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 Using the MSSP in I2C Slave Mode

Introduction
The Master Synchronous Serial Port (MSSP) is an integrated serial communications module. The MSSP contains
two sub-modules:

• SPI - Serial Peripheral Interface
• I2C - Inter-Integrated Circuit

The Inter-Integrated Circuit, commonly referred to as I2C, is a synchronous, two-wire, bidirectional serial
communications bus. The I2C module can be used to communicate with other I2C-compatible devices such as
EEPROMs, display drivers, sensors or other micrcontroller devices. The I2C module offers the following features:

• Master Mode
• Slave Mode
• Multi-Master Support
• Selectable ACK/NACK Response
• 7-Bit and 10-Bit Addressing Modes with Address Masking
• Interrupts with Interrupt Masking
• Slave Clock Stretching
• Bus Collision Detection
• Write Collision Detection
• General Call Addressing
• Selectable SDA Hold Time

This technical brief discusses the MSSP operating in the I2C Slave mode. Figure 1 shows a block diagram of the
MSSP module in I2C Slave mode.
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Figure 1. MSSP Block Diagram (I2C Slave Mode)
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Note 1:  SDA pin selections must be the same for input and output.

         2:  SCL pin selections must be the same for input and output.
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1. I2C Specification
The I2C Specification was developed by Philips Semiconductors to communicate between devices connected to a
two-wire bus. Philips recognized that there were many similarities between consumer electronics, industrial
electronics and telecommunications designs. These designs often contained similar components, such as Analog-to-
Digital Converters (ADCs), Liquid Crystal Displays (LCDs) or external memory modules. Philips determined that they
could simplify system design and maximize hardware efficiency by creating a communications scheme that could be
used to transfer data between any device connected to a common bus. The I2C Specification allowed system
designers to use devices from multiple manufacturers, or use one device in several applications. The Specification
also solved interfacing issues by creating a standard protocol that is now held as an industry standard, meaning any
I2C device can communicate with any other I2C device changing the hardware or firmware of either device.

The I2C Specification defines the bus as a two-wire, bidirectional communications network. One line carries the Serial
Data (SDA) signal, and the other line carries the Serial Clock (SCL) signal. Each I2C device connected to a bus has a
unique address, either 7 bits or 10 bits in length. An I2C device may operate as a bus master, a bus slave, or both,
depending on the device and the application in which the device is used.

1.1 I2C Terminology
To properly understand the language used in the Specification, Table 1-1 shows a list of commonly used terms found
throughout the Specification.

Table 1-1. I2C Bus Terminology

Term Description

Transmitter The device that shifts data out onto the bus.

Receiver The device that shifts data in from the bus.

Master The device that generates the clock signal (SCL), initiates data transfer and terminates
transmission.

Slave The device addressed by the master.

Multi-Master A bus that contains at least two master devices, both of which can initiate communications.

Arbitration A procedure that ensures that only one master device at a time can control the bus.

Synchronization A procedure that synchronizes the clock signals of two or more devices on the bus.

Idle Both SDA and SCL signals are at a logic high state and there is no activity on the bus.

Active The state of the bus during which communication takes place.

Write Request A master device transmits a slave address with the R/W bit clear with the intention of transmitting
data to a slave.

Read Request A master device transmits a slave address with the R/W bit set with the intention of receiving data
from a slave.

Clock Stretching Occurs when a device pulls the SCL line low to effectively pause communications.

Bus Collision The condition in which the expected SDA logic level is high, but is actually sampled as a logic
low.

Bus Timeout The condition in which a device is holding the bus for longer than a specified period.

1.2 Data Transfer Rates
The I2C Specification defines data transfer rates as follows:

• Standard-mode - transfer rates up to 100 kbits/s
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• Fast-mode - transfer rates up to 400 kbits/s
• Fast-mode Plus - transfer rates up to 1 Mbit/s
• High-Speed mode - transfer rates up to 3.4 Mbits/s

The MSSP module supports both Standard-mode and Fast-mode transfer rates.

1.3 External Pull-up Resistor Selection
The I2C Specification proposes two methods to determine the correct pull-up resistor size.

The first method calculates the maximum pull-up resistor size as a function of bus capacitance and rise time (see 
Equation 1-1). Bus capacitance is the total capacitance of the bus wires/traces, bus connection points, and bus pins,
all of which must be considered when calculating the total bus capacitance. Rise time is the period in which the signal
transitions from VIL(MAX) (0.3*VDD) to VIH(MIN)(0.7*VDD). Rise time values are typically located in the device’s data
sheet.

Bus capacitance should be measured to achieve the most accurate pull-up values, but an estimated value, or the
maximum allowable capacitance as defined by the I2C specification, may also be used. The maximum allowable bus
capacitance is specified to limit rise time decreases and allow operation at the rated frequency. The bus may operate
at higher than allowable bus capacitance levels, but at a lower frequency.

Equation 1-1. Maximum Pull-up Resistor Size�� ��� = �����0.8473 * ������ ��� = ������� ���� − �� ���������� = ������� ���� �������� = ����� ��� �����������
The second method calculates the minimum pull-up resistor size as a function of VDD (see Equation 1-2). The supply
voltage limits the minimum resistor value due to the specified minimum sink current of 3 mA for Standard-mode (100
kHz) or Fast-mode (400 kHz).

Equation 1-2. Minimum Pull-up Resistor Size�� ��� = ���− ��� �������� ��� = ������� ���� − �� �������� = ������ ���������� ��� = ������� ������ ��� ���������� = ������� ���� �������
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2. I2C Mode Overview
The MSSP’s I2C module provides a synchronous serial interface between the microcontroller and other I2C-
compatible devices using a two-wire bus network. The two signal connections, Serial Clock (SCL) and Serial Data
(SDA), are bidirectional open-drain lines, each requiring pull-up resistors to the supply voltage. Pulling the signal line
to ground is considered a logic ‘0’, while allowing the signal line to float is considered a logic ‘1’.

Figure 2-1 shows a typical connection between a master and a slave.

Figure 2-1. I2C Master/Slave Connection
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Important:  Due to the variety of device technologies (e.g., CMOS, NMOS), the logic voltage levels (logic
low (0), logic high (1)) are not fixed, but rather are proportional to the bus supply voltage.

According to the I2C Specification, a logic input low level (VIL) is up to 30% of VDD (VIL ≤ 0.3VDD), while a logic input
high level (VIH) is between 70% and 100% of VDD (VIH ≥ 0.7VDD). Some legacy devices may use the previously
defined fixed levels of VIL = 1.5V and VIH = 3.0V. However, all new I2C-compatible devices must adhere to the
30/70% specification.

All I2C communication is performed using an 8-bit data word and a 1-bit Acknowledge condition. All transactions are
initiated and terminated by the master device. Address and data are transmitted starting with the Most Significant bit
(MSb). Depending on the direction of the data being transferred, there are four main operations performed in I2C
mode:

• Master Transmit - master is sending data to a slave
• Master Receive - master is receiving data from a slave
• Slave Transmit - slave is sending data to a master
• Slave Receive - slave is receiving data from a master

The I2C Specification also defines three message protocols:
• Single message where a master writes data to a slave
• Single message where a master reads data from a slave
• Combined message where a master initiates a minimum of two writes, two reads, or a combination of reads and

writes, to one or more slaves.

Communication begins when a master device transmits a Start condition, followed by the address of the slave it
intends to communicate with. Bit 0 in the 7-bit address byte, or Bit 0 of the high address byte in 10-bit Addressing
mode, is reserved as the Read/Write Information (R/W) bit. The R/W bit determines whether the master intends to
write data to a slave (R/W = 0) or receive data from the slave (R/W = 1).

If the requested slave device exists on the bus, it will respond with an Acknowledge sequence (ACK). The ACK
sequence takes place during the 9th clock pulse and indicates to the transmitting device that the receiving device is
active and ready for communication.

In Master Transmit mode, the master will continue to send data to the slave, and the receiver will continue to respond
with an ACK, as long as the data is considered valid. In Master Receive mode, the master will continue to receive
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data from the slave and will respond to the slave with an ACK. When the master transmits or receives the last byte of
data, it can end communication by issuing a Stop condition, or it can issue a Restart condition if it intends to continue
to communicate with the bus.

The I2C Specification allows for a multi-master bus, meaning that there can be several master devices connected to a
single bus. A master can select a slave device by transmitting a unique address on the bus. When the address
matches a slave’s address, the slave responds with an ACK and communication between the master and slave can
commence. All other devices on the bus must ignore any transactions not intended for them.

2.1 I2C Operation
All MSSP I2C communication is byte-oriented and shifted out MSb first. Eight Special Function Registers (SFRs) and
two interrupt flags interface the module with the microcontroller and user software. Two pins, Serial Data (SDA) and
Serial Clock (SCL), are used by the module to communicate with other external I2C devices.

2.1.1 Byte Format
All I2C communication is done in 9-bit segments. A byte is sent from a master to a slave or vice versa, followed by an
Acknowledge sequence sent back. After the eighth falling edge of SCL, the device transmitting data on SDA changes
that pin from an output to an input and reads the ACK value on the ninth clock pulse.

The clock signal is provided by the master. Data is valid to change while SCL is low and sampled on the rising edge
of SCL. Changes on the SDA line while SCL is high define special bus conditions, such as a Start or Stop condition.

2.1.2 SDA and SCL Pins
Selection of any I2C mode with the SSPEN bit set (SSPEN = 1) forces the SCL and SDA pins to be open-drain.
These pins must be configured as inputs by setting the appropriate TRIS bits.

Important:  Any device pin can be selected for SDA and SCL functions with the PPS peripheral. These
functions are bidirectional. The SDA input is selected with the SSPxDATPPS registers. The SCL input is
selected with the SSPxCLKPPS registers. Outputs are selected with the RxyPPS registers. It is the user’s
responsibility to make the selections so that both the input and the output for each function is on the same
pin.

2.1.2.1 SDA Hold Time
The hold time of the SDA pin is selected by the SDA Hold Time Selection (SDAHT) bit. Hold time is the time SDA is
held valid after the falling edge of SCL. Setting the SDAHT bit selects a longer 300 ns minimum hold time and may
help buses with large capacitance.

2.1.3 Clock Stretching
Clock stretching occurs when a device on the bus holds the SCL line low, effectively pausing communication. The
slave may stretch the clock to allow more time to handle data or prepare a response for the master device. A master
device is not concerned with stretching, as anytime it is active on the bus and not transferring data, it is stretching.
Any stretching done by a slave is invisible to the master software and handled by the hardware that generates SCL.

The CKP bit is used to control stretching in software. Any time the CKP bit is cleared, the module will wait for the SCL
line to go low and then hold it. Setting CKP will release SCL and allow more communication.

2.1.4 Start Condition
The I2C Specification defines a Start condition as a transition of SDA, from a High to a Low state, while the SCL line
is high. A Start condition is always generated by the master and signifies the transition of the bus from an Idle to an
Active state. Figure 2-2 shows wave forms for Start and Stop conditions.

A bus collision can occur on a Start condition if the module samples the SDA line low, before asserting it low. This
does not conform to the I2C Specification that states no bus collision can occur on a Start.

2.1.5 Stop Condition
A Stop condition is a transition of the SDA line from a low-to-high state while the SCL line is high.
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Important:  At least one SCL low time must appear before a Stop is valid. Therefore, if the SDA line goes
low then high again while the SCL line stays high, only the Start condition is detected.

Figure 2-2. I2C Start and Stop Conditions



SDA 

SCL
P 

Stop 
Condition

S 

Start 
Condition

Change of 
Data Allowed 

Change of 
Data Allowed

Rev. 30-000022A
4/3/2017

2.1.6 Start/Stop Condition Interrupt Masking
The Start Condition Interrupt Enable (SCIE) and Stop Condition Interrupt Enable (PCIE) bits can enable the
generation of an interrupt in Slave modes that do not typically support this function. These bits will have no effect in
Slave modes where interrupt on Start and Stop detect are already enabled.

2.1.7 Restart Condition
A Restart condition is valid any time that a Stop would be valid. A master can issue a Restart if it wishes to hold the
bus after terminating the current transfer. A Restart has the same effect on the slave that a Start would, resetting all
slave logic and preparing it to clock in an address. The master may want to address the same or another slave. 
Figure 2-3 shows the waveform for a Restart condition.

In 10-bit Addressing Slave mode, a Restart is required for the master to clock data out of the addressed slave. Once
a slave has been fully addressed, matching both high and low address bytes, the master can issue a Restart and the
high address byte with the R/W bit set. The slave logic will then hold the clock and prepare to clock out data.

Figure 2-3. I2C Restart Condition
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2.1.8 Acknowledge Sequence
The ninth SCL pulse for any transferred byte in I2C is dedicated as an Acknowledge sequence (ACK). It allows
receiving devices to respond back to the transmitter by pulling the SDA line low. The transmitter must release control
of the line during this time to shift in the response. The Acknowledge (ACK) is an active-low signal. Pulling the SDA
line low indicates to the transmitter that the device has received the transmitted data and is ready to receive more.

The result of an ACK is placed in the Acknowledge Status (ACKSTAT) bit.
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The slave software, when the Address Hold Enable (AHEN) and Data Hold Enable (DHEN) bits are set, allows the
user to select the ACK value sent back to the transmitter. The Acknowledge Data (ACKDT) bit is set/cleared to
determine the response.

The slave hardware will generate an ACK response under most circumstances. However, if the BF bit or the Receive
Overflow Indicator (SSPOV) bits are set when a byte is received, then the ACK will not be sent by the slave.

When the module is addressed, after the eighth falling edge of SCL on the bus, the Acknowledge Time Status
(ACKTIM) bit is set. The ACKTIM bit indicates the acknowledge time of the active bus. The ACKTIM bit is only active
when either the AHEN bit or DHEN bit is enabled.

2.2 I2C Slave Mode Operation
The MSSP Slave mode operates in one of four modes selected by the MSSP Mode Select (SSPM) bits. The modes
can be divided into 7-bit and 10-bit Addressing modes. The 10-bit Addressing mode operates the same as the 7-bit,
with some additional overhead for handling the larger addresses.

Modes with Start and Stop condition interrupts operate the same as the other modes with SSPxIF, additionally getting
set upon detection of a Start, Restart or Stop condition.

2.2.1 Slave Mode Addresses
The SSPxADD register contains the Slave mode address. The first byte received after a Start or Restart condition is
compared against the value stored in this register. If the byte matches, the value is loaded into the SSPxBUF register
and an interrupt is generated. If the value does not match, the module goes Idle and no indication is given to the
software that anything happened.

The SSPxMSK register affects the address matching process. See the “SSP Mask Register” section for more
information.

2.2.1.1 I2C Slave 7-bit Addressing Mode
In 7-bit Addressing mode, the LSb of the received data byte is ignored when determining if there is an address
match.

2.2.1.2 I2C Slave 10-bit Addressing Mode
In 10-bit Addressing mode, the first received byte is compared to the binary value of ‘1 1 1 1 0 A9 A8 0’. A9 and A8
are the two MSbs of the 10-bit address and stored in bits 2 and 1 of the SSPxADD register.

After the acknowledge of the high byte, the Update Address (UA) bit is set and SCL is held low until the user updates
SSPxADD with the low address. The low address byte is clocked in and all eight bits are compared to the low
address value in SSPxADD. Even if there is not an address match; SSPxIF and UA are set, and SCL is held low until
SSPxADD is updated to receive a high byte again. When SSPxADD is updated, the UA bit is cleared. This ensures
the module is ready to receive the high address byte on the next communication.

A high and low address match as a write request is required at the start of all 10-bit addressing communication. A
transmission can be initiated by issuing a Restart, once the slave is addressed and clocking in the high address with
the R/W bit set. The slave hardware will then acknowledge the read request and prepare to clock out data. This is
only valid for a slave, after it has received a complete high and low address byte match.

2.2.2 Clock Stretching
When a slave device has not completed processing data, it can delay the transfer of more data through the process
of clock stretching. An addressed slave device may hold the SCL clock line low after receiving or sending a bit,
indicating that it is not yet ready to continue. The master that is communicating with the slave will attempt to raise the
SCL line in order to transfer the next bit, but will detect that the clock line has not yet been released. Because the
SCL connection is open-drain, the slave has the ability to hold that line low until it is ready to continue
communicating.

Clock stretching allows receivers that cannot keep up with a transmitter to control the flow of incoming data.

2.2.2.1 Normal Clock Stretching
Following an ACK, if the R/W bit is set (a read request), the slave hardware will clear CKP. This allows the slave time
to update SSPxBUF with data to transfer to the master. If the Stretch Enable (SEN) bit is set, the slave hardware will
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always stretch the clock after the ACK sequence. Once the slave is ready; CKP is set by software and
communication resumes.

2.2.2.2 10-bit Addressing Mode
In 10-bit Addressing mode, when the UA bit is set, the clock is always stretched. This is the only time the SCL is
stretched without CKP being cleared. SCL is released immediately after a write to SSPxADD.

2.2.2.3 Byte NACKing
When the AHEN bit is set, CKP is cleared by hardware after the eighth falling edge of SCL for a received matching
address byte. When the DHEN bit is set, CKP is cleared after the eighth falling edge of SCL for received data.

Stretching after the eighth falling edge of SCL allows the slave to look at the received address or data and decide if it
wants to acknowledge (ACK) the received address or data, or not acknowledge (NACK) the address or data.

2.2.3 Clock Synchronization and the CKP bit
Any time the CKP bit is cleared, the module will wait for the SCL line to go low and then hold it. However, clearing the
CKP bit will not assert the SCL output low until the SCL output is already sampled low. Therefore, the CKP bit will not
assert the SCL line until an external I2C master device has already asserted the SCL line. The SCL output will remain
low until the CKP bit is set and all other devices on the I2C bus have released SCL. This ensures that a write to the
CKP bit will not violate the minimum high time requirement for SCL (see Figure 2-4).

Figure 2-4. Clock Synchronization Timing
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2.2.4 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 device. The exception is the general call address that can address
all devices. When this address is used, all devices should, in theory, respond with an ACK.

The general call address is a reserved address in the I2C Specification, defined as address 0x00. When the General
Call Enable (GCEN) bit is set, the slave module will automatically ACK the reception of this address, regardless of
the value stored in SSPxADD. After the slave clocks in an address of all zeros with the R/W bit clear, an interrupt is
generated and slave software can read SSPxBUF and respond. Figure 2-5 shows a general call reception sequence.
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Figure 2-5. Slave Mode General Call Address Sequence
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In 10-bit Address mode, the UA bit will not be set on the reception of the general call address. The slave will prepare
to receive the second byte as data, just as it would in 7-bit mode.

If the AHEN bit is set, just as with any other address reception, the slave hardware will stretch the clock after the
eighth falling edge of SCL. The slave must then set its Acknowledge Sequence Enable (ACKEN) bit and release the
clock with communication progressing as it would normally.

2.2.5 SSP Mask Register
The MSSP Mask register (SSPxMSK) is available in I2C Slave mode as a mask for the value held in the SSPSR
register during an address comparison operation. A zero (‘0’) bit in the SSPxMSK register has the effect of making
the corresponding bit of the received address a “don’t care”.

This register is Reset to all ‘1’s upon any Reset condition and, therefore, has no effect on standard MSSP operation
until written with a mask value.

SSPxMSK is active during:

• 7-bit Address mode: address compare of A[7:1].
• 10-bit Address mode: address compare of A[7:0] only. The MSSP mask has no effect during the reception of the

first (high) byte of the address.

2.2.6 Slave Reception
When the R/W bit of a matching received address byte is clear, the R/W bit is cleared. The received address is
loaded into the SSPxBUF register and acknowledged.

When the overflow condition exists for a received address, a Not Acknowledge (NACK) is transmitted and the
Receive Overflow Indicator (SSPOV) bit is set. The Buffer Override Enable (BOEN) bit modifies this operation.

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

When the SEN bit is set, SCL will be held low (clock stretch) following each received byte. The clock must be
released by setting the CKP bit, but with some exceptions in 10-bit mode. See “10-Bit Addressing Mode” for more
details.

2.2.6.1 7-bit Addressing Reception
The following describes a standard sequence of events for the MSSP module configured as an I2C slave in 7-bit
Addressing mode. Figure 2-6 and Figure 2-7 are used as a visual reference for this description.

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

1. Start condition detected.
2. The Start (S) bit is set; SSPxIF is set if the Start Condition Interrupt Enable (SCIE) bit is set.
3. Matching address when R/W bit clear is received.
4. The slave pulls SDA low, sending an ACK to the master and sets SSPxIF bit.
5. Software clears the SSPxIF bit.
6. Software reads received address from SSPxBUF, clearing the BF flag.
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7. If SEN = 1; Slave software sets the CKP bit to release the SCL line.
8. The master clocks out a data byte.
9. Slave drives SDA low, sending an ACK to the master and setting 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 Stop (P) bit, and the bus goes Idle.
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Figure 2-6. I2C Slave, 7-bit Address, Reception (SEN = 0, AHEN = 0, DHEN = 0)rotatethispage90
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Figure 2-7. I2C Slave, 7-bit Address, Reception (SEN = 1, AHEN = 0, DHEN = 0)rotatethispage90
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2.2.6.2 7-bit Reception with AHEN and DHEN
Slave device reception, with AHEN and DHEN set, operates the same as without these options with extra interrupts
and clock stretching added, after the eighth falling edge of SCL. These additional interrupts allow the slave software
to decide whether it wants to ACK the receive address or data byte, rather than the hardware. This functionality adds
support for PMBus™ that was not present on previous versions of this module.

This list describes the steps that need to be taken by slave software to use these options for I2C communication. 
Figure 2-8 displays a module using both address and data holding. Figure 2-9 includes the operation with the SEN bit
set.

1. The Start (S) bit is set; SSPxIF is set if SCIE is set.
2. Matching address with the R/W bit clear is clocked in. SSPxIF is set and CKP is cleared after the eighth falling

edge of SCL.
3. Software clears the SSPxIF.
4. Slave can look at the ACKTIM bit 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 transmits an ACK to the master by clearing 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.

Important:  SSPxIF is still set after the ninth falling edge of SCL, even if there is no clock stretching
and BF has been cleared. Only if a NACK is sent to the master is SSPxIF not set.

11. SSPxIF is set and CKP cleared after eighth falling edge of SCL 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 a NACK, or the master sending a Stop condition. If a

Stop is sent and the Stop Condition Interrupt Enable (PCIE) bit is clear, the slave will only know by polling the
Stop (P) bit.
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Figure 2-8. I2C Slave, 7-bit Address, Reception (SEN = 0, AHEN = 1, DHEN = 1)rotatethispage90
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Figure 2-9. I2C Slave, 7-bit Address, Reception (SEN = 1, AHEN = 1, DHEN = 1)rotatethispage90
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2.2.6.3 Slave Mode 10-bit Address Reception
This section describes a standard sequence of events for the MSSP module configured as an I2C slave in 10-bit
Addressing mode. Figure 2-10 shows a standard waveform for a slave receiver in 10-bit addressing mode with clock
stretching enabled.

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

1. Bus starts Idle.
2. Master sends Start condition; S bit is set; SSPxIF is set if SCIE is set.
3. Master sends matching high address with the R/W bit clear; the UA bit 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 SCL.
8. Master sends matching low address byte to the slave; UA bit is set.

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

9. Slave sends ACK and SSPxIF is set.

Important:  If the low address does not match, SSPxIF and UA are still set so that the slave
software can set SSPxADD back to the high address. BF is not set because there is no match. CKP
is unaffected.

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 slaves ACK on the ninth SCL pulse; SSPxIF is set.
14. If the SEN bit 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 software sets CKP to release the SCL.
18. Steps 13-17 repeat for each received byte.
19. Master sends Stop to end the transmission.
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Figure 2-10. I2C Slave, 10-bit Address, Reception (SEN = 1, AHEN = 0, DHEN = 0)rotatethispage90
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2.2.6.4 10-bit Addressing 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 bit is cleared and
the SCL line is held low, is the same. Figure 2-11 can be used as a reference of a slave in 10-bit addressing with
AHEN set.

Figure 2-12 shows a standard waveform for a slave transmitter in 10-bit Addressing mode.
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Figure 2-11. I2C Slave, 10-bit Address, Reception (SEN = 0, AHEN = 1, DHEN = 0)rotatethispage90
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Figure 2-12. I2C Slave, 10-bit Address, Transmission (SEN = 0, AHEN = 0, DHEN = 0)rotatethispage90
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2.2.7 Slave Transmission
When the R/W bit of the incoming address byte is set and an address match occurs, the R/W bit is set. The received
address is loaded into the SSPxBUF register, and an ACK pulse is sent by the slave on the ninth bit.

Following the ACK, slave hardware clears the CKP bit and the SCL pin is held low (see “Clock Stretching” for more
details). 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 SSPSR register. Then the SCL pin
should be released by setting the CKP bit. The eight data bits are shifted out on the falling edge of the SCL input.
This ensures that the SDA signal is valid during the SCL high time.

The ACK pulse from the master receiver is latched on the rising edge of the ninth SCL input pulse. This ACK value is
copied to the ACKSTAT bit. If ACKSTAT is set (NACK), then the data transfer is complete. In this case, when the
NACK is latched by the slave, the slave goes Idle and waits for another occurrence of a Start condition. If the SDA
line was low (ACK), the next transmit data must be loaded into the SSPxBUF register. Again, the SCL pin must be
released by setting bit CKP.

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

2.2.7.1 Slave Mode Bus Collision
A slave receives a read request and begins shifting data out on the SDA line. If a bus collision is detected and the
Slave Mode Bus Collision Detect Enable (SBCDE) bit is set, the Bus Collision Interrupt Flag (BCLxIF) bit of the PIRx
register 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.

2.2.7.2 7-bit Transmission
A master device can transmit a read request to a slave, and then clock data out of the slave. The list below outlines
what software for a slave will need to do to accomplish a standard transmission. Figure 2-13 can be used as a
reference to this list.

1. Master sends a Start condition.
2. The Start (S) bit is set; SSPxIF is set if SCIE is set.
3. Matching address with R/W bit set is received by the Slave, setting SSPxIF bit.
4. Slave hardware generates an ACK and sets SSPxIF.
5. The SSPxIF bit is cleared by software.
6. Software reads the received address from SSPxBUF, clearing BF.
7. R/W is set so CKP was automatically cleared after the ACK.
8. The slave software loads the transmit data into SSPxBUF.
9. CKP bit is set by software, releasing SCL, allowing the master to clock the data out of the slave.
10. SSPxIF is set after the ACK response from the master is loaded into the ACKSTAT bit.
11. SSPxIF bit is cleared.
12. The slave software checks the ACKSTAT bit to see if the master wants to clock out more data.

Important: 
1. If the master ACKs then the clock will be stretched.
2. ACKSTAT is the only bit updated on the rising edge of the ninth SCL clock instead of the

falling edge.

13. Steps 9-13 are repeated for each transmitted byte.
14. If the master sends a not ACK; the clock is not held, but SSPxIF is still set.
15. The master sends a Restart condition or a Stop.
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Figure 2-13. I2C Slave, 7-bit Address, Transmission (AHEN = 0)rotatethispage90
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2.2.7.3 7-bit Transmission with Address Hold Enabled
Setting the AHEN bit enables additional clock stretching and interrupt generation after the eighth falling edge of a
received matching address. Once a matching address has been clocked in, CKP is cleared and the SSPxIF interrupt
is set.

Figure 2-14 displays a standard waveform of a 7-bit address slave transmission with AHEN enabled.

1. Bus starts Idle.
2. Master sends Start condition; the S bit is set; SSPxIF is set if SCIE is set.
3. Master sends matching address with the R/W bit set. After the eighth falling edge of the SCL line the CKP bit

is cleared and SSPxIF interrupt is generated.
4. Slave software clears SSPxIF.
5. Slave software reads the ACKTIM, R/W and D/A bits 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 NACK and sets the ACKDT bit accordingly.
8. Slave software sets the CKP bit, releasing SCL.
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 value to transmit to the master into SSPxBUF, setting the BF bit.

Important:  SSPxBUF cannot be loaded until after the ACK.

13. Slave software sets the CKP bit, releasing the clock.
14. Master clocks out the data from the slave and sends an ACK value on the ninth SCL 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.

Important:  Master must send a not ACK on the last byte to ensure that the slave releases the SCL
line to receive a Stop.
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Figure 2-14. I2C Slave Waveform (Transmission, 7-bit, AHEN = 1)rotatethispage90
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2.2.7.4 10-bit Transmission
The list below outlines the steps for 10-bit transmission in Slave mode:

1. Master issues a Start condition.
2. The Start (S) bit is set, SSPxIF is set; if SSPxIE is set, jump to ISR.
3. Software clears SSPxIF.
4. Slave receives upper address byte of 10-bit address with R/W bit clear, hardware sets BF and UA, and clears

D/A. Hardware stretches the clock.
5. Slave hardware compares the received address byte with the address loaded into SSPxADD.
6. Slave transmits ACK sequence. If address does not match, slave transmits a NACK sequence.
7. Slave hardware sets SSPxIF.
8. Slave software reads SSPxBUF, hardware clears BF.
9. Software clears SSPxIF.
10. Software loads the lower 10-bit address into SSPxADD, clearing UA and releasing SCL.
11. Slave receives lower address byte, sets BF and UA.
12. Hardware compares the received address byte to the address loaded into SSPxADD.
13. Slave transmits ACK sequence, sets SSPxIF.
14. Software reads SSPxBUF, hardware clears BF.
15. Software clears SSPxIF.
16. Software loads SSPxADD with the high byte of the 10-bit address, hardware clears UA.
17. Master issues a Restart condition and transmits high byte of 10-bit address with R/W set.
18. Slave receives the high byte of the 10-bit address with the R/W bit set, hardware sets BF and R/W.
19. Hardware compares the received address byte to the address loaded into SSPxADD.
20. Software reads SSPxBUF, clearing BF.
21. Hardware issues an ACK sequence, sets SSPxIF.
22. After the 9th falling SCL edge, hardware clears CKP (clock stretch), allowing software to load SSPxBUF with

data to transmit, setting BF.
23. Software sets CKP, releasing the clock.
24. Slave transmits full byte, hardware clears BF and sets D/A.
25. Slave receives ACK from master, hardware clears ACKSTAT and sets SSPxIF.
26. Software clears SSPxIF.
27. Slave repeats steps 22 - 26 until all bytes have been transmitted.
28. Slave receives Stop condition, setting the P bit.
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Figure 2-15. I2C Slave Mode Waveform (Transmission, 10-bit Address)
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3. Slave Mode Code Example
Example 3-1 shows the use of the MSSP in 7-bit I2C Slave mode. The example uses an Interrupt Service Routine
(ISR) to determine whether the master intends to read data from or write data to the slave, and react accordingly. A
PICkit™ Serial Analyzer tool, which includes a graphical user interface (GUI), was used as the master device for
simplicity. The GUI allows a user to read data from or write data to specific address locations within the slave.

Example 3-1. MSSP in I2C Slave Mode

#define ARRAY_CNT        32               // Number of bytes in array

uint8_t slaveAddress = 0x30;                    // 7-bit slave address
uint8_t index =           0;                    // Array pointer
uint8_t temp =            0;                    // Temp register
uint8_t regAdd =          1;                    // First data byte was reg add

uint8_t i2cArray[ARRAY_CNT] = 
{0xFF, 0xEE, 0xDD, 0xCC, 0xBB, 0xAA, 0x99, 0x88,
0x77, 0x66, 0x55, 0x44, 0x33, 0x22, 0x11, 0xFA,
0xEA, 0xDA, 0xCA, 0xBA, 0xFB, 0xFC, 0xFD, 0xFE,
0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07, 0x08};

void I2C_Initialize(void)
{
    SSP1STATbits.SMP = 1;                        // Disable slew control
    SSP1CON1bits.SSPM = 0b0110;                  // 7-bit slave mode
    SSP1CON2bits.SEN = 1;                        // Enable clock stretching
    SSP1CON3bits.SBCDE = 1;                      // Enable BCLIF
    SSP1ADD = slaveAddress;                      // Load slave address
    SSP1CON1bits.SSPEN = 1;                      // Enable the module

    PIR3bits.BCL1IF = 0;                         // Clear Bus Collision IF
    PIR3bits.SSP1IF = 0;                         // Clear SSP interrupt flag
    PIE3bits.BCL1IE = 1;                         // Enable BCLIF
    PIE3bits.SSP1IE = 1;                         // Enable SSPIF
    INTCONbits.PEIE = 1;                         // Enable periph interrupts
    INTCONbits.GIE = 1;                          // Enable global interrupts
}

void __interrupt() ISR(void)
{
    if(PIR3bits.SSP1IF)                         // Check for SSPIF
    {
        if(SSP1STATbits.R_nW == 1)              // Master read (slave transmit)
        {
            SSP1BUF = i2cArray[index++];        // Load array value
            SSP1CON1bits.CKP = 1;               // Release clock stretch
        }
        if(SSP1STATbits.R_nW == 0)              // Master write (slave receive)
        {
            if(SSP1STATbits.D_nA == 0)          // Last byte was an address
            {
                regAdd = 1;                     // Next byte register address
                temp = SSP1BUF;                 // Clear BF
                SSP1CON1bits.CKP = 1;           // Release clock stretch
            }
            if(SSP1STATbits.D_nA == 1)          // Last byte was data
            {
                if(regAdd == 1)                 // Last byte was register add
                {
                    index = SSP1BUF;            // Load register address
                    regAdd = 0;                 // Next byte will be true data
                }
                else
                {
                    if(index < ARRAY_CNT)              // Within boundaries?
                    {
                        i2cArray[index++] = SSP1BUF;   // Yes, read SSP1BUF
                    }
                    else
                    {
                        temp = SSP1BUF;                // No, discard data
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                    }
                }
                SSP1CON1bits.CKP = 1;                  // Release clock stretch
            }
        }
    }
    if(PIR3bits.BCL1IF == 1)
    {
        temp = SSP1BUF;                            // Clear BF
        PIR3bits.BCL1IF = 0;                       // Clear BCLIF
        SSP1CON1bits.CKP = 1;                      // Release clock stretching
    }
    PIR3bits.SSP1IF = 0;                           // Clear SSP1IF
}
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4. Conclusion
The Master Synchronous Serial Port (MSSP) is an integrated serial communications module that contains two sub-
modules; the SPI and the I2C. The I2C can be configured to operate as a bus master, a bus slave, or both in Multi-
Master mode. This technical brief highlights the use of the MSSP in I2C Slave mode, and includes basic I2C
Specification information, terminology, set-up information and a software example.
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