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ABSTRACT: we present the design of an Intellectual Property (IP) core of I2C Controller Bus and an Implementation on FPGA hardware. We designed this IP core using Verilog HDL (Hardware Description Language) and an Implementation on hardware using NIOS II Processor. The FPGA family name is like EP1C6Q240C8 from ALTERA. The I2C Controller IP supports both Master and Slave mode. This IP core is Avalon Bus Compliant. Total three blocks includes in whole design like: I2C Controller IP, Avalon Interface Block and NIOS II Processor. We designed   We compiled whole core in QUARTUS II Tool and after designed the system in SOPC Builder using different peripherals in QUARTUS II Tool. We tested RTC using I2C Controller as Master. Write the C language core in NIOS II Processor and send the data to RTC using I2C Controller Bus works as Master like: Second, Minute, Hour, Date, Month and Year. Finally display the all the data on 16x2 LCD.
(1. INTRODUCTION
Nowadays complex Systems on a Chip (SoC) are emerging in many applications such as smart sensors, telecom or multimedia with the constant evolution towards sub-micron CMOS technologies. Most of these systems integrate heterogeneous blocks such as one or more Microprocessors cores, Digital Signal Processors, RAM and ROM memories and Analog-to-Digital Converters etc. General problem of bus interfaces. The solution of I2C Controller Bus because it is still often used in the Embedded Systems.
The I2C Controller Bus is a two-wire, bi-directional serial bus that provides a simple and efficient method of data transmission over a short distance between many devices. I2C provides good support for communication with various slow, on-board peripheral devices that are accessed intermittently, while being extremely modest in its hardware resource needs. It is a simple, low-bandwidth, short-distance protocol. I2C is easy to use to link multiple devices together since it has a built-in addressing. 
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Figure 1.1 I2C Controller Bus

The two I2C signals are serial data (SDA) and serial 
clock (SCL) as shown Figure 1.1.The device that initiates a transaction on the I2C bus is termed the master. The master normally controls the clock signal. A device being addressed by the master is called a slave. The I2C protocol supports multiple masters, but most system designs include only one. There may be one or more slaves on the bus. Both masters and slaves can receive and transmit data bytes. Standard I2C devices operate up to 100Kbps, while fast-mode devices operate at up to 400Kbps. Most of the I2C devices available today support 400Kbps operation. Higher-speed operation may allow I2C to keep up with the rising demand for bandwidth in multimedia and other applications. 

2.  AVALON BUS INTERFACE AND ITS CONNECTIVITY
Avalon interfaces simplify system design by allowing you to easily connect components in an FPGA. The Avalon interface family defines interfaces for use in both high-speed streaming and memory-mapped applications .The Avalon bus is a simple bus architecture designed for connecting on-chip processors and peripherals together into a system–on–a–programmable chip (SOPC). The Avalon bus is an interface that specifies the port connections between master and slave components, and specifies the timing by which these components communicate.

Operation on I2C Controller Bus using Avalon System shown in Figure 1.2 and it consists three blocks:
1)  Host (Nios II Processor)- It act as master in whole system which decides to transmit/receive data to/from slave device in master mode and master device in slave mode.

2) Avalon Bus- Avalon interface bus is ALTERA’s standard interface bus used in SOPC Builder, through which all Avalon compatible cores can easily communicate.
3) I2C Controller Bus IP- This core acts as a mediator between Host and I2C device (Master/Slave). It accepts data from I2C device when it is asked by Host and interrupts host when any data is received from device.
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Figure 1.2 Avalon Bus Connectivity with I2C IP 

3.  I2C IP CORE DESIGN  
We designed the I2C Controller bus IP core using Verilog HDL and compile in Quartus II Tool. The total Logic Element (LE) is 275. This IP core includes four primary blocks like: Avalon Interface, Baud Clock Generator, Registers module and I2C Interface module. See in Figure 1.3.

[image: image3.png][ Registers

Control

Register Set (=)

Status
Data
Clock

Baud Clock
Register

Baud Clock
Generator





Figure1.3 Block-Diagram of I2C Controller bus

In the I2C Controller Bus includes following signals in top module.

· Clock and Reset 

· Avalon Interface signals

This IP core includes different information see in Table 1.

Table 1 Logic Element of I2C Controller IP
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After designed IP core and successfully synthesis in Quartus II Tool then need to design the system in SOPC Builder.

4. ABOUT SOPC BUILDER  
SOPC Builder is a powerful system development tool. SOPC Builder enables you to define and generate a complete system-on-a-programmable-chip (SOPC) in much less time than using traditional, manual integration methods. SOPC Builder is included as part of the Quartus II software. You may have used SOPC Builder to create systems based on the Nios II processor. However, SOPC Builder is more than a Nios II system builder. It is a general-purpose tool for creating systems that may or may not contain a processor and may include a soft processor other than the Nios II processor. SOPC Builder automates the task of integrating hardware components. Using traditional design methods, you must manually write HDL modules to wire together the pieces of the system. Using SOPC Builder, you specify the system components in a GUI and SOPC Builder generates the interconnect logic automatically. SOPC Builder generates HDL files that define all components of the system, and a top-level HDL file that connects all the components together. SOPC Builder generates either Verilog HDL or VHDL equally.

We designed the whole system using different peripherals like:

· NIOS II Processor

· Avalon MM Tri-State Bridge

· Interval Timer.

· JTAG UART

· Memory

· I2C Controller (as Master) 

· I2C Controller (as Slave)

After successfully connection of all above peripherals then generate the system. The Quartus II tool is generate the .ptf file for NIOS II Processor. Here we used the ALTERA FPGA hardware kit so next step is pin assignment to all the input and output pins.

The QUARTUS II Tool is generate the .sof file and it is use to download the whole program or system on hardware kit. After compilation the Quartus II Tool is generate the .sof file. This file is used for testing RTC on hardware kit.

Next step is designed project in NIOS II Processor.  
5.  NIOS II IDE PROCESSOR
The Nios II software development environment, The Nios II embedded design suite (EDS) tools. The Nios II processor is similar to the software development process for any other microcontroller family. The Nios II system and interfaces with components on Altera development boards. But do not need to be familiar with any specific Altera technology or with Altera development. The general concept of building embedded systems in FPGAs. Building embedded systems in FPGAs involves system requirements analysis, hardware design tasks, and software design tasks. With a PC, an Altera FPGA, and a Joint Test Action Group (JTAG) download cable (such as an Altera USB-Blaster download cable), you can write programs for, and communicate with, any Nios II processor system. The Nios II processor’s JTAG debug module provides a single, consistent method to communicate with the processor using a JTAG download cable. Accessing the processor is the same, regardless of whether a device implements only a Nios II processor system, or whether the Nios II processor is embedded deeply in a complex multiprocessor system. There fore, you do not need to spend time manually creating interface mechanisms for the embedded processor.
6.   RTC (Real Time Clock) & LCD (16x2)
Real Time Clock chip on I2C bus. The timekeeper ram is a low power Serial timekeeper with a built-in 32.768 kHz oscillator. Eight bytes of the RAM are used for the clock/calendar function and are configured in binary coded decimal (BCD) format. Addresses and data are transferred serially via a two-line bi-directional bus. The built-in address register is incremented automatically after each write or read data byte. The clock has built-in power sense circuits that detect power failures and automatically switches to the battery supply during power failures.
LCD is a 16X2 character Liquid Crystal Display. Here 16X2 represents 2 dis​play lines with 16 characters per line. The display contains 2 internal byte wide registers, one for the command and second for characters to be dis​played.
7.    RESULT ANALYSIS

This section is result analysis of testing RTC on FPGA hardware kit using I2C Controller bus works as master in same system.

The NIOS II Processor is only work as master to write the data and read the data from any Avalon slave in same system. After made a new project in NIOS II then compile and run as hardware. Please make sure before run as hardware download the .sof file on same hardware kit using any blaster cable. See Figure 1.4 After successfully downloading the project on hardware then following messages display on console window of NIOS II and enter the data like: Second, Minute, Hour, Date, Month and Year. See the Figure 1.5 of console window in NIOS II Tool and Figure 1.6 is data display on Hardware kit.
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Figure 1.4 Downloaded .sof file 
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Figure 1.5 Console window 
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Figure 1.6 Time and Date display on Hardware (FPGA EP1C6Q240C8) 

8.  CONCLUSION
We presented in this paper a model of IP of an I2C controller bus. Starting from the specifications of the I2C protocol, we showed the design of the IP in Verilog HDL. Our compilation report and logic element analysis shows that the whole IP core was fit in this device without any error. We conclude that this IP core is works as master and slave in same system. 

We designed the system in SOPC Builder using different peripherals and in future also adding new peripherals to test other devices in same hardware board.

Also, we are planning a VHDL transcription of our controller to validate an implementation of our structure.

We used a NIOS II Processor as Master so it also helps us to stress the interest of this particular language and hardware kit. Finally NIOS II Tool was used to test the RTC using I2C Controller bus IP core. 
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