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Design of 12C Master Bus Controller with Single Slave(Ds1307)
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Abstract: This paper focus on efficient designing of Inter Integrated Circuit (12C) master controller. The design follows 12C
specifications for address sending and data transfer operations. Here it uses DS1307 as slave. The design is software based that
provides easy up-gradation of the whole electronic system by simply clipping or unclipping of the desired IC. It is equipped to
ensure no data loss and bus conflicts with multiple device connections on an 12Cbus. The paper demonstrates how 12C Master
Controller can achieve appropriate data transmission without collapse. The master controller is designed in VHDL and is
simulated in Model Sim. For synthesizability the design is further implemented in Xilinx XST 14.1.
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I. INTRODUCTION

The bus protocol which manages the communication
between the ICs within a system and between the systems is
called the Inter-1C bus or 12C bus. In the world of multiple
application based product it is very much a mandatory to have
multiple devices connected to a system, this includes
peripherals following different communication protocols as
well. This requirement gives rise to the need for an
intermediate system which can act as a bridge between two or
more devices following different communication protocols.
This is where 12C master protocol design is very useful.
Today a system is connected to a number of devices and make
the communication smooth and fast, 12C bus protocol is
considered as one of the best. DS1307 is low speed
peripherals is taken as slave. The 12C master protocol on one
end is connected to micro-controller interface and on the other
end it is connected to ds1307 interface. Its main function will
be, to understand the control register transmitted by micro-
controller and convert it into DS1307 low speed signals. In
this project, we are implementing 12C bus protocol for
interfacing low speed peripheral devices on FPGA. It is also
the best bus for the control applications, where devices may
have to be added or removed. 12C protocol can also be used
for communication between multiple circuit boards in
equipments with or without using a shielded cable depending
on the distance and speed of data transfer. 12C bus is a
medium for communication where master protocol is used to
send and receive data to and from the slave DS1307. The low
speed peripheral, DS1307 is interfaced with 12C master bus
interface and synthesized. Fig.1 shows the 12C bus system
with the 12C master protocol implemented on a FPGA and the
DS1307 interface acting as the slave. The synopsis of the
paper is as follows: In section 2, we discussed 12C protocol of
our proposed design which also presents module description
for our proposed system. In section 3, we present the software
implementation along with algorithm and flow chart. In
section 4, holds the detailed description of hardware

implementation of 12C master bus controller in Spartan 3AN
FPGA Design kit using Xilinx software. Finally, concluded
with future scale up in section 5.
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Fig.1. I/O Diagram of 12C Master Controller interfaced
with DS1307 RTC slave device.

I1. PROPOSED WORK

12C bus consists of only two lines, SDA and SCL. Both
of these lines are open-drained, and must be pulled up to VCC
with a 5.6KQ resistor. Regardless of how many devices are
connected to the bus, only one pull-up resister is needed per
line. Furthermore, the SCL line needs to be pulled up with a
resistor only if there will be two or more masters in the
system, or when the slave will do clock stretching as a flow-
control measure. In the first case, the pull-up resistor on the
SCL line is required for arbitration purposes when two or
more masters try to initiate a data transfer at the same time.

A. 12C Protocol

The 12C bus is idle when both SCL and SDA are at a logic 1
level. The master initiates a data transfer by issuing a START
condition, 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. After the
START condition, a slave address is sent out on the bus by
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the master. This address is 7 bits long followed by an eighth
bit which is a data direction bit (R/W) where a 0 indicates a
write from the master to the slave and a 1 indicates a read
from the slave to the master. The master, who is controlling
the SCL line, will send out the bits on the SDA line, one bit
per clock cycle of the SCL line, with the most significant bit
sent out first. The value on the SDA line can be changed only
when the SCL line is at a low.

scL \ 5CL f
Fig. 2. (a) Start condition (b) Stop Condition.

The slave device whose address matches the address that
is being sent out by the master will respond with an
acknowledgment bit on the SDA line by pulling the SDA line
low during the ninth clock cycle of the SCL line as shown in
Fig. 4. The direction bit (R/W) determines whether the master
or the slave will be the transmitter in the subsequent data
transmission after the sending of the slave address. Every byte
put on the SDA line for transmission must be 8-bits long with
the most significant bit first. Except for the START and
STOP conditions, the SDA line must not changed when the
SCL line is high. The number of bytes that can be transmitted
is unrestricted. Each byte has to be followed by an
acknowledge bit. The acknowledge-related clock pulse is
generated by the master. The transmitter releases the SDA
line (sets it high) during the acknowledge clock pulse, and the
receiver must pull down the SDA line during the
acknowledge clock pulse to acknowledge the receipt of the
byte. The one exception is when a master-receiver is involved
in a transfer. In this case the master-receiver must signal the
end of data to the slave-transmitter by not generating an
acknowledge on the last byte that was clocked out of the
slave. To signal the end of data transfer, the master will send
a STOP condition by pulling the SDA line from low to high
while the SCL line is at a high as shown in Fig.2 (b). Instead
of sending a STOP condition, the master can send a repeated
START condition so that the master can change the direction
of the data transmission without having to release the bus.

B. Serial Data Communication

The 12C bus has two modes of operation: master
transmitter 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 can issue only
data on the SDA line. In master transmission 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, followed by the direction bit (R/
w ). After receiving and decoding the address byte the device
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. However, in this
mode, the direction bit will indicate that the transfer direction
is reversed. Serial data is transmitted on SDA by the DS1307
while the serial clock is input on SCL. START and STOP
conditions are recognized as the beginning and end of a serial
transfer (Fig.3). The address byte is the first byte received
after the start condition is generated 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 starting 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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Fig. 3. Master Transmission and Receiver Mode.
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C. MAXIM DS1307

The DS1307 supports a bi-directional, 2- wire bus and data
transmission protocol. The pin assignment of DS1307 is given
in Fig.5.The DS1307 operates as a slave on the 2- wire bus.
Fig.6 shows the interface connection of 12C bus in Spartan
3AN with the DS1307 RTC chip [2].
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Fig.5. Pin Assignment of DS1307.

—a

International Journal of Scientific Engineering and Technology Research
Volume.05, IssueNo0.08, April-2016, Pages: 1706-1709



Design of 12C Master Bus Controller With Single Slave(Ds1307)

Ve Ve
Vo
T 8
Ve 1
5.6k
DS1307 T’-—-
I*C T crpskz
Master s 5| sba 3
6| SCL
Busin
Spartan SOwW/OUT -
3AN RPU = t./Cp J—_
GHD

T I

Fig.6. DS1307 connected to two wire dat; bus.

I1l. SOFTWARE IMPLEMENTATION
I12C master controller is designed using VHDL [5] based
on Finite State Machine (FSM) [13]. FSM is a sequential
circuit that uses a finite number of states to keep track of its
history of operations, and based on history of operation and
current input, determines the next state. There are several
states in obtaining the result.

Algorithm:
State 1: An idle condition: 12C bus doesn’t perform any
operation. (SCL and SDA remains high).

State 2: Start condition: master initiates data transmission 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 master.

State 5: 8 Bit Register Address[12] will be transmitted to the
slave. Again acknowledgement is sent to the master by the
slave.

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

State 7: Stop condition: Slave sends a stop bit to the master to
terminate the communication (SCL is high and SDA is from
Low to high). For performing read operation, 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 operation to
the slave.

State9: Master receives the data from the slave and
acknowledges the slave.

State 10: Master sends a STOP bit to terminate the
connection (SCL is high and SDA is from Low to high).
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Fig.7. Flowchart for 12C master bus communication with
slave device.

Fig.7 shows the flowchart for 12C master bus
communication with slave device. Fig.8 shows the simulation
result for DS1307. In DS1307, we have activated only 4th
order FIR filter for the given data input and filter coefficients
are applied and output is observed. Generated square output is
also observed programmed in VHDL. Fig.9 shows the
simulation result for 12C, a dataout, sda, read and write
operations are observed in the 12C Master. To read the written
data from the slave, the write operation takes place first
followed by the repeated start condition and sending the slave
address read (11010001) in each state of FSM. Here the 12C
bus protocol is designed using VHDL and implemented in
Spartan 3E wusing Xilinx ISE Design Suitel4.2. The
simulation results are shown below: The below table shows
the Xilinx Device Utilization Summary. The result shows that
minimal resources are utilized in designing the 12C master as
only 2% slices, 1% flip flops and 1% LUTSs are utilized.

TABLE I: Device Utilization Summary (Estimated

Values)
Device Utilization Summary (estimated values)
Logic Utilization Used | Available Utilization
Nurber of Skce Registers m 125800 0%
Number of Shee LUTs bo 63400 0%
Nurber of fuly used LUTF pairs 132 54 %
Nuber of banded 108 B 0 13%
Number of BUFG/BUFGCTRLS 2 L, 6%
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1IV. HARDWARE IMPLEMENTATION

Fig. 8. Simulation of 12C master.

The hardware implementation is done by interfacing DS
1307 with the 12C master present in Spartan 3AN [10] kit. It
is an 8 pin DIP. A power supply of 5V is given to the slave.
Pin 4 is connected to the ground (GND) and pin 8 is
connected to the VCC. Pins 5 and 6 are connected to SDA
and SCL of 12C master bus in Spartan 3AN. Both SDA and
SCL are open drained lines. When multiple masters are
connected, both SDA and SCL are in need to be pulled up
with a 5.6kQ resistor to the VCC. Since only one master is
connected, there is no need to pull up SCL. Red wire indicates
VCC, Black wire indicates ground (GND), yellow wire
indicates SCL line and Green wire indicates SDA line
connected with Spartan 3AN FPGA kit.

Fig.9. Hardware implementation in Spartan 3AN design
kit.

After completing the coding in VHDL, it is downloaded to
the Spartan 3AN kit using Xilinx software.And corresponding
input is given according to the 12C protocol.

V. CONCLUSION
The result shows that minimal resources are utilized in
Spartan 3A. 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 interfaced 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 coordinate the entire system by clock
synchronization techniques.
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