflow

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(2)

1 = Enables serial port and configures SCKx, SDOx, SDIx and SSx as serial port pins 
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: Clock Polarity Select bit 

1 = Idle state for clock is a high level 
0 = Idle state for clock is a low level

bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(3)

1010 = SPI Master mode, clock = FOSC/(2 * ([SSPxADD] + 1))
0101 = SPI Slave mode, clock = SCKx pin, SSx pin control is disabled, SSx can be used as an I/O pin 
0100 = SPI Slave mode, clock = SCKx pin, SSx pin control is enabled
0011 = SPI Master mode, clock = TMR2 output/2 
0010 = SPI Master mode, clock = FOSC/32 
0001 = SPI Master mode, clock = FOSC/8 
0000 = SPI Master mode, clock = FOSC/2 

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by 
writing to the SSPxBUF register.

2: When enabled, these pins must be properly configured as input or output.

3: Bit combinations not specifically listed here are either reserved or implemented in I2C™ mode only. 
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Register 58-3: SSPxCON3: MSSPx Control Register 3 (SPI Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 ACKTIM: Acknowledge Time Status bit (I2C™ mode only)

Unused in SPI mode.

bit 6 PCIE: Stop Condition Interrupt Enable bit (I2C mode only)

Unused in SPI mode.

bit 5 SCIE: Start Condition Interrupt Enable bit (I2C mode only)

Unused in SPI mode.

bit 4 BOEN: Buffer Overwrite Enable bit

In SPI Slave mode:

1 = SSPxBUF updates every time that a new data byte is shifted in, ignoring the BF bit
0 = If a new byte is received with the BF bit of the SSPxSTAT register already set, the SSPOV bit of

the SSPxCON1 register is set and the buffer is not updated

bit 3 SDAHT: SDAx Hold Time Selection bit (I2C mode only)

Unused in SPI mode.

bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (I2C Slave mode only)

Unused in SPI mode.

bit 1 AHEN: Address Hold Enable bit (I2C Slave mode only)

Unused in SPI mode.

bit 0 DHEN: Data Hold Enable bit (I2C Slave mode only)

Unused in SPI mode.
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Register 58-4: SSPxSTAT: MSSPx Status Register (I2C™ Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

SMP CKE D/A P(1) S(1) R/W(2,3) UA BF

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 SMP: Slew Rate Control bit

In Master or Slave mode: 
1 = Slew rate control is disabled for Standard Speed mode (100 kHz and 1 MHz) 
0 = Slew rate control is enabled for High-Speed mode (400 kHz)

bit 6 CKE: SMBus Select bit

In Master or Slave mode:
1 = Enables SMBus specific inputs 
0 = Disables SMBus specific inputs 

bit 5 D/A: Data/Address bit 

In Master mode:
Reserved.

In Slave mode:
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

bit 4 P: Stop bit(1)

1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last

bit 3 S: Start bit(1)

1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last

bit 2 R/W: Read/Write Information bit(2,3)

In Slave mode:
1 = Read
0 = Write
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress

Note 1: This bit is cleared on Reset and when SSPEN is cleared.

2: This bit holds the R/W bit information following the last address match. This bit is only valid from the 
address match to the next Start bit, Stop bit or not ACK bit.

3: ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Active mode.
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bit 1 UA: Update Address bit (10-Bit Slave mode only)

1 = Indicates that the user needs to update the address in the SSPxADD register 
0 = Address does not need to be updated

bit 0 BF: Buffer Full Status bit

In Transmit mode: 
1 = SSPxBUF is full 
0 = SSPxBUF is empty
In Receive mode:
1 = SSPxBUF is full (does not include the ACK and Stop bits)
0 = SSPxBUF is empty (does not include the ACK and Stop bits)

Register 58-4: SSPxSTAT: MSSPx Status Register (I2C™ Mode) (Continued)

Note 1: This bit is cleared on Reset and when SSPEN is cleared.

2: This bit holds the R/W bit information following the last address match. This bit is only valid from the 
address match to the next Start bit, Stop bit or not ACK bit.

3: ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Active mode.
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Register 58-5: SSPxCON1: MSSPx Control Register 1 (I2C™ Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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(1) CKP SSPM3(2) SSPM2(2) SSPM1(2) SSPM0(2)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 WCOL: Write Collision Detect bit

In Master Transmit mode:
1 = A write to the SSPxBUF register was attempted while the I2C conditions were not valid for a

transmission to be started (must be cleared in software)
0 = No collision

In Slave Transmit mode:
1 = The SSPxBUF 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.

bit 6 SSPOV: Receive Overflow Indicator bit 

In Receive mode:
1 = A byte is received while the SSPxBUF 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.

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(1)

1 = Enables the serial port and configures the SDAx and SCLx pins as the serial port pins 
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: SCKx Release Control bit 

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

In Master mode: 
Unused in this mode.

bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(2)

1111 = I2C Slave mode, 10-bit addressing with Start and Stop bit interrupts is enabled
1110 = I2C Slave mode, 7-bit addressing with Start and Stop bit interrupts is enabled
1011 = I2C Firmware Controlled Master mode (Slave Idle)
1000 = I2C Master mode, Clock = FOSC/(2 * ([SSPxADD] + 1))(3)

0111 = I2C Slave mode, 10-bit addressing
0110 = I2C Slave mode, 7-bit addressing

Note 1: When enabled, the SDAx and SCLx pins must be configured as inputs.

2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.

3: This mode is only available when 7-Bit Masking mode is selected (SSPxMSK Configuration bit is ‘1’).
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Register 58-6: SSPxCON2: MSSPx Control Register 2 (I2C™ Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

GCEN ACKSTAT ACKDT(1) ACKEN(2) RCEN(2) PEN(2) RSEN(2) SEN(2)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 GCEN: General Call Enable bit (Slave mode only)

1 = Enables interrupt when a General Call Address (0000h) is received in the SSPxSR 
0 = General Call Address is disabled

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave 
0 = Acknowledge was received from slave

bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)(1)

1 = Not Acknowledge
0 = Acknowledge 

bit 4 ACKEN: Acknowledge Sequence Enable bit (Master mode only)(2)

1 = Initiates Acknowledge sequence on the SDAx and SCLx pins and transmit ACKDT data bit;
automatically cleared by hardware

0 = Acknowledge sequence is Idle

bit 3 RCEN: Receive Enable bit (Master Receive mode only)(2)

1 = Enables Receive mode for I2C 
0 = Receive is Idle

bit 2 PEN: Stop Condition Enable bit (Master mode only)(2)

1 = Initiates Stop condition on SDAx and SCLx pins; automatically cleared by hardware. 
0 = Stop condition is Idle

bit 1 RSEN: Repeated Start Condition Enable bit (Master mode only)(2)

1 = Initiates Repeated Start condition on the SDAx and SCLx pins; automatically cleared by hardware 
0 = Repeated Start condition is Idle

bit 0 SEN: Start Condition Enable bit(2)

Master Mode:
1 = Initiates Start condition on SDAx and SCLx pins; automatically cleared by hardware
0 = Start condition is Idle

Slave Mode:
1 = Clock stretching is enabled for both slave transmit and slave receive (stretch is enabled)
0 = Clock stretching is disabled

Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.

2: If the I2C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written 
(or writes to the SSPxBUF are disabled).
© 2011 Microchip Technology Inc. Advance Information DS30627A-page 58-9



PIC24F Family Reference Manual
 

Register 58-7: SSPxCON3: MSSPx Control Register 3 (I2C™ Mode)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

ACKTIM(1) PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7 ACKTIM: Acknowledge Time Status bit(1)

1 = Indicates the I2C bus is in an Acknowledge sequence, set on the 8th falling edge of the SCLx clock
0 = Not an Acknowledge sequence; cleared on the 9th rising edge of the SCLx clock

bit 6 PCIE: Stop Condition Interrupt Enable bit

1 = Enables interrupt on detection of Stop condition
0 = Stop detection interrupts are disabled(2)

bit 5 SCIE: Start Condition Interrupt Enable bit

1 = Enables interrupt on detection of Start or Restart conditions
0 = Start detection interrupts are disabled(2)

bit 4 BOEN: Buffer Overwrite Enable bit

I2C Master mode:

This bit is ignored.
I2C Slave mode:

1 = SSPxBUF is updated and an ACK is generated for a received address/data byte, ignoring the state
of the SSPOV bit only if the BF bit = 0

0 = SSPxBUF is only updated when SSPOV is clear

bit 3 SDAHT: SDAx Hold Time Selection bit

1 = Minimum of 300 ns hold time on SDAx after the falling edge of SCLx
0 = Minimum of 100 ns hold time on SDAx after the falling edge of SCLx

bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (Slave mode only)

1 = Enables slave bus collision interrupts
0 = Slave bus collision interrupts are disabled

bit 1 AHEN: Address Hold Enable bit (Slave mode only)

1 = Following the 8th falling edge of SCLx for a matching received address byte; CKP bit of the
SSPxCON1 register will be cleared and the SCLx will be held low

0 = Address holding is disabled

bit 0 DHEN: Data Hold Enable bit (Slave mode only)

1 = Following the 8th falling edge of SCLx for a received data byte; slave hardware clears the CKP bit
of the SSPxCON1 register and SCLx is held low

0 = Data holding is disabled

Note 1: The ACKTIM status bit is active only when the AHEN bit or DHEN bit is set.

2: This bit has no effect in Slave modes for which Start and Stop condition detection is explicitly listed as 
enabled.
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Register 58-8: SSPxADD: MSSPx Slave Address/Baud Rate Generator Register

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADD0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7-0 ADD<7:0>: Slave Address/Baud Rate Generator Value bits

SPI Master and I2C Master modes:
Reloads the value for the Baud Rate Generator; clock period is (([SSPxADD] + 1) * 2)/FOSC.

I2C Slave modes:
Represents 7 or 8 bits of the slave address, depending on the addressing mode used.

7-Bit mode: Address is ADD<7:1>; ADD<0> is ignored.

10-Bit LSb mode: ADD<7:0> are the Least Significant bits of the address.

10-Bit MSb mode: ADD<2:1> are the two Most Significant bits of the address; ADD<7:3> are always
‘11110’ as a specification requirement; ADD<0> is ignored.

Register 58-9: SSPxMSK: I2C™ Slave Address Mask Register

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSK0(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8 Unimplemented: Read as ‘0’

bit 7-0 MSK<7:0>: Slave Address Mask Select bit(1)

1 = Masking of corresponding bit of SSPxADD is enabled 
0 = Masking of corresponding bit of SSPxADD is disabled

Note 1: MSK0 is not used as a mask bit in 7-bit addressing.
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58.3  BAUD RATE GENERATOR

Each MSSP module has a Baud Rate Generator (BRG) that can serve as a clock source in both
SPI and I2C Master modes. In I2C Master mode, the BRG is the only available clock source. 

The clock speed, FCLOCK, is determined by the system clock frequency (FOSC) and the BRG
reload value. The reload value is stored in the SSPxADD register (Figure 58-1). When a write
occurs to SSPxBUF, the Baud Rate Generator automatically counts down to 00h and stops until
a reload from SSPxADD has taken place. The BRG count is decremented, twice per instruction
cycle (TCY), on the Q2 and Q4 clocks. The relationship between the reload value, system clock
and BRG clock is FCLOCK = FOSC/(2 * ([SSPxADD] + 1)).

Once the given operation is complete (i.e., transmission of the last data bit is followed by ACK),
the internal clock automatically stops counting and the SCLx pin remains in its last state. 

Table 58-1 demonstrates clock rates based on instruction cycles and the BRG value loaded into
SSPxADD.

58.3.1 Baud Rate and Module Interdependence

Because the MSSP modules are independent, each module can use BRG as its clock source
and operate in SPI or I2C Master mode at different baud rates. This is done by using different
BRG reload values for each module.

Because this mode derives its basic clock source from the system clock, any changes to the
clock will affect all modules in the same proportion. It may be possible to change one or both
baud rates back to a previous value by changing the BRG reload value. 

Figure 58-1: Baud Rate Generator Block Diagram

Table 58-1: Clock Rates with the BRG

FOSC FCY
BRG Value
(SSPxADD)

FCLOCK 
(2 Rollovers of BRG)

32 MHz 16 MHz 0Fh 1 MHz(1)

32 MHz 16 MHz 27h 400 kHz(1)

32 MHz 16 MHz 9Fh 100 kHz

16 MHz 8 MHz 07h 1 MHz(1)

16 MHz 8 MHz 13h 400 kHz(1)

16 MHz 8 MHz 4Fh 100 kHz

8 MHz 4 MHz 03h 1 MHz(1)

8 MHz 4 MHz 09h 400 kHz(1)

8 MHz 4 MHz 27h 100 kHz

2 MHz 1 MHz 02h(2) 333.3 kHz

2 MHz 1 MHz 09h 100 kHz

Note 1: The I2C™ interface does not conform to the 400 kHz I2C specification (which 
applies to rates greater than 100 kHz) in all details, but may be used with care 
where higher rates are required by the application.

2: BRG values of 00h through 02h are not supported in I2C mode.

SSPM<3:0>

BRG Down CounterFOSC/2

SSPxADD<7:0>

SCLx

Reload

Control

Reload

Clock Out
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58.4  SPI MODE

The SPI mode allows 8 bits of data to be synchronously transmitted and received simultaneously.
All four modes of SPI are supported. To accomplish communication, typically three pins are used:

• Serial Data Out (SDOx)

• Serial Data In (SDIx)

• Serial Clock (SCKx)

Additionally, a fourth pin may be used when in a Slave mode of operation:

• Slave Select (SSx)

Figure 58-2 shows the block diagram of the MSSP module when operating in SPI mode. 

Figure 58-2: MSSP Block Diagram (SPI Mode)    

(          )

Read Write

Internal Data Bus

SSPxSR

SSPM<3:0>

bit 0
Shift Clock

SSx Control Enable

Edge
Select

Clock Select
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Prescaler TOSC
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2
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2

4

Data to TXx/RXx in SSPxSR
TRIS bit

2
SMP:CKE

SDOx

SSPxBUF 

SDIx

SSx

SCKx

Note: Refer to the device data sheet for pin multiplexing.

Baud
Rate

Generator

SSPxADD<7:0>

7
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58.4.1 Operation

When initializing the SPI, several options need to be specified. This is done by programming the
appropriate control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>). These control bits allow the
following to be specified:

• Master mode (SCKx is the clock output)

• Slave mode (SCKx is the clock input)

• Clock Polarity (Idle state of SCKx)

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

• Clock Edge (output data on rising/falling edge of SCKx)

• Clock Rate (Master mode only)

• Slave Select mode (Slave mode only)

Each MSSP module consists of a Transmit/Receive Shift register (SSPxSR) and a Buffer register
(SSPxBUF). The SSPxSR shifts the data in and out of the device, MSb first. The SSPxBUF holds
the data that was written to the SSPxSR until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPxBUF register. Then, the Buffer Full detect bit,
BF (SSPxSTAT<0>) and the interrupt flag bit, SSPxIF, are set. This double-buffering of the
received data (SSPxBUF) allows the next byte to start reception before reading the data that was
just received. Any write to the SSPxBUF register during transmission/reception of data will be
ignored and the Write Collision Detect bit, WCOL (SSPxCON1<7>), will be set. User software
must clear the WCOL bit so that it can be determined if the following write(s) to the SSPxBUF
register completed successfully. 

When the application software is expecting to receive valid data, the SSPxBUF should be read
before the next byte of data to transfer is written to the SSPxBUF. The Buffer Full bit, BF
(SSPxSTAT<0>), indicates when SSPxBUF has been loaded with the received data (transmis-
sion is complete). When the SSPxBUF is read, the BF bit is cleared. This data may be irrelevant
if the SPI 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 soft-
ware polling can be done to ensure that a write collision does not occur. Example 58-1 shows the
loading of the SSPxBUF (SSPxSR) for data transmission. 

The SSPxSR is not directly readable or writable and can only be accessed by addressing the
SSPxBUF register. Additionally, the SSPxSTAT register indicates the various status conditions. 

Example 58-1: Loading the SSP1BUF (SSP1SR) Register (in Assembly Language) 

Example 58-2: Loading the SSP1BUF (SSP1SR) Register (in ‘C’) 

LOOP:
BTSS SSP1STAT, #BF ;Has data been received (transmit complete)?
BRA LOOP ;No
MOV SSP1BUF, W1 ;W1 register = contents of SSP1BUF
MOV W1, RXDATA ;Save in user RAM, if data is meaningful
MOV TXDATA, W1 ;W1 register = contents of TXDATA
MOV W1, SSP1BUF ;SSP1BUF = new data to transmit in W1

while(SSP1STATbits.BF == 0); // wait until data received
// (transmit complete)

rxdata = SSP1BUF; // read SSP1BUF and save in user RAM
SSP1BUF = txdata; // write byte to SSP1BUF, 

// starts next SPI transfer
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58.4.2 Enabling SPI I/O

To enable the serial port, the MSSP Enable bit, SSPEN (SSPxCON1<5>), must be set. This
configures the SDIx, SDOx, SCKx and SSx pins as SPI port pins.

To reset or reconfigure SPI mode: 

1. Clear the SSPEN bit.

2. Re-initialize the SSPxCON registers.

In SPI Master mode, the MSSP module will assert control over any pins associated with the
SDOx and SCKx outputs. This does not automatically disable other digital functions associated
with the pin and may result in the module driving the digital I/O port inputs. To prevent this, the
MSSP module outputs must be disconnected from its output pins while the module is in SPI
Master mode.

The SPI Master mode outputs may be disabled through one or more pad control bits in a Pad
Configuration register, or by using the Peripheral Pin Select (PPS) feature (if available). Refer to
the specific device data sheet for the available configuration options.

58.4.3 Typical Connections

Figure 58-3 shows a typical connection between two microcontrollers. The master controller
(Processor 1) initiates the data transfer by sending the SCKx signal. Data is shifted out of both
shift registers on their programmed clock edge and latched on the opposite edge of the clock.
Both processors should be programmed to the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time. Whether the data is meaningful (or dummy data)
depends on the application software. This leads to three scenarios for data transmission:

• Master sends data–Slave sends dummy data

• Master sends data–Slave sends data

• Master sends dummy data–Slave sends data

Figure 58-3: SPI Master/Slave Connection 
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One MSSP module may also function as the master device with multiple slave modules on the
same bus. In these cases, multiple Slave Select (SSx) signals are used to indicate which module
is being addressed, with the master processor using general purpose I/O pins to drive the SSx
pins for individual slave devices (Figure 58-4). Data and clock signals function in the same way
as they do with master and single slave connections.

Figure 58-4: SPI Master and Multiple Slave Connection
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#3
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58.4.3.1 DAISY-CHAIN CONFIGURATION

When more than one SPI slave is present, the SPI bus can also be connected in a daisy-chain
configuration. The first slave output is connected to the second slave input, the second slave
output is connected to the third slave input, and so on. The final slave output is connected to the
master input. Each slave sends out, during a second group of clock pulses, an exact copy of what
was received during the first group of clock pulses. The whole chain acts as one large communi-
cation shift register. The daisy-chain feature only requires a single Slave Select line from the
master device. Figure 58-5 shows the block diagram of a typical daisy-chain connection when
operating in SPI mode.

In a daisy-chain configuration, only the most recent byte on the bus is required by the slave. The
BOEN bit (SSPxCON3<4>) allows the user to ignore all but the last received byte. SSPOV is
still set when a new byte is received and BF = 1, but hardware continues to write the most
recent byte to SSPxBUF. Setting the BOEN bit enables writes to the SSPxBUF register, even if
the previous byte has not been read. This allows the software to ignore data that may not apply
to it.

Figure 58-5: SPI Daisy-Chain Connection
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58.4.4 Master Mode

The master can initiate the data transfer at any time because it controls the SCKx. The master
determines when the slave (Processor 2 in Figure 58-3) is to broadcast data by the software
protocol.

In Master mode, the data is transmitted/received as soon as the SSPxBUF register is written to.
If the SPI is only going to receive, the SDOx output could be disabled (programmed as an input).
The SSPxSR register will continue to shift in the signal present on the SDIx pin at the pro-
grammed clock rate. As each byte is received, it will be loaded into the SSPxBUF register as a
normal received byte (interrupts and status bits are appropriately set). This could be useful in
receiver applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately programming the CKP bit (SSPxCON1<4>). This
then, would give waveforms for SPI communication, as shown in Figure 58-6, Figure 58-8 and
Figure 58-9, where the MSB is transmitted first. In Master mode, the SPI clock rate (bit rate) is
user-programmable to be one of the following:

• FOSC/(2 • [SSPXADD + 1])

• FOSC/2 (or TCY)

• FOSC/8 (or 4 • TCY)

• FOSC/32 (or 16 • TCY)

• Timer2 output/2 

This allows a maximum data rate (at 32 MHz) of 16 Mbps.

Figure 58-6 shows the waveforms for Master mode. When the CKE bit is set, the SDOx data is
valid before there is a clock edge on SCKx. The change of the input sample is shown based on
the state of the SMP bit. The time when the SSPxBUF is loaded with the received data is shown.

Figure 58-6: SPI Mode Waveform (Master Mode)
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58.4.5 Slave Mode

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

While in Slave mode, the external clock is supplied by the external clock source on the SCKx pin.
This external clock must meet the minimum high and low times, as specified in the electrical
characteristics in the specific device data sheet.

While in Sleep mode, the slave can transmit/receive data. When a byte is received, the device
can be configured to wake-up from Sleep.

58.4.6 Slave Select Synchronization

The SSx pin allows a Synchronous Slave mode. The SPI must be in Slave mode with the SSx
pin control enabled (SSPxCON1<3:0> = 04h). When the SSx pin is low, transmission and recep-
tion are enabled and the SDOx pin is driven. When the SSx pin goes high, the SDOx pin is no
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.        

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

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

Figure 58-7: Slave Synchronization Waveform

Note 1: When the SPI is in Slave mode with SSx pin control enabled (SSPxCON1<3:0> = 0100),
the SPI module will reset if the SSx pin is set to VDD.

2: If the SPI is used in Slave mode with CKE set, then the SSx pin control must be
enabled.
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Figure 58-8: SPI Mode Waveform (Slave Mode with CKE = 0)      

Figure 58-9: SPI Mode Waveform (Slave Mode with CKE = 1)      
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58.4.7 Bus Mode Compatibility

Table 58-2 shows the compatibility between the standard SPI modes, and the states of the CKP
and CKE control bits. In addition, the SMP bit (SSPxCON1<7>) controls if the data is sampled in
the middle or at the end of the output time.

Table 58-2: SPI Bus Modes 

58.4.8 SPI Clock Speed and Module Interactions

Because the MSSP modules are independent, they can operate simultaneously in SPI Master
mode at different data rates. Setting the SSPM<3:0> bits of the SSPxCON1 register determines
the rate for the corresponding module.

An exception is when all of the modules use Timer2 as a time base in Master mode. In this
instance, any changes to the Timer2 module’s operation will affect all MSSP modules equally. If
different bit rates are required for each module, the user should select one of the other time base
options for one of the modules.

Standard SPI Mode Terminology
Control Bits State

CKP CKE

0, 0 0 1

0, 1 0 0

1, 0 1 1

1, 1 1 0
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58.5  I2C MODE

The MSSP module in I2C mode fully implements all master and slave functions (including
General Call Address support), and provides interrupts on Start and Stop bits in hardware to
determine a free bus (multi-master function). The MSSP module implements the Standard mode
specifications, as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer: Serial Clock (SCLx) and Serial Data (SDAx). The user must
configure these pins as inputs by setting the associated TRIS bits.

Figure 58-10: MSSP Block Diagram (I2C™ Mode)      

58.5.1 Operation

The MSSP module functions are enabled by setting the MSSP Enable bit, SSPEN (SSPxCON1<5>).

The SSPxCON1 register allows control of the I2C operation. Four mode selection bits
(SSPxCON1<3:0>) allow one of the following I2C modes to be selected:

• I2C Master mode

• I2C Slave mode (7-bit addressing)

• I2C Slave mode (10-bit addressing)

• I2C Slave mode (7-bit addressing) with Start and Stop bit interrupts enabled

• I2C Slave mode (10-bit addressing) with Start and Stop bit interrupts enabled

• I2C Firmware Controlled Master mode, slave is Idle

A selection of any I2C mode, with the SSPEN bit set, forces the SCLx and SDAx pins to be
open-drain, provided these pins are programmed as inputs by setting the appropriate TRISx bits.
To ensure proper operation of the module, pull-up resistors must be provided externally to the
SCLx and SDAx pins.
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58.5.1.1 SDAx HOLD TIME

Hold time is the time that data on SDAx is held valid after the falling edge of SCLx. By default,
the module is specified for a hold time of a minimum of 100 ns. A longer hold time on SDAx
(300 ns minimum) can be selected by setting the SDAHT bit (SSPxCON3<3>). Longer minimum
hold times may be necessary on buses with large capacitance.

58.5.1.2 START/STOP CONDITION INTERRUPTS

The SCIE and PCIE bits (SSPxCON3<6,5>) are used to enable the generation of Start and Stop
interrupts in Slave modes that do not typically support this function. These bits have no effect on
Slave or Master modes when an interrupt-on-Start and Stop detect are already enabled.

58.5.2 Slave Mode

In Slave mode, the SCLx and SDAx pins must be configured as inputs by setting their corre-
sponding TRIS bits. The MSSP module will override the input state with the output data when
required (slave-transmitter).

The I2C Slave mode hardware will always generate an interrupt on an address match. Address
masking will allow the hardware to generate an interrupt for more than one address (up to 31 in
7-bit addressing and up to 63 in 10-bit addressing). Through the mode select bits, the user can
also choose to interrupt-on-Start and Stop bits.

When an address is matched, or the data transfer after an address match is received, the hard-
ware will automatically generate the Acknowledge (ACK) pulse and load the SSPxBUF register
with the received value currently in the SSPxSR register.

Any combination of the following conditions will cause the MSSP module not to give this ACK
pulse:

• The Buffer Full bit, BF (SSPxSTAT<0>), was set before the transfer was received.

• The overflow bit, SSPOV (SSPxCON1<6>), was set before the transfer was received.

In this case, the SSPxSR register value is not loaded into the SSPxBUF, but SSPxIF is set. The
BF bit is cleared by reading the SSPxBUF register, while bit, SSPOV, is cleared through software.

The SCLx clock input must have a minimum high and low for proper operation. Refer to the
specific device data sheet for I2C timing specifications and requirements.

58.5.2.1 ADDRESSING

Once the MSSP module has been enabled, it waits for a Start condition to occur. Following the
Start condition, the 8 bits are shifted into the SSPxSR register. All incoming bits are sampled with
the rising edge of the clock (SCLx) line. The value of the register bits, SSPxSR<7:1>, is com-
pared to the value of the SSPxADD register. The address is compared on the falling edge of the
eighth clock (SCLx) pulse. If the addresses match and the BF and SSPOV bits are clear, the
following events occur:

1. The SSPxSR register value is loaded into the SSPxBUF register.

2. The Buffer Full bit (BF) is set.

3. An ACK pulse is generated.

4. The SSPxIF interrupt flag bit is set (and an interrupt is generated, if enabled) on the falling
edge of the ninth SCLx pulse.

In 10-Bit Addressing mode, two address bytes need to be received by the slave. The five Most
Significant bits (MSbs) of the first address byte specify if this is a 10-bit address. The R/W bit
(SSPxSTAT<2>) must specify a write, so the slave device will receive the second address byte. For
a 10-bit address, the first byte would equal, ‘11110 A9 A8 0’, where ‘A9’ and ‘A8’ are the two
MSbs of the address. 
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The sequence of events for 10-bit addressing is as follows, with Steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of address (bits, SSPxIF, BF and UA, are set on an address
match).

2. Update the SSPxADD register with the second (low) byte of address (clears bit, UA, and
releases the SCLx line).

3. Read the SSPxBUF register (clears bit, BF) and clear the SSPxIF interrupt flag.

4. Receive second (low) byte of address (bits, SSPxIF, BF and UA, are set).

5. Update the SSPxADD register with the first (high) byte of the address. If the match
releases the SCLx line, this will clear bit, UA.

6. Read the SSPxBUF register (clears bit, BF) and clear SSPxIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of the address (bits, SSPxIF and BF, are set).

9. Read the SSPxBUF register (clears bit, BF) and clear SSPxIF.

58.5.2.2 ADDRESS MASKING

Masking an address bit causes that bit to become a “don't care”. When one address bit is
masked, two addresses will be Acknowledged and cause an interrupt. It is possible to mask more
than one address bit at a time, which greatly expands the number of addresses Acknowledged.

The I2C Slave behaves the same way, whether address masking is used or not. However, when
address masking is used, the I2C slave can Acknowledge multiple addresses and cause
interrupts. When this occurs, it is necessary to determine which address caused the interrupt by
checking SSPxBUF.

Address masking supports both 7-bit and 10-bit addresses, using a mask of 7 or 8 bits to define
a range of addresses that can be Acknowledged, using the lowest bits of the incoming address.
This allows the module to Acknowledge up to 127 different addresses with 7-bit addressing or
255 with 10-bit addressing (see Example 58-1).

The SSPxMSK register (Register 58-9) is used to store the address mask value. Clearing a bit
in SSPxMSK causes the corresponding address bit to be masked; setting the bit requires a
match in that position. SSPxMSK resets to all ‘1’s upon any Reset condition and therefore, has
no effect on the standard MSSP operation until written with a mask value.

With 7-bit addressing, SSPxMSK<7:1> mask the corresponding address bits in the SSPxADD
register. For any SSPxMSK bits that are active (SSPxMSK<n> = 0), the corresponding
SSPxADD address bit is ignored (SSPxADD<n> = x). For the module to issue an address
Acknowledge, it is sufficient to match only on addresses that do not have an active address
mask.

With 10-bit addressing, bits, SSPxMSK<7:0>, mask the corresponding address bits in the
SSPxADD register. For any SSPxMSK bits that are active (= 0), the corresponding SSPxADD
address bit is ignored (SSPxADD<n> = x). 

Example 58-3: Address Masking Examples

Note: The two Most Significant bits of the address are not affected by address masking.

7-Bit Addressing:

SSPxADD<7:1> = 1010 0000

SSPxMSK<7:1> = 1111 001

Addresses Acknowledged = A8h, A6h, A4h, A0h

10-Bit Addressing:

SSPxADD<7:0> = 1010 0000 (The two MSbs are ignored in this example since they
are not affected.)

SSPxMSK<5:1> = 1111 0011

Addresses Acknowledged = A8h, A6h, A4h, A0h
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58.5.2.3 RECEPTION

When the R/W bit of a matching received address byte is clear, the R/W bit of the SSPxSTAT
register is cleared. The received address is loaded into the SSPxBUF register and
Acknowledged.

When the overflow condition exists for a received address, then an Acknowledge (ACK) is given.
An overflow condition is defined as either the BF bit of the SSPxSTAT register is set or the
SSPOV bit of the SSPxCON1 register is set. The BOEN bit (SSPxCON3<4>) selects if the
SSPOV bit controls whether or not the ACK is generated; setting the bit allows the module to
ignore SSPOV.

An MSSP interrupt is generated for each transferred data byte. The SSPxIF flag bit must be
cleared by software.

When the SEN bit (SSPxCON2<0>) is set, SCLx is held low (clock stretch) following each
received byte. The clock must be released by setting the CKP bit (SSPxCON1<4>), except for
some incidents in 10-bit mode. See Section 58.5.2.6 “Clock Stretching” for more detail.

58.5.2.3.1 7-Bit Addressing Reception

This section describes a standard sequence of events for the MSSPx module, configured as
an I2C slave in 7-Bit Addressing mode. All decisions are made by hardware or software and
their effect on reception. Figure 58-11 and Figure 58-12 are used as visual references for this
description.

This is a step-by-step process of what typically must be done to accomplish I2C communication.

1. A Start bit is detected.

2. The S bit (SSPxSTAT<3>) is set. If interrupt-on-Start detect is enabled, SSPxIF is also set.

3. The matching address with the R/W bit cleared is received.

4. The slave pulls SDAx low, sending an ACK to the master and sets the SSPxIF bit.

5. Software clears the SSPxIF bit.

6. Software reads the received address from SSPxBUF, clearing the BF flag.

7. If SEN = 1, slave software sets the CKP bit to release the SCLx line.

8. The master clocks out a data byte.

9. Slave drives SDAx low, sending an ACK to the master, and sets the SSPxIF bit.

10. Software clears SSPxIF.

11. Software reads the received byte from SSPxBUF, clearing BF.

12. Steps 8-12 are repeated for all received bytes from the master.

13. Master sends Stop condition, setting the P bit (SSPxSTAT<4>) and the bus goes Idle.
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Figure 58-11: I2C™ Slave, 7-Bit Addressing, Reception (SEN = 0, AHEN = 0, DHEN = 0)
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Figure 58-12: I2C™ Slave, 7-Bit Addressing, Reception (SEN = 1, AHEN = 0, DHEN = 0) 

S
E

N
S

E
N

A
7

A
6

A
5

A
4

A
3

A
2

A
1

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

S
D

A
x

S
C

Lx
1

2
3

4
5

6
7

8
9

1
2

3
4

5
6

7
8

9
1

2
3

4
5

6
7

8
9

P

S
S

P
xI

F
 is

 S
et

S
C

Lx
 is

 N
ot

 H
el

d
C

K
P

 is
 W

rit
te

n 
to

 ‘1
’ i

n 
S

of
tw

ar
e

, 
C

K
P

 is
 W

ri
tte

n 
to

 ‘1
’ i

n 
S

o
ftw

a
re

, 

A
C

K

Lo
w

 B
ec

au
se

E
dg

e 
of

 S
C

Lx

R
el

ea
si

ng
 S

C
LxA
C

K
 is

 N
ot

 S
en

t

B
us

 M
as

te
r 

S
en

ds

C
K

P

S
S

P
O

V

B
F

S
S

P
xI

F

S
S

P
O

V
 is

 S
et

 B
ec

au
se

S
S

P
xB

U
F

 is
 S

til
l F

ul
l;

C
le

a
re

d
 b

y 
S

of
tw

ar
e

F
irs

t B
yt

e
of

 D
at

a 
is

A
va

ila
bl

e
in

 S
S

P
xB

U
F

A
C

K
=
1

C
le

a
re

d 
by

 S
of

tw
ar

e

S
S

P
xB

U
F

 is
 R

ea
d

C
lo

ck
 is

 H
el

d 
Lo

w
 U

nt
il 

C
K

P
 is

 S
et

 to
 ‘1

’

R
el

e
as

in
g

 S
C

Lx

S
to

p 
C

on
di

tio
n

S

A
C

K

A
C

K
R

ec
ei

ve
 A

dd
re

ss
R

ec
ei

ve
 D

a
ta

R
ec

ei
ve

 D
at

a
R

/W
 =

 0

on
 9

th
 F

al
lin

g

© 2011 Microchip Technology Inc. Advance Information DS30627A-page 58-27



PIC24F Family Reference Manual
58.5.2.3.2 7-Bit Reception with Address and Data Hold Enabled

When the AHEN and DHEN bits are set, the slave device reception operates the same as with-
out these options, except extra interrupts and clock stretching are added after the 8th falling
edge of SCLx. These additional interrupts allow the application on the slave device to decide
whether it wants to ACK the receive address or data byte, rather than the hardware. This
functionality provides support for PMBus™ applications. 

This list describes the steps that need to be taken by slave software to use these options for I2C
communication. Figure 58-13 displays a module using both address and data holding.
Figure 58-14 includes the operation with the SEN bit also set.

1. The S bit (SSPxSTAT<3>) is set. If an interrupt-on-Start detect is enabled, SSPxIF is also
set.

2. Matching address with the R/W bit clear is clocked in. SSPxIF is set and the CKP bit is
cleared after the 8th falling edge of SCLx.

3. Slave clears the SSPxIF.

4. Slave can look at the ACKTIM bit (SSPxCON3<7>) to determine if the SSPxIF was after
or before the ACK.

5. Slave reads the address value from SSPxBUF, clearing the BF flag.

6. Slave sets ACK value clocked out to the master by setting ACKDT.

7. Slave releases the clock by setting CKP.

8. SSPxIF is set after an ACK, not after a NACK.

9. If SEN = 1, the slave hardware will stretch the clock after the ACK.

10. Slave clears SSPxIF.

11. SSPxIF is set and CKP is cleared after the 8th falling edge of SCLx for a received data
byte.

12. Slave looks at the ACKTIM bit to determine the source of the interrupt.

13. Slave reads the received data from SSPxBUF, clearing BF.

14. Steps 7-14 are the same for each received data byte.

15. Communication is ended by either the slave sending an ACK = 1, or the master sending
a Stop condition. If a Stop is sent and the interrupt-on-Stop detect is disabled, the slave
will only know by polling the P bit.

Note: SSPxIF is still set after the 9th falling edge of SCLx, even if there is no clock stretch-
ing and BF has been cleared. Only if a NACK is sent to the master is the SSPxIF bit
not set.
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Figure 58-13: I2C™ Slave, 7-Bit Addressing, Reception (SEN = 0, AHEN = 1, DHEN = 1) 
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Figure 58-14: I2C™ Slave, 7-Bit Addressing, Reception (SEN = 1, AHEN = 1, DHEN = 1) 
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58.5.2.3.3 Slave Mode 10-Bit Addressing Reception

Figure 58-15 shows a standard sequence of events for the MSSP module, configured as an I2C
slave in 10-Bit Addressing mode. The step-by-step process of what must be done by slave
software to accomplish I2C communication is as follows:

1. Bus starts Idle.

2. Master sends Start condition. The S bit (SSPxSTAT<3>) is set. If interrupt-on-Start detect
is enabled, SSPxIF is also set.

3. Master sends matching high address with the R/W bit clear; the UA bit (SSPxSTAT<>) is
set.

4. Slave sends ACK and SSPxIF is set.

5. Software clears the SSPxIF bit.

6. Software reads received address from SSPxBUF, clearing the BF flag.

7. Slave loads low address into SSPxADD, releasing SCLx.

8. Master sends matching low address byte to the slave; the UA bit is set.

9. Slave sends ACK and SSPxIF is set.

10. Slave clears SSPxIF.

11. Slave reads the received matching address from SSPxBUF, clearing BF.

12. Slave loads high address into SSPxADD.

13. Master clocks a data byte to the slave and clocks out the slave’s ACK on the 9th SCLx
pulse; SSPxIF is set.

14. If the SEN bit of SSPxCON2 is set, CKP is cleared by hardware and the clock is stretched.

15. Slave clears SSPxIF.

16. Slave reads the received byte from SSPxBUF, clearing BF.

17. If SEN is set, the slave sets CKP to release the SCLx.

18. Steps 13-17 repeat for each received byte.

19. Master sends Stop to end the transmission.

58.5.2.3.4 10-Bit Addressing Reception with Address or Data Hold

Reception using 10-bit addressing, with AHEN or DHEN set, is the same as with 7-bit modes. The
only difference is the need to update the SSPxADD register using the UA bit. All functionality,
specifically when the CKP bit is cleared and the SCLx line is held low, are the same. Figure 58-16
shows the sequence for slave reception in 10-Bit Addressing mode with AHEN set. 

Note: Updates to the SSPxADD register are not allowed until after the ACK sequence.

Note: If the low address does not match, SSPxIF and UA are still set so that the slave soft-
ware can set SSPxADD back to the high address. BF is not set because there is no
match; CKP is unaffected.
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Figure 58-15: I2C™ Slave, 10-Bit Addressing, Reception (SEN = 1, AHEN = 0, DHEN = 0) 
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Figure 58-16: I2C™ Slave, 10-Bit Addressing, Reception (SEN = 0, AHEN = 1, DHEN = 0)   

R
e

ce
iv

e
 F

ir
st

 A
dd

re
ss

 B
yt

e

U
A

R
e

ce
iv

e 
S

ec
on

d 
A

d
dr

e
ss

 B
yt

e

U
A

R
ec

ei
ve

 D
at

a

A
C

K

R
e

ce
iv

e
 D

at
a

1
1

1
1

0
A

9
A

8
A

7
A

6
A

5
A

4
A

3
A

2
A

1
A

0
D

7
D

6
D

5
D

4
D

3
D

2
D

1
D

0
D

7
D

6
D

5
S

D
A

x

S
C

L
x

S
S

P
xI

F

B
F

A
C

K
D

T

U
A

C
K

P

A
C

K
T

IM

1
2

3
4

5
6

7
8

9

A
C

K
A

C
K

1
2

3
4

5
6

7
8

9
1

2
3

4
5

6
7

8
9

1
2

S
S

P
xB

U
F

is
 R

e
ad

 f
ro

m
 

R
ec

ei
ve

d
 D

at
a

S
S

P
xB

U
F

 c
an

 b
e

R
ea

d 
A

ny
 T

im
e 

B
ef

or
e

th
e 

N
ex

t R
ec

ei
ve

d 
B

yt
e

F
a

lli
n

g 
E

d
ge

 o
f S

C
L

x
no

t 
A

llo
w

ed
 U

nt
il 

9t
h

U
pd

a
te

 t
o 

S
S

P
xA

D
D

 is

S
e

t C
K

P
 w

ith
 S

of
tw

ar
e

 
R

el
ea

se
s 

S
C

L
x

S
C

Lx
C

le
a

rs
 U

A
 a

nd
 R

el
e

as
e

s
U

pd
at

e
 o

f 
S

S
P

xA
D

D
,

S
et

 b
y 

H
ar

dw
a

re
on

 9
th

 F
a

lli
ng

 E
d

ge
 

S
la

ve
 S

of
tw

a
re

 C
le

a
rs

A
C

K
D

T
 t

o 
A

C
K

th
e

 R
ec

ei
ve

d
 B

yt
e

If 
A

H
E

N
=
1

,
on

 t
he

 8
th

 F
a

lli
ng

 E
d

ge
of

 S
C

L
x 

of
 a

n 
A

dd
re

ss
B

yt
e,

 C
K

P
 is

 C
le

ar
ed

A
C

K
T

IM
 is

 S
et

 b
y 

H
ar

dw
ar

e
on

 8
th

 F
al

lin
g 

E
dg

e 
of

 S
C

Lx

C
le

a
re

d
 b

y 
S

o
ftw

a
re

R
/W

 =
 0

C
le

a
re

d 
b

y 
S

of
tw

ar
e

S

© 2011 Microchip Technology Inc. Advance Information DS30627A-page 58-33



PIC24F Family Reference Manual
58.5.2.4 TRANSMISSION

When the R/W bit of the incoming address byte is set and an address match occurs, the R/W bit
of the SSPxSTAT register is set. The received address is loaded into the SSPxBUF register. The
ACK pulse will be sent on the ninth bit and the SCLx pin is held low, regardless of SEN (see
Section 58.5.2.6 “Clock Stretching” for more detail). By stretching the clock, the master will be
unable to assert another clock pulse until the slave is done preparing the transmit data. The
transmit data must be loaded into the SSPxBUF register, which also loads the SSPxSR register.
Then, the SCLx pin should be enabled by setting bit, CKP (SSPxCON1<4>). The eight data bits
are shifted out on the falling edge of the SCLx input. This ensures that the SDAx signal is valid
during the SCLx high time (Figure 58-17).

The ACK pulse from the master-receiver is latched on the rising edge of the ninth SCLx input
pulse. If the SDAx line is high (not ACK), then the data transfer is complete. In this case, when
the ACK is latched by the slave, the slave logic is reset (resets SSPxSTAT register) and the slave
monitors for another occurrence of the Start bit. If the SDAx line was low (ACK), the next transmit
data must be loaded into the SSPxBUF register. Again, the SCLx pin must be enabled by setting
bit, CKP.

An MSSP interrupt is generated for each data transfer byte. The SSPxIF bit must be cleared in
software and the SSPxSTAT register is used to determine the status of the byte. The SSPxIF bit
is set on the falling edge of the ninth clock pulse.

58.5.2.5 SLAVE MODE BUS COLLISION

A slave receives a read request and begins shifting data out on the SDAx line. If a bus collision
is detected and the SBCDE bit (SSPxCON3<2>) is set, the BCLxIF (Bus Collision Interrupt Flag)
is set. Once a bus collision is detected, the slave goes Idle and waits to be addressed again. User
software can use the BCLxIF bit to handle a slave bus collision.
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Figure 58-17: I2C™ Slave, 7-Bit Addressing, Transmission (AHEN = 0) 
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58.5.2.5.1 7-Bit Transmission with Address Hold Enabled

Setting the AHEN bit (SSPxCON3<1>) enables additional clock stretching and interrupt genera-
tion after the 8th falling edge of a received matching address. Once a matching address has been
clocked in, CKP is cleared and the SSPxIF interrupt flag is set. Figure 58-18 shows a standard
waveform of a 7-bit addressing slave transmission with AHEN enabled.

1. Bus starts Idle.

2. Master sends the Start condition; the S bit of SSPxSTAT is set. If interrupt-on-Start detect
is enabled, the SSPxIF interrupt is also set.

3. Master sends a matching address with the R/W bit set. After the 8th falling edge of the
SCLx line, the CKP bit is cleared and an SSPxIF interrupt is generated.

4. Slave software clears SSPxIF.

5. Slave software reads the ACKTIM bit (SSPxCON3<7>), and the R/W and D/A bits
(SSPxSTAT<2,5>) to determine the source of the interrupt.

6. Slave reads the address value from the SSPxBUF register, clearing the BF bit.

7. Slave software decides from this information if it wishes to ACK or not ACK, and sets the
ACKDT bit (SSPxCON2<6>) accordingly.

8. Slave sets the CKP bit, releasing SCLx.

9. Master clocks in the ACK value from the slave.

10. Slave hardware automatically clears the CKP bit and sets SSPxIF after the ACK, if the
R/W bit is set.

11. Slave software clears SSPxIF.

12. Slave loads the value to transmit to the master into SSPxBUF, setting the BF bit.

13. Slave sets the CKP bit, releasing the clock.

14. Master clocks out the data from the slave and sends an ACK value on the 9th SCLx pulse.

15. Slave hardware copies the ACK value into the ACKSTAT bit.

16. Steps 10-15 are repeated for each byte transmitted to the master from the slave.

17. If the master sends a not ACK, the slave releases the bus, allowing the master to send a
Stop and end the communication.

58.5.2.5.2 10-Bit Addressing Transmission

The transmission using 10-bit addressing, with or without address and data holds, parallels the 7-bit
procedures. Figure 58-19 shows the sequence for slave transmission with 10-bit addressing.

Note: SSPxBUF cannot be loaded until after the ACK.

Note: The master must send a not ACK on the last byte to ensure that the slave releases
the SCLx line to receive a Stop.
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Figure 58-18: I2C™ Slave, 7-Bit Addressing, Transmission (AHEN = 1) 
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Figure 58-19: I2C™ Slave, 10-Bit Addressing, Transmission (SEN = 0, AHEN = 0, DHEN = 0) 
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58.5.2.6 CLOCK STRETCHING

Both 7-bit and 10-bit Slave modes implement automatic clock stretching during a transmit
sequence.

In Slave modes, the SEN bit (SSPxCON2<0>) allows clock stretching to be enabled during
receives. Setting SEN will cause the SCLx pin to be held low at the end of each data receive
sequence.

58.5.2.6.1 Clock Stretching for 7-Bit Slave Receive Mode (SEN = 1)

In 7-Bit Slave Receive mode, on the falling edge of the ninth clock at the end of the ACK
sequence, if the BF bit is set, the CKP bit in the SSPxCON1 register is automatically cleared,
forcing the SCLx output to be held low. The CKP being cleared to ‘0’ will assert the SCLx line
low. The CKP bit must be set in the user’s ISR (Interrupt Service Routine) before reception is
allowed to continue. By holding the SCLx line low, the user has time to service the ISR and read
the contents of the SSPxBUF before the master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see Figure 58-12).

58.5.2.6.2 Clock Stretching for 10-Bit Slave Receive Mode (SEN = 1)

In 10-Bit Slave Receive mode, during the address sequence, clock stretching automatically
takes place but CKP is not cleared. During this time, if the UA bit is set after the ninth clock,
clock stretching is initiated. The UA bit is set after receiving the upper byte of the 10-bit address-
ing and following the receive of the second byte of the 10-bit addressing with the R/W bit
cleared to ‘0’. The release of the clock line occurs upon updating SSPxADD. Clock stretching
will occur on each data receive sequence, as described in 7-bit mode (see Figure 58-15).

58.5.2.6.3 Clock Stretching for 7-Bit Slave Transmit Mode 

The 7-Bit Slave Transmit mode implements clock stretching by clearing the CKP bit, after the
falling edge of the ninth clock, if the BF bit is clear. This occurs regardless of the state of the
SEN bit.

The user’s ISR must set the CKP bit before transmission is allowed to continue. By holding the
SCLx line low, the user has time to service the ISR and load the contents of the SSPxBUF
before the master device can initiate another transmit sequence (see Figure 58-11).

58.5.2.6.4 Clock Stretching for 10-Bit Slave Transmit Mode

In 10-Bit Slave Transmit mode, clock stretching is controlled during the first two address
sequences by the state of the UA bit, just as it is in 10-Bit Slave Receive mode. The first two
addresses are followed by a third address sequence, which contains the high-order bits of the
10-bit address and the R/W bit set to ‘1’. After the third address sequence is performed, the UA
bit is not set, the module is now configured in Transmit mode and clock stretching is controlled
by the BF flag, as in 7-Bit Slave Transmit mode (see Figure 58-18).

Note 1: If the user reads the contents of the SSPxBUF before the falling edge of the ninth
clock, thus clearing the BF bit, the CKP bit will not be cleared and clock stretching
will not occur.

2: The CKP bit can be set in software, regardless of the state of the BF bit. The user
should be careful to clear the BF bit in the ISR before the next receive sequence in
order to prevent an overflow condition.

Note: If the user polls the UA bit and clears it by updating the SSPxADD register, before
the falling edge of the ninth clock occurs, and if the user hasn’t cleared the BF bit
by reading the SSPxBUF register before that time, then the CKP bit will still NOT be
asserted low. Clock stretching, on the basis of the state of the BF bit, only occurs
during a data sequence, not an addressing sequence.

Note 1: If the user loads the contents of SSPxBUF, setting the BF bit before the falling edge
of the ninth clock, the CKP bit will not be cleared and clock stretching will not occur.

2: The CKP bit can be set in software regardless of the state of the BF bit.
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58.5.2.7 BYTE NACKING

When the AHEN bit (SSPxCON3<1>) is set, the CKP bit is cleared by hardware after the 8th
falling edge of SCLx, for a received matching address byte. When the DHEN bit
(SSPxCON3<0>) is set, CKP is cleared after the 8th falling edge of SCLx for received data. 

Stretching after the 8th falling edge of SCLx allows the slave to look at the received address or
data and decide if it wants to ACK the received data. 

58.5.2.8 CLOCK SYNCHRONIZATION AND THE CKP BIT

When the CKP bit is cleared, the SCLx output is forced to ‘0’. However, clearing the CKP bit will
not assert the SCLx output low until the SCLx output is already sampled low. Therefore, the
CKP bit will not assert the SCLx line until an external I2C master device has already asserted
the SCLx line. The SCLx output will remain low until the CKP bit is set and all other devices on
the I2C bus have deasserted SCLx. This ensures that a write to the CKP bit will not violate the
minimum high time requirement for SCLx (see Figure 58-20).

Figure 58-20: Clock Synchronization Timing
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58.5.2.9 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the I2C bus is such that the first byte after the Start condition
usually determines which device will be the slave addressed by the master. The exception is the
General Call Address, which can address all devices. When this address is used, all devices
should, in theory, respond with an Acknowledge.

The General Call Address is one of eight addresses reserved for specific purposes by the I2C
protocol; it consists of all ‘0’s with R/W = 0.

The General Call Address is recognized when the General Call Enable bit, GCEN, is enabled
(SSPxCON2<7> set). Following a Start bit detect, eight bits are shifted into the SSPxSR and the
address is compared against the SSPxADD. It is also compared to the General Call Address and
fixed in hardware. 

If the General Call Address matches, the SSPxSR is transferred to the SSPxBUF, the BF flag bit
is set (eighth bit) and on the falling edge of the ninth bit (ACK bit), the SSPxIF interrupt flag bit is
set.

When the interrupt is serviced, the source for the interrupt can be checked by reading the con-
tents of the SSPxBUF. The value can be used to determine if the address was device-specific or
a General Call Address.

In 10-bit mode, the SSPxADD is required to be updated for the second half of the address to
match and the UA bit is set (SSPxSTAT<1>). If the General Call Address is sampled when the
GCEN bit is set, while the slave is configured in 10-Bit Addressing mode, then the second half of
the address is not necessary. The UA bit will not be set and the slave will begin receiving data
after the Acknowledge (Figure 58-21). 

If the AHEN bit (SSPxCON3<>) is set, just as with any other address reception, the slave
hardware stretches the clock after the 8th falling edge of SCLx. The slave must then set its
ACKDT value and release the clock with communication progressing as it would normally.

Figure 58-21: Slave Mode General Call Addressing Sequence (7 or 10-Bit Addressing Mode)          
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58.5.3 Master Mode

Master mode is enabled by setting and clearing the appropriate SSPM bits in SSPxCON1 and
by setting the SSPEN bit. In Master mode, the SCLx and SDAx lines are manipulated by the
MSSP hardware if the TRIS bits are set.

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 I2C bus may be taken when the P bit is set, or the bus is Idle,
with both the S and P bits clear.

In Firmware Controlled Master mode, user code conducts all I2C bus operations based on Start
and Stop bit conditions.

Once Master mode is enabled, the user has six options:

1. Assert a Start condition on SDAx and SCLx.

2. Assert a Repeated Start condition on SDAx and SCLx.

3. Write to the SSPxBUF register, initiating transmission of data/address.

4. Configure the I2C port to receive data.

5. Generate an Acknowledge condition at the end of a received byte of data.

6. Generate a Stop condition on SDAx and SCLx.

Figure 58-22: MSSP Block Diagram (I2C™ Master Mode)   

Note: The MSSP module, when configured in I2C Master mode, does not allow queueing
of events. For instance, the user is not allowed to initiate a Start condition and imme-
diately write the SSPxBUF register to initiate transmission before the Start condition
is complete. In this case, the SSPxBUF will not be written to and the WCOL bit will
be set, indicating that a write to the SSPxBUF did not occur.
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The following events will cause the MSSP Interrupt Flag bit, SSPxIF, to be set (and an MSSP
interrupt, if enabled):

• Start condition

• Stop condition

• Data transfer byte transmitted/received

• Acknowledge transmit

• Repeated Start

58.5.3.1 I2C 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 I2C bus will not be released.

In Master Transmitter mode, serial data is output through SDAx, while SCLx 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 8 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 trans-
mitted is a 7-bit slave address, followed by a ‘1’ to indicate the receive bit. Serial data is received
via SDAx, while SCLx outputs the serial clock. Serial data is received 8 bits at a time. After each
byte is received, an Acknowledge bit is transmitted. Start and Stop conditions indicate the begin-
ning and end of transmission.

The Baud Rate Generator used for the SPI mode operation is used to set the SCLx clock frequency
for either 100 kHz, 400 kHz or 1 MHz I2C operation. See Section 58.3 “Baud Rate Generator”
for more details.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting the Start Enable bit, SEN
(SSPxCON2<0>).

2. SSPxIF is set. The MSSP module will wait the required start time before any other
operation takes place.

3. The user loads the SSPxBUF with the slave address to transmit.

4. Address is shifted out the SDAx pin until all 8 bits are transmitted.

5. The MSSP module shifts in the ACK bit from the slave device and writes its value into the
SSPxCON2 register (SSPxCON2<6>).

6. The MSSP module generates an interrupt at the end of the ninth clock cycle by setting the
SSPxIF bit.

7. The user loads the SSPxBUF with eight bits of data. 

8. Data is shifted out the SDAx pin until all 8 bits are transmitted.

9. The MSSP module shifts in the ACK bit from the slave device and writes its value into the
SSPxCON2 register (SSPxCON2<6>).

10. The MSSP module generates an interrupt at the end of the ninth clock cycle by setting the
SSPxIF bit.

11. The user generates a Stop condition by setting the Stop Enable bit, PEN
(SSPxCON2<2>).

12. Interrupt is generated once the Stop condition is complete.
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58.5.3.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any receive, transmit or Repeated Start/Stop
condition, deasserts the SCLx pin (SCLx allowed to float high). When the SCLx pin is allowed to
float high, the Baud Rate Generator (BRG) is suspended from counting until the SCLx pin is actu-
ally sampled high. When the SCLx pin is sampled high, the Baud Rate Generator is reloaded with
the contents of SSPxADD<6:0> and begins counting. This ensures that the SCLx 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 58-23).

Figure 58-23: Baud Rate Generator Timing with Clock Arbitration        
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58.5.3.3 I2C MASTER MODE START CONDITION TIMING

To initiate a Start condition, the user sets the Start Enable bit, SEN (SSPxCON2<0>). If the SDAx
and SCLx pins are sampled high, the Baud Rate Generator is reloaded with the contents of
SSPxADD<6:0> and starts its count. If SCLx and SDAx are both sampled high when the Baud
Rate Generator times out (TBRG), the SDAx pin is driven low. The action of the SDAx being driven
low while SCLx is high is the Start condition and causes the S bit (SSPxSTAT<3>) to be set. Fol-
lowing this, the Baud Rate Generator is reloaded with the contents of SSPxADD<6:0> and
resumes its count. When the Baud Rate Generator times out (TBRG), the SEN bit
(SSPxCON2<0>) will be automatically cleared by hardware; the Baud Rate Generator is
suspended, leaving the SDAx line held low and the Start condition is complete.  

58.5.3.3.1 WCOL Status Flag

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

Figure 58-24: First Start Bit Timing        

Note: If, at the beginning of the Start condition, the SDAx and SCLx pins are already
sampled low, or if during the Start condition, the SCLx line is sampled low before the
SDAx line is driven low, a bus collision occurs. The Bus Collision Interrupt Flag,
BCLxIF, is set, the Start condition is aborted and the I2C module is reset into its Idle
state.

Note: Because queueing of events is not allowed, writing to the lower 5 bits of SSPxCON2
is disabled until the Start condition is complete.
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58.5.3.4 I2C MASTER MODE REPEATED START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit (SSPxCON2<1>) is programmed high and
the I2C logic module is in the Idle state. When the RSEN bit is set, the SCLx pin is asserted low.
When the SCLx pin is sampled low, the Baud Rate Generator is loaded with the contents of
SSPxADD<5:0> and begins counting. The SDAx pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate Generator times out, if SDAx is sampled
high, the SCLx pin will be deasserted (brought high). When SCLx is sampled high, the Baud Rate
Generator is reloaded with the contents of SSPxADD<6:0> and begins counting. SDAx and
SCLx must be sampled high for one TBRG. This action is then followed by assertion of the SDAx
pin (SDAx = 0) for one TBRG while SCLx is high. Following this, the RSEN bit (SSPxCON2<1>)
will be automatically cleared and the Baud Rate Generator will not be reloaded, leaving the SDAx
pin held low. As soon as a Start condition is detected on the SDAx and SCLx pins, the S bit
(SSPxSTAT<3>) will be set. The SSPxIF bit will not be set until the Baud Rate Generator has
timed out. 

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

58.5.3.4.1 WCOL Status Flag

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

Figure 58-25: Repeated Start Condition Waveform       

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

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

• SDAx is sampled low when SCLx goes from low-to-high.

• SCLx goes low before SDAx is asserted low. This may indicate that another 
master is attempting to transmit a data ‘1’.

Note: Because queueing of events is not allowed, writing of the lower 5 bits of SSPxCON2
is disabled until the Repeated Start condition is complete.
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58.5.3.5 I2C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7-bit address, or the other half of a 10-bit address, is accomplished
by simply writing a value to the SSPxBUF register. This action will set the Buffer Full flag bit, BF,
and allow the Baud Rate Generator to begin counting and start the next transmission. Each bit
of address/data will be shifted out onto the SDAx pin after the falling edge of SCLx is asserted
(see data hold time specification Parameter 106). SCLx is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCLx is released high (see data setup time
specification Parameter 107). When the SCLx pin is released high, it is held that way for TBRG.
The data on the SDAx pin must remain stable for that duration and some hold time after the next
falling edge of SCLx. After the eighth bit is shifted out (the falling edge of the eighth clock), the
BF flag is cleared and the master releases SDAx. This allows the slave device being addressed
to respond with an ACK bit during the ninth bit time if an address match occurred, or if data was
received properly. The status of ACK is written into the ACKDT bit on the falling edge of the ninth
clock. If the master receives an Acknowledge, the Acknowledge Status bit, ACKSTAT, is cleared;
if not, the bit is set. After the ninth clock, the SSPxIF bit is set and the master clock (Baud Rate
Generator) is suspended until the next data byte is loaded into the SSPxBUF, leaving SCLx low
and SDAx unchanged (Figure 58-26).

After the write to the SSPxBUF, each bit of the address will be shifted out on the falling edge of
SCLx until all seven address bits and the R/W bit are completed. On the falling edge of the eighth
clock, the master will deassert the SDAx pin, allowing the slave to respond with an Acknowledge.
On the falling edge of the ninth clock, the master will sample the SDAx pin to see if the address
was recognized by a slave. The status of the ACK bit is loaded into the ACKSTAT status bit
(SSPxCON2<6>). Following the falling edge of the ninth clock transmission of the address, the
SSPxIF is set, the BF flag is cleared and the Baud Rate Generator is turned off until another write
to the SSPxBUF takes place, holding SCLx low and allowing SDAx to float.

58.5.3.5.1 BF Status Flag

In Transmit mode, the BF bit (SSPxSTAT<0>) is set when the CPU writes to SSPxBUF and is
cleared when all 8 bits are shifted out.

58.5.3.5.2 WCOL Status Flag

If the user writes the SSPxBUF when a transmit is already in progress (i.e., SSPxSR is still shift-
ing out a data byte), the WCOL bit is set and the contents of the buffer are unchanged (the write
doesn’t occur) after 2 TCY after the SSPxBUF write. If SSPxBUF is rewritten within 2 TCY, the
WCOL bit is set and SSPxBUF is updated. This may result in a corrupted transfer. 

The user should verify that the WCOL bit is clear after each write to SSPxBUF to ensure the
transfer is correct. In all cases, WCOL must be cleared in software.

58.5.3.5.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPxCON2<6>) is cleared when the slave has sent an
Acknowledge (ACK = 0) and is set when the slave does not Acknowledge (ACK = 1). A slave
sends an Acknowledge when it has recognized its address (including a General Call Address),
or when the slave has properly received its data.
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58.5.3.6 I2C MASTER MODE RECEPTION

Master mode reception is enabled by programming the Receive Enable bit, RCEN
(SSPxCON2<3>).   

The Baud Rate Generator begins counting and on each rollover, the state of the SCLx pin
changes (high-to-low/low-to-high) and data is shifted into the SSPxSR. After the falling edge of
the eighth clock, the receive enable flag is automatically cleared, the contents of the SSPxSR are
loaded into the SSPxBUF, the BF flag bit is set, the SSPxIF flag bit is set and the Baud Rate Gen-
erator is suspended from counting, holding SCLx low. The MSSP is now in Idle state awaiting the
next command. When the buffer is read by the CPU, the BF flag bit is automatically cleared. The
user can then send an Acknowledge bit at the end of reception by setting the Acknowledge
Sequence Enable bit, ACKEN (SSPxCON2<4>).

58.5.3.6.1 BF Status Flag

In receive operation, the BF bit is set when an address or data byte is loaded into SSPxBUF from
SSPxSR; it is cleared when the SSPxBUF register is read.

58.5.3.6.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits are received into the SSPxSR and the BF
flag bit is already set from a previous reception.

58.5.3.6.3 WCOL Status Flag

If the user writes the SSPxBUF when a receive is already in progress (i.e., SSPxSR is still shifting
in a data byte), the WCOL bit is set and the contents of the buffer are unchanged (the write
doesn’t occur).

Note: The MSSP module must be in an inactive state before the RCEN bit is set or the
RCEN bit will be disregarded. 
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Figure 58-26: I2C™ Master Mode Waveform (Transmission, 7 or 10-Bit Addressing)       
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Figure 58-27: I2C™ Master Mode Waveform (Reception, 7-Bit Addressing)         
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58.5.3.7 ACKNOWLEDGE SEQUENCE TIMING

An Acknowledge sequence is enabled by setting the Acknowledge Sequence Enable bit, ACKEN
(SSPxCON2<4>). When this bit is set, the SCLx pin is pulled low and the contents of the Acknowl-
edge data bit are presented on the SDAx pin. If the user wishes to generate an Acknowledge, then
the ACKDT bit should be cleared. If not, the user should set the ACKDT bit before starting an
Acknowledge sequence. The Baud Rate Generator then counts for one rollover period (TBRG) and
the SCLx pin is deasserted (pulled high). When the SCLx pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCLx pin is then pulled low. Following this, the
ACKEN bit is automatically cleared, the Baud Rate Generator is turned off and the MSSP module
then goes into an inactive state (Figure 58-28).

58.5.3.7.1 WCOL Status Flag

If the user writes the SSPxBUF when an Acknowledge sequence is in progress, then WCOL is
set and the contents of the buffer are unchanged (the write doesn’t occur).

Figure 58-28: Acknowledge Sequence Waveform         
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58.5.3.8 STOP CONDITION TIMING

A Stop bit is asserted on the SDAx pin at the end of a receive/transmit by setting the Stop
Sequence Enable bit, PEN (SSPxCON2<2>). At the end of a receive/transmit, the SCLx line is
held low after the falling edge of the ninth clock. When the PEN bit is set, the master will assert
the SDAx line low. When the SDAx line is sampled low, the Baud Rate Generator is reloaded and
counts down to ‘0’. When the Baud Rate Generator times out, the SCLx pin will be brought high
and one TBRG (Baud Rate Generator rollover count) later, the SDAx pin will be deasserted. When
the SDAx pin is sampled high while SCLx is high, the P bit (SSPxSTAT<4>) is set. A TBRG later,
the PEN bit is cleared and the SSPxIF bit is set (Figure 58-29).

58.5.3.8.1 WCOL Status Flag

If the user writes the SSPxBUF when a Stop sequence is in progress, then the WCOL bit is set
and the contents of the buffer are unchanged (the write doesn’t occur).

Figure 58-29: Stop Condition Receive or Transmit Mode       
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58.5.4 Multi-Master Mode

In Multi-Master mode, the interrupt generation on the detection of the Start and Stop conditions
allows the determination of when the bus is free. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSP module is disabled. Control of the I2C bus may be taken when the P
bit (SSPxSTAT<4>) is set, or the bus is Idle, with both the S and P bits clear. When the bus is
busy, enabling the MSSP interrupt will generate the interrupt when the Stop condition occurs.

In multi-master operation, the SDAx line must be monitored for arbitration to see if the signal level
is the expected output level. This check is performed in hardware with the result placed in the
BCLxIF bit.

The states where arbitration can be lost are:

• Address Transfer 

• Data Transfer

• A Start Condition 

• A Repeated Start Condition

• An Acknowledge Condition

58.5.4.1 MULTI-MASTER COMMUNICATION, BUS COLLISION AND BUS 
ARBITRATION

Multi-Master mode support is achieved by bus arbitration. When the master outputs address/data
bits onto the SDAx pin, arbitration takes place when the master outputs a ‘1’ on SDAx, by letting
SDAx float high and another master asserts a ‘0’. When the SCLx pin floats high, data should be
stable. If the expected data on SDAx is a ‘1’ and the data sampled on the SDAx pin = 0, then a
bus collision has taken place. The master will set the Bus Collision Interrupt Flag, BCLxIF, and
reset the I2C port to its Idle state (Figure 58-30).

If a transmit was in progress when the bus collision occurred, the transmission is Halted, the BF
flag is cleared, the SDAx and SCLx lines are deasserted and the SSPxBUF can be written to. When
the user services the bus collision Interrupt Service Routine (ISR), and if the I2C bus is free, the
user can resume communication by asserting a Start condition. 

If a Start, Repeated Start, Stop or Acknowledge condition was in progress when the bus collision
occurred, the condition is aborted, the SDAx and SCLx lines are deasserted and the respective con-
trol bits in the SSPxCON2 register are cleared. When the user services the bus collision Interrupt
Service Routine and if the I2C bus is free, the user can resume communication by asserting a Start
condition.

The master will continue to monitor the SDAx and SCLx pins. If a Stop condition occurs, the SSPxIF
bit will be set.

A write to the SSPxBUF will start the transmission of data at the first data bit, regardless of where
the transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the detection of Start and Stop conditions
allows the determination of when the bus is free. Control of the I2C bus can be taken when the
P bit is set in the SSPxSTAT register or the bus is Idle, and the S and P bits are cleared.

Figure 58-30: Bus Collision Timing for Transmit and Acknowledge       
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58.5.4.2 BUS COLLISION DURING A START CONDITION

During a Start condition, a bus collision occurs if:

• SDAx or SCLx are sampled low at the beginning of the Start condition (Figure 58-31).

• SCLx is sampled low before SDAx is asserted low (Figure 58-32).

During a Start condition, both the SDAx and the SCLx pins are monitored. If the SDAx pin is
already low, or the SCLx pin is already low, then all of the following occur:

• The Start condition is aborted

• The BCLxIF flag is set

• The MSSP module is reset to its inactive state (Figure 58-31)

The Start condition begins with the SDAx and SCLx pins deasserted. When the SDAx pin is
sampled high, the Baud Rate Generator is loaded from SSPxADD<6:0> and counts down to ‘0’.
If the SCLx pin is sampled low while SDAx is high, a bus collision occurs because it is assumed
that another master is attempting to drive a data ‘1’ during the Start condition. 

If the SDAx pin is sampled low during this count, the BRG is reset and the SDAx line is asserted
early (Figure 58-33). If, however, a ‘1’ is sampled on the SDAx pin, the SDAx pin is asserted low
at the end of the BRG count. The Baud Rate Generator is then reloaded and counts down to ‘0’.
If the SCLx pin is sampled as ‘0’ during this time, a bus collision does not occur. At the end of the
BRG count, the SCLx pin is asserted low.      

Figure 58-31: Bus Collision During Start Condition (SDAx Only)      

Note: The reason that a bus collision is not a factor, during a Start condition, is that no two
bus masters can assert a Start condition at the exact same time. Therefore, one
master will always assert SDAx before the other. This condition does not cause a
bus collision because the two masters must be allowed to arbitrate the first address
following the Start condition. If the address is the same, arbitration must be allowed
to continue into the data portion, Repeated Start or Stop conditions.
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Figure 58-32: Bus Collision During Start Condition (SCLx = 0)      

Figure 58-33: BRG Reset Due to SDAx Arbitration During Start Condition        
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58.5.4.3 BUS COLLISION DURING A REPEATED START CONDITION

During a Repeated Start condition, a bus collision occurs if: 

• A low level is sampled on SDAx when SCLx goes from low level to high level.

• SCLx goes low before SDAx is asserted low, indicating that another master is attempting to 
transmit a data ‘1’.

When the user deasserts SDAx and the pin is allowed to float high, the BRG is loaded with
SSPxADD<6:0> and counts down to ‘0’. The SCLx pin is then deasserted and when sampled
high, the SDAx pin is sampled. 

If SDAx is low, a bus collision has occurred (i.e., another master is attempting to transmit a data ‘0’,
Figure 58-34). If SDAx is sampled high, the BRG is reloaded and begins counting. If SDAx goes
from high-to-low before the BRG times out, no bus collision occurs because no two masters can
assert SDAx at exactly the same time. 

If SCLx goes from high-to-low before the BRG times out and SDAx has not already been
asserted, a bus collision occurs. In this case, another master is attempting to transmit a data ‘1’
during the Repeated Start condition (see Figure 58-35).

If, at the end of the BRG time-out, both SCLx and SDAx are still high, the SDAx pin is driven low
and the BRG is reloaded and begins counting. At the end of the count, regardless of the status of
the SCLx pin, the SCLx pin is driven low and the Repeated Start condition is complete. 

Figure 58-34: Bus Collision During a Repeated Start Condition (Case 1)        

Figure 58-35: Bus Collision During Repeated Start Condition (Case 2)      
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58.5.4.4 BUS COLLISION DURING A STOP CONDITION

Bus collision occurs during a Stop condition if:

• After the SDAx pin has been deasserted and allowed to float high, SDAx is sampled low 
after the BRG has timed out.

• After the SCLx pin is deasserted, SCLx is sampled low before SDAx goes high.

The Stop condition begins with SDAx asserted low. When SDAx is sampled low, the SCLx pin is
allowed to float. When the pin is sampled high (clock arbitration), the Baud Rate Generator is
loaded with SSPxADD<6:0> and counts down to ‘0’. After the BRG times out, SDAx is sampled.
If SDAx is sampled low, a bus collision has occurred. This is due to another master attempting
to drive a data ‘0’ (Figure 58-36). If the SCLx pin is sampled low before SDAx is allowed to float
high, a bus collision occurs. This is another case of another master attempting to drive a data ‘0’
(Figure 58-37). 

Figure 58-36: Bus Collision During a Stop Condition (Case 1)      

Figure 58-37: Bus Collision During a Stop Condition (Case 2)      
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58.6  OPERATION DURING SLEEP/IDLE MODES

58.6.1 Sleep Mode

In Master mode, all module clocks are Halted and the transmission/reception will remain in that
state, during Sleep mode, until the devices wake. After the device returns to Run mode, the
module will resume transmitting and receiving data.

In Slave mode with MSSP interrupts enabled, the controller can wake from Sleep mode after the
master completes sending data. If an exit from Sleep mode is not desired, MSSP interrupts
should be disabled.

In SPI Slave mode, the SPI Transmit/Receive Shift register operates asynchronously to the
device, using the SCKx clock input. This allows the device to be placed in any power-managed
mode and data to be shifted through the SPI Transmit/Receive Shift register. When all 8 bits have
been received, the MSSP interrupt flag bit will be set, and if enabled, will wake the device.

In I2C mode, the module can receive addresses or data. If an address match or complete byte
transfer occurs, the module can wake the processor from Sleep (if the MSSP interrupt is
enabled). There is no automatic method to prevent Sleep entry if a transmission or reception is
active or pending. The application must synchronize Sleep entry with I2C operation to avoid
aborted messages.

58.6.2 Idle Mode

In Idle modes, the system clock continues to be provided to the peripherals. This allows the
peripherals to continue operating normally while the controller core is shut down for power
savings.

If MSSP interrupts are enabled, they can wake the controller from Idle mode when the master
completes sending data. If an exit from Idle mode is not desired, MSSP interrupts should be
disabled.

58.7  EFFECTS OF A RESET

In any mode, a device Reset disables the MSSP module and terminates the current transfer.
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-3.

Ta

F Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

SS ansmit Register 00xx

SS SPM3 SSPM2 SSPM1 SSPM0 0000

SS CEN PEN RSEN SEN 0000

SS DAHT SBCDE AHEN DHEN 0000

SS S R/W UA BF 0000

SS eload Register (SPI and I2C Master Modes) 0000

SS er (I2C Slave Mode) 00FF

Le
MSSP

5
8

.8  REGISTER MAPS

A summary of the registers associated with the PIC24F MSSP module is provided in Table 58

ble 58-3: Representative PIC24F MSSPx Register Map

ile Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4

PxBUF — — — — — — — — SSP Receive Buffer/Tr

PxCON1 — — — — — — — — WCOL SSPOV SSPEN CKP S

PxCON2 — — — — — — — — GCEN ACKSTAT ACKDT ACKEN R

PxCON3 — — — — — — — — ACKTIM PCIE SCIE BOEN S

PxSTAT — — — — — — — — SMP CKE D/A P

PxADD — — — — — — — —  Address Register (I2C™ Slave Mode)/Baud Rate R

PxMSK — — — — — — — — SSP Address Mask Regist

gend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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58.9  RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These
application notes may not be written specifically for the PIC24F device family, but the concepts
are pertinent and could be used with modification and possible limitations. The current
application notes related to the Master Synchronous Serial Port (MSSP) of PIC24F devices are:

Title  Application Note #

No related application notes at this time.

Note: Please visit the Microchip web site (www.microchip.com) for additional application
notes and code examples for the PIC24F family of devices.
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58.10  REVISION HISTORY

Revision A (October 2011)

This is the original version of the document.
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