High Speed CMOS Optocoupler Applications in Industrial

Field Bus Networks

Industrial Field Bus Networks

Before field bus, an industrial control system was built
up around a central controller with input and output
cards to input signals from sensors and output signals
to actuators. Usually, the controller, I/O cards and motor
drivers were installed in the central cabinet, which was
connected with the remote devices (Figure 1a).

Field bus networks, however, communicate between the
controller and field devices in a sequential information
manner (Figure 1b). Controllers and devices are
connected to the field bus cable in bus, star, tree or ring
topologies.

From the mid 1980, field bus technology was ready to
move onto the factory floor. Industrial field buses are
classified according to their performance capabilities.
What field bus standard one ultimately chooses chiefly
depends upon the amount of data that a bus is able to
handle and its associated speed or propagation delay
requirements. There are perhaps dozens of popular net-
work standards and hundreds of proprietary or home
brewed standards. The development and usage of field
buses has grown rapidly. During the end of 1999 and
2000, there was approval for IEC61158, which is an in-
ternational standard covering several networks in total.
Appendix 1 lists a performance comparison of some
popular field bus standards discussed in this application
note.

Optical Isolation for Field Bus Networks

Numerous and large transient bursts are common in
an industrial environment. These transient bursts can
disrupt the data transmission and even potentially
damage the interconnected equipment. In order to
ensure error-free data transmission in high-speed field
bus communication, an industry system designer has to
take efforts to eliminate disturbances. Typically galvanic
isolated optocouplers (Figure 2) are used to retain data
integrity and protect interconnected equipment.

Avaco

TECHNOLOGIES

International standard IEC 61000-4-4 specifies
electrical fast transient/burst immunity test related
to the immunity requirement of EMC. All of Avago
Technologies' high-speed CMOS optocouplers have
transient immunity performance CMR 10 kV/us at
common mode voltage up to 1000 Volts. Optocouplers
isolate transient/burst interference and transmit data
between bus transceiver and controller. Since network
communication is bi-directional (involving receiving
data from and transmitting data onto the network) two
optocouplers are needed per node.
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Figure 1a. Conventional controller and remote devices connected
by parallel
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Figure 1b. Controller and remote devices connected by fieldbus
network



CONTROLLER

BUS INTERFACE
OPTICAL ISOLATION
TRANSCEIVER

FIELD BUS

I TRANSCEIVER I

I TRANSCEIVER I

I TRANSCEIVER I

I TRANSCEIVER I
]

OPTICAL OPTICAL OPTICAL OPTICAL
ISOLATION ISOLATION ISOLATION ISOLATION
] ] ] ]
BUS BUS BUS BUS
INTERFACE INTERFACE INTERFACE INTERFACE
000 M DM
\\\ YOCXXK SENSOR
|| vy
|| [oo0]
DEVICE 600 MOTOR
CONFIGURATION MOTOR STARTER CONTROLLER
Figure 2. Field Bus Communication Physical Model
Recommended Optocouplers
The following optocouplers use the latest CMOS IC
technology to achieve outstanding system performance.
The optocoupler choice will depend on the overall
system requirements, with data rate and regulatory
requirements playing an important role.
HCPL- 7710 | 0710 7720 0720 7721 0721 0708 0738 7723 |0723
Speed 12.5 MBd 25 MBd 15 MBd 50 MBd
Max. 40 ns 60 ns 22 ns
Propagation
Delay
Min. 80 ns 40 ns 100 ns 20 ns
Pulse Width
Max. PWD 8ns 6ns 30 ns 2ns
Max. 20 ns 40 ns 15ns
Propagation
Delay Skew
Min. CMR 10kV / ps @ Vem = 1000V
Package 300 mil | SO8 300 mil | SO8 300 mil | SO8 S0O8 SO8 300 mil {SO8
Type DIP8 DIP8 DIP8 Dual DIP8
IEC/EN/DIN
EN 60747-5-2| *630 |*560 *630 *560 *630 *560 *560 *630 |*560
[Viorm] Vpeak | Vpeak | Vpeak | Vpeak | Vpeak | Vpeak | Vpeak Vpeak | Vpeak
UL [Viso] 3750 | 3750 3750 3750 3750 3750 3750Vrms 3750 | 3750
Vrms | Vrms Vrms Vrms Vrms Vrms Vrms | Vrms

* Option 060 required.
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Isolation Node Power Supply

Design Considerations

There are an AC line in device power supplies and

DC power in field bus cables. It is very flexible for the

isolation node to tap power from the above two sources.

The basic consideration is that two power supplies must

be isolated across the optocoupler isolation boundary.

There are three types of solutions, namely:

1.Isolation Node Powered by the Network (Figure 3);

2. Isolation Node with Transceiver Powered by the
Network (Figure 4);

3. Isolation Node Providing Power to the Network
(Figure 5).

1. Isolation Node Powered by the Network

If the network power can supply the devices sufficiently,
then it is not necessary to power field devices from
the AC line. As seen in Figure 3, a non-isolated voltage
regulator supplies the transceiver and half of two
optocouplers, while an isolated DC/DC converter
supplies the controller and the other side of two
optocouplers.

2. Isolation Node with Transceiver Powered by the Network
Figure 4 shows when an application requires a
significant amount of power. In this case, the field
device is powered by the AC line source while the
transceiver and isolated side of the two optocouplers
are powered by the network. This method is also
desirable as it does not heavily load the network.
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Figure 4. Isolation Node with Transceiver Powered by the Network
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3. Isolation Node Providing Power to the Network

The method shown in Figure 5 is recommended when
there are a limited number of devices on the network
that do not require much power, thus eliminating the
need for separate network power supplies. The AC line
powers the field device supply locally and also powers
the isolated power supply. This supply powers the
network, from which one regulator derives DC 5 V to
power the transceiver and the isolated (network) side of
two optocouplers.

Recommended DeviceNet Application Circuit

A CAN bus is used by DeviceNet physical layer
implementation. The recommended DeviceNet
application circuit is shown in Figure 6. Since the
high-speed CMOS optocouplers HCPL-x710/x72x are
fully compatible with CMOS logic level signals, the
two optocouplers are connected directly to the CAN
transceiver. Two bypass capacitors (with values between
0.01 and 0.1 uF) are required and should be located
as close as possible to the input and output power
supply pins of the optocoupler. For each capacitor, the
total lead length between both ends of the capacitor
and the power supply pins should not exceed 20 mm.
The bypass capacitors are required because of the
high-speed digital nature of the signals inside the
optocoupler.

More importantly, the unique “dual-inverting” design of
the Avago Technologies' HCPL-x710/x72x ensures the
network will not “lock-up” if either AC line power to the
node is lost or the node powered-off. Specifically, when
input power (Vpp1) to the HCPL-x710/x72x located in
the transmit path is eliminated, a RECESSIVE bus state
is ensured as the HCPL-x710/x72x output voltage (Vo)
goes HIGH.
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Figure 5. Isolation Node Providing Power to the Network
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Figure 6. Recommended DeviceNet Application Circuit

*Bus V+ Sensing

It is suggested that the Bus V+ sense block shown in
Figure 6 be implemented. A locally powered node with
an unpowered isolated Physical Layer will accumulate
errors and become bus-off if it attempts to transmit.
The Bus V+ sense signal would be used to change the
BOI attribute of the DeviceNet Object to the “auto-reset”
(01) value. Refer to DeviceNet Specification Volume 1,
Section 5.5.3. This would cause the node to continually
reset until bus power was detected. Once power was
detected, the BOI attribute would be returned to the
“hold in bus-off ” (00) value. The BOI attribute should
not be left in the “auto-reset” (01) value since this
defeats the jabber protection capability of the CAN
error confinement.



Recommended PROFIBUS Application Circuit

In PROFIBUS physical layer implementation,
transmission technologies R5485 and IEC1158-2 are
adopted by PROFIBUS. The recommended PROFIBUS
application circuit is shown in Figure 7. Since the
high-speed CMOS optocouplers HCPL-772x/072x are
fully compatible with CMOS logic level signals, the
optocouplers are connected directly to the transceiver.
Two bypass capacitors (with values between 0.01 and
0.1 uF) are required and should be located as close
as possible to the input and output power-supply
pins of the optocoupler. For each capacitor, the total
lead length between both ends of the capacitor and
the power supply pins should not exceed 20 mm.
The bypass capacitors are required because of the
high-speed digital nature of the signals inside the
optocoupler.

Being very similar to multi-station RS485 systems, the
HCPL-061N optocoupler provides a transmit disable
function which is necessary to make the bus free after
each master/slave transmission cycle. Specifically, the
HCPL-061N disables the transmitter of the line driver
by putting it into a high state mode. In addition, the
HCPL-061N switches the RX/TX driver IC into the listen
mode. The HCPL-061N offers HCMOS compatibility and
the high CMR performance (1 kV / ps at Vcpm = 1000 V)
essential in industrial communication interfaces.
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Figure 7. Recommended PROFIBUS Application Circuit



Recommended CC-Link Application Circuit

CC-Link (Control and Communication Link) is developed
to merge control and information in the low-level
network (field network) by PCs, thereby making the
multivendor environment a reality. It has data control
and message-exchange function, as well as bit control
function, and operates at the speed up to 10 Mbps.

The recommended CC-Link circuit is shown in Figure
8. Since the Avago Technologies HCPL-772x/072x are
fully compatible with CMOS logic level signals, the
optocouplers are connected directly to the transceiver.
Two bypass capacitors (with values between 0.01 pF

and 0.1 uF) are required and should be located as close
as possible to the input and output power supply pins
of the HCPL-772x/072x. For each capacitor, the total lead
length between both ends of the capacitor and power
supply pins should not exceed 20 mm. The bypass
capacitors are required because of the high-speed
digital nature of the signals inside the optocoupler. Two
HCMOS-compatible and low cost optocouplers HCPL-
2611 transmit Enable signals to the receiver and driver
separately. Alternatively one dual-channel optocoupler
HCPL-4661 or HCPL-0738 can be applied here to save
cost and PCB size.
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Figure 8. Recommended CC-Link Application Circuit
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Appendix 1

Table 1. Popular Field Bus Specifications and Comparison

CC-Link DeviceNet ProfiBus CAN
Max. Devices 64 per master 64 127 nodes 127
or Nodes (124 slaves -4 seg, 3 rptrs)
+ 3 masters
Max. Baud rate 156 Kbps to 10 Mbps 500 kBd 12 MBd 1 Mbd
depending upon (9.6 kBd to 12 MBd
distance are supported)

Max. Extension 1200 m (twisted pair), 100 m at 500 kBd, 100 m between 1 km at 10 kBd,

Master plus 10 500m at 125 kBd, segments at 40 mat 1 MBd
repeaters=13.2Km 6 km with repeaters 12 MBd, 24 km (Fiber)
(baud rate and media
dependent)
Network Trunk line, drop Line, Star, or Ring Trunk line,
Topology line with branching drop line
Typical Commonly found Most commonly Commonly found Commonly found
Applications in factory floor found in assembly, in Process control in Automotive
Processes welding, automotive, and large assembly, and Motion
semiconductor,and  and material control systems,
material handling handling machines assembly,
machines. welding, and
material handling
machines
Technology Mitsubishi Electric Layer 1, 2: Bosch AG, Siemens Layer 1, 2:Bosch AG,
Developer Layer 7: 1994 Profibus DP Layer 7: CAN
Rockwell Automation (Decentral In Automation,
(Allen-Bradley) Periphery) 1994 Philips, 1995
Profibus PA
(Process Automation)
1995
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