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Abstract:

I2C (Inter-Integrated Circuit), is a multi-master, multi-
slave, single-ended, serial computer bus invented by
Philips Semiconductor. It is typically used for attaching
lower-speed peripheral ICs to processors and micro-
controllers. The focus of this paperis on 12C (Inter-Inte-
grated Circuit) protocol interface between Master Bus
protocol and slave. Here we are interfacing between
micro-controller and DS1307. 1 2C bus protocol sends 8
bit data from micro-controller to DS1307. This module
was designed in VHDL and simulated and synthesized
using Xilinx ISE Design Suite 14.2. 12C and optimized for
area and power. This concept is widely applicable from
any high speed device or low speed device to any low
speed device or high speed device. This module acts as
a slave for the DS1307 at the same time acts like a mas-
ter for the micro-controller device which can be consid-
ered as a slave. It can be used to interface low speed
peripherals like motherboard, embedded system, mo-
bile phones, set top boxes, DVD, PDA’s or other elec-
tronic devices.
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1.INTRODUCTION:

I2C uses only two bidirectional open-drain lines, Serial
Data Line (SDA) and Serial Clock Line (SCL), pulled up
with resistors. Typical voltages used are +5V or +3.3 V
although systems with other voltages are permitted.
The I’C reference design has a 7-bit or a 10-bit (depend-
ing on the device used) address space.[3] Common I*)C
bus speeds are the 100 kbit/s standard mode and the
10 kbit/s low-speed mode, but arbitrarily low clock fre-
quencies are also allowed.
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Recent revisions of I*C can host more nodes and run at

faster speeds (400 kbit/s Fast mode, 1 Mbit/sFast mode
plus or Fm+, and 3.4 Mbit/s High Speed mode). These
speeds are more widely used on embedded systems
than on PCs. There are also other features, such as 16-
bit addressing.
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A sample schematic with one master (a microcontroller), &3

three slave nodes (an ADC, a DAC, and a microcontroller), and
pull-up resistars R

[2C is a two wire, bidirectional serial bus that provides
effective data communication between two devices.
[2C bus supports many devices and each device is rec-
ognized by its unique address. In Fig -1 data_in and
addr_in are the 8 bit address given as an input. Clk and
reset are the input lines used to International confer-
ence on Communication and Signal Processing initiate
the bus controller process. The R/ w signal is given as
an input to indicate whether master or slave acts as a
transmitter in the data transmission.The physical 12C
bus consists of just two wires, called SCL and SDA. SCL
is the clock line. It is used to synchronize all data trans-
fers over the 12C bus. SDA is the data line. The SCL and
SDA lines are connected to all devices on the 12C bus.
As both SCL and SDA lines are “open drain” drivers
they are pulled up using pull up resistors .The 12C bus
is said to be idle when both SCL and SDA are at logic 1
level. When the master (controller) wishes to transmit
data to a slave (DS1307) it begins by issuing a start se-
quence on the 12C bus, which is a high to low transition
on the SDA line while the SCL line is high as shown in
Fig — 2(a).The bus is considered to be busy after the
START condition.
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Afterthe START condition, “START” Sequence, “STOP”
Sequence slave address is sent by the master. The
slave device whose address matches the address that
is being sent out by the master will respond with an ac-
knowledgement bit on the SDA line by pulling the SDA
line low. Data is transferred in sequences of 8 bits. The
bits are placed on the SDA line starting with the MSB
(Most Significant Bit). For every 8 bits transferred, the
slave device receiving the data sends back an acknowl-
edge bit, so there are actually 9 SCL clock pulses to
transfer each 8 bit byte of data this is shown in Fig-3.
If the receiving device sends back a low ACK bit, then
it has received the data and is ready to accept another
byte. If it sends back a high then it is indicating it can-
not accept any further data and the master should ter-
minate the transfer by sending a STOP sequence.

2.SERIAL DATA COMMUNICATION:

The 12C bus has two modes of operation: master trans-
mitter and master receiver. The 12C master bus initiates
data transfer and can drive both SDA and SCL lines.
Slave device (DS1307) is addressed by the master. It
canissue only data on the SDA line. In master transmis-
sion mode, after the initiation of the START sequence,
the master sends out a slave address. The address byte
contains the 7 bit DS1307 address, which is 1101000, fol-
lowed by the direction bit (R/ w ).

Acknowledge signal from
receiver
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After receiving and decoding the address byte the de-
vice outputs acknowledge on the SDA line. After the
DS1307 acknowledges the slave address + write bit, the
master transmits a register address to the DS1307 this
will set the register pointer on the DS1307. The master
will then begin transmitting each byte of data with the
DS1307 acknowledging each byte received. The master
will generate a stop condition to terminate the data
write.In master receiver mode, the first byte is received
and handled as in the master transmission mode. How-
ever, in this mode, the direction bit will indicate that
the transfer direction is reversed. Serial data is trans-
mitted on SDA by the DS1307 while the serial clock is
input on SCL.

START and STOP conditions are recognized as the be-
ginning and end of a serial transfer. The address byte is
the first byte received after the start condition is gen-
erated by the master. The address byte contains the
7-bit DS1307 address, which is 1101000, followed by the
direction bit (R/ w ). After receiving and decoding the
address byte the device inputs acknowledge on the
SDA line.The DS1307 then begins to transmit data start-
ing with the register address pointed to by the register
pointer. If the register pointer is not written before the
initiation of a read mode, the first address that is read
is the last one stored in the register pointer. The DS1307
must receive a “not acknowledged” to end a read.
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MAXIM DS1307: Algorithm:

The DS1307 supports a bi-directional, 2- wire bus and
data transmission protocol. The pin assignment of
DS1307 is given in Fig-6.The DS1307 operates as a slave
on the 2- wire bus. Fig-shows the interface connection
of 2C bus in Spartan 3AN with the DS1307 RTC.
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3.SOFTWARE IMPLEMENTATION:

[2C master controller is designed using Verilog HDL
based on Finite State Machine (FSM). FSM is a sequen-
tial circuit that uses a finite number of states to keep
track of its history of operations, and based on histo-
ry of operation and input, determines the next state.
There are several states in obtaining the result.
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State1: An idle condition: 12C bus doesn’t perform any
operation. (SCL and SDA remains high).

State 2: Start condition: master initiates data transmis-
sion by providing START (SCL is high and SDA is from
high to low).

State 3: Slave address - write: master sends the slave
address-write (11010000) to the slave.

State 4: If the slave address matches with the slave, it
sends an acknowledgement bit in response to the mas-
ter.

State 5: 8 Bit Register Address will be transmitted to
the slave. Again acknowledgement is sent to the mas-
ter by the slave.

State 6: Data to be transmitted is sent to the slave by
the master. After receiving the data, slave acknowl-
edges the master.

State7: Stop condition: Slave sends a stop bit to the mas-
ter to terminate the communication (SCL is high and
SDA is from Low to high). For performing read opera-
tion, write operation is performed first and then read
operation is done. Slave address for read is 11010001.
(State 7 will not be performed for read operation)

State 8: Master transmits slave address for read opera-
tion to the slave.

State 9: Master receives the data from the slave and
acknowledges the slave.

State 10: Master sends a STOP bit to terminate the con-
nection (SCL is high and SDA is from Low to high).
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4.SIMULATION AND SYNTHESIS RESULTS
The simulated waveforms of the 12C master controller are shown below.
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This wave form represents the controlling nature of 12C
bus protocol in which the data output would become
11111111 which indicates that the transmitter is complet-
ed its data transmission to the slave bus with no erros
or misleading of data transmission.in this wave form
we can find the control signals would become 1 after
each and every test case to indiacate the successful
transmission of data.

In the above two diagrams,we can observe the suc-
cessful data transmission (here oCF) from master to
slave in respective to the address given in the master
control finite state machine with the name m_addr.

Here we could observe the wave forms of two signals
namely SDA and SCL which are playing major role in
data transmission in which both combine as” 01” indi-
cates the start of the data transmission and “10 “indi-
cates the end of data transmission.
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5.CONCLUSION:

The result shows that minimal resources are utilized in
Spartan 3E. The design process is simplified using VHDL
to design the 12C bus protocol, 12C Master (Master)
transmits and receives data to and from the DS1307
(Slave).

So that any low speed peripheral devices can be inter-
faced using 12C bus protocol as master. In future, this
can be implemented as real time clock in networks that
contains multiple masters and multiple slaves to coor-
dinate the data transmission.
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