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Abstract: For the frequent communication between the integated
circuits in an electronic system, which is designetb work in a
group rather than a standalone unit, it becomes n@ssary to
adapt serial communication, which is an effective rad simple
protocol, that provides efficient communication amog these
various components as compared to parallel commuragion in
terms of the pin count and the ease of implementatn. In today’s
world, which comprises of multiple application basd products ,
there is a huge demand of multiple devices connecteto the
system that follow different communication protoco$, paving
way for the need of an intermediate system that camact as a
bridge between two different devices that work on ifferent
communication protocols . The two most widely accéed, tried
and true serial global standards are SPI and I12C, hich are used
for inter-chip and inter-chip serial communication for a low or
medium bandwidth. The Project focuses on the detab
discussion of the above mentioned serial protocols bridge
between them and their implementation on FPGA.

1. INTRODUCTION

Today, embedded electronics is all about intertigki
of various processors and integrated circuits deoto create
a system which is completely symbiotic. These iittlial
components need to share a common communicatidogmio
so that they can swap their information for theadatchange.
In order to achieve this data exchange, hundreds
communication protocols have been defined whichbapadly
classified into serial and parallel.

Even though the parallel
advantage of being fast and easy to implementntimeber of
i/o pins required for this communication is morearhthe
serial communication, which are very precious a@wl é6n the
microcontroller. Thus serial communication is preéd over
parallel communication while sacrificing the poiahtspeed
for real estate.

Serial peripheral interface (SPI) and inter intégpla
circuit (12C) are the two standard synchronousasegniotocols
that are widely used and accepted for serial coniration
between the devices.

In today's world, embedded systems are associated

with a single, standard propriety protocol to eeabkrial
communication. Different devices on the embeddestesy
operate with different protocols (SPI and 12C) lahsa their
requirement. Thus in order to achieve interopetigbind
flexibility between various devices, we need to ideva
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protocol converter, which is a SPI to 12C interfawel2C to
SPl interface.
1.1 BASICS OF SPI

Serial peripheral interface is a hardware\firmware
communication protocol, which also is commonly kmoas
‘Four Wire Serial Bus’. The credit of designingstiserial
protocol lies in the hand of Motorola. SPI was ity
developed to enable reliable communication betwésn
microcontroller/host processor and the peripheraViaks.
Later on the communication between two processas also
made possible through SPI.

It possesses the advantages of simplicity, high
transmission speed and less number of pins fointieeface.
Since it supports full duplex communication and as
synchronous type, a data link can be set up wittaster/slave
interface that can support a speed up to 10Mbps.

SPI can support both single master and multi master
protocol for the purpose of communication. But moiaster
protocol is rarely used due to its limitation tsiagle slave.

The serial peripheral interface is used to trandéea
at a very high speed between various IC chips, Duthis
reason, the SPI bus lines cannot be made too kinge it
gives rise to increased reactance, resulting inresable bus.
This makes the spi bus to be mostly used on the B@
dpthough it is possible to use the bus outsideRIGB at low
speeds, the effect does not seem practical.

The different data and control lines that are assed with the

communication hasSP! bus protocol are as follows

v" MOSI: Master out slave in. Here the signals are geedrat
by the master and the slave is the recipient.

v" MISO: Master in slave out. Here the signals are
generated by the slave and are received by master.

v" SCLK OR SCK: Serial Clock. This control signal is
used to synchronise the transfer of data betweestema
and slave and is always generated by the master

SS-slave select .it is used to select individuavelperipheral

device. It is an active low signal which is alsoegeted by

master
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Fig 1 shows the implementation of SPI bus protedgti a single master
single slave configuration and their related pins.



International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume Xdue 6, June 2015)

1.2 BASICS OF 12C

Inter integrated circuit bus was originally deveddp
by Philips for the purpose of communication betwgarious
devices within a TV set. I2¢ devices are desigeoperate at
speeds up to 400 Kbps, with a few venturing up theorange
of low megahertz.12c is used to provide good andper
support in terms of communication with various ooaiu
peripherals that are intermittently accessed. Ibasically a
short distance protocol which
bandwidth.l2c is termed as a two wire serial buschviinas a
built in addressing scheme that provides the easdink
multiple devices together. It eliminates the netdhip select
or arbitration logic. This advantage of i2c makies protocol
cheap and easily implementable in hardware.SDAalsgata
bus and SCL, serial clock are the two signals shigiport the
i2c bus protocol. Both these signals allow the graission of
serial data comprising of 8 bit bytes and 7 bitideaddress
plus control bits.

Initiation of a transaction on the i2c bus is ddme
the master, which usually controls the clock signghe
peripheral device, which is being addressed bynthster, is
termed as a slave. 12c communication protocol suUppo
multiple masters, multiple slave configurations,endin both
the master and slave support the transmissioneaeption of
data bytes.12c bus protocol supports clock strattim which
the i2c slave holds off the master during the neddf the
transaction. This is done by pulling the SCL liogvluntil the
slave is ready to continue. Even though the i2eeskdevices
do not use this feature quite often, every madteulsl and
must support it. There is a predefined device aidre
associated with each i2c compatible hardware stiesce
and the lower bits of the address can be madegioatble at
the board level.

At the beginning of every transaction, the deviderass of
the intended slave is transmitted by the masters Ithe

responsibility of the slave to monitor the bus assbond only
to its own address. In order to avoid contentioobfgm, the
number of identical slave devices that can existheni2c bus
are limited by means of the addressing schemelasdirnit is

determined by the number of user configurable axidists.
Normally there are two bits, but even up to 4 idstdevices
are allowed.
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Fig 2 shows the basic block diagram of the 12C magocol.

is simple and has low

2. DESIGN METHODOLOGY

I2C MASTER
The state diagram of the 12C master is shown irfithkelow.

SCL=1,SDA=1

\die State

Figure 3 12C Master
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I2C SLAVE

The figure below shows the state machine diagranthef
operation of 12C Slave

SPI SLAVE
The state diagram of the SPI slave is shown iffitheelow
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Figure 5 SPI Slave
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SPI MASTER o o |
The state diagram of the SPI master is shown ifighieelow S Voo i foed s ik
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Figure 5 SPI master

UNIVERSAL BRIDGE

For the communication between the two defined
protocols seamlessly, we can implement a bridgechvhi
comprises of the entire four components spi mastarslave,
i2c master and i2c slave, thus enabling the complet
communication between all the devices. The bridgeai
universal bridge, which is shown in the figure lvelo

Figure 9:simulation result of I2C master
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Figure 12: Complete RTL of Bridge

CONCLUSION

In the paper we design and implement an SPI 12C
protocol bridge on an FPGA. All the peripherals hivit an
embedded system use one of the serial protocolsaibrk in
master slave configuration. The bridge designechfsble of
making seamless communication between the devides o
different protocols as the master of one protoeol access the
slave of another protocol via the serial protocadde.

Depending on the requirement, the bridge is
implemented in different ways. Waveforms are geteera
through test benches for each mode. By using tidgdyrall of
the peripheral devices need to be slave to only single
protocol which reduces the number of wires and tthes
overall size of the device.
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