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Abstract: This paper focuses on multi-machine communication, a communication pattern, based on I2C-bus. 
First, this article briefly introduces the features, byte format and communication mechanism of I2C-bus. Then, 
the shortcomings of I2C-bus are overcome effectively by applying I2C-bus extender and single-line handshake 
which is based on interrupt. After that, document adds details about data frame, address list, data buffer and 
deadlock recovery to realize design for software level. Finally, the whole procedure is elaborated by taking  
4-machine communication for instance. This design has been proven to possess many advantages such as 
completeness and reliability, which meet the demands in engineering practices. Copyright © 2014 IFSA 
Publishing, S. L. 
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1. Introduction 

 

Nowadays, in order to improve the compatibility 
and scalability of the system, modularization is 
adopted in more and more embedded system 
development. That is, instead of integrating all chips 
in a single module, now the whole system is divided 
into a number of parts according to blueprint [1]. Each 
part possesses an independent micro controller taking 
charge of command and data processing, which 
focuses on unique assignment. Because every module 
need to cooperate with each other, information 
sharing and data exchange have to be taken into 
consideration [2]. 

Method of communication consists of parallel and 
serial mode and so on. Parallel mode takes the 
advantage of highly speed, but suffers from the 
disadvantages of taking large number of I/O 
resources and complication in control. Represented 
by SPI, UART, serial mode enjoys the benefit of 
simplicity in control and long-distance 
communication, so it is used widely. However, the 

transmission speed of it can't be given high 
expectation. As a result, this design make use of I2C 
interface which is strict in specifications, flexible in 
use, high-speed in transmission and occupies less I/O 
resources to realize reliable multi-machine 
communication [3]. 

 
 

2. Introduction of I2C-bus 
 
I2C-bus is a multi-master serial single-ended 

computer bus with two bidirectional open-drain lines 
invented by Philips, which has become the standard 
solution of industry for embedded applications. 

 
 

2.1. Features of I2C-bus 
 
Only two bus lines are required, a serial data line 

(SDA) and a serial clock line (SCL). 
Each device connected to the bus is software 

addressable by a unique address and simple 
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master/slave relationships exist at all times, masters 
can operate as master-transmitters or as master-
receivers. 

It’s a true multi-master bus including collision 
detection and arbitration to prevent data corruption. 

Serial, 8-bit oriented, bi-directional data transfers 
can be made at up to 100 kbit/s in the standard-mode, 
up to 400 kbit/s in the fast-mode, or up to 3.4 Mbit/s 
in the high-speed mode [4]. 

ICs can be added to or removed from a system 
without affecting any other circuits on the bus. 

 
 

2.2. Byte Format 
 

Every byte put on the SDA line is 8-bits long. It 
has to be followed by an acknowledge bit [5]. Data is 
transferred with the most significant bit (MSB) first 
(see Fig. 1). 

 
 

 
 

Fig. 1. Data transfer on the I2C-bus. 
 
 
2.3. Communication Mechanism 
 

If the bus is free, the master sends the START 
condition S and addressing byte after requiring bus 
access. The 7 bits in the high order of addressing byte 
make up the I2C address of slave. The eighth bit is 
R/W bit determining the direction of the transmittion, 
'0' means that master will write information to a 
selected slave, '1' means that master will read 
information from slave. Each slave device in the 
system compares addressing byte received with its 
I2C address. The one that gets match takes itself as a 
slave-receiver or slave-transmitter depending on the 
R/W bit. Rules of definition for address are various, 
for example, address of CAT24C01 consists of 4 
fixed and 3 programmable bits, however, address of 
LPC1114 micro controller has just 7 programmable 
bits. 

Master-transmitter and slave-receiver: After 
getting the response to addressing from one slave, the 
master takes itself as transmitter as well as takes the 
slave which has been addressed as receiver. Unless 
Slave-receiver can’t accept data any more, it is 
obliged to generate acknowledge after each byte has 
been received. In case that the master-transmitter 
doesn’t get acknowledge from the slave after sending 
a byte, it will generate a STOP condition P to abort 
the transfer and to release the data line (see Fig. 2A). 

Slave-transmitter and master-receiver: The first 
acknowledge is still generated by the slave which has 
been addressed. After getting the response to 
addressing, the master acts as receiver and also takes 
the slave as transmitter. The master-receiver 
generates acknowledge for each byte received except 
the last one followed by STOP condition P to abort 
the transmit (see Fig. 2B). 

 
 

Fig. 2. Communication mechanism. 
 
 
3. Hardware Design 
 
3.1. Shortcomings of I2C-bus 
 

The primary design aim of I2C-bus is used for 
communication between Integrated-Circuit. The bus 
has ideal performance in the range of PCB, but it is 
not good at long-distance communication. 

The number of devices on the bus is limited by 
isolates capacitance which can't be more than 400 pF. 
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The efficiency of data transmission can only base 
on the slowest device on the bus so the high-speed 
devices cannot take advantage of performance. 

I2C-bus can't operate at different logic levels. 
 
 

3.2. I2C-bus Extender 
 
In order to solve the problems mentioned above, 

this design makes use of I2C-bus extender modeled as 
P82B96 that can extend the distance of 
communication to 1000 meters in theory and promote 
isolates capacitance from 400 pF to 4000 pF without 
restricting by protocol and clock rate. As a result, the 
number of devices which can be set on the bus 
increase considerably and the function of plug and 
play will be supported. 

 

 
 

Fig. 3. Block diagram of P82B96. 
 
 

Pin Sx and Sy of P82B96 connect respectively to 
pin SDA and SCL of devices that is designed to set 
on the bus. Pin Tx and Rx are linked to SDA line 
simultaneously, meanwhile, pin Ty and Ry form a 
group to couple with SCL line (see Fig. 3). In other 
words, P82B96 plays a role as buffer between each 
device and bus. What’s more, through appropriate 

pull-up resistors, the devices with different logic 
levels can be plugged on the bus synchronously. 

 
 

3.3. Hardware Connection 
 

According to specifications, I2C-bus can only be 
used in the condition of communication between 
master and slave. Namely, the transmitter and the 
receiver have to be master-transmitter and slave-
receiver, or slave-transmitter and master-receiver. 
Data transmission between two slaves is  
forbidden [6]. This design deploys a micro controller 
as switch that plays a role as master-transmitter or 
master-slave on the bus. The task of it is to forward 
and switch data between slaves. In Fig. 4, MCU S is 
the switch modeled as LPC1114 and MCU A to 
MCU D take the role as slaves. Data interaction 
between them is necessary and indispensable. 
LPC1114 is an ARM Cortex-M0 based with the 
characteristics of high performance, low power, 
cheap price, simple instruction set and memory 
addressing together with reduced code size meets the 
theoretical and the practical needs of design [7]. The 
master and slave are not directly access the I2C-bus, 
but through the P82B96. The MCU B and MCU D 
are with different logic levels, which are 5 V and  
3.3 V respectively. Thanks to the existence of 
P82B96, they are able to be set on the same line and 
can work well together in the fast-mode though they 
are several meters away from each other. 

Data forwarding of the switch is the process of 
"receiving then transmitting". All I2C 
communications have to be initiated by master not 
any slaves. In order to guarantee the efficiency and 
real-time of the system, as shown in Fig. 4, 4 slaves 
(MCU A, MCU B, MCU C, MCU D) lead out a REQ 
line respectively to "8-LINE-TO-3-LINE PRIORITY 
ENCODERS" 74LS148 and "DUAL 4-INPUT 
POSITIVE-AND GATES" 74LS21, of which output 
connect to "timer capture input" CAP of switch [8]. 
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Fig. 4. Diagram of hardware connection. 
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When any slave wants to send data to another 
one, it traps the "capture interrupt" of switch by 
changing the potential of REQ line. At the same time, 
74LS148 outputs 3 bit binary code to the switch via 
ADDR line (shorten as "ADDR code") after 
calculating the signal of 4 REQ lines to make 
location of the slave sending request. RES lines that 
are the output of "3-to-8-line decoders" 74LS138 
connect to "timer capture input" CAP of every slave. 
When state of the RES line is converted from HIGH 
to LOW, the capture interrupt of slave will be 
trapped. Switch and slaves recognize different 
response and feedback signals from each other 
through different width between two adjacent falling 
edges. Because of the application of "interrupt", it is 
in the response process of interrupt that switch and 
slaves execute data transmission, so the system 
enjoys high efficiency [9]. 

 
 

4. Software Design 
 
Electrical and hardware characteristics are 

defined in specification of I2C, which can't meet the 
practical requirements adequately. Effective 
validation mechanism, exception handling, data 
buffer and transmission management are 
indispensable for communication. 

 
 

4.1. Data Frame 
 
The data transmitted between devices is in the 

form of "frame". As shown in Table 1, each frame is 
composed of source-address, destination-address, 
type, DI, confirmation, CRC [10]. The fields of 
source-address and destination-address keep the I2C 
address of starting point and the terminal point of 
data flow, two addresses are 7 bits in length to 
correspond to I2C specification. "DI" field takes  
8 bits, which supports up to 256 instructions or 1 byte 
data. If the "type" field is “0”, the type of "DI" field 
is "instruction", or the type of "DI" is "data". Value 
of "confirmation" field decides whether receiver 
sends "confirmation" signal to transmitter after 
receiving the data frame. CRC-16 code is used in 
"CRC" field and the polynomial generated is 
x16+x12+x5+1. Receiver makes data validation 
according to the rules between information codes and 
CRC codes. 
 
 

Table 1. Data frame. 
 

Source 
address 

Destination 
address 

Type DI Confirmation CRC 

7b 7b 1b 8b 1b 16b 
 
 

Data frame can be divided into 3 categories based 
on the value of source-address and destination-
address: 

If the value of source-address and destination-
address are both non-zero, the data frame is 
transmitted from a slave to another slave. 

If the value of source-address is non-zero, the 
value of destination-address is zero, the data frame is 
transmitted from a slave to the switch. 

If the value of source-address is zero, the value of 
destination-address is non-zero, the data frame is 
transmitted from the switch to a slave. 

 
 

4.2. Address List of Slaves 
 
The address list of slaves keeps the records of the 

relationship between ADDR code that is outputted 
from 74LS148 and the I2C address of the slaves. 
When a slave is power-on reset, it orders the switch 
to insert a new record into the address list. First of all, 
the switch seeks records relating to ADDR code or 
I2C address from address list, if it gets match, the 
switch will delete the relevant records. Then a new 
record formed as "ADDR code -- I2C address" is 
appended. In this design, the address list hold by the 
switch is shown as Table 2. 

 
 

Table 2. Address list. 
 

Slave Name ADDR Name I2C Address 
MCU A 000 000 1001 
MCU B 001 000 1010 
MCU C 010 000 1011 
MCU D 011 000 1100 

 
 
In Table 2 the ADDR code depends on the pin-

number of 74LS148 which the REQ signal lines 
connect to. If the position of the connection is 
changed, so will be the ADDR code. The I2C address 
of each slave is set by the program in period of 
initialization after power-on reset. 

 
 

4.3. Data Buffer 
 
Each data frame in communication is 5 bytes. In 

order to guarantee the efficiency and the order of the 
data forwarding and prevent bus congestion, the data 
buffer that is a FIFO queue is set in the switch [11]. 
Allowing for the on-chip memory resources of 
LPC1114, there are totally 500 storage units in the 
buffer, each unit can store one frame properly. When 
the data frame is received by the switch, it will not be 
forwarded to the slave-receiver instantly, but be 
stored in buffer. The switch will act as master-
transmitter to send data frame in accordance with the 
sequence of the frame in the queue. This process is 
transparent for slaves between two-ends. If 
"destination-address" field and "type" field are both 
zero, this frame has top priority and will not be put 
into buffer but be processed by switch. 
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5. Deadlock and Recovery 
 

The specification of I2C can make bus work well 
in the ideal condition. However, the bus may enter 
into deadlock in the face of the situation of master-
reset, bus-interference, power-failure or other 
exception [12]. So some precautions have to be taken 
in design stage to provide the necessary means when 
deadlock occurs. 

The master and slaves will reset simultaneously 
when deadlock happens by attaching pin reset of 
slaves to this of the master. 

The master controls the power supply of the 
slaves. If the power-on of the master is reset, so will 
be the slaves. 

When the slaves detect the time at which the SDA 
line is at LOW exceeds the value set, watchdog will 
reset the I2C-bus. 

To choose MCU with multiplexing for pin I2C 
and pin GPIO as switch in model selection. When the 
I2C-bus is in deadlock, the pin SCL can be 
configured as pin GPIO and output 9 clock-pulses 
(for 8-bit data). Slaves are forced to finish the 
reading-operation which is suspended to withdraw 
from deadlock, and then the pin GPIO is reconfigured 
to I2C interface. 
 
 

6. Procedure of Communication 
 

All REQ lines are at HIGH level without any 
requests from slaves, so is the output of the 74LS21. 
When one slave needs to send data to another one, it 
makes the REQ line connected to its pin GPIO 
change from HIGH to LOW twice successively. 
Because the REQ lines of other slaves maintain at 
HIGH level, the output of 74LS21 is also changed at 
same rhythm. The pin CAP of the switch captures 2 
falling edges and traps the interrupt, if the width of 
the 2 falling edges is 500 us, the switch will make 
itself as master-receiver and slave which submits 
request as a slave-transmitter to start data 
transmission. 

Through 74LS148, all REQ Lines of slaves as the 
"input" are encoded into ADDR code sent into 
switch. 

The switch looks up address list to get the slave’s 
I2C address. 

The slave turns REQ line from LOW to HIGH. 
The switch checks whether there is free space in 

the data buffer. If the answer is positive, the switch 
will update the "buffer counter" and work as master-
receiver. If there is no space in the buffer, the switch 
will send ADDR code into 74LS138 to change RES 
line from HIGH to LOW twice successively and 
make the width between 2 falling edges are 750 us to 
inform the slave-transmitter of resending the data 
frame in 10 ms [13]. 

The switch makes data verification according to 
"CRC" field after receiving a data frame. If the data 
frame passes the error detection, it will be stored in 
the buffer and wait for forwarding. If "confirmation" 

field is "1", the switch will generate 2 falling edge of 
which the width is 1000 us on RES line to notify 
slave-transmitter that the data frame is received 
successfully, and then releases I2C-bus. If CRC check 
fails, the switch will discard current data frame and 
restore "buffer counter". At the same time, the switch 
gets slave-transmitter to resend data frames 
immediately by signal on RES line (500 us between  
2 falling edge). 

The switch working as master-transmitter 
forwards the data frame in the buffer to the slave-
receiver. The slave-receiver makes verification after 
getting data frame. If error occurs, the slave-receiver 
will dispose current data frame and change REQ line 
from HIGH to LOW twice and make the width 
between 2 falling edges be 750 us. The Output of 
74LS21 traps the capture interrupt. In interrupt 
handler, the data frames will be forwarded again. If 
data check is passed and "confirmation" field is "1", 
the slave-transmitter will notify the switch 
"successfully"(1000 us between 2 falling edge). 

The switch kicks the frame which has been 
forwarded out of the buffer and updates the "buffer 
counter". 

The specification of the width of adjacent falling 
edge about REQ and RES line is shown in Table 3 
and Table 4. 

 
 

Table 3. Explanation of width for REQ line. 
 

Width of 
adjacent falling 

edge (us) 
Explanation 

500 
Slave makes request to switch to 
start I2C communication. 

750 
Slave informs switch to resend 
data frame. 

1000 
Slave informs switch “data 
frame is received successfully”. 

 
 

Table 4. Explanation of width for RES line. 
 

Width of adjacent 
falling edge (us) 

Explanation 

500 
Switch informs slave to resend 
data frame immediately. 

750 
Switch informs slave to resend 
data frame in 10 ms. 

1000 
Switch informs slave “data 
frame is received successfully”. 

 
 

7. Conclusion 
 

In this paper, chip selection, hardware connection 
and software design are expressed according to the 
specification of I2C-bus. Practical application shows 
that this design possesses many advantages of 
occupying a small amount of I/O, high rate in 
transmission, complete protocol, and long-distance in 
communication which meets the demands in 
engineering practices. 
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