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Yokogawa has developed the FN310, a small, inexpensive, intrinsically safe multi-
protocol module. When used with the FN110 field wireless communication module, the 
FN310 can unwire various existing field devices which support field digital protocols such 
as FOUNDATION™ fieldbus and HART. Furthermore, the batteries in this module can 
also supply power to the FN110 and field device, which eliminates cables not only for data 
communication but also for power supply. The FN310 can achieve entirely field wireless 
communication.

INTRODUCTION

One of the international wireless standards for industrial 
use, ISA100.11a (1), was first established in 2009. Since 

then, wireless has been introduced into many industrial 
areas, and the recognition of industrial wireless technology 
has continued to grow as application examples increase. 
Nowadays, the use of wireless is spreading further, and 
various types of sensors are beginning to be required (2). Even 
for existing systems using wired communications, wireless 
technology is considered as a communication means to collect 
information from already installed field devices, for example, 
diagnostic information concerning the devices.

In order to meet these requirements, various types of 
wireless field devices will need to be provided, and the means 
to unwire already installed wired field devices required. As a 
solution to satisfy both requirements, Yokogawa has developed 
the FN310 field wireless multi-protocol module, an adapter 
which can unwire existing wired field devices. The FN310 is 
capable of wireless communications using existing protocols 
such as Modbus and HART. Therefore, users do not need to 
waste their existing assets even if the field communication 
is changed to wireless. To achieve this feature, the FN310 
applies the ISA100.11a standard, which enables wireless 
communications using various field digital communication 
protocols. The FN310 is used in combination with the FN110 
under the concept of “Wireless Anywhere”. The FN110 is 
explained in “Field Wireless Communication Module to 
Promote Field Wireless” in this issue. This paper describes the 
FN310.

MULTI-PROTOCOL WIRELESS 
COMMUNICATION BASED ON THE ISA100.11A 
STANDARD

Figure 1 shows a system configuration example of multi-
protocol communication based on the ISA100.11a standard.

Figure 1 System configuration example of multi-protocol 
communication 

In Figure 1, the native devices, FF Devices and HART 
Devices indicate devices conforming to ISA100 Wireless™, 
FOUNDATION fieldbus and HART respectively. As shown in 
the figure, the devices with different types of communication 
protocols such as FF or HART can communicate with the 
applications for each protocol using the protocol tunneling 
function defined in ISA100.11a. The FN310 is an adapter 
for converting the existing wired field devices into wireless 
field devices conforming to the ISA100 Wireless™, which 
communicates with Native Host in the figure. These wired 
f ield devices can co-exist with wireless f ield devices 
conforming to the ISA100 Wireless™ in the same network.
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FEATURES OF FN310

Figure 2 shows FN310 when connected to FN110. As 
shown in the figure, two functional units of FN310 and FN110 
are assembled together to convert wired communication of the 
field devices into wireless communication as defined in the 
ISA100.11a standard. The wired communication protocol to be 
converted to wireless by the FN310 is selected as an option.

Figure 2 Appearance of FN310 connected with FN110

Features of FN310
The FN310 has the following features:

 � Power supply
Two batteries used in conventional wireless field devices 

are built in to the FN310, and they supply power to the FN110 
and connected wired field devices. If the field devices are 
HART devices, the requirements for the power supply are 
multi-drop mode and the configurable minimum operating 
voltage is of 16.5 V or less.

 � Remote antenna
The FN110, which includes the antenna, can be remotely 

installed in a location of reliable radio wave environment by 
using an extension cable.

 � Device status display
The FN310 has a built-in 5 Digit LCD which can display 

setting values, process values, device attribute, statuses and 
other information of the connected field devices. A Hall effect 
element is built in to the FN310, and on or off settings to 
display on the LCD and other settings can be controlled by 
using magnets from outside of the case.

 � Provisioning for field devices
Out of band (OOB) provisioning is supported in the same 

way as conventional wireless field devices. The operation and 
attributes of each of these field devices can be configured via 
an infrared port of the FN310 using the FieldMate Versatile 
Device Management Wizard.(4) Thus, no new tools are 
required. In addition, support of provisioning over the air 
(OTA) is planned.

 � Case material and strength
Reinforced plastics for outdoor use, suitable for the case, 

are chosen for lighter weight, enhancing its weather resistance 
and durability.

Structure
Figure 3 shows the external structure of the FN310.

Figure 3 FN310 external structure (front and rear view)

The FN310 is composed of two units, a front and a rear 
unit. The front unit consists of a printed circuit board on which 
LCDs, Hall effect elements, configuration switches, etc. are 
mounted, as well as a cover. The rear unit consists of a battery 
pack, a printed circuit board on which a protocol conversion 
circuit, input terminals for a field device, etc. are mounted, 
and the cover. The front and rear units are joined by the 
hinges containing the internal cables. When the battery pack 
is connected to the front-side power supply terminals, the 
operation will start. A new battery pack, different from the 
one used in existing wireless field devices, was developed for 
compactness. Continuing the traditional concept, a readily 
available battery was chosen, and battery pack changing in 
a hazardous area was made possible. Figure 4 shows the 
internal structure. Figure 5 and Figure 6 show terminal block 
wiring for the power supply and signal input in the case of 
a HART device, and corresponding connection topologies, 
respectively.

Figure 4 FN310 internal structure (Left: no battery pack) 

Figure 5 Terminal block wiring for HART devices 

Figure 6 Connection topologies for HART devices 
(referred from Table 2)
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Explosion-proof construction
The F N310 confor ms to t y pes of protect ion for 

intrinsically safe and non-incendive (or type n). This enables 
wireless communication with various HART devices inside 
of hazardous areas. Furthermore, the connection between the 
FN110 and the FN310, and between the FN310 and the HART 
devices are expected to be achieved with cables of up to 20 m. 
This will bring benefit by increasing the degree of freedom for 
selecting installation locations of field devices connected with 
the FN310.

Functional specifications
The specifications of the FN310 common part, the HART 

communication device connection, and the RS485 Modbus 
communication device connection are shown in Table 1, 
Table 2 and Table 3 respectively.

Table 1 FN310 common part Specifications

Table 2 HART communication device connection 
specifications 

Table 3 RS485 Modbus communication device 
connection specifications 

SOFTWARE STRUCTURE

Figure 7 shows the software architecture of the FN310. 
The FN310 software is comprised of a common part and a 
protocol-dependent part.

Figure 7 Software architecture 

 � Common part
Drivers for hardware such as the display device and 

the infrared port for provisioning are implemented in the 
common part. Operation function software for the hardware 
are implemented in the user application process of the FN110, 
so that the development burden required for the multi-protocol 
module has been considerably reduced.

 � Protocol dependent part
The functions corresponding to the physical layers of 

the HART or Modbus standards and the data link layers 
are implemented in the protocol dependent part. HART and 
Modbus protocols are converted to the ISA100.11a protocol 
in the FN110. This aims to make the support of various future 
field digital protocols easier. Thus, the interface control 
functions for each existing wired protocol can be implemented 
independently from the ISA100.11a.

 � Device configuration
The FieldMate applying FDT (Field Device Tool) 

technology is used for provisioning of the FN310 and for the 
settings and adjustments of wired devices connected to the 
FN310 in the same way as the traditional wireless field devices. 
To achieve this in the case where a PC with FieldMate installed 
in it is connected to the FN110 and FN310 via gateways and 
routers, the GatewayDTM (Device Type Manager) for the 
FN310 was developed. The GatewayDTM converts protocols 
between the ISA100.11a and HART/Modbus devices, and the 
settings and adjustment of the devices connected to the FN310 
can be performed by using the existing DTMs for those wired 
devices with no changes. The GatewayDTM enables setting 
and adjustment of the devices connected to the FN310 via 
wireless communications.
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FN310 APPLICATION EXAMPLES

Applications using the FN310 are described below.

Examples of connecting with wired communication sensors
By combining the FN110 and FN310 with the wired field 

devices, true field wireless networks eliminating signal and 
power wiring can be built. Figure 8 shows examples in which 
a HART temperature transmitter is attached onto the rear 
of the FN310, and a pH sensor supporting RS485 Modbus 
is attached onto the bottom of the FN310. These assemblies 
capable of wireless communicat ion have no locat ion 
constraints when being installed, and the locations can be 
easily changed.

Figure 8 Examples of sensor connections (left: attached 
on the rear, right: attached on the bottom) 

System configuration
As shown in Figure 9, a wired field device with the 

FN110 and FN310 combined can be used as a wireless device 
in the same way as conventional wireless field devices. The 
work of operation settings such as device provisioning and 
data update interval setting can be also performed the same as 
with previous methods. However, some results such as a data 
update interval and battery life depend on the characteristics 
of each field device itself.

Figure 9 Configuring wireless systems using the FN310 

Figure 10 shows the relationship between a data update 
interval of HART field devices connected to the FN310 and a 
battery life. The time from field device power-up to the time 
when the device transmits a measured value first, 1 second, 
10 seconds and 60 seconds, is taken as a parameter. A typical 

model which requires 60 seconds is the modular 2-wire pH/
ORP (oxidation-reduction potential) analyzer FLXA 21.

Figure 10 Relationship between data update intervals 
and battery life 

CONCLUSION

The f ield wireless mult i-protocol module FN310, 
combining with the FN110, provides a powerful means 
to unwi re ex is t ing wi red f ield dev ices with d ig it a l 
communications capabilities. By applying the FN310, not only 
wired field devices to be newly installed but also previously 
installed ones can be unwired. In addition, the FN310 has 
built-in batteries, enabling construction of a pure field wireless 
network requiring no power supply cables. At present, the 
FN310 can connect HART and RS485 Modbus communication 
devices. Yokogawa will increase connectable types of field 
digital communications protocols including FOUNDATION 

fieldbus
The FN310 is one of the devices which help realize the 

Wireless Anywhere concept advocated by Yokogawa. It is a 
powerful enabler for unwiring existing field networks while 
utilizing users’ assets effectively.
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