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Preface

About this User's Guide

What you will learn from this user's guide

This user's guide describes the RedLab 2408-2A0 data acquisition device and lists device specifications.

Conventions in this user's guide

For more information about ...

Text presented in a box signifies additional information and helpful hints related to the subject matter you are
reading.

Caution! Shaded caution statements present information to help you avoid injuring yourself and others,
damaging your hardware, or losing your data.

bold text Bold text is used for the names of objects on a screen, such as buttons, text boxes, and check boxes.

italic text Italic text is used for the names of manuals and help topic titles, and to emphasize a word or phrase.

Where to find more information
=  The Quick Start Guide is available on your RedLab CD in the root directory.
=  The Guide to Signal Connections is available on your RedLab CD under ,,ICalUL\Documents*.
= The Universal Library User's Guide is available on your RedLab CD under ,,JCalUL\Documents*.
= The Universal Library Function Reference is available on your RedLab CD under ,,JCalUL\Documents®.

= The Universal Library for LabVIEW™ User’s Guide is available on your RedLab CD under
,, JCalUL\Documents*.

If your RedLab 2408-2A0 is damaged, notify Meilhaus Electronic immediately by phone, fax, or email.

= Phone: +49 (0) 8141/5271-188
= Fax: +49 (0) 8141/5271-169
= E-Mail: support@meilhaus.com




Chapter 1

Introducing the RedLab 2408-2A0

Overview: RedLab 2408-2A0 features

The RedLab 2408-2A0 is a USB 2.0 full-speed device that is supported under the following operating systems:
= Microsoft Windows 7/Vista/XP (32-bit or 64-bit)
The RedLab 2408-2A0 provides the following features:

= 16 single-ended or eight differential 24-bit analog inputs with sampling rates up to 1 kS/s. Each channel is
software-configurable as single-ended or differential. For each differential channel pair, you lose one
single-ended channel.

*= Analog input ranges of £10 V, +5 V, £2.5V, £1.25 V, £0.625 V, +£0.312 V, £0.156 V, and +£0.078 V.

= Up to eight analog inputs can be configured as differential thermocouple (TC) inputs, which include built-
in cold-junction compensation and open TC detection.

= Two 16-hit analog output channels. You can pace a single channel at rates of up to 1 kS/s. You can pace
both channels simultaneously at rates of up to 500 S/s.

= Computer protection provided through a minimum of 500 VDC input isolation between field wiring and the
USB interface.

= Eight lines of digital I/0 and two 32-bit counters.

= Screw terminals for field wiring connections
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RedLab 2408-2A0 block diagram
RedLab 2408-2A0 functions are illustrated in the block diagram shown here.

Calibration
Voltage
Sources
8 AN 8 N i 1] R 8 ®
Al T [ AN
)
() Mux < Q
S < S
§ 5
S Q
24-bit SPI
% _> ap € §
§ S
SPI [ 16-bit
8 Microcontroller = }'} Amp - 8
Q and
S FPGA se___y [ebi s gg
® D/A ®
Q Q
Bitwise
8‘ \g »|Programmable |[<€ > < CounterIn0 8
Q DIO < CounterIn 1 ®
A —
Y
Isolation
USB D+/D- Microcontroller
conn. < 2\\ > with full-speed
USB 2.0 Isolated
Power
Vaus | (5V) ¢ Supplies
4 +12V,-12V,
Non-Isolated EEPROM 33 V5V

Power —>» 33V
Supply

Figure 1. RedLab 2408-2A0 functional block diagram




Chapter 2

Installing a RedLab 2408-2A0

What comes with your shipment?
As you unpack your RedLab 2408-2A0, verify that the following components are included.

Hardware
= RedLab 2408-2A0 device

= USB cable (2-meter length)

Documentation

In addition to this hardware user's guide, a Quick Start Guide booklet in PDF format is included with the CD.
This booklet provides an overview of the MCC DAQ software you received with the device, and includes

information about installing the software. Please read this booklet completely before installing any software or
hardware.

Unpacking

As with any electronic device, take care while handling to avoid damage from static electricity. Before
removing the RedLab 2408-2A0 from its packaging, ground yourself using a wrist strap or by simply touching
the computer chassis or other grounded object to eliminate any stored static charge.

If your RedLab 2408-2A0 is damaged, notify Meilhaus Electronic immediately by phone, fax, or email.

= Phone: +49 (0) 8141/5271-188
= Fax: +49 (0) 8141/5271-169
=  E-Mail: support@meilhaus.com
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Installing the software

Note: Before installing a RedLab 2408-2A0, you must install the software you plan to use with the device.

Universal Library and InstaCal

Install Universal Library and InstaCal when you want to develop data acquisition applications using Windows
programming languages.

Universal Library and InstaCal software are included on the CD that ships with the device. Refer to the Quick
Start Guide booklet for instructions about installing Universal Library and InstaCal software.

Installing the hardware

Install the software before you install your device

A driver needed to run the RedLab 2408-2A0 is installed when you install the software. Therefore, you need to
install the software package you plan to use before you install the hardware.

For operation on a Windows operating system, we recommend that you run Windows Update to update your
operating system with the latest USB drivers.

To connect a RedLab 2408-2A0 to your system, turn on your computer and connect the USB cable to an
available USB port on the computer or to an external USB hub connected to the computer. Connect the other
end of the USB cable to the USB connector on the device. No external power is required.

When you connect the device for the first time to a computer running Windows, a Found New Hardware dialog
opens when the operating system detects the device. The dialog closes after the device is installed.

A green Status LED indicates the device status. When the LED is on, the device is powered and ready for
operation. If the LED is not on, the device is not powered or did not initialize. Figure 2 Seite 9 shows the
location of the STATUS LED.

Caution! Do not disconnect any device from the USB bus while the computer is communicating with the
RedLab 2408-2A0, or you may lose data and/or your ability to communicate with the device.

If the Status LED turns off

If the Status LED turns on but then turns off, the computer has lost communication with the
RedLab 2408-2A0. To restore communication, disconnect the USB cable from the computer and then
reconnect it. This should restore communication, and the Status LED should turn on.

Calibrating

Self-calibration

The RedLab 2408-2A0 supports self-calibration. You should calibrate the device whenever the ambient
temperature changes by more than £10 °C from the last self-calibration. Use InstaCal utility to calibrate the
device.

Factory calibration

Return the device to Meilhaus Electronic when calibration is required. The normal calibration interval is once
per year.
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Chapter 3

Functional Details

External com ponents
The RedLab 2408-2A0 has the following external components:

= USB connector
= | EDs
= Screw terminals

Figure 2 shows the location of each component.

1 Screw terminal pins 23 to 44 4 USB connector
2 Status LED 5 Screw terminal pins 1 to 22
3 Activity LED

Figure 2. RedLab 2408-2A0 device external components

USB connector

The USB connector provides +5 V power and communication. No external power supply is required.

LEDs
The RedLab 2408-2A0 has two LEDs — STATUS and ACTIVITY.

= The Status LED is lit when the device is detected and installed on the computer.
=  The Activity LED indicates the communication status of a device. This LED blinks when data is
transferred, and is off when the device is not communicating.

Screw terminals

The RedLab 2408-2A0 has two banks of screw terminals. Screw terminal functions for differential and single-
ended modes are identified in Figure 3 and Figure 4. The RedLab 2408-2A0 screw terminals provide the
following connections:

= 16 single-ended (CHO to CH15 — see Figure 3) or eight differential (CHOH/CHOL to CH7H/CH7L) analog
input connections
=  Eight digital I/O connections (DI0O0 to DI07)
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= Two analog output connections (AOUTO0, AOUT1)
= Two counter inputs (CTRO, CTR1)

= One power output (+5V)

= 10 analog grounds (AGND), four digital grounds (DGND), and one chassis ground (CHAS)

Analog input ch.
Analog input ch.
Analog ground
Analog input ch.
Analog input ch.
Analog ground

| o

[T-

Analog input ch. 2

CHOH
CHOL
AGMND
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CHIL
AGMND

CH2H

Analog input ch. 10 CH2L

Analog ground
Analog input ch.
Analog input ch.
Analog ground

=

Digital ground
Digital /O eh.
Digital I/ ch.
Digital I/O ch.
Digital 1O eh.
Digital VO ¢h.
Digital 'O ¢h.
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Rt s RN I N
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Figure 3. Single-ended mode pinout
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Figure 4. Differential mode pinout
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Analog ground
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+5 V user output
Digital ground
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Digital ground
Counterch. 0

Analog ground
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Signal connections

Input isolation

The RedLab 2408-2A0 is an isolated data acquisition device. The analog I/O, digital 1/O, counters, and all the
digital control/timing are referenced to an isolated ground as shown in the figure below. This ground is
physically and electrically separate from the ground used by the circuit connected to the system bus interface.

Isolation provides a barrier between the host computer and potentially hazardous voltages by physically and
electrically separating two parts of the measurement device.

= The non-isolated ground is common to the chassis ground of the computer, while the "isolated" ground is
not.
=  All analog measurements are made relative to the isolated ground. See Figure 5 for details.

i Isolation §
1/C connectors E e E
. : .
@ ‘—@ ] E E
p— —_— : :
® »  Aout > : :
@. 4 Ll = i H -
A4 Isolated i Digital ; isﬂ;?ed UsB
J— J— pc risolator; C
® 4 po > ‘ ’ i
® - ;
L —_— i ;
g » » Counters : :
Isclated '
d J QS:;LEI’::I E E PC —_—

ground

Figure 5. RedLab 2408-2A0 input isolation diagram

When making measurements in industrial environments, DAQ devices can encounter hazardous voltages,
transients, large common mode voltages and fluctuating ground potentials. Any one of these issues can
seriously degrade the measurement accuracy of the device and possibly damage the measurement instrument.
To overcome these issues, some DAQ devices provide physical and electrical isolation. Some of the benefits of
isolation include:

= Safety: A DAQ device employing physical and electrical isolation helps to keep high voltages and
transients from damaging the system-side host computer.

= Ground loops: Improper grounding of the signal source that the DAQ device is measuring is one of the
most common sources of noise and measurement inaccuracies. Isolation improves the measurement
accuracy by physically preventing ground loops. Ground loops —a common source of noise and error — are
the results of a measurement system having multiple grounds at different potentials.

= Common mode rejection: With isolation, a DAQ device can measure small signals in the presence of large
common mode voltages. Isolation increases the ability of the measurement system to reject common mode
voltages. The common mode voltage is the signal that is common to both the positive and negative inputs
of the measurement device, but is not part of the signal to measure.

Analog/TC input
Each analog input channel has the following measurement parameters:

= Voltage input range
= TCtypel, K, T,E,R, S, B,orN

You can select a unique input range or signal type for each channel. For example, one channel could be used for
volts and another for temperature.

11
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Analog input mode

You can configure the analog inputs for single-ended or differential mode. The input voltage range is software
selectable for +10 V, +5 V, £2.5V, +1.25 V, £0.625 V, +0.312 V, +0.156 V, or £0.078 V.

With single-ended mode, connect up to 16 inputs to screw terminals CHO to CH15. single-ended mode requires
two wires:

= Connect one wire to the signal you want to measure (CHx).
= Connect one wire to the analog ground reference (AGND).

Refer to Figure 3 Seite 10 for the location of the single-ended inputs.

With differential mode, connect up to eight differential inputs to screw terminals CHOH/CHOL to CH7H/CH7L.
differential mode requires two wires plus a ground reference:

= Connect one wire to the high/positive signal (CHxH).
= Connect one wire to the low/negative signal (CHxL).
= Connect one wire to the analog ground reference (AGND).

Refer to Figure 4 Seite 10 for the location of the differential inputs.

When connecting differential voltage inputs to a "floating" voltage source, make sure there is a DC return path
from each voltage input to ground. You make this path by connecting a resistor from each low channel input to
an AGND pin. A value of approximately 100 k€ can be used for most applications. This does not apply to
channels configured for TC input, as they have their own internal reference.

Leave unused input channels either floating or tied to an AGND terminal.
Source impedances should be kept as small as possible to avoid settling time and accuracy errors.

Figure 6 shows a differential voltage connection using a ground path resistor.

+

CHOH
CHOL
AGND
CH1H
CHI1L
AGND

100k ;

LD

Figure 6. Differential voltage connection with ground path resistor example

Gain queue

Use the RedLab 2408-2A0 channel - gain queue feature to configure a list of channels, modes, and gains for
each scan. The settings are stored in a channel — gain queue list that is written to local memory on the device.

The channel - gain queue list contains one or more channel numbers and range settings. You can configure up to
64 elements. The channels can be listed in any order, and can include duplicate channels for sampling at
different ranges.

12
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An example of a 12-element list is shown in the table below.

Sample channel gain queue list

Element | Channel Range

0 CHO BIP10V

1 CH1 BIP5V

2 CHO BIP2Pt5VOLTS
3 CH4 BIP2Pt5VOLTS
4 CH8 BIP2Pt5VOLTS
5 CHO BIP5V

6 CH1 BIP1Pt25VOLTS
7 CH7 BIP5V

8 CHO BIP1Pt25VOLTS
9 CH15 BIP10V

10 CH9 BIP1Pt25VOLTS
11 CH10 BIP2Pt5VOLTS

Carefully match the gain to the expected voltage range on the associated channel or an over range condition
may occur. Although this condition does not damage the device, it does produce a useless full-scale reading,
and can introduce a long recovery time due to saturation of the input channel.

For more information on analog signal connections

For more information on analog inputs, refer to the Guide to Signal Connections (this document is available on
your RedLab CD under ,,JCalUL\Documents*.)

TC input mode

You can make up to eight high-resolution differential TC measurements with a RedLab 2408-2A0. Built-in
cold-junction compensation sensors are provided for each of the screw-terminal blocks and any supported TC
type can be attached to any of the 8 TC channels.

Do not connect TCs as single-ended — doing so can cause false readings.

You do not need to use ground-referencing resistors for TC inputs because the analog front-end circuit level-
shifts the TC output into the common-mode input range of the A/D.

The RedLab 2408-2A0 also provides an open TC detection feature for each of the analog input channels
configured for TC measurement. This feature is enabled or disabled by software, and when enabled, it detects if
an open-circuit condition exists at the TC sensor.

The RedLab 2408-2A0 provides electrostatic discharge (ESD) protection for each of the TC inputs. However,
before handling TC sensors, follow standard ESD practices and discharge any accumulated ESD charge.

Once the TC sensor is connected to the device, the configuration options have been selected, and the
recommended 45 minute warm up has elapsed, the device is ready to make high-resolution differential
temperature measurements.

Built-in cold junction compensation (CJC) automatically compensates for the additional thermal EMFs
generated by connecting the TC leads to the RedLab 2408-2A0 terminal blocks.

CJC is performed using a high-resolution temperature sensor connected close to the device terminal blocks. The
device includes two separate CJC sensors — one on each side of the PCB. Software corrects for the additional
TCs created at the terminals.

Once the A/D and CJC data is collected, the application software uses this data to linearize to an accurate
temperature reading. The TC linearization uses the latest NIST linearization coefficients for each of the eight
TC types supported by the RedLab 2408-2A0.

When configuring TC sensors, keep any stray capacitance as small as possible relative to AGND to avoid
settling time and accuracy errors. For TC channels, do not provide a return path to ground. This is done
internally.

13
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Figure 7 shows a typical TC connection.

oL—

&
% » 2.5 Vit
5 ki por
AGND @ l_ AFE
H1H— — 249k3m 24-bit
ADS1256
O

Figure 7. Differential TC connection example
Noise filtering, data rate and throughput rate

Although the RedLab 2408-2A0 A/D converter has a maximum data rate of 3,750 samples per second, the
actual throughput rate you observe for voltage and temperature data is determined by these formulas.

= Maximum single-channel throughput:
1

1
data rate+ 640us

= Maximum multiple-channel throughput:
1

Z (m+ 640us)

n
where n is the number of channels

See Table 18 and Table 19 in the "Specifications™ chapter for details.

This drop-off in throughput rate is due to the noise filtering feature in the device. You can control the amount of
the noise filtering by adjusting the data rate setting. By reducing the data rate, the averaging of samples
increases, and noise drops correspondingly.

Figure 8 illustrates this inverse relationship. This graph applies to the A/D converter only — do not expect this
level of performance from a RedLab 2408-2A0 itself.

24

=]
Mo

—
[2+]

Moise free bits
=

10000 Ss

=&
o

1 10 100 1000 10,000 100,000

Data throughput (S/s)
Figure 8. RedLab 2408-2A0 A/D converter data rate vs. noise graph

If low noise is your main concern, you can operate the RedLab 2408-2A0 at very low data rates starting from
2.5 samples per second (S/s). At low rates, much of the noise is averaged out of the data, and issues such as
reference noise become less important.

14
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At higher data rates, higher-frequency noise sources are not averaged out and begin to be troublesome. These
noise sources include the noise inherent in the A/D converter itself, which is not reducible.

Since TCs can pick up noise in your environment, select a data rate based on the primary noise frequency. For
example, to reduce the effect of 60 Hz noise, select a data rate of 60 (or a supported submultiple of 60, such as
10 or 5).

Multiple-channel throughput rates

When setting different sample rates for channels, be aware that all the channels will be sampled within the same
sample window based on the channel with the lowest sample rate.

For example, if you set a 10 Hz data rate for channel 0, and a 50 Hz data rate for channel 1, basically, both
channels pass the same number of samples per second to the host computer. However, more averaging is
performed on channel 0 samples; therefore, channel 0 is sampled at a higher resolution.

The RedLab 2408-2A0 A/D converter performs averaging, and the number of averages equals 30,000/data
rate.

In this example, channel 0 is sampled 3000 times over 100 ms, and all samples are averaged into one sample.
Then, channel 1 is sampled 600 times over 20 ms, and samples are likewise averaged into one sample.

The final samples are available to you at a maximum rate of about 8 Hz (8.245 Hz).

Resalution = 20,6 hits Resolution = 19.6 bits

B4 ws delay before
next sample taken

Channel O

i R

Figure 9. RedLab 2408-2A0 data rate vs. resolution example

Analog output

The RedLab 2408-2A0 has two 16-bit analog outputs (AOUTO and AOUT1). Both outputs can be updated
simultaneously at a rate of 500 S/s per channel. One output can be updated at a rate of 1000 S/s. The output
range is fixed at £10 V. The outputs default to 0 V when the host computer is shut down or suspended, or when
a reset command is issued to the device.

Digital /0

You can connect up to eight digital 1/0 lines to DIOO through DIO7. The digital 1/O terminals can detect the
state of any TTL-level input.

Digital input voltage ranges of up to 0 to +15 V are permitted, with thresholds of 0.6 V (low) and 2.2 V (high).

Each DIO channel is an open-drain, which, when used as an output, is capable of sinking up to 150 mA for
direct drive applications.

15



RedLab 2408-2A0 User's Guide Functional Details

Figure 10 shows an example of a typical DIO connection.

Typical DIO channel

I
I
I
I
I
- IDGND
I
I
I
I

I |
I *Hy IR I
I |
: wa |
: |
I |
Isolated | 7#7 :
. | L ] - * I
microcontroller : R 28 kst :DIDX
i nx g ESD 0{'\
4 protect|
“c : DOUTy, | | %
|
|
|
|
|
|
|
|
|

Figure 10. Digital output connection example
The figure represents connections for one channel. The other seven channels are connected in the same manner.

The maximum sink current is 150 mA per 8-channel bank, or if all eight channels are used, 18 mA (maximum)
per channel.

Internal pull-up/pull-down capability

Unconnected inputs are pulled low by default to 0 V through 47 kQ resistors via jumper J6 on the circuit board.
The pull-up/pull-down voltage is common to all 47 kQ resistors. Complete the following steps to configure
these inputs to pull high (+5V).

Caution! The discharge of static electricity can damage some electronic components. Before removing the
RedLab 2408-2A0 from its housing, ground yourself using a wrist strap or touch the computer
chassis or other grounded object to eliminate any stored static charge.

To open the case and set jumper J6, do the following.

1. Turn the device over and rest the top of the housing on a flat, stable surface.
2. Peel off the four rubber feet on the bottom of the device to access the screws.
3. Remove the four screws from the bottom of the device.
4

Hold both the top and bottom sections together, turn the device over and rest it on the surface, then
carefully remove the top section of the case to expose the circuit board.
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5. Configure jumper J6 for either pull-up, pins 1-2, or pull-down, pins 2-3. The jumper is configured by
default for pull-up. Flgure 11 shows the location of the jumper on the board.

Hl \( \l \

.......

mnm nm m=,.|hn°|tm°|“mm°
]:;l mh n ‘
. LA NH H!\ llna;sn ’a

T R / | ruumi‘lumm &

e A
I- 3"

o 00@9@0 i (D(D"(D”‘@_‘

Figure 11. Location of J6 jumper

Figure 12 shows the jumper configured for pull-up and pull-down.

1 1
2
3 3
Pull-u Pull-dawn
I:defauﬁ:

Figure 12. J6 jumper configurations

6. Replace the top section of the case, and fasten it to the bottom section with the four screws. Replace the
rubber feet.

For more information on digital signal connections

For general information about digital signal connections and digital I/O techniques, refer to the Guide to Signal
Connections (this document is available on your RedLab CD under ,,JCalUL\Documents*.)

The pull-up/pull-down voltage is common to all of the internal 47 kQ resistors.

External pull-up/pull-down capability

You can also place an external pull-up resistor on any of the DIO bits, which enables you to pull the DIO bit up
to a voltage that exceeds the internal +5 V pull-up voltage.

When using external pull-up resistors, be aware of the following:

= You should either remove the J6 jumper, or store it by attaching it to one of the three pins.
= When using external pull-up resistors, be aware that the internal resistors cause a slight voltage impedance
shift to digital lines in the "on" state as various lines change between the on/off states.
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| +5V 47 kQ +V

% .
(’[—g WE———

Internal jumper
disabled (placed on
center pin only)

External pull-up resistor

DIOO
DIO1
DIO2
DIO3
DI04
DIO5
DIO6
DIO7

e &6 06 0 o o o

Figure 13. Digital I/O external resistor configuration

Counter input

The CTRO and CTRL1 terminals are 32-bit event counters that can accept frequency inputs up to 1 MHz. The
internal counter increments when the TTL levels transition from low to high.

Ground
The analog ground (AGND) terminals provide a common ground for all analog channels.

The digital ground (GND) terminals provide a common ground for the digital and counter channels and the
power terminal.
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Mechanical drawings
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Figure 14. RedLab 2408-2A0 circuit board (top) and enclosure dimensions
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Chapter 4

Specifications

All specifications are subject to change without notice.

Typical for 25 °C unless otherwise specified.

All specifications apply to all temperature and voltage input channels unless otherwise specified.
Specifications in italic text are guaranteed by design.

Analog input

Table 1. General analog input specifications

Parameter

Conditions

Specification

A/D converter type

ADS1256, 24-bit Sigma Delta

A/D data rates

3750 S/s, 2000 S/s, 1000 S/s, 500 S/s, 100 S/s, 60 S/s, 50 S/s,
25S/s,10S/s, 5 S/s, 2.5 S/s

Throughput

= Single channel: 2.5 S/s to 1102.94 S/s (software-selectable)
= Multiple channels: 0.16 S/s to 551.47 S/s (software-selectable)
See Table 11 and Table 12 for details.

Number of channels

16 single-ended or 8 differential (software-selectable).
Thermocouples require differential mode. For each channel
configured as differential, you essentially lose two single-ended
channels.

Input isolation

500 VDC min between field wiring and USB interface

Channel configurations

Temperature sensor input, software-selectable to match sensor type

Voltage input

Input voltage range

Thermocouple mode

+0.078125 V

Voltage mode (Note 1)

10V, 5V, £25V, £1.25V, +£0.625 V, £0.3125 V, +0.15625 V,
+0.078125 V (software-selectable)

Absolute maximum input
voltage

CxH-CxL relative to
GND

= +22 V max (power on)
= +10 V max (power off)

Input impedance

= 10 MQ (power on)
= 390 Q (power off)

Input leakage current +20 nA
Input voltage >+30V | +1 pA max
(power on/off)
Input capacitance 590 pf
Maximum working Voltage mode +10.25 V max
voltage (signal +
common mode)
Common mode rejection | Thermocouple mode, 110dB
ratio (Note 1) (fin =60 Hz)
Voltage mode, 90dB
(fin = 60 Hz, all input
ranges)
ADC resolution 24 bits
Crosstalk Adj chan, differential 100 dB
mode
Input coupling DC

Channel gain queue

Up to 64 elements

Software-selectable channel and range

Warm-up time 45 minutes min
Open thermocouple Software-selectable for each channel.
detect
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Parameter Conditions Specification
CJC sensor accuracy 15°Cto35°C +0.5 °Ctyp
0°Cto55°C +1.0 °C max

Note 1: Placing a notch of the A/D digital filter at 60 Hz (setting A/D data rate = 60 S/s, 10 S/s, 5 S/s or
2.5 S/s) further improves the common mode rejection of this frequency.

Channel configurations

When any item is changed, the firmware stores channel configurations in the EEPROM of the isolated
microcontroller. An external application issues commands over the USB to make changes, and the configuration
is made non-volatile through the use of the EEPROM.

When connecting differential voltage inputs to a floating voltage source, provide a DC return path from each
voltage input to ground. To do this, connect a resistor from each input to an AGND pin. A value of
approximately 100 kQ can be used for most applications. Leave unused input channels either floating or tied to
AGND. For each voltage/thermocouple channel configured as differential, you essentially lose one single-ended
channel.

Keep source impedances as small as possible to avoid settling time and accuracy errors.

Table 2. Channel configurations

Channel | Category Specification

CxH/CxL | Thermocouple | 8 differential channels

CxH/CxL | Voltage 16 individually-configurable channels that can be configured as either single-ended or
CxH/CxL | Voltage 8 differential.

Compatible sensors

Table 3. Compatible sensor type specifications

Parameter Conditions

Thermocouple J: =210 °C to 1200 °C
K:-270 °C to 1372 °C
R: 50 °C to 1768 °C
S:-50°Cto 1768 °C
T:-270 °C to 400 °C
N: —270 °C to 1300 °C
E: -270 °C to 1000 °C
B: 0 °C to 1820 °C

Accuracy

Thermocouple measurement accuracy

Thermocouple measurement accuracy specifications include polynomial linearization error, cold-junction
compensation measurement error, and are for sample rates up to 60S/s. These specs are for one year, or 3000
operating hours, whichever comes first.

There is a CJC sensor for each terminal block of the module. The accuracy listed below assumes the screw
terminals are at the same temperature as the CJC sensor.

The accuracy errors shown do not include the inherent accuracy error of the thermocouple sensor itself. Contact
your thermocouple supplier for details on the actual thermocouple sensor accuracy limitations.

Connect thermocouples to the RedLab 2408-2A0 such that they are floating with respect to AGND.

When configuring thermocouple sensors, keep any stray capacitance relative to AGND as small as possible to
avoid settling time and accuracy errors.
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The AGND and DGND pins are isolated from earth ground. You can connect thermocouple sensors to voltages
referenced to earth ground as long as isolation between the AGND/DGND pins and earth ground is maintained.

Table 4. Thermocouple accuracy specifications, including CJC measurement error.
All specifications are ().

Sensor temperature Accuracy error, Accuracy error, Tempco
Thermocouple range maximum typical (°C/°C)

-210°C 2.572°C 1.416 °C

. 0°C 0.935°C 0.469 °C 0.022
1200 °C 1.869 °C 1.456 °C
-210°C 2.917 °C 1.699 °C

K 0°C 1.017 °C 0.526 °C 0.029
1372 °C 2.478 °C 2.022 °C
-200 °C 3.480°C 2.030 °C

N 0°C 1.201 °C 0.659 °C 0.029
1300 °C 1.991 °C 1.600 °C
-50°C 4.826 °C 3.133°C

R 250 °C 2,117 °C 1424 °C 0.082
1768 °C 2.842 °C 2.347 °C
-50°C 4.510 °C 2.930 °Co

S 250 °C 2.165°C 1.468 °C .089
1768 °C 3.187 °C 2.597 °C
250 °C 5.489 °C 3.956 °C

B 700 °C 2.283 °C 1.743 °C 0.14
1820 °C 2.202 °C 1.842°C
-200°C 2.413°C 1.352 °C

E 0°C 1.069 °C 0.551 °C 0.017
1000 °C 1.575°C 1.211°C
-200°C 2.821°C 1.676 °C

T 0°C 1.050 °C 0.558 °C 0.027
400 °C 0.957 °C 0.595 °C

To achieve the thermocouple accuracies listed above, warm up the RedLab 2408-2A0 for 45 minutes after the
initial power on. The accuracies listed above are only guaranteed if the device is housed in the plastic enclosure.

Analog input DC voltage measurement accuracy

Table 5. DC Accuracy components and specifications. All values are ()

Offset
Gain temperature | temperature
Gain error (% | Offset |INL error (% | Absolute coefficient coefficient

Range of reading) error of range) accuracy (% reading/°C) (nv/°C)
+10V 0.0037 50 v 0.0008 500 pv 0.0006 3
5V 0.0047 25 uv 0.0008 300 pv 0.0006 2
25V 0.0059 20 pv 0.0008 200 pv 0.0006 1
+1.25V 0.0056 20 pv 0.0008 100 pv 0.0006 1
+0.625 V 0.0068 15 pv 0.0005 60 pv 0.0006 1
+0.3125 V 0.0104 15 pv 0.0006 50 pv 0.0006 1
+0.15625 V 0.0184 10 pv 0.0005 40 pv 0.0006 1
+0.078125 V 0.0384 10 pv 0.0009 40 pv 0.0006 1
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Input bandwidth
Table 6. input bandwidth

A/D datarate -3 db Bandwidth (Hz)
3750 S/s 1615
2000 S/s 878
1000 S/s 441
500 S/s 221
100 S/s 44.2
60 S/s 26.5
50 S/s 22.1
25 S/s 11.1
10 S/s 4.42
5S/s 2.21
25S/s 11

Noise performance

For the peak-to-peak noise distribution test, a differential input channel is connected to AGND at the input
terminal block, and 50,000 samples are acquired at the maximum rate available at each setting.

Table 7. Peak-to-peak noise performance specifications (uV)

A/D data rate

Range 3750 S/s 2000 S/s 1000 S/s 500 S/s 100 S/s 60S/s | 50S/s 25S/s | 10S/s | 5SIs 2.58Is
10V 126.84 100.14 71.76 45.06 30.52 30.52 | 26.70 | 19.07 | 11.92 | 9.54 | 9.54
5V 56.74 47.56 34.21 25.87 16.21 1431 | 1431 | 14.30 | 5.96 477 | 477
25V 32.96 28.79 17.94 14.19 7.51 7.09 7.09 5.72 3.81 400 | 4.00
+1.25V 18.57 17.52 13.83 9.30 5.48 5.48 5.01 3.81 3.34 334 | 2.86
+0.625 V 18.88 16.58 8.45 7.41 5.32 4.80 4.38 3.86 2.50 261 | 198
+0.3125V 15.33 14.76 8.19 6.94 4.75 4.69 4.49 3.70 3.34 256 | 2.45
+0.15625V | 13.28 16.84 7.47 6.61 5.70 4.48 4.48 4.24 2.66 3.07 | 2.29
+0.078125V | 13.47 15.02 9.17 6.88 4.28 4.16 4.00 3.57 2.28 213 | 2.40

Table 8. RMS noise performance specifications (WWRMS)

A/D data rate

Range 3750 S/s 2000 S/s 1000 S/s 500 S/s 100 S/s 60 S/s 50 S/s 25 S/s 10 S/s 5S/s 25S/s
+10V 19.22 15.17 10.87 6.83 4.62 4.62 4.05 2.89 181 144 | 144
5V 8.60 7.21 5.18 3.92 2.46 217 217 2.16 0.90 0.72 | 0.72
25V 4.99 4.36 2.72 2.15 1.14 1.07 1.07 0.87 0.58 0.60 | 0.60
+1.25V 2.81 2.66 2.10 141 0.83 0.83 0.76 0.58 0.51 051 | 043
+0.625V 2.86 251 1.28 1.12 0.81 0.73 0.66 0.58 0.38 0.40 | 0.30
+0.3125V 2.32 2.24 124 1.05 0.72 0.71 0.68 0.56 0.51 0.39 | 0.37
+0.15625V | 2.01 2.55 1.13 1.00 0.86 0.68 0.68 0.64 0.40 0.47 | 0.35
+0.078125V | 2.04 2.28 1.39 1.04 0.65 0.63 0.60 0.54 0.35 0.32 | 0.36

Table 9. Noise-free resolution specifications (bits)
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A/D data rate
Range 3750S/s | 2000S/s | 1000S/s | 500S/s | 100S/s | 60S/s | 50S/s | 25S/s | 10S/s | 5Sis | 25S/s
+10V 17.2 17.6 18.1 18.7 19.3 19.3 19.5 20.0 20.6 21.0 | 210
BV 17.4 17.6 18.1 185 19.2 194 194 194 20.6 210 | 21.0
25V 17.2 174 18.1 184 19.3 194 194 19.7 20.3 20.7 | 210
+1.25V 17.0 17.1 174 18.0 18.8 18.8 18.9 19.3 195 195 | 19.7
+0.625 V 16.0 16.2 17.1 17.3 17.8 18.0 18.1 18.3 189 188 | 19.2
+0.3125 V 15.3 15.3 16.2 16.4 17.0 17.0 17.0 17.3 175 179 | 17.9
+0.15625 V 145 14.1 15.3 155 15.7 16.1 16.1 16.1 16.8 169 | 17.1
+0.078125V | 145 14.3 15.0 154 16.1 16.2 16.2 16.4 17.0 17.1 | 16.9

Channel switching error

Table 10. Step response accuracy specifications

Accuracy
Range 3750 S/s |2000 S/s [1000S/s |500S/s [100S/s |60S/is  [50S/s  |25Sis  [10S/s  |5Sis 2.58s
+10V 0.0010%0.0008% |0.0005% |0.0004% |0.0002% |0.0002% [0.0003% [0.0002% {0.0001% [0.0001% |0.0001%
BV 0.0009% |0.0008% |0.0004% |0.0004% |0.0003% |0.0002% [0.0002% [0.0002% {0.0001% |0.0001% |0.0001%
25V 0.0010% 0.0007% |0.0008% |0.0004% |0.0003% [0.0002% [0.0002% |0.0002% |0.0002% |0.0001% |0.0001%

+1.25V 0.0013% 0.0009% |0.0008% |0.0007% |0.0004% |0.0004% |0.0003% |0.0003% |0.0003% |0.0003% {0.0003%
0.625 V 0.0022% |0.0016% |0.0011% |0.0011% |0.0007% |0.0007% |0.0005% |0.0005% |0.0004% |0.0005% |0.0003%
+0.3125V  |0.0031% |0.0031% |0.0020% |0.0017%0.0015%|0.0012% |0.0010% |0.0010% |0.0012% |0.0009% [0.0009%
+0.15625 V  |0.0056% |0.0062% |0.0048% |0.0037% |0.0032% |0.0025% |0.0024% |0.0021%|0.0019% |0.0022% |0.0016%
+0.078125V (0.0114% |0.0123% |0.0076% |0.0070%|0.0041%|0.0051% |0.0046% |0.0036% |0.0032% |0.0030% [0.0034%

Channel switching error is defined as the accuracy that can be expected after one conversion when switching
from a channel with a DC input at one extreme of full scale to another channel with a DC input at the other
extreme of full scale, expressed in terms of percentage of full scale value.

Throughput rate
The single channel throughput rate is calculated using this formula:

Maximum throughput = !

+ 640 15
data rate

Table 11. Single channel throughput rate specifications

A/D data rate Maximum throughput (Hz)
3750 S/s 1102.94
2000 S/s 877.19
1000 S/s 609.76
500 S/s 378.79
100 S/s 93.98
60 S/s 57.78
50 S/s 48.45
25 S/s 24.61
10 S/s 9.94
58S/s 4.98
2.5S/s 2.50
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The multiple-channel throughput rate is calculated using this formula:

1

> v 640 s
- data rate

Table 12. Multiple-channel throughput rate specifications (Hz)

Maximum throughput = , where n is the number of channels

Nu'mber

2;;21'::1[:;5 3750 Sis 2000 S/s 1000 S/s 500 S/s 100 S/s 60 S/s 50 S/s 258SIs 10 S/s 5S/s | 25SIs
1 1102.94 | 877.19 609.76 378.79 | 93.98 57.78 | 4845 | 2461 | 9.94 498 | 2.50
2 551.47 438.60 304.88 189.39 | 46.99 28.89 | 2422 | 12.30 | 4.97 249 | 1.25
3 367.65 292.40 203.25 126.26 | 31.33 19.26 | 16.15 | 8.20 331 166 | 0.83
4 275.74 219.30 152.44 94.70 23.50 1445 | 12.11 | 6.15 2.48 1.25 | 0.62
5 220.59 175.44 121.95 75.76 18.80 11.56 | 9.69 4.92 1.99 1.00 | 0.50
6 183.82 146.20 101.63 63.13 15.66 9.63 8.07 4.10 1.66 0.83 | 0.42
7 157.56 125.31 87.11 5411 13.43 8.25 6.92 3.52 1.42 0.71 | 0.36
8 137.87 109.65 76.22 47.35 11.75 7.22 6.06 3.08 1.24 0.62 | 0.31
9 122.55 97.47 67.75 42.09 10.44 6.42 5.38 2.73 1.10 0.55 | 0.28
10 110.29 87.72 60.98 37.88 9.40 5.78 4.84 2.46 0.99 0.50 | 0.25
11 100.27 79.74 55.43 34.44 8.54 5.25 4.40 2.24 0.90 0.45 | 0.23
12 91.91 73.10 50.81 31.57 7.83 4.82 4.04 2.05 0.83 042 | 021
13 84.84 67.48 46.90 29.14 7.23 4.44 3.73 1.89 0.76 0.38 | 0.19
14 78.78 62.66 43.55 27.06 6.71 4.13 3.46 1.76 0.71 0.36 | 0.18
15 73.53 58.48 40.65 25.25 6.27 3.85 3.23 1.64 0.66 0.33 | 0.17
16 68.93 54.82 38.11 23.67 5.87 3.61 3.03 1.54 0.62 0.31 | 0.16

Analog voltage output
Unused AOUTXx output channels should be left disconnected.

The RedLab 2408-2A0 output voltage level defaults to 0 V whenever the host PC is reset, shut down or
suspended, or if a reset command is issued to the device.

The outputs may have a transient during startup. The duration of the output transient depends highly on the
enumeration process of the host PC. Typically, the output of the RedLab 2408-2A0 is stable after two seconds.

Table 13. RedLab 2408-2A0 analog voltage output specifications

Parameter Conditions Specifications
Digital-to-analog DACB8552
converter
Number of channels 2
Resolution 16 bits
Output ranges Calibrated 10V
Uncalibrated +10.05 V (software-selectable)
Output transient Host PC is reset, powered on, suspended or a reset Duration: 2 s
command is issued to device Amplitude: 2V p-p
Initial power on Duration: 50 ms
Amplitude: 5 V peak
Differential non-linearity +0.25 LSB typ
+1 LSB max
Output current AOQOUTX pins +5.0 mA max
Output short-circuit AQOUTX connected to AGND Unlimited duration
protection
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Parameter Conditions Specifications

Output coupling DC

Power on and reset state DACs cleared to zero-scale: 0 V,
+50 mV

Output noise 60 uVns (BW=1.5 KHz)

Settling time To rated accuracy, 10 V step 75 uS

Slew rate 1.0 Vips

Throughput Single-channel 1000 S/s max, system-dependent,
0.01 S/s min

Multichannel 1000 S/s / #ch max, system-
dependent, 0.01 S/s min
Table 14. Calibrated absolute accuracy specifications
Range Accuracy (£tLSB)
+10V 16.0
Table 15. Calibrated absolute accuracy components specifications
Range % of reading Offset (mV) Temp drift (%/°C) Absolute accuracy at FS (xmV)
10V +0.0183 1.831 0.00055 3.661
Table 16. Relative accuracy specifications
Range Relative accuracy (+tLSB)
10V 4.0 typ

Analog input/output calibration

Table 17. Analog input/output calibration specifications

Parameter

Specifications

Recommended warm-up time

45 minutes min

Calibration

Firmware calibration

Calibration interval

1 year

Al calibration reference

+10.000 V, £5 mV max. Actual measured values stored in EEPROM

Tempco: 5 ppm/°C max

Long term stability: 30 ppm/1000 hours

AO calibration procedure

The analog output pin is internally routed to the analog input pin.

AQOUTX readback

Software-selectable

Each AOUTX output can be independently measured by the onboard A/D converter.

Digital input/output

Table 18. Digital input specifications

Parameter

Specifications

Number of I/0

8 channels

Configuration

Each DIO bit can be independently read from (DIN) or written to (DOUT).
The DIN bits can be read at any time whether the DOUT is active or tri-stated.

Input voltage range

Oto+15V

Input type

CMOS (Schmitt trigger)
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Parameter

Specifications

Input characteristics

47 kQ pull-up/pull-down resistor, 28 kQ series resistor

Maximum input voltage range

0V to +20 V max (power on/off, relative to DGND) (Note 2)

Pull-up/pull-down
configuration

All pins pulled up to +5 V via individual 47 k< resistors (the J6 shorting block default
position is pins 1 and 2).
Pull down capability is available by placing the J6 shorting block across pins 2 and 3.

Transfer rate (software paced)

500 port reads or single bit reads per second typ.

Input high voltage

1.3V min, 2.2 V max

Input low voltage

1.5V max, 0.6 V min

Schmitt trigger hysteresis

0.4V min, 1.2 V max

Note 2:

DGND pins are recommended for use with digital input and digital output pins. The DGND and

AGND pins are common and are isolated from earth ground.

Table 19. Digital output specifications

Parameter

Specifications

Number of I/0

8 channels

Configuration (Note3)

Each DIO bit can be independently read from (DIN) or written to (DOUT).
The DIN bits may be read at any time whether the DOUT is active or tri-stated

Output characteristics (Note 4)

47 kQ pull-up, open drain (DMOS transistor)

Pull-up configuration

All pins pulled up to +5 V via individual 47 kQ resistors (the J6 shorting block default
position is pins 1 and 2).

Transfer rate (software paced)

Digital output — 500 port writes or single-bit writes per second typ.

Output voltage range

0V to +5 V (no external pull up resistor, internal 47 kQ pull-up resistors connected to
+5 V by default)
0V to+15V max (Note 5)

(Note 6)

Drain to source breakdown +50 V min
voltage
Off state leakage current 1.0 pA

Sink current capability

= 150 mA max (continuous) per output pin
= 150 mA max (continuous) for all eight channels

DMOS transistor on-resistance
(drain to source)

4Q

Note 3:

DGND pins are recommended for use with digital input and digital output pins. The DGND and

AGND pins are common and are isolated from earth ground.

Note 4:
Note 5:

Each DMOS transistor source pin is internally connected to DGND.
The external pull-up is connected to the digital output bit through an external pull-up resistor. Adding

an external pull-up resistor connects it in parallel with the internal 47 kQ pull-up resistor of that
particular digital input/output bit. Careful consideration should be made when considering the
external pull-up resistor value and the resultant pull-up voltage produced at the load.

Note 6:
pull-up resistor.

Does not include the additional leakage current contribution that may occur when using an external
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Counter
Table 20. CTR specifications
Parameter Conditions Specification
Pin name CTRO, CTR1
Number of channels 2 channels
Resolution 32-bits
Counter type Event counter
Input type Schmitt trigger, rising edge triggered

Input source

CTRO (pin 44)
CTR1 (pin 42)

Counter read/writes rates
(software paced)

Counter read

System dependent, 500 reads per second.

Counter write

System dependent, 500 writes per second.

Input characteristics

Each CTRx input pin

562 kQ pull-up resistor to +5 V, 10 kQ series
resistor

Input voltage range

+15V max

Max input voltage range

CTRO,CTR1 relative to AGND
and DGND (Note 7)

+20 V max (power on/off)

Input high voltage

1.3V min, 2.2 V max

Input low voltage

1.5V max, 0.6 V min

Schmitt trigger hysteresis

0.4V min, 1.2 V max

Input bandwidth (-3 dB) 1 MHz

Input capacitance 25 pf

Input leakage current +120 NnA@5 V, *1.6 mMA@+15V
Input frequency 1 MHz, max

High pulse width 500 ns, min

Low pulse width 500 ns, min

Note 7:

and are isolated from earth ground.

Memory

DGND pins are recommended for use with counter input pins. The DGND and AGND are common

Table 21. Memory specifications

EEPROM

4096 bytes isolated micro reserved for sensor configuration
256 bytes USB micro for external application use

Microcontroller

Table 22. Microcontroller specifications

Type

One high-performance 8-bit RISC microcontroller with USB interface (non-isolated)
One high-performance 16-bit RISC microcontroller for measurements (isolated)
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Power
Table 23. Power specifications
Parameter Conditions Specification
Supply current (Note 8) Quiescent current 275 mA
Voltage supervisor limits 45V >V Or Ve > 55V PWR LED = Off; (power fault)
45V <Vg<55V PWR LED =On
+5 V user output voltage range Available at terminal block pin 40 4.75'V min to 5.25 V max
+5 V user output current Available at terminal block pin 40 10 mA max
Isolation Measurement system to PC 500 VDC min

Note 8:

This is the total quiescent current requirement for the RedLab 2408-2A0 which includes up to 10 mA

for the status LED. This does not include any potential loading of the digital 1/O bits, +5 V user
terminal or the AOUTX outputs.

USB specifications

Table 24. USB specifications

Parameter Specifications

USB device type USB 2.0 (full-speed)

Device compatibility USB 1.1, USB 2.0

USB cable type A-B cable, UL type AWM 2527 or equivalent. (min 24 AWG VBUS/GND,

min 28 AWG D+/D-)

USB cable length

3 meters max

Environmental

Table 25. Environmental specifications

Parameter

Specifications

Operating temperature range

0 °C to 50 °C max

Storage temperature range

—40 °C to 85 °C max

Humidity

0 to 90% non-condensing max

Mechanical

Table 26. Mechanical specifications

Parameter

Specifications

Dimensions (L x W x H)

127 x 89.9 x 35.6 mm (5.00 x 3.53 x 1.40 in.)

User connection length

3 meters max

Screw terminal connector type and pinout

Table 27. Screw terminal connector specifications

Connector type

Fixed screw terminal

Wire gauge range

16 AWG to 30 AWG
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Screw terminal pinout

Table 28. 8-channel differential mode pinout

Pin Signal name Pin description Pin Signal name Pin description
1 CHOH Channel 0 HI 23 AGND Analog ground
2 CHOL Channel 0 LO 24 CH7L Channel 7 LO
3 AGND Analog ground 25 CH7H Channel 7 HI

4 CH1H Channel 1 HI 26 AGND Analog ground
5 CHI1L Channel 1 LO 27 CH6L Channel 6 LO
6 AGND Analog ground 28 CH6H Channel 6 HI

7 CH2H Channel 2 HI 29 AGND Analog ground
8 CH2L Channel 2 LO 30 CH5L Channel 5 LO
9 AGND Analog ground 31 CH5H Channel 5 HI
10 CH3H Channel 3 HI 32 AGND Analog ground
11 CH3L Channel 3 LO 33 CH4L Channel 4 LO
12 AGND Analog ground 34 CH4H Channel 4 HI
13 DGND Digital ground 35 AGND Analog ground
14 DIOO Digital input/output 36 AOUT1 Analog output 1
15 DIO1 Digital input/output 37 AGND Analog ground
16 DIO2 Digital input/output 38 AOUTO Analog output 0
17 DIO3 Digital input/output 39 CHAS Chassis ground
18 DIO4 Digital input/output 40 +5V +5 V output

19 DIO5 Digital input/output 41 DGND Digital ground
20 DIO6 Digital input/output 42 CTR1 Counter 1

21 DIO7 Digital input/output 43 DGND Digital ground
22 DGND Digital ground 44 CTRO Counter 0
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Table 29. 16-channel single-ended mode pinout

Pin Signal name Pin description Pin Signal name Pin description
1 CHO Channel 0 23 AGND Analog ground
2 CH8 Channel 8 24 CH15 Channel 15

3 AGND Analog ground 25 CH7 Channel 7

4 CH1 Channel 1 26 AGND Analog ground
5 CH9 Channel 9 27 CH14 Channel 14

6 AGND Analog ground 28 CH6 Channel 6

7 CH2 Channel 2 29 AGND Analog ground
8 CH10 Channel 10 30 CH13 Channel 13

9 AGND Analog ground 31 CH5 Channel 5

10 CH3 Channel 3 32 AGND Analog ground
11 CH11 Channel 11 33 CH12 Channel 12

12 AGND Analog ground 34 CH4 Channel 4

13 DGND Digital ground 35 AGND Analog ground
14 DIOO Digital input/output 36 AOUT1 Analog output 1
15 DIO1 Digital input/output 37 AGND Analog ground
16 DIO2 Digital input/output 38 AOUTO Analog output 0
17 DIO3 Digital input/output 39 CHAS Chassis ground
18 DI04 Digital input/output 40 +5V +5 V output

19 DIO5 Digital input/output 41 DGND Digital ground
20 DIO6 Digital input/output 42 CTR1 Counter 1

21 DIO7 Digital input/output 43 DGND Digital ground
22 DGND Digital ground 44 CTRO Counter 0
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