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It is the policy of OMEGA to comply with all worldwide safety and EMC/EMI regulations that apply. OMEGA
is constantly pursuing certification of its products to the European New Approach Directives. OMEGA will
add the CE mark to every appropriate device upon certification.

The information contained in this document is believed 1o be correct, but OMEGA Engineering, inc. accepts no liability for any errors it
contains, and reserves the right to alter specifications without notice.

WARNING: These products are not designed for use in, and should not be used for, patient-connected applications.
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1 INTRODUCTION

The CIO-DAS48-PGA board is an extension of the popular CIO-DASO8 architecture. The channels have been expanded

to 48 single -ended inputs or 24 differential inputs. The 24 Differential inputs can be adapted for electrical current
measurements.

1. Gains are software-programmable for X0.5, X1, X2, X4 and X8.

2. Analog inputs are differential (24) or single-ended (48). In differential mode, up to three optional 10K SIPs can
be installed to provide ground reference to the CH LO inputs. The SIPs are installed in banks of 8 inputs each.

3. A current measurement conversion kit contains six, four-resistor-SIPs which, when installed on the
CIO-DAS48-PGA, convert the 24 differential voltage measurements inputs into 24 current measurement inputs.
The current measurement resistor kit is installed at the factory on the CIO-DAS48-I version. The current
measurement resistor kit is not provided with the CIO-DAS48-PGA, but may be ordered separately and installed
by the user. The part number is CIO-DAS48-ISIP

4. A DC/DC converter supplies stable 15V power to the analog circuitry. It is possible to construct the board

without the DC/DC converter. This reduces the cost but limits the ranges of analog inputs. It is available with
orders of 10 or more units.

2 SOFTWARE INSTALLATION

The board has a bank of address switches, a channel configuration switch and two jumpers to set before installing the
board in your computer. By far the simplest way to configure your board is to use the InstaCal™ program provided as
part of your software package. /nstaCal™ will show you any available options, how to configure the switches to match
your application requirements, and will create a configuration file that your application software (and the Universal
Library) will refer to so the software you use will automatically know the exact configuration of the board.

Please refer to the Software Installation Manual regarding the installation and operation of InstaCal™. The following
hard copy information is provided as a matter of completeness, and will allow you to set the hardware configuration of
the board if you do not have immediate access to InstaCal™ and/or your computer.

You can then run TEST and test the installation of the board. Follow the instructions for signal connection displayed on
the screen.



3 HARDWARE INSTALLATION

3.1 BASE ADDRESS

The base address of the CIO-DAS48-PGA is set by switching a bank of eight
DIP switches on the board. This bank of switches is labeled ADDRESS and

numbered 9 to 2 on the board.
NOTE: Ignore the word “ON" and the numbers printed on the switch

The address logic works by adding up the weights of individual switches to
total a base address. A switch is active when down. Figure 3-1 shows
switches 9 and 8 being down, all others are up. Weights 200h and 100h are
active, equaling a 300h base address.

3.2 WAIT STATE

A wait state may be enabled on the CIO-DAS48-PGA by selecting WAIT
STATE ON at the jumper provided on the board (Figure 3-2). Enabling the
wait state causes the personal computer's bus transfer rate to slow down
whenever the CIO-DAS48-PGA is written to or read from.

The wait state jumper is provided in case you one day own a personal
computer with an /O bus transfer rate which is too fast for the
CIO-DAS48-PGA. If your board were to fail sporadically in random ways,
you could try using it with the wait state ON.

3.3 MODE V-1JUMPER

The jumper labeled MODE V-1 is set to match the type of input, voltage (V) or current (1)

(Figure 3-3).

Move the jumper from V to I only if you have installed the CIO-DAS48-ISIP kit. If you have
ordered the CIO-DAS48-1, the V-1 jumper should already be in the “I”” position.

3.4 DIFF/SINGLE SWITCH

This switch (Figure 3-4) sets board logic for 48 single-ended channels (“48 SINGLE” position) or 24 differential
channels (“24 DIFF” position). If the board is configured for current measurements (set the V-I jumper to “I”) and set the
DIFF / SINGLE switch to “24 DIFF”. If you purchased a CIO-DAS48-1, check that the switch is in the “24 DIFF”

position.

In voltage mode, (V-I jumper “V” position), the board can be used for either single-ended or differential voltage

measurements.

SwW
A9
A8
A7
A8
A5
A4
A3

A2,

HEX
200
100
80
40
20
10
08
04

BASE ADDRESS SWITCH - Address 300H shown here.

Figure 3-1. Base Address Switches

WAIT STATE JUMPER BLOCK - No wait
state is selected here. For a wait state,
place jumper on the two ieftmost pins.

Figure 3-2. Wait State Jumper

MmMoOO=

Voltage (V) or Current (1)
MODE Jumper. install ClO-

DAS48-ISIP kit before using

(1) Position.

Figure 3-3. V/I Mode Jumper
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24
DIFF SINGLE

Figure 3-4. DIFF/SINGLE Switch

3.5 CONFIGURING A CIO-DAS48-PGA FOR CURRENT LOOP MEASUREMENTS

If you are configuring a CIO-DAS48-PGA to do current measurements, do the following operations:
(The CIO-DASA48-1is already configured for current measurements at the factory, so no changes are needed.)

1. Remove (clip off) the SIPs from RN7, RN8, and RN, if installed. These SIPs must not be installed if the board is to be
used for current measurement

2. Install the resistor “CIO-DAS48-ISIP” kit. Install ISIPs in RN, RN2, RN3, RN4, RN5, and RN6.
Special instructions and solder are packaged with the CIO-DAS48-ISIP kit. Follow the installation
instructions carefully and use the solder provided. Use of other solder, or failure to follow instructions
will probably result in a degradation of the analog input's accuracy and will require out-of-warranty
repair.
The selection of the ISIPs is critical. Variations in either value or tolerance from those supplied in the
CIO-DAS48-ISIP will result in inaccurate measurements.

3. Set the MODE jumper to “I” position.

4. Switch the DIFF / SINGLE switch to “24 DIFF” position.

5. Install the board and run the /nstaCal calibration procedure for current mode.

After installation, the inputs are committed to current measurement and cannot be used for voltage measurement.
Removal of the ISIPs restores the CIO-DAS48-PGA the inputs to voltage measurement. Removal must be done by
clipping off the SIPs. If you want to de-solder the SIPs the board must be returned to the factory. If you want to re-install

the 10k SIPs in RN7, RN8, and RN9 (to have “Modified-Differential” inputs), you must return the board to the factory.

It is not possible to install only a portion of the ISIPs and have a mixture of current and voltage inputs. You must install
all six SIPs from the CIO-DAS48-ISIP package and set the MODE V-I jumper to I.

3.6 INSTALLING IN THE COMPUTER

1. Turn the power off.

2. Remove the cover of your computer. Please be careful not to dislodge any of the cables installed on the boards in your
computer as you slide the cover off.

3. Locate an empty expansion slot in your computer.

4. Push the board firmly down into the expansion bus connector. If it is not seated fully it may fail to work and could

short circuit the PC bus power onto a PC bus signal. This could damage the motherboard in your PC as well as the
CIO-DAS48-PGA.



4.1 CONNECTOR DIAGRAM
The connector pin names CH O HI through CH 47 HI define the

4 SIGNAL CONNECTION

, i X LLGND 50 [ ) 49 LLGND
single-ended configuration of the CIO-DAS48-PGA inputs. cHaTHUCH23LOW 48 | @ ® | 47 cHz3n
CH 46 HI/ICH 22 LOW 46 [ I ) 45 CH22HI
. CH 45 HI/CH 21 LOW 44 L 43 CH21 HI
The connector pin names CH 0 LOW & HI through CH 23 LOW & HI  cHasnucHoiow 42 | @ o | 41 crzom
1 H 5 : CH 43 HI/CH 18 LOW 40 [ I} 39 CH19 HI
define the differential configuration of the CIO-DAS48-PGA inputs. cHazrvcH1slow 38 | o o | 37 crish
CH 41 H/CH 17 LOW 36 o o 35 CH17 HI
- CH 40 HI/CH 16 LOW 34 33 CH16 HI
Current connections are made between CH# HI and CH# LOW. The cusgrucnisiows: | o o | 31oHisH
positive terminal of the current to be measured must be connected to CH#  CH3BHICH14LOW 30 | o o | 29 CHi4HI
CH 37 HI/CH 13 LOW 28 e ° 27 CH13HI
HI (see Current Loop Measurements below). CHIBHICH12LOW 26 | o o 25 CH 12 HI
CH 35 HI/CH 11 LOW 24 P, 23 CH1MHI
. . CH 34 HI/CH 10 LOW 22 o @ 21 CH10HI
The CIO-DAS48-PGA analog connector is a 50-pin header-type connector  CH33HUCH9LOW 20 o o | tocHom
. N . CH32HIICH8LOW 18 17 CH8 HI
accessible from the rear of the PC through the expansion backplate. cH3HICHTLOW 16 | ©® @ | 15 cr7m
CH30HICH 6 LOW 14 : : 13 CH6HI
. CH29 HUCH 5 LOW 12 11 CHS5HI
The connector accepts female 50-pin header connectors, such as those on  zgrvoratowto | ® @ | o cram
h X _f ) . ,S co : M " CH27HYCH3LOW 8 L 7 CH3HI
the CS0FF .2, a 2-foot cable. This cable is compatible with the CIO-MINI50 casmnzion s | o o | & oo
screw terminal board. CH 25 HUCH 1 LOW 4 o e 3 CH1HI
CH24 H/CHOLOW 2 e O 1 CHOHI

4.2 SINGLE ENDED INPUTS

Single-ended inputs are two-wire connections between the signal source and
the A/D board. A single wire carries the signal, and is connected from the

CIO-DAS48-PGA CONNECTOR - View
from component side of the board.

Figure 4-1. Connector Pinout

signal source to Channel ## HI. The ground from the signal source must be connected to LLGND, pins 49 or 50.

4.3 DIFFERENTIAL INPUTS

Differential inputs are 3-wire analog hookups consisting of a signal high, signal low and chassis ground. The signal
source high is connected to Channel N HI, the signal source low is connected to Channel N LOW, the signal source GND
is connected to LLGND

The benefits of differential inputs are the ability to reject noise which affects both signal high and low, and the ability to
compensate for ground loops or potentials between signal low and chassis ground.

4.4 MODIFIED DIFFERENTIAL

Modified differential inputs for voltage measurements provide much of the environmental-noise immunity and common
mode rejection of fully differential inputs with the convenience of a two wire hookup.

Although differential inputs are often preferable to single-ended inputs, there are occasions when the floating nature of a
differential input can prevent making a valid reading. In those cases, the CIO-DAS48-PGA inputs can be converted to
modified differential.

Near the 50-pin connector on the board are positions for optional Single Inline Packages (SIP) of 10K resistors.
Installing the SIP in RN7, RN8 and RN9 converts the analog inputs from fully differential to modified differential with a
10K reference to ground.

NOTES: ALL THREE SIPS MUST BE INSTALLED. IT IS NOT POSSIBLE TO MIX CHANNELS.
4
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After the SIPs are installed, signal connections require on Signal Source Hi be connected to Channel N HI and signal
source low be connected to Channel N LOW. No connection to LLGND is needed.

NOTE
Special instructions and solder are packaged with the 10K SIP. Follow the installation instructions
carefully and use the solder provided. Use of other solder, or failure to follow instructions will probably
result in a degradation of the analog input's accuracy and will require out-of-warranty repair.

4.5 CURRENT LOOP MEASUREMENTS (CIO-DAS-48-] version)

The CIO-DAS48-1 is configured for current loop measurements in the 4 to 20 mA range. (Ranges of 2 to 10mA,

I to 5 mA and 0.5 to 2.5 mA are also possible but are less commonly used.) A typical current loop system uses 24V to
power the current loop. Current output devices are available in two-wire and three-wire configurations. Use the figures
below as guides in connecting devices to the CIO-DAS48-1.

451 TWO-WIRE DEVICES

The “floating device” configuration is required for most systems using two-wire devices due to the restriction on common
mode range for the CIO-DAS48-1. If the power supply were connected to the CIO-DAS48-I input, as in a “grounded
device” system, the common mode input range spec would be violated and inaccurate measurements would result.

Figure 4-2 shows a “floating device” configuration for a two-wire, 4 to 20 mA device. This is the correct configuration
that ensures that the common mode range input specification is not violated.

2-WIRE, 4 - 20 mA

—_ ClO-DASA48-|
o/ LcHow
24vi+ ’
; CHO %100 Q
I I
= _l_— CHOLO LLGND
L

Figure 4-2 Floating Device Configuration

Figure 4-3 below shows a “grounded device” configuration for a two-wire, 4 to 20mA device. DO NOT USE this

configuration. The 24V supply connection, direct to the input, violates the common mode range input specification of the
CIO-DAS48-1.

ClO-DAS48-I
L lcHom
Zﬁi_ H
— CHO %1009
I -
N 2-WIRE, CHOLO LLGND
4 -20 mA _L

DEVICE

Figure 4-3 Grounded Device Configuration - CAUTION - DO NOT USE



4.5.2 THREE-WIRE DEVICES
Figure 4-4 below shows a three-wire, 4 to 20 mA device connected to channel O of the CIO-DAS48-1. Three-wire devices

will typically specify the maximum load resistance for the current output. The input resistance of the CIO-DAS48-1 is
100 ohms (determined by the CIO-DAS48-ISIP installed). Add this value to any other load resistances in the loop.
Typically, the maximum resistance specified for three-wire devices is on the order of 1 kohm.

3-WIRE,
4-20 mA CIO-DAS48-I
DEVICE l CHOHI
avle T
— CHO %100 Q
+ [Teis
= L CHOLO LLGND
1

Figure 4-4 Connecting a Three-Wire Device
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5 ANALOG CONNECTIONS

5.1 ANALOG INPUTS

If you are an Electrical Engineer, this section may be skipped. But, if you are like most users, the best way to connect
your analog inputs may not be obvious. Though complete coverage of this topic is beyond the scope of this manual, the
following section provides some explanations and helpful hints regarding these analog input connections.

Prior to describing connection schemes, you should have at least a basic understanding of single-Ended/differential inputs
and system grounding/isolation. If you are already comfortable with these concepts, you may wish to skip to the next
section (on wiring configurations).

5.1.1 Single-Ended and Differential Inputs
The CIO-DAS48-PGA provides either eight differential or 16 single-ended input channels. The concepts of single-ended
and differential inputs are described in the following section.

5.1.2 Single-Ended Inputs

A single-ended input measures the voltage between the input signal and ground. In this case, in single-ended mode the
CIO-DAS48-PGA measures the voltage between the input channel and LLGND. The single-ended input configuration
requires only one physical connection (wire) per channel and allows the CIO-DAS48-PGA to monitor more channels than
the (2-wire) differential configuration using the same connector and onboard multiplexor. However, since the
CIO-DAS48-PGA is measuring the input voltage relative to its own low level ground, single-ended inputs are more
susceptible to both EMI (Electro Magnetic Interference) and any ground noise at the signal source. Figure 5-1 shows the
single-ended input configuration.

. CHIN &
Input ™~ _
_ ILLGND Amp ———To AID
[I{e] I
Connector

SINGLE-ENDED INPUT

Vs CHIN P
- Ilnput
Vs +Vg2 - Vg1 LLGND g > To AD

W -

SINGLE-ENDED INPUT WITH COMMON MODE VOLTAGE -
Any voltage differential between grounds g1 and g2 shows
up as an error signal at the input amplifier.

gl

Figure 5-1. Single-Ended Input Theory



5.1.3  Differential Inputs
Differential inputs measure the voltage between two distinct input signals. Within a certain range (referred to as the

common mode range), the measurement is almost independent of signal source to CIO-DAS48-PGA ground variations. A
differential input is also much more immune to EMI than a single-ended one. Most EMI noise induced in one lead is also
induced in the other, the input only measures the difference between the two leads, and the EMI common to both is
ignored. This effect is a major reason there is twisted pair wire as the twisting assures that both wires are subject to
virtually identical external influence. Figure 5-2 below shows a typical differential input configuration.

CH High {4
','\‘,‘;‘; To AID
CH Low -
._LL GND
lle}
Connector
DIFFERENTIAL INPUT
CH High |,
(9 Vs v tnput To AD
S Amp o
CHtow |_
/vvv\ ch LLGN[l
‘L =Vg2 - Vg1
ot Vem =Vg2 - Vg a2

DIFFERENTIAL INPUT - Common Mode Voltage (Vem) is ignored by
differential input configuration. However, note that Vem + Vs must remain
within the amplifier’'s common mode range of £10V.

Figure 5-2. Differential Input Theory

Before moving on to the discussion of grounding and isolation, it is important to explain the concepts of common mode,
and common mode range (CM Range). Common mode voltage is depicted in the diagram above as Vem. Though
 differential inputs measure the voltage between two signals, without (almost) respect to the either signal’s voltages
relative to ground, there is a limit to how far away from ground either signal can go. Though the CIO-DAS48-PGA has
differential inputs, it will not measure the difference between 100V and 101V as 1 Volt (100V would destroy the board).

This limitation or common mode range is depicted graphically in
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Figure 5-3. The CIO-DAS48-PGA common mode range is + 10 Volts. Even in differential mode, no input signal can be
measured if it is more than 10V from the board’s low level ground (LLGND).

Gray area represents common mode range
Both V+ and V- must always remain within
LA 4 the common mode range relative to LL Gnd

Ny

Figure 5-3. Common Mode Theory

5.1.4  System Grounds and Isolation
There are three scenarios possible when connecting your signal source to your CIO-DAS48-PGA board.

1. The CIO-DAS48-PGA and the signal source may have the same (or common) ground. This signal source may be
connected directly to the CIO-DAS48-PGA.

2. The CIO-DAS48-PGA and the signal source may have an offset voltage between their grounds (AC and/or DC). This
offset it commonly referred to a common mode voltage. Depending on the magnitude of this voltage, it may or may

not be possible to connect the CIO-DAS48-PGA directly to your signal source. We will discuss this topic further in a
later section.

3. The CIO-DAS48-PGA and the signal source may already have isolated grounds. This signal source may be connected
directly to the CIO-DAS48-PGA.

Which system do you have?

Make the following test: Using a battery powered voltmeter', measure the voltage between the ground signal at your
signal source and at your PC. Measure both the AC and DC Voltages.

If both AC and DC readings are 0.00 volts, you may have a system with common grounds. However, since voltmeters
will average out high frequency signals, there is no guarantee. Please refer to the section below titled Common Grounds.

If you measure reasonably stable AC and DC voltages, your system has an offset voltage between the grounds category.
This offset is referred to as a Common Mode Voltage. Please be careful to read the following warning and then proceed
to the section describing Common Mode systems.

1
If you do not have access to a voltmeter, skip the experiment and take a look at the following three sections. You may be able to identify your system type from the
descriptions provided.

9



WARNING
If either the AC or DC voltage is greater than 10 volts, do not connect the CIO-DAS48-PGA to this
signal source. You are beyond the boards usable common mode range and will need to either adjust your
grounding system or add special Isolation signal conditioning to take useful measurements. A ground
offset voltage of more than 30 volts will likely damage the CIO-DAS48-PGA board and possibly your
computer. Note that an offset voltage much greater than 30 volts will not only damage your electronics,
but it may also be hazardous to your health.

This is such an important point, that we will state it again. If the voltage between the ground of your
signal source and your PC is greater than 10 volts, your board will not take useful measurements. If this
voltage is greater than 30 volts, it will likely cause damage, and may represent a serious shock hazard!
In this case you will need to either reconfigure your system to reduce the ground differentials, or
purchase and install special electrical isolation signal conditioning.

If you cannot obtain a reasonably stable DC voltage measurement between the grounds, or the voltage drifts around
considerably, the two grounds are most likely isolated. The easiest way to check for isolation is to change your voltmeter
to it’s ohm scale and measure the resistance between the two grounds. It is recommended that you turn both systems off
prior to taking this resistance measurement. If the measured resistance is more than 100 Kohm, it’s a fairly safe bet that
your system has electrically isolated grounds.

5.1.5  Systems with Common Grounds

In the simplest (but perhaps the least likely) case, your signal source will have the same ground as the CIO-DAS48-PGA.
This would typically occur when providing power or excitation to your signal source directly from the CIO-DAS48-PGA.
There may be other common ground configurations, but it is important to note that any voltage between the
CIO-DAS48-PGA ground and your signal ground is a potential error voltage if you set up your system based on a
common ground assumption.

As a safe rule of thumb, if your signal source or sensor is not connected directly to an LLGND pin on your
CIO-DAS48-PGA, it’s best to assume that you do not have a common ground even if your voltmeter measured 0.0 Volts.
Configure your system as if there is ground offset voltage between the source and the CIO-DAS48-PGA.

5.1.6 Systems with Common Mode (ground offset) Voltages
The most frequently encountered grounding scenario involves grounds that are somehow connected, but have AC and/or

DC offset voltages between the CIO-DAS48-PGA and signal source grounds. This offset voltage my be AC, DC or both
and may be caused by a wide array of phenomena including EMI pickup, resistive voltage drops in ground wiring and
connections, etc. Ground offset voltage is a more appropriate term to describe this type of system, but since our goal is to
keep things simple, and help you make appropriate connections, we’ll stick with our somewhat loose usage of the phrase
Common Mode.

5.1.7 Small Common Mode Voltages
If the voltage between the signal source ground and CIO-DAS48-PGA ground is small, the combination of the ground

voltage and input signal will not exceed the CIO-DAS48’s £10V common mode range, (i.e. the voltage between grounds,
added to the maximum input voltage, stays within +10V), This input is compatible with the CIO-DAS48-PGA and the
system may be connected without additional signal conditioning. Fortunately, most systems will fall in this category and
have a small voltage differential between grounds.

5.1.8 Large Common Mode Voltages

If the ground differential is large enough, the CIO-DAS48’s + 10V common mode range will be exceeded (i.e. the voltage
between CIO-DAS48-PGA and signal source grounds, added to the maximum input voltage you’re trying to measure
exceeds +10V). In this case the CIO-DAS48-PGA cannot be directly connected to the signal source. You will need to
change your system grounding configuration or add isolation signal conditioning. (Please look at our ISO-RACK and
1SO-5B-series products to add electrical isolation, or give our technical support group a call to discuss other options).

NOTE
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Relying on the earth prong of a 120VAC for signal ground connections is not advised.. Different ground
plugs may have large and potentially even dangerous voltage differentials. Remember that the ground
pins on 120VAC outlets on different sides of the room may only be connected in the basement. This
leaves the possibility that the “ground” pins may have a significant voltage differential (especially if the
two [20 VAC outlets happen to be on different phases!)

5.1.9 CIO-DAS48-PGA and Signal Source already have Isolated Grounds

Some signal sources will already be electrically isolated from the CIO-DAS48-PGA. The diagram below shows a typical
isolated ground system. These signal sources are often battery powered, or are fairly expensive pieces of equipment
(since isolation is not an inexpensive proposition), isolated ground systems provide excellent performance, but require
some extra effort during connections to assure optimum performance is obtained. Please refer to the following sections
for further details

5.2  WIRING CONFIGURATIONS

Combining all the grounding and input type possibilities provides us with the following potential connection configurations. The
combinations along with our recommendations on usage are shown in Table 5-1 below.

Table 5-1. Wiring Configurations

GROUND INPUT
CATEGORY CONFIGURATION OUR VIEW
Common Ground Single-Ended Inputs Recommended
Common Ground Differential Inputs Acceptable
Common Mode .
Voltage < 10V Single-Ended Inputs Not Recommended
Common Mode . .
Voltage < +10V Differential Inputs Recommended
Common Mode Unacceptable without

Single-Ended Inputs

Voltage > + 10V adding Isolation

Common Mode Differential Inputs Unacceptable without
Voltage > +10V crential Inpu adding Isolation

Already Isolated Grounds Single-ended Inputs Acceptable

Already Isolated

Grounds Differential Inputs Recommended

The following sections show recommended input wiring schemes for each of eight possible input configuration/grounding
combinations.

5.21  Common Ground / Single-Ended Inputs

Single-ended is the recommended configuration for common ground connections. However, if some of your inputs are common ground
and some are not, we recommend you use the differential mode. There is no performance penalty (other than loss of channels) for

11



using a differential input to measure a common ground signal source. However the reverse is not true. The diagram below shows a
recommended connection diagram for a common ground / single-ended input system.

Optional wire /

since signat source
and A/D board share
common ground

Signal source and A/D board
sharing common ground connected
to single-ended input.

Figure 5-4. Common Ground / Single-Ended Inputs

5.2.2 Common Ground / Differential Inputs
The use of differential inputs to monitor a signal source with a common ground is a acceptable configuration though it requires more

wiring and offers fewer channels than selecting a single-ended configuration. Figure 5-5 below shows the recommended connections in

this configuration.

Seessesarrressencane:
Optlonal wire /

sinca signal source
and A/D board share
common ground

Required connection
of LI GND to CH Low

Signal source and A/D board
sharing common ground connected
to differential input.

Figure 5-5. Common Ground / Differential Inputs

5.2.3 Common Mode Voltage < +10V/Single-Ended Inputs
This is not a recommended configuration (Figure 5-6). In fact, the phrase common mode has no meaning in a single-ended system and
this case would be better described as a system with offset grounds. Try this configuration, no system damage should occur and

depending on the overall accuracy you require, you may receive acceptable results.

between these grounds,
added to the maximum
input signal must stay
within +/-10V

Signal source and A/D board
with common mode voitage
connected to a differential input.

Figure 5-6. Common Mode Voltage < +10V/Single-Ended Inputs
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524 Common Mode Voltage < £10V/Differential Inputs

Systems with varying ground potentials should always be monitored in the differential mode. Care is required to assure that the sum of
the input signal and the ground differential (referred to as the common mode voltage) does not exceed the common mode range of the
A/D board (10V on the CIO-DAS48-PGA). Figure 5-7 below shows recommended connections in this configuration.

isolation
Barrier
e

3
¥

i

i

i
\
!
i

\ e

Vo
When the voitage difterence
batween signal source and
A/D board ground is large
enough so the A/D board's
common mode range is
exceeded, isolated signal
conditioning must be added.

= o

System with a Large Common Mode Voltage,
Connected to a Single-Ended Input

Figure 5-7. Common Mode Voltage < +10V/Differential Inputs

5.2.5 Common Mode Voltage > £10V

The CIO-DAS48-PGA will not directly monitor signals with common mode voltages greater than £10V. You will either need to alter
the system ground configuration to reduce the overall common mode voltage, or add isolated signal conditioning between the source
and your board ( see Figure 5-8).

Isolation
Barrier
Aabley

3
¥

When m.‘ v;iiag- diffsrence
teawe

between signal source and
A/D board ground is large
snough so the A/D board’s
common mode range is
exceeded, isolated signal
conditioning must ba added

10K is a recommended vaiue. You may short LL GNO to CH Low
instead, but this wifl reduce your system's noise immunity

System with a Large Common Mode Voltage,
Connected to a Differential Input

Figure 5-8. Common Mode Voltage > =10V

5.2.6  Isolated Grounds/ Single-Ended Inputs
Single-ended inputs can be used to monitor isolated inputs, though the use of the differential mode will increase you system’s noise
immunity. Figure 5-9 below shows the recommended connections is this configuration.

Isolated Signal Source
Connected to a Single-Ended input

Figure 5-9. Isolated Grounds / Single-Ended Inputs
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5.2.7 Isolated Grounds / Differential Inputs
Optimum performance with isolated signal sources is assured with the use of the differential input setting. Figure 5-10 below shows the
recommend connections is this configuration..

g2

10K is a recommended value. You may short LL GND to CH Low
instead, but this will reduce your system's noise immunity.

Thess grounds are *~"
electrically isolated.

Already isolated signal source
and A/D board connected to
a differential input.

Figure 5-10. Isolated Grounds / Differential Inputs
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The CIO-DAS48-PGA is controlled and monitored by writing to and reading from four consecutive 8-bit I/O addresses.

6 CONTROL & DATA REGISTERS

The first address, or BASE ADDRESS, is determined by setting a bank of Address switches on the board.

The register bit descriptions follow the format :

7 6 5 4 3 2 1 0
A/DS8 A/D9 A/DIO A/D11 CHS CH4 CH2 CHI1
LSB

Where the numbers along the top row are the bit positions within the 8-bit byte and the numbers and symbols in the

bottom row are the functions of that bit.

To write to or read from a register in decimal or HEX, the following weights apply:

BIT POSITION DECIMAL VALUE HEX VALUE
0 1 1
1 2 2
2 4 4
3 8 8
4 16 10
5 32 20
6 64 40
7 128 80

To write control words or data to a register, the individual bits must be set to O or 1 then combined to form a byte.
The registers and their function are listed in Table 6-1.

Table 6-1. Register Functions

ADDRESS READ FUNCTION WRITE FUNCTION
BASE A/D Bits 8 to 11 (LSB) Start 8-Bit A/D Conversion
BASE +1 A/D Bits 0 (MSB) to 7 Start 12-Bit A/D Conversion
BASE +2 EOC, MUX Address MUX Address
BASE +3 Gain Status, SINGLE/DIFF Switch Programmable Gain Control
6.1 A/DDATA & START CONVERSION REGISTERS
BASE ADDRESS
7 . 6 5 4 3 2 1 0
A/D8 A/D9 A/DI10 A/DI11 0 0 0 0
LSB

A read/write register.

READ

On read, it contains the least-significant four digits of converted analog input data.

These four bits of analog input data must be combined with the eight bits of data in BASE + 1, forming a complete 12-bit

number. The data is in the format O = minus full scale (~FS). 4095 = plus full scale (+FS).

15




WRITE

Writing any data to the register causes an immediate 8-bit A/D conversion.

BASE ADDRESS + |

7 6 5 4 3 2 1 0
A/DO A/D1 A/D2 A/D3 A/D4 A/D5 A/D6 A/D7
MSB
READ

On read the most significant A/D byte is read.

The A/D Bits code corresponds to the voltage on the input according to the table below.

DECIMAL HEX BIPOLAR UNIPOLAR
4095 FFF + Full Scale + Full Scale
2048 800 0 Volts 12 Full Scale

0 0 — Full Scale — Full Scale

WRITE
Writing to this register starts a 12-bit A/D conversion.

A note of caution: Place several NO-OP instructions between consecutive 12-bit A/D conversions to avoid over-running
the A/D converter.

6.2 STATUS AND CONTROL REGISTER
BASE ADDRESS +2

7 6 5 4 3 2 1 0
EOC 0 MUXS5 MUX4 MUX3 MUX?2 MUX1 MUXO0

This register address is two registers, one is read-active and one is write-active.
READ = STATUS

EOC = 1 the A/D is busy converting and data should not be read.

EOC =0 the A/D is not busy and data can be read.

MUX 5 to MUX 0 is the current multiplexer channel. The current channel is a binary-coded number between 0 and 47
for single ended inputs or between 0 and 23 for differential inputs.

WRITE = CONTROL

7 6 5 4 3 2 ! 0

0 0 MUXS MUX4 MUX3 MUX2 MUX1 MUXO0

MUXS to MUXO. Set the current channel address by writing a binary-coded number between 0 and 47 to these six bits.

NOTE: Every write to this register sets the current A/D channel MUX setting to the number in bits 5 to 0.
16
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6.3 PROGRAMMABLE GAIN REGISTER

The addition of a software programmable register which controls the input amplifier allows you to select unipolar/bipolar
ranges and gains of I, 2, 4, or 8 via software command.

The register's layout when written to is :

BASE ADDRESS + 3

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BITI BITO
X X X X R3 R2 R1 RO

The register's layout when read from is :

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BITI BITO
MUXM 0 0 0 0 0 0 0

MUXM = Mux Mode. This bit = 0 when the channel configuration switch is set for 24 differential channels. It is = 1

when the switch is set for 48 single-ended channels. This is a read-back-only bit and has no ability to control the channel
configuration.

R3 to R1 = The programmable Gain/Range setting. The gain/range of the board is controlled by writing a control code to
the register. The codes are:

These are the ranges available for the CIO-DAS48-PGA. Gains of 0.5, 1, 2, 4, and 8 are often called binary gains.

UNI-POLAR CONTROL CODES
GAIN RANGEI | RANGEV | DEC | HEX R3 R2 R1 RO
1 4 t0 20 mA Oto 10 1 1 0 0 0 I
2 2 to 10 mA Oto5s 3 3 0 0 1 1
4 I to 5 mA 0to 2.5 5 5 0 1 0 1
8 05t025 Oto 1.25 7 7 0 1 1 1
mA

While the current input ranges are available in unipolar mode, they are not available in bipolar mode

BI-POLAR CONTROL CODES
GAIN RANGEV [ DEC [HEX| R3 | R2 | R1 | RO
0.5 +10 8 8 1 0o [ o[ o
1 +5 0 0 0] 0 0| o
2 +2.5 2 2 0 | 0 1 0
4 +1.25 4 4 0| 4]0 0
8 +0.625 6 6 0 1 1 0

To set the input range of the CIO-DAS48-PGA board, select the desired range from the table and write the code in
decimal or hexadecimal to base address + 3.

17



POWER CONSUMPTION

+5V:

ANALOG INPUT SECTION

A/D converter type
Resolution
Number of channels

[nput Ranges
Type

CIO-DAS48-PGA

CIO-DAS48-1
Polarity

A/D pacing
Data transfer

A/D conversion time
Throughput

Accuracy

Linearity

No missing codes guaranteed

Gain drift (A/D specs)

Zero drift (A/D specs)

Common Mode Range

CMRR

Input leakage current (@ 25 Deg C)

Input impedance
CIO-DAS48-PGA
CIO-DAS48-1

Absolute maximum input voltage

ENVIRONMENTAL

Operating temperature range
Storage temperature range
Humidity

7 SPECIFICATIONS

620 mA typical, 800 mA max

AD574

12 bits

48 single-ended or 24 differential (configurable as 24 modified differential
via installation of SIP resistor)

Voltage input or current input, configurable by jumper and installation of
SIP resistors for current configuration (CIO-DAS48-I configured for current
mode at the factory)

+10V, +5V, £2.5V, +1.25V, £0.625V, 0 to 10V, 0to 5V, 0t0 2.5V, 0 to
1.25V software selectable

410 20 mA, 2 to 10 mA, 1 to 5 mA, and 0.5 to 2.5 mA, software-selectable
Unipolar/Bipolar, software-selectable

Software polled
Software polled

25 us
20 kHz, PC dependent

+0.01% of reading +1 LSB

+1 LSB

12 bits

25 ppm/°C
+10uV/°C
+10V

72 dB

100 nA

10 MegOhms minimum
100 Ohms
35V

0 to 50°C
=20 to 70°C
0 to 95% non-condensing
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WARRANTY/DISCLAIMER

OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and workmanship for a
period of 13 months from date of purchase. OMEGA's Warranty adds an additional one (1) month grace
period to the normal one (1) year product warranty to cover handling and shipping time. This
ensures that OMEGA's customers receive maximum coverage on each product.

If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA's Customer Service
Department will issue an Authorized Return (AR) number immediately upon phone or written request.
Upon examination by OMEGA, if the unit is found to be defective, it will be repaired or replaced at no
charge. OMEGA's WARRANTY does not apply to defects resulting from any action of the purchaser,
including but not limited to mishandling, improper interfacing, operation outside of design limits, improper
repair, or unauthorized modification. This WARRANTY is VOID if the unit shows evidence of having been
tampered with or shows evidence of having been damaged as a result of excessive corrosion; or current,
heat, moisture or vibration; improper specification; misapplication; misuse or other operating conditions
outside of OMEGA's control. Components which wear are not warranted, including but not limited to
contact points, fuses, and triacs.

OMEGA is pleased to offer suggestions on the use of its various products. However,
OMEGA neither assumes responsibility for any omissions or errors nor assumes liability for
any damages that result from the use of its products in accordance with information pro-
vided by OMEGA, either verbal or written. OMEGA warrants only that the parts
manufactured by it will be as specified and free of defects. OMEGA MAKES NO OTHER
WARRANTIES OR REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESS OR IMPLIED,
EXCEPT THAT OF TITLE, AND ALL IMPLIED WARRANTIES INCLUDING ANY WARRANTY OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE HEREBY DIS-
CLAIMED. LIMITATION OF LIABILITY: The remedies of purchaser set forth herein are exclu-
sive, and the total liability of OMEGA with respect to this order, whether based on contract,
warranty, negligence, indemnification, strict liability or otherwise, shall not exceed the pur-
chase price of the component upon which liability is based. In no event shall OMEGA be
liable for consequential, incidental or special damages.

CONDITIONS: Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as a “Basic
Component” under 10 CFR 21 (NRC), used in or with any nuclear installation or activity; or (2) in medical
applications or used on humans. Should any Product(s) be used in or with any nuclear installation or activity,
medical application, used on humans, or misused in any way, OMEGA assumes no responsibility as set
forth in our basic WARRANTY/DISCLAIMER language, and, additionally, purchaser will indemnify OMEGA
and h(;ld OMEGA harmless from any liability or damage whatsoever arising out of the use of the Product(s)
in such a manner.

RETURN REQUESTS/INQUIRIES ¢

Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. BEFORE
RETURNING ANY PRODUCT(S) TO OMEGA, PURCHASER MUST OBTAIN AN AUTHORIZED
RETURN (AR) NUMBER FROM OMEGA’S CUSTOMER SERVICE DEPARTMENT (IN ORDER TO
AVOID PROCESSING DELAYS). The assigned AR number should then be marked on the outside of the
return package and on any correspondence.

The purchaser is responsible for shipping charges, freight, insurance and proper packaging to prevent
breakage in transit.

FOR WARRANTY RETURNS, please have the FOR NON-WARRANTY REPAIRS, consult
following information available BEFORE OMEGA for current repair charges. Have the fol-
contacting OMEGA: lowing information available BEFORE
1.Purchase Order number under which contacting OMEGA:

the product was PURCHASED, 1. Purchase Order number to cover the COST of
2.Model and serial number of the product under the repair,

warranty, and 2.Model and serial number of the product, and
3.Repair instructions and/or specific 3.Repair instructions and/or specific problems

problems relative to the product. relative to the product.

OMEGA'’s policy is_to make running changes, not mode! changes, whenever an improvement is possible. This affords our
ustomers the latest in technology and engineering.

OMEGA is a registered trademark of OMEGA ENGINEERING, INC.

© Copyright 2001 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied, photocopied,

reproduced, translated, or reduced to any electronic medium or machine-readable form, in whole or in part, without the prior
written consent of OMEGA ENGINEERING, INC.



Where Do I Find Everything | Need for
Process Measurement and Control?

OMEGA...Of Course!
Shop online at www.omega.com

TEMPERATURE

M Thermocouple, RTD & Thermistor Probes, Connectors, Panels & Assemblies

B Wire: Thermocouple, RTD & Thermistor
M Calibrators & Ice Point References

M Recorders, Controllers & Process Monitors
M Infrared Pyrometers

PRESSURE, STRAIN AND FORCE
& Transducers & Strain Gages

M Load Cells & Pressure Gages

M Displacement Transducers

M Instrumentation & Accessories

FLOW/LEVEL

B Rotameters, Gas Mass Flowmeters & Flow Computers
M Air Velocity Indicators

M Turbine/Paddlewheel Systems

M Totalizers & Batch Controllers

pH/CONDUCTIVITY

M pH Electrodes, Testers & Accessories

B Benchtop/Laboratory Meters

M Controllers, Calibrators, Simulators & Pumps
M Industrial pH & Conductivity Equipment

DATA ACQUISITION

M Data Acquisition & Engineering Software

M Communications-Based Acquisition Systems
M Plug-in Cards for Apple, IBM & Compatibles
Datalogging Systems

M Recorders, Printers & Plotters

HEATERS

Heating Cable

Cartridge & Strip Heaters
Immersion & Band Heaters
Flexible Heaters
Laboratory Heaters

ENVIRONMENTAL
MONITORING AND CONTROL

Metering & Control Instrumentation
Refractometers

Pumps & Tubing

Air, Soil & Water Monitors

Industrial Water & Wastewater Treatment

pH, Conductivity & Dissolved Oxygen Instruments
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