






T1F–16DA–2 16 Channel Voltage Analog Output

Number of Channels 16

Output Ranges 0–5V, 0–10V, +/– 5V, +/– 10V

Output Type single ended, 1 common

Resolution 12 bit (1 in 4096)

Peak Output Voltage 15 VDC

Load Impedance 4K ohm min.

Load Capacitance 0.01uF max.

Linearity Error (end to end) + / – 2 count max.
+  /  – 0.050% of full scale max

Conversion Settling Time 100us max. full scale change

Full Scale Calibration Error + / – 12 counts max.

Offset Calibration Error 10V ranges:+ / – 6 counts max
5V ranges:  + / – 11 counts max

Accuracy vs. Temperature + / – 50 ppm/�C  
full scale calibration change

Max. Full Scale Inaccuracy
(% of full scale);
all errors  and temp drift 
included

10V ranges:+ / –0.2% @ 25�C
  + / –0.4% @  60�C

5V ranges:  + / –0.3% @ 25�C
  + / –0.5% @ 60�C

Master Update Rate 16 channels per scan max.

Output Points Required 512 discrete pts. or 16 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Base Power Required 75mA @ 5VDC

External Power Supply 21.6–26.4VDC, 150mA class 2

Operating Temperature 0 to 60�C (32 to 140�F)

Storage Temperature –20 to 70�C (–4 to 158�F)

Relative Humidity 5 to 95% (non–condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MIL STD 810C 516.2

Noise Immunity NEMA ICS3–304

Weight 172g

Wiring & DimensionsSpecifications

mm (in.)

Output Points

Commons (not isolated)
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Note: V2 and V3 internally
connected to Commons

NOTES:
1: Shields should be connected to the 0V terminal of the module or the 0V of
the power supply.
2. Unused voltage outputs should remain open (no connections) for minimum
power consumption.
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Equivalent Output Circuit

Load
4K ohm

minimum

Voltage Sink/Source

D to A
Converter

���
!���
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0V – 5V 0V – 10V

Unipolar Ranges

5V

0V

10V

0V
4095040950

+5V

0V

–5V

–5V to +5V

0 +4095

0V

–10V

–10V to +10V

0 +4095

Bipolar Ranges

+10V

(+2047) (+2047)

Note: This module requires software setup via the
Module Control Byte. Refer to the Memory Map
Chapter in the T1K–INST–M Installation and I/O
Manual.

Rev B
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T1F–16RTD RTD Input Module

Number of Channels 16

Resolution + / –  0.1�C  or  �F

Common Mode Range 0 – 5VDC

Notch Filter >50db notches @ 50/60 Hz
f – 3db=13.1 Hz

Absolute Max. Ratings + / – 50 VDC

Converter Type Charge balancing, 24–bit

Sampling Rate 140ms / channel

Master Update Rate 16 channels per scan max.

Input Points Required 512 discrete pts. or 16 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Base Power Required 150mA @ 5VDC

Operating Temperature 0 to 60�C (32 to 140�F)

Storage Temperature –20 to 70�C (–4 to 158�F)

Temperature Drift 25ppm / �C  (max.)

Maximum Inaccuracy + / – 1�C

RTD Excitation Current 200uA

Relative Humidity 5 to 95% (non–condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MIL STD 810C 516.2

Noise Immunity NEMA ICS3–304

Weight 168g

RTD Input Ranges:

Input Ranges Pt100 –200�C to 850�C
          –328�F to 1562�F
Pt1000 –200�C to 595�C
            –328�F to 1103�F
jPt100 –38�C to 450�C
           –36�F to 842�F
Type CU–10/25 
           –200�C to 260�C
           –328�F to 500�F
120Ω Nickel
           –80�C to 260�C
           –112�F to 500�F

Wiring & DimensionsSpecifications

mm (in.)

80
 (

3.
15

)

54
.3

(2
.1

4)
25

.7
(1

.0
1)

9.2 (0.36)
8.1 (0.32)

8.1 (0.32)

89 (3.5)

83.3 (3.28)

side View mm (in.)

A to D
Converter

A
nalog S

w
itch

����&
-2��
2������.


7�


7�

��������
������

��������

Equivalent Input Circuit

NOTES:
1: The three wires connecting the RTD to the module must
be the same type and length. Do not use the shield or drain
wire for the third connection.
2. If an RTD sensor has four wires, the plus sense wire
should be left unconnected as shown.

2

T1F–16RTD

x
Note 2

Note: Apply the labels that come with the I/O module
to the I/O base terminals to properly identify the base
terminal points.

CH1
+

RTD Returns

CH2
+

CH3
+

CH4
+

CH5
+

CH6
+

CH7
+

CH8
+

CH9
+

CH10
+

CH11
+

CH12
+

CH13
+

CH14
+

CH15
+

CH16
+

CH6
–

CH7
–

CH8
–

CH9
–

CH10
–

CH11
–

CH12
–

CH13
–

CH14
–

CH15
–

CH16
–

CH1
–

CH2
–

CH3
–

CH4
–

CH5
–

Note 1

Channel Inputs  (+)

Channel Inputs  (–)

Ref. Adj.

200 uA
Current
Source

200 uA
Current
Source
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Select Input Type (see Note 2)

RTD Input Jumper

RTD–0 RTD–1 RTD–2

Pt100 Ω X X

Pt1000 Ω X

jPt100 Ω X

Type CU–10 Ω

Type CU–25 Ω X

120Ω Nickel X X

 31  30  29  28  27  26  25  24  23  22  21  20 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0  9  8  7  6  5  4  3  2  1  0

   –  –  –  –  –  –  – BO  –  –  –  –  –  –  –  – D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

Setting Module Jumpers

�F  or  �C

RTD–2

RTD–1

RTD–0

CH+2

CH+1

CH+3

CH+4

NOTES:
Note 1: The module comes from the factory with all of the Num-
ber of Channels jumpers installed for sixteen channel opera-
tion. Use the table to determine the proper settings.
Note 2: The module comes the factory with the Input Type
jumpers selected for Pt100 Ω operation. Use the table to deter-
mine the proper settings.

    X = Jumper Installed,
   Blank Space = Jumper Removed

CH+1 CH+2

Jumper 

1

2

3

4

X

X X

Number of
Channels

5

6

7

8

X

X

CH+3

X

X X

X

X

X

X

CH+4

9

10 X

11

12

13

14

X

X

X X

X

X

X

X

X

X

X

X

Select Number of Channels  

Number of
Channels

Input Type

(see Note 1)

    X = Jumper Installed,
   Blank Space = Jumper Removed

Jumpers Located Under 
Module Top Cover

15

16

X

XX X

X

X

X

Temperature Units

Jumper 

 

Temperature
Units

X�F

�C

    X = Jumper Installed,
   Blank Space = Jumper Removed

Select Temperature Units

T1F–RTD Data Format: Data format for each of the 16 RTD input channnels

    D15 to D0:  16–bit temperature data, D15 is the most significant bit (MSB). The temperature data has one implied decimal, so the readings are in tenths of degrees. 
                       Negative temperature readings are  represented in 2’s complement format.
    B0:           Channel burn out bit;  1= channel RTD sensor burn out or RTD is disconnected from either input terminal 

              0= channel OK   
    – :          Unused channel bits are all = 0   
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T1F–14THM 14 Channel Thermcouple Input
Use with I/O Module Base T1K–16B screw type terminal

base only

Number of Channels 14, differential

Common Mode Range + /  – 5VDC

Common Mode Rejection 90db min. @ DC, 
150db min. @ 50/60 Hz

Input Impedance 1M ohm

Absolute Max. Ratings Fault Protected Input
+ / – 50 VDC

Master Update Rate 14 channels per scan max.

Input Points Required 512 discrete pts. or 16 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Base Power Required 60mA @ 5VDC

External Power Supply 24VDC +/– 5%, 70mA, class 2

Operating Temperature 0 to 60�C (32 to 140�F)

Storage Temperature –20 to 70�C (–4 to 158�F)

Accuracy vs. Temperature + / – 5 ppm / �C max. full scale

Relative Humidity 5 to 95% (non–condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MIL STD 810C 516.2

Noise Immunity NEMA ICS3–304

Weight 168g

Thermocouple specifications:

Input Ranges Type J –190 to 760�C–310 to 1400�F

Type E –210 to 1000�C –346 to1832�F

Type K –150 to 1372�C –238 to 2502�F

Type R  65 to 1768�C  149 to 3214�F

Type S  65 to 1768�C  149 to 3214�F

Type T –230 to 400�C –382 to 752�F

Type B  529 to 1820�C  984 to 3308�F

Type N –70 to 1300�C –94 to 2372�F

Type C  65 to 2320�C 149 to 4208�F

Display Resolution + / – 0.1�C or + / – 0.1�F

Cold Junction Compensation
(CJC Part #: T1F–CJC)

automatic

Conversion Time 100ms per channel

Warm Up Time 30 minutes typically,
 +/– 1�C  repeatability

Linearity Error + /  – 0.05 �C  max. ,
+ / –  0.01�C  typical

Maximum Inaccuracy + / – 3�C

Wiring & DimensionsSpecifications

mm (in.)

Input points 
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Equivalent Input Circuit
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NOTES:
1: Shields should be grounded at the signal source.
2: Unused inputs should be connected to Common (0VDC).
3. When using 0–156mV and 5V ranges, connect (–) or 0V
terminals to 0V to ensure common mode range acceptance
4. The Cold Junction Compensation (part #: T1F–CJC)
temperature sense unit that comes with the module
must be installed into the I/O base terminals to perform
CJC of the thermocouple inputs.

2

10V

0V

–10V
–32767 32767

+ / – 156.25 mV

5V

0V
0 65535

0 – 5V

10V

0V
0 65535

0 – 156.25mV

5V

0V

–5V
–32767 32767

–5 to 5V

Voltage Input Signal Ranges

87654321

���

Differential
thermocouple
wiring

Grounded
thermocouple
wiring

T1F–14THM

Note: Apply the labels that come with the I/O module
to the I/O base terminals to properly identify the base
terminal points. Also, the CJC sense unit must be
installed to the I/O base. (see wiring diagram below)

Input Voltage Ranges 0–5V, +/– 5V,
0–156.25mV, +/–156.25mV

Resolution

Full Scale Calibration
Error (Offset Error
Included)

Offset Calibration
Error

Linearity Error
(End to End)

Max. Inaccuracy

16 bit ( 1 in 65535)

+/– 13 counts typ.,
+/– 33 max.

+/– 1 count max.
@ 0V input

+/– 1 count max.

+/– 0.02% @ 25�C (77�F)

Voltage  specifications:

Voltage 
Transmitter
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Select Input Type  (see Note 3)                                    Rev D

Thermocouple /
Voltage Inputs

Jumper

T/C
Type 0

T/C
Type 1

T/C
Type 2

T/C
Type 3

J X X X X

K X X X

E X X X

R X X

S X X X

T X X

B X X

N X

C X X X

0–5V. X X

�5V. X X

0–156mV. X

�156mV. X X

Select the Conversion Units:
Thermocouple Conversion Units    (see Note 4)

Jumper

Temperature Conversion Units

Jumper Magnitude Plus Sign
�F           �C

2’s Complement
�F         �C

Units-0 X X

Units-1 X X

Voltage Conversion Units    (see Note 5)

Jumper
Voltage Conversion Units

Jumper
Magnitude
Plus  Sign

2’s
Complement

Units-0 X X

Units-1 X

 31  30  29  28  27  26  25  24  23  22  21  20 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0  9  8  7  6  5  4  3  2  1  0

   –  –  –  –  –  –  – BO  –  –  –  –  –  –  –  – D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

Setting Module Jumpers

Units-1

Units-0

T/C Type 3

T/C Type 2

T/C Type 1

T/C Type 0

CH+2

CH+1

Calibrate

Enable

CH+3

CH+4

See Note 1

NOTES:
Note 1: The Calibrate Enable jumper comes from the factory not installed. Installing the jumper disables the thermocouple active burn–out
detection circuitry, which enables a thermocouple calibrator to be connected to the module. To  make sure that the output of the thermocouple
calibrator is within the 5V common mode voltage range of the module, connect the negative side of the differential voltage input channel to
the 0V terminal, then connect the thermocouple calibrator to the differential inputs (for example, Ch 3+ and Ch 3–).
Note 2: The module comes with all of the Number of Channels jumpers installed for fourteen channel operation. Use the table to determine
the proper settings.
Note 3: The module comes with all of the Input Type jumpers installed for J type thermocouple operation. Use the table to determine the
proper settings.
Note 4: The module comes with the Conversion Units jumpers set for magnitude plus sign with Fahrenheit units selected.
All thermocouple types are converted into a direct temperature reading with one implied decimal place. Negative temperatures can be repre-
sented in either 2’s complement or magnitude plus sign format. If the temperaure is negative, the most significant bit is the sign bit. 2’s comple-
ment data format may be required to correctly display bipolar data on some operator interfaces.
Note 5: The bipolar voltage input ranges may be converted to a 15–bit magnitude plus sign or a 16–bit 2’s complement value.

CH+1 CH+2

Jumper 

1

2

3

4

X

X X

Number of
Channels

5

6

7

8

X

X

CH+3

X

X X

X

X

X

X

CH+4

9

10 X

11

12

13

14

X

X

X

X X

X

X

X

X

X

X

X

X

Select Number of Channels  

Number of
Channels

Input Type

Conversion
Units

(see Note 2)

    X = Jumper Installed,
   Blank Space = Jumper Removed

Jumpers Located Under 
Module Top Cover

T1F–14THM Data Format: Data format for each of the 14 input channnels

    D15 to D0:  16–bit temperature data, D15 is the most significant bit (MSB). See Notes 4 and 5. 
     B0:            Channel burn out bit;  1= channel thermocouple sensor burn out or thermocouple is disconnected from either input terminal 

              0= channel OK   
     – :           Unused channel bits are all = 0   
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T1F–8AD4DA–1 
8 Channel Current Analog Input / 
4 Channel Current Analog Output

Input Channel Specifications:

Number of Channels 8, single ended (1 common)

Input Points Required 256 discrete pts. or 8 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Input Ranges 0–20mA, 4–20mA,
–20 to 20mA

Resolution 14 bit (13 bit plus sign bit)

Frequency Response
Input active low–pass filter

–3db @ 100Hz, –20db/decade

Input Resistance 250 ohm

Absolute Max. Ratings +/– 8V max. input

Conversion Time 8.5ms per channel

Linearity Error + / – 2 count max.

Input Stability + / – 1 count

Full Scale Error 
(Offset Error not included)

16 counts max.

Offset Error 2 counts max.

Max. Full Scale Inaccuracy
(% of full scale)
all errors included

0.18% @ 25�C   
0.36% @ 60�C

Recommended Fuse 0.032A, Series 217 Fast Acting

Input Range Resolution:

–20 to 20mA –8192 to 8191 counts

0 – 20mA 0 – 8191 counts

4 – 20mA 1638 – 8191 counts

Module General Specifications:

CPU Update Rate 12 channels per scan max.

Base Power Required 75mA @ 5VDC

External Module Power Supply 21.6–26.4VDC, 60mA, class 2
(plus 20mA per output loop)

Operating Temperature 0 to 60�C (32 to 140�F)

Storage Temperature –20 to 70�C (–4 to 158�F)

Accuracy vs. Temperature + / – 50 ppm / �C max. full scale

Relative Humidity 5 to 95% (non–condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MIL STD 810C 516.2

Noise Immunity NEMA ICS3–304

weight 136g
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Wiring & DimensionsSpecifications
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Equivalent Input Circuit

Fuse

3–Wire
Current

Transmitter
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NOTES:
1: Shields should be grounded at the signal source.
2: More than one external power supply can be used, provided all the power
supply commons are connected.
3: A Series 217, 0.032A fast-acting fuse is recommended for 4–20 mA
current loops.
4: If the power supply common of an external power supply is not connected
to the 0V terminal on the module, then the output of  the external transmitter
must be isolated. To avoid “ground loop” errors, recommended 4–20 mA
transmitter types are:
–For 2 or 3 wire connections: Isolation between the input supply signal and
 the power supply. 
–For 4 wire connections: Isolation between the input supply signal, the power
supply and the 4–20mA output.

0 – 20mA

20mA

0mA
81910

4 – 20mA

20mA

4mA

81911638

–20 to 20mA

20mA

–20mA
8191–8191

0mA

Input Signal Ranges

IN1 IN2 IN3 IN4 IN5 IN6 IN7 IN8

I1– I1+ I2– I2+ I3– I3+ I4– I4+

V0  V1

Output Channels

3–58

Rev A

All V0 terminals internally connected
All V1 terminals internally connected.

Note: Apply the labels that come with the I/O module
to the I/O base terminals to properly identify the base
terminal points.



Output Channel Specifications:

Number of Channels 4, sink/source; individually configured
by wiring

Output Points Required 128 discrete pts. or 4 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Output Ranges 4–20mA

Output Type single ended, 1 common

Resolution 12 bit (1 in 4096)

Max. Loop Supply 30 VDC

Source Load (ohms) / Loop
Power Supply

0 – 400/18–30V

Sink Load (ohm) / Loop Power
Supply

0–600ohm/18V, 0–900ohm/24V
0–1200ohm/30V

Total Load 
(Sink plus Source)

600�/18V, 900�/24V, 1200�/30V

Linearity Error (end to end) + / – 2 count max.
+  /  – 0.050% of full scale max

Conversion Settling Time 400us max. full scale change

Full Scale Calibration Error
(Note: source error depends
upon the load from source ter-
minal to ground)

SINK:
+ / – 12 counts max. @ any load
SOURCE:
+ / – 26 counts max.@ 400 ohm load
+ / – 18 counts max. @ 250 ohm load
+ / – 12 counts max. @ 125 ohm load

Offset Calibration Error SINK:
+ / – 6 counts max. @ (any load) 
SOURCE:
+ / – 10 counts max.@ 400 ohm load
+ / – 8 counts max. @ 250 ohm load
+ / – 6 counts max. @ 125 ohm load

Max. Full Scale Inaccuracy
(% of full scale)
all errors included

SINK:
(any load) 0.3% @ 25�C
(any load) 0.5% @ 60�C 
SOURCE:
400� load 0.63% @ 25�C
400� load 0.83% @ 60�C
250� load 0.44% @ 25�C
250� load 0.64% @ 60�C
125� load 0.30% @ 25�C
125� load 0.50% @ 60�C 
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Wiring & DimensionsSpecifications
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Equivalent Output Circuit
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Note: All V0 terminals internally connected
All V1 terminals internally connected.

NOTES:
1: Shields should be connected to the 0V terminal of the module or the 0V of
the power supply.
2. Unused current outputs should remain open (no connections) for minimum
power consumption.
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Load

D to A
Converter
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4 – 20mA

20mA

4mA

40950

Output Signal Range

Note: This module requires software setup via the
Module Control Byte. Refer to the Memory Map
Chapter in the T1K–INST–M Installation and I/O
Manual.

IN1 IN2 IN3 IN4 IN5 IN6 IN7 IN8

V0 V1

T1F–8AD4DA–1

I1– I1+ I2– I2+ I3– I3+ I4– I4+

Sinking Current

Sourcing Current

�

�

(–) = Sink Channel; (+) = Source Channel

Configuration

Configuration

T1F–8AD4DA–1
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T1F–8AD4DA–2 
8 Channel Voltage Analog Input / 
4 Channel Voltage Analog Output

Input Channel Specifications:

Number of Channels 8, single ended (1 common)

Input Ranges 0–5V, 0–10V, +/– 5V, +/– 10V

Resolution 14 bit (13 bit plus sign bit)

Frequency Response –3db @ 500Hz, –20db/decade

Input Resistance 200K ohm min.

Absolute Max. Ratings Fault Protected Input
130V(rms) or 100VDC

Conversion Time 5.5ms per channel

Linearity Error + / – 2 count max.

Input Stability + / – 1 count

Calibration Full Scale Error 8 counts max.

Calibration Offset Error 2 counts max.

Max. Full Scale Inaccuracy
(% of full scale); 
all errors included

0.08% @ 25�C 
0.26% @ 60�C

Input Range Resolution:

0 – 5V 0 – 4095 counts

0 – 10V 0 – 8191 counts

+ /  –  5V –4095 to 4095 counts

+ /  –  10V –8192 to 8191 counts
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%
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#
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T1F–8AD4DA–2

1 2 3 4 5 6 70

1 2 3 4 5 6 70

Wiring & DimensionsSpecifications
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Equivalent Input Circuit

3–Wire
Voltage

Transmitter

�

�

�4�&���


�����5�����
������
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�

NOTES:
1: Shields should be grounded at the signal source.
2: Unused inputs should be connected to Common (0VDC).
3: More than one external power supply can be used, 
provided all the power supply commons are connected.
 

�	��


�

�

4–Wire
Voltage

Transmitter

������
������

�

�

�

�

�4�&���


�����5�����
������

Note: V1 internally connected
          to Commons

10V

0V

–10V

–8192 8191

–10 to 10V

5V

0V

0 4095

0 – 5V

10V

0V

0 8191

0 – 10V

5V

0V

–5V

–4095 4095

–5 to 5V

Input Signal Ranges

IN6 IN7IN3 IN4IN1 IN2 IN5 IN8

OUT2 OUT3COM COMCOM COM OUT1 OUT4

C0M  


��
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Input Channels

Output Channels

Note: Apply the labels that come with the I/O module
to the I/O base terminals to properly identify the base
terminal points.



Output Channel Specifications:

Number of Channels 4

Output Ranges 0–5V, 0–10V, +/– 5V, +/– 10V

Output Type single ended, 1 common

Resolution 12 bit (1 in 4096)

Peak Output Voltage 15 VDC

Load Impedance 4K ohm min.

Load Capacitance 0.01uF max.

Linearity Error (end to end) + / – 2 count max.
+  /  – 0.050% of full scale max

Conversion Settling Time 300us max. full scale change

Full Scale Calibration Error + / – 12 counts max.

Offset Calibration Error 10V ranges:+ / – 5 counts max
5V ranges:  + / – 9 counts max

Max. Full Scale Inaccuracy
(% of full scale);
all errors  and temp drift 
included

10V ranges:+ / –0.2% @ 25�C
  + / –0.4% @  60�C

5V ranges:  + / –0.3% @ 25�C
  + / –0.5% @  60�C

Module General Specifications:

CPU Update Rate 12 channels per scan max.

Input Points Required 256 discrete pts. or 8 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Output Points Required 128 discrete pts. or 4 dwords
(d (double) word = 32 bit word)
Network Interface dependent

Base Power Required 75mA @ 5VDC

External Module Power
Supply

21.6–26.4VDC, 70mA, class 2

External Transmitter Power
Supply

18–30VDC, 70mA, class 2

Operating Temperature 0 to 60�C (32 to 140�F)

Storage Temperature –20 to 70�C (–4 to 158�F)

Accuracy vs. Temperature + / – 50 ppm / �C max. full
scale

Relative Humidity 5 to 95% (non–condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MIL STD 810C 516.2

Noise Immunity NEMA ICS3–304

weight 136g

� !
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1 2 3 4 5 6 70

1 2 3 4 5 6 70

Wiring & DimensionsSpecifications
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Equivalent Output Circuit

Note: V1 internally connected
to Commons

NOTES:
1: Shields should be connected to the 0V terminal of the module ot the 0V
terminal of the power supply.
2. Unused voltage outputs should remain open (no connections) for minimum
power consumption.

�	��


�

�

Load
4K ohm
minimum

������
������

Load
4K ohm
minimum

Voltage Sink/Source

D to A
Converter

���
!���
�

0V – 5V 0V – 10V

Unipolar Ranges

5V

0V

10V

0V
4095040950

+5V

0V

–5V

–5V to +5V

0 +4095

0V

–10V

–10V to +10V

0 +4095

Bipolar Ranges

+10V

(+2047) (+2047)

Note: The output channels require software
setup via the Module Control Byte. Refer to
the Memory Map Chapter in the T1K–INST–M
Installation and I/O Manual.

IN6 IN7IN3 IN4IN1 IN2 IN5 IN8

OUT2 OUT3COM COMCOM COM OUT1 OUT4

C0M  

All COM terminals internally connected

T1F–8AD4DA–2

0 – 5V 0 – 4095

0 to 10V

+  / – 5V

+ / – 10V

0 – 4095

0 – 4095

Output Range Resolution:

0 – 4095

T1F–8AD4DA–2
3–61
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T1H–CTRIO Counter I/O Module
Input Specifications:

Inputs 8 pts. ( 2 isolated channels / 4
pts. each channel), sink / source,
100K Hz max;
See Input Resources Table for
available Input Function options

Minimum Pulse Width 5us

Input Voltage Range 9–30VDC

Maximum Voltage 30VDC

Input Voltage Protection Zener clamped at 33VDC

Rated Input Current 8mA typical, 12mA maximum

Minimum ON Voltage 9.0VDC

Maximum OFF Voltage 2.0VDC

Minimum ON Current 5.0mA @ 9.0VDC

Maximum OFF Current 2.0mA

OFF to ON Response < 3us

On to OFF Response < 3us

Output Specifications:

Outputs 4 pts., independently isolated,
sink/source (FET Outputs);
See Output Resources Table for
available Output Function options

Voltage Range 5–36VDC

Maximum Voltage 36VDC

Output Clamp Voltage 60VDC

Maximum Load Current 1.0A

Max. Leakage Current 100uA

Inrush Current 5.0A for 20ms

OFF to ON Response < 3us

ON to OFF Response < 3us

ON State Voltage Drop < 0.3V

External Power Supply for loop power only, not required
for internal module function

Overcurrent Protection 15A max

Base Power Required 400mA @ 5VDC

Thermal Shutdown Tjunction = 150�C

Overtemperature Reset Tjunction = 130�C

Duty Cycle Range 1% to 99% in 1% increments

Operating Environment  0�C–60�C, Humidity 5 to 95%

Wiring & DimensionsSpecifications

mm (in.)

80
 (

3.
15

)

54
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4)
25

.7
(1

.0
1)

9.2 (0.36)
8.1 (0.32)

8.1 (0.32)

89 (3.5)

83.3 (3.28)

side View mm (in.)

2

T1H–CTRIO

Note: Apply the labels that come with the I/O module
to the I/O base terminals to properly identify the base
terminal points.

1A

User Bus Terminals (no internal connection to CTRIO)

1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

Input / Output Channels

Channel Commons

OK ERR CH1CH2

1A 1B 1C 1D 2A 2B 2C 2DY0 Y1 Y2 Y3

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

–––––––USER BUS 1––––––– –––––––USER BUS 2–––––––

OK Module OK

ER

CH1

CH2

1A–1D

2A–2D

User Program Error

Channel 1 Status

Channel 2 Status

Channel 1 A–D Status

Channel 2 A–D Status

LED Descriptions

Output StatusY0 – Y3

CH1

CH2

Y0–Y3

Blinks when Channel 2 Function 1 is counting or timing

Follows actual output state; ON = output is passing current

LED Diagnostic  Definitions

Blinks when Channel 1 Function 1 is counting or timing

OK

All is well – Run ModeON

ON

Blinking

Blinking

OFF

Hardware Failure

Boot Mode – Use for Field OS Upgrades

Program Mode

Module Self –diagnostic Failure

No Power to Module

LED Diagnostic Definitions

Module Error due to Watchdog TimeoutOFF

OFF

ER

OFF

ON

Blinking

OFF

Blinking

ON

OFF

Description

LED Indicators
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1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

C

B

E

HFE > 100
10K

10%
0.1W

C

B

E

HFE > 100
10K

10%
0.1W

C

B

E

HFE > 100
10K

10%
0.1W

E

A

B

Z

9–30
VDC

+

–

Input Wiring Diagrams

Input / Output Channels

Channel Commons

5 VDC

Quadrature Encoder Wiring Example

TTL Quadrature Encoder Wiring Example

TTL Input Wiring Example

Input Wiring Example

Counter/Timer

Resource Options

Timer Range /
Resolution

1X, 2X, or 4X Quadrature, Up or Down Counter, Edge Timer, Dual
Edge Timer, Pulse Catch, Reset, Inhibit, Capture

4.2 billion (32 bits); 1us

CTRIO Input Resources

4, (2 per 4 input channel group)

Counter Range +/– 2.1 billion (32 bits or  31 bits + sign bit)

1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

Input  / Output Channels

Channel Commons

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

NPN
General Purpose Transistor

C

B

E

HFE > 100
10K

10%
0.1W

C

B

E

HFE > 100
10K

10%
0.1W

C

B

E

HFE > 100
10K

10%
0.1W

C

B

E

HFE > 100
10K

10%
0.1W

TTL Device

TTL Device

TTL Device

9–30
VDC

TTL Device

1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

Channel Commons

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

Output

User Bus Terminals (no internal connection to CTRIO)

+_

Output

+_

Output

+_

Output

+_

PNP Device

PNP DeviceNPN Device

NPN Device

9–30
VDC

+

–

User Bus 1 User Bus 2

User Bus 1 = 1M = +24VDC

User Bus 2 = 2M = 0VDC

Input  / Output Channels

Channel Commons

User Bus 1 User Bus 2

9–30
VDC

+

–

A

B
Z

Power +

Gnd –

User Bus 1 = 1M = +24VDC

User Bus Terminals (no internal connection to CTRIO)

User Bus 2 = 0VDC

NPN Open Collector Output
Encoder

Input  / Output Channels

3–63
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CTRIO
Output

Cn (where n=0, 1, 2, 3)

Yn

Load
+
–

Load
+
–

CTRIO
Output

Cn (where n=0, 1, 2, 3)

Yn

Output Wiring Diagrams

The module has 4 optically isolated out-
put points (pts. Y0–Y3 with isolated
commons C0–C3, respectively). The
outputs must be wired so positive cur-
rent flows into Cn terminal and then out
of the Yn terminal.

Output Wiring Schematic Output Wiring Example

1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

Input / Output Channels

Channel Commons

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3
(or CW)

(or CCW)

Opto Power

+ –

Pulse

Direction

5–36VDC
Step Amplifier

5–36VDC

+–
Step Amplifier

(or CW)

Opto Power

Direction

Pulse

(or CCW)

Stepper/Servo Drive Wiring Example

5–36VDC

Pulse outputs: 2 Channels (2 outputs
per channel); 
Discrete outputs: 4 pts.

Pulse outputs /
Discrete outputs

Resource Options Pulse Outputs: pulse/direction or cw/ccw;
Profiles: Trapezoid, S–Curve, Symmetri-
cal S–Curve, Dynamic Positioning, Dy-
namic Velocity, Home Search, Velocity
mode, Run to limit mode and Run to posi-
tion mode;
Discrete Outputs: 4 configurable for set,
reset, pulse on, pulse off, toggle and reset
count function (assigned to respond to
Timer/Counter functions); 
RawMode: Direct access to output from
user program

CTRIO Output Resources

Target Position
Range

+/– 2.1 billion (32 bits or 31 bits + sign bit)

5–36VDC

The stepper wiring example assumes
the Step Amplifier interface to be opto-
coupler LEDs (common anodes at the
“OPTO Power” terminal) with internal
current limiting resistors.
This is a standard method, but you must
consult your stepper amplifier docu-
mentation to ensure that this method is
applicable.

1A 1B 1C 1D Y0 Y0 Y1 Y1 2A 2B 2C 2D Y2 Y2 Y3 Y3

Input /Output Channels

Channel Commons

1M 1M 1M 1M C0 C0 C1 C1 2M 2M 2M 2M C2 C2 C3 C3

USER BUS 1 USER BUS 2

L
+

–

L
–

+

+
–5–36VDC

CTRIO
Source to
Load from
“Y0”

CTRIO Sink
from Load
into “C1”

User Bus 1 = C0= +24VDC

User Bus 2 = Y1 = 0VDC

User Bus Terminals (no internal connection to CTRIO)

+

–

+

–

3–64
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T1K–08B(–1) I/O Module Base
Specification T1K–08B T1K–08B–1

Terminal Type screw type spring clamp type

Recommended
Torque

1.77 – 3.54 lb–inch
(0.2 – 0.4 Nm)

–

Recommended
Screwdriver Blade
Size

0.02in.x  0.125in.
(0.5mm x 3mm)

push in on clamp using
screwdriver blade size:
0.016x0.079 in.to 0.032 x0.16 in.
(0.4mmx2mm to 0.8mmx4mm )

Wire Gauge Size solid conductor: 25–12AWG
stranded conductor: 26–12AWG

solid conductor: 25–14AWG
stranded conductor: 26–14AWG*

Weight 135g 125g

*Twist conductors before inserting into gate

T1K–16B(–1) I/O Module Base
Specification T1K–16B T1K–16B–1

Terminal Type screw type spring clamp type

Recommended
Torque

1.77 – 3.54 lb–inch
(0.2 – 0.4 Nm)

–

Recommended
Screwdriver Size

0.02in.x  0.125in.
(0.5mm x 3mm)

push in on clamp using
screwdriver blade size:
0.016x0.079 in.to 0.032 x0.16 in.
(0.4mmx2mm to 0.8mmx4mm )

Wire Gauge Size solid conductor: 25–12AWG
stranded conductor: 26–12AWG

solid conductor: 25–14AWG
stranded conductor: 26–14AWG*

Weight 220g 210g

*Twist conductors before inserting into gate

Environmental Specifications

Ambient Operating 
Temperature

32�F to 131�F (0�C to 55�C)

Storage Temperature –4�F to 158�F (–20�C to 70�C)

Ambient Humidity 5% to 95% (Non–condensing)

Atmosphere No corrosive gases. The level of environ-
mental pollution = 2   (UL 840)

Vibration Resistance MIL STD 810C, Method 514.2

Shock Resistance MIL STD 810C, Method 516.2

Voltage Withstand 1500VAC, 1 minute

Insulation Resistance 500VDC, 10M ohm

Noise  Immunity NEMA ICS3–304

Impulse Noise 1us, 1000V

FCC class A

RFI (144MHz, 430MHz 10W, 10cm)

Agency Approvals UL, CE, FCC class A

DimensionsSpecifications
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(1
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1)

9.2 (0.36)

8.1 (0.32)

8.1 (0.32)

mm (in.)

83.3 (3.28)

Side View

mm (in.)

80
 (

3.
15

)

54
.3

(2
.1

4)
25

.7
(1

.0
1)

9.2 (0.36)
8.1 (0.32)

8.1 (0.32)

89 (3.5)

 T1K–08B, T1K–08B–1

 T1K–16B, T1K–16B–1

83.3 (3.28)

Side View
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T1K–10CBL, T1K–10CBL–1 Expansion Cable

Specification T1K–10CBL T1K–10CBL–1

Cable Length 100cm (3.28ft.)

Cable Diameter 8.5mm

Shielding None

Temperature Range –25�C to 80�C (–13�F to 176�F)

Jacket Material PVC

Auxiliary
24 VDC
Cable

Cable
Diameter

– 2 cables used:
1.42mm each

Cable
Insulation
Voltage

– 2000VAC / 1 minute

DimensionsSpecifications

R
L

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

40 (1.58)
40 (1.58)

9.2 (0.36)

30 (1.18)

8.1 (0.32)

Cable Length: 100cm

mm (in.)

mm (in.)mm (in.)

Cable Diameter: 8.5mm

3–66



NOTE: Please refer to Chapter 2 for application examples
 using the different types of expansion cables that are available.

T1K–05CBL–LL(–1) Expansion Cable
Specification T1K–05CBL–LL T1K–05CBL–LL–1

Cable Description Left–to–Left Side Expansion Cable

Cable Length 50cm (1.64ft.)

Cable Diameter 8.5mm

Shielding None

Temperature Range –25�C to 80�C (–13�F to 176�F)

Jacket Material PVC

Auxiliary
24 VDC
Cable

Cable
Diameter

– two1.42mm cables
used in a 6mm
sheath

Insulation
Voltage

– 2000VAC / 1 minute

T1K–05CBL–RR(–1) Expansion Cable
Specification T1K–05CBL–RR T1K–05CBL–RR–1

Cable Description Right–to–right side expansion cable

Cable Length 50cm (1.64ft.)

Cable Diameter 8.5mm

Shielding None

Temperature Range –25�C to 80�C (–13�F to 176�F)

Jacket Material PVC

Auxiliary
24 VDC
Cable

Cable
Diameter

– two1.42mm cables
used in a 6mm
sheath

Insulation
Voltage

– 2000VAC / 1 minute

DimensionsSpecifications

RL

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

40 (1.58) 40 (1.58)

9.2 (0.36)

30 (1.18)

8.1 (0.32)

Cable Length: 50cm Cable Length: 50cm

Cable Length: 50cm

mm (in.)

mm (in.)
mm (in.)

L

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

40 (1.58)

mm (in.)

R

80
 (

3.
15

)

8.1 (0.32)

8.1 (0.32)

40 (1.58)

9.2 (0.36)

mm (in.)

T1K–05CBL–LL(–1) T1K–05CBL–RR(–1)

Side View

T1K–05CBL–LL–1
has 24VDC cable
attached here

T1K–05CBL–RR–1
has 24VDC cable
attached here
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I/O   I/O    I/OP/S

R

R

P/S  I/F   I/O
Signals

Current

Signals

Current

I/O Addressing

I/O Addressing

Right Side

Right Side

This is an example using the T1K–05CBL–RR(T1K–05CBLRR–1)
cable. It is always connected from the right side to the right side.

Note: Do not put a power supply (P/S) on the expansion row in this
          example.

I/O   I/O   I/O

R

R

P/S   I/F  I/O
Signals

Current

Signals

Current

I/O Addressing

I/O Addressing

Right Side

Right Side

When another expansion row is added to the example on the
left, a T1K–05CBL–LL(T1K–05LL–1) cable is used. It is always
connected from the left side to the left side, but it is never used
as the first cable.

L

L
I/O   I/O   I/O P/S  I/O    I/O

I/O Addressing
I/O Addressing

Or

I/O   P/S   I/O P/S  I/O    I/O

Or

Note: Another P/S can be put on the expansion row that is connected
          through the T1K–05CBL–LL cable.

Signals

Current

Signals

Current

I/O Addressing
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R

R

I/O Addressing

I/O Addressing

P/S   I/F   I/O
Signals

Current
R

L

Right Side

Left Side

I/O Addressing
Signals

Current

P/S

Note: Do not put a power supply (P/S) on the last expansion row in this example.

In this example, a T1K–10CBL is used to connect the local base I/O to an expansion row that has a power supply (P/S) installed in the
first position on the row.  The next expansion row, without a P/S, is connected using a T1K–05CBL–RR–1 cable.

P/S  I/O   I/O

I/O   I/O   I/O
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I/O Memory Map and Analog Module Resolution

Master/Slave Communications

The base controller (slave) communicates with the master by sending Input Data
and receiving Output Data. The base controller reads Inputs from I/O Modules and
writes Outputs to I/O Modules.

Input Data

Output Data

To Master

From Master

Base Controller

(Read Data)

(Write Data)

I/O Modules

Read Inputs

Write Outputs

Backplane

Network
Read

Network
Write

Terminator I/O Backplane Communications

The base controller communicates with its I/O modules over the backplane. The I/O
is mapped in consecutive order as shown.

I/O Module, Slot 1 I/O Module, Slot N

Read

Write

Inputs Inputs

Outputs Outputs

Input Data

Output Data

Base Controller

Slot 1 Input Data

Slot 2 Input Data

Slot N Input Data

Slot 1 Output Data

Slot 2 Output Data

Slot N Output Data

Network
Write

Network
Read
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I/O Memory Map and Analog Module Resolution

Discrete Input Module Memory Map

Input Size

1 Byte

Module Image

InputsRead

8-Point Discrete Input Modules
(T1K–08NA–1 and T1K–08ND3)

Image Table Mapping

Output Size

0 Byte Outputs–– N/AWrite

Memory Map of 8-Point Discrete Input Modules

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

X7 X6 X5 X4 X3 X2 X1 X0 Read Byte 1

Not Used Write Byte 1

Input Size

1 to 2 Bytes

Module Image

InputsRead

16-Point Discrete Input Modules
(T1K–16NA–1 and T1K–16ND3)

Image Table Mapping

Output Size

0 Byte Outputs–– N/AWrite

Memory Map of 16-Point Discrete Input Modules

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

X7 X6 X5 X4 X3 X2 X1 X0 Read Byte 1

X17 X16 X15 X14 X13 X12 X11 X10 Read Byte 2

Not Used Write Byte 1
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I/O Memory Map and Analog Module Resolution

Discrete Output Module Memory Map

Input Size

0 Byte

Module Image

Inputs–– N/ARead

8-Point Discrete Output Modules
(T1K–08TA(S), T1K–08TD1, T1K–08TD2–1 and

T1K–08TR(S))
Image Table Mapping

Output Size

1 Byte OutputsWrite

Memory Map of 8-Point Discrete Output Modules

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Not Used Read Byte 1

Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 Write Byte 1

Input Size

0 Byte

Module Image

Inputs–– N/ARead

16-Point Discrete Output Modules
(T1K–16TA, T1K–16TD1, T1K–16TD2–1 and T1K–16TR)

Image Table Mapping

Output Size

1 or 2 Bytes OutputsWrite

Memory Map of 16-Point Discrete Input Modules

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Not Used Read Byte 1

Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 Write Byte 1

Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Write Byte 2
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I/O Memory Map and Analog Module Resolution

Analog Input Module Memory Map

Input Size

2 to 32 Bytes

Module Image

Input Data Channel 1Read

8-Channel Analog Input Module
(T1F–08AD–x)

Image Table Mapping

Output Size

0 Byte Outputs–– N/AWrite

Input Data Channel 8

Input Data Channel 2

Input Data Channel 3

Input Data Channel 4

Input Data Channel 5

Input Data Channel 6

Input Data Channel 7
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I/O Memory Map and Analog Module Resolution

Memory Map of 8-Channel Analog Input Module

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 1 Read Byte 1

Analog Value Channel 1 Read Byte 2

not used Byte3

reserved for future use Byte4

Analog Value Channel 2 Read Byte 5

Analog Value Channel 2 Read Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Read Byte 9

Analog Value Channel 3 Read Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Read Byte 13

Analog Value Channel 4 Read Byte 14

not used Byte15

reserved for future use Byte16

Analog Value Channel 5 Read Byte 17

Analog Value Channel 5 Read Byte 18

not used Byte19

reserved for future use Byte20

Analog Value Channel 6 Read Byte 21

Analog Value Channel 6 Read Byte 22

not used Byte23

reserved for future use Byte24

Analog Value Channel 7 Read Byte 25

Analog Value Channel 7 Read Byte 26

not used Byte27

reserved for future use Byte28

Analog Value Channel 8 Read Byte 29

Analog Value Channel 8 Read Byte 30

not used Byte31

reserved for future use Byte32

Not Used Write Byte 1
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I/O Memory Map and Analog Module Resolution

Input Size

2 to 64 Bytes

Module Image

Input Data Channel 1Read

16-Channel Analog Input Module
(T1F–16AD–x, T1F–16RTD and T1F–14THM)

Image Table Mapping

Output Size

0 Byte Outputs–– N/AWrite

Input Data Channel 16

Input Data Channel 2

Input Data Channel 3

Input Data Channel 4

NOTE: Eventhough the T1F–14THM only has 14 channels, the module
consumes 16 channels of memory (16 double words). The first 14 channels
are used for input data.

1
5

NOTE: The T1F–14THM can be configured for Magnitude plus sign bit or 2’s
complement data format. The T1F–16RTD processes negative temperatures in
2’s Complement format only. See the Module Data Sheets in chapter 3 for
configuration information.

LSB

01
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 13
1

MSB

1
6

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

Channel Burnout bit

T1F–14THM and
T1F–16RTD
Channel 
Burnout Bit
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I/O Memory Map and Analog Module Resolution

Memory Map of 16-Channel Analog Input Module

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 1 Read Byte 1

Analog Value Channel 1 Read Byte 2

not used Byte3

reserved for future use Byte4

Analog Value Channel 2 Read Byte 5

Analog Value Channel 2 Read Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Read Byte 9

Analog Value Channel 3 Read Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Read Byte 13

Analog Value Channel 4 Read Byte 14

not used Byte15

reserved for future use Byte16

Analog Value Channel 5 Read Byte 17

Analog Value Channel 5 Read Byte 18

not used Byte19

reserved for future use Byte20

Analog Value Channel 6 Read Byte 21

Analog Value Channel 6 Read Byte 22

not used Byte23

reserved for future use Byte24

Analog Value Channel 7 Read Byte 25

Analog Value Channel 7 Read Byte 26

not used Byte27

reserved for future use Byte28

Analog Value Channel 8 Read Byte 29

Analog Value Channel 8 Read Byte 30

not used Byte31

reserved for future use Byte32
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I/O Memory Map and Analog Module Resolution

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 9 Read Byte 33

Analog Value Channel 9 Read Byte 34

not used Byte35

reserved for future use Byte36

Analog Value Channel 10 Read Byte 37

Analog Value Channel 10 Read Byte 38

not used Byte39

reserved for future use Byte40

Analog Value Channel 11 Read Byte 41

Analog Value Channel 11 Read Byte 42

not used Byte43

reserved for future use Byte44

Analog Value Channel 12 Read Byte 45

Analog Value Channel 12 Read Byte 46

not used Byte47

reserved for future use Byte48

Analog Value Channel 13 Read Byte 49

Analog Value Channel 13 Read Byte 50

not used Byte51

reserved for future use Byte52

Analog Value Channel 14 Read Byte 53

Analog Value Channel 14 Read Byte 54

not used Byte55

reserved for future use Byte56

Analog Value Channel 15 Read Byte 57

Analog Value Channel 15 Read Byte 58

not used Byte59

reserved for future use Byte60

Analog Value Channel 16 Read Byte 61

Analog Value Channel 16 Read Byte 62

not used Byte63

reserved for future use Byte64

Not Used Write Byte 1
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I/O Memory Map and Analog Module Resolution

Analog Input Module Resolution

Since the module has 13-bit resolution, the analog signal is converted into 8192
counts ranging from 0-8191 (213). For example, with a 0 to 10V scale, a 0V signal
would be 0, and a 10V signal would be 8191. This is equivalent to a a binary value
of 0000 0000 0000 to 0001 1111 1111 1111, or 000 to 1FFF hexadecimal. The 
following diagram shows how this relates to each signal range.

0 – 20mA
20mA

0mA
81910

4 – 20mA
20mA

4mA

81911638

–20 to 20mA
20mA

–20mA
8191–8191

0mA

10V

0V

–10V

–8192 8191

–10 to 10V

5V

0V

0 4095

0 – 5V
10V

0V

0 8191

0 – 10V

5V

0V

–5V

–4095 4095

–5 to 5V

Current Input Module Resolution

Voltage Input Module Resolution

NOTE: The 0 – 5V and –5 to 5V range resolution is 4095, however, if the range is
exceeded to 5.5V, for example, the digital input reading will reflect the correct 
value up to 10V (8191).
The 4 – 20mA range is 1638 to 8191. If the input current signal level falls below 
4mA, the correct value will be read down to 0mA.

The first thirteen bits represent the
analog data in binary format. The
fourteenth bit is the data sign bit.
Bit Value Bit Value
0 1 7 128
1 2 8 256
2 4 9 512
3 8 10 1024
4 16 11 2048
5 32 12 4096
6 64 13 Sign Bit

1
5

NOTE: Each Analog channel uses 4 bytes. The first and second byte contain
the analog data. The third and fourth byte are not used at this time.

MSB LSB

01
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1

– data bits

13

Sign bit

Input Module
Resolution

Channel
Data Bits
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I/O Memory Map and Analog Module Resolution

Each count can also be expressed in
terms of the signal level by using the
equation shown. The following table
shows the smallest signal levels that will
result in a change in the data value for
each signal range.

SmallestDetectableChange �
H � L

Resolution

H = high limit of the signal range

L = low limit of the signal range

Range Signal Span
(H - L)

Divide By Smallest Detectable
Change

�10V 20 V 16383 1.22 mV

�5V 10 V 8191 1.22 mV

0 to 5V 5 V 4095 1.22 mV

0 to 10V 10 V 8191 1.22 mV

0 to 20mA 20 mA 8191 2.44 �A

4 to 20mA 16 mA (8191–1638) 2.44 �A

�20mA 40 mA 16383 2.44 �A

Sometimes it is helpful to be able to quickly convert between the signal levels
and the digital values. This is especially useful during machine startup or 
troubleshooting. The following table provides formulas to make this conversion
easier.

Range If you know the digital value ... If you know the signal level ...

–10V to + 10V

–5V to + 5V

0 to 5V

0 to 10V

0 to 20mA

4 to 20mA

–20 mA to 
+ 20mA

For example, if you are using the –10V to
+10V range and you have measured the
signal at 6V, you would use the following
formula to determine the digital value
that should be stored in the V-memory
location that contains the data.

D �
8191
20

(A � 10)

D �
8191
20

(6V � 10)

D � (409.55) (16)

D � 6552

Analog and 
Digital Value
Conversions

A �
20D
8191

� 10 D �
8191
20

(A � 10)

A �
10D
4095

� 5 D �
4095
10

(A � 5)

A �
5D

4095 D �
4095

5
(A)

A �
10D
8191 D �

8191
10

(A)

A �
20D
8191

D �
4095

4
(A)

A �
16D
6553

D �
6553
16

(A)

A �
40D
8191

� 20 D �
8191
40

(A � 20)
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I/O Memory Map and Analog Module Resolution

Analog Output Module Memory Map

Output Size

2 to 32 Bytes Output Data Channel 1Write

8-Channel Analog Ouput Module
(T1F–08DA–x)

Image Table Mapping

Intput Size

0 Byte Inputs–– N/ARead

Module Control Byte

Output Data Channel 8

Output Data Channel 2

Output Data Channel 3

Output Data Channel 4

Output Data Channel 5

Output Data Channel 6

Output Data Channel 7

Module Image

Note:
When using the
T1F–08DA–x module in an
ERM/EBC network, refer to
Appendix E in the Ethernet
Remote Master Module
Manual (H24–ERM–M) for
module configuration infor-
mation.
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I/O Memory Map and Analog Module Resolution

Memory Map of 8-Channel Analog Output Module

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Not Used Read Byte 1

Analog Value Channel 1 Write Byte 1

Analog Value Channel 1 Write Byte 2

not used Byte3

Module Control Byte Write Byte 4

Analog Value Channel 2 Write Byte 5

Analog Value Channel 2 Write Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Write Byte 9

Analog Value Channel 3 Write Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Write Byte 13

Analog Value Channel 4 Write Byte 14

not used Byte15

reserved for future use Byte16

Analog Value Channel 5 Write Byte 17

Analog Value Channel 5 Write Byte 18

used not Byte19

reserved for future use Byte20

Analog Value Channel 6 Write Byte 21

Analog Value Channel 6 Write Byte 22

not used Byte23

reserved for future use Byte24

Analog Value Channel 7 Write Byte 25

Analog Value Channel 7 Write Byte 26

not used Byte27

reserved for future use Byte28

Analog Value Channel 8 Write Byte 29

Analog Value Channel 8 Write Byte 30

not used Byte31

reserved for future use Byte32
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I/O Memory Map and Analog Module Resolution

Output Size

2 to 64 Bytes Output Data Channel 1Write

16-Channel Analog Ouput Module
(T1F–16DA–x)

Image Table Mapping

Intput Size

0 Byte Inputs–– N/ARead

Module Control Byte

Output Data Channel 16

Output Data Channel 2

Output Data Channel 3

Output Data Channel 4

Module Image

Note:
When using the
T1F–16DA–x module in an
ERM/EBC network, refer to
Appendix E in the Ethernet
Remote Master Module
Manual (H24–ERM–M) for
module configuration infor-
mation.
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I/O Memory Map and Analog Module Resolution

Memory Map of 16-Channel Analog Output Module

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Not Used Read Byte 1

Analog Value Channel 1 Write Byte 1

Analog Value Channel 1 Write Byte 2

not used Byte3

Module Control Byte Write Byte 4

Analog Value Channel 2 Write Byte 5

Analog Value Channel 2 Write Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Write Byte 9

Analog Value Channel 3 Write Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Write Byte 13

Analog Value Channel 4 Write Byte 14

not used Byte15

reserved for future use Byte16

Analog Value Channel 5 Write Byte 17

Analog Value Channel 5 Write Byte 18

not used Byte19

reserved for future use Byte20

Analog Value Channel 6 Write Byte 21

Analog Value Channel 6 Write Byte 22

not used Byte23

reserved for future use Byte24

Analog Value Channel 7 Write Byte 25

Analog Value Channel 7 Write Byte 26

not used Byte27

reserved for future use Byte28

Analog Value Channel 8 Write Byte 29

Analog Value Channel 8 Write Byte 30

not used Byte31

reserved for future use Byte32
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I/O Memory Map and Analog Module Resolution

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 9 Write Byte 33

Analog Value Channel 9 Write Byte 34

not used Byte35

reserved for future use Byte36

Analog Value Channel 10 Write Byte 37

Analog Value Channel 10 Write Byte 38

not used Byte39

reserved for future use Byte40

Analog Value Channel 11 Write Byte 41

Analog Value Channel 11 Write Byte 42

not used Byte43

reserved for future use Byte44

Analog Value Channel 12 Write Byte 45

Analog Value Channel 12 Write Byte 46

not used Byte47

reserved for future use Byte48

Analog Value Channel 13 Write Byte 49

Analog Value Channel 13 Write Byte 50

not used Byte51

reserved for future use Byte52

Analog Value Channel 14 Write Byte 53

Analog Value Channel 14 Write Byte 54

not used Byte55

reserved for future use Byte56

Analog Value Channel 15 Write Byte 57

Analog Value Channel 15 Write Byte 58

not used Byte59

reserved for future use Byte60

Analog Value Channel 16 Write Byte 61

Analog Value Channel 16 Write Byte 62

not used Byte63

reserved for future use Byte64
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I/O Memory Map and Analog Module Resolution

Input Size

2 to 32 Bytes

Module Image

Input Data Channel 1Read

8-Channel Analog Input / 
4–Channel Analog Output Module

(T1F–8AD4DA–x)

Input Image Table Mapping

Output Size

0 Byte Outputs–– N/AWrite

Input Data Channel 8

Input Data Channel 2

Input Data Channel 3

Input Data Channel 4

Input Data Channel 5

Input Data Channel 6

Input Data Channel 7

Note:
When using the
T1F–8AD4DA–x module in
an ERM/EBC network, refer
to Appendix E in the Ether-
net Remote Master Module
Manual (H24–ERM–M) for
module configuration infor-
mation.
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I/O Memory Map and Analog Module Resolution

Output Size

2 to 32 Bytes Output Data Channel 1Write

Output Image Table Mapping

Intput Size

0 Byte Inputs–– N/ARead

Module Control Byte

Output Data Channel 2

Output Data Channel 3

Output Data Channel 4

Module Image

8-Channel Analog Input / 
4–Channel Analog Output Module

(T1F–8AD4DA–x)
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I/O Memory Map and Analog Module Resolution

Memory Map of the 8 Analog Input Channels of the 
T1F–8AD4DA–x

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 1 Read Byte 1

Analog Value Channel 1 Read Byte 2

not used Byte3

reserved for future use Byte4

Analog Value Channel 2 Read Byte 5

Analog Value Channel 2 Read Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Read Byte 9

Analog Value Channel 3 Read Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Read Byte 13

Analog Value Channel 4 Read Byte 14

not used Byte15

reserved for future use Byte16

Analog Value Channel 5 Read Byte 17

Analog Value Channel 5 Read Byte 18

not used Byte19

reserved for future use Byte20

Analog Value Channel 6 Read Byte 21

Analog Value Channel 6 Read Byte 22

not used Byte23

reserved for future use Byte24

Analog Value Channel 7 Read Byte 25

Analog Value Channel 7 Read Byte 26

not used Byte27

reserved for future use Byte28

Analog Value Channel 8 Read Byte 29

Analog Value Channel 8 Read Byte 30

not used Byte31

reserved for future use Byte32

Not Used Write Byte 1
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I/O Memory Map and Analog Module Resolution

Memory Map of the 4 Analog Output Channels of the
T1F–8AD4DA–x

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Not Used Read Byte 1

Analog Value Channel 1 Write Byte 1

Analog Value Channel 1 Write Byte 2

not used Byte3

Module Control Byte Write Byte 4

Analog Value Channel 2 Write Byte 5

Analog Value Channel 2 Write Byte 6

not used Byte7

reserved for future use Byte8

Analog Value Channel 3 Write Byte 9

Analog Value Channel 3 Write Byte 10

not used Byte11

reserved for future use Byte12

Analog Value Channel 4 Write Byte 13

Analog Value Channel 4 Write Byte 14

not used Byte15

reserved for future use Byte16



I/O
 M

em
ory M

ap and
A

nalog M
odule R

esolution
4–21

I/O Memory Map and Analog Module Resolution

Analog Output Module Control Byte

Channel 1 Memory Map 
of 8&16-Channel Analog Output Module

Decimal Bit 07 06 05 04 03 02 01 00
Size

Octal Bit 07 06 05 04 03 02 01 00
Size

Analog Value Channel 1 Write Byte 1

Analog Value Channel 1 Write Byte 2

not used Byte3

Module Control Byte Write Byte 4

Module Control Byte of 8&16-Channel Analog Output Module

Decimal Bit 31 30 29 28 27 26 25 24
Read/Write

Octal Bit 37 36 35 34 33 32 31 30
Read/Write

Bit 24
Outputs Enable

0 = All outputs OFF
1 = All outputs Enabled

Write

Bit 25
Unipolar / Bipolar

0 = Unipolar selected
1 = Bipolar selected

Write

Bit 26
5V / 10V Range

0 = 5V range
1 = 10V range

Write

Bit 27
0 – 20mA / 4–20mA Range

0 = 0 – 20mA range
1 = 4 – 20mA range

Write

Bit 28 – 31 Reserved for system use –
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I/O Memory Map and Analog Module Resolution

Analog Output Module Resolution

Since the module has 12-bit resolution, the analog signal is converted into 4096
counts ranging from 0-4095 (212). For example, with a 0 to 10V scale, a 0V signal
would be 0, and a 10V signal would be 4095. This is equivalent to a a binary value
of 0000 0000 0000 to 1111 1111 1111, or 000 to FFF hexadecimal. The 
following diagram shows how this relates to each signal range.

Current Output Module Resolution

Voltage Output Module Resolution

0 – 20mA

20mA

0mA
40950

4 – 20mA

20mA

4mA

40950

0V – 5V 0V – 10V

5V

0V

10V

0V
4095040950

+5V

0V

–5V

–5V to +5V

0 +4095

0V

–10V

–10V to +10V

0 +4095

+10V

(+2047) (+2047)

The first twelve bits represent the analog
data in binary format.
Bit Value Bit Value
0 1 6 64
1 2 7 128
2 4 8 256
3 8 9 512
4 16 10 1024
5 32 11 2048

1
5

MSB LSB

01
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1

– data bits

NOTE: Each Analog channel uses 4 bytes. The first and second byte contain the
analog data. The third and fourth byte are not used at this time.

Ouput Module
Resolution

Channel
Data Bits
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I/O Memory Map and Analog Module Resolution

Each count can also be expressed in
terms of the signal level by using the
equation shown. The following table
shows the smallest signal levels that will
result in a change in the data value for
each signal range.

SmallestDetectableChange �
H � L

Resolution

H = high limit of the signal range

L = low limit of the signal range

Range Signal Span
(H - L)

Divide By Smallest Detectable
Change

�10V 20 V 4095 4.88 mV

�5V 10 V 4095 2.44 mV

0 to 5V 5 V 4095 1.22 mV

0 to 10V 10 V 4095 2.44 mV

0 to 20mA 20 mA 4095 4.88 �A

4 to 20mA 16 mA 4095 3.91 �A

ometimes it is helpful to be able to quickly convert between the voltage or current 
signal levels and the digital values. This is especially helpful during machine startup
or troubleshooting. The following table provides formulas to make this conversion 
easier.

Range If you know the digital value ... If you know the analog signal
level ...

0 to 5V

0 to 10V

�5V

�10V

0 to 20mA

4 to 20mA

For example, if you are using the –10 to
+10V range and you know you need a 6V
signal level, you would use the following
formula to determine the digital value
that should be stored in the V-memory
location that contains the data.

D �
4095
20

(A � 10)

D �
4095
20

(6V � 10)

D � (204.75) (16)

D � 3276

Analog and
Digital Value
Conversions

A �
5D

4095 D �
4095

5
(A)

A �
10D
4095 D �

4095
10

(A)

A �
10D
4095

� 5 D �
4095
10

(A � 5)

A �
20D
4095

� 10 D �
4095
20

(A � 10)

A �
20D
4095

D �
4095
20

(A)

A �
16D
4095

� 4 D �
4095
16

(A � 4)
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European Union Directives

European Union (EU) Directives

NOTE: The information contained in this section is intended as a guideline and is
based on our interpretation of the various standards and requirements. Since the
actual standards are issued by other parties and in some cases Governmental
agencies, the requirements can change over time without advance warning or notice.
Changes or additions to the standards can possibly invalidate any part of the
information provided in this section.

This area of certification and approval is absolutely vital to anyone who wants to do
business in Europe. One of the key tasks that faced the EU member countries and
the European Economic Area (EEA) was the requirement to harmonize several
similar yet distinct standards together into one common standard for all members.
The primary purpose of a harmonized standard was to make it easier to sell and
transport goods between the various countries and to maintain a safe working and
living environment. The Directives that resulted from this merging of standards are
now legal requirements for doing business in Europe. Products that meet these
Directives are required to have a CE mark to signify compliance.
Currently, the members of the EU are Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain,
Sweden, and the United Kingdom. Iceland, Liechtenstein, and Norway together with
the EU members make up the European Economic Area (EEA) and all are covered
by the Directives.
There are several Directives that apply to our products. Directives may be amended,
or added, as required.

� Electromagnetic Compatibility Directive (EMC) — this Directive
attempts to ensure that devices, equipment, and systems have the
ability to function satisfactorily in their electromagnetic environment
without introducing intolerable electromagnetic disturbance to anything
in that environment.

� Machinery Safety Directive — this Directive covers the safety aspects
of the equipment, installation, etc.  There are several areas involved,
including  testing standards covering both electrical noise immunity and
noise generation.

� Low Voltage Directive — this Directive is safety related and covers
electrical equipment that has voltage ranges of 50–1000VAC and/or
75–1500VDC.

� Battery Directive — this Directive covers the production, recycling, and
disposal of batteries.

Certain standards within each Directive already require mandatory compliance,
such as the EMC Directive, which has gained the most attention, and the Low
Voltage Directive.
Ultimately, we are all responsible for our various pieces of the puzzle. As
manufacturers, we must test our products and document any test results and/or
installation procedures that are necessary to comply with the Directives. As a
machine builder, you are responsible for installing the products in a manner which
will ensure compliance is maintained. You are also responsible for testing any
combinations of products that may (or may not) comply with the Directives when
used together.

Member Countries

Applicable 
Directives

Compliance
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The end user of the products must comply with any Directives that may cover
maintenance, disposal, etc. of equipment or various components. Although we
strive to provide the best assistance available, it is impossible for us to test all
possible configurations of our products with respect to any specific Directive.
Because of this, it is ultimately your responsibility to ensure that your machinery (as
a whole) complies with these Directives and to keep up with applicable Directives
and/or practices that are required for compliance.CE conformity will be impaired if
the recommended installation guidlines are not met.

Currently, the DL05, DL06, DL205, DL305, DL405 and Terminator I/O systems
manufactured by Koyo Electronics Industries, FACTS Engineering or Host
Engineering, when properly installed and used, conform to the Electromagnetic
Compatibility (EMC) and Low Voltage Directive requirements of the following
standards.

� EMC Directive Standards Revelant to PLCs and Terminator I/O
EN50081–1 Generic immunity standard for residential, commercial,

and light industry (DL05 only at this time)
EN50081–2 Generic emission standard for industrial environment.
EN50082–1 Generic immunity standard for residential, commercial,

and light industry
EN50082–2 Generic immunity standard for industrial environment.

� Low Voltage Directive Standards Applicable to PLCs and
Terminator I/O
EN61010–1 Safety requirements for electrical equipment for

measurement, control, and laboratory use.
� Product Specific Standard for PLCs and Terminator I/O

EN61131–2 Programmable controllers, equipment requirements and
tests. This standard replaces the above generic standards for immunity
and safety. However, the generic emissions standards must still be used
in conjunction with the following standards:

EN 61000-3-2 Harmonics
EN 61000-3-2 Fluctuations

Automationdirect.com is currently in the process of changing their
testing procedures from the generic standards to the product specific
standard, so that all new products will be tested to standard
EN61131–2. Check our catalog or website for updated information.

The installation requirements to comply with the requirements of the Machinery
Directive, EMC Directive and Low Voltage Directive are slightly more complex than
the normal installation requirements found in the United States. To help with this, we
have published a special manual which you can download from our website:
www.automationdirect.com

� DA–EU–M – EU Installation Manual that covers special installation
requirements to meet the EU Directive requirements. Download this
manual to obtain the most up-to-date information.

Although the EMC Directive gets the most attention, other basic Directives, such as
the Machinery Directive and the Low Voltage Directive, also place restrictions on the
control panel builder. Because of these additional requirements it is recommended
that the following publications be purchased and used as guidelines:

� BSI publication TH 42073: February 1996 – covers the safety and
electrical aspects of the Machinery Directive

� EN 60204–1:1992 – General electrical requirements for machinery, including
Low Voltage and EMC considerations

Special Installation
Manual

Other Sources of
Information
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� IEC 1000–5–2: EMC earthing and cabling requirements
� IEC 1000–5–1: EMC general considerations

It may be possible for you to obtain this information locally; however, the official
source of applicable Directives and related standards is:

The Office for Official Publications of the European Communities
L–2985 Luxembourg; quickest contact is via the World Wide Web at 
www.euro–op.eu.int

Another source is:
Global Engineering Documents
www.global.ihs.com

Basic EMC Installation Guidelines
The following diagram illustrates good engineering practices supporting the
requirements of the Machinery and Low Voltage Directives. House all control
equipment in an industry standard lockable steel enclosure and use metallic conduit
for wire runs and cables. The diagram applies to all DirectLOGIC PLC systems and
Terminator I/O systems.

�

Mains fused 

isolation transformer

*Mains filter

Mains 

disconnect switch

*Ferrite choke

on I/O wiring

I/O common

earthed

Earth

ground

*Ferrite choke on

communications cables

Metallic conduit for

communications

and I/O wiring

Communications

keyed lockout

switch

Star Washers

PanelGround Braid
Copper Lugs

Panel or
Single Point

Ground

*may be required for CE compliance
(see Declaration of Conformity for
specific product requirements).

Star Washers

Illustrations are not to scaleLock Nut

Lock Nut

Transient voltage

suppressor

Enclosures
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We specify in all declarations of conformity that our products are installed inside an
industrial enclosure using metallic conduit for external wire runs; therefore, we test
the products in a typical enclosure. However, we would like to point out that although
our products operate normally in the presence of ESD, this is only the case when
mounted within an enclosed industrial control cabinet. When the cabinet is open
during installation or maintenance, the equipment and or programs may be at risk of
damage from ESD carried by personnel.
We therefore recommend that all personnel take necessary precautions to avoid the
risk of transferring static electricity to components inside the control cabinet. If
necessary, clear warnings and instructions should be provided on the cabinet
exterior, such as recommending the use of earth straps or similar devices, or the
powering off of equipment inside the enclosure.

In order to comply with the fire risk requirements of the Low Voltage and Machinery
Directive electrical standards EN 61010–1, and EN 60204–1, by limiting the power
into “unlimited” mains circuits with power leads reversed, it is necessary to fuse both
AC and DC supply inputs. You should also install a transient voltage suppressor
across the power input connections of the PLC or Terminator I/O. Choose a
suppressor such as a metal oxide varistor, with a rating of 275VAC working voltage for
230V nominal supplies (150VAC working voltage for 115V supplies) and high energy
capacity (eg. 140 joules).
Transient suppressors must be protected by fuses and the capacity of the transient
suppressor must be greater than the blow characteristics of the fuses or circuit
breakers to avoid a fire risk. A recommended AC supply input arrangement for Koyo
PLCs and Terminator I/O systems is to use twin 3 amp TT fused terminals with fuse
blown indication, such as DINnectors DN–F10L terminals, or twin circuit breakers,
wired to a Schaffner FN2010 filter or equivalent, with high energy transient suppressor
soldered directly across the output terminals of the filter. PLC and Terminator I/O
system inputs should also be protected from voltage impulses by deriving their power
from the same fused, filtered, and surge-suppressed supply.

Electrostatic
Discharge (ESD)

Suppression and
Fusing
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A heavy-duty star earth terminal block should be provided in every cubicle for the
connection of all earth ground straps, protective earth ground connections, mains
filter earth ground wires, and mechanical assembly earth ground connections. This
should be installed to comply with safety and EMC requirements, local standards, and
the requirements found in IEC 1000–5–2.The Machinery Directive also requires that
the common terminals of PLC or Terminator I/O input modules, and common supply
side of loads driven from PLC or Terminator I/O output modules should be connected
to the protective earth ground terminal.

Key Serial Communication Cable
Equi-potential Bond

Adequate site earth grounding must be provided for equipment containing modern
electronic circuitry. The use of isolated earth electrodes for electronic systems is
forbidden in some countries. Make sure you check any requirements for your
particular destination. IEC 1000–5–2 covers equi-potential bonding of earth grids
adequately, but special attention should be given to apparatus and control cubicles
that contain I/O devices, remote I/O racks, or have inter-system communications with
the primary PLC or Terminator I/O system enclosure. An equi-potential bond wire
must be provided alongside all serial communications cables, and to any separate
items of the plant which contain I/O devices connected to the PLC or Terminator I/O
system. The diagram shows an example of four physical locations connected by a
communications cable.

ÎÎÎÎ
ÎÎÎÎ

Screened
Cable

Equi-potential
Bond

Control Cubicle

To Earth
Block

Conductive
Adapter

Serial
I/O

Good quality 24 AWG minimum twisted-pair shielded cables, with overall foil and
braid shields are recommended for analog cabling and communications cabling
outside of the PLC or Terminator I/O enclosure.

Internal Enclosure
Grounding

Equi–potential 
Grounding

Communications 
and Shielded 
Cables



A
ppendix A

E
U

 D
irectives

A–7
European Union Directives

To date it has been a common practice to only provide an earth ground for one end of
the cable shield in order to minimize the risk of noise caused by earth ground loop
currents between apparatus. The procedure of only grounding one end, which
primarily originated as a result of trying to reduce hum in audio systems, is no longer
applicable to the complex industrial environment. Shielded cables are also efficient
emitters of RF noise from the PLC or Terminator I/O system, and can interact in a
parasitic manner in networks and between multiple sources of interference.

The recommendation is to use shielded cables as electrostatic “pipes” between
apparatus and systems, and to run heavy gauge equi-potential bond wires
alongside all shielded cables. When a shielded cable runs through the metallic wall
of an enclosure or machine, it is recommended in IEC 1000–5–2 that the shield
should be connected over its full perimeter to the wall, preferably using a conducting
adapter, and not via a pigtail wire connection to an earth ground bolt. Shields must be
connected to every enclosure wall or machine cover that they pass through.

NOTE: Cables, whether shielded or not MUST be enclosed within earthed metal
conduit or other metallic trunking when outside the PLC or Terminator I/O enclosure.

 Providing an earth ground for both ends of the shield for analog circuits provides the
perfect electrical environment for the twisted pair cable as the loop consists of signal
and return, in a perfectly balanced circuit arrangement, with connection to the
common of the input circuitry made at the module terminals. RS232 cables are
handled in the same way.

RS422 twin twisted pair, and RS485 single twisted pair cables also require a 0V link,
which has often been provided in the past by the cable shield. It is now
recommended that you use triple twisted pair cabling for RS422 links, and twin
twisted pair cable for RS485 links. This is because the extra pair can be used as the
0V inter-system link. With loop DC power supplies earth grounded in both systems,
earth loops are created in this manner via the inter-system 0v link. The installation
guides encourage earth loops, which are maintained at a low impedance by using
heavy equi-potential bond wires. To account for non–European installations
using single-end earth grounds, and sites with far from ideal earth ground
characteristics, we recommend the addition of 100 ohm resistors at each 0V
link connection in network and communications cables.

RXD
Master

RXDTXD 0V
+ – + –

Slave n
TXD 0V

+ – + –

Last Slave
RXD TXD0V
+ – + –

Termination

100� 100�

Termination

100�

When you run cables between PLC or Terminator I/O items within an enclosure which
also contains susceptible electronic equipment from other manufacturers, remember that
these cables may be a source of RF emissions. There are ways to minimize this risk.
Standard data cables connecting PLCs, Terminator I/O or operator interfaces should be
routed well away from other equipment and their associated cabling. You can make
special serial cables where the cable shield is connected to the enclosure’s earth ground
at both ends, the same way as external cables are connected.

Analog and RS232
Cables

Multidrop Cables

Shielded Cables
within Enclosures
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 For safety reasons, it is a specific requirement of the Machinery Directive that a keyswitch
must be provided that isolates any network input signal during maintenance, so that
remote commands cannot be received that could result in the operation of the machinery.
The FA–ISONET does not have a keyswitch. Use a keylock and switch on your enclosure
which when open removes power from the FA–ISONET. To avoid the introduction of
noise into the system, any keyswitch assembly should be housed in its own earth
grounded steel box and the integrity of the shielded cable must be maintained.
Again, for further information on EU directives we recommend that you get a copy of
our EU Installation Manual (DA–EU–M). Also, if you are connected to the World
Wide Web, you can check the EU Commision’s official site at:
http://eur–op.eu.int/

� This equipment must be properly installed while adhering to the
guidelines of the PLC or Terminator I/O installation manual DA–EU–M,
and is suitable for EN 61010–1 installation categories 1 or 2.

� The rating between all circuits in this product are rated as basic
insulation only, as appropriate for single fault conditions.

� The protection provided by the equipment may be impaired if the
equipment is used in a manner not specified by the manufacturer.

� It is the responsibility of the system designer to earth one side of all
control and power circuits, and to earth the braid of screened cables.

� Input power cables must be externally fused and have an externally
mounted switch or circuit breaker, preferably mounted near the
Terminator I/O system.

� When needed, carefully clean the outside plastic case of Terminator I/O
components using a dry cloth.

� Only use replacement parts supplied by Automationdirect.com or its
agents.

� Cables, whether shielded or not MUST be enclosed within earthed
metal conduit or other metallic trunking when outside the Terminator I/O
enclosure.

� This is a Class A product and it may cause radio interference in certain
environments. The user may need to provide shielding, or other
measures to eliminate the interference.

Network Isolation

Items Specific to
Terminator I/O


