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I/O Wiring Strategies

DL205 System
Isolation
Boundaries

The DL205 system is very flexible and will work in many different wiring
configurations. By studying this section before actual installation, you can probably
find the best wiring strategy for your application . This will help to lower system cost,
wiring errors, and avoid safety problems.
DL205 system circuitry is divided into three main regions separated by isolation
boundaries, shown in the drawing below. Electrical isolation provides safety, so that
a fault in one area does not damage another. A transformer in the power supply
provides magnetic isolation between the primary and secondary sides.
Opto-couplers provide optical isolation in Input and Output circuits. This isolates
logic circuitry from the field side, where factory machinery connects. Note the
discrete inputs are isolated from the discrete outputs, because each is isolated from
the logic side. Isolation boundaries protect the operator interface (and the operator)
from power input faults or field wiring faults. When wiring a DL205 system, it is
extremely important to avoid making external connections that connect logic side
circuits to any other.
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The next figure shows the physical layout of a DL205 system, as viewed from the
front. In addition to the basic circuits covered above, AC-powered bases include an
auxiliary +24VDC power supply with its own isolation boundary. Since the supply
output is isolated from the other three circuits, it can power input and/or output
circuits!
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In some cases, using the built-in auxiliary +24VDC supply can result in a cost
savings for your control system. It can power combined loads up to 200 mA on 3–6
slot bases and 300mA on the 9–slot base. Be careful not to exceed the current rating
of the supply. If you are the system designer for your application, you may be able to
select and design in field devices which can use the +24VDC auxiliary supply.
All AC powered DL205 bases feature the internal auxiliary supply. If input devices
AND output loads need +24VDC power, the auxiliary supply may be able to power
both circuits as shown in the following diagram.
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DC-powered DL205 bases are designed for application environments in which
low-voltage DC power is more readily available than AC. These include a wide range
of battery–powered applications, such as remotely-located control, in vehicles,
portable machines, etc. For this type of application, all input devices and output
loads typically use the same DC power source. Typical wiring for DC-powered
applications is shown in the following diagram.
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Powering I/O
Circuits Using
Separate Supplies

In most applications it will be necessary to power the input devices from one power
source, and to power output loads from another source. Loads often require
high-energy AC power, while input sensors use low-energy DC. If a machine
operator is likely to come in close contact with input wiring, then safety reasons also
require isolation from high-energy output circuits. It is most convenient if the loads
can use the same power source as the DL205 system, and the input sensors can use
the auxiliary supply, as shown to the left in the figure below.
If the loads cannot be powered from the system supply, then a separate supply must
be used as shown to the right in the figure below.
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Some applications will use the DL205 external power source to also power the input
circuit. This typically occurs on DC-powered systems, as shown in the drawing
below to the left. The inputs share the system power source supply, while the outputs
have their own separate supply.
A worst-case scenario, from a cost and complexity view-point, is an application
which requires separate power sources for the DL205 system, input devices, and
output loads. The example wiring diagram below on the right shows how this can
work, but also the auxiliary supply output is an unused resource. You will want to
avoid this situation if possible.
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Sinking / Sourcing
Concepts

Before going further in the study of wiring strategies, you must have a solid
understanding of “sinking” and “sourcing” concepts. Use of these terms occurs
frequently in input or output circuit discussions. It is the goal of this section to make
these concepts easy to understand, further ensuring your success in installation.
First the following short definitions are provided, followed by practical applications.

Sinking = provides a path to supply ground (–)
Sourcing = provides a path to supply source (+)
First you will notice these are only associated with DC circuits and not AC, because
of the reference to (+) and (–) polarities. Therefore, sinking and sourcing terminology
only applies to DC input and output circuits. Input and output points that are sinking
or sourcing only can conduct current in only one direction. This means it is possible
to connect the external supply and field device to the I/O point with current trying to
flow in the wrong direction, and the circuit will not operate. However, you can
successfully connect the supply and field device every time by understanding
“sourcing” and “sinking”.
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By applying the circuit principle above to the four possible combinations of
input/output sinking/sourcing types as shown below. The I/O module specifications
at the end of this chapter list the input or output type.
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For example, the figure to the right depicts
a “sinking” input. To properly connect the
external supply, you will have to connect it
so the input provides a path to ground (–).
Start at the DL205 system input terminal,
follow through the input sensing circuit,
exit at the common terminal, and connect
the supply (–) to the common terminal. By
adding the switch, between the supply (+)
and the input, the circuit has been
completed . Current flows in the direction
of the arrow when the switch is closed.
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I/O “Common”
In order for an I/O circuit to operate,
Terminal Concepts current must enter at one terminal and exit
at another. Therefore, at least two
terminals are associated with every I/O
point. In the figure to the right, the Input or
Output terminal is the main path for the
current. One additional terminal must
provide the return path to the power
supply.
If there was unlimited space and budget
for I/O terminals, every I/O point could
have two dedicated terminals as the figure
above shows. However, providing this
level of flexibility is not practical or even
necessary for most applications. So, most
Input or Output points are in groups which
share the return path (called commons).
The figure to the right shows a group (or
bank) of 4 input points which share a
common return path. In this way, the four
inputs require only five terminals instead
of eight.
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NOTE: In the circuit above, the current in the common path is 4 times any channel’s
input current when all inputs are energized. This is especially important in output
circuits, where heavier gauge wire is sometimes necessary on commons.
Most DL205 input and output modules
group their I/O points into banks that share
a common return path. The best indication
of I/O common grouping is on the wiring
label, such as the one shown to the right.
The miniature schematic shows two circuit
banks with eight input points in each. The
common terminal for each is labeled “CA”
and “CB”, respectively.
In the wiring label example, the positive
terminal of a DC supply connects to the
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will see on the wiring labels, and their
meanings are:
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Connecting DC I/O In the previous section on Sourcing and Sinking concepts, the DC I/O circuits were
explained to only allow current to flow one way. This is also true for many of the field
to “Solid State”
devices which have solid-state (transistor) interfaces. In other words, field devices
Field Devices
can also be sourcing or sinking. When connecting two devices in a series DC circuit,
one must be wired as sourcing and the other as sinking.
Solid State
Input Sensors

Several DL205 DC input modules are flexible because they detect current flow in
either direction, so they can be wired as either sourcing or sinking. In the following
circuit, a field device has an open-collector NPN transistor output. It sinks current
from the input point, which sources current. The power supply can be the +24
auxiliary supply or another supply (+12 VDC or +24VDC), as long as the input
specifications are met.
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Sometimes an application requires connecting an output point to a solid state input
on a device. This type of connection is usually made to carry a low-level control
signal, not to send DC power to an actuator.
Several of the DL205 DC output modules are the sinking type. This means that each
DC output provides a path to ground when it is energized. In the following circuit, the
output point sinks current to the output common when energized. It is connected to a
sourcing input of a field device input.
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In the next circuit, a field device has an open-emitter PNP transistor output. It
sources current to the input point, which sinks the current back to ground. Since the
field device is sourcing current, no additional power supply is required.

3–8

I/O Wiring and Specifications

In the next example a sinking DC output point is connected to the sinking input of a
field device. This is a little tricky, because both the DL205 system output and field
device input are sinking type. Since the circuit must have one sourcing and one
sinking device, a sourcing capability needs to be added to the DL205 system output
by using a pull-up resistor. In the circuit below, a Rpull-up is connected from the output
to the DC output circuit power input.
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Common

NOTE 1: DO NOT attempt to drive a heavy load (>25 mA) with this pull-up method
NOTE 2: Using the pull-up resistor to implement a sourcing output has the effect of
inverting the output point logic. In other words, the field device input is energized
when the DL205 system output is OFF, from a ladder logic point-of-view. Your ladder
program must comprehend this and generate an inverted output. Or, you may
choose to cancel the effect of the inversion elsewhere, such as in the field device.
It is important to choose the correct value of R pull-up. In order to do so, you need to
know the nominal input current to the field device (I input) when the input is energized.
If this value is not known, it can be calculated as shown (a typical value is 15 mA).
Then use I input and the voltage of the external supply to compute R pull-up. Then
calculate the power Ppull-up (in watts), in order to size Rpull-up properly.
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Of course, the easiest way to drive a sinking input field device as shown below is to
use a DC sourcing output module. The Darlington NPN stage will have about 1.5 V
ON-state saturation, but this is not a problem with low-current solid-state loads.
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Five output modules in the DL205 I/O family feature relay outputs: D2–04TRS,
D2–08TR, D2–12TR, D2–08CDR, F2–08TRS. Relays are best for the following
applications:
•

Loads that require higher currents than the solid-state outputs can
deliver
• Cost-sensitive applications
• Some output channels need isolation from other outputs (such as when
some loads require different voltages than other loads)
Some applications in which NOT to use relays:
• Loads that require currents under 10 mA
S Loads which must be switched at high speed or heavy duty cycle
Relay outputs in the DL205 output
modules are available in two contact
arrangements, shown to the right. The
Form A type, or SPST (single pole, single
throw) type is normally open and is the
simplest to use. The Form C type, or
SPDT (single pole, double throw) type has
a center contact which moves and a
stationary contact on either side. This
provides a normally closed contact and a
normally open contact.
Some relay output module’s relays share
common terminals, which connect to the
wiper contact in each relay of the bank.
Other relay modules have relays which
are completely isolated from each other. In
all cases, the module drives the relay coil
when the corresponding output point is on.

Relay with Form C contacts

•
•
•

Switch the relay on or off only when the application requires it.
If you have the option, switch the load on or off at a time when it will
draw the least current.
Take measures to suppress inductive voltage spikes from inductive DC
loads such as contactors and solenoids (circuit given below).
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Relay contacts wear according to the amount of relay switching, amount of spark
created at the time of open or closure, and presence of airborne contaminants.
However, there are some steps you can take to help prolong the life of relay contacts:
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Prolonging Relay
Contact Life

Relay with Form A contacts
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Adding external contact protection may extend relay life beyond the number of
contact cycles listed in the specification tables for relay modules. High current
inductive loads such as clutches, brakes, motors, direct-acting solenoid valves, and
motor starters will benefit the most from external contact protection.
The RC network must be located close to the relay module output connector. To find
the values for the RC snubber network, first determine the voltage across the
contacts when open, and the current through them when closed. If the load supply is
AC, then convert the current and voltage values to peak values:
Now you are ready to calculate values for R and C, according to the formulas:
2

I

C (mF) =

R (W) =

10

V
10 x I x

, where x= 1 +

50
V

C minimum = 0.001 mF, the voltage rating of C must be w V, non-polarized
R minimum = 0.5 W, 1/2 W, tolerance is " 5%
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For example, suppose a relay contact drives a load at 120VAC, 1/2 A. Since this
example has an AC power source, first calculate the peak values:
Ipeak = Irms x 1.414, = 0.5 x 1.414 = 0.707 Amperes
Vpeak = Vrms x 1.414 = 120 x 1.414 = 169.7 Volts
Now, finding the values of R and C,:
C (mF) =

2

=

x= 1 +

V
10 x I x
50
169.7

0.707
10

10
R (W) =
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2

= 0.05 mF, voltage rating w 170 Volts

, where x= 1 +

= 1.29

50
V

R (W) =

169.7
10 x 0.707 1.29

= 26 W, 1/2 W, " 5%

If the contact is switching a DC inductive load, add a diode across the load as near to
load coil as possible. When the load is energized the diode is reverse-biased (high
impedance). When the load is turned off, energy stored in its coil is released in the
form of a negative-going voltage spike. At this moment the diode is forward-biased
(low impedance) and shunts the energy to ground. This protects the relay contacts
from the high voltage arc that would occur as the contacts are opening.
For best results, follow these guidelines in using a noise suppression diode:
• DO NOT use this circuit with an AC power supply.
• Place the diode as close to the inductive field device as possible.
• Use a diode with a peak inverse voltage rating (PIV) at least 100 PIV, 3A
forward current or larger. Use a fast-recovery type (such as Schottky
type). DO NOT use a small-signal diode such as 1N914, 1N941, etc.
S Be sure the diode is in the circuit correctly before operation. If installed
backwards, it short-circuits the supply when the relay energizes.
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I/O Modules Position, Wiring, and Specification
Slot Numbering

The DL205 bases each provide different numbers of slots for use with the I/O
modules. You may notice the bases refer to 3-slot, 4-slot, etc. One of the slots is
dedicated to the CPU-slot controller, so you always have one less I/O slot. For
example, you have five I/O slots with a 6-slot base. The I/O slots are numbered 0 – 4.
The “CPU” slot always contains a CPU-slot controller and is not numbered.

Slot 0

CPU Slot

Slot 2

Slot 3

Slot 4

I/O Slots

The most commonly used I/O modules for the DL205 system (AC, DC, Relay and
Analog) can be used in any slot. The following table lists the valid locations for all
types of modules in a DL205 system.
Module/Unit
CPU-slot Controller

Local CPU Base Slot #
CPU Slot Only
Any slot

AC Input Modules

Any slot

DC Output Modules

Any slot

AC Output Modules

Any slot

Relay Output Modules

Any slot

Analog Modules

Any slot
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DC Input Modules
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Module Placement
Restrictions

Slot 1
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Discrete Input
Module Status
Indicators

The discrete modules provide LED status indicators to show the status of the input
points.
Status indicators

Terminal

I/O Wiring
and Specifications

Terminal Cover
(installed)

Color Coding of I/O The DL205 family of I/O modules have a color coding scheme to help you quickly
Modules
identify if the module as either an input module, output module, or a specialty
module. This is done through a color bar indicator located on the front of each
module. The color scheme is listed below:

Color Bar

À

Installation and
Safety Guidelines

Wire tray area
behind terminal cover

Module Type
Discrete/Analog Output
Discrete/Analog Input
Other

Color Code
Red
Blue
White
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Wiring the Different There are two types of module connectors for the DL205 I/O. Some modules have
normal screw terminal connectors. Other modules have connectors with recessed
Module
screws. The recessed screws help minimize the risk of someone accidentally
Connectors
touching active wiring.
Both types of connectors can be easily removed. If you examine the connectors
closely, you’ll notice there are squeeze tabs on the top and bottom. To remove the
terminal block, press the squeeze tabs and pull the terminal block away from the
module.
We also have DIN rail mounted terminal blocks, DINnectors (refer to our catalog for a
complete listing of all available products). The DINnectors come with special
pre–assembled cables with the I/O connectors installed and wired.
WARNING: For some modules, field device power may still be present on the
terminal block even though the DL205 system is turned off. To minimize the risk of
electrical shock, check all field device power before you remove the connector.
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I/O Wiring
Checklist

Use the following guidelines when wiring the I/O modules in your system.
1. There is a limit to the size of wire the modules can accept. The table below
lists the suggested AWG for each module type. When making terminal
connections, follow the suggested torque values.
Module type
Suggested AWG Range Suggested Torque
4 point

16* – 24 AWG

7.81 lb-inch (0.882 N•m)

8 point

16* – 24 AWG

7.81 lb-inch (0.882 N•m)

12 point

16* – 24 AWG

2.65 lb-in (0.3 N•m)

16 point

16* – 24 AWG

2.65 lb-in (0.3 N•m)

Installation and
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*NOTE: 16 AWG Type TFFN or Type MTW is recommended. Other
types of 16 AWG may be acceptable, but it really depends on the thickness
and stiffness of the wire insulation. If the insulation is too thick or stiff
and a majority of the module’s I/O points are used, then the plastic
terminal cover may not close properly or the connector may pull away
from the module. This applies especially for high temperature
thermoplastics such as THHN.
2. Always use a continuous length of wire, do not combine wires to attain a
needed length.
3. Use the shortest possible wire length.
4. Use wire trays for routing where possible.
5. Avoid running wires near high energy wiring.
6. Avoid running input wiring close to output wiring where possible.
7. To minimize voltage drops when wires must run a long distance , consider
using multiple wires for the return line.
8. Avoid running DC wiring in close proximity to AC wiring where possible.
9. Avoid creating sharp bends in the wires.
10. To reduce the risk of having a module with a blown fuse, we suggest you
add external fuses to your I/O wiring. A fast blow fuse, with a lower current
rating than the I/O module fuse can be added to each common, or a fuse
with a rating of slightly less than the maximum current per output point can
be added to each output. Refer to our catalog for a complete line of
DINnectors, DIN rail mounted fuse blocks.
DINnector External Fuses
(DIN rail mounted Fuses)

NOTE: For modules which have soldered or non-replaceable fuses, we recommend
you return your module to us and let us replace your blown fuse(s) since
disassembling the module will void your warranty.
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Glossary of Specification Terms
Inputs or Outputs
Per Module

Indicates number of input or output points per module and designates current sinking, current
sourcing, or either.

Commons / Module Number of commons per module and their electrical characteristics.
Input Volt. Range

The operating voltage range of the input circuit.

Output Volt. Range The operating voltage range of the output circuit.
Maximum voltage allowed for the input circuit.

AC Frequency

AC modules are designed to operate within a specific frequency range.

ON Voltage Level

The voltage level at which the input point will turn ON.

OFF Voltage Level

The voltage level at which the input point will turn OFF.

Input Impedance

Input impedance can be used to calculate input current for a particular operating voltage.

Input Current

Typical operating current for an active (ON) input.

Min. ON Current

The minimum current for the input circuit to operate reliably in the ON state.

Max. OFF Current

The maximum current for the input circuit to operate reliably in the OFF state.

Minimum Load

The minimum load current for the output circuit to operate properly.

Ext. DC Required

Some output modules require external power for the output circuitry.

ON Voltage Drop

Sometimes called “saturation voltage”, it is the voltage measured from an output point to its
common terminal when the output is ON at max. load.

The maximum current a connected maximum load will receive when the output point is OFF.
Max. Leakage
Current
Max Inrush Current The maximum current used by a load for a short duration upon an OFF to ON transition of a

Base Power
Required

Power from the base power supply is used by the DL205 input modules and varies between
different modules. The guidelines for using module power are explained in the power budget
section of the manual for your CPU-slot device.

OFF to ON
Response

The time the module requires to process an OFF to ON state transition.

ON to OFF
Response

The time the module requires to process an ON to OFF state transition.

Terminal Type

Indicates whether the terminal type is a removable or non-removable connector or a terminal.

Status Indicators

The LEDs that indicate the ON/OFF status of an input point. These LEDs are electrically
located on either the logic side or the field device side of the input circuit.

Weight

Indicates the weight of the module.

Fuses

Protective device for an output circuit, which stops current flow when current exceeds the
fuse rating. They may be replaceable or non–replaceable, or located externally or internally.

Installation and
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output point. It is greater than the normal ON state current and is characteristic of inductive
loads in AC circuits.

I/O Wiring
and Specifications

Peak Voltage

