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1—Basics of PROFIBUS 
Operation

To help you quickly get a feel for the capabilities 
of PROFIBUS, its salient features are summa-
rized in Table 1-1. Note that these features are 
somewhat generalized – network speed is shown 
as 9.6kbit/s (lower limit) to 12,000kbit/s (upper 
limit), although the network speed may vary 
depending on the medium or technology used. 
For example, MBP-IS, the medium used for 
PROFIBUS PA, operates at a single baud rate of 
31.25kbit/s. An interesting feature of PROFIBUS is 
that the protocol is the same no matter what transmis-
sion medium or technology is used. Thus, PROFI-
BUS DP (utilizing RS-485 copper, fiber optics, 
infrared, and so on) and PROFIBUS PA (utiliz-
ing MBP-IS), use the same protocol and the 
devices can exchange cyclic I/O data with a stan-
dard DP master.

FMS will not be covered in this guide since its 
primary function of peer-to-peer (master-master) 
communication has been mostly replaced in 
recent years by Ethernet-based protocols.
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2 BASICS OF PROFIBUS OPERATION

Table 1-1 — PROFIBUS Features

PROFIBUS is an open, vendor-independent pro-
tocol that became part of the international stan-
dard IEC 61158 in 2000. Though the protocol is 
mature, it certainly is not static! Over time, it 
has been extended into new application areas by 
working groups of employees from companies 
that have similar products and target application 
areas. These extensions have always been devel-
oped under the requirement that they ensure 
“backward compatibility.” This pocket guide is 
not the place to discuss the details of these 
extensions and will concentrate primarily on the 
basic DPV0 operations; however, Figure 1-1 lists 
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the extensions that have been standardized in 
the past few years.

Figure 1-1 — PROFIBUS DP Extensions

As Figure 1-1 shows, DPV0 is the foundation for 
PROFIBUS and was the first version after FMS. 
DPV0 came from optimizations to FMS, the 
original PROFIBUS protocol, to support fast 
I/O data exchange. PROFIBUS DPV1 added 
extensions that allowed run-time reading/writing 
of parameters for more sophisticated devices 
such as intelligent drives, for example, and 
PROFIBUS PA field instruments, such as valve 
positioners, pressure transmitters, and so on. 
DPV2 added extensions primarily so that 
motion-control applications can be performed 
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directly across PROFIBUS rather than requiring 
a secondary motion-control bus.

This first chapter will give you a brief overview 
of the cyclic I/O data exchange (DPV0) opera-
tion of a PROFIBUS network. It will not deal 
with how you set up the network to operate. 
Chapter 2 will discuss that topic. Here, we will 
cover four basic aspects of a PROFIBUS DP net-
work:

• Master/Slave Concept: A general overview 
of device interactions.

• Device and System Startup: Just how does 
the master get all those devices and the sys-
tem into “operational” mode for control?

• Cyclic I/O Data Exchange: What the net-
work normally does when it is humming 
along at up to 12,000kbit/s.

• Device Diagnostic Reporting: What diag-
nostics can a device report and what does a 
device do when it detects a diagnostic con-
dition, for example, a wire break on an out-
put point?
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1.1 Master/Slave Concept
PROFIBUS DP is a network that is made up of 
two types of devices connected to the bus: mas-
ter devices and slave devices. It is a bi-directional 
network, meaning that one device, a master, 
sends a request to a slave, and the slave responds 
to that request. Thus, bus contention is not a 
problem because only one master can control 
the bus at any time, and a slave device must 
respond immediately to a request from a master. 
Since a request from a master to a slave device is 
heard by all devices attached to the bus, some 
mechanism must exist for a slave device to rec-
ognize that a message is designated for it and 
then respond to the sender. Hence, each device 
on a PROFIBUS network must have an assigned 
address. For specifying the address, most devices 
have either rotary switches (decimal or hexadeci-
mal) or DIP switches. Some few devices require 
that their address be set across the bus using a 
configuration tool. This concept will be dis-
cussed in the next chapter.

The PROFIBUS protocol supports addresses 
from 0 to 127. However, addresses 126 and 127 
have special uses (discussed in Chapter 2) and 
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may not be assigned to operational devices. 
Address 0 has become something of a default 
address that vendors assign to network configu-
ration and/or programming tools attached to the 
bus. Thus, the addresses that may be used in 
practice for operational devices – for example, 
PLCs, I/O nodes, drives, encoders, and the like – 
are 1 to 125.

1.2 Device and System Startup
The user specifies which slave devices the master 
should find on the bus as well as what informa-
tion is to be transferred from the master to each 
slave during this startup phase. (Relax…this is 
much easier than you might think!) All of the 
information that the master must know to start 
up the bus comes from a configuration database 
file that is generated by a PROFIBUS configura-
tion tool.

Each vendor of PROFIBUS master devices offers 
a configuration tool for generating the database 
file for their masters. However, once one has 
learned how to use any of these tools, it is gener-
ally quite easy to transfer this knowledge to 
another tool because all PROFIBUS configura-
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tion tools must share certain common function-
ality. A configuration tool for cyclic I/O 
operation must be able to do the following:

• process GSD (device description) files and 
maintain a hardware catalog of devices to 
be configured on the bus

• allow the PROFIBUS device address to be 
specified

• allow the specification of the input and out-
put data to be transferred between master 
and slave 

• allow certain startup parameters to be 
selected in order to activate specific operat-
ing modes or features of the device

• allow selection of the system baud rate

• generate the database file so it can be used 
by the master

At the same time a vendor develops a slave 
device, it must develop a device description 
(GSD) file. This file completely describes the 
PROFIBUS functionality of the device – for 
example, baud rates supported, possible input/
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output data configurations, startup parameter 
choices, and so on. These GSD files can typi-
cally be downloaded via the Internet either from 
www.profibus.com or from an individual ven-
dor’s web site. Once you “install” the GSD file 
for a device into the PROFIBUS configuration 
tool, it will appear in the tool’s hardware catalog, 
which enables it to be configured for bus opera-
tion. 

The installation process varies for different con-
figuration tools, although it is extremely simple 
in any case. In some tools, installation consists 
of nothing more than copying the GSD file into 
a “gsd subdirectory,” while in others one simply 
“imports” the new GSD file into the hardware 
catalog by selecting that option from a menu.

Once all the appropriate GSD files are installed 
into the configuration tool, you can define a bus 
configuration. This is a straightforward process. 
You first pick the appropriate master from the 
master device list in the hardware catalog and 
assign a PROFIBUS address. Not surprisingly, 
you will generally see only master devices from a 
specific vendor within that vendor’s configura-
tion tool! This is nothing to be concerned 
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about. We are really only concerned that the 
tool process the standard GSD files for slave 
devices, and it is required to do this. You repeat 
the following steps until the entire bus configu-
ration has been described: Select a slave device, 
assign the PROFIBUS address, specify the I/O 
to be exchanged, and select the appropriate 
parameters for the desired operation of the 
device. You then save this bus configuration file 
and generate the configuration database.

You can now load this configuration database 
file into the master device. The mechanism for 
loading the database file into the master may 
vary with each vendor. The most common 
mechanism is to download the file into the mas-
ter via a serial port. Some configuration tools 
allow you to load the file into a flash memory 
card that is then inserted into the master for 
download. Some older systems required an 
EPROM to be programmed and then inserted 
into the master for download. No matter what 
mechanism is used, after download, the master 
has the information necessary to start up all the 
devices in its configuration. This information is 
stored in retentive memory. Figure 1-2 depicts 

Profibus04.book  Page 9  Wednesday, September 24, 2003  10:49 AM



10 BASICS OF PROFIBUS OPERATION

the functionality of a PROFIBUS configuration 
tool.

Figure 1-2 — PROFIBUS Configuration Tool 
Functionality

The master must now determine if the devices at 
the assigned addresses contained within the con-
figuration database are physically on the bus and 
initialize them for “operational” or “data-
exchange ” mode. To get the devices into this 
mode a PROFIBUS master goes through a well-
defined sequence of interactions with each of 
the slave devices in its bus configuration.

Figure 1-3 shows the steps in the startup 
sequence for a slave device. For instance, if the 
master device experiences a power loss, when it 
powers back up it uses the configuration data-
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base in retentive memory to go through the star-
tup sequence with each device in its config-
uration to get all devices back into operational 
mode. If a slave device fails and must be 
replaced, the master recognizes that a replace-
ment device of the same type and with the same 
PROFIBUS address has been attached to the 
bus. When it does, it goes through this same 
startup sequence and automatically brings the 
device into operational mode. Voilá…Plug & 
Work!

Figure 1-3 — Slave Startup Sequence
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1.3 Cyclic I/O Data Exchange
After the bus system has been “started up”, the 
normal interaction between a master and each of 
its assigned slaves is to exchange I/O data, as 
shown in Figure 1-4. The master, a PLC with a 
PROFIBUS interface, for example, sends output 
data to a slave device in its configuration. The 
addressed slave immediately responds with its 
input data. It is important to grasp this concept of 
output data sent from the master to the slave and input 
data returned from the slave to the master. This 
“directional” attribute of the I/O is identical to 
I/O that is hardwired directly to backplane I/O 
in a PLC rack. It typically maps into the input 
and output areas of PLC memory, as shown in 
Figure 1-5, and can generally be accessed by the 
PLC logic program in exactly the same way as 
backplane I/O. This cyclic (repeated) I/O data 
exchange takes place asynchronously to the con-
trol logic scan and is repeated as quickly as possi-
ble. Data exchange takes place every cycle for every 
slave in a master’s configuration. At the most com-
monly used baud rate of 1,500kbit/s, data-
exchange cycles are normally repeated many 
times during a single control-logic scan. 
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Figure 1-4 — Master/Slave Data Exchange 

Figure 1-5 — Bus I/O Maps Into PLC Memory

Although 85 percent or more of PROFIBUS 
installations are single-master systems, multi-
master systems, as illustrated in Figure 1-6, exist 
and work quite well. In such a system, each mas-
ter is given control of the bus for a short time 
and during this time it exchanges I/O data with 
each of its assigned slaves. It then passes control 
to the next master on the bus, via a short mes-
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sage called a “token”, and that master exchanges 
I/O data with each of its slaves. Only the master 
holding the token is allowed to initiate communication 
to its slaves. Once the last master in the “logical 
token ring” has gone through its data-exchange 
cycle, it passes control back to the first master, 
and the overall operation starts again.

Figure 1-6 — Multi-Master/Slave Interactions

1.4 Device Diagnostic Reporting
The PROFIBUS protocol offers quite extensive 
diagnostic capabilities that device vendors can 
design into their products. PROFIBUS offers the 
capability to diagnose an operations problem all 
the way down to, for example, an overvoltage on 
an analog input or a broken wire on an output.
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During a data-exchange cycle, a PROFIBUS 
slave device can indicate to the master that it has 
detected a diagnostic condition. In the next 
data-exchange cycle, the master fetches the diag-
nostic information from the slave.

A device can report diagnostic information in 
four different formats: standard diagnostics, 
device-related diagnostics, module-related diag-
nostics, and channel-related diagnostics. Sound 
complicated? It really isn’t!

Any PROFIBUS master must save any diagnos-
tic data from a slave in order for your control 
program to access it. Each master does it in a 
slightly different way, so you need to familiarize 
yourself with your particular master.

The standard diagnostics (six bytes) that every 
slave device is required to report contain infor-
mation that is generally related to startup prob-
lems. For example, if the I/O configuration that 
was set up in the configuration tool does not 
match what the slave expects, it will report a 
“configuration fault.” If you have configured a 
slave device in your configuration file, but the 
slave actually found on the bus at that address is 

Profibus04.book  Page 15  Wednesday, September 24, 2003  10:49 AM



16 BASICS OF PROFIBUS OPERATION

different, the device will report a “parameteriza-
tion fault.” The six standard diagnostic bytes are 
used to report faults that are common across all 
slave devices.

A vendor can use the device-related diagnostics for-
mat to report information that may be specific 
to the particular device or application area, and 
that cannot be reported using the standard mod-
ule-related or channel-related diagnostic formats. 
The format of this type of diagnostic informa-
tion is defined by the vendor—its detailed struc-
ture is not covered in the PROFIBUS standard. 
Therefore, you must check the device’s docu-
mentation to determine the exact format.

Module-related diagnostics are used to report diag-
nostics for a modular slave – that is, one that 
consists of an “intelligent” head module plus 
plug-in modules. This format gives the head 
module the capability to report that a particular 
plug-in module has a diagnostic. It does not tell 
us what the diagnostic is – just that a particular 
module has a problem. The format for module-
related diagnostic information is defined in the 
PROFIBUS standard. This means that once a 
logic block is constructed to decode this type of 
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diagnostic information, the decode logic will 
work for any device from any vendor that 
reports module-related diagnostics.

The last type of diagnostic block is used to 
report channel-related diagnostics. A device can use 
this format to report that an individual channel 
of a specific module has a problem – for exam-
ple, short circuit, wire break, overvoltage, and so 
on. This makes it very easy to diagnose the prob-
lem right down to the wire level! The format for 
this type of diagnostic information is also 
defined in the PROFIBUS standard. The exact 
formats of these different diagnostic information 
blocks will be presented in Appendix A.

1.5 Fail-Safe Operation
Fail-safe, or fail-to-known-state, operation is an 
optional feature available for implementation in 
a slave device. This feature allows you to specify 
the states of slave outputs in the case of a bus 
failure, such as a master failure, a break in the 
bus, and so on. On such an occurrence, non-fail-
safe devices usually clear their outputs to zero, 
while fail-safe devices set their outputs to states 
that you define during the configuration phase. 
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The procedure for specifying the output states is 
covered in Chapter 2, Section 2.3.2, describing 
device parameterization.

1.6 Optional Device Functionality
A device vendor has the option of including 
some additional PROFIBUS functionality in a 
device. These optional features include allowing 
the setting of the device address across the bus, 
supporting the output SYNC feature, and sup-
porting the input FREEZE feature. If these 
optional features are supported, the vendor 
places keywords indicating so in the GSD file. 
For example, if a device supports the setting of 
its address across the bus, its GSD file will 
include an entry Set_Slave_Add_supp = 1. 

There is a very rudimentary motion control 
capability, to SYNChronize outputs, built into 
the standard DPV0 protocol. This SYNC func-
tionality allows, for example, a group of drives 
on a conveyor to be ramped up to speed in a 
synchronous fashion. A SYNC operation can be 
initiated via an instruction in your control pro-
gram (if the master supports it). This forces all 
the affected devices to immediately process the 
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last output data sent from the master – for 
instance, a speed and direction command. The 
master sends this SYNC command out between 
I/O cycles. While giving the drives time to ramp 
up, your control program can write output data 
– for example, the next speed and direction step 
in the ramp-up/ramp-down – to the drives in the 
group over the next few cycles, The drives ignore 
the data until your control program causes 
another SYNC command to be sent between 
I/O cycles. When the ramp operation is com-
plete, your control program can cause an 
UNSYNC command to be sent to put the drives 
in the group back into the normal mode of pro-
cessing output data as it is received.

There is also a capability for your control pro-
gram to cause a group of devices to FREEZE 
their input images that are being sent back to the 
master. This provides the capability to, for exam-
ple, take a snapshot at a given time of several 
analog inputs distributed over several devices. 
Perhaps you are doing some calculations in your 
control program involving these analog input 
values, and you need all the values to be “fro-
zen” at the same instant. A FREEZE operation 
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takes place when an instruction in your control 
program initiates it, and these operations can be 
initiated repeatedly from your program. The 
devices continue to read the field inputs but do 
not update the image being sent back to the 
master except on a FREEZE command, which is 
sent by the master between I/O cycles. If you 
want the devices to be put back into the normal 
mode of continuously updating the inputs being 
sent back to the master, your program can ini-
tiate an UNFREEZE command.

In this chapter, we have attempted to give you a 
quick, general overview of the capabilities and 
features of PROFIBUS DPV0. Now let’s get into 
the details of configuring the network and get-
ting it up and running!
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