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Introduction
Users of  consumer electronics, telecommunications, and industrial 
electronics often choose an inter-IC (I2C) bus for functional block 
connections. Some of Fujitsu’s microcontroller series do not have 
an on-chip I2C peripheral function, but most of them have a 
synchronous serial I/O function. Synchronous serial I/O can be 
configured to substitute for I2C.  

The purpose of this application note is to demonstrate how the 
Fujitsu serial I/O can be interfaced to an I2C peripheral. The 
Philips PCF8591 A/D and D/A converter and Fujitsu 16LX 
MB90540 are used for this demonstration.

This application note is intended to demonstrate only a sample 
application for interfacing the Fujitsu Synchronized Serial I/O to 
an I2C peripheral. It does not cover all situations that can occur 
with I2C protocol. 

The Fujitsu serial I/O has the following features:

•  Transfer can be started from most significant bit (MSB) to 
least significant bit (LSB).

• Internal clock synchronized transfer and external clock 
synchronized transfer are supported.

• Positive edge and negative edge clock synchronization are 
supported. 

• Baud rates include 31.25 Kbps, 62.5 Kbps, 125 Kbps, 
500 Kbps, and 1 Mbps at system clock = 16 MHz.

One of the most important reasons the Fujitsu synchronized serial 
I/O is interfaced to an I2C bus is because it provides programmable 
clock polarity.

Synchronous Serial I/O Macro
Figure 1 shows a diagram of the Fujitsu serial I/O macro. The 
diagram shows a three-wire system that includes the serial clock 
(SCK2), serial data input (SIN2), and serial data output (SOT2). 
A programmable option determines whether the serial I/O handles 
data by the MSB first or the LSB first. (I2C protocol handles the 
MSB first.)

 

Figure 1. Serial I/O Interface Block Diagram
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The interface operates in internal shift clock mode or external shift 
clock mode. In internal shift clock mode, data is transferred in 
synchronization with the internal clock.

In external shift clock mode, data is transferred in synchronization 
with the clock supplied through the external pin (SCK2). By 
manipulating the general purpose port that shares the external pin 
(SCK2), data can also be transferred by a CPU instruction in this 
mode.

Figure 2 shows the timing of the serial I/O data transfer. Data is 
outputted from the serial output pin (SOT2) at the falling edge of 
the shift clock, and it is inputted from the serial input pin (SIN2) at 
the rising edge of the shift clock.

When NEG = 0, the first falling edge occurs internal to the serial 
I/O. Data is captured at the SIN2 pin on the rising edge of SCK. 
Subsequent falling edges shift the data and accept or present the 
next bit. When NEG = 1, transmission ends at the eighth rising 
edge of SCK. When NEG = 0, transmission ends at the eighth 
falling edge of SCK.

The Fujitsu serial I/O macro contains the serial mode control status 
register (SMCS), serial shift data register (SDR), serial I/O pre-
scaler register (SCDCR), and negative clock operation (SES2). For 
detailed information, refer to the MB90540 Hardware Manual.

I2C Definition
The I2C is a two-wire, half-duplex serial interface with data 
transmitted and received with MSB first. The two wires consist of a 
serial data line (SDA) and a serial clock line (SCL). Generation of 
clock signals on the I2C bus is always done by master devices. Bus 
clock signals from a master device can only be altered when they are 
stretched by a slow slave device holding down the clock line, or by 
another master device when arbitration occurs.

The protocol consists of a start condition, slave address, n bytes of 
data, and a stop condition. Each byte is followed by an 
acknowledge bit. 

A start condition is defined as a high-to-low transition on SDA 
while SCL is high. A stop condition is defined as a low-to-high 
transition on SDA while SCL is high. An acknowledge bit is a low 
logic level sent by the addressed receiving device during the ninth 
clock period. A master receiver signals the end of data by not 
generating an acknowledge bit after the last byte has left the slave 
device.

Interfacing the Serial I/O to the 
PCF8591
Addressing
Each PCF8591 device in an I2C bus system is activated by sending 
a valid address to the device. The address consists of fixed and 
programmable parts. The programmable part must be set 
according to the address pins A0, A1, and A2. The address always 
has to be sent as the first byte after the start condition in the I2C 
bus protocol. The last bit of the address byte is the read/write bit, 
which sets the direction of the following data transfer.

In the example above, the programmable part has been assigned as 
A2A1A0 = “000”.

Bus Protocol for PCF8591
Figures 3 and 4 show the I2C bus protocol for D/A and A/D 
conversions, respectively. After a start condition, a valid hardware 
address has to be sent to a PCF8591 device. The read/write bit 
defines the direction of the single- or multiple-byte data transfer 
that follows. In the write mode, a data transfer is terminated by 
sending a stop condition or the start condition of the next data 
transfer.

 

Figure 2. Serial I/O Timing
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Figure 3. Bus Protocol for Write Mode, D/A Conversion

Figure 4. Bus Protocol for Read Mode, A/D Conversion

Hardware Configuration Example
The serial I/O on MB90540 is used as the master device. P47/SCK2 is connected to SCL. Because the PCF8591 has a bi-directional data 
line (SDA) and the serial I/O has separate input and output pins, the SOT2 and the SIN2 pins need to be connected. A resistor must be 
used for this connection because the port is not an open drain (see Figure 5). 

Figure 5. MB90540 Connection to PCF8591

Note: When receiving data from the clock timer, a logic “1” is transmitted to Port46 by the serial I/O. This makes the resistor (R3), in 
series with the SOT2 (P46) pin, look like a pull-up to VDD; therefore, SOT2 will not interfere with data coming from the SDA pin.
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Software Description
To generate the timing required by the I2C, the user has to manipulate the Port46 (SOT2) and Port47 (SCK) pins as general I/O and 
serial I/O pins (see Figure 6). The most important operation is using software descriptions to generate the signals required by I2C 
protocol, such as start bit, stop bit, and acknowledge bit. The following discusses how this operation is done.
.

Figure 6. Timing for Generating START BIT

Generating Start Bit
The following is sample code for start bit generation:

void Start_Bit(void){

SMCS_SOE= 0;/* Serial output disable */

SMCS_SCOE= 0;/* Shift clock output disable */

DDR4_D47= 1;/* set port46&47 as general output pins */

DDR4_D46= 1;

PDR4_P47= 1;

PDR4_P46= 0;/* Start-bit has been generated */

SES_NEG= 0;/* Serial Edge Selects normal operation */

SMCS_SCOE= 1;/* Shift clock output enable */

SMCS_SOE= 1;/* Serial output enable */

}

Before any data transactions, P46 and P47 are configured as general I/Os and initialized high. With the serial I/O function off (SOE=0), 
P46 is cleared to zero while P47 is still high, creating a start condition. The serial I/O is then enabled with NEG=0, and a byte is 
transmitted as shown in Figure 6.

Generating Acknowledge Bit and Stop Bit
After transmission is complete, the serial I/O is turned off (SOE=0), and P47 is toggled high, then low, to generate the acknowledge 
clock. If the MCU is sending data, P46 is forced high during the acknowledge pulse; otherwise, it is forced low to let the slave device know 
that the byte has been received. 

If needed, the stop condition is accomplished by clearing P46, setting P47, and then setting P46. Figure 7 shows the timing of generating 
ACK and STOP BIT. To satisfy the 100-kHz serial clock maximum rating of the PCF8591, the MB90540 must use a serial clock rate of 
62.5 kHz.
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.

Figure 7. Timing for Generating ACK and STOP BIT

The following is sample code for acknowledge bit and stop bit:

void Ack_Bit(unsigned char ACK){

SMCS_SOE = 0; /* Serial output disable */

SMCS_SCOE = 0; /* Shift clock output disable */

DDR4_D47 = 1; /* set port46&47 as general output pins */

DDR4_D46 = 1;

if (ACK) PDR4_P46= 0 /* acknowledge */

else PDR4_P46 = 1 /* no acknowledge */

PDR4_P47 = 1;

PDR4_P47 = 0; /* Acknowledge clock */

}

void Stop_Bit(void){

SMCS_SOE = 0; /* Serial output disable */

SMCS_SCOE = 0; /* Shift clock output disable */

DDR4_D47 = 1; /* set port46&47 as general output pins */

DDR4_D46 = 1;

PDR4_P46 = 0;

PDR4_P47 = 1;

PDR4_P46 = 1; /* Stop bit generation */

}

For a software application, the user should create the routines for  
signals such as stop bit, start bit, and high/low acknowledge bit 
separately. The user can then efficiently assemble frames for 
transmission.
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