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Analog Input (App Note)
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Analog Input Overview

A common question is "can this sensor/signal be measured with a LabJack". Unless the signal has a voltage (referred to the device's ground) beyond the
device's limits, it can be connected without damaging the LabJack. However more thought is required to determine what is necessary to make useful
measurements with a LabJack or any measurement device.

A few important factors should be considered to be sure that you don't harm the device and get useful information.

Signal Voltage
Signal's Source Impedance
A Devices Resolution (and Accuracy)
Speed

Signal Voltage:

Whether you are trying to make single-ended analog readings or differential analog readings (if your device permits) you need to make sure that the voltage on
each channel with respect to ground is still within the common mode limits. When measuring parameters other than voltage, or voltages too big or too small for
a particular LabJack, some sort of sensor or transducer is required to produce the proper voltage signal. Examples are a temperature sensor, amplifier, resistive
voltage divider, or perhaps a combination of such things.

Notable piece of information: Our U6 devices feature Fully-Differential Inputs that output calibrated voltage readings.

Impedance:

When connecting a LabJack, or any measuring device, to a signal source, it must be considered what impact the measuring device will have on the signal. The
main consideration is whether the currents going into or out of the device's analog input will cause noticeable voltage errors due to the impedance of the source.
To maintain consistent results reference the appropriate devices datasheet or Users Guide Appendix A for the recommended maximum source impedance. Our
devices have relatively high input impedance, however in some very low current applications problems may arise.

Resolution (and Accuracy):

Each LabJack device has its own specifications regarding how precise and accurate they are. Please refer to the relevant LabJack datasheet or Appendix A for
more information.

Speed:

Speed is an important attribute when trying to acquire analog signals. If you are trying to read steady state signals (constant voltages like those given by
potentiometers) its fairly straight forward however if you are trying to read and interpret a waveform it is much more complicated. Some of the information
needed is the frequency, amplitude, offset, and a knowledge of what you expect to see (its shape). Answers to these questions will help decide how fast you
need to collect data points and determine how complicated your code will need to be. Our LabJack devices have two general data acquisition modes, normal
mode (command and response) and streaming mode (configuration and listening, a periodic bulk transfer of data). It is also important to consider how many
channels you are expecting to read and if you are trying to read them simultaneously. Most of our devices use dedicated ADCs with analog MUXs to switch
between input channels (Very common in the world of electronics). This means that there is a delay in-between "multiple channel reads" called scan rate.

Important Links:

Analog Input pages:
Useful for finding device specific information and their capabilities

U3
U6
UE9
T4 or T7
U12

Appendix A in the Datasheets:
Useful for device specifications and reference numbers

Miscellaneous

LabVIEW Error 1722
Resolution and Accuracy
Screenshots
USB Comm Failure
U3 Compared U12 / UE9 / U6 / T7
Getting Started: T7, Raspberry Pi 3, Cloud9
Windows Installer Troubleshooting
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Amplifying Small Signal Voltages (App Note)
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The best results are generally obtained when a signal voltage spans the full analog input range of the LabJack. If the signal is too small it can be amplified
before connecting to the LabJack. One good way to handle low-level signals such as thermocouples is the LJTick-InAmp, which is a 2-channel instrumentation
amplifier module that plugs into the U3 screw-terminals.

For a do-it-yourself solution, the following figure shows an operational amplifier (op-amp) configured as non-inverting:

Figure 1. Non-Inverting Op-Amp Configuration

The gain of this configuration is:

Vout = Vin * (1 + (R2/R1))

100 kΩ is a typical value for R2. Note that if R2=0 (short-circuit) and R1=inf (not installed), a simple buffer with a gain equal to 1 is the result.

There are numerous criteria used to choose an op-amp from the thousands that are available. One of the main criteria is that the op-amp can handle the input
and output signal range. Often, a single-supply rail-to-rail input and output (RIRO) is used as it can be powered from Vs and GND and pass signals within the
range 0-Vs. The OPA344 from Texas Instruments (ti.com) is good for many 5 volt applications.

The op-amp is used to amplify (and buffer) a signal that is referred to the same ground as the LabJack (single-ended). If instead the signal is differential (i.e.
there is a positive and negative signal both of which are different than ground), an instrumentation amplifier (in-amp) should be used. An in-amp converts a
differential signal to single-ended, and generally has a simple method to set gain.

Analog Input Settling Time (App Note)
Log in or register to post comments

Source Impedance and Analog Measurements

A commonly overlooked detail when measuring analog voltages with data acquisition hardware is the voltage source's output impedance.  Subtle interactions
between the voltage source and the T7's analog to digital converter (ADC) circuitry can result in erroneous readings in certain situations.  This application note
describes issues caused by voltage source impedance, and how to approach measurements to ensure the greatest accuracy.  This application references the
T7 hardware specifically, however the concepts defined within are also valid for other hardware such as the T4, U6, and UE9 devices.

 

Static Errors

ADC Input Bias Currents

The ADC hardware is comprised of multiple components used for signal conditioning and analog to digital conversion.  Each component possesses some
amount of leakage or bias currents which interact amongst the various components.  The combined effect is a small bias current seen at the analog inputs.  Bias
currents are currents that naturally flow into or out of the inputs on the T7.  Since bias currents are inherent to the ADC layer's operation, they cannot be
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eliminated. 

The magnitude of the bias currents are typically very small (nanoamps).  The magnitude will vary to some degree, depending on the voltage applied to the
analog inputs.  The details behind bias current reaction with external voltages is complex.  However, the overall affects are easily characterized using one of the
two test setups shown in figure 1 and figure 2. 

Figure 1 depicts a single-ended test which measures a known variable voltage source on AIN0 and AIN1.  The difference between the voltage at the two inputs
is due to the voltage drop across the resistor at AIN0, which is in turn used to calculate the bias current.

Figure 2 depicts a differential test which used for determining bias currents for the positive and negative inputs on a differential input.  The differential
measurement on the AIN0-1 pair is subtracted from the differential reading on AIN2-3.  The difference between the two readings is due to the bias current
flowing through the input resistor on AIN0.  Note that only one resistor is used at any time, and the calculated bias current only apply to the input the resistor is
on.

Figure 1 - Test Setup Figure 2 - Test Setup

 

Figure 3 depicts typical bias currents for then T7s positive and negative inputs.  The depicted bias current was collected using the differential test setup shown
in figure 2.  The single ended case will perform identically to the positive input case since the positive input and single-ended input circuits are identical.  Bias
current data was collected at 25C to apply to most applications.  Bias currents are dependent on operating temperature.  It is left to the user to determine bias
current effects at operating temperatures other than what is shown.

 

Figure 3 - Typical T7 input bias currents.  Positive current is defined as flowing into the T7's inputs.

Static Offsets

In practice, bias current show up as voltage offsets across the voltage signal's source resistance.  The error between measured and actual can be either
positive or negative depending on the bias current direction.  Figures 4 and 5 depict how bias currents interact with source resistances in single-ended and
differential measurements.  Note that the positive direction for current flow is defined as flowing into the T7's inputs.



Figure 4 - SE Schematic Figure 5 - Diff Schematic

  

Weather or not the bias currents need to be dealt with will ultimately depend on source resistance and accuracy requirements. Single-ended measurement are
the easiest to deal with because the static error is simply the expected bias current multiplied by the source resistance.  Differential measurements can be more
involved, and the end-effects will depend greatly on the source topology.  Characterization of differential configurations is beyond the scope of this application
note, and it is left to the user to test their hardware to determine bias current effects.

  

Dynamic Errors

Analog Input Dynamic Response

Dynamic errors are erroneous voltage readings caused by the input channel's dynamic response when the hardware switches between input channels.  There
are two main components which dictate the input channels dynamic response:

1. Source Impedance
2. Input Impedance 

Figure 6 - Dynamic circuit components

 

An input's dynamic response comes into play when the multiplexer switches between channels.  For example, assume a situation where an analog reading just
completed on AIN0 when the multiplexer switches to AIN1 to make a new conversion.  The input circuitry is still at the voltage from the previous analog reading
after the multiplexer switches (voltage on AIN0).  The residual voltage on the input circuitry must charge/discharge to equilibrium with the current input voltage. 
The charging/discharging characteristics depends on the combined source and channel impedance.  The input signal will generally follow some decay or
damped oscillation due to the input's combined impedance.  The exact charge/discharge shape is not a concern.  The important concept is the time required for
the input signal to come to equilibrium after the multiplexer switches.  The amount of time required for the input to come to equilibrium is dominated by the
source resistance and voltage differential between successive analog reading on different channel.  Figure 7 depicts typical decay profiles on an analog input
with connected to ground through different resistances.

 



Figure 7 - Decay plots

 

The data in figure 7 was collected from an analog input signal immediately after sampling from a different channel connected to a 10V DC signal.  Figure 8
depicts a simple test setup to measure input channel dynamic response, using an oscilloscope to collect waveform data.

 

Figure 8 - Test Setup

  

Settling Time

Erroneous voltage readings occur when a ADC conversion occurs before a channel's dynamic characteristics have had a chance to decay to accuracy levels. 
A short delay is introduced in firmware after the multiplexer switches to prevent such errors from being introduced into analog readings.  This short delay is
called settling time and is directly accessible through  AINn_SETTLING_US parameter.  The settling time may be individually set for each input channel where
valid values range are 0-50,000.  A settling time value of 0 is reserved for the default settling times (Table 1) and 1-50,000 user defined settling times defined in
microseconds.  Table 1 lists the auto settling times (AINn_SETTLING_US = 0) which are suggested for source resistances up to 1k Ohms.

 

Table 1 - Auto settling times for various range and resolution index settings.  Auto settling times are

adequate for source resistance up to 1k Ohms.



Gain Res Index
Auto Settling

[us]

1

1 10

4 10

8 10

9 10

12 10

10

1 200

4 500

8 2000

9 10

12 10

100

1 1000

4 5000

8 10000

9 10

12 10

1000

1 5000

4 5000

8 10000

9 10

12 10

Table 2 lists suggested settling times for source resistances between 1k Ohms and 1M Ohms.  The values listed in the table are suggested values to use as a
starting point.  Note that auto settling times are adequate for source resistances in excess of 1k Ohms.

 

Table 2 - Suggested settling times for various source resistances [us].

Gain Res Index
Source Resistance [Ohms]

1k 10k 100k 1M

1

1 Auto Auto 100 5k

4 Auto Auto 500 250k

8 Auto Auto Auto OS

9 Auto Auto Auto OS

12 Auto Auto Auto Auto

10

1 Auto 1k 5k OS

4 Auto Auto 10k 1M

8 Auto Auto OS OS

9 Auto Auto OS OS

12 Auto Auto Auto 750k

100

1 Auto OS OS OS

4 Auto OS OS OS

8 Auto OS OS OS

9 Auto OS OS OS

12 Auto Auto 500k OS

1000

1 Auto OS OS OS

4 Auto OS OS OS

8 Auto OS OS OS

9 Auto OS OS OS

12 Auto Auto 1M OS

[1.]  Settling times are listed in microseconds.

[2.]  OS indicates analog readings did not meet absolute accuracy specifications, using settling times of one second. Additional settling time

may be required to achieve desired accuracy.

 



In certain applications, settling times greater than 50 milliseconds may be required to achieve desired accuracy.  To accommodate these situations the settling
time must be implemented in software.  Software implemented settling times are created by taking two consecutive readings on the same channel, separated by
some specified delay in software.  The first reading is used two switch the multiplexer to the desired channel only, and is simply ignored.  Next, the software
delay for a specified amount of time, allowing the input's dynamic characteristics diminish, achieving full accuracy.  A second analog reading is taken
immediately after the delay, resulting in a valid reading.

 

Channel Crosstalk

Channel crosstalk is a condition where a time-varying signal on one channel is imposed onto an adjacent channel due to pure electric coupling.   Channel
crosstalk is often times confused with the dynamic errors described above.  Extensive design efforts are taken to eliminate channel crosstalk to where it is not
an issue.  Please refer to appendix A-3 in the T7 datasheet to review the channel crosstalk specification.

 

T7 Sampling Details

When the stream scan goes to acquire a channel, it sets the muxes to connect the channel to the internal in-amp (this actually happens near the start of the last
ADC conversion period of the previous channel), then waits the specified settling time, then acquires 1 or more samples from the ADC.  For each sample the
ADC sampling cap is connected for only 1 us (ADC acquisition time), then ADC conversion time is about 3.2 us.  The "1 or more samples" part has to do with
ResolutionIndex which does oversampling & averaging where ResolutionIndex=1 corresponds to 1 sample, ResolutionIndex=2 corresponds to 2

samples, ResolutionIndex=4 corresponds to 4 samples, and so on up to ResolutionIndex=8 which corresponds to 128 samples.

 

Externally Powered Signals (App Note)
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Externally powered signals derive power from batteries, external power supplies, or perhaps AC mains wall power.  The most common example is a 3-wire
sensor with DC voltage supply:  Vsupply, Common, and Signal.  Vsupply and Common connect to some DC power supply.  Signal connects to AINx on the
LabJack, and you usually also need a connection from Common to GND on the LabJack.  Those simple connections are true for almost every case, but more
details about ground complications follow.

For example, there is a "black box" sensor with a wire coming out that is defined as a 0-5 volt analog signal and a second wire labeled as ground. The signal is
known to have 0-5 volts compared to the ground wire, but the complication is what is the voltage of the box ground compared to the LabJack ground.

If the box is known to be electrically isolated from the LabJack, the box ground can simply be connected to the LabJack's GND. An example would be if the box
was powered by an internal battery, and does not have any wires besides the signal and ground which are connected to AINx and GND on the LabJack.

If the box ground is known to be the same as the LabJack GND, then perhaps only the one signal wire needs to be connected to the LabJack, but it generally
does not hurt to go ahead and connect the ground wire to the LabJack GND with a 100 Ω resistor.   You definitely do not want to connect the grounds without a
resistor as you are creating ground loops that add a lot of noise to your system.

If little is known about the box ground, a DMM can be used to measure the voltage of the box's ground compared to the LabJack's GND. As long as an extreme
voltage is not measured, it is generally OK to connect the box's ground to the LabJack's GND, but again, it is a good idea to put in a 100 Ω series resistor to
prevent large currents from flowing on the ground.  Use a small wattage resistor (typically 1/8 or 1/4 watt) so that it will break if too much current does flow which
may prevent your LabJack from being damaged in the process.  The only current that should flow on the ground wire is the return of the analog input bias
current, which is on the order of micro-amps (for the U3 & UE9) to nano-amps (for the U6).

The SGND terminals available on LabJack devices can be used instead of GND for externally powered signals.  When connecting an externally powered
signal to this terminal a series resistor is not needed as SGND is fused to prevent over-current, however a resistor will eliminate confusion that can be caused if
the fuse is tripping and resetting so it is still a good idea.

In general, if there is uncertainty, a good approach is to use a DMM to measure the voltage on each signal/ground wire without any connections to the LabJack.
 If no large voltages are noted, connect the ground to the LabJack's SGND with a 100 Ω series resistor.  Then again use the DMM to measure the voltage of
each signal wire before connecting to the LabJack.  

Another good general rule is to use the minimum number of ground connections.  For instance, if connecting 8 sensors powered by the same external supply, or
otherwise referred to the same external ground, only a single ground connection is needed to the LabJack.  Perhaps the ground leads from the 8 sensors would
be twisted together, and then a single wire would be connected to a 100 Ω resistor which is the connected to the LabJack's ground.  

Floating/Unconnected Analog Inputs (App Note)
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No Volts ≠ 0.0 Volts
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"No volts" is not necessarily 0 volts, but rather "no volts" means the voltage is undefined.

With quality high-impedance analog inputs the reading from a floating channel (no external connection) will almost always not read 0.  The reading will usually
trend towards the rails (e.g. -10 or +10 volts), but because it is so sensitive will be easily influenced by previously sampled channels, EMI, and any other
influence.

Some data acquisition devices use a resistor, from the input to ground, to bias an unconnected input to read 0.  This is often just for "cosmetic" reasons so that the input reads close to 0 with

floating inputs, and a reason not to do that is that this resistor can degrade the input impedance of the analog input.  The analog inputs on the U6 and T7, for example, have an

input impedance of 1 GΩ and bias currents on the order of 20 nA, but if you add a 1 MΩ resistor from the input to GND (to hold it at 0.0 when no signal is driving) the input impedance is now

1 MΩ and the bias current with a 10 volt signal is 10000 nA.  This lower input impedance and higher bias current can be a problem for signals with weak drive or high source impedance. 

In a situation where it is desired that a floating channel read a particular voltage, say to detect a broken wire, a resistor can be placed from the AINx screw terminal to the desired voltage (GND,

VS, DACx, ...).  The resistor value used depends on how close to the desired voltage you need to be, minimum allowable input impedance, sample rate, settling time, resolution, and adjacent

channels.  With the U6 or T7 a 1 MΩ or even 10 MΩ resistor will work.

Note that the high voltage analog inputs on the U3-HV & T4 (AIN0-AIN3) and all the analog inputs on the U12 have a medium input-impedance resistive input network that does cause floating

inputs to sit at a known voltage of about 1.4 volts.

 

 

Signal Voltages Out of Range (App Note)
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For the nominal maximum analog input voltage ranges of our devices, please visit their Appendix A sections in the appropriate Users Guide or datasheet.  The
simplest way to handle higher voltages is with a resistive voltage divider. The following figure shows the resistive voltage divider assuming that the source
voltage (Vin) is referred to the same ground as the LabJack's GND.

Figure 1. Voltage Divider Circuit

The attenuation of this circuit is determined by the equation:

Vout = Vin * ( R2 / (R1+R2))

This divider is easily implemented by putting a resistor (R1) in series with the signal wire, and placing a second resistor (R2) from the AIN terminal to a GND
terminal. To maintain specified analog input performance across all gains and resolutions, R1 should not exceed the values specified in Appendix A of the
device datasheet, so R1 can generally be fixed at the max recommended value and R2 can be adjusted for the desired attenuation.

The divide by 2 configuration where R1 = R2 = 1 kΩ, presents a 2 kΩ load to the source, meaning that a ±10 volt signal will have to be able to source/sink up to
±5 mA. Some signal sources might require a load with higher resistance, in which case a buffer should be used. The following figure shows a resistive voltage
divider followed by an op-amp configured as non-inverting unity-gain (i.e. a buffer).

 

Figure 2. Buffered Voltage Divider Circuit

The op-amp is chosen to have low input bias currents so that large resistors can be used in the voltage divider. The LT1490A from Linear Technologies
(linear.com) is a good choice for dual-supply applications. The LT1490A only draws 40 µA of supply current, thus many of these amps can be powered from the
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Vm+/Vm- supply on the U6, and can pass signals in the ±10 volt range. Since the input bias current is only -1 nA, large divider resistors such as R1 = R2 = 470
kΩ will only cause an offset of about -470 µV, and yet present a load to the source of about 1 megaohm.

For 0-5 volt applications, where the amp will be powered from Vs and GND, the LT1490A is not the best choice. When the amplifier input voltage is within 800
mV of the positive supply, the bias current jumps from -1 nA to +25 nA, which with R1 = 470 kΩ will cause the offset to change from -470 µV to +12 mV. A better
choice in this case would be the OPA344 from Texas Instruments (ti.com). The OPA344 has a very small bias current that changes little across the entire
voltage range. Note that when powering the amp from Vs and GND, the input and output to the op-amp is limited to that range, so if Vs is 4.8 volts your signal
range will be 0-4.8 volts.

Another option is the LJTick-Divider which plugs into the U6 screw-terminals. It is similar to the buffered divider shown in Figure 2.

The information above also applies to resistance measurement. A common way to measure resistance is to build a voltage divider as shown in Figure 1, where
one of the resistors is known and the other is the unknown. If Vin is known and Vout is measured, the voltage divider equation can be rearranged to solve for the
unknown resistance.

A great way to measure resistance is using the current sources on the U6. By sending this known current through the resistance and measuring the voltage that
results across, the value of the resistance can be calculated. Common resistive sensors are thermistors and RTDs.

Test an AIN Channel (App Note)
Log in or register to post comments

If you want to test an analog input (AIN), or you're new to our products, and need to write code to measure or output analog voltages, this is one of the first things
that you should try to do.  All I/O on the LabJack share a common ground, so the voltage on an analog output (DAC) can be measured by simply connecting a
single wire from that terminal to an analog input compatible terminal. The analog output must be set to a voltage within the range of the analog input.  

Example Connection:

Simply connect a DAC channel to an AIN channel.  Try writing a value to a DAC channel and then reading the AIN channel.

Typical Analog Sensors (App Note)
Log in or register to post comments

The signal wire on most analog sensors will be connected as 'single-ended'. In general, single-ended means that the sensor will have a power and ground wire
that connect to VS and GND on the LabJack, and then a signal wire will connect to a single AIN terminal (single-ended analog input). Example sensors that fit
this category are:

Resistive Photocell Sensors
Resistive Flex Sensors
Resistive Force Sensors
Potentiometers (knobs and slider's)
Analog Hall Effect Sensors
Analog Temperature & Humidity Sensors
Analog Range & Proximity & Depth Sensors
Analog Gyros & Accelerometer's (That accept 5V input, 3.3V chip's will require additional circuitry or may be powered using a DAC output, keep in mind
any current requirements DAC output current spec's are available in our device's Appendix A Users Guide section or the relevent datasheet)
Many more

Example:
Simple Resistive Sensors:

Most photocell, flex, force, and other resistive sensors can be connected to a LabJack with fairly simple circuitry concepts.  They are simply sensors that change
in resistance as something changes.  The easiest way to connect one of these sensors is to create a voltage divider circuit and use the sensor as one of the
resistor's.  Your circuit will look like the following:
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In this setup the sensor voltage range will depend both on the Pull-up resistor and the sensor's current resistance.  In general, it is best to choose a pull-up
resistor of approximately equal resistance to your sensor.  Once your sensor is connected you can use a simple voltage divider equation to calculate the
sensor's resistance once you have the voltage reading on AIN0:

Once you have the resistance value of the sensor you can use the sensor's datasheet to reach the appropriate units.

Analog Special Features, Differential Signals:

This variation is sometimes called a 4-wire sensor where there are two signal wires (positive and negative) rather than one.  If the negative signal is the same
as power or ground it can be shorted to the appropriate terminal and the signal wire can be connected to a single AINx and a single-ended measurement can
be made.  Some sensors, that you can't simply capture a single-ended measurement from are bridge type sensors that provide the raw bridge output with a non-
isolated excitation voltage.  In this case, the signal voltage is the difference between the positive and negative signal, and the negative signal cannot be shorted
to ground.  In these applications an instrumentation amplifier is required to convert the differential signal to a single-ended, along with amplifying the signal.
 Some of our LabJack devices have special features that simplify some of the signal conditioning required before a reading can be acquired.   Using the devices
built in differential inputs and gain settings may be useful for reducing noise created by low-power sensors.  This comes in handy for:  

Thermocouples
Strain Gauges
Pressure Sensors
Load Cells

Related App-notes:

Amplifying Small Signal Voltages
Signal Voltages Beyond 0-2.44 Volts (and Resistance Measurement)

 

 

Unpowered Isolated Signals (App Note)
Log in or register to post comments

An example of an unpowered isolated signal would be a photocell where the sensor leads are not shorted to any external voltages.  Such a sensor typically has
two leads, where the positive lead connects to an AIN terminal and the negative lead connects to a GND terminal.

Differential Readings (App Note)
Log in or register to post comments
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Differential vs. Single-Ended:

In this discussion, a voltage is the difference in electric potential between 2 points.  For a single-ended voltage reading, 1 point is an analog input terminal,
while the other point is the common ground (GND) of the LabJack.  For a differential voltage reading, the 2 points are 2 analog input terminals.

 

Differential vs. Bipolar:

Note that differential is not the same as bipolar, and they do not necessarily have anything to do with each other (but sometimes do).  Bipolar refers to a voltage
that can be positive or negative, compared to unipolar which refers to a voltage which is positive only.  We use the term bipolar or true bipolar to describe a
point that can be greater than or less than ground.  We use the term pseudo-bipolar to describe a voltage where the positive point can be greater than or less
than the negative point (thus the difference is positive or negative), but neither point can be less than ground.

 

Differential vs. Isolated:

Differential does not define anything about isolation.  For example, assume a 90V battery pack built out of 10x 9-volt batteries in series.  You might be tempted
to use differential inputs to measure the voltage of each cell, but this will not work because you will have to define ground somewhere and will have large
common-mode voltages.

 

Bipolar vs. Pseudobipolar:

Bipolar refers to a signal that can be plus and minus versus ground.  Pseudobipolar refers to a differential signal where the voltage difference (positive -
negative) can be plus or minus, but neither the positive lead or negative lead can be minus versus ground.

Take a differential voltage of -2.2 volts.  For pseudobipolar inputs, a valid way to get this voltage is if the positive lead is at 0.2V versus ground and the negative
lead is at 2.4V versus ground.  For bipolar inputs, that same scenario is valid, and it is also valid if the positive lead is at -2.4V and the negative lead is at -0.2.

 

Why use differential?

Reasons #1 & #2 are key reasons for differential measurements.  Reason #3 is good in theory for certain situations, but most of the time single-ended
measurement performs as well as differential.

1.  The signal is differential and the negative cannot be connected to GND:  For example, consider a DAQ monitoring a typical Wheatstone bridge circuit that is
excited by 4V/GND from the DAQ and is outputting a 2 mV signal, which means that signal+ is about 2.001V and signal- is about 1.999V.  You cannot connect
signal- to GND, because that would short out 1 leg of the bridge, so you must connect signal+ and signal- both to analog inputs and do 2 single-ended
measurements or 1 differential measurement.  If the bridge was excited by a floating source (not referred to the DAQ device), you can define the common
ground wherever you want so you could connect signal- to GND and just do a single-ended measurement of signal+.

2.  Measuring a small difference between 2 large voltages:  For example, consider a DAQ with a simple 1% accuracy spec.  This DAQ is monitoring a typical
Wheatstone bridge circuit that is excited by 4V/GND from the DAQ and is outputting a 2 mV signal, which means that signal+ is about 2.001V and signal- is
about 1.999V.  You could take single-ended readings of signal+ and signal-, and subtract them in software to find the difference, but the 1% error of each single-
ended measurement is about 20 mV which is very large compared to the 2 mV difference you are trying to measure.  A direct differential measurement of the 2
mV difference with the same 1% error has just 0.02 mV of error.

3.  Rejection of common-mode noise:  Say you have signal+ and signal- coming from a floating AA battery through a long 2-wire cable, and you expect the long
cable to pick up a lot of AC noise where the induced noise is the same on both wires.  Since the battery is floating, you could connect the wires to 2 differential
analog inputs on the DAQ device, and then add a high-value resistor from the negative analog input to GND to provide a path for bias currents.  Since the noise
at any point in time is the same on both wires, it will get subtracted out by a differential measurement.  Alternatively you could connect signal+ to an analog input
and signal- to GND, for a single-ended measurement.  In theory, the wire connected to ground can't have noise because it is connected to ground, so you just
have noise on the positive wire which all shows up in your measurement, but in reality it does not usually work exactly that way and you don't see 100% of the
noise.  Rejection of common-mode noise is the main reason someone uses a differential connection when it is not required, but few systems see improvement
due to this theoretical advantage, or more often than not the added complications lead to more problems than improvements.

 

Differential inputs must have a reference:

The most common mistake when using differential inputs is connecting 2 signals that have no reference to ground.  Do an Internet search for "instrumentation-
amplifier floating-inputs" or just see the "Floating Voltages" section of the following article about instrumentation amplifiers (in-amps):

http://www.planetanalog.com/document.asp?doc_id=527518

Consider an obviously floating voltage source such as a thermocouple or AA battery.  If you simply connect the positive and negative leads to 2 analog inputs
on a U6, or to IN+ and IN- on an LJTick-InAmp, there is no ground path for the bias currents that must flow in/out of the inputs.  The voltage source will try to
properly hold the voltage difference between the leads, but the voltage of each lead compared to ground will likely be near one of the power rails and the
common-mode voltage will not be valid.  A common solution is a resistor from the negative terminal to ground, which can be quite large if desired.  A typical
resistor used with the U6/T7 would be 100k (e.g. CF14JT100K).

Another example is a bridge circuit excited by an external supply which is isolated from the U6 or LJTick-InAmp.  In this case the negative from the supply
should be connected to GND (a series resistor can be considered if you don't want a direct connection between the supply ground and GND).

http://www.planetanalog.com/document.asp?doc_id=527518
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The common-mode voltage must be in range:

Another common mistake is connecting voltages that are referenced to ground, but where the voltages compared to ground are not in the valid range.

For example, the LJTick-InAmp uses a pair of AD623 instrumentation amplifiers from Analog Devices with power rails at VS (~5 volts) and GND (0 volts). 
Figures 22 and 23 of the AD623 datasheet show the common-mode range.  Note that the maximum under any condition is about 3.5 volts and the minimum is
about -0.3 volts.  Signals with a common-mode voltage outside -0.3 to +3.5 volts will definitely not work, and for signals inside that range we recommend
looking at the LJTIA signal range tables or online calculator from  Appendix A of the LJTick-InAmp Datasheet.

Say you have a 12 volt battery system where the battery negative is connected to LabJack/LJTIA GND.  You want to measure the current the battery is providing
to some load, so you put a high-side shunt between the positive battery terminal and the load.  The shunt is providing a 100 mV signal, so the voltage compared
to ground on each side of the shunt is 12.0 and 11.9 volts, and thus the common-mode voltage is 11.95 volts.  This is definitely too high for the LJTIA.  However,
if a low-side shunt is used instead between the negative battery terminal and the load, the common-mode voltage is only 0.05 volts and the LJTIA is fine.

For signal ranges:

U6: see Section 2.6.5 of the U6 User's Guide
T4 or T7: see Appendix A-3-2 of the T-Series Datasheet.

 

Why don't I worry about ground when I measure voltages with a simple DMM?

So why can you just take the 2 leads from a simple battery-powered DMM and measure the voltage across a battery or thermocouple, regardless of what
grounds might or might not be connected?  Because the DMM is isolated and is actually taking a single-ended reading.  The black lead is ground for the DMM,
but since it is isolated that ground has no meaning to the battery or thermocouple, and wherever the black lead connects is defined as ground for the DMM.

How about a fancier DMM with 2 channels, and 2 pairs of red/black leads, powered by AC mains?  First the input channels are isolated (optically or
galvanically) from AC mains, so there is no common ground there, and the input channels are also isolated from each other, so the black leads are ground for
each channel but not the same.  Each black lead defines ground for each channel.

 

 

Common amplifier types:

Operational Amplifier (op-amp):  Single-ended input and output.

Instrumentation Amplifier (in-amp):  Differential input and single-ended output.

Difference Amplifier (diff-amp):  Differential input and output.

 

Measuring Current (4-20mA or Other) (App Note)
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LJTick-CurrentShunt for 4-20 mA Signals

The best way to handle 4-20 mA signals is with the LJTick-CurrentShunt, which is a two channel active current to voltage converter module that plugs into the
LabJack's screw-terminals.

 

Shunt Resistor for 4-20 mA Signals

The following figure shows a typical method to measure the current through a load, or to measure the 4-20 mA signal produced by a 2-wire (loop-powered)
current loop sensor. The current shunt shown in the figure is simply a resistor.

Figure 1. Current Measurement With Arbitrary Load or 2-Wire 4-20 mA Sensor
 

http://www.analog.com/static/imported-files/data_sheets/AD623.pdf
https://labjack.com/support/ljtick-inamp/datasheet/appendix-a
https://labjack.com/support/u6/users-guide/2.6.5
https://labjack.com/support/datasheets/t7/appendix-a-3-2
https://labjack.com/user/login?destination=node/185%23comment-form
https://labjack.com/user/register?destination=node/185%23comment-form
https://labjack.com/catalog/ljtick-currentshunt
https://labjack.com/sites/default/files/2010/02/2.6.3.7-currmes.png


When measuring a 4-20 mA signal, a typical value for the shunt would be 240 Ω. This results in a 0.96 to 4.80 volt signal corresponding to 4-20 mA. The
external supply must provide enough voltage for the sensor and the shunt, so if the sensor requires 5 volts the supply must provide at least 9.8 volts.

The following figure shows typical connections for a 3-wire 4-20 mA sensor. A typical value for the shunt would be 240 Ω which results in 0.96 to 4.80 volts (use a 120 Ω to produce 0.48 to 2.40

volts).

Figure 2. Current Measurement With 3-Wire 4-20 mA (Sourcing) Sensor
 

The sensor shown in Figure 2 is a sourcing type, where the signal sources the 4-20 mA current which is then sent through the shunt resistor and sunk into
ground. Another rare type of 3-wire sensor is the sinking type, where the 4-20 mA current is sourced from the positive supply, sent through the shunt resistor,
and then sunk into the signal wire. If sensor ground is connected to LabJack GND, the sinking type of sensor presents a couple of problems, as the voltage
across the shunt resistor is differential (neither side is at ground) and at least one side of the resistor has a high common mode voltage (equal to the positive
sensor supply). If the sensor is isolated, a possible solution is to connect the sensor signal or positive sensor supply to LabJack GND (instead of sensor
ground). This requires a good understanding of grounding and isolation in the system. The LJTick-CurrentShunt is often a better solution.

Both figures show a 0-100 Ω resistor in series with SGND, which is discussed in general in the Externally Powered Signals App Note. In this case, if SGND is
used (rather than GND), a direct connection (0 Ω) should be good.

 

Shunt Resistor for Other Currents

A simple shunt resistor can often be used to measure smaller currents, but for larger currents the best choice is usually the Hall effect sensor discussed below.

The shunt is chosen based on the maximum current and how much voltage drop can be tolerated across the shunt. For instance, if the maximum current is 1.0 amp, and 2.5 volts of drop is the

most that can be tolerated without affecting the load, a 2.4 Ω resistor could be used. That equates to 2.4 watts, though, which would require a special high wattage resistor. A better solution

would be to use a lower resistance shunt, and buy a LabJack model that can resolve the smaller signal(U6, T7). If the maximum current to measure is too high (e.g. 100 amps), it will be difficult

to find a small enough resistor and a hall-effect sensor should be considered instead of a shunt.

If measuring a small current, an only minimal voltage drop can be tolerated, an amp might be needed to amplify the signal from the shunt.

A low-side shunt (bottom side of the shunt connected to ground) is preferred in most cases.  If a high-side shunt is used, the common voltage must be considered and a differential measurement

is required.  See the Differential app note for more information.

 

Hall Effect Sensor for Other Currents

A Hall effect is usually the best choice for current sensing, but for small currents a Hall effect might not be available and a shunt resistor will need to be considered as described above.

A Hall effect sensor is isolated so there are no concerns about grounding or common-mode voltage issues.  Low-side or high-side does not matter.  Simply
connect VS/GND to the sensor to provide it power, and then connect the signal wire to an analog input.

A good place to look for Hall effect sensors is the following link at Digikey:

https://www.digikey.com/products/en/sensors-transducers/current-transduc...

First go to the "Voltage - Supply" column, ctrl-select all ranges that include 5 volts, and then click "Apply Filters".  Then go to the "Current - Sensing" column and ctrl-select ranges that might

work.  Also consider checking the "In stock" box.  That usually results in about 1 page of results.

When selecting ranges in the "Current - Sensing" column, it is not always straightforward.  For example, if the max current you want to measure is 10 amps, that does not
necessarily mean you should select a sensor rated for exactly 10 amps.  You have to consider:

    - The signal output voltage of the sensor at different currents.

    - The signal input range of the LabJack.

For example, consider the SCD10PUN.  Following are its signal output at different currents:

0A        0.3V

10A      2.3V

20A      4.3V
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The U3-HV, U6, UE9, T4, and T7, all have analog inputs that can measure up to 5 or 10 volts, so the SCD10PUN is good for measuring up to 20 amps with those devices.
 The analog inputs on the U3-LV have an input range of 0-2.4 or 0-3.6 volts, so it is good for 0-10.5 or 0-16.5 amps with the SCD10PUN.

Note that these Hall effect sensors do not do any math on the signal. If you are measuring DC current, then you get a simple DC output signal ... very straightforward.  If you
are measuring AC current, however, you will get an AC output signal waveform.  If you want RMS, you need to acquire this waveform using stream mode and
do the appropriate math, or use the T4 or T7 which can do all that in hardware so you can just read the true-RMS value.

For AC current measurement, current transformers are also an excellent option to consider.  Current transformers are low-cost and isolated, and provide a waveform output
just like a hall-effect sensor does for AC.

There are some AC current sensors available that do math for you and provide a simple DC output signal that is proportional to RMS of the AC current.  Most of these do
simple RMS not true-RMS, so are only accurate if the current is a pure sine.

 

 

Measuring Resistance (App Note)
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Common resistive sensors are thermistors and RTDs. There are four basic ways to measure resistance using a LabJack device:

1. Using a simple voltage divider
2. Using a buffered voltage divider
3. Using the LJTick-Resistance accessory
4. Using the 10UA and 200UA constant current sources (if available)

 
We recommend the LJTick-Resistance as the best option.
 

Basic Voltage Divider

A common way to measure resistance is to build a voltage divider as shown in Figure 5, where one of the resistors is known and the other is the unknown. If Vin
is known and Vout is measured, the voltage divider equation can be rearranged to solve for the unknown resistance.

Figure 1. Voltage Divider Circuit

Voltage divider equation solved for R1...

Solved for R2...

 

To measure resistance, put a known resistor value as (R1), the resistor to measure as (R2), and power it with a known voltage (Vin). Use the equation solved for
R2 to get your resistance value. As a general recommendation, (R1 + R2) should remain greater than about 500Ω of resistance, so that the LabJack device
doesn't have to sink too much current. Also, be sure to get a precision resistor with a good (<=25ppm) temperature coefficient as your known resistance value.

The source voltage (Vin) must be referred to the same ground as the device (GND).  If R1 is going to be very low, and Vin exceeds the measurement range of
the analog input, then use a smaller Vin.

 

Buffered Voltage Divider
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When measuring higher resistance (generally above 10k), a buffer can be used. The following figure shows a resistive voltage divider followed by an op-amp
configured as non-inverting unity-gain (i.e. a buffer).

Figure 2. Buffered Voltage Divider Circuit

The op-amp is chosen to have low input bias currents so that large resistors can be used in the voltage divider. For 0-5 volt applications, where the amp will be
powered from Vs and GND, a good choice would be the OPA344 from Texas Instruments (ti.com). The OPA344 has a very small bias current that changes little
across the entire voltage range. Note that when powering the amp from Vs and GND, the input and output to the op-amp is limited to that range, so if Vs is 4.8
volts your Vin should be 0-4.8 volts.

 

LJTick-Resistance

We recommend the LJTick-Resistance as it is a "buffered voltage divider" as described above.  It includes a stable 2.5V
reference.

Figure 3. LJTick-Resistance

Typical use is to connect Vref to one side of an unknown resistance (Ru), and connect the other side of Ru to IN on the LJTR.  For best results on the U6/T7 you would also connect Vref to

some analog input to measure the actual value.  Then use the following equations to determine Ru:

Vout = Vref * R3 / (Ru + R3)

Ru = ((Vref - Vout) * R3) / Vout

R3 is the precision resistor to ground in the voltage divider circuit.  The LJTick-Resistance is available in -1000, -10k, -100k, and -1M versions where those numbers are the value of R3.  Choose

the version where R3 is similar to the nominal or mid-range value of Ru.

Example:  LJTick-Resistance-100k.  Vref is connected through an unknown resistor Ru.  Vref is measured as 2.50V and Vout is measured as 1.20V.  That means Ru = (2.5-1.20)*100000/1.20 =

108333 ohms.

 

10UA and 200UA Current Sources

If you only need to measure a few resistance values, and your LabJack device has the 10UA and 200UA current source
terminals, this is a good option.

The actual value of each current source is noted during factory calibration and stored with the calibration constants on the
device.  These can be viewed using the test panel in LJControlPanel, or read programmatically.  Note that these are fixed
constants stored during calibration, not some sort of current readings.

The current sources have good accuracy and tempco, but for improvement a fixed resistor can be used as one of the
resistors in the figures below.  The Y1453-100 and Y1453-1.0K from Digikey have excellent accuracy and very low tempco.  By measuring the voltage across
one of these you can calculate the actual current at any time.

The current sources can drive about 3 volts max, thus limiting the maximum load resistance to about 300 kΩ (10UA) and 15 kΩ (200UA).

Multiple resistances can be measured by putting them in series and measuring the voltage across each.  Some applications might need to use differential
inputs to measure the voltage across each resistor, but for many applications it works just as well to measure the single-ended voltage at the top of each resistor
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and subtract in software.

 
                            Figure 4                                                Figure 5

Figure 4 shows a simple setup measuring 1 resistor. If R1=3k, the voltage at AIN0 will be 0.6 volts.

Figure 5 shows a setup to measure 3 resistors using single-ended analog inputs.  If R1=R2=R3=3k, the voltages at AIN0/AIN1/AIN2 will be 1.8/1.2/0.6 volts. 
That means AIN0 and AIN1 would be measured with the +/-10 volt range, while AIN2 could be measured with the +/-1 volt range.  This points out a potential
advantage to differential measurements, as the differential voltage across R1 and R2 could be measured with the +/-1 volt range, providing better resolution.

 

 
                            Figure 6                                                Figure 7

Figure 6 shows a setup to measure 2 resistors using differential analog inputs.  AIN3 is wasted in this case, as it is connected to ground, so a differential
measurement of AIN2-AIN3 is the same as a single-ended measurement of AIN2.  That leads to Figure 7, which shows R1 and R2 measured differentially and
R3 measured single-ended.

Noise and Resolution (App Note)
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What is resolution?

Resolution in this context refers to the conversion of an analog voltage to a digital value in a computer (and vice versa). A computer is a digital machine and
thus stores a number as a series of ones and zeroes. If you are storing a digital 2-bit number you can store 4 different values: 00, 01, 10, or 11. Now, say you
have a device which converts an analog voltage between 0 and 10 volts into a 2-bit digital value for storage in a computer. This device will give digital values
as follows:

Voltage 2-Bit Digital Representation

0 to 2.5
2.5 to 5
5 to 7.5

7.5 to 10

00
01
10
11

So in this example, the 2-bit digital value can represent 4 different numbers, and the voltage input range of 0 to 10 volts is divided into 4 pieces giving a voltage
resolution of 2.5 volts per bit. A 3-bit digital value can represent 8 (23) different numbers. A 12-bit digital value can represent 4096 (212) different numbers. A 16-
bit digital value can represent 65536 (216) different numbers. It might occur to you at this point that a digital input could be thought of as a 1-bit analog to digital
converter. Low voltages give a 0 and high voltages give a 1.
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In the case of the LabJack U12, a single-ended analog input has a voltage range of -10 volts to +10 volts (20 volt total span) and returns a 12-bit value. This
gives a voltage resolution of 20/4096 or 0.00488 volts per bit (4.88 mV/bit).

 

What does it mean to say a device is 12-bit, 16-bit, or 24-bit?

When you see analog input DAQ devices from various manufacturers called 12-bit, 16-bit, or 24-bit, it generally just means they have an ADC (analog to digital
converter) that returns that many bits.  When an ADC chip returns 16 bits, it is probably better than a 12-bit converter, but not always.  The simple fact that a
converter returns 16-bits says little about the quality of those bits.

It is hard to simply state "the resolution" of a given device. What we like to do, is provide actual measured data that tells you the resolution of a device including
typical inherent noise.

If you look at a device called "24-bit" just because it has a converter that returns 24-bits of data per sample, you will find that it typically provides 20 bits effective
or 18 bits noise-free (like the UE9-Pro).  The U6-Pro and T7-Pro provide some of the best performance around from a 24-bit ADC, and they do about 22 bits
effective or 20 bits noise-free.  You will see with these devices we might mention they have a 24-bit ADC (as that is what people look and search for), but we try
not to call them "24-bit" and try to stick with the effective resolution.

Another interesting thing about your typical 24-bit sigma-delta converter, is that you can look at them as only having a 1-bit ADC inside, but with timing and math
they can produce 24-bit readings:

http://www.maxim-ic.com/appnotes.cfm/appnote_number/1870/

Hardware with a 24-bit ADC

  

Hardware with a 16-bit ADC or less

     

Inherent Noise Level of the LabJack:

Analog to digital converters (ADCs) have an inherent noise level, and the support circuitry can add to that noise level.

From Appendix A of the U3 User's Guide, the typical peak-to-peak noise on an analog input is +/- 1 count, which is excellent.  If using a single-ended low-
voltage channel, there are 4096 counts across a span of about 2.4 volts, so the voltage resolution is about 600 uV/count.  If using a high-voltage channel, there
are 4096 counts across a span of about 20 volts, so the voltage resolution is about 5 mV/count.

Appendix B of the U6 or UE9 User's Guide provide extensive tables for typical noise/resolution with those devices.

 

If you see more noise than you expect, start by looking a known stable voltage and look at the noise.  Usually, GND is a good way to go for this, except for a
single-ened low-voltage U3 channel where 0 volts could be just below the lower rail and a 1.5 battery would be a better choice.

 

Why does my DMM reading look more stable?  Perhaps it is just showing fewer digits.  Sounds silly, but sometimes that is the explanation.  Usually, though, it
has to do with the fact that the DMM is giving you the average or RMS over some time period (perhaps 0.5 seconds), whereas the LabJack is giving you data
points acquired over some number of microseconds.  If you use the LabJack to acquire lots of points over the same time period you can mimic the DMM
behavior.

 

Sensor Types (App Note)
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U6-Pro

22-bit Effective Res

T7-Pro

22-bit Effective Res

UE9-Pro

20-bit Effective Res

U6

19-bit Effective Res

T4

12-bit Effective Res

T7

19-bit Effective Res

UE9

16-bit Effective Res

U3

12-bit Effective Res

U12

12-bit Effective Res
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Accelerometers (App Note)
Log in or register to post comments

This application note is about selecting and using accelerometers and vibration sensors.

Power Supply:  The ideal sensor runs off 5 volts DC so you can power it from any LabJack, but if a sensor needs 12 or 24 volts DC that is easy to provide with
an external power supply.

Signal:  The ideal signal is a voltage signal that matches the analog input range of the LabJack.  With the ±10 volt inputs found on most LabJacks, the typical
signal ranges of 0.5-4.5, 0-5, 0-10, or ±10 volts are all excellent options.

MEMs:

These are usually the best option.  MEMs sensors often have the ideal characteristics of accepting a 5 volt power supply and providing an easy-to-use voltage output signal such as 0-5 volts.
 LabJack has used some MEMs sensors like this from Analog Devices and Measurement Specialties among others.  Digikey is a source for Analog Devices and other brands. 

View All LabJack Devices Compatable with MEMs

Raw Bridge:

If the output is specified as something like 2 mV/V, that is a raw bridge sensor.  Another thing to look for is 4 wires labeled something like Excitation+, Excitation-, Signal+ and Signal-.  A raw
bridge sensor can be handled, but is certainly more demanding than a signal-conditioned sensor.  For more information see classic forum topic #4376, especially post #13.

ICP or IEPE:

One common type of accelerometer is the ICP or IEPE type.  This provide a decent high level voltage signal, but the problem with these is they need a special
constant current excitation source typically providing 2 mA to 10 mA at 18-30V.  We do not provide such an excitation source so that will have to be sourced
along with the sensor. 

As for the signal from these sensors, often it can be measured directly, but sometimes you need to AC-couple to get rid of DC offset and then might need the LJTick-InBuff.

It is suggested that if using an ICP or IEPE sensor a signal conditioner also be acquired to go with it.  Look for a signal conditioner that provides the special current source excitation and also
conditions the output signal if needed.

 

 

Bridge Circuits (App Note)
Log in or register to post comments

A Wheatstone bridge is a circuit used to measure small differences in resistance.  Such bridge circuits are common with various types of sensors such as load
cells, pressure sensors and strain gauges.  Sometimes these sensors are provided raw and sometimes they have added signal-conditioning making them much
easier to use.

Load Cell - Most load cells are raw bridge circuits without signal conditioning.  If the output is specified as something like 2 mV/V it is a raw bridge.  If the output
is specified as something high level like 0-5 volts, +/-10 volts, or 4-20 mA, then the load cell has signal conditioning and this app not does not apply.

Pressure Sensor - Some pressure sensors are raw bridge circuits while many have signal conditioning.  See the Pressure Sensors App Note.

Strain Gauge - A strain gauge is simply a resistive element whose resistance changes with strain.  The change in resistance is small so a bridge circuit is
commonly used.  If you only plan to have 1 or 2 active strain gauges in your measurement you must add 3 or 2 resistors or dummy (inactive) strain gauges to
form a complete bridge (quarter bridge and half bridge).

 

The LabJack U6 and T7 series of devices can acquire the small differential bridge signals directly, although the high gain (x100 is typical) required to do this
reduces the max sample rates possible.  See Section 3 of the U6 Datasheet or Appendix A-1 of the T7 Datasheet.

The U3 and T4 require signal-conditioning between a raw bridge circuit and the LabJack such as the LJTick-InAmp.

For more information see old forum topic 4376, and in particular post #13 is a tutorial for the U6/T7 series of devices.

 

Microphones (App Note)
Log in or register to post comments

Most microphones present unique challenges when compared with traditional analog output sensors. The output of a typical mic is very low voltage, and high
frequency, thus making it difficult to measure.
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Electret Microphones

Electret microphones are inexpensive, and use a simple dielectric material to detect the sound, but you need to amplify the output signal.
As shown in Figure 1, the microphone requires a bias resistor that you connect to a voltage source, and also requires a series capacitor
to remove the DC offset. The small signal that results would need to go through amplification and then into an analog input on the
U3/U6/UE9/T4/T7.

If you are using a different amplifier than the LJTick-InAmp, be sure to reference the amp datasheet for wiring details. Sometimes a
resistor on the order of 47kΩ between GND and the inputs is required to get a good signal.

Figure 1. Electret mic typical

R1 = 680Ω to 5kΩ
C1 = 1µF to 5µF

The output from the circuit shown in figure 1 will not provide sufficient voltage for a LabJack device to detect common sounds, like talking, because even high
volume noises like PC speakers on full-volume only produce a few µV without amplification.  Due to the very low output voltage, we recommend amplifying the
signal by using either a LJTick-InAmp, or a circuit like figure 4.

https://labjack.com/sites/default/files/2014/04/Microphone AppNote.jpg
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https://labjack.com/sites/default/files/2014/06/Electret to LJTick-InAmp.jpg


Figure 2. Electret mic wired to an LJTick-InAmp, and LabJack U6

When set to a gain of 201, the output signal from the LJTick-InAmp is on the order of 700mV for someone talking about 2ft away from the electret mic. To
measure the sound level it's useful to use LJStreamUD or LJLogUD software. Remember that audio signals are high frequency, so to get an accurate waveform
you will need to sample quickly with streaming (30kHz will look pretty good).  If you simply need max. amplitude (volume), then you can sample the analog input
at much lower speeds, like 1000Hz, or 1mS intervals. Notice the mic output is tied through a 100k resistor to GND on the LJTick-InAmp, this weak pull-down
resistor is to keep the voltage from floating up to a rail.

Figure 3. Electret mic with included OPA344, wired to a U6. Sparkfun Electret Microphone Breakout

This inexpensive electret mic includes a OPA344, and is tuned for detecting conversational volumes and frequencies.  It produces a nice waveform with an
amplitude of about 1.2V when talking 2ft away. It is powered using DAC0 set to 4-5V because DAC0 is not as noisy as the VS lines, so the output signal is
cleaner.  The schematic for this Sparkfun product is shown in figure 4 below. 

Figure 4. Electret mic amplified

R1 = 680Ω to 5kΩ
C1 = 1µF to 5µF
R2, R3 = 10kΩ to 50kΩ
R4 = 10kΩ to 50kΩ
R5 = 100kΩ to 1MΩ
C2 = 0.1µF to 1µF
C3 = 10pF to 100pF

If constructing your own amplification circuit, the schematic shown in Figure 4 is a good starting point.

To measure sound pressure (volume only), the circuit can be modified to produce a voltage that is easier to interpret.  See the following product for a sample
schematic. http://www.inexglobal.com/products.php?type=addon&cat=sensors&model=zxsound

MEMS Microphones

MEMS microphones use a different technology to detect sound than do Electret mics. They have a micro diaphragm which picks up the
sound, and they have a much smaller form factor than electret mics.  Unfortunately, if the MEMS mic outputs an analog signal, it will
typically require some preamplification before the LabJack device.  It's possible to purchase an LJTick-InAmp for amplification, or
construct your own.

Due to their small form factor, MEMS microphones are used in compact devices like cell phones and tablets.
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Figure 5. MEMS mic with included OPA344 wired to a LabJack U6. Sparkfun MEMS Microphone Breakout

The MEMS microphone breakout board is connected in the same way as the electret mic shown in figure 3. Power the device using a DAC line set to 4-5V, and
wire the AUD output to AIN0.

The MEMS mic was superior to the electret mic in terms of sensitivity, and it seemed to provide a cleaner signal.  Overall, the output was about 1.4V for talking
2ft away from the mic. 

There are also digital MEMS microphones, but LabJack devices do not have an easy way to interface with this kind of mic. A typical digital mic will require a
high frequency clock(~2.4MHz), and it will output a pulse-density modulated (PDM) output. Digital mics are typically wired to a fancy audio codec chip which
converts the audio stream into a well known format that can be read by a modern computer. 

Conclusion

If you already have an LJTick-InAmp, it can provide adequate amplification for electret and analog MEMS microphones, but if you plan to purchase a
microphone, it's best to get something with built-in amplification suited to your needs.  Most microphone boards will explain something about the frequency and
volume range for which they are suitable, so just pick the one that works for your application. If you are trying to make something for low cost, it's possible to
construct the amplification circuit shown in figure 4, but it might require some tweaking to get the values right.

LabJack devices are not readily compatible with digital microphones, so stick to mics with analog outputs.

Here are some other forum threads discussing microphones:

http://forums.labjack.com/index.php?showtopic=4726

http://forums.labjack.com/index.php?showtopic=1713

http://forums.labjack.com/index.php?showtopic=6702

Pressure Sensors (App Note)
Log in or register to post comments

This application note is about selecting and using pressure sensors.  Most pressure sensors are constructed as a bridge of strain gauges or similar elements,
and some then also have built-in signal conditioning.

Power Supply:  The ideal sensor runs off 5 volts DC so you can power it from the LabJack, but if a sensor needs 12 or 24 volts DC that is easy to provide with
an external power supply.

Signal:  The ideal signal is a voltage signal that matches the analog input range of the LabJack.  With the ±10 volt inputs found on most LabJacks, the typical
signal ranges of 0.5-4.5, 0-5, 0-10, or ±10 volts are all excellent options.

Ratiometric Signal:  Many sensors provide a ratiometric signal, meaning that if the power supply changes +3% (for example) the output signal will also change
+3%.  In particular, all raw bridge signals are ratiometric and most 0.5-4.5 volt amplified signals are also ratiometric.  The 5 volt VS source from the LabJack is
typically regulated to ±5%.  One primary strategy to improve accuracy with ratiometric signals is to use another analog input to measure the actual value of the
supply voltage whenever you acquire a signal reading.  The other general strategy is to use a supply voltage that is more stable and lower noise, and a couple
options for that are a DAC output from the LabJack or the LJTick-Vref.

Raw Bridge

If the output is specified as something like 2 mV/V, that is a raw bridge sensor.  Another thing to look for is 4 wires labeled something like Excitation+,
Excitation-, Signal+ and Signal-.  A raw bridge sensor can be handled, but is certainly more demanding than a signal-conditioned sensor.  For more information
see classic forum topic #4376, especially post #13, and see the Bridge Circuits App Note.

Signal-Conditioned
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These generally have 3 wires:  Vsupply, Ground, and Signal.  The signal is an easy-to-handle high-level voltage output such as 0.5-4.5, 0-5, 0-10, or ±10 volts.
 You will also find 4-20 mA current output versions that have 2 or 3 wires.

Some sensors provide 4-20 mA current signals.  These are pretty easy to handle as discussed in the 4-20 mA App Note, especially with the LJTick-CurrentShunt, but they almost

always require an external power supply.

NXP (aka Freescale) is a good source for pressure sensors.  Look for sensors they call "Integrated":

Digikey sells lots of sensors from NXP and other manufacturers.

Omega is another sources that sells lots of sensors from various manufacturers.

 

Range and Depth Sensors (App Note)
Log in or register to post comments

This is the start of an application note about range and depth sensors

Quick Summary:

Two basic types of sensors covered in this app note: hydrostatic and ultrasonic.

Hydrostatic sensors are best for measuring in the range of a few inches in depths of liquids or some powders.

Ultrasonic sensors are good at measurements in the range of several feet with a somewhat unobstructed path to the object in question. It is important to
consider beam width and communication protocol that will work with your application when choosing an ultrasonic sensor, since manufacturers provide a
variety of beam widths and protocols. 

Other sensors for measuring distance/displacement include infrared (e.g. Sharp), draw-wire, LVDT, capacitive, inductive, eddy-current, and laser.

Hydrostatic: eTape PN-6573P-12

The PN-6573P-12 eTape sensor is a solid state, continuous fluid level sensor for measuring levels in water, non-corrosive water based liquids and dry fluids
(powders).  It is made by Milone Technologies and can be manufactured in custom lengths to fit any application.  It provides a varying resistance that is pretty
easy to work with.

The eTape was tested in a 250 ml graduated cylinder, and reported the depth of liquid readily after software calibration.  The immersed sensor and wiring is
shown below.

When using these sensors there are several options for wiring, the simplest of which is to use it in series with another resistor as a simple potentiometer.  See
voltage divider section of the eTape datasheet for more details. The python code used in gathering data can be downloaded below.
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Ultrasonic Sensors:

In the range of 1 to 25 feet, these sensors are well suited for range/depth measurement.  They are commonly employed in robotics for obstacle detection, and
are useful in many other applications.  They can provide the range information in a variety of data formats, such as PWM, Serial, I2C, or Analog output.  

LabJacks are capable of handling any of these data formats, but Analog and I2C are the only types discussed in this App Note.

When using ultrasonic type sensors it is important to consider the unobstructed path required for accurate distance measurement.  Sensor manufactures
commonly report this path in terms of beam width because it is possible to measure distance in a smaller path by using a narrower beam width; although beam
width on its own describes the angle of the sonar wave as it propagates toward an object.

In general a narrow beam width will have lower sensitivity than a wide beam width.

For more information on beam width, this is a helpful explanation from MaxBotix.

 

LV-MaxSonar-EZ0

The LV-MaxSonar-EZ0 is a very easy to use ultrasonic sensor made by MaxBotix Inc.  It can be connected directly to any port on a LabJack configured for
analog and report a voltage corresponding to a distance.

Connect the AN output of the EZ0 to any of the FIO ports on the LabJack U3 and measure range by converting the voltage to inches.  When 5V is connected the
conversion is approximately .01 Volts/Inch.  The python code used in testing the device can be downloaded below.

 

Devantech SRF02

The SRF02 is an ultrasonic sensor similar to the EZ0 but it only offers Serial, and I2C output.  It is shown below connected to a U3 via I2C.

When using I2C remember to pull SDA and SCL high through a resistor.  Usually something in the range of 1.8k to 4.7k will work, but SRF02 documentation
stated that 1.8k are optimal.  Again, python code used for testing can be downloaded below.  

 

Summary
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All 3 devices worked as intended, and reported measurements through a LabJack without issue.  When calibrating the eTape, keep in mind that it is a pressure
sensitive sensor, and so any holding or touching along the measurement surface can disrupt measurements.  Similarly, when reading measurements from the
ultrasonic sensors, bear in mind that small obstacles along the path can cause incorrect readings. 

3Sensors_Code.zip

Temperature Sensors (App Note)
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This is the start of an application note about temperature sensors,

Quick Summary:

If you are measuring in the range of -50 to +150 degrees C, consider using a silicon type temperature sensor.  They are generally the cheapest solution, the
easiest solution, and the most accurate solution.

Beyond that range, thermocouples are usually the best option.

Thermistors and RTDs can seem to be very accurate when you look at the raw specs, but that is just the accuracy of resistance versus temperature.  It can be
difficult to measure that resistance with enough accuracy to achieve the stated accuracy of the sensor element itself.

Digital sensors have similar range limits as analog silicon type sensors, and are a great solution depending on which LabJack and software plans.  The T4 and
T7 have high-level support for SBUS sensors (EI-1050, SHT1x, SHT7x) in hardware, so it is easy to read temperature and humidity in any software.  Older
devices (U12, U3, U6, UE9) provide high-level support through software, so require a software application that makes specific calls to the UD or U12 library. 
Other sensors speaking SPI, I2C, Asynch, or 1-Wire, are also an option but will require a software application that makes specific calls to the LJM, UD or U12
library.
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Silicon Type Sensors (Analog):

In the range from -50 to +150 degrees C, analog silicon temperature sensors are generally cheaper, easier to use, and more accurate, than other types of
temperature sensors. With no or minimal extra components, they provide a high-level linear voltage output that connects directly to a LabJack's analog inputs.

Signals from silicon type sensors are easy to acquire with any LabJack (U12/U3/U6/UE9).

Following are silicon type analog output temperature sensors available in through-hole style packages convenient for soldering to the end of a cable.  If you
consider digital output sensors and/or surface-mount packages you can find even better sensors:

EI-1034:  A silicon based temperature probe made by Electronic Innovations and sold by LabJack.  It uses an LM34CAZ sensor element from National
Semiconductor with a 10k load resistor from signal to ground.  The LM34 provides an easy-to-use 10 mV/°F.  Range with 5V/0V supply is -17 to +110 °C (0 to
230 °F).  Accuracy (max) is +/-0.56 °C (+/-1.0 °F) at room temp and +/-1.1 °C (+/-2 °F) across range.  Non-linearity is +/-0.3 °C (+/-0.6 °F) max across range,
so a simple calibration can provide more accurate measurements.  Assembly has a 6ft cable, which can be extended to 25ft, or much longer if you add a 10k
series resistor to prevent oscillation.  Uses a 6" x 0.25" waterproof stainless steel probe.

EI-1022:  A silicon based temperature probe made by Electronic Innovations and sold by LabJack.  It uses an LM335A sensor element from National
Semiconductor with a 2k current setting resistor.  The LM335A provides an easy-to-use 10 mV/°K.  Range with 5V/0V supply is -40 to +100 °C (-40 to 212 °F). 
Accuracy (max) is +/-3 °C (+/-5.4 °F) at room temp and +/-5 °C (+/-11 °F) across range.  Non-linearity is +/-1.5 °C (+/-2.7 °F) max across range, so a simple
calibration can provide more accurate measurements.  Assembly has a 6ft cable, which can be extended to much longer distances with no added components. 
Uses a 4" x 0.25" plastic probe.

LM34CAZ:  TO-92 package with 10 mV/°F output.  Buy from LabJack, Digikey, and others.  Range with 5V/0V supply is -17 to +110 °C (0 to 230 °F). 
Accuracy (max) is +/-0.56 °C (+/-1.0 °F) at room temp and +/-1.1 °C (+/-2 °F) across range.  Non-linearity is +/-0.3 °C (+/-0.6 °F) max across range, so a
simple calibration can provide more accurate measurements.  For lower temperatures, to -40 °C (-40 °F), you need to add a negative bias on the signal output
(on the U6/T7 you can use a 220k pull-down to VM-).  Note that even if you want to measure in Celsius, the LM34 is better than the LM35 because you get more
voltage per temperature (18 mV/°C versus 10 mV/°C) and you can measure lower with a single supply (-17 °C versus +1 °C).  Regardless of cable length we
always recommend a 10k resistor from Vout to GND (preferably right at the sensor), and this is usually good for cables up to 25ft.  Beyond 25ft see the
"Capacitive Loads" section in the LM34 datasheet and consider adding a series resistor.

LM34AH:  TO-46 package with 10 mV/°F output.  Buy from Digikey and others.  Range with 5V/0V supply is -17 to +150 °C (0 to 300 °F).  Accuracy (max) is
+/-0.56 °C (+/-1.0 °F) at room temp and +/-1.1 °C (+/-2 °F) across range.  Non-linearity is +/-0.4 °C (+/-0.7 °F) max across range, so a simple calibration can
provide more accurate measurements.  For lower temperatures, to -40 °C (-40 °F), you need to add a negative bias on the signal output (on the U6/T7 you can
use a 220k pull-down to VM-).  Note that even if you want to measure in Celsius, the LM34 is better than the LM35 because you get more voltage per
temperature (18 mV/°C versus 10 mV/°C) and you can measure lower with a single supply (-17 °C versus +1 °C).  Regardless of cable length we always
recommend a 10k resistor from Vout to GND (preferably right at the sensor), and this is usually good for cables up to 25ft.  Beyond 25ft see the "Capacitive
Loads" section in the LM34 datasheet and consider adding a series resistor.

LM135A: TO-46 package with 10 mV/°K output.  Buy from Digikey and others.  Range with 5V/0V supply is -55 to +150 °C (-67 to 300 °F).  Accuracy (max) is
+/-1.0 °C (+/-1.8 °F) at room temp and +/-2.7 °C (+/-4.9 °F) across range.  Non-linearity is +/-0.5 °C (+/-0.9 °F) max across range, so a simple calibration can
provide more accurate measurements.  Very long cables can be used with no added components.  The other sensors are 3-terminal series sensors, but the
LM135A is a 2-terminal shunt sensor that requires a resistor to control current (self-heating might need to be considered).

LM60BIZ:  TO-92 package with 6.25 mV/°C output (plus 0.424V offset).  Buy from Digikey and others.  Range with 5V/0V supply is -40 to +125 °C (-40 to 230
°F).  Accuracy (max) is +/-3 °C (+/-5.4 °F) across -25 to +125 °C range.  Non-linearity is +/-0.6 °C (+/-1.1 °F) max across range, so a simple calibration can
provide more accurate measurements.  Specified for use with long cables without added components.

 

Thermocouples:

If you can't use a silicon type sensor, a thermocouple is usually the next best option.  They are not particularly accurate, but often fine when you are measuring
hundreds of degrees.  See the Thermocouples App Note for more detail.

 

Thermistors:

Thermistors often have great-looking accuracy specs for low cost, but that is the accuracy of resistance versus temperature.  Trying to measure the resistance
with an accuracy that matches the accuracy of the sensor spec can be difficult.

The LJTick-Resistance is recommended for handling thermistors.

T-series devices can handle thermistor math in hardware using their Thermistor AIN-EF ability.

 

RTDs:

RTDs (PT100, PT500, PT1000, etc.) often have great-looking accuracy specifications at reasonable prices, but the problem is that specification is the accuracy
of a small resistance change versus temperature, as opposed to voltage versus temperature like you get with a silicon sensor or thermocouple.  Trying to
measure resistance with an accuracy that matches the accuracy of the sensor spec can be difficult.

The LJTick-Resistance is recommended for handling RTDs.  Get 1 LJTR-1k for each 2 RTDs.

T-series devices can handle RTD math in hardware using their RTD AIN-EF ability.

Here is a good RTD topic from our old forum and another newer RTD topic is here.
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Digital Sensors:

Digital sensors have similar range limits as analog silicon type sensors, and are a great solution depending on which LabJack and software plans.  In addition
to temperature, digital sensors are available for many other parameters such as humidity, acceleration, and light.

SBUS is a serial protocol used with SHT1X and SHT7x sensors from Sensirion, which measure temperature and humidity.  SBUS is similar to I2C, but not
exactly the same.  The EI-1050 probe assembly uses the SHT11 sensor.  Other available sensors are the SHT10, SHT15, SHT71, and SHT75.  The T4 and T7
have high-level support for SBUS sensors (EI-1050, SHT1x, SHT7x) in hardware, so it is easy to read temperature and humidity in any software.  Older devices
(U12, U3, U6, UE9) provide high-level support through software, so require a software application that makes specific calls to the UD or U12 library.

Other sensors speaking the synchronous protocols SPI (all devices), I2C (all except U12), or 1-Wire (all except U12), are also an option but will require a
software application that makes specific calls to the LJM, UD or U12 library.  In our experience, SPI is pretty easy to use, I2C is not too bad, and 1-Wire is
definitely the trickiest.  All devices also have varying support for asynchronous serial communication.  This asynch support is compatible with logic-level
UARTs, and with added transceiver circuity is compatible with RS-232, RS-485, and RS-422, although with the RS- protocols you are usually better off using a
specific USB dongle that supports that protocol unless there is a good reason to go through a LabJack.

 

Thermocouples (App Note)
Log in or register to post comments

Thermocouples Overview

If you are measuring in the range of -50 to +150 degrees C, consider using a silicon type temperature sensor, rather than a thermocouple.  See the
"Temperature Sensors" application note.

Understand the difference between resolution and accuracy. 

The T7-Pro is the best device for thermocouples.  The U6 family has the same analog input quality as the T7, but does not have the ability to do the math in
hardware (we do provide a UD driver function to handle the math in software).  The 24-bit converter available on the T7-Pro & U6-Pro provides higher resolution
(at lower speeds), but perhaps more importantly with small thermocouple signals it also provides outstanding noise rejection.  The U3/T4 with LJTick-InAmps is
the least expensive way to get decent readings from thermocouples:

U3/T4:  The U3 is a USB-only device that when combined with LJTick-InAmps provides the minimum cost solution for 4 or less thermocouples.  The T4 is
similar but has USB & Ethernet.  See the U3/T4 Thermocouple Tutorial.

U6:  The U6 (or U6-Pro) is a USB-only device with much better analog inputs than the U3.  Thermocouples can be connected directly with better performance
than the U3-LJTIA combination.  See the U6 Thermocouple Tutorial.

T7:  The T7 (or T7-Pro) has the same analog input system as the U6 (or U6-Pro), but provides Ethernet and USB connectivity (and also WiFi on the T7-Pro). 
Also, on the T7 devices the AIN-EF system can be used to perform all thermocouple math in hardware so you can get direct readings of temperature.  See the
T7 Thermocouple Tutorial.

UE9 & U12:  New applications should first consider the U3, U6, or T7 series devices.  The UE9-Pro is good with thermocouples, while the UE9 is okay
providing a resolution of roughly 1 degree C.  The U12 can only resolve raw thermocouple voltages within 10s of degrees C, and thus generally requires an
amplifier such as the EI-1040.

 

Silicon Type Sensors:

In the range from -50 to +150 degrees C, silicon temperature sensors are generally cheaper, easier to use, and more accurate, than other types of temperature
sensors. With no or minimal extra components, they provide a high-level linear voltage output that connects directly to a LabJack's analog inputs.

The EI-1034 is a silicon based temperature probe made by Electronic Innovations and sold by LabJack.  It uses an LM34CAZ sensor element from National
Semiconductor.  The LM34 provides an easy-to-use 10 mV/degF.

The EI-1022 is a silicon based temperature probe made by Electronic Innovations and sold by LabJack.  It uses an LM335A sensor element from National
Semiconductor.  The LM335A provides an easy-to-use 10 mV/degK, but needs a resistor also.

 

Thermocouple Complications:

Thermocouples are not particularly accurate, and sometimes can be more difficult to use, but they are a very common way to measure temperature.  Some
applications with extreme temperatures or specific mechanical requirements might require thermocouples.

Thermocouples have 1 main issue and other minor issues:

1. Small Output Voltage (Main Issue):  The small output voltage of a thermocouple makes it difficult to get good temperature resolution.  The common K-type
only provides about 40 uV/degC, thus for a temperature resolution of 0.1 degC you need a voltage resolution of 4 uV.  This is the reason the U3/T4
requires LJTick-InAmps, whereas the U6/T7 devices have the necessary resolution & amplification built-in.
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2. Cold Junction Effects:  The voltage generated by the thermocouple is related to the difference in temperature of the 2 ends (local and remote) of the
thermocouple.  In order to know the absolute temperature at the remote end of the thermocouple, the temperature of the local end (called the cold junction)
must also be known.  Once the cold junction temperature is known, cold junction compensation (CJC) is easily handled in software.  The U6 and T7 have
built-in sensors to provide the temperature of the U6 or temperature of the T7.  If connecting to the CB37, rather than directly to the U6/T7, you might want
an LM34CAZ to measure the temperature of the CB37.

3. Non-Linear Output:  The output of a thermocouple is non-linear.  NIST provides tables and equations to convert a thermocouple voltage to a temperature.
 The LabJack UD or M libraries provide convenient functions that use the NIST equations to handle the conversion, and DAQFactory has built-in
conversion functions of its own.

4. Poor Inherent Accuracy:  Thermocouples have errors due to the consistency of the thermocouple materials themselves.  There is a standard called IEC
584-2 that limits the allowable error for different thermocouple types at different temperatures, and these allowable errors are typically ±1.0 to ±2.5 degrees
C at moderate temperatures, but can be as high as ±9.0 degrees C at 1200 degrees C.  See the "Thermocouple comparison" table on the Wikipedia
thermocouple page.

5. Bad Ground Loops:  This is a common and complex problem that our customers encounter.  It occurs when bare thermocouple wire is used, or a metal
thermocouple probe where one of the thermocouple wires inside is connected to the probe (often called a "grounded" probe).  If multiple of these are
connected to a common metal object, and connected single-ended to the LabJack, you can get ground loops and unexpected thermocouple junctions. 
The typical fix is to use differential inputs with a resistor (10k to 1M is typical depending on device) from the negative input to GND.  As noted in the
Differential Readings Application Note, the resistor is sized to be low enough to provide a path for bias currents but high enough to prevent ground loop
issues.  Sometimes further steps are needed (e.g. channel-to-channel isolation).  We highly recommend keeping thermocouples electrically isolated
from each other at the remote ends to avoid this complication.  If you are attaching them to common metal with bare thermocouple wires, use some
sort of epoxy that has good thermal conduction but poor electrical conduction.  If you are using probes or other thermocouple assemblies, choose ones
that are "ungrounded" or otherwise provide electrical insulation between the thermocouple wires and the test specimen.

6. Ground Offsets:  Care must be taken to avoid ground offset errors with single-ended measurements.  Error will result if the negative lead of the
thermocouple is connected to a GND terminal that is at a different voltage than ground at the A/D chip.  See the "Ground Offsets" section on the Mux80
Datasheet.  A quick summary of this information would be that differential measurements (with ~100 kΩ resistor from negative AINx to GND) are
recommended if using thermocouples with the Mux80.

 

Connectors & Connections

For a single-ended connection (good if you do not have complications #5 or #6 above), connect + to AINx and - to GND.

For a differential connection, connect + to positive AINx and - to negative AINx, and you almost always need to add a resistor (100k is typical) from negative
AINx to GND per the Differential App Note.

The LabJack analog inputs are accessed through screw terminals or DB connectors.  If your thermocouple has plain wire ends, just clamp them right in screw-
terminals and know that screw terminal is your cold junction.

If your thermocouple has a 2-pronged connector at the end such as the Amazon B00OK6CBMU, you can simply remove a screw or 2 and remove that
connector, or get a female connector such as the REED LS-182 and add a couple pigtail wires.  Note that this connector is the cold junction, and also note that
per the law of intermediate metals the type of this connector should not matter ... you should be able to use a type K connector with any type thermocouple.

 

Single-Ended or Differential

The previous section describes how to connect a thermocouple for single-ended (SE) or differential (DIFF) acquisition.  For most signals, all specifications
(noise, accuracy, etc.) are the same for single-ended or differential, so why use an extra channel for a differential connection?  The Differential Readings App
Note provides 3 typical reasons for using differential readings, but here is a list of reasons specifically for thermocouples:

1. Bad Ground Loops:  Some systems create shorts between multiple thermocouples.  Differential connections can often solve this problem, but the best fix
is to modify the thermocouple isolation to avoid the shorts.  See item #5 in the "Thermocouple Complications" section above.

2. Ground Offsets:  If connecting thermocouples to the Mux80, substantial ground offsets can occur and differential connections are an easy fix.  See item #6
in the "Thermocouple Complications" section above.

3. Rejection of Common-Mode Noise:  See "Why use differential?" item #3 from the Differential Readings App Note. 

Per the Differential Readings App Note, analog inputs cannot be totally floating, so a differential thermocouple connection will require the addition of a resistor
from the negative channel to GND.  100 kΩ is a typical value.

 

Troubleshooting Tips:

Too much noise: 

1.  Range and Resolution configuration settings:  The most common problem leading to too much noise is not having the correct range and resolution settings
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(on the U6/T7 in particular).  To test, disconnect the thermocouple and jumper the analog input to GND (or both analog inputs to GND if using a differential
input).  Open LJControlPanel and go to the test panel (U6) or go to the Analog Inputs tab in Kipling (T7).  Set the range and resolution as needed and look at the
noise level on the applicable channels and compare to the specified typical noise for the LabJack (Appendix A of the U3 Datasheet, Appendix B of the U6
Datasheet, Appendix B of the UE9 Datasheet, Appendix A-3-1 of the T7 Datasheet, or Appendix B of the LJTick-InAmp Datasheet).  With the default
thermocouple settings of Range=0.1 and ResolutionIndex=0, the noise level of a U6/T7 will be perhaps 1 or 2 microvolts.  After confirming the proper noise
level in LJControlPanel/Kipling, go to your actual software and look at the raw voltage to confirm the proper noise level there.

2.  Floating differential input:  If using a differential input you usually need a resistor from the negative channel to GND.  See the Differential Readings App Note.

3.  Bad ground loops (see complications above), ground offsets (see complications above), or bad EMI sources nearby (e.g. arc furnace).

Wrong temperature:

1.  Is the CJC temperature correct?

A thermocouple gives you a voltage related to the difference in temperature between the 2 ends, so if there is a +10 degree error in the measurement of the
local end (cold junction or CJ) you will see about a +10 degree error in the calculated value for absolute temperature of the remote end of the thermocouple.

If using the AIN-EF feature on the T7, read AIN#_EF_READ_C for the CJC temperature.

2.  Is the raw thermocouple voltage as expected?

Bring the remote end of the thermocouple over near the local end (CJ) to check the condition where both ends are at the same temperature.  You should read
very close to 0 volts (within a couple hundred microvolts typically).  A thermocouple gives you a voltage related to the difference in temperature between the 2
ends, so if the remote end is at the same temperature as the LJTIA end, the voltage difference created by the thermocouple should be close to 0.

If using the AIN-EF feature on the T7, read AIN#_EF_READ_B for the raw thermocouple voltage.

To check at some arbitrary temperature difference, here are charts where you can look to see what voltage you expect:

http://www.temperatures.com/tctables.html

For example, say you have a Type K thermocouple:

http://www.pyromation.com/downloads/data/emfk_c.pdf

The voltage at the 25 deg C end is 1.000 mV and the voltage at the 35 deg C end is 1.407 mV, so the difference is 407 uV.

If the LabJack is reporting 407 uV, then continue to step 3.  If not, use a DMM to measure across the screw-terminals where the +/- leads are connected to see if
the DMM reading is different or agrees with the LabJack.

If using a differential connection, also check the voltage on each input (AINeven and AINodd) compared to GND.  Both should be near 0, not near the rails (+13
or -13 volts).

3.  Is the math correct?  If the CJC temperature is right and the raw thermocouple voltage is right, then something must be wrong with the conversion math.

LJTIA troubleshooting:

In the U3 tutorial we use gain=51 and offset=0.4.  The tutorial has you install ground jumpers to check that the offset is correct and the noise level is as
expected.

With signals connected to the LJTIA, a DMM can be used to measure the differential input INA+ versus INA-, and also measure the output (versus GND), and
confirm that you see Vout = (51*Vdiff) + 0.4.

See Appendix C.1 of the LJTIA Datasheet.

 

 

Details and Tutorials for the U3, U6, and T7:

Thermocouples with the U3/T4 & LJTick-InAmp

Thermocouples with the U6

Thermocouples with the T7

 

Thermocouples with the U3/T4 & LJTIA (App Note)
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This app note is written for the U3, but largely applies to the T4 also as the analog inputs are very similar between the U3-HV and T4.

The U3 devices have a best case resolution of ~600uV for low-voltage analog inputs.  That equates to a resolution of roughly 15 degrees C for a Type K
thermocouple, so pre-amplification is required for most applications, and the LJTick-InAmp is the best way to do that.  Each LJTIA can handle 2 thermocouples,
and note that if you buy a U3 and 3x LJTick-InAmps you are approaching the cost of a U6, so the U3-LJTIA solution generally only makes sense for a minimum
cost application with 4 or less thermocouples.

The U3 and LJTIA solution works well, but does not have the accuracy or resolution of a U6/T7.  Some sort of calibration will be required for sure due to the
large offset of the LJTIA.

The internal temperature sensor on the U3 is not as good as the U6/T7, so for the best accuracy most applications will need to add an external cold junction
temperature sensor (e.g. LM34).

See the information on the main page of the Thermocouple App Note.  In particular, read through the complications 1-5, decide what you will use for CJC, and
avoid complication #5 (ground loops) if at all possible.

Also see the LJTick-InAmp Datasheet - Appendix C- Thermocouples.

 

Tutorial - Type K with U3 & LJTick-InAmp:

Set the LJTick-InAmp (LJTIA) gain to x51 and offset to 0.4, providing a range of -270 to +578 degrees K with Type K thermocouples.  That means DIP switches
3/5/9 on, and all others off.  Connect the LJTick-InAmp (LJTIA) to the FIO6/7 block of the U3.

Start with a quick test to confirm the expected noise and offset.  Use wires on the LJTIA to jumper INA+ to INA- to INB+ to INB- to GND.

Run LJControlPanel, find and select the U3, and open the test panel.  Click the radio buttons to set FIO6-FIO7 to AIN, and their name will change to AIN6-AIN7
and you will start to see voltage readings.  They should both read near 0.4 volts.  Also check that the reading from the internal temperature sensor, towards the
bottom-right of the window, is reasonable.

Close LJControlPanel and open LJLogUD.  By default it will be reading values on the first 4 rows, +Ch is set to 0-15 on each row, -Ch is set to 199 on all rows,
and Resolution and SettlingFactor are both 0.  Range will be LJ_rgBIP10V on all rows, but does not do anything on the U3 anyway.

Set +Ch in row 1 (the second row) to 6.  You should now see the ~0.4 volt reading from AIN6.  Set +Ch in row 2 (the third row) to 7, and that should then show
the ~0.4 volt reading from AIN7.  Watch the readings from each channel to get a feel for the noise level, and confirm that it matches the information from
Appendix B of the LJTIA datasheet, which shows ~0.0012 volts noise-free and ~0.0003 volts effective/RMS.

Now remove the jumper wires and connect one thermocouple with the positive to INA+ and the negative to INA-.  Also connect a 10k resistor from INA- to GND
and pull on both wires going into INA- to make sure both are clamped securely.  If you do not have complication #5 from above, you can just use a jumper wire
from INA- to GND rather than a resistor.  You do need some sort of ground reference, though, as discussed in the Differential Analog Inputs App Note.
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Now some basic tests to see if your thermocouple is working right.  If the remote end of the thermocouple is at the same temperature as the LJTIA/U3, the
thermocouple will not generate any voltage and AIN6 should see a voltage close to 0.4.  Note this voltage as the offset for this row, and put it in a temporary
scaling equation.  Say the offset you see is 0.412 volts, then the scaling equation would be:

y=b-0.412

Now the scaled reading should be very close to 0.0.  Put your fingers on the remote end of the thermocouple to warm it up.  You should see the voltage increase
by roughly 2 mV per degree C (51 * 40 uV/degC) that the remote end is warmer than the LJTIA end.

Before we can convert the thermocouple voltage to temperature, we need to set up the cold junction reading.  In row 0 (the first row) of LJLogUD, set +Ch to 30
which is the internal temperature sensor and returns degrees Kelvin on the U3.  If the U3 is at room temperature, you should see ~298 in the Voltage column for
row 0.  To see degrees C or F change the scaling equation:

y=a                            // degrees K
y=a-273.15                 // degrees C
y=(1.8*a)-459.67        // degrees F

Now lets change the scaling equation for row 1 (AIN6), so that instead of showing the raw thermocouple voltage it converts it to temperature.  See the Scaling
Equations description on the LJLogUD web page.  The equation you want in this case is:

y=TCVoltsToTemp[K:(b-0.412)/51:a]                             // degrees K
y=TCVoltsToTemp[K:(b-0.412)/51:a]-273.15                 // degrees C
y=1.8*(TCVoltsToTemp[K:(b-0.412)/51:a])-459.67        // degrees F

... where "K" means Type K thermocouple, "(b-0.412)/51" means the thermocouple voltage is the raw voltage from the 2nd row minus the ~0.4 offset divided by
the LJTIA gain of x51, and "a" means the raw value from the 1st row is CJ temp in degrees K.  The TCVoltsToTemp function is provided by the UD library for
Windows and supports B, E, J, K, N, R, S and T.

Connect a thermocouple to the other LJTIA channel in a similar manner, with a resistor or wire to GND.  In row 2 (the 3rd row) in LJLogUD, so set +Ch to 7.  The
scaling equation has the same form as before, so:

y=TCVoltsToTemp[K:(c-0.412)/51:a]

Now lets use an LJM34CAZ for cold junction temperature, rather than the internal sensor on the U3.  Bend the leads as needed and connect the LM34CAZ
directly to FIO4/VS/GND.  Watch for correct polarity, as the diagram of the TO-92 package on the LM34 datasheet is showing the bottom view.

In row 0 (the first row) of LJLogUD, set +Ch to 4.  You should now see a voltage around 0.7 if the LM34 is at room temperature.  Use the following scaling
equations:

y=100*a                     // EI-1034/LM34 voltage to deg F
y=55.56*a - 17.78       // EI-1034/LM34 voltage to deg C
y=55.56*a + 255.37    // EI-1034/LM34 voltage to deg K

We now need to change all the scaling equations for the thermocouple rows.  The last parameter in the TCVoltsToTemp function is cold junction temperature in
K.  Since the raw value from the internal temp sensor was in K, we simply used "a" in all the scaling equations before, but now the raw value is in volts so we
need to add scaling for the last parameter.  The equations would look like:

y=TCVoltsToTemp[K:(b-0.412)/51:(55.56*a)+255.37]    // t/c voltage from 2nd row, CJ temp from LM34 in 1st row
y=TCVoltsToTemp[K:(c-0.412)/51:(55.56*a)+255.37]    // t/c voltage from 3rd row, CJ temp from LM34 in 1st row
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The U6 family of devices has the resolution and amplification necessary to directly measure raw thermocouple signals.  If you save 1 channel for an external
cold junction temperature sensor (e.g. LM34), a single U6 can measure up to 13 thermocouples itself (you might want the CB37).  To handle more signals, it is
easy to use multiple U6s (depending on software) or you can use a Mux80 multiplexer board to handle up to 83 thermocouples with a single U6.

The -Pro devices have a 24-bit low-speed sigma-delta converter that is excellent for thermocouples.  In addition to the improved resolution, this converter
provides excellent rejection of 50/60 Hz noise (with ResolutionIndex = 11 or 12) which can be a common problem in thermocouple applications.

See the information on the main page of the Thermocouple App Note.  In particular, read through the complications 1-5, decide what you will use for CJC, and
avoid complication #5 (ground loops) if at all possible.

Resolution:

What's the difference between resolution and accuracy?  See the Resolution and Accuracy app note.

A type K thermocouple provides roughly 37 µV/°C.  Output is -6.458 mV at -270 °C to +54.886 mV at 1372 °C.

The maximum ResolutionIndex for a U6 is 8, and for a U6-Pro is 12, and the typical range used with thermocouples is ±100 mV.  From Appendix B of the U6
User's Guide, looking at the ±0.1 range, the typical device resolution at ResolutionIndex=8 is about 6.3 µV noise-free and 1.3 µV effective (0.2 and 0.04 °C for a
type K).  At ResolutionIndex=12 it is about 1.2 µV noise-free and 0.2 µV effective (0.03 and 0.005 °C for a type K).  The effective numbers mean that most
samples (1 standard deviation) will fall in that range.

Note that the actual signal from a thermocouple will likely have real noise with it, beyond the internal noise of the device itself noted above.  The high-resolution
sigma-delta converter on the U6-Pro has excellent noise rejection, and in particular rejects 50/60 Hz noise when set to ResolutionIndex=12.

Also note that temperature in air tends to have lots of small fluctuations.  What looks like noise on a thermocouple signal might be real temperature changes.

Accuracy:

From Appendix A of the U6 User's Guide, the device is calibrated to an absolute accuracy of ±0.01% full-span on the ±0.1 V range.  Full-span is 0.2 V so that
equates to an accuracy of ±20 µV, which corresponds to an accuracy of about ±0.5 °C for a type K thermocouple, which is more accurate than the
thermocouple itself (per complication #4).

There are other sources of error in a thermocouple system, and in particular any error in cold junction temperature measurement is reflected as error in the
thermocouple temperature.  Expect about ±2.0 °C with the Internal Temperature Sensor, or if using the common LM34CAZ sensor it is accurate to about ±0.5
°C at room temperature.  If the local ends of the thermocouples are all at the same temperature, then CJC error will affect them all equally and will not affect
relative accuracy between the thermocouples.

 

Tutorial - Type K with U6:

Start with just one type K thermocouple connected to the U6, and nothing else (except for USB of course).  Connect the positive to AIN1 and the negative to
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GND.

Run LJControlPanel, find and select the U6, and open the test panel.  You should see that Resolution is set to 0 (which is translated to an index of 8 on a
normal U6 or an index of 9 on a U6-Pro).  In the row for AIN1, change the Gain/Range to "BI 0.1V".  That means the ±0.1 V range which corresponds to a gain of
x100 on the U6's internal amplifier.

Now some basic tests to see if your thermocouple is working right.  If the remote end of the thermocouple is at the same temperature as the U6, you should see
a voltage close to 0.0 for AIN1, and it should have just a few microvolts of noise.  Likely you will see about -120 µV, which means the screw-terminals are a few
degrees warmer than the ambient air, and thus the remote end of the thermocouple is a few degrees cooler than the cold junction (U6).  If using the CB37
(discussed later), you will not see this as the CB37 does not have self-heating.

Now put your fingers on the remote end of the thermocouple to warm it up.  You should see the voltage increase by roughly 40 µV per °C that the remote end is
warmer than the U6 end.

If that all looks good, move on to LJLogUD, which is a good way to view and log the data you want.  When you run LJLogUD, row 0 (the first row) is doing a
single-ended reading of AIN0. Lets use the first row for cold junction temperature and use the other rows for thermocouples, so start by changing +Ch from 0 to
14.  Channel 14 is the internal temperature sensor and returns degrees Kelvin on the U6, so if the U6 is at room temperature you should see ~298 in the
Voltage column for row 0.  To see degrees C or F change the scaling equation:

y=a                            // degrees K
y=a-273.15                 // degrees C
y=(1.8*a)-459.67        // degrees F

Leave the range at BIP10V for the internal temp sensor on row 0, but for all thermocouple rows set the range to BIPP1V (with 2 Ps for "bipolar point 1 volt"). 
That means the ±0.1 V range which corresponds to a gain of x100 on the U6's internal amplifier.

Leave -Ch set to 199 for all rows.  That means you are doing single-ended measurements.

A Type K thermocouple should still be connected to AIN1/GND as described at the beginning of this tutorial.  In row 1 (2nd row) of LJLogUD, set +Ch to 1, and
you should now read the same voltages you saw in the test panel in LJCP above.

Now lets change the scaling equation for row 1, so that instead of showing the raw thermocouple voltage it converts it to temperature.  See the Scaling
Equations description on the LJLogUD web page.  The equation you want in this case is:

y=TCVoltsToTemp[K:b:a]                             // degrees K
y=TCVoltsToTemp[K:b:a]-273.15                 // degrees C
y=1.8*(TCVoltsToTemp[K:b:a])-459.67        // degrees F

At this point you might notice that the thermocouple reading is low by a few degrees C.  That is because the equation above is specifying "a" (raw value from
row 0) as the cold junction temperature.  That is the internal temp sensor, which is calibrated to report ambient temp, but the built-in screw-terminals on the U6
are typically a few degrees warmer than ambient.  To account for this add a few degrees to the cold junction temp in the scaling equation:

y=TCVoltsToTemp[K:b:a+3]                             // degrees K
y=TCVoltsToTemp[K:b:a+3]-273.15                 // degrees C
y=1.8*(TCVoltsToTemp[K:b:a+3])-459.67        // degrees F

Add a 2nd & 3rd thermocouple with the positives connected to AIN2 & AIN3 and both negatives connected to GND.  All GND terminals are the same.  In row 2
(the 3rd row) in LJLogUD, so set +Ch to 2, and in row 3 set +Ch to 3.  Use scaling equations of the form:

y=TCVoltsToTemp[K:c:a]    //Type K, t/c voltage from 3rd row, CJ temp from 1st row
y=TCVoltsToTemp[K:d:a]    //Type K, t/c voltage from 4th row, CJ temp from 1st row

AIN0-AIN3 appear on the built-in screw-terminals of the U6, but to access all 14 analog inputs you need to use the DB37 connector.  The CB37 terminal board
is a handy way to access the DB37 connector, as it provides screw-terminal connections.  To proceed with this tutorial, move all thermocouples to the CB37.

Attach a thermocouple to AIN9/GND.  Lets use the 5th row of LJLogUD, so in row 4 change +Ch to 9 and use a scaling equation of the form:

y=TCVoltsToTemp[K:e:a]    //Type K, t/c voltage from 5th row, CJ temp from 1st row

Change # Channels to 5 so LJLogUD starts reading the first 5 rows.

Now lets use an LJM34CAZ on the CB37 for cold junction temperature, rather than the internal sensor on the U6.  Bend the leads as needed and connect the
LM34CAZ directly to AIN0/VS/GND on the CB37.  Watch for correct polarity, as the diagram of the TO-92 package on the LM34 datasheet is showing the
bottom view.

The screw-terminals on the CB37 are the actual cold junction for all thermocouples, so with the LM34 we are wanting to measure the actual temperature of the
screw-terminals on the CB37.  The CB37 does not warm up like the U6, so the screw-terminals on the CB37 will typically be at the same temperature as
ambient air.

In row 0 (the first row) of LJLogUD, set +Ch to 0.  You can leave the range for this row at BIP10V, or if the LM34 temperature will stay below 100 °F you can use the BIP1V
range.  You should now see a voltage around 0.7 if the LM34 is at room temperature.  Use the following scaling equations:

y=100*a                     // EI-1034/LM34 voltage to °F
y=55.56*a - 17.78       // EI-1034/LM34 voltage to °C
y=55.56*a + 255.37    // EI-1034/LM34 voltage to °K

We now need to change all the scaling equations for the thermocouple rows.  The last parameter in the TCVoltsToTemp function is cold junction temperature in
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°K.  Since the raw value from the internal temp sensor was in °K, we simply used "a" in all the scaling equations, but now the raw value is in volts so we need
to add scaling for the last parameter.  The equation for the thermocouple connected to AIN9, which we put in row 4 (the 5th row) of LJLogUD, would look like:

y=TCVoltsToTemp[K:e:(55.56*a)+255.37]    //t/c voltage from 5th row, CJ temp from LM34 in 1st row

 

With multiple thermocouples, depending on the nature of the thermocouples and what they might be touching, there could be concern about the "Bad Ground
Loops" issue mentioned above (complication #5).  Sometimes using differential measurements without a direct ground connection can solve this.  To try
differential measurements, move the positive/negative thermocouple leads of 3 thermocouples to AIN2/AIN3, AIN4/AIN5, and AIN6/AIN7.  You also need some
10k resistors to go from AIN3 to GND, AIN5 to GND, and AIN7 to GND.  Pull on both wires in AIN3/AIN5/AIN7 to make sure both are securely clamped in the
terminal.  In rows 1-3 (2nd to 4th rows) of LJLogUD, change the +CH/-CH to 2/3, 4/5, and 6/7.  Now the voltages and scaled values should read the same as
before.
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Going Further

The T7 is compatible with multiple thermocouple types including E, J, K, R, T, S, and C. For an up to date list, look at section 14.1.1 Thermocouple which is in
the AIN/AIN_EF section of the T7 datasheet. If another thermocouple type is required for your application let us know.

App-Notes - T7 Thermocouple Details

Device Capabilities

The T7 family of devices has the resolution and amplification necessary to directly measure raw thermocouple signals.  If you save 1 channel for an external
cold junction temperature sensor (e.g. LM34), a single T7 can measure up to 13 thermocouples itself (you might want the CB37).  To handle more signals, it is
easy to use multiple T7s (depending on software) or you can use a Mux80 multiplexer board to handle up to 83 thermocouples with a single T7.

The -Pro devices have a 24-bit low-speed sigma-delta converter that is excellent for thermocouples.  In addition to the improved resolution, this converter
provides excellent rejection of 50/60 Hz noise (with ResolutionIndex = 11 or 12) which can be a common problem in thermocouple applications.

See the information on the main page of the Thermocouple App Note.  In particular, read through the complications 1-5, decide what you will use for CJC, and
avoid complication #5 (ground loops) if at all possible.

Resolution:

What's the difference between resolution and accuracy?  See the Resolution and Accuracy app note.

A type K thermocouple provides roughly 37 µV/°C.  Output is -6.458 mV at -270 °C to +54.886 mV at 1372 °C.

The maximum ResolutionIndex for a T7 is 8, and for a T7-Pro is 12, and the typical range used with thermocouples is ±100 mV.  From Appendix A-3-1 of the T7
User's Guide, looking at the ±0.1 range, the typical device resolution at ResolutionIndex=8 is about 6.3 µV noise-free and 1.3 µV effective (0.2 and 0.04 °C for a
type K).  At ResolutionIndex=12 it is about 1.2 µV noise-free and 0.2 µV effective (0.03 and 0.005 °C for a type K).  The effective numbers mean that most
samples (1 standard deviation) will fall in that range.

Note that the actual signal from a thermocouple will likely have real noise with it, beyond the internal noise of the device itself noted above.  The high-resolution
sigma-delta converter on the T7-Pro has excellent noise rejection, and in particular rejects 50/60 Hz noise when set to ResolutionIndex=12.

Also note that temperature in air tends to have lots of small fluctuations.  What looks like noise on a thermocouple signal might be real temperature changes.

Accuracy:

From Appendix A-3 of the T7 User's Guide, the device is calibrated to an absolute accuracy of ±0.01% full-span on the ±0.1 V range.  Full-span is 0.2 V so that
equates to an accuracy of ±20 µV, which corresponds to an accuracy of about ±0.5 °C for a type K thermocouple, which is more accurate than the
thermocouple itself (per complication #4).

There are other sources of error in a thermocouple system, and in particular any error in cold junction temperature measurement is reflected as error in the
thermocouple temperature.  Expect about ±2.0 °C with the Internal Temperature Sensor, or if using the common LM34CAZ sensor it is accurate to about ±0.5
°C at room temperature.  If the local ends of the thermocouples are all at the same temperature, then CJC error will affect them all equally and will not affect
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relative accuracy between the thermocouples.

 

Tutorial - Type K with T7 (Traditional Technique):

For the traditional technique to using thermocouples, which is handling CJC and voltage-to-temperature math in software, see the U6 Tutorial.  Most of the
information is the same, except you should use LJLogM rather than LJLogUD.  Even if you use the AIN-EF technique that follows, the traditional technique can
lend useful insight for troubleshooting.  Also, AIN-EF is not supported in stream mode, so in the strange situation where you are streaming thermocouples the
traditional technique would be used.

 

Tutorial - Type K with T7 (New AIN-EF Technique):

The following was tested using T7 firmware 1.0126, LJM 1.0705, and Kipling 3.0.2.  The AIN-EF technique is supported in command-response mode only ... not
stream mode.

To use the thermocouple analog input extended feature (AIN-EF) system, you write to some configuration registers, and then can directly read thermocouple
temperature from a special read register.

Typical steps for a Type K thermocouple using the default units of Kelvin are:

Set AIN#_EF_INDEX = 22 to specify type K thermocouple, where # is the channel for the positive lead of the thermocouple.
Set AIN#_EF_CONFIG_B to specify the modbus address that will be used for CJC.  The address 60052 (TEMPERATURE_DEVICE_K) uses the internal
temperature sensor to get the device temperature, which is a good match for the AIN0-AIN3 terminals right on the T7.
Set AIN#_EF_CONFIG_D and AIN#_EF_CONFIG_E to specify slope and offset for the CJC reading.  For the internal sensor registers these are typically
slope(D) = 1.0 and offset(E) = 0.0.
The thermocouple feature will use the normal analog input settings for negative channel, resolution-index, and settling.  If, for example, you are using a
differential connection (AINeven-AINodd), set AIN#_NEGATIVE_CH = #+1 (and don't forget your resistor from the negative AINx to GND).
If the range of the applicable channel (AIN#_RANGE) is set to the default ±10 volts, the thermocouple feature will automatically use the ±0.1 volt range, otherwise the specified range will

be used.

Read the register AIN#_EF_READ_A in any software to get a new reading from the thermocouple.  It should read about 298 degrees K for room temp.

 

Kipling is a very easy way to configure AIN-EF.  In Kipling, go to the Analog Inputs tab and click the "+" at the right end of the row for the channel of interest, and
then you will have controls to configure as desired.  To save these settings, use the "Power-Up Defaults" screen.

To configure analog inputs beyond AIN0-AIN13, you can use the Register Matrix in Kipling, or on Windows you can use "AINEFConfigTool.exe" from the
Additional Utility Applications page.  This tool is useful any time you want to configure AIN-EF for lots of channels.
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This application note is about creating analog or digital output waveforms with the U3, U6, UE9, or T-series (T4 or T7).

Hardware Bandwidth Limitations

Before we talk about how to get output updates to happen when desired, first consider whether the hardware can handle the signal frequency you want.

Digital output is pretty simple (very fast), but for analog output first determine if the bandwidth of the DAC (digital to analog converter, or analog output) hardware
can handle your desired maximum signal frequency.  As of this writing, -3 dB cutoff frequencies are as follows:

   
  

-3 dB cutoff
frequency

U3 16 Hz

U6 500 Hz

T7 40 kHz

  

If the hardware can handle the signal frequency you want, the next question is whether you can update the DAC fast enough to build your desired waveform. 
You need to determine your required DAC update rate.  Take the max signal frequency you want to make, and multiply it by how many updates per cycle you
require (i.e. how "smooth" you need the signal to be).  For example, if you want to build a 10 Hz sine wave using 50 updates per cycle, that would require 500
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updates per second.

Software Timing, Command-Response Updates

The basic method of updating an output is command/response mode.  Typical timing information can be found in the documentation for the U3, U6, UE9, T4, or
T7.  For example, in Section 3.1 of the U3 User's Guide it says that with a USB high-high connection it takes about 0.6 ms to update one or both DACs, which is
about 1600 updates/second.  Whether you can make a software program that can iterate a loop at that interval has to do with many factors.

WAIT Technique (U3, U6, T4, and T7)

The idea of the WAIT technique is to send a single packet to the device with multiple commands that are executed in sequence.  Typical commands would be
write DO, write DAC, read AIN, and WAIT, where WAIT is a user-controllable delay.  Using this technique you have the normal command-response delay to
send the packet and read the response (on the order of 1 millisecond), but the multiple commands within the packet are executed in hardware without any
communication delays.

The U3 and U6 have low-level IOTypes WaitShort (U3/U6) and WaitLong (U3/U6).  These can be combined with other commands in a low-level Feedback
packet.  The UD driver uses both of these, but to the user presents a single IOType LJ_ioPUT_WAIT (U3/U6).  This IOType can be combined with others in a
single packet using the Add/Go/Get technique (U3/U6).  The value range you can pass to LJ_ioPUT_WAIT is 0-4000000 microseconds, and the resolution is
128 µs on a U3 and 64 µs on a U6.  To determine how many commands can be fit in a single packet on the U3/U6, consider that the low-level Feedback packet
has room for 57 bytes of data in the command and 55 bytes of data in the response.  Section 5.2.5 of either User's Guide (U3/U6) specifies the command and
response bytes needed for each IOType.

The T4 and T7 have a register WAIT_US_BLOCKING (UINT32 starting at address 61590).  Pass a value to wait, in microseconds, from 0-100000.  The
resolution is 1 µs, but there can be a few µs of occasional jitter due to other higher priority things happening in the processor.  If this wait is placed between 2
other commands, which is typical, there will be an extra ~10 µs of delay between the commands due to the normal time to process each command.  Writes to
this register can be combined with writes/reads of other registers in a single Modbus TCP packet.  With the LJM Library, you would typically use
LJM_eWriteNames() or LJM_eNames(), but either way LJM will send a Modbus Feedback function to the device.  The maximum packet size of a single packet
for a T-series device is 64/1040/500 bytes for USB/Ethernet/WiFi, respectively.  You can combine multiple WAITs to get more than 100 ms delay, but keep each
packet to less than 250 ms total to avoid a device reset caused by the internal watchdog timer.  This technique might also be useful within a Lua script.

Stream Output

The UE9 has a feature called Stream-DAC that allows DAC channels to be updated in stream mode.  You specify a buffer of 1-128 update values, and the UE9
will step through this buffer (continuously rolling back to the start) sending each value to a DAC at the stream scan rate (which can be up to 50 kscans/second or
even more).

The T4 and T7 have a similar but more powerful feature called Stream-Out.

Square or Rectangular Output with Timers or DIO-EF

For continuous square or rectangular waveforms you would typically use a timer on a U3/U6/UE9 or DIO-EF on a T-series device.  If a sinusoid is needed, but
fixed frequency and amplitude is sufficient, you can output a square wave and use a simple RC filter to create a decent sinusoid.

To get a specific number of pulses from a U3/U6/UE9 timer, rather than continuous output, you can use another timer in Stop mode.  On the T4 or T7, simply
use the Pulse Out type.

Square or Rectangular Output at Voltages other than 3.3V

They way to achieve this is to use one of the digital output techniques above to create a 0/3.3V waveform, and use that waveform to control some sort of switch
that is gating the desired voltage.  You could gate 5V from VS or a variable voltage from a DAC output, among others.  For the specific case of getting a 5V
digital output, there is information on Section 2.8 of the U3 User's Guide.

Scripting (T4 and T7)

On the T4 or T7 you can write a Lua script.  This is code that runs on the hardware, without communication overhead, and thus can be much faster.

 

Digital I/O (App Note)
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Digital I/O Overview

LabJack DAQ devices have digital I/O lines providing the ability to control external devices and receive input. In most cases, digital sensors are monitored and
controlled using some kind of serial protocol, like I2C, SPI, or 1-Wire. At the low-level, digital communication protocols rely on the actual digital I/O electrical
configuration and characteristics, so it's good to be familiar with the device datasheet, and different types of digital signals.

In general, digital I/O lines have three states to be aware of:

Output-High also known as Active High
Output-Low also known as Active Low
Input also known as High Impedance or Tri-State

These three states can be sub-classified into two more general modes:
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Output mode (contains the state Output-High and Output-Low)
Input mode

Output Mode:

A digital I/O pin must be configured to operate in this mode when using a LabJack to send an external hardware component a logic high or logic low voltage.
 When operating a digital I/O line in this mode it is important to remember that on most of our devices a series resistor is installed to provide over-voltage/short-
circuit protection.  Keep in mind, these series resistors limit the ability of the digital I/O lines to sink or source current.

Input Mode:

A digital I/O pin must be configured to operate in this mode when using a LabJack to read a signal produced by an external hardware component.  When
operating a digital I/O line in this mode there is a bias voltage that influences the pin's floating behavior.  On most devices this is a 100K ohm pull up resistor to
3.3V.

Refer to the appropriate Digital I/O sections for specific information about each device:

U3
U6
UE9
U12
T4 or T7

Another important section where device specific information can be found is Appendix A for each device.  It has important voltage and current ratings for both
analog and digital input/outputs.

U3
U6
UE9
U12
T4 or T7

 

Controlling Contact Closure Inputs (App Note)
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Question: "I have a machine that turns on when two wires are shorted together or a toggle switch is used to short the wires. That is, the machine is looking for a contact closure signal. How can I

control this machine with a LabJack?"

 

Some devices have contact closure inputs or dry contact inputs.  Those inputs detect whether they are open or shorted.  Here we discuss different options for
using a LabJack to control those device inputs.

 

External Mechanical Relay

The surefire way to create a contact closure is by using a digital I/O to control a mechanical relay.  The output of a mechanical relay is a dry contact, so will work for sure.  Mechanical relays

require high drive currents to control and thus most will require something extra between the LabJack and the mechanical relay.  See the Controlling Relays App Note.  The most plug-and-play

solution would be an RB12 with some of the "Dry Contact Output" modules listed on the RB12 Datasheet.

 

External Solid State Relay

Using the LabJack to control an SSR is similar to the mechanical relay solution above in that the output side of the SSR is isolated from the input side of the SSR (and thus from the LabJack).

 The output of an SSR is not identical to the output of a mechanical relay, but most contact closure inputs should recognize the off and on of an SSR, and the advantage is that an SSR is easier

to control than a mechanical relay per the Controlling Relays App Note. 

 

Directly with Digital I/O

If the low side of the contact closure input on the device can be connected to LabJack ground, the contact closure can usually be simulated directly by
connecting the high side of the device input to a DIO.  With the DIO configured as input the line is in a high-impedance condition, with about 100k from the DIO
to 3.3V on the U3/U6/UE9/T4/T7.  This 100k is generally too much impedance and will look like an open switch to the device input.  With the DIO line
configured as output-low, the DIO is connected to GND with a small resistance in series (180 or 550 ohms on the U3/U6/UE9/T4/T7).  This small impedance to ground is
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usually low enough to appear as a closed switch to the machine. 

If the 100k off impedance is too low, or the 180 ohm on impedance is too high, you can add the LJTick-RelayDriver.  It is the same in that you need to connect device GND to LabJack GND, but

the off impedance is much higher and the on impedance is much lower.

 

 

Controlling Relays (App Note)
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Using a LJTick-RelayDriver Accessory

An LJTick-RelayDriver is a low cost option for controlling relays.  Each LJTRD provides 2 low-side switches that can hold off up to 50V (DC only) and pass up
to 200mA, so it can control almost any mechanical or solid-state relay.  You can get 5V from the LabJack and control that with the LJTRD, but if your relays
require a different control voltage you will have to provide that.

 

Using a PS12DC Accessory

The PS12DC provides 12 high-side switches that can source 5V from the LabJack or control any DC voltage up to 28V provided by your external supply.  In
some cases, the relay itself isn't even needed since the PS12DC can switch power (up to 28V, 750mA) directly. Please see the PS12DC datasheet for details. 

 

Using an RB12 Accessory

The RB12 is a good option for controlling up to 12 loads with high voltage (AC or DC) and/or high current.  The PS12DC tops out at 1.5A, but some modules
that are compatible with the RB12 are rated up to 3.5A. If you buy an RB12, you will have to purchase the relay modules separately. Please see the RB12
datasheet for more details.

 

Directly with Analog Outputs (DAC lines)

Per the specifications in each devices datasheet, the DACs can generally source more current that digital outputs.  They can source enough current to control almost any SSR and even some

mechanical relays, and thus can be a convenient way to control 1 or 2 relays.  With the DACs you would typically use a sourcing configuration (DAC/GND) rather than sinking (VS/DAC).

 

Directly with Digital I/O

Controlling standalone relays using solely digital I/O requires a little more attention to details, but is still very easy.  The important detail to note is that all of the
digital I/O lines on a LabJack have series resistance that restricts the amount of current they can sink or source.  This being known, most solid-state relays
(SSRs) can still be controlled directly by the digital I/O.  The best way to control relays is to connect the positive control terminal of the SSR to the LabJack’s VS
(~5 volts) terminal and connect the negative control terminal to a digital I/O pin.  This is known as “sinking configuration” and essentially inverts the logic
necessary to control the relay.

Figure 1. Relay Connections (Sinking Control, High-Side Load Switching)

Our devices have "tristate" digital I/O.  To control an SSR in the sinking configuration as shown above, the two important states are:

Output-Low:  Causes the control current to flow which turns on the relay.
Input:  Causes the control current to stop flowing which turns off the relay.

The third available digital I/O state, which is not recommended, is:

Output-High:  Might put the SSR control voltage in a region that is not defined by most manufacturers.
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Jameco is a good source for bargain SSRs.  We use the 176719 often for AC output control, and they also have DC output relays.

For the following example, the Series 1 (D12/D24) or Series T (TD12/TD24) relays from Crydom were used.  They are specified to have a max turn-on of 3.0
volts, a minimum turn-off of 1.0 volts, and a nominal input impedance of 1.5kΩ. The following is how a U3/U6/UE9/T4/T7 performs in each of the three modes
when modeling the relay as a simple resistor:

Output-Low:

When the digital line is set to output-low, it is the equivalent of a ground connection with 180 Ω (EIO/CIO) or 550 Ω (FIO) in series.  When using an EIO/CIO line,
the resulting voltage across the control inputs of the relay will be about 5*1500/(1500+180) = 4.5 volts (the other 0.5 volts is dropped across the internal
resistance of the EIO/CIO line).  With an FIO line the voltage across the inputs of the relay will be about 5*1500/(1500+550) = 3.7 volts (the other 1.3 volts
are dropped across the internal resistance of the FIO line).  Both of these are well above the 3.0 volt threshold for the relay, so it will turn on.

Input Mode:

When the digital line is set to input, it is the equivalent of a 3.3 volt connection with 100 kΩ in series.  The resulting voltage across the control inputs of the relay
will be close to zero, as virtually all of the 1.7 volt difference (between VS and 3.3) is dropped across the internal 100 kΩ resistance.  This is well below the 1.0
volt threshold for the relay, so it will turn off.

Output-High:

When the digital line is set to output high, it is the equivalent of a 3.3 volt connection with 180 Ω (EIO/CIO) or 550 Ω (FIO) in series.  When using an EIO/CIO
line, the resulting voltage across the control inputs of the relay will be about 1.7*1500/(1500 + 180) = 1.5 volts.  With an FIO line the voltage across the inputs
will be about 1.7*1500/(1500+550) = 1.2 volts.  Both of these in the 1.0-3.0 volt region that is not defined for these example relays, so the resulting state is
unknown.

 

Optional Configuration (to fix pull-up or turn off issues):

Having problems with your SSR not turning off?  This is not common, but due to the details of some SSR's input circuitry, they can't be modeled properly as a
simple resistor.  Even with all parameters seemingly within the SSR specifications, the SSR does not turn fully off.  It seems like small leakage currents can
cause the internal diode of some SSRs to remain in a "semi-on" state.  If you think you have this problem, install a pull-up resistor in parallel with the relay
control (from the appropriate digital I/O pin to VS).  A resistor between 10k and 27k should be used ... anything larger might not help and anything lower might
cause relay turn-on problems.

Note that the most common reason for an SSR to be stuck on is when you are controlling a DC voltage, but are using an AC SSR.  To control a DC load you
need a DC-DC SSR (DC control and DC load), not a DC-AC SSR.

 

Extra notes about SSRs

If you have an AC load that is inductive (motors, transformers..), you need to choose a Random Turn On AC relay. If your load is resistive (light bulbs,
toasters...), choose a Zero Crossing AC relay.

If your load is DC, make sure you select a DC relay, since an AC relay will never turn off a DC source.

 

Extra notes about Digital Outputs

Note that sinking excessive current into digital outputs on the U3 can cause noticeable shifts in analog input readings.  For example, the FIO sinking
configuration above sinks about 2.4 mA into the digital output to turn on the SSR, which could cause a shift of roughly 1 mV to analog input readings.  This
effect is unique to the U3, but in general sinking or sourcing substantial current on any device can cause slight ground shifts.

Mechanical relays require more control current than SSRs, and cannot be controlled directly by the digital I/O on most LabJacks.  To control higher currents with
the digital I/O, some sort of buffer is used.  Besides the LJTRD, PS12DC, or RB12, some options are a discrete transistor (e.g. 2n2222), a specific chip (e.g.
ULN2003), or an op-amp.

For specific information about how much current each device can source/sink on digital I/O, refer to the User's Guide or Datasheet:

U3 (note #13)
U6 (note #13)
UE9 (note #15)
T4 or T7 (note #2)

U12 (notes #8 & #9, and see section below)

 

U12 Notes

The above information applies to the UD-series (U3/U6/UE9) and T-series.

The LJTick-RelayDriver, PS12DC, and RB12, are not designed for the U12. The RB16 relay board is a U12 accessory similar to the RB12.

AO lines:  Like the DAC lines on our other devices, the AO (analog output) lines on the U12 can source substantial current.  They can control all SSRs and
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even many mechanical relays.  They would typically be used in the sourcing configuration with AOx connected to +RelayControl and GND connected to -
RelayControl.

D lines:  The D lines on the DB25 connector do not have any added protection resistors and thus can source/sink substantial current ... up to 25 mA.  They can
directly control any SSR in the sourcing or sinking configuration.

IO lines:  The IO lines have 1500 ohms of series resistor that makes them unable to directly control most relays.

 

 

Driven Signals (App Note)
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The most basic connection to a LabJack digital input is a push-pull (also called driven).  With a push-pull signal the source is driving (low-impedance) a high
voltage for logic high and zero volts for logic low.  Unless the high is too high, the push-pull signal is connected directly to one of the LabJack's digital I/O pins.

If the signal is at a voltage higher than the devices maximum tolerated voltage an additional series resistor can be used to drop the voltage to a tolerable level.
 LabJack devices have protective devices that clamp the voltage at GND and VS, the additional series resistor is used to limit the current through these
protective devices.  For instance, if a 24 volt signal is connected through a 22kΩ series resistor about 19 volts will be dropped across the resistor, resulting in a
current of 0.9mA, which is no problem for LabJack devices.  The series resistor should be 22kΩ or less to make sure the voltage on the I/O line when low is
pulled below the 0.8 volt logic threshold of LabJack devices.  A 22kΩ resistor is usually a great solution for all voltages up to 48 volts.

Other options to handle higher voltage digital signals are the LJTick-Divider-4 or the RB12 with appropriate modules.

The other possible consideration with the basic push-pull signal is the ground connection.  If the signal is known to already have a common ground with the
LabJack, then no additional ground connection is used.  If the signal is known to not have a common ground with the LabJack, then the signal ground can
simply be connected to GND.  If there is uncertainty about the relationship between signal ground and the LabJack's ground (e.g. possible common ground
through AC mains), then a ground connection with a ~10 ohm series resistor is generally recommended.  

Figure 1. Driven Signal Connection To Digital Input

Figure 1 shows typical connections.  Rground is typically 0-100 ohms.  Rseries is typically 0 Ohms (short-circuit) for 3.3/5 volt logic, or 22K ohms (max) for high-
voltage logic.  Note that an individual ground connection is often not needed for every signal.  Any signals powered by the same external supply, or otherwise
referred to the same external ground, should share a single ground connection to the LabJack if possible.

When dealing with a new sensor, a push-pull signal is often incorrectly assumed when in fact the sensor provides an open-collector signal as described in the
Open-Collector App Note.  

Various mention is made above to protecting from voltages greater than 5 volts.  The actual limits can be found in Appendix A of each device's datasheet.  The
U12 starts clamping at VS+0.3, while the U3, U6, UE9, T4, and T7, start clamping at a fixed 5.8 volts, so an added series resistor should be considered for
voltages beyond those levels.

 

 

Driving LEDs (App Note)
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This application note is about driving LEDs (light emitting diodes) from a U3/U6/UE9.  In addition to actual light emitting devices, you will find LEDs inside of
solid state relays and optocouplers.

The key specs for an LED are the forward voltage (Vf) and max current.  A typical LED might have a forward voltage of 2.0 volts and a max forward current of 20
mA.

An LED is generally driven from a voltage source, with enough resistance put in series to make sure the resulting current is less than the max rating of the LED. 
A few configurations are described below:
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1.  Sourcing current from a digital I/O line:  The idea is that you connect an I/O line (FIO or EIO/CIO/MIO) through some resistance to the anode of the
LED, and connect the cathode of the LED to GND.  We will call the voltage sourced by the I/O line Vio, and know that the voltage dropped across the series
resistance (Vr) is:

Vr = Vio - Vf

... so since the U3/U6/UE9 has 3.3 volt logic and Vf is 2.0 volts, we get Vr = 1.3 volts in this case.  To keep the current created by that 1.3 volts at 20 mA or
less, the resistance should be at least:

R >= 1.3/0.020 = 65 ohms

From Appendix A of the U3/U6/UE9 User's Guide, you can see that series resistance of an FIO line is about 550 ohms while the series resistance of an
EIO/CIO line is about 180 ohms. So all digital I/O lines have plenty of resistance and none additional is needed. You can directly drive the LED positive
from a digital output. The output when using an EIO/CIO line (~7.2 mA) is going to be brighter than when using an FIO line (~2.4 mA).

 

2.  Sinking current into a digital I/O line:  The idea is that you connect VS (5 volts) through some resistance to the anode of the LED, and connect the
cathode of the LED to an I/O line (FIO or EIO/CIO/MIO).  The LED will turn on when the I/O line is set to output-low, while the LED will be off if the I/O line is
set to input or output-high. In this case, the voltage across the series resistance is:

Vr = VS - Vf

... or about 3.0 volts. For a minimum resistance value we now get:

R >= 3.0/0.020 = 150 ohms

... so all digital I/O lines still have enough resistance without having to add any. The EIO/CIO lines are going to allow about 16.7 mA to flow, which should
result in near maximum brightness from the LED.

 

3.  Sourcing current from a DAC (analog output) line:  The idea is that you connect a DAC line through some resistance to the anode of the LED, and
connect the cathode of the LED to GND.  The DAC lines have a source resistance of about 50 ohms, so to keep the LED current at 20 mA or less the
voltage across that resistance (Vr) should be:

Vr <= 50 * 0.020 = 1.0 volts

Thus with just the internal source resistance, for max rated current we want to set the DAC voltage to:

Vdac = Vr + Vf = 1.0 + 2.0 = 3.0 volts

So you can directly drive the LED from a DAC line, and in this case a voltage of 2.0 to 3.0 volts will vary current from roughly 0 to 20 mA.

 

LED Polarity Identification:  When looking at a through-hole LED, the positive or anode is the longer lead which connects to a smaller plate internally. The
negative or cathode is the shorter lead and connects to a larger plate internally.  The plastic LED housing generally has a flat spot on the negative or cathode
side.  To light the LED, current should flow from the anode to the cathode.

Example code

Here's how to toggle an LED on a U3 using LabJackPython. Using method 1 above, wire the anode of an LED to FIO4 and the cathode to GND. Open your
Python interpreter and type

>>> import u3
>>> d = u3.U3()
>>> d.writeRegister(6004, 1) # Turn LED on
>>> d.writeRegister(6004, 0) # Turn LED off

 

Mechanical Relays/Switches (App Note)
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To detect whether a mechanical switch is open or closed, connect one side of the switch to the LabJack's ground and the other side to a digital input.  
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Figure 1. Basic Mechanical Switch Connection To Digital Input

When the switch is open, the internal 100 kΩ pull-up resistor will pull the digital input to about 3.3 volts (logic high).  When the switch is closed, the ground
connection will overpower the pull-up resistor and pull the digital input to 0 volts (logic low).  Since the mechanical switch does not have any electrical
connections, besides to the LabJack, it can safely be connected directly to GND, without using a series resistor or SGND.

When the mechanical switch is closed (and even perhaps when opened), it will bounce briefly and produce multiple electrical edges rather than a single
high/low transition. For many basic digital input applications, this is not a problem as the software can simply poll the input a few times in succession to make
sure the measured state is the steady state and not a bounce.  For applications using timers or counters, however, this usually is a problem.  The hardware
counters, for instance, are very fast and will increment on all bounces.  Some solutions to this issue are:

Software Debounce: If it is known that a real closure cannot occur more than once per some interval, then software can be used to limit the number of
counts to that rate.
Firmware Debounce: (See timer AppNotes)
Active Hardware Debounce: Integrated circuits are available to debounce switch signals.  This is the most reliable hardware solution. See the MAX6816
(maxim-ic.com) or EDE2008 (elabinc.com).
Passive Hardware Debounce: A combination of resistors and capacitors can be used to debounce a signal.  This is not foolproof, but works fine in most
applications.

Figure 2.  Passive Hardware Debounce

Figure 2 shows one possible configuration for passive hardware debounce.  First, consider the case where the 1kΩ resistor is replaced by a short circuit.  When
the switch closes it immediately charges the capacitor and the digital input sees logic low, but when the switch opens the capacitor slowly discharges through
the 22 kΩ resistor with a time constant of 22ms.  By the time the capacitor has discharged enough for the digital input to see logic high, the mechanical
bouncing is done.  The main purpose of the 1kΩ resistor is to limit the current surge when the switch is closed.  1kΩ limits the maximum current to about 5mA,
but better results might be obtained with smaller resistor values.

Open-Collector Signals (App Note)
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This app note is written for all LabJacks except the U12.  The U12 has 1MΩ pull-downs, rather then the 100kΩ pull-ups on all other devices.

Open-collector (also called open-drain, NPN, or PNP) is a very common type of digital signal.  Rather than providing a low-impedance 5 volts and ground, like a push-pull or
signal, an open-collector signal provides open and ground. This type of signal can be thought of as a switch connected to ground.  The various terms are used somewhat loosely,
and often all variations are simply called "open-collector", but following is the most common usage:

Open-collector = NPN = Changes between open and low.

Open-drain = PNP = Changes between open and high.

Since the LabJack digital inputs have a 100kΩ internal pull-up resistor that holds them high when nothing is connected, an NPN signal is a natural fit and can generally be
connected directly to the input.  When the NPN signal is inactive, it is not driving any voltage and the pull-up resistor pulls the digital input to logic high.  When the NPN signal is
active, it drives 0 volts which overpowers the pull-up and pulls the digital input to logic low.  Sometimes, an external pull-up (e.g. 4.7kΩ from Vs to digital input) will be installed to
increase the speed and strength (i.e. more immune to EMI) of the logic high condition.

Figure 1. Open-Collector (NPN) General Connection To Digital Input

Rground is typically 0Ω, but occasionally a series resistor is used to prevent from large currents flowing into ground.

Rseries is typically 0Ω, unless needed to create an RC low-pass filter or if needed to limit current for voltages substantially higher than 5 volts.  If there is some uncertainty about
whether the signal is actually open-collector or could drive a voltage beyond 5 volts, use an Rseries of 22kΩ as discussed in the Driven Signals App Note.

Rpullup (external pull-up resistor) is typically not required, but is used much more often than Rground and Rseries.  A 4.7kΩ is sometimes added if a stronger pull-up is needed to
avoid false lows due to EMI.  The only downside to adding this external pull-up is that VS has to source a little extra current and the NPN switch has to sink this extra current, but
it is only about 1mA with 4.7kΩ.

 

Without the optional resistors, Figure 1 simplifies to Figure 2 which is the most common connection:

 

Figure 2. Open-Collector (NPN) Typical Connection To Digital Input

 

For a PNP switch, Rpulldown (rather than Rpullup) is required from the digital input to GND.  Add a 4.7kΩ pull-down resistor that overpowers the internal 100kΩ pull-up and holds
the digital input low when the PNP is inactive (open).  When the PNP is active (high), it will overpower the pull-down and hold the digital input high.  Note that if the PNP high
voltage is greater than 5 volts, Rseries is needed to protect the digital input as discussed earlier.

Our oldest device, the U12, has a 1MΩ pull-down rather then the 100kΩ pull-up on each digital line.  We recommend always using a 4.7kΩ pull-up resistor (to +5V) with NPN

https://labjack.com/sites/default/files/2010/02/2.8.1.2-npn.png
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signals or a 4.7kΩ pull-down resistor (to GND) with PNP signals.

Various mention is made above to protecting from voltages greater than 5 volts.  The actual limits can be found in Appendix A of each device's datasheet.  The U12 starts
clamping at VS+0.3, while the U3, U6, UE9, T4, and T7, start clamping at a fixed 5.8 volts, so an added series resistor should be considered for voltages beyond those levels.

Note that an individual ground connection to the LabJack is often not needed for every signal.  Any signals powered by the same external supply, or otherwise referred to the
same external ground, should share a single ground connection to the LabJack whenever possible. 

 

 

Solid-State Relay Control Box for AC Devices (App Note)
Log in or register to post comments

Warning: In order to work with this device, one should be familiar with general electrical safety. The voltage used is dangerous to personal safety. Mistakes can lead to property

damage or bodily harm. This project is only for individuals who are experienced with wall/mains wiring. It is the responsibility of the user to build the device to operate safely.

Summary:

This box allows the user to control high voltage devices (up to 280VAC, 40A, depending on wire size and cooling ability) such as hot plates, heaters, lamps,
and electric motors. This device was used for a pressure canner, where it controlled a hotplate using pulse-width modulation (PWM) to precisely set the heat
output of the hot plate based upon the pressure of the vessel.

https://labjack.com/user/login?destination=node/2935%23comment-form
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The receptacle shown here is rated for 20A, but the cord that plugs into the wall is rated for 15A, so 15A is the maximum current that can be sourced by this
device. For this project, it is recommended to use the Kyotto KD20C40AX 40A, 280VAC Solid-State Relay. This does not fully utilize the capabilities of the relay, but works for most

applications, and minimizes cost. There are many options for solid state relays, the recommended relay should work for most applications. Because the recommended relay will be operating well

below its maximum ratings, the heat output is manageable, and is easily dispersed into the surroundings. At 13A load, the relay reached only 32°C (90°F), which is well within the operating

range of the relay. Many solid-state relays, including the recommended relay, are optically isolated from the load side of the relay, which mitigates the possibility of damage to the LabJack.

Most 120V devices under 15A can be turned on or off with this relay box. Specific power control can be achieved through PWM control, but may not work for
your application. Loads such as motors require the AC wave frequency to be modulated to change motor speed, rather than just supplying power for a small
amount of time. While controlling the speed of an AC motor with this device is not possible, the motor can still be turned on and off with this relay box. Simple
resistive loads, such as hot plates or lamps, can be controlled via PWM, since there isn't precise timing involved. See the Controlling Relays Application Note
for more information.

Our selected solid-state relay only makes connection at zero crossings, where the AC voltage crosses 0V. Due to the zero-crossing switching, this PWM signal
is not perfectly scalable; it can only be adjusted in integer steps. By slowing the frequency of the PWM signal to 1Hz, 60 steps of resolution between zero and
full power is possible. A detailed understanding of zero-crossing circuits is helpful when implementing control by PWM.

To build the Solid-State Relay Box, the following materials must be purchased:

Part Description Quantity  Price (USD)  Part Number  Link

Solid State Relay Zero-Crossing, at least 15A 1 19.95 KD20C40AX Jameco Electronics

Tool Replacement Cord 15A Minimum 1 12.97 AW62632 The Home Depot

Enclosure 2-Gang Weatherproof Box with Five 3/4 in. Outlets 1 10.97 5345-0B The Home Depot

Outlet, Water Resistant 15A, Water/Tamper Resistant Outlet 1 3.79 R62-W5320-T0W The Home Depot

2-Gang Cover Plate 1 Toggle, 1 Duplex Outlet 1 1.39 R52-0PJ18-00W The Home Depot

Strain Relief 1 in. Non-Metallic (NM) Twin-Screw Clamp Connector 2 1.61 90513 The Home Depot

Machine Screws, #8-32 x 1/2" For Solid State Relay Mounting 1 pkg 1.18 814201 The Home Depot

Nylon Lock Nuts, #8-32 For Solid State Relay Mounting 1 pkg 1.18 802221 The Home Depot

Washers, #8-32 For Solid State Relay Mounting 1 pkg 1.18 800321 The Home Depot

Crimp Connector Assortment 20AWG rings and 16AWG forks needed 1 pkg 9.97 TK-806 The Home Depot

Control Wire 10ft Stranded wire, 18AWG, cut to length 10ft 2.70 57573199 The Home Depot

LED, Green Optional, for indicating when relay is on/off 1 0.15 LG3330 Jameco Electronics

Resistor, 220 Ohm Optional, for LED 1 0.10 CF1/4W221JRC Jameco Electronics

Thermal Paste For Solid State Relay cooling 1 3.49 NTE303 Jameco Electronics

  Total: $72.24   

 

The Build:

1. Take the enclosure and mark holes for the solid-state relay mounting screws. For our box and relay, these holes were 1-3/8" from the bottom and 1" from the
center. Check that your solid-state relay fits before drilling the holes. The holes should fit a #8 machine screw, so use a 5/32" diameter drill bit.

http://www.jameco.com/z/KD20C40AX-Kyotto-Relay-Solid-State-32-Volt-DC-Input-40-Amp-280-Volt-AC-Output-4-Pin_176719.html
https://en.wikipedia.org/wiki/Solid-state_relay#Coupling
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http://www.homedepot.com/p/Leviton-2-Gang-Midway-1-Toggle-1-Duplex-Combination-Nylon-Wall-Plate-White-R52-0PJ18-00W/100356917
http://www.homedepot.com/p/1-in-Non-Metallic-NM-Twin-Screw-Clamp-Connector-90513/100113541
http://www.homedepot.com/p/Everbilt-8-32-x-1-2-in-Stainless-Steel-Phillips-Slotted-Round-Head-Combo-Drive-Machine-Screw-6-Piece-814201/204274786?keyword=88748014201
http://www.homedepot.com/p/Everbilt-8-32-Coarse-Zinc-Plated-Steel-Nylon-Lock-Nut-4-per-Pack-802221/204274157?keyword=887480022216
http://www.homedepot.com/p/Everbilt-8-Stainless-Steel-Flat-Washer-12-Pack-800321/204276460
http://www.homedepot.com/p/Gardner-Bender-100-Piece-Terminal-Kit-TK-806/202518736
http://www.homedepot.com/p/Southwire-By-the-Foot-18-2-Gray-Stranded-CU-Shield-Security-Cable-57573199/204725192
http://www.jameco.com/z/LG3330-LED-Uni-Color-Green-565nm-2-Pin-T-1-3-4_34761.html
http://www.jameco.com/z/CF1-4W221JRC-Carbon-Film-Resistor-220-Ohm-1-4-Watt-5-_690700.html
http://www.jameco.com/z/NTE303-NTE-Electronics-5-Pack-of-Silicon-Thermal-Heat-Sink-Compound-in-1-Gram-Tubes_259151.html


2. Install the wire clamps into the enclosure. Thread the cord into the box through a hole on the opposite side from the holes that were just drilled. You may need
to bring the insulation back further to allow for the 3 conductors to reach the outlet and relay. A knot can be tied in the cable to prevent wire strain, but this step is
optional. Connect the black wire to the black side of the outlet, the green to the green screw, and the white to a terminal on the relay (Terminal 2 on the
recommended SSR) The output side of the SSR (1 on the recommended SSR) must be connected to the white side of the outlet. Spade-type crimp connectors
may be needed for connections to the relay and/or outlet.  

       

The black wire, not shown, should be connected to the black side of the outlet.

3. Strip and connect the control wires to the control side of the SSR (3 and 4 for the recommended SSR) The LED (optional) can also be connected here. 

    

4. Apply thermal paste to the back plate of the SSR, and to the side of the enclosure. Press the solid-state relay to the side of the enclosure and move it into
position. Insert the screws into the slots of the SSR and thread on a washer and nut to the tail of the bolt. Due to the tight space, a right angle screwdriver may
be necessary to tighten the machine screws.



5. A thermocouple (optional) can be attached to the heat sink portion of the SSR to monitor relay temperature. Heat will be sunk away from the SSR to the
enclosure, via the thermal paste, where the heat can radiate to the surroundings.

6. Install the outlet using the included screws. 

    

7. Epoxy and white cardboard were used to mount the LED onto the faceplate, but other methods can be used.

      

8. Install the faceplate onto the enclosure with the provided screw. Tighten cable clamps if needed.

9. Connect the control wires to the LabJack. Depending on the relay, device, and application, there are multiple configurations that can be used to control the
relay. For the recommended relay, there are two possible configurations: using a DAC to control the relay, or using an LJTick-DigtalOut5V, which shifts the FIO



lines to 5V. The recommended relay is activated at 4V, per the datasheet, so the 3.3V level of the I/O lines will not work to control this relay. The method using
the DAC allows on/off control, but cannot use the PWM functionality of the digital I/O lines. To use PWM control, the relay must be connected to the FIO lines
through an LJTick-DigitalOut5V. 

10. Lastly, open the device in Kipling (or LJControlPanel for UD devices) and toggle the I/O line from Output-High to Output-Low. Plug the cord into the wall,
and connect a lamp, hotplate, heater, or any other load within the current rating of the device. Continue toggling the I/O line to test the relay box and control the
output device.

Note: When controlling high-power devices such as heaters and motors, fail-safe design is important. It is the developer's responsibility to implement fail-safe
design to prevent property damage or bodily harm.

Test a Digital I/O Channel (App Note)
Log in or register to post comments

If you want to test a digital I/O (FIO, EIO, CIO, MIO), or you're new to our products, and need to write code to measure or output digital signals, this is one of the first things that
you should try to do.  All I/O on the LabJack share a common ground, so the voltage on a digital output can be measured by simply connecting a single wire from that terminal to
an adjacent digital input channel. Configure one of the digital I/O as an output, and the other as an input.  Next, toggle the output from logic high to logic low.

Example Connection:

Simply wire one DIO channel to another. If the device is working correctly, toggling FIO1 from output-high to output-low will toggle FIO0(configured as input) from high to low.

 

Serial Protocols (App Note)
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Serial Protocols Overview

Many of our devices are capable of communicating with sensors that only allow for serial communication.  Most of our devices support SPI, I2C, 1-Wire, and
other Asynchronous Serial Protocols.  Configuring our devices to send and receive data is fairly device independent and easy once you understand the
protocol being used, however a few things must be kept in mind before purchasing sensors that use a serial protocol for transferring information.

Our devices supply 5V on their VS line and not 3.3V.
Our devices output 3.3V logic levels on their FIO/EIO/MIO/CIO lines but are capable of receiving 5V as an input.  Note that the high voltage for I2C is
generally controlled with a pull-up resistor anyway, so this is not a problem.
Some sensors don't follow standard I2C/SPI protocols.

That being said, with some effort, most digital sensors can be successfully connected to a LabJack.

 

Support - Further I2C Resources

Further reading and Examples for I2C

Some posts and more resources about using LabJack devices with I2C sensors can be found on the forums section of our website as well as in some external
locations:

There are some I2C examples for LabVIEW, Matlab, and Lua for the UD devices as well as devices that support LJM on GitHub in the I2C-AppNotes
repository. In particular, look at the LJM_I2C_Utils.m file for LJM compatible devices and the UD_I2C_Utils.m file for UD compatible devices.
There are some detailed descriptions of I2C on UD devices on DAQFactory's forum regarding the MCP23017 I2C chip on a forum topic titled I2C Problem
(MCP23017)
The I2C Simulator is a quick visualization tool aimed to help users understand how the LJM I2C registers affect the resulting I/O data pattern that you
would see on a logic analyzer.
The generic I2C AppNote describes some general properties about I2C and has some logic analyzer screen shots describing some of the I/O patterns.

1-Wire (App Note)
Log in or register to post comments

This app note explains the operation and use of the 1-Wire bus in conjunction with LabJack products.

Compatibility

T4: All recent firmware versions.
T7/T7-Pro: All recent firmware versions.
UE9: Control Firmware v2.20 or later.
U6: Firmware v1.17 or later.
U3: Firmware v1.31 or later.
U12: Not supported.

Overview of 1-Wire

The basis of 1-Wire technology is a serial protocol using a single data line plus ground reference for communication. A 1-Wire master initiates and controls the
communication with one or more 1-Wire slave devices on the 1-Wire bus. Each 1-Wire slave device has a unique, 64-bit ID, which serves as its address on the
1-Wire bus. Slave devices typically operate over the voltage rage of 2.8V to 5.25V.

Some 1-Wire devices require a separate power supply, but many take their energy directly off of the data bus line—this is called parasitic supply. Because of
this unique parasitic supply, 1-Wire is the only voltage-based digital system that works with two contacts, data and ground for half-duplex bidirectional
communication.

Using a LabJack as the Master

Before attempting communication with a 1-Wire slave through a LabJack, insure the following conditions are met:

1-Wire compatibility with your LabJack
Only connect 1-Wire slave devices through EIO and CIO lines. The FIO lines have too much impedance to run 1-Wire properly*. Because EIO and CIO
lines are only accessible through the DB15 connector, it may be helpful to purchase a CB15.
Parasitic or dedicated supply? Depending on power consumption the slave device may require a dedicated supply, or if it is a parasitic device, the correct
pull-up and/or pull-down resistors need to be installed on the bus. Refer to the device datasheet for appropriate connections.

After the above conditions are met, it will be possible to initiate communication with 1-Wire slaves using a LabJack as the master.

UD-series devices: The low-level function for 1-Wire to handles byte array command/response, and can be integrated into any program that has access to the
device commutation protocol (USB, Ethernet, etc.) An example in LabVIEW is detailed below.
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T-series devices: The LJM multiple value functions make it easy to operate 1-Wire. For examples:

LabVIEW: LabVIEW LJM examples
C: C/C++ LJM examples

Search Algorithm

Using multiple devices on the 1-Wire bus requires that their 64-bit ROM codes be known. The codes can be found using a search algorithm. This search will
identify the ROM codes of all devices on the bus, but will not reveal any information about the order they appear on the bus (physical location). The figure below
represents 3 devices, and the branching that occurs during their discovery.

Each branch at a bit level denotes a difference in device ROM. These devices only have a 2-bit ROM.

Creating one of these search algorithms can be difficult, so when possible it is recommended to place a single device on the bus and use the master to identify
its address. Based on design, if a 1-Wire slave device is alone on the bus, there will be no alternate branches for the master to search, so it will locate the
device easily. After the device ROM is known, record it and identify the part with a marking or location.

More information on branching and search algorithms can be found in the following documents:

Overview on MaximIC: http://pdfserv.maxim-ic.com/en/an/AN1796.pdf
Searching for ROM addresses: http://pdfserv.maxim-ic.com/en/an/AN187.pdf

Example

1. Overview

For this example a Maxim DS1822 digital thermometer is used to demonstrate the use of 1-Wire. The U3-LV running firmware v1.31 is configured as the master,
and using a CB15; the 4 DS1822 temperature probes are connected to EIO6(DIO 14)**, VS, and GND. Below is a picture of the test setup.

1-Wire test using a LabJack U3-LV and 4 DS1822 temperature probes

2. Connections

Since 5V (VS) is readily available on the CB15, and the DS1822 can be powered either directly or off of the bus (parasitic), it was connected directly to VS.
Based on the datasheet, when connected in this manner it is appropriate to also include a pull-up resistor on the bus line. A 4.7kΩ pull-up resistor is seen on the
right side.

DS1822 datasheet: http://www.maxim-ic.com/datasheet/index.mvp/id/2795/t/al

3. Search ROM address

The next step is to discover the ROM codes that are factory programmed into the DS1822s. As mentioned above, it is easiest to connect a single device on the
bus, then run the Read ROM command [33h]. The slave device will then return its 64-bit ROM. For convenience, a LabVIEW program capable of discovering
ROM addresses on the 1-Wire bus can be downloaded at the bottom of the page.

https://labjack.com/support/software/api/ljm/function-reference/multiple-value-functions
https://labjack.com/support/software/examples/ljm/labview
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https://labjack.com/sites/default/files/2011/02/1-Wire Branching.png
http://pdfserv.maxim-ic.com/en/an/AN1796.pdf
http://pdfserv.maxim-ic.com/en/an/AN187.pdf
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Searching the 1-Wire bus

Due to the way that 1-Wire devices may be used in practice, like in an expansive sensor network, it was decided that a search algorithm could greatly benefit
our customers. The algorithm was developed in LabVIEW 6, and uses the Search ROM command [F0h] to investigate all of the branches necessary to reach
each slave device. Once discovered, they are stored in memory and displayed on the control window. Although only tested in the above example, the algorithm
executable can be downloaded below. The subVI is also available.

4. Reading The Temperature

After all of the ROM codes are known, simply use the Match ROM command [55h] followed by a 64-bit ROM code sequence to address a specific slave device
on the bus. Before any communication can commence on the 1-Wire bus, the master will have to initiate this ROM command.

In order to capture the temperature data, one must carry out two additional command sequences; each one follows the Match ROM Command [55h].

1. The first is to make the temperature probe convert a temperature reading into a binary number. The Function Command for this is [44h], and must be
issued in the first Tx data byte. See the low-level function reference for Tx Byte 0 location. Also set Num Tx to 1, for number of bytes to transfer.

2. The second sequence is required to read the binary temperature reading from the device memory. The associated Function Command is [BEh], and is
also issued in the first Tx data byte. Again set Num Tx to 1, but this time it is also necessary to instruct the master to receive data. Set Num Rx to at least 2,
because the first 2 bytes contain the binary temperature reading on the DS1822. Additional data can also be read from the device, see the datasheet for
details.

For a complete communication description, reference DS1822 Operation Example 1 pg.18 in the datasheet. A simple LabVIEW program designed for reading
the DS1822 can be downloaded below. Note that it will be necessary to know the ROM address of the slave probe before using the program.

5. Useful Code

These downloads were developed during testing, and were referenced in this app note. Please review the app note before use. All executables will require the
LabVIEW 6.0 run time engine, which can be downloaded here (10.4 MB, save to desktop, right-click and do "extract here", run lvrteinstall.exe). SubVIs use
some of the LabVIEW LJUD archive, so this will need to be downloaded and the appropriate subVIs referenced.

1Wire.vi
1Wire.exe
1Wire_Search.vi
1 Wire Search.exe
Read_DS1822.vi
Read DS1822.exe
1Wire_LJM.vi
1-Wire LJM Example .vi files

Notes:

*The internal resistance on FIO lines could be reduced by changing the resistors, or using some form of dynamic pull up. We do not recommend modifying the
LabJack; doing so may void your warranty.

**The DIO pin is important when using the downloadable subVIs and executables, insure correct number

HMC6352 Magnetometer - I2C (App Note)
Log in or register to post comments

This AppNote explains the operation and use of the I2C functionality of our LabJack devices with special regards to the Honeywell HMC6352 Magnetometer.

Compatibility

UE9
U6
U3

Overview of I2C

The basis of I2C with regards to our devices is a two wire serial interface that lets you communicate to sensors or embedded systems that require a host device
to properly function. The host device is initially in transmit mode and sends a start bit followed by a 7-bit address of the slave it wishes to communicate with
which is followed by a single bit representing whether it wishes to write(0) or read (1) from the slave. If the slave exists on the buss then it will respond with an
ACK bit for that address and the master then continues in either transmit or receive mode and the slave continues in its complementary mode. If the master
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wishes to write to the slave then it repeatedly sends a byte of information with the slave sending an ACK bit in response. If the master wishes to read from the
slave then it repeatedly receives a byte of information from the slave and sending back an ACK bit for every byte but the last one. Once communication is
finished, the data transmission concludes with a stop bit. A quick look at what these waveforms will look like, you can reference page 4 and 9 of the datasheet
for the HMC6352 that we will be using: HMC6352.pdf.

Using a LabJack as the Master

Before attempting communication with a I2C slave through a LabJack, insure the following conditions are met:

The slave must accept 3.3V logic as that is the voltage of our FIO, CIO, and EIO lines.
If connecting to VS on the device, make sure that the slave accepts 5V as a supply voltage, if it doesn't consider our EB37 Experiment Board as it supplies
useful supply voltages: 9.5V, 5V, 3.3V, and 1.25V.
Make sure that the correct pull-up resistors are installed, refer to the device datasheet for appropriate conditions.

After the above conditions are met, it will be possible to initiate communication with I2C slaves using a LabJack as the master.

Using a LabJack as the Master

The low-level function for I2C requires that you can supply it with a valid address that needs to be communicated with, a list of bytes that need to be sent to that
address. You can also specify how many bytes will be received, what pins to use as SCL and SDA and other attributes that can be read in section 5.2.19 of the
LabJack users guide (by selecting the low-level function link, information can also be found in sections 5.2.21 for U6 and 5.3.20 for UE9)

Example

1. Overview

For this example a Honeywell HMC6352 digital magnetometer is used to demonstrate the use of I2C. The U3-LV running firmware v1.24 is configured as the
master and the Magnetometer has been soldered to a break out board exposing the SCL SDA VS and GND pins. Above is a picture of this test setup.

2. Connections

Since 5V(VS) is readily available on the U3-LV and the digital Magnetometer is capable of using 5V as an input voltage and there are already pull-up resistors
and a decoupling capacitor installed on the included break out board by SparkFun, all that is left to do is connect the device to the LabJack. As the picture
above shows, the SCL line was connected to FIO7, the SDA line was connected to FIO6, VCC to VS, and GND to GND.

 

3. Initiating Communication

The first step in communicating to the HMC6352 and other I2C devices is figuring out what I2C address the device will respond to. This information can all be
found by looking at its datasheet:HMC6352.pdf. The specific information were looking for at this time is found on page 3, the address that we need to
communicate with to write information to the device is 0x42 and to read it is 0x43.

4. The Command Byte

The second step in communicating to the HMC6352 is figuring out what information to send to the device. Most of this information can be found at the top of
page 5 of the datasheet in table 1. The command byte, A(41) is what we will send the Magnetometer to get a response that pertains to what direction it is facing.
To send the Magnetometer other requests, simply change the command byte to a different recognized command, and add bytes after (if needed) when building
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the list of bytes, shown later.

5. Predicting the response and interpretation

In order to get useful information from the Magnetometer the U3 needs to be told how many bytes of information it needs to receive to get a complete amount of
information. This can be found by looking at the same table that was used to find a list of valid commands. Looking closely, the command 0x41 requires that we
listen for a two byte response, Response 1, the MSB of data; and Response 2, the LSB of data. These groups of information can be combined into one long
binary response that can be interpreted as tenths of degrees from zero to 3599 (page 7 of the datasheet, under the title Heading Mode).

6. Useful Code

The following download is a python example program that was created during testing of this HMC6352 Magnetometer and can be used as a reference to
develop for additional I2Ccompatibleslave devices. 

HMC6352.py_.txt(you will need to re-name the file to HMC6352.py in order to run the example)

7. Problems and Trouble Shooting

The first problem that was encountered was that the I2C command doesn't configure the device to digital output. I found this problem when trying to use the
FIO4 and FIO5 lines instead of the default FIO6 and FIO7 lines. The device I was using had FIO4 configured to be a clock output line. To quickly fix this
problem, the following line sets all FIO and EIO lines to digital lines:

d.configIO(FIOAnalog = 0, EIOAnalog = 0)

The biggest problem that I was encountering was making sure that the address that I was trying to communicate with was the correct address. In the python
library, the address is shifted over one bit so if you tell it to write to the hex address 0x42, it writes to 0x84. I found this out by trying to communicate to the
Magnetometer in the python command line and after opening the device, "d = u3.U3()" I made set the internal debug value to true, "d.debug = True" which tells
the library to print out useful debug information. Using this information I looked at each of the bytes that was being sent and noticed that the 11th byte (the
address byte as defined by 5.2.21 in the users guide) being sent was 0x84 instead of the proper 0x42. Looking deeper into the U3.py library it became clear that
the address was being increased by one binary digit, so "0,0,1,0,1,0,1,0" was becoming "0,1,0,1,0,1,0,0". This can be easily avoided by either calling the
address 0x21 instead of 0x42 or setting the AddressByte attribute of the I2C function to the address that you want to call.

Support - Further I2C Resources

Further reading and Examples for I2C

Some posts and more resources about using LabJack devices with I2C sensors can be found on the forums section of our website as well as in some external
locations:

There are some I2C examples for LabVIEW, Matlab, and Lua for the UD devices as well as devices that support LJM on GitHub in the I2C-AppNotes
repository. In particular, look at the LJM_I2C_Utils.m file for LJM compatible devices and the UD_I2C_Utils.m file for UD compatible devices.
There are some detailed descriptions of I2C on UD devices on DAQFactory's forum regarding the MCP23017 I2C chip on a forum topic titled I2C Problem
(MCP23017)
The I2C Simulator is a quick visualization tool aimed to help users understand how the LJM I2C registers affect the resulting I/O data pattern that you
would see on a logic analyzer.
The generic I2C AppNote describes some general properties about I2C and has some logic analyzer screen shots describing some of the I/O patterns.

I2C (App Note)
Log in or register to post comments

This AppNote explains the operation and use of the I2C functionality of our LabJack devices.

Devices Discussed

UE9
U6
U3

Options for using I2C on LabJack devices

In general, our LabJack devices have two primary ways of being configured. They can be controlled using our High Level LabJackUD Driver, recommended
when using a supported PC, or they can be controlled using low level functions. This AppNote will focus on our high level driver.

Overview of I2C communication using the UD Library

Before sending I2C commands using our devices it is important to understand the available functions that can be used in the UD Driver. The most useful
functions are "AddRequest" and "GoOne". Using these two functions you can configure, send, and receive I2C commands. In order to send I2C information
using UD LabJack devices you need to follow three simple steps.

1. Connect the Sensor
2. Configure the I2C Data Bus
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3. Figure out how data needs to be sent and send it using the proper read and write commands

1. Connect the Sensor:

Some of the most annoying problems to debug are simply not connecting the sensor/chip properly. Always double check that your sensor is connected properly
to VS and GND, and make sure that there are pull up resistors from the SCL and SDA lines to VS. Some fairly common values are 1.8k, 4.7k and 10k, for our
AppNote examples we usually use 4.7k resistor's.

2. Configure the I2C Data Bus:

There are five pieces of information that you need to configure before you can start communicating with your sensor.

1. Finding the preprogrammed address of the sensor
2. Deciding what pin on the LabJack will be connected to the SCL pin
3. Deciding what pin on the LabJack will be connected to the SDA pin
4. Defining the I2C options register (most complicated)
5. Adjust the clock speed of the I2C bus

1. The first step in configuration is to search the sensor's datasheet and find a 7 bit address that the sensor is preprogrammed to respond to. You then need to
shift this address over one bit (5A (7 a bit address) becomes B4 (8bit address)). If the datasheet for your device gives you an 8 bit address you should be able to
use this address with out shifting it. This is required because our High Level Driver needs to be able to change the smallest bit to indicate that you are either
trying to read or write to the sensor. 
2-3. The second and third steps is to decide what pins are going to be defined as SCL and SDA and then simply define them in your code.
4. The fourth and most complicated step is to configure the I2C Options. There are three settings that you can change here, you can enable clock stretching, tell
the LabJack device to not stop transmitting when restarting, and you can tell the LabJack to Reset at Start.

Clock stretching is a fairly uncommon feature that is used but it allows the I2C slave to slow down the master when it needs to do more calculations or
processes before data becomes available. A more detailed description of what this feature means can be found here.
Enabling "No Stop when restarting" tells the LabJack to not send a stop condition when sending more than a single command at once. Most I2C devices
require you to write some information to the sensor in order to tell the sensor what information you will be requesting later and if you do not want there to
be a pause in communication this should be enabled. A good picture showing the difference in transmission that occurs from toggling this setting are
below:

The circled area is the brief pause between a write command (left) and a read command (right). FYI address 42 was configured in these two pictures. Sensors
will recognize 21 as the address with a write or read bit following the address.

The circled area is where the pause used to exist between a write command (left) and a read command (right)

Enabling Reset at Start tells the LabJack to send 9 clock pulses before transmitting data to clear any half transmitted information that the sensor may think
it has been sent. Times where you may want to enable this feature are when your LabJack lost power in the middle of transmission and your sensor didn't,
when there may be a lot of noise along the SCL and SDA lines that could cause the devices connected in parallel to think they have received something
but didn't, or other setups that require a robust I2C setup.

All three of these settings are packaged into a single byte that gets passed into the "AddRequest" function as a byte. These parameters get added together to
get an integer from 0 to 255 that gets sent to the LabJack. If you wish to enable clock stretching, add 2^3 or 8, if you wish to enable "no stop when restarting"
add 2^2 or 4, and if you wish to enable "Reset at start" add 2^1 or 2.
5. The last option that you can configure is the speed adjust parameter. This allows the communication frequency to be reduced. 0 is the maximum speed of
about 150 kHz. 20 is a speed of about 70 kHz. 255 is the minimum speed of about 10 kHz.

Pseudocode for Configuration:

Now that you have all of the configurations figured out, you can now prepare the information to be sent using the AddRequest function, this can be easily shown
through some pseudocode (an example for configuring our LJTick-DAC using I2C here). As an example, we will build the code that sent the above transmission
over I2C.

//The following code configures I2C to try and communicate to the sensor/device responding to address 21
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_ADDRESS_BYTE, 42, 0, 0);

//The following code configures I2C to use FIO7 as the SCL output pin
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SCL_PIN_NUM, 7,0,0);

//The following code configures I2C to use FIO6 as the SDA output pin
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SDA_PIN_NUM, 6,0,0);

//The following code configures I2C to enable the "no stop when restarting" I2C feature
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_OPTIONS, 4,0,0);

//The following code configures the speed of transmission, sets SpeedAdjust to 0.
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SPEED_ADJUST, 0,0,0);
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After all of these AddRequest functions have been called you need to execute the configuration requests:

//The following code executes the configuration requests
GoOne(lngHandle);

Because this tutorial was designed around the use of LabView, I will note a useful VI that we have created and are distributing that you can download and use
here. It is called "AddS-Go-Get.vi" located in the following directory: "LabVIEW_LJUD\Utility VIs\AddS-Go-Get.vi" This VI takes in all of these settings, calls the
AddRequest function for each of them, and then calls the GoOne function, we recommend that you use this VI when using LabVIEW on a Windows PC.

You can also download the Configure_I2C.vi a code snippet from a later VI that uses the AddS-Go-Get.vi and configures the LabJack to send I2C information.

Transmission:

After you have properly configured the LabJack to communicate over I2C there are three more options that our High-Level driver exposes for you. You can use
the commands "LJ_chI2C_WRITE", "LJ_chI2C_GET_ACKS", and "LJ_chI2C_READ". These functions allow you to set up what information you want to send
to the sensor (write), reports how many ACK bits were sent from the slave (get_acks), and reads back a given amount of information that is transmitted by the
I2C device (read). Figuring out the information that you need to transmit to the sensor and how much information you will be looking to receive from the sensor
are where problems start to arise. You can get bad results for many reasons including but not limited to trying to talk to an invalid address, using an invalid
configuration, or sending the device a bad write array.

Pseudocode for Transmission:

To finish off creating the transmission in the above pictures, we need to add a write command where we write 0x41 and then read 2 bytes of information.

//build write request
numWrite = 1;
array[0]=0x41;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_WRITE, numWrite, array, 0);

//build read request
numRead = 2;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_READ, numRead, array, 0);

//Execute the requests
GoOne(lngHandle);

https://labjack.com/support/ud/examples/labview
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We recommend that you download this VI instead of trying to copy it, you can find it here. The "ljud eadd go get u8 array" vi that is used can be found in the
same download as before, but in this directory "LabVIEW_LJUD\LabJackUD DLL Functions\LJUD_eAddGoGet (U8 Array).vi".

Another useful function that can help you debug some common I2C problems is the "LJ_chI2C_GET_ACKS" function. A useful VI that combines the read, write,
and get ACKs functions can be found here. Pseudocode for doing this looks exactly like the transmission code except there is an extra AddRequest statement:

//tell the LabJack to count the ACK bits
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_GET_ACKS, numRead, array, 0);

For more examples of I2C implementation, you can look at the other AppNotes that we have created that communicate with I2C devices, look at example code
in the LabVIEW download, look in the corresponding Python library for your device, or look at example code for our LJTick-DAC.

Support - Further I2C Resources

Further reading and Examples for I2C

Some posts and more resources about using LabJack devices with I2C sensors can be found on the forums section of our website as well as in some external
locations:

There are some I2C examples for LabVIEW, Matlab, and Lua for the UD devices as well as devices that support LJM on GitHub in the I2C-AppNotes
repository. In particular, look at the LJM_I2C_Utils.m file for LJM compatible devices and the UD_I2C_Utils.m file for UD compatible devices.
There are some detailed descriptions of I2C on UD devices on DAQFactory's forum regarding the MCP23017 I2C chip on a forum topic titled I2C Problem
(MCP23017)
The I2C Simulator is a quick visualization tool aimed to help users understand how the LJM I2C registers affect the resulting I/O data pattern that you
would see on a logic analyzer.
The generic I2C AppNote describes some general properties about I2C and has some logic analyzer screen shots describing some of the I/O patterns.

File Attachment: 
 Read_and_Write.vi
 Read_GetAcks_and_Write.vi
 Configure_I2C.vi

Melexis MLX90614 IR Temperature Sensor - I2C (App Note)
Log in or register to post comments

This AppNote explains the operation and use of the I2C functionality of our LabJack devices with special regards to the Melexis HMC6352 IR temperature
sensor. All example VIs created in this example were created in 6.0.2 and use our LabVIEW library which can be found here.
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Compatibility

UE9
U6
U3

I2C functionality

If you have questions about I2C functionality with our LabJack devices please refer to the I2C AppNote, the low-level function page or the high-level driver
pseudocode for I2C. This AppNote will deal with what information to transmit to the Melexis IR temperature sensor instead of focusing on how to send it.

Connecting the sensor

Connecting this sensor to the LabJack is a simple task; using the datasheet, you can directly connect the Vss line to GND, Vdd to VS, and the SDA/SCL to the
digital lines of your choosing (for this example we used FIO6 and FIO7). Please note that our VS voltage is 5V and our FIO lines use 3.3V logic; this did not turn
out to be a problem when using these sensors. The only other setup required is finding two 4.7k resistors to be used as pull up resistors for the SDA and SCL
lines and installing a decoupling capacitor in between VS and GND. You can follow the schematic found on page 37 of the datasheet, figure 34 or look at the
image below:

Talking to the sensor

Communicating with this sensor turned out to be quite a trick so we will start with an easy first goal, reading the temperature reported by the Tobj1 ram address.
The first step in any I2C project is to find a slave address that the sensor will respond to. There is a preprogrammed 7 bit slave address of 0x5A set by the
factory. However the datasheet never mentioned that the default address for this sensor is 0. If you want to configure any of the settings of the sensor you need
to make sure that only one sensor is hooked up to the LabJack as all of the sensors will try and respond if there are multiple and you need to communicate with
the address 0. Because of this, I recommend that if you are having problems communicating with this sensor try communicating with the zero address instead of
the factory default 0x5A. After finding a valid slave address I read deeper and found out how to send information to the sensor. This information can be found in
section 8.4.3 of the datasheet and is important for configuring the I2C functionality of the LabJack. In order to get information from the sensor you need to
construct a packet that looks like the Read Word example transmission:
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Analyzing this picture you can find that there is no space between the ACK bit after the first command and the start bit of the second slave address transmission.
This tells you that you need to enable the "No stop When Restarting" feature of the LabJack. This image also tells you how to communicate with the sensor you
need to write one byte of information to the sensor followed by reading 3 bytes of information. The next step is to look in the datasheet and find command bytes
that can be sent which can be found in sections 8.3.3 for EEPROM Addresses and 8.3.4 for RAM Addresses. After you have figured out all of this information,
you are now ready to begin writing code to communicate with the sensor:

Pseudocode:

//configure the I2C transmission, communicate with the 0x0h address, SCLpin = 7, SDApin = 6, I2Coptions = 4, SpeedAdjust = 0<
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_ADDRESS_BYTE, 0, 0, 0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SCL_PIN_NUM, 7,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SDA_PIN_NUM, 6,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_OPTIONS, 4,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SPEED_ADJUST, 0,0,0);

//The following code executes the configuration requests
GoOne(lngHandle);

//now prepare information to be sent:
numWrite = 1;
array[0]=0x7 //the memory address for Tobj1
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_WRITE, numWrite, array, 0);
numRead = 3;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_READ, numRead, array, 0);

//Execute the requests
GoOne(lngHandle);

An example VI that does all of this and then reports the results in a readable fashion can be found here. In Python the same code for transmitting information is a
one liner:

//import and open the device
import u6
d = u6.U6()

//send & receive I2C data
d.i2c(0x0, [0x7], NoStopWhenRestarting = True, NumI2CBytesToReceive = 3)

Summary

If you need help visualizing what this code is doing you can look at the I2C AppNote and the second picture showing transmission data. Instead of
communicating with the address 0x21, we are talking to 0x0, and instead of sending the byte 0x41 we are sending 0x7. Applying this code to other functions for
this sensor is also extremely easy, if you are trying to communicate with several sensors connected over I2C simply make sure that you are communicating with
the proper slave address and start transmitting data. If you wish to read other addresses simply change the command byte to the address of your choice.
Another important piece of information that can be found by searching Google for a while is in regards to reading EEPROM addresses. I couldn't find where in
the datasheet this was explained, but if you wish to properly read settings from the EEPROM you need to add 0x20 to the EEPROM address in the table.
Example: 0x02 becomes 0x22 and 0x1C becomes 0x3C.

A convenient table that you can use to read information from the sensor:

Name Address Location

TA 0x6 RAM

Tobj1 0x7 RAM

Tobj2 0x8 RAM

ToMax 0x20 EEPROM

ToMin 0x21 EEPROM

PWMCTRL 0x22 EEPROM

Ta/span> 0x23 EEPROM

ECC 0x24 EEPROM

Config 0x25 EEPROM

Slave Address 0x2E EEPROM
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Configuring the sensor

This is a more advanced use of the Melexis IR sensor therefore only attempt this if you are sure that your sensor is properly working. To write to a register on
this sensor we need to follow the Write Word example transmission in the datasheet:

Writing to a register is done in two transmissions of data and then it is recommended that you have a final transmission where you read the address that you just
wrote to in order to check if the information was written properly. When you are sure that you properly configured the register you then have to power cycle the
device. This gives us four different steps:

1. Clear the address
2. Write new information to the address
3. Read the address to make sure it was set properly
4. Power cycle the sensor

Figuring out what information to send is another tricky part to this process. When ever you are trying to configure the sensor you need to communicate to the 0x0
address so you need to make sure there is only one sensor connected to the LabJack. Each write transmission will consist of four bytes of data, the first being
the address that you wish to configure, the second is the LSB byte of data, the third is the MSB byte of data, and the fourth is PEC value to make sure that the
data being sent is valid. The PEC value is calculated using the CRC-8algorithm, a calculator for this can be found here. I also made a LabVIEW 6.0.2 VI that
calculates the value, CRC-8.vi.

Setting a goal

It is now time to figure out what we wish to configure, for this example we will set the slave address of the sensor. The example will set the 7 bit slave address to
0x4 which can be split into two bytes where 0x4 is the LSB of data and 0x0 is the MSB of data. If you look at the table earlier in this tutorial you will find that the
slave address is in the EEPROM address of 0x2E (0x0E in the datasheet). You can then enter the string 2E0400 into the CRC-8 calculator and use the PEC
value of 3B to finish gathering all of the necessary information. Now for the fun part, transmitting the information using a LabJack device.

1. Clearing the Address

To do this, we need to first get the PEC value for the transmission which will be 2E0000, 2E = EEPROM address, 00 = LSB, 00 = MSB. The PEC value that
gets returned by the calculator is 6F. Therefore we can now send the array (use the same configuration's as the read transmission):

[0x2E, 0x0, 0x0, 0x6F]
numWrite = 4;
array[0]=0x2E
array[1]=0x0;
array[2]=0x0;
array[3]=0x6F;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_WRITE, numWrite, array, 0);
GoOne(lngHandle);

//you then delay in order to let the sensor write the information to the EEPROM address:
delay(200ms);

In Python this can be done:

d.i2c(0x0,[0x2E, 0x0, 0x0, 0x6F], NoStopWhenRestarting = True)
time.sleep(200)

2. Setting the Address

To do this we use the information we gathered above, we need to send the array:

[0x2E, 0x04, 0x0, 0x3B]

numWrite = 4;
array[0]=0x2E
array[1]=0x04;
array[2]=0x0;
array[3]=0x3B;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_WRITE, numWrite, array, 0);

GoOne(lngHandle);

//you then delay in order to let the sensor write the information to the EEPROM address:
delay(200ms);
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In Python this can be done:

d.i2c(0x0,[0x2E, 0x04, 0x0, 0x3B], NoStopWhenRestarting = True)
time.sleep(200)

3. Read the Address

To do this we repeat the steps from the talking to the sensor section keeping in mind that we only need to configure the sensor once when using LabVIEW and
our high-level driver. Using lower level commands like Python, everything is bunched into one command so this is not applicable. Simply read from the 0x0
address again and instead of sending 0x7 send 0x2E. The LSB response should be the slave address that you wrote to the sensor. If it isn't you transmitted the
wrong information to the sensor and you should avoid power cycling the device and try again.

4. Power Cycle the Sensor

To get the information you just wrote to the sensor to be used you need to power cycle the sensor.

Test your configuration

To test to make sure you properly changed the slave address try reading temperatures from it. Convert the 7 bit slave address that you wrote to the device to an
8 bit address (address<<1, 0x4 becomes 0x8). Set the Address by reconfiguring the I2C configurations:

//configure the I2C transmission, communicate with the 0x8h address, SCLpin = 7, SDApin = 6, I2Coptions = 4, SpeedAdjust = 0
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_ADDRESS_BYTE, 8, 0, 0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SCL_PIN_NUM, 7,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SDA_PIN_NUM, 6,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_OPTIONS, 4,0,0);
AddRequest(lngHandle, LJ_ioPUT_CONFIG, LJ_chI2C_SPEED_ADJUST, 0,0,0);<

//The following code executes the configuration requests
GoOne(lngHandle);

//Now read from the sensor at the new address:
numWrite = 1;
array[0]=0x7 //the memory address for Tobj1
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_WRITE, numWrite, array, 0);
numRead = 3;
AddRequest(lngHandle, LJ_ioI2C_COMMUNICATION, LJ_chI2C_READ, numRead, array, 0);

//Execute the requests
GoOne(lngHandle);
//or in Python:
d.i2c(0x4, [0x7], NoStopWhenRestarting = True, NumI2CBytesToReceive = 3)

Please note that in Python we automatically convert a 7 bit address to an 8 bit one, so you don't have to do this yourself. There is an example VI that you can
download that does all of this and works with our U3, U6 and UE9 devices and can be found here. Note this VI requires the CRC-8.vi the link is for a .zip file
instead.

Summary

After you have gotten all of these examples to work you can now fully utilize this sensor in your next project. A nice all inclusive utility to use this sensor can be
found here. Change what device you wish to use in the "Configure Available Addresses/Program tab" and have fun!

Support - Further I2C Resources

Further reading and Examples for I2C

Some posts and more resources about using LabJack devices with I2C sensors can be found on the forums section of our website as well as in some external
locations:

There are some I2C examples for LabVIEW, Matlab, and Lua for the UD devices as well as devices that support LJM on GitHub in the I2C-AppNotes
repository. In particular, look at the LJM_I2C_Utils.m file for LJM compatible devices and the UD_I2C_Utils.m file for UD compatible devices.
There are some detailed descriptions of I2C on UD devices on DAQFactory's forum regarding the MCP23017 I2C chip on a forum topic titled I2C Problem
(MCP23017)
The I2C Simulator is a quick visualization tool aimed to help users understand how the LJM I2C registers affect the resulting I/O data pattern that you
would see on a logic analyzer.
The generic I2C AppNote describes some general properties about I2C and has some logic analyzer screen shots describing some of the I/O patterns.

SCA3000 3-Axis Accelerometer-SPI (App Note)
Log in or register to post comments

This app note explains the operation and use of the SPI protocol with our LabJack products and the SCA3000 3-axis accelerometer sensor. 
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Compatibility

UE9
U6
U3

Overview of SPI

The basis of SPI technology is a 4-wire serial communication protocol.  One of the wires is chip select, driven low for the sensor that you wish to communicate
with; another is clock, determines the speed at which data is transferred to and from the device; MISO (Master In Slave Out), the line that allows the slave device
to give the master device information; and MOSI (Master Out Slave In), the line that allows the slave device to receive information from the master.  Our LabJack
devices are full duplex compatible so they transfer information out of the SPI register at the same time as information is put into the register (information that is
read from the sensor).  

Using a LabJack as the Master

 Before attempting to connect a sensor to a LabJack device, make sure that the following conditions are met:

The device you are trying to use is 3.3V logic capable.  
If you plan to use VS as the voltage source make sure that the sensor can be given 5V.  

Once you are sure that the sensor you are trying to use is compatible with our device, you can continue.  When you are trying to quickly use our LabJack
devices and figure out a general flow of how tasks need to be done, the Python programing language and library that we have created is very convenient and
easy to use and because there have not been any special requests, that is the language that will be used in this tutorial for the 3-axis accelerometer. In Python
there is a function for each of our UD devices (U3, U6, and UE9) called "spi" with inputs: SPIBytes (the bytes you wish to transfer), AutoCS, DisableDirConfig,
SPIMode, SPIClockFactor, CSPINNum, CLKPinNum, MISOPinNum, and MOSIPinNum.  Every variable but SPIBytes has a default setting, they are the
following for UE9's:

AutoCS = True
DisableDirConfig = False
SPIMode = 'A'
SPIClockFactor = 0
CSPINNum = 1
CLKPinNum = 0
MISOPinNum = 3
MOSIPinNum = 2

For more information on what each of these variables means please refer to our low level function reference guide.  After properly configuring these settings you
are now ready to send information to the sensor/connected device.  You can follow the following Python code (for the UE9):

Example

1. Overview and Connections

For this example a SCA3000 accelerometer is used with a UE9 device connected over USB.  The firmware for the UE9 that is being used is Comm=1.4 and
control=2.11 and the sensor is hooked up: Vs->VIN, GND->GND, CSB>FIO1, SCK->FIO0, MISO->FIO3 and MOSI->FIO2.  

Note: there is an LED connected between the INT pin and GND because it will light up when the interrupt pin is enabled.

https://labjack.com/support/ue9/users-guide/5.3.16
https://labjack.com/sites/default/files/2011/06/SPI_sample.JPG


The sensor that we are using we purchased from SparkFun and was mounted to a break out board.  Pin header's were mounted to the available holes so that it
could be easily placed onto a breadboard.  Look at the SparkFun page to find out how to wire the chip to expose the proper wires to your circuit if you plan on
embedding this sensor onto a different PCB board.  The datasheet that I referenced to set up this example can be found here.  This datasheet, unlike many, was
a very useful source of information and I did not need to do a lot of research to get information back from the sensor so I highly recommend looking at it.  They
have several useful examples in section 2 that I used.  

A closer look at the sensor:

2. Basic information regarding sending SPI data to this sensor

At the start of section 4 in the datasheet you will find information regarding the SPI interface for this device.  The most important information in this section is in
4.1.1 where they discuss what information needs to be sent to the device.  The sentence, "The first 6 bits define the 6 bit address for the selected operation,
which is defined by bit 7 ('0' = read '1' = write), which is followed by one zero bit."  This means that all of the addresses they mentioned in the previous section
are 6 bit addresses that all need to be shifted over 2 bits if you want to read from them (0x4h becomes 0x10h) or write to them (0x14h becomes 0x52h).  This
section also tells me that the sensor is full duplex meaning that it outputs information as information over the MISO line as information is received over the MOSI
line.  It also says that the data send to the master when receiving information is bogus information "don't care's" and that it ignores any information sent after a
read command.  

3. Reading spontaneous x, y, and z acceleration measurements

There are three basic steps that you need to follow in order to get information from the spontaneous data mode:

1. Make sure that you are in the correct mode (by default these sensors are in the spontaneous mode)
2. Read data from the proper addresses
3. Send out enough "don't care" bits so that a proper amount of information is received

Because the sensor is by default in the spontaneous data mode, I did not write information to the Mode register in my example, however if you wish to make
sure that your sensor is, write a single 0 byte to the register (0x14h<<2) or 0x50h. After reading the datasheet I found out that the returned information was an
11bit number split into 2 bytes of data.  To read specific acceleration measurements read from the following registers, each register holds one byte of data:

0x4h -LSBx

0x5h -MSBx

0x6h -LSBy

0x7h -MSBy

0x8h -LSBz

0x9h -MSBz

Pseudocode to read one of these registers:

d.spi([(0x4<<2),0x0]) #this reads the LSBx register

For a more in depth example of how to read multiple registers and how to convert the data to a more readable format please refer to the linked text file here.  If
wish to run this .py file you need to remove the "_.txt" from the end of the file name, also keep in mind that the function "os.system("clear")" only works for
Mac/Linux, if you wish to run this example on a PC change "clear" to "CLS".  

4. Ring Buffer Mode

There are three basic steps that you need to do in order to get information from the Ring Buffer Mode, there is an example of how to do this in section 2.5 of the
datasheet:

1. Change the sensor's mode to "ring buffer mode"
2. Find out how much data is available in the buffer
3. Read the available information from the buffer

To explain a little bit more of what is going on, please look at section 3.1 of the sensor's datasheet where you will find a table with all of the available addresses
that can be both read from, and written to.  The address that we are looking to configure is the one named "MODE" or 0x14h.  Information about this address is
on page 21, section 3.4.  To put the sensor into this mode you simply need to enable the 7th bit, or write the value 0x80 to the 0x14h address.  In the example I
also enabled the 8 bit mode so I wrote 0xC0h to the 0x14h address.  

http://www.sparkfun.com/products/8791
https://labjack.com/sites/default/files/2011/06/SCA3000-Manual.pdf
https://labjack.com/sites/default/files/2011/06/standard read SCA3000.py_.txt


d.spi([(0x14<<2), 0xC0])

The next step in order to use ring buffer mode you need to figure out how much information is available, you can do this by reading the BUF_COUNT register
0x15h.

d.spi([(0x15<<2),0x0]

The third step is to use this reported number from the previous  line of psuedo code and send that many number of bytes -1 to the BUF_DATA  register to read the collected acceleration

measurements.  

d.spi([(0xF<<2), 0x0...])

For an example of how to collect data please refer to the linked example here.   If wish to run this .py file you need to remove the "_.txt" from the end of the file
name, also keep in mind that the function "os.system("clear")" only works for Mac/Linux, if you wish to run this example on a PC change "clear" to "CLS".

The other important part to the ring buffer mode that needs to be understood is the interrupt function of this sensor.  By default, the interrupt pin goes high when
the buffer becomes half full, you can customize this if you wish in the INT_MASK register. If the buffer on your sensor gets half full the pin will go high and the
only way to return the pin back low is to read the INT_STATUS address 0x16h:

d.spi([(0x16<<2), 0x0])

5. Further information

If you choose to use a different mode of this sensor, you can follow the examples from section 2 of the datasheet, they are all relatively straight forward to
implement, simply configure the MODE register, and read data fro the proper addresses or read the interrupt pin to see if the specified event has occurred.  If
you choose to re-set the interrupt pin to get ready for the next event, simply read from the INT_STATUS address as mentioned above.  

Networking (App Note)
Log in or register to post comments

 

Networking Overview

With today's technology, there are many ways to communicate with our devices.  Simply connecting a LabJack to a computer is no longer the only method of
communication.  Some of our devices have built in Ethernet and WiFi support making it very simple to connect to your LabJack in new ways.  If your LabJack
does not natively support a particular method of communication that you require, there is likely a solution that exists to assist you with your needs.  Simple
examples are controlling our devices with a Raspberry Pi (embed them), connect to them wirelessly, share them on a network, or communicate with them using
a cell phone.

Options also exist to connect our devices to the Cloud.  Many free and paid solutions exist that allow for sending and receiving information from the cloud.
 Some networking experience is required, but the solutions that can be created are almost infinite once collected data is available on the internet.

Basic Networking & Troubleshooting (App Note)
Log in or register to post comments

This application note exists to provide a basis for more detailed discussion, and also help beginners with network setup and configuration. Some
troubleshooting steps for common networking problems are also included at the end.

 

General Terms

For the sake of a quick disambiguation, basic functionality of each component is listed below.

Modem - Connects a local network to the internet by linking to internet provider infrastructure.
Router - Provides gateway/firewall for the internet. Routes traffic from each PC or other device on a local network to the appropriate location. Most routers
can also act as a DHCP server, which allows them to grant IP addresses for DHCP enabled network devices. If it is a wireless router, it also includes a
wireless access point which creates a WiFi network that has a name (SSID), password, and a type of encryption (WPA, WPA2, WEP, etc).

Figure 1. Modern wireless router with DHCP server, multiple Ethernet ports, integrated wireless access point, and gateway.

Switch/Hub - Expands total available Ethernet jacks.
Bridge - Connects multiple network segments, which are physically or logically (by protocol) separate. Bridges connect to wireless access points.
Wireless Access Point (AP) - Creates a WiFi network that has a name (SSID), password, and a type of encryption (WPA, WPA2, WEP, etc).

https://labjack.com/sites/default/files/2011/06/ring buffer.py_.txt
https://labjack.com/user/login?destination=node/180%23comment-form
https://labjack.com/user/register?destination=node/180%23comment-form
https://labjack.com/blog/labjack-and-new-raspberry-pi
https://labjack.com/blog/ue9-burj-khalifa
https://labjack.com/user/login?destination=node/238%23comment-form
https://labjack.com/user/register?destination=node/238%23comment-form
https://labjack.com/sites/default/files/2014/04/modern_wirelessrouter.png


Mobile Hotspot - When generated by a cell phone, it is a wireless access point, DHCP server, and a modem all-in-one. Internet access is gained through
the cell network (3G, 4G etc).
Subnet - A group of computers and devices which share a common IP address component. Subnets are often designed to correspond with physical
computer groupings. A single small building, house, or department will usually just be a single subnet. For instance, 192.168.1.* designates a subnet of
192.168.1
DHCP Server - Assigns IP addresses to client computers. Keeps track of the "pool" of available IP addresses.

 

Typical Home/Small Office Network

The most common way to setup a home or small office network is to buy a wireless router, and just connect everything to it. When there are no longer any
available LAN ports on the router, it's possible to expand the number of LAN ports with a simple switch/hub. Figure 2 shows how a LabJack device will typically
be connected in this type of network.

Figure 2. A typical small home/office network.

In Figure 2 above, the computer controlling the LabJack device is referred to as the "Host". The host sends/receives data to/from the LabJack device by using
the device's IP address. In order for communication to work, both the host computer and the device need to have a unique IP address that is valid on the
network.

  

Static IP vs Dynamic IP (DHCP)

Each device/host on the network has a unique numerical IP address.  Other things on the network use that address to connect to and talk with that device/host. 
There are two standard ways of obtaining an IP address. 

1. Static IP - The device/host always has the same manually assigned IP address.  For instance, your router might have the static IP of 192.168.1.1,
meaning the router is always reachable at that address. 

2. Dynamic IP - The DHCP server (typically the router) assigns each device/host on the network a unique IP address. The DHCP server also keeps track of
the "pool" of available IP addresses, so that if a computer is removed from the network, its IP address can be reused.

The advantage of the static IP is that it is always the same, but the disadvantage is that you have to assign it to the device/host and it must be unique.  If two
devices are assigned the same IP, conflict will occur when both devices are ON.  By using DHCP you ensure that each IP is unique (since the DHCP server
assigns them that way) but you have to find out which IP address was assigned to a device/host before you know which IP address to use to talk to it.  Our
Ethernet/WiFi LabJack products support both static IPs and DHCP.  DHCP is convenient, but not all networks allow searching to find devices and searching is
slower than a specific open, so static IPs are usually best for the end user's production applications.

 

Setting up a LabJack Ethernet/WiFi Device

The first step to connecting an Ethernet or WiFi LabJack device is to connect it to the computer using USB, and configure the IP, Subnet, and Gateway
according to your particular network.

 

https://labjack.com/sites/default/files/2014/04/Basics Fig2.png


UE9 Setup

1.  Connect the UE9 over USB, and open the LJControlPanel application.

2.  Enter the IP Address, Subnet, and Gateway parameters in LJControlPanel. Enable DHCP if you want to automatically get a unique IP address. For DHCP to
work, the UE9 Ethernet must be connected to an operational network, like Figure 2.

Figure 3. UE9 IP configuration in LJControlPanel

3.  Then click "Write Values" to make the change permanent. After changes are saved, LJControlPanel will prompt to reset the device.

4.  Finally, make sure the UE9 Ethernet is connected to an Ethernet jack on the network, and Click "Find Devices" again to verify that the device exists on the
network.

Figure 4. UE9 IP configured successfully

See the Ethernet troubleshooting section below, or the UE9 Ethernet Test App page if there are problems.

 

T7/T4 Setup

See the Setup WiFi and Ethernet for the T7 and T4 App Note.

 

Setting up a Wireless Access Point

As stated above, a wireless access point (AP) is just a wireless link into the network. The most common configuration is shown in Figure 2, where the router
creates an AP, and WiFi devices connect to the AP. Access points are configured with the following parameters:

SSID - Also known as the "Name" of the wireless network. Devices will associate themselves to the network using this name.
Authentication - WEP (old), WPA, WPA2, WPA2-PSK, WPA2-ENT. Typically people use WPA2, or WPA2-PSK. We recommend WPA2, since we
primarily test our devices with WPA2.
Encryption -AES or TKIP (most likely others). 
Password - Self explanatory. Some encryption methods require 8 or more characters.

The T7's WiFi chip only supports the following authentication/encryption pairs (We highly suggest using WPA2-PSK with AES encryption):

WEP-64 and WEP-128 (open mode only, NOT shared mode)
WPA2-PSK (AES only).  This is the recommended configuration.  Other authentication/encryption options are not as secure and may not work properly.
WPA1-PSK (TKIP only)
WPA-PSK mixed mode (some access points, not all are supported)

1.  Connect a computer to one of the LAN Ethernet ports on the back of the router.  Note: Do not use a WAN, or Internet Ethernet port.

2.  Launch a web browser and enter one of the following in the browser's address bar:

https://labjack.com/support/ud/ljcontrolpanel
https://labjack.com/sites/default/files/2014/04/UE9 IP Change.png
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routerlogin.com
routerlogin.net
Access point default IP address, e.g. "192.168.1.1"

You are prompted to log in

3. Enter your username and password.  Defaults are commonly admin/admin, or admin/password.

4. Specify SSID, Encryption, and Password, and enable the wireless network. Save or apply the changes.

Note:  If you are configuring a router to be an access point only (not using it for internet, or DHCP server), then you should disable anything relating to "DHCP
Server" or "Internet".  This is shown in figure 2 of the Expanded Networks section of the Advanced Networking App Note.

 

T7-Pro Direct to Computer via WiFi

Wireless access points can also be created by some devices, such as tablets, cell phones, and laptops.  Figure 8 demonstrates a cell phone that is configured
as a Mobile Hotspot, which is just an access point that provides mobile internet access. The Laptop communicates with the LabJack T7s, and is therefore
considered the "Host" of the T7s.  The cell phone is acting as a relay for signals, but is not itself communicating with the LabJack devices.

 

Figure 8. Mobile hotspot (AP), two T7s, and a laptop host

Figure 9 demonstrates a laptop that is configured as an AP. Configure a laptop as an access point by using special software, or natively in Windows 7 and other
new operating systems. Several virtual access point programs can be found through Google.

Figure 9. Mobile hotspot (AP), two T7s, and a laptop host

 

In our experience we have found that some virtual APs just do not work.  Sometimes they will even allow a smartphone to connect, but for whatever reason are
not compatible with the WiFi module in the T7-Pro.  The problems are noticed right at the start when you create a new access point and have the T7-Pro try to
join it.  If it does work and the T7-Pro joins the network it is generally as reliable as any other WiFi network.  For more help see the troubleshooting tips towards
the end of the Basic Networking & Troubleshooting App Note and also the WiFi specific troubleshooting tips on the Setup WiFi and Ethernet for the T7, T4, and
T7-Pro App Note.

Some options to consider:

1.Try the VAP included with Win 7 or newer.  For Windows 10 you need to have the August 2016 Windows Anniversary Update:

http://www.howtogeek.com/214080/how-to-turn-your-windows-pc-into-a-wi-fi...
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2.  Try 3rd-party VAP software.  In our most recent testing mHotspot worked best.  We also had success with Connectify.

3.  If neither #1 or #2 work with the built-in WiFi adapter on your laptop, disable that adapter and add a new adapter to try.  We tested the TL-WN725N with success, but the best option (also

tested successfully) might be the Aukey WF-R13 wireless adapter and their provided software.  Aukey provides a program called "Mediatek Wireless Utility" that enables you to configure

the Aukey WF-R13 wireless adapter as a wireless access point with a customized SSID name, WiFi channel, and WPA2-PSK authentication using AES encryption.

4.  Use an external access point (i.e. router) giving you Figure 2 above.  There are very small ones that could go near the T7-Pro or near the laptop.  The computer and T7-Pro can both connect

to the access point by WiFi or Ethernet.  The ideal solution is often to put the access point near the T7-Pro and make that connection via Ethernet, as the Ethernet connection on the T7-Pro is

much faster than WiFi (and this works with the normal T7 as well as the T4).

5.  Use the Ethernet connection on the T7 or T4 to connect to a nearby Ethernet-WiFi bridge.  This has the added advantage of high data rates, as an external wireless bridge should support full

Ethernet speeds.  See the Convert Ethernet to WiFi App Note.

 

WiFi AP troubleshooting: After reading a few articles and hearing about several customers having WiFi AP issues where the T7-Pro was not able to connect to
an access point hosted by a computer, there may be a particular feature required by the T7-Pro's WiFi chip that not all wireless adapters have.  In other words,
not all wireless adapters are created equal.  If you want to host a wireless access point that the T7-Pro can connect to, the network card likely needs to have a
"Soft AP" capability.  On Windows 10, you can type the command "netsh wlan show wirelesscapabilities" into a command prompt to list the available wireless
adapters installed on the computer and what capabilities it has.  The "Soft AP" mode should list "Supported" next to it.  The T7-Pro may not be able to connect
to all created ad-hoc networks but can most likely connect to all created SoftAP networks, especially when they offer WPA2-PSK authentication using AES
encryption.

Another useful command is "netsh wlan show interfaces" which prints out a list of WiFi interfaces and their status which indicates signal strength and network
speed.

Setting up WiFi AP (Soft AP, Ad-Hoc, etc.) Sources:

WiFi Diagnostics from Windows 7 or Vista Command Prompt by Tony Fortunato.
Windows 7 - Collect Wireless Signal Strength via Command Line by StackExchange.
How to manage wireless networks using command prompt windows 10 by Windows Central.
What is the difference between SoftAP and Wi-Fi Direct by StackExchange.
What is the fundamental difference between ad-hoc and softAP WiFi network? by StackExchange/Stackoverflow.
WEP, WPA, WPA2, TKIP, AES, CCMP, EAP by Cisco/The Cisco Learning Network (forums).
Why Wi-Fi Direct can not replace Ad-hoc mode by Thinktube Inc.
Share an Internet Connection Between Wireless Machines with an Ad Hoc Network in Windows 7 by How-To Geek.
How do I set up an ad-hoc WiFi network in Windows 10? by Microsoft Community.  This tutorial was not able to be followed on a Windows 10 Pro
computer (Surface Pro 3) 10/12/2016. We got this to work with secondary adapter and adapter switching instructions (3/23/2017).
Create Ad Hoc WiFi Hotspot in Windows 10 by Redmond Pie. This tutorial again didn't work on a Windows 10 Pro computer 10/12/2016.  Final step
"netsh wlan start hostednetwork" reported "The hosted network couldn't be started." We got this to work with secondary adapter and adapter switching
instructions (3/23/2017).
Virtual WiFi - How to select a specific WiFi-Adapter as "hostednetwork" by Microsoft Community.  This article shows how to disable your primary network
adapter so that a secondary adapter can be used to start a hostednetwork and then re-enable the default adapter.
Another potential source to Windows 8 and Windows 10 Adhoc network support removal is this FAQ page.

 

Default LabJack Device IP Addresses

T4 Ethernet 192.168.1.214

T7 Ethernet 192.168.1.207

T7-PRO WiFi 192.168.1.217

UE9 Ethernet 192.168.1.209

 

UE9 or T-Series Ethernet Troubleshooting

These are the most common problems for not being able to connect to a LabJack device on your network, and how to solve them.  Many of these also apply to
WiFi connections, but there are additional T7-Pro WiFi specific troubleshooting tips at the end of Setup WiFi and Ethernet for the T7, T4, and T7-Pro App Note.

 

1.  Some basics:

Make sure you are up-to-speed on these basic items first, and in the event you need to contact us you can start by letting us know you have done the "Basic Networking Troubleshooting #1"
items.

Install the latest software package.  In fact, to match what we are running please use the latest beta version if there is one.
Update to the latest firmware.  Again, to match what we are running please use the latest beta version if there is one.
Make sure you are only running 1 software application at a time.  Don't run Kipling and LJLogM at the same time, for example.  Even close Kipling before running Ping.  T-Series devices
have limited support for multiple sockets, and it is certainly possible to just disconnect from a connection in Kipling rather than closing Kipling, but to avoid confusion during
troubleshooting only run 1 application at a time.
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2.  Determine what is working and what is not:

Use Ping to see if you have basic communication, as described in step 8 (Ethernet) or 14 (WiFi) on the Setup WiFi and Ethernet for the T7, T4, and T7-Pro app note.   Do

other types of opens (Native TCP, LJM Search, and LJM Specific) to see which work and which do not, as described in step 9 (Ethernet) or 15 (WiFi) on the Setup WiFi and Ethernet for
the T7, T4, and T7-Pro app note. 

A. Ping does not work.  Suggests that even UDP is likely not working.  Start with items #11 & #12 below, and then look at the rest of the items.
B. Ping works, but Specific Open does not work.  Suggests that UDP is working but TCP is not.  Usually an issue with network and TCP configuration.  Start

with item #3 below and look at items #4-#8 as needed.
C. Specific Open works, but Search Open does not.  Suggests that the connection is totally working, but the search technique used by LJM cannot find it.

 See item #9 below.

 

3. The IP address is not valid on the subnet:

Open a command prompt window and type "ipconfig" to see a listing of the IP address and subnet mask for a particular PC. If the PC shows a subnet mask of
255.255.255.0, that means it can only talk to devices with the same first 3 bytes of the IP address. The default IP addresses of LabJack devices are shown
above, and they generally work on a network using the 192.168.1.* subnet (unless another device is already using the address). If the IP address of the LabJack
device needs to be changed, the easiest way is via USB with the LJControlPanel (UE9) or Kipling (T-Series) application.

Does it make a difference whether you use a dynamic IP (DHCP) or static IP?

Tip:  It can be useful to send 2 things to us to help you troubleshoot:

Send the output of ipconfig from your computer.  Right-click on the little icon in the upper-left of the title bar of the Command Prompt window, and choose
Edit => Select All.  Then right-click again and choose Copy.  Now you can paste the info into an email.
Use LJControlPanel (UE9) or Kipling (T-Series) to connect over USB, go to a screen that shows the Ethernet settings of the device, and to <Alt-
PrintScreen> to grab a screenshot and send that to us.

 

4. Something else is using the same IP address:

Disconnect the LabJack device and ping the IP address in question to see if anything responds. For example, to ping the default UE9 IP address, open a
command prompt window and type "ping 192.168.1.209".  If the LabJack is not connected there should be no response.

 

5. Trying to use DHCP when there is no DHCP server available.

This problem is common in a peer-to-peer network.  That is, with a direct Ethernet connection from the LabJack to the host.  The LabJack does not have a
DHCP server, and most likely the host does not either, so you need to configure both the LabJack and the host to use valid (different) static IPs.  See the Direct
Connection via Ethernet App Note.

 

6.  TCP stack not initializing properly with a static IP:

Some firmware versions before 1.0217 had a problem such that the TCP stack did not start up properly when using a static IP.  It would work correctly when initially configured in Kipling, but
then sometimes not work after a reboot.  Make sure you are running firmware 1.0217 or higher.

 

7. Cannot communicate between WiFi and Ethernet device/host:

Check to see if the wireless access point (typically a router) has wireless isolation enabled. If wireless isolation is enabled, it will prevent an Ethernet computer from being able to detect or
communicate with a WiFi device on the wireless network, because the WiFi stuff is isolated from the Ethernet stuff, and vice versa.

 

8. Firewall software on the host is blocking traffic or closing the connection:
Try closing or disabling software related to firewalls or anti-virus.

For example, on Linux, if a Wireshark capture shows ICMP messages with "Destination unreachable (Host administratively prohibited)" related to port 502 or port 52362, try disabling the firewall
as root:

# /etc/init.d/iptables save
# /etc/init.d/iptables stop

You can re-enable your firewall with:

# /etc/init.d/iptables start

For more about Linux firewalls, see this nixCraft post on how to disable the firewall in Linux.

 

9. Perhaps the TCP connection is fine, but search does not work?

Kipling and LJControlPanel (via ListAll function) use a UDP broadcast search technique to attempt to find all T7s, T4s, or UE9s on the network, but with some
networks this does not work and a direct TCP open must be done.

UD library (UE9):  In LJControlPanel go to Options=>Settings and add specific IPs that LJCP will try to open directly.  At the UD API level search is used by
ListAll, so instead use OpenLabJack with the specific IP address of the UE9 to see if a direct TCP open works.  In LJLogUD or LJStreamUD, you can force a direct
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TCP open (rather than a search) by editing the _open.cfg files as described on either page.

LJM library (T-Series):  As of version 1.15 (May 4th, 2017) the LJM library automatically stores network connection information to the auto IPs file to help open
connections to LabJack devices. IPs can also manually be added to LJM Specific IP configuration to tell LJM particular IP addresses on which to try a direct
open. Both auto IPs and specific IPs affect not just Kipling but all ListAll and Open calls on that machine.  You can also just do a direct TCP open in your
software by calling one of the Open functions and passing a specific IP address (e.g. "192.168.1.207") for Identifier rather than passing "ANY".  In LJLogM or
LJStreamM, you can force a direct TCP open (rather than a search) by editing the _open.cfg files as described on either page.

Attached to this page is a Windows application called TCPOpenTesting.  For LJM (T-Series) testing use this to try 3 different types of opens:  native direct TCP
(left side of application), LJM search open (middle of application with any/any/any), and LJM specific open (middle of application with specific parameters such
as t7/ethernet/192.168.1.207).  For UD (UE9) testing use this to try 2 different types of opens:  native direct TCP (left side of application) and UD specific open (right side of

application with specific parameters such as LJ_dtUE9/LJ_ctETHERNET/192.168.1.209/FirstFound=FALSE).

 

10.  Ethernet connection only shows up in Kipling when USB is connected also.

This is usually a symptom of #9 above.

 

11. Connection not electrically valid:

With the UE9, check that the correct Ethernet cable connected. The UE9 does not support Automatic MDI/MDI-X, so if the device on the other end of the cable also does not support Automatic
MDI/MDI-X (a rare situation these days) then a crossover cable might be required.

Try a different Ethernet cable.

Ensure that the switch/hub/NIC supports 10Base-T for the UE9, whereas the T-Series devices support 10Base-T or 100Base-T.

Use the LEDs on the switch/hub/NIC to determine if you have an electrically valid connection. An orange LED is often used to indicate a good 10Base-T
connection, but consult the manual for the switch/hub/NIC to be sure. If there is any communication at all, such as ping, then you know the connection is
electrically valid.

Make sure the LabJack device has power.  Do you see normal activity on the COMM and STATUS/CONTROL LEDs?

With the T7 or T4, look at the LEDs on the Ethernet connector for correct activity.

Check that the pins inside of the Ethernet jack are not bent downward or otherwise damaged (see images below). Forcing a USB cable into the Ethernet jack
can cause damage such as shown below:

 

Try wiggling the Ethernet cable near the Ethernet jack or applying upward pressure to see if that causes any LED activity.

 

12. The LabJack device has been damaged and does not work at all:
Use a USB connection to test basic functionality. Confirm proper LED behavior as described in device datasheet. Confirm installation and operation using the
quickstart guide for the device.

  

 

File Attachment: 
 TCPOpenTesting.zip

Setup WiFi and Ethernet for the T7/T4/T7-Pro (App Note)
Log in or register to post comments

Summary

The T7 and T4 can connect to a computer via USB or Ethernet, and the T7-Pro can be connected using USB, Ethernet, or WiFi.  Most of the time people will
deploy a T7, T4, or T7-Pro by using the 5V USB adapter to provide power.  In most cases it is necessary to first configure the device over a USB connection to
the computer. For general questions about networking and troubleshooting, see the Basic Networking & Troubleshooting App Note.

The following instructions are for the typical scenario of connected to a network with a DHCP server (i.e. a router is present on the network).

 

Configuration
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1.  Connect the T7/T4/T7-Pro to the computer via the USB cable.

 

 

2.  Open Kipling (Windows: Start -> Programs -> LabJack -> Kipling), and connect to the device over USB.  If the program isn't installed, you will need to
download and install one of the installers on our software page: /support/software

 

 

 

 

3.  Go to the Network Settings tab.
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Ethernet Setup

4.  Connect the Ethernet cable, and observe the Connection Status.  Look for Connection Status: Connected.  If the connection status is not connected, see the
Ethernet troubleshooting tips at the end of the Basic Networking & Troubleshooting App Note.

 

5.  If 'Use DHCP' is selected, the IP address and other settings will be automatically configured by your router (DHCP server).  This is convenient, but often it is better to manually assign a static

IP so you always know the IP of the device and can do a specific open with that IP (rather than a search-based open).  In this example we will set the T7-Pro to use 192.168.1.226, so first we

open a Command Prompt and do a Ping to make sure nothing responds at that IP address.

 

6.  Now we change to Manual, enter the desired IP, and click Apply.  Subnet is typically set to 255.255.255.0, Gateway is typically set the IP of your router, and DNS typically does not matter.

 Note:  Make sure you are running firmware 1.0217+ as some earlier versions had an issue with Ethernet static IPs.
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7.  Now if we go back to the Device Selector tab, click Disconnect to disconnect from USB, and click Refresh Devices, we will often see that Kipling's search now finds the Ethernet connection.

If the Ethernet connection does not show up as shown above, it could be that the connection is fine but the search used to find the connection does not work on your network.  Continue with

steps 8 & 9.

 

8.  Do a Ping to confirm the device responds.

 

9.  A Windows utility "TCPOpenTesting.exe" is attached to this page to test 3 different types of opens.  Also, the TCP Open Testing in Python App Note describes how to do these tests on any

supported operating system.

A. Native TCP Open

 

B. LJM Search Open

Refer to the Opening & Closing documentation in the LJM User's Guide.
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The above seems to show success, but note that ConnectionType Out is 1 which is USB, so we disconnect USB and just connect to a power supply and do another search open getting a

ConnectionType Out of 3 which is Ethernet.  These constants can be found in the header file LabJackM.h and in the Constants section of the LJM User's Guide.

 

C. LJM Specific Open

This is the type of open recommended for most user applications.

 

10.  If the LJM search open is not finding the Ethernet connection (steps 7 & 9B above), there is an optional step to configure LJM (on a particular computer) to include

certain specific IP addresses during a search open.  In this case we would simply add 192.168.1.226 to ljm_specific_ips.config using any text editor.  See LJM Specific IPs in the LJM User's

Guide.

LJLogM & LJStreamM:  By default these programs do a search open (any-any-any).  To do a specific open edit the _open.cfg file as described in the "DevType, ConnType ..." section of the

LJLogM or LJStreamM page.

 

For further information see the Basic Networking & Troubleshooting App Note.

 

WiFi Setup

Steps 4-9 above (Ethernet setup) are not required for WiFi.

10.  If the Connection Status is "Un-Powered", click the button "Turn WiFi On".  Enter the Network Name (SSID) and Password, then click 'Apply'.  The network name and password are case
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sensitive!!  The Connection Status will cycle through different values but then should settle on Associated and stay there.  This is called joining.  If problems are encountered see the

troubleshooting tips at the bottom of this page.

Note the "Connection Status: Associated" above.  If your device is not associated (not joined to the WiFi network), see the WiFi Troubleshooting Tips section
towards the bottom of this page.  If your device is associated, continue with the next step (or skip to step #13 if you do not want to use a static IP).

 

11.  If 'Use DHCP' is selected, the IP address and other settings will be automatically configured by your router (DHCP server).  This is convenient, but often it is better to manually assign a

static IP so you always know the IP of the device and can do a specific open with that IP (rather than a search-based open).  In this example we will set the T7-Pro to use 192.168.1.227, so first

we open a Command Prompt and do a Ping to make sure nothing responds at that IP address.

 

12.  Now we change to Manual, enter the desired IP, and click Apply.  Subnet is typically set to 255.255.255.0 and Gateway is typically set the IP of your router.

Note that all settings, including Password, are always written.  If the Password box looks as follows and you click Apply you will write a blank password (0 characters) to the device.

Note the "Connection Status: Associated" above.  If your device is not associated (not joined to the WiFi network), see the WiFi Troubleshooting Tips section towards the bottom of this page.  If
your device is associated, continue with the next step.

 

13.  Now if we go back to the Device Selector tab, click Disconnect to disconnect from USB, and click Refresh Devices (make sure the WiFi box is checked to include WiFi in the search), we
will often see that Kipling's search now finds the WiFi connection.
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If the WiFi connection does not show up as shown above, it could be that the connection is fine but the search used to find the connection does not work on your network.  Continue with steps
14 & 15.

 

14.  Do a Ping to confirm the device responds.

 

15.  A Windows utility "TCPOpenTesting.exe" is attached to this page to test 3 different types of opens.  Also, the TCP Open Testing in Python App Note describes how to do these tests on any
supported operating system.

A. Native TCP Open

 

B. LJM Search Open

Refer to the Opening & Closing documentation in the LJM User's Guide.

The above seems to show success, but note that ConnectionType Out is 1 which is USB, so we disconnect USB and just connect to a power supply and do another search open getting a
ConnectionType Out of 4 which is WiFi.  These constants can be found in the header file LabJackM.h and in the Constants section of the LJM User's Guide.
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C. LJM Specific Open

This is the type of open recommended for most user applications.

 

16.  If the LJM search open is not finding the WiFi connection (steps 13 & 15B above), there is an optional step to configure LJM (on a particular computer) to include certain specific IP
addresses during a search open.  In this case we would simply add 192.168.1.227 to ljm_specific_ips.config using any text editor.  See LJM Specific IPs in the LJM User's Guide.

LJLogM & LJStreamM:  By default these programs do a search open (any-any-any).  To do a specific open edit the _open.cfg file as described in the "DevType, ConnType ..." section of
the LJLogM or LJStreamM page.

  

WiFi Troubleshooting Tips

Trouble with setup step #10 or #12 above where your device is not associating with the network?  First look at the items below that start with "Not associated",
then go on to other items.

 

1. See general TCP troubleshooting tips towards the end of the Basic Networking & Troubleshooting App Note.  If your device is associated, but you are having

problems after that, the most common reason is TCP configuration.

2. Check for updates to the LJM library and T7 firmware (Device Updater tab in Kipling).

3. Close all software and use Ping to see if the device responds.

4. Realize that Kipling not showing a green button for the WiFi connection does not necessarily mean the WiFi connection is not working.  It might just mean that the search used by Kipling

can't find the connection, but a specific open does work fine.  Try testing with Ping and TCPOpenTesting as shown in the setup steps above.

5. Update your access point with the latest firmware available from the manufacturer.  It is very common for this to cause substantial improvement in the
quality of a WiFi network.

6. Not associated? Keep seeing  'Association Failed'?  SSID and password are both case-sensitive.  Re-enter both and click 'Apply'.  Use a smart phone or
Laptop to confirm the exact SSID name including capitalization.

7. Not associated? Try changing the SSID and password on your access point to something simple and all lower case with no unusual characters.
8. Not associated? Try disabling WiFi security on your access point.  Note that with firmware 1.0225 and earlier a blank password will not work.  Put in some

characters even though security is off and no password is required.
9. Not associated? What type of encryption is the network set to?  WPA2-PSK (WPA2-Personal) is the most common, newest, and seems to work the best.

 WEP encryption is problematic for T7-Pros.
10. Not associated? The T7-Pro WiFi module does not support ad-hoc.  If you want to correct directly to a laptop, for example, the laptop must be configured as

an access point.  See "T7-Pro Direct to Computer via WiFi" in the WiFi Section of the T7 Datasheet.
11. Not associated? The T7-Pro WiFi module is a 2.4 GHz b/g transceiver.  The access point must support that.  On Wireless-N routers (most common), it might

help to disable the 5.8GHz operation of the router.
12. Not associated? Try connecting to different networks, to confirm that the T7-Pro is fine and the problem is with certain access points.
13. Weak wireless signal strength?  Typical values for WIFI_RSSI are -40 for very good, and -75 for very weak.  We have found that an RSSI of -40 to -70

provides a good connection.  Note that when you read WIFI_RSSI from the T7-Pro you are reading the value stored on the main processor.  The main
processor gets an RSSI value from the WiFi module when it first joins a network, and then gets an updated value each time WiFi communication occurs.
 That means that if you are talking to the device over USB and no WiFi communication is happening, you will just keep reading the same initial RSSI
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value from joining.
14. Too strong wireless signal strength?  When signal strength gets stronger than -35, you actually start to get more retries due to signal saturation and the

average time per iteration increases.  This is generally a very minor effect unless the T7-Pro antenna is a few inches or less from the access point
antenna.  With the antennas touching each other you might see an RSSI of -10 and notice very poor communication.

15. Use LJLogM to monitor WIFI_STATUS, WIFI_RSSI and VS (e.g. jumper VS to AIN0).  Scale STATUS by /1000 and RSSI by /-10 so you can look at all 3
signals on the chart.  Log a file to send to support@labjack.com.  Any different than if you connect LJLogM by USB or WiFi?  You can edit ljlogm_open.cfg
to force LJLogM to use a particular connection type.  To get a meaningful WIFI_STATUS you need to connect over USB, and set Interval to perhaps 100
ms or less so you don't miss steps.  Note that WIFI_RSSI is only updated when WiFi communication occurs.  If you are having trouble joining, do this test
using USB and we are wanting to see what WIFI_STATUS is doing.  If you are able to join, do this test using both USB and WiFi and we are wanting to
see what all 3 registers are doing.

16. The status code sequence noted on a typical network is 2904 for 3.8 seconds, 2909 for 1.3 seconds, 2906 for 0.9 seconds, 2907 for 3.6 seconds, and then
2900.  This network has a Linksys WRT54G (WiFi access point, WPA2-Personal) and an Actiontec Q1000 router (DHCP server).

17. On that same network with the wrong password, the sequence is 2904 for 3.8 seconds, 2909 for 1.3 seconds, 2906 for 10.0 seconds, then starts over with
2904 again.

18. On that same network, but with WiFi security disabled on the access point, the sequence is 2904 for 3.8 seconds, 2909 for 1.3 seconds, 2906 for 0.2
seconds, 2907 for 3.6 seconds, and then 2900.

19. Use another device with WiFi to do a site survey of all WiFi networks your area.  This will show you what channels the different networks are using so you
can make sure your network is using the best (clearest) channel.  There are free apps for Android phones to do this, and also options for
Linux/Mac/Windows.

20. Do you only have problems when there are multiple T7 related applications running at the same time (e.g. Kipling and LJLogM), perhaps on different
computers on your network?

21. Use Wireshark to get a capture of your network traffic while the problem is occurring, and send that capture to support@labjack.com.
22. If by watching WIFI_STATUS over USB you see that you get to 2900, but then can't talk to the device over WiFi, it suggests a standard networking or TCP

configuration issue that would affect Ethernet or WiFi.  See the end of the Basic Networking & Troubleshooting App Note.
23. Try using a different WiFi channel.  This is done in the settings on your access point as the access point determines what channel is being used.

The complete list of low-level WiFi status codes can be located in the T7 datasheet, but the common ones are listed below:

2900 -> Associated
2902 -> Association failed
2903 -> Unpowered
2904 -> Booting Up
2906 -> Applying Settings
2907 -> DHCP Started
2909 -> Other

 

Connections

Usually power can be supplied more easily with a wall adapter than with a USB hub.  The images below demonstrate how to supply power without a computer.

Connect the T7-Pro USB plug to a powered USB port capable of ~500mA or more.  The image above demonstrates a standard 5V USB adapter commonly
used for charging cell phones and other battery powered peripherals.  Also connect the Ethernet jack to a compatible Cat5 (or better) Ethernet cable, and
ensure proper connection to either a hub or router on your network.

Power over Ethernet can also be quite convenient as described on the PoE App Note.
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Connect the T7-Pro USB plug to a powered USB port capable of ~500mA or more.  The image above demonstrates the 5V adapter.  Once powered, make sure
that it is in range of your wireless router/hub.

 

File Attachment: 
 TCPOpenTesting.zip

USB via Ethernet/WiFi/Fiber (App Note)
Log in or register to post comments

Note:  The T7-Pro has WiFi built-in.  The Ethernet interface on the T7 or UE9 make them an excellent choice for wireless data acquisition using standard WiFi
802.11 equipment. See this app note for more information:

Using the UE9 for wireless data acquisition

Summary

Many people see the common little dongles that convert USB to Ethernet, WiFi, or Bluetooth, and think that might be a solution. In USB there are hosts and
devices. Hosts and devices must connect to each other (or to a hub). Hosts can’t connect to hosts, and devices can’t connect to devices. Those common
dongles convert a USB host to Ethernet, WiFi, or Bluetooth.  The LabJack is a USB device, and those dongles cannot connect to a USB device.

This app note demonstrates practical ways to connect to a USB device via Ethernet, WiFi, etc. Connect the USB device to a USB server, and the USB device
will be available on the network.  USB servers can be either wired or wireless.  Alternatively, go fiber optic with a USB extender.  The sections below describe
these solutions in greater detail.

Wireless USB Server

A USB server is a USB hub that connects to a network, and through that network makes a connection to a remote host:

http://www.silexamerica.com/products/device_servers/usb_device_connectiv...

We have tested the SX-2000WG and use it quite often. It can be described as “USB over IP”, where the IP link happens to be WiFi in this case.

A “USB over IP” device is nice because there is no hardware at your computer besides your normal network connection. However, you will need to run some
sort of software (provided by the manufacturer of course) that maps the remote hub so your computer thinks it is local. When the software is running, the
remotely-connected USB device will appear as though it is connected locally.  You can even see it in the "safely remove/eject" menu.
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Wired USB Server

Similar to the above, but uses a normal CAT5 wired connection rather than WiFi.  We have tested the following units with the LabJack U3 and U12.  

Unless otherwise stated, they all worked on the U3 both in LJControlPanel and LJStreamUD, and also on the U12 for LJconfig and LJscope.  It should also be
noted that after installation, one must click "allow access" to get through normal windows firewall protection.

   

StarTech.com: 4 Port USB Device Server

Easy software installation, although it required a system restart.  User interface was straightforward, and had some nice features including a 'run .exe on
connect option' for custom executable calls.  The connectivity and searching functionality was robust, and the menus were intuitive. 

Arkview: Networking USB 2.0 Server

Encountered no issues during software installation.  This USB server did recognize the U12 and the U3, but it took a few attempts for them to show up on
the server, and then when switching devices it would often lose connection.  This unit was the least impressive of the bunch.

SIIG: USB over IP 1-Port

The installer reports that it is not compatible with Windows 7, so this unit was tested in Windows XP.  It works well as a 1-port option, the whole design is
very simple, and there are not many options for customization.  

TRENDnet: 4-Port network USB Hub

Software installation was straightforward, and after a restart the program detected a connected LabJack without issue.  Unlike the StarTech.com software,
this program does not allow custom program execution on connect.  The U12 did not work flawlessly, it had write errors during LJscope.  Consequently it
is not recommended for the U12.

SUMMARY: The StarTech.com 4 Port USB Device Server was above the rest in terms of options and reliability, but the SIIG: USB over IP 1-Port would work
well as a single port option on any compatible windows platform.

Some additional products include the SX-DS-4000U2 or SX-3000GB:

http://www.silexamerica.com/products/device_servers/usb_device_connectiv...

http://www.amazon.com/TECHNOLOGY-HI-SPEED-DEVICE-SERVER-1000BASE/dp/B003AM0DNY

Again, this would be "USB over IP".

 

USB Extension

These devices can be thought of as replacing a single USB cable (which could go to a hub of course).  Some sort of dongle connects to USB on your computer,
that dongle connects to a remote dongle using a cable (CAT5 or fiber optic) capable of longer distance than USB, and the remote dongle provides 1 or more
USB ports.

We have used the Icron Ranger 2104 and found it to be very solid:

Other similar devices:

http://usbstuff.com/icron.html

http://usbstuff.com/opticis.html

Another type of extension is simply a USB cable with a 1-port hub on the end:

http://usbstuff.com/activeextension.html
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An advantage to this type of connection is that it does not require any special software and the hardware itself just looks like a normal USB connection.

 

Isolation

Most of the solutions above can provide electrical isolation.  WiFi, Ethernet, and fiber optics all provide isolation in their normal design.  Likely not isolated are
USB extensions not using fiber optic cable.

If isolation is the main concern, just search "USB isolator" to find some options.  Here is one for $42.  Note that many of these use the ADuMx160 chips from
Analog Devices and might be configured for full-speed devices only.  The U3/U6/UE9 are full-speed USB devices, but the U12 is a low-speed USB device.

 

Convert Ethernet to WiFi (App Note)
Log in or register to post comments

This app-note applies to:

T7 WiFi users who want higher performance (data speeds).
T7 Ethernet users who want WiFi.
UE9 Ethernet users who want WiFi.

The device used to convert Ethernet to wireless (WiFi) is called a "Wireless bridge", "Wireless Ethernet bridge", or "Wireless Ethernet converter". If you have an
Ethernet capable LabJack device, like a T7 or UE9, and you need to connect it to an existing wireless network, get a wireless bridge.

Network Device Descriptions

Not unlike other devices with Ethernet or WiFi, the T7 and UE9 can take advantage of routers, bridges, and access points to increase their portability or
performance on a network.

Router - Provides gateway/firewall for the internet. Routes traffic from each PC or other device on a local network to the appropriate location. Most routers
can also act as a DHCP server, which allows them to grant IP addresses for DHCP enabled network devices. If it is a wireless router, it also includes a
wireless access point which creates a WiFi network that has a name (SSID), password, and a type of encryption (WPA, WPA2, WEP, etc).
Wireless Bridge - Connects to a Wireless Access Point.
Wireless Access Point (AP) - Creates a WiFi network that has a name (SSID), and password.

Typically routers contain wireless access points, but there are devices labeled only as a wireless access point (AP), and they have only 1 Ethernet port. There
are also devices labeled only as a bridge, and they have only 1 Ethernet port. Often times it's the same price or cheaper to just buy a router when you only need
an access point or a bridge. This TL-WR702N by TP-LINK is a device that can function as an access point, client, router, repeater, or a bridge, and it only costs
$20. 

Figure 1. Typical network with a bridge for the Ethernet T7

To setup a Wireless Access Point, see Basic Networking & Troubleshooting. See the Advanced Networking App Note for more information on long
range/directional WiFi, or multiple access points/bridges.

Setting up a Wireless Bridge

Most of the time there are instructions included with the bridge, or router, or wireless access point (being configured as a bridge) on how to perform setup, but
below is a general description of the process.

1. Connect a computer to one of the LAN Ethernet ports on the back of the bridge/router/AP.  Note: Do not use a port labeled as WAN, or Internet.
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2. Launch a web browser and enter one of the following in the browser's address bar. Alternatively, use the software CD that comes with the
bridge/router/AP.

routerlogin.com
routerlogin.net
Bridge/router/AP default IP address, e.g. "192.168.1.1"

3. You are prompted to log in.
4. Enter the username and password.  Defaults are commonly admin/admin, or admin/password.
5. If the device is configurable, go through the menus and select the options to make it act as a bridge. For routers this means you should disable the DHCP

server, and disable the AP functionality. For configurable wireless access points, do not use ad-hoc mode, client mode, repeater mode, or AP mode. Make
sure to use bridge mode.

6. Select the desired WiFi network by Name or enter it manually, then enter the WiFi Password. Save or apply the changes.

The device should now be configured to work as a wireless bridge, and it will be associated with the network selected in step 5.

The next step is to configure the Ethernet LabJack device. Please consult the Basic Networking & Troubleshooting App Note for details on setting up an
Ethernet T7 or UE9.

Once the T7 and wireless bridge are configured, connect the T7 to the bridge via Ethernet cable. Sometimes it may take a minute until the T7 can be found on
the network.

Summary of Other Terms

Listed below are some optional modes or terms which can complicate matters. The following list of terms might be helpful to understand what a device is
actually doing.

Ethernet to WiFi Converter - This device will allow an Ethernet client (like a standard T7), to connect to a wireless access point (wireless network).  It
functions as a bridge.
Wireless Range Extender - This term is used for a wireless access point that listens to another access point, and repeats what it hears, so that other
devices further away can get the signal. Due to the repeated nature of communications, overall data throughput is reduced. Devices with this label or
mode are typically identical in functionality to a simple wireless access point.
Access Point Client Mode - If a single device is connected by Ethernet to an access point in client mode, the access point is effectively a bridge, giving
the Ethernet device a link to the WiFi network which is being created by a different access point. If multiple Ethernet devices are connected to the access
point in client mode, then the access point will create a new subnet for the set of devices which are wired to it.
Access Point Bridge Mode - It functions as a bridge. When multiple devices are connected to it, it doesn't have to create a new subnet, so this is a
superior mode when compared with client mode.
Universal WiFi adapters - These are typically bridges, but for whatever reason the phrase "universal WiFi adapter" is more catchy.
Universal WiFi internet adapters - This is a bridge, but it implies that the wireless network to which it connects is also linked to an active internet
connection.
WiFi to Ethernet Adapter - Depending on configuration, this is either a bridge or an AP.
Smart Connect/Smart WiFi - This is a proprietary connection/setup mode for Linksys stuff that ties in with proprietary online home automation and control
things. Just disable 'Smart' stuff to get a normal router/bridge/AP/repeater etc. 'Smart' things, if enabled as such, will not be able to automatically link with
other non-Linksys networking gear.

Further Explanation

A modern wireless access point can typically be used as a wireless bridge, but a bridge can't always be used as an access point. For an access point to
function as a bridge, instead of creating the network, the internal wireless adapter is configured to simply join an existing network. As mentioned in the bullet list
above, a wireless access point creates a WiFi network with a name (SSID), and a password. So essentially some access points can act as a bridge, or a signal
repeater, so it's possible to buy two of the same device, and just configure one as an access point, and one as a bridge. A wireless bridge always connects to
an existing wireless network, and Ethernet devices can connect to the Ethernet jack(s) on the wireless bridge.

When configuring a router to be an access point only (not using it for internet, or DHCP server), disable anything relating to "DHCP Server" or "Internet".  Also,
only connect the router using its LAN ports, do not use the WAN or Internet port. 

Cell phones can create a wireless access point by creating a mobile hotspot. A mobile hotspot not only creates a WiFi network, it also acts as a DHCP server
and modem. Laptops can also become access points through emulation software, or natively in Windows 7. See Basic Networking & Troubleshooting for more
details on Laptop APs, and Mobile Hotspots.

General Tips

There are several vendors of wireless bridges and access points, and a few different network types (i.e., 802.11a, 802.11b, 802.11g, and 802.11n). Most newer
bridges and access points are type 'n' and will work with the different network types (a, b, and g) but it's best to check just to be sure.

If you are connecting the T7 to an existing network, then it's best to stay with the brand that the rest of the bridges and access points use, as that usually makes
the configuration process easier. If you are setting up a new network, then it's best to buy two access points of the same make and manufacturer, and configure
one as an access point, and the other as a bridge. Sometimes bridges and access points have special ways of configuring and naming things, or optional
features that may or may not work with other brands.

To configure the T7, start with a cabled connection to your PC, and assign it settings that make it work with that setup. Once that is configured and software can
communicate with it, replace the cable with the wireless bridge (WiFi).

Some offices and households can have interference on the 2.4 Ghz band that the 802.11b and 802.11g networks use. We have found that switching to a
802.11a network at the 5 Ghz band can give a stronger connection where interference may be present.

If you have simple questions about using the T7 or UE9 for wireless connections, we can answer them here. However, if you have specific questions on
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configuring your hardware or what settings you should use, you may find more help from the users guides and from your network administrator.

Power Considerations

The T7 is powered through its USB port. We sell the T7 with a USB wall-wart style 5V 2A power supply that can be used when operating Ethernet.
Alternatively, split 5V out of a PoE enabled Ethernet system using a PoE splitter, and use this to power the T7.  See the footnote in the Ethernet section of T7
Datasheet for PoE details.

The UE9 can be powered with its included 5V wall-wart style supply. In a similar fashion to the T7, a PoE splitter can be used to provide power to the UE9, the
only difference is that the UE9 has a barrel receptacle so it's not necessary to buy a converter between barrel and USB.

 

DAQConnect (App Note)
Log in or register to post comments

DAQConnect is a common Internet of Things (IoT) service provider which can be used to monitor and control a LabJack device over the internet. Figure 1
demonstrates the connection path to an off-site platform. This app-note explains how to write basic software that interacts with DAQConnect, but the principles
can be applied to virtually any IoT service with the same TCP connection model. We maintain a list of 3rd party Modbus libraries that can be easily expanded to
interact with an IoT service using basic TCP communications.

Figure 1. LabJack via internet, using DAQConnect as the IoT service

TCP connection model

In general, TCP communications can be quite complicated, however for this application it can be simplified a lot.  In order to send/receive one piece of
information with the DAQConnect servers you need to first establish a connection over port 80, send it a request, receive the response, and then close your
connection. The program connects to "www.daqconnect.com" over port 80, sends a large string starting with a GET or POST command (before while loops),
starts listening for a TCP response (inside a while loop), and finishes by closing the TCP connection. In the attached LabVIEW examples, the "DAQConnect
Get Value" or "DAQConnect POST value" VIs show the TCP packet structure, and the while loops.

What does a HTTP packet look like?

If you wish to learn about HTTP packets in general you can refer to the following web page:

http://www.jmarshall.com/easy/http/

This AppNote focuses specifically on an HTTP packet that works for DAQConnect. The primary information is in the first two lines of the string:

GET %s HTTP/1.1
Host: %s

or:

POST %s HTTP/1.1
Host: %s

The first %s is where you include all of the information regarding the API key, tag name, and any data for a POST command.  The second %s is simply
"www.daqconnect.com".

In the end you will end up with a packet like:

GET /daq/storage.rest?o=getTagDetail&connUuid=1D2294B8-21A0-4503-80AA-7AE11DFD972E&tag=ain0 HTTP/1.1
Host: www.daqconnect.com
Connection: close
Content-Length: 0
Accept: text/html,text/json

https://labjack.com/support/datasheets/t7/ethernet
https://labjack.com/user/login?destination=node/263%23comment-form
https://labjack.com/user/register?destination=node/263%23comment-form
https://labjack.com/support/modbus/programming
https://labjack.com/sites/default/files/2014/05/daqconnect.png
http://www.jmarshall.com/easy/http/


Vary: Accept-Encoding
Content-Type: application/json; charset=utf-8\r\n\r\n

At the end of the packet being sent make sure that two return carriages are being sent, otherwise you will get a time out error.

UTF time

The UTF time converter included in the .zip file "get UTF time" and "parse UTF time" aren't fully implemented but are in a functional state. "get UTF time" read's
the system clock and returns a string of the UTF time.  The "parse UTF time" is the incomplete part and doesn't return a completed time stamp that LabVIEW
uses.  It only returns hour:minute:second:decimal value of seconds, day of year, and year.  The other information wrapped up into a date can be derived from
this information if desired.

 

LabVIEW Examples

The LabVIEW VIs attached at the bottom of this page use only the native TCP ability of LabVIEW.  To interact with DAQConnect, use the "get example" and
"post example" VIs.  You can also read the information located on the front page of "DAQConnect Get Value" and "DAQConnect POST value".

File Attachment: 
 DAQConnect.zip

Monitor with GoogleDrive (App Note)
Log in or register to post comments

If you own a LabJack device, have Python installed, and have a Google e-mail address, you may find this AppNote to be of interest.  You can create a program
that posts collected data to a Google Doc's spreadsheet so you can view your collected data from anywhere, for free!

1. Make sure that LabJackPython is installed.
2. Download and install Google's Python API.
3. Try Google's API example located in the root directory and then samples/spreadsheets to make sure you installed it properly

to run: "python spreadsheetExample.py --user [yourUserName] --pw [yourPassword]"
4. The program should display all of the spreadsheet files created in your Google Drive account, and let you open and change values of the file.
5. Download the example program that opens a U3 device and stores information to a created Google Drive spreadsheet.
6. Create a spreadsheet and modify the example program's SPREADSHEET_NAME, WORKSHEET_NAME, GOOGLE_USER_NAME, AND

GOOGLE_PASSWORD string constants.
7. If needed, change the LabJack device being opened. The program was written for a U3, so change U3s to U6s or UE9s.
8. Run program!

Two Step Verification

Do you have two step verification enabled on your account? If so you need to generate a new application-specific password and use that as your password for
the example program.

File Attachment: 
 googleDocsSpreadsheetExample.py_.txt

Scada Mobile with Modbus (App Note)
Log in or register to post comments

This AppNote shows users how they can monitor and control a Modbus capable LabJack device over the internet using ScadaMobile.  

Compatibility

T7
UE9, Please use Comm version 1.43 for stable results
U3 through LJSocket
U6 through LJSocket

Overview of Scada Mobile

ScadaMobile (website) is an iOS App (iPhone, iPod Touch, iPad) that can be purchased from the Apple App Store to directly monitor and control Modbus
devices over the internet. In addition to several examples and a user's guide regarding the larger use of their product, this App Note will cover the specifics of
ScadaMobile's Modbus support and its use to communicate with LabJack devices.
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Figure 1. LabJack via internet, using the ScadaMobile app

Communicating with a LabJack

Getting information from a LabJack device using ScadaMobile:

1. Find the IP address and active Modbus port of the device you are trying to use
2. Look at the relevant Modbus page, find the register number for the information you are trying to collect, and determine how many registers need to be read.
3. Construct a .csv file and upload it to your phone.

1. Finding necessary device information

Plug the device into your computer, open LJControlPanel, scan for the device, and locate the IP address it is using.  You may also need to know that the
Modbus port on our UE9 devices is the standard port 502 as declared by the Modbus protocol.  

If you are connecting to a device using LJSocket, you need to make sure that you instruct your computer to open the device before attempting to start using the
app. You can not open or close devices using ScadaMobile.  Once you are sure that socket has opened the device, find the IP address of the computer and use
the port in the 5000's 

These attributes can be modified in the csv file by changing the "local_ip" and "local_port" values

2. Modbus information

Once you know what address you wish to collect data from or control, change the HRxxxx value to the register in the Modbus table+1.  The next important step
is to understand what information is being read, making sure to review all of the documentation that corresponds to the desired Modbus address. This includes
determining a corresponding data type in ScadaMobile with a sufficient number of bits.  AIN0, for example, uses address 0 (which becomes 1 for Scada, HR1).
Also understand that the value is stored in two registers and, knowing that information, you may need to consult reference 3.1.2 of the ScadaMobile users
manual to find an appropriate data type. For AIN0, the desired data type is REAL.

3. Creating a .csv file

To properly create a .csv file, refer to ScadaMobile's website or the following examples.  When editing these files with a text editor, the value before the first "," is
the name that the value will be stored under. Additionally, the second is the data type, the third is the starting Modbus address+1, and everything after the third
"," constitutes extra configurations.  The important configuration variables are local_ip and local_port which need to be changed in order for ScadaMobile to
work properly.  

The first, LJSimpleModbus, contains four one-liners that read a single attribute of a LabJack device.  Simply open the file in a text editor, delete the "#" before
the line you wish to use, configure the IP address / port for your device, and upload the file to your phone.
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The second, LJREAD_ANALOG, reads all 14 AIN channels on a UE9 device.  This is done in one command by telling ScadaMobile to read 14 sequential
addresses and store them into a buffer. Of course, you will need to define the data type as an array. I needed to read REALs for AIN values and, in order to read
all of the channels, I defined the array with a length of 14.  

The third, LJREAD_DIGITAL, reads 20 of the 23 digital lines of the UE9.  It does this by, again, defining an array that is long enough to store all of
the necessary data and then telling ScadaMobile to make a Modbus request for multiple addresses before finally pulling out the valuable information from that
array.  

File Attachment: 
 LJREAD_ANALOG.csv
 LJREAD_DIGITAL.csv
 LJSimpleModbus.csv
 Custom Register.csv

Advanced Networking (App Note)
Log in or register to post comments

Extend WiFi Range

When WiFi signal strength is too low where you need it, or the signal is non-existent, it's possible to get extended range using one of the following
configurations.

Multiple Wireless Access Points
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Simply run a long (up to 100m) Ethernet cable to where you need WiFi, and install a wireless access point (AP). 

Figure 1. Expand WiFi coverage with multiple wireless access points (APs)

Alternatively, use a router as an access point by disabling the internet (gateway) and DHCP server in the router configuration menus, and enable a wireless
network with a name (SSID) and password.

Figure 2. Expand WiFi coverage with a second wireless router (AP)

Access Point Client Mode

An access point in client mode will be able to link to an existing wireless network, and typically Ethernet devices can then be wired to the access point at that
location. Access points in client mode are useful to establish an Ethernet switch/hub in another area, without buying several Wireless Bridge devices that only
have a single Ethernet jack. Usually an access point in client mode will only be able to connect to another access point of the same make and model, since
'client mode' is a special protocol that is not the same for every AP/router.

Figure 3. Expand network area with an AP in client mode

Repeater Mode

Repeaters simply listen for traffic, and then repeat it.  Unfortunately, when a repeater is present on a wireless network, the network traffic gets congested, and
overall speeds suffer. Repeaters are good for getting signals through/around hallways or other strange obstacles where running an Ethernet cable is not
practical.
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Figure 4. Expand WiFi coverage with an AP in repeater mode

Directional/Long Range Antennas

Directional antennas offer the best solution for wireless range because they can reach so far (up to several miles in some cases).  The downside is that they can
be expensive, difficult to setup (high in the air), and rainy weather can degrade performance. To use a directional antenna, simply replace the antenna on a
wireless router with a directional or long range substitute.  It's also possible to replace the antenna on a LabJack device to increase its range.

Figure 5. Extend WiFi coverage with long range antennas

Ad-Hoc (Peer) WiFi Networks

A WiFi network in ad-hoc (also known as computer-to-computer or peer-to-peer) mode allows two or more devices to communicate with each other directly
instead of through a central wireless router or access point. As shown in the figure below, there is no central access point, each computer and device can talk to
every other computer or device directly.

Figure 6. A simple ad-hoc network

To setup an ad-hoc wireless network, each wireless adapter must be configured for ad-hoc mode versus the alternative infrastructure mode. In addition, all
wireless adapters on the ad-hoc network must use the same SSID and the same channel number. Furthermore, each computer and device needs to be
configured with a unique static IP address, so that conflicts do not occur.

At the time of this writing, the T7-Pro WiFi adapter does not support ad-hoc mode, thus the T7-Pro is shown in the diagram above using Ethernet (which does
work in ad-hoc) and a wireless bridge to connect. Realize that if you do want a direct WiFi connection from a T7-Pro to a computer, you can configure the
computer to act as an access point.  See Figure 7 on the Basic Networking App Note.

An ad-hoc network tends to feature a small group of devices all in very close proximity to each other. Performance suffers as the number of devices grows, and
a large ad-hoc network quickly becomes difficult to manage. Ad-hoc networks cannot bridge to wired LANs or to the Internet without installing a special-purpose
gateway. DHCP (automatic IP address) does not work unless there is a DHCP server active on the network.

Ad-hoc networks make sense when needing to build a small, all-wireless LAN quickly and spend the minimum amount of money on equipment. Ad-hoc
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networks also work well in desolate or remote areas, where there is no power source nearby except a battery pack for each device.

Large Networks

This section relates to complicated networks with multiple subnets, extra firewalls, isolated WiFi etc. For instance, a large business might have a few dedicated
subnets for various departments, in order to accommodate a large number of PCs, but this means that each PC in the building can't actually communicate
directly with another PC in a different department. Or another example would be that WiFi in the cafeteria of a college campus is isolated from other network
computers in the dormitories.  Basically when dealing with a large network, there may be some hurdles, so you should contact your network administrator to
help guide you through the process of connecting and linking wired or wireless devices into the system.

Here are some general guidelines to help:

1. Remember that LabJack devices are the same as any other network device, requiring correct configuration of its IP address, Subnet, and Gateway.
2. Learn what settings are required by viewing a device or computer that is already operational on the network, and copy as needed.
3. Try to configure the LabJack device to use DHCP, since most large networks operate using DHCP.
4. If connecting over WiFi, verify that the SSID (name) and password of the WiFi network is correct by connecting with another wireless device first (like your

cell phone).
5. Contact your network administrator if you get stuck.

Wireless Protocols

Basically anything you buy these days is either 802.11n or 802.11ac. These new 'n' and 'ac' protocol descriptions are backwards compatible with everything, so
most people shouldn't worry too much about it. If you're curious, there is some more information in the bullet list below.

802.11a - Operates in the 5.8GHz band with a maximum net data rate of 54 Mbit/s. At 5.8GHz, signals are absorbed more readily by walls and other solid
objects in their path due to their smaller wavelength and, as a result, cannot penetrate as far as those of 802.11b/g. If the device is strictly 802.11a, it's not
compatible with b/g, but this is rare for anything purchased more recently than 2001.
802.11b - Operates in the 2.4GHz band with a maximum net data rate of 11 Mbit/s.  At 2.4GHz, signals are not absorbed by solid objects as easily as they
are at 5.8GHz, but the 2.4GHz band suffers from overcrowding. Devices operating in the 2.4GHz band include microwave ovens, Bluetooth devices, baby
monitors, cordless telephones, and several more. Cross compatible with 802.11g
802.11g - This works in the 2.4 GHz band (like 802.11b), but uses the same OFDM based transmission scheme as 802.11a. It operates at a maximum
physical layer bit rate of 54 Mbit/s exclusive of forward error correction codes. Cross compatible with 802.11b.
802.11n - Operates on both the 2.4GHz, and 5GHz bands, but support for 5.8GHz is optional, so that these devices can be sold worldwide without
licensing issues. Backwards compatible with a, b, and g
802.11ac - Builds on 802.11n, increasing data rate up to 433.3 Mbit/s per spatial stream. Backwards compatible with a, b, g, and n

The 2.4GHz band is the only area of the frequency spectrum (worldwide) that does not require a special license to use, which is why everything uses it. In the
USA, 5.8GHz is a second area in the frequency spectrum that does not require a special license, but in other countries the 5.8GHz area may or may not require
some license, which is why 802.11a is less common overall.

There are some other protocol descriptions and designators, but they are beyond the scope of this discussion, and can be found on the Wikipedia page for
IEEE 802.11.

Direct Connection via Ethernet (App Note)
Log in or register to post comments

The application note is about connecting a T4 or T7 via Ethernet to a network that does not have a DHCP server (router).  Perhaps you have a few devices connected to
a switch or hub, or perhaps you just have a T-series device directly connected to a computer via Ethernet.  Since this network does not have a DHCP server,
you need to disable DHCP on the computer and assign static IPs to both the computer and the T4/T7:

1. Follow tutorials for your operating system to configure your computer's Ethernet port to have a static IPv4 IP address.  For this example, give your
computer a static IP address of 192.168.25.2.  The subnet mask should be 255.255.255.0.  The default gateway should be 192.168.25.1.

2. Connect a computer to the T4/T7 via USB.
3. Run Kipling, connect to the T4/T7 via USB, and navigate to the Network Settings tab.
4. Disable DHCP to enable manual entry of the networking details.  Enter the IP address: 192.168.25.3, subnet of 255.255.255.0, and a gateway of

192.168.25.1.  You can leave the DNS/Alt-DNS IP addresses at 0.0.0.0.  Press the Apply button.
5. Wait a few seconds for the device's reported connection status to report "Connected" and show a static IP address of 192.168.25.3.  If this does not happen, close Kipling, power

cycle the T4/T7, re-open Kipling, connect by USB, and go back to the Network Settings tab.

Now go to step #7 of the Setup WiFi and Ethernet ... App Note, and depending on what happens you might need to see the troubleshooting tips towards the end
of the Basic Networking & Troubleshooting App Note.

 

 

LabJack via Internet (App Note)
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LabJack Via Internet Overview
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We are often asked, "Hey, how can I get this data on my cell phone?", or "What's the easiest way to control my LabJack on the net?", or "What are my options
for cloud data?" or "I want to see LabJack data in my internet browser" - well, this app-note attempts to answer those questions.

 

Options

Figure 1. LabJack via internet available options

The figure above demonstrates most of the possible paths for measurement and automation through the internet. The recommended path does not require
using an Internet of Things (IoT) service, is highly flexible/extensible, provides access to any/all of our devices, and is fully compatible with any off-site platform
that has a web browser. The recommended path is the darkened line above, and is also demonstrated more literally in figure 2 of Appendix A.

 

Device, and On-Site Software

T7 - The T7 is a USB, Ethernet, and WiFi device which is Modbus compatible, so to perform measurement and automation through the internet, we recommend
that users create custom software that utilizes the LJM library, and also creates a web interface for external connections. 

Compared to older devices, the T7 has a few alternate connection paths, which are made possible by scripting and a more advanced processor. Although
limited by code space, it's possible to write a Lua script to connect directly to an IoT service to post data, and receive commands. It's also possible for the T7 to
act as a web server itself, but the complexity of operation is limited to a few basic reads and writes. We plan to use the web server functionality to create a
simple web-based test panel, but other equally simple implementations are theoretically possible.

U3, U6 - The U3 and U6 are USB devices which are UD compatible, so to perform measurement and automation through the internet, we recommend that
users create custom software that utilizes the UD library, and also creates a web interface for external connections. 

UE9 - The UE9 is a USB and Ethernet device, but it does not have any advanced connection options like the T7, so to perform measurement and automation
through the internet, we recommend that users create custom software that utilizes the UD library, and also creates a web interface for external connections.

U12 - The U12 is a USB device with a unique interface, so to perform measurement and automation through the internet, we recommend that users create
custom software that utilizes the UW library, and also creates a web interface for external connections.  There is a basic web interface for simple monitoring
included in the LJlogger application.

 

Local Network

How the local network is configured is going to depend on how the off-site platform plans to monitor and control the LabJack device. To monitor and control
directly (not using an IoT service), then the on-site software will need to be setup as a web server, and port forwarding should be implemented. When using an
IoT service

Port Forwarding (Servers) - When the on-site desktop software is acting as a web server, the web server must be visible to the web, which means that port
forwarding is necessary. Simply change the router (Gateway) settings to include the IP address of the on-site desktop (associated with a port number, or port
number range), so that any internet device can communicate directly with the on-site desktop. This is commonly referred to as opening a hole in the firewall,
because internet traffic is allowed through to a specific computer residing on the local network. For more details, see these port forwarding setup instructions on
wikiHow.

Direct Connect (Clients) - When the on-site desktop software is acting as a web client, there is no need to setup port forwarding, because no internet devices
are attempting to connect to the on-site desktop. In this circumstance, measurement and automation is only possible through the use of an intermediate IoT
service provider, which acts as the web server for both the on-site software, and off-site platform.

 

Internet

https://labjack.com/sites/default/files/2014/05/LabJack via Internet Paths_edit.png
https://labjack.com/support/app-notes/networking/labjack-internet/appendix-A
https://labjack.com/t7
https://labjack.com/ljm
https://labjack.com/support/datasheets/t7/scripting
https://labjack.com/u3
https://labjack.com/u6
https://labjack.com/support/ud/software-options/programming-ud
https://labjack.com/ue9
https://labjack.com/support/ud/software-options/programming-ud
https://labjack.com/u12
https://labjack.com/support/u12/examples
https://labjack.com/support/u12/users-guide/3.4
http://www.wikihow.com/Set-Up-Port-Forwarding-on-a-Router


IoT Service - Internet of Things services range in complexity and versatility, but for the most part they are simply a web server that stores data, and distributes
commands to any awaiting web clients.  Note that most IoT services do not command web clients directly. The web client must initiate a connection to the IoT
service, and ask if the IoT service has any new commands or requests.  Due to the passive nature of the common IoT Service, their interface is called a "REST"
interface, or API.

Domain Name, Public IP Address - Once port forwarding is setup, one can simply type the IP address and port directly into a browser address field to connect
to the on-site web server. e.g. "http://12.157.2.99:2104"  Unfortunately, these numbers are difficult to remember and sometimes dynamic IP addresses are
required on the local network, so we recommend using DynDNS or a similar service to map the public IP address to a domain name.

You can register for a domain name with several different companies (e.g. DynDNS, or GoDaddy).  With a domain name, the off-site computer can connect to
the on-site web server with "http://dyndns.JohnsLabJackT7.com" or something similar.

Remote Desktop - Remote desktop is the most basic approach to measurement and automation through the internet, and it's highly effective. No extra code is
required, and it has fewer moving parts than other options. Unfortunately, the off-site platform has to be running remote desktop software, and connections only
exist on a 1-to-1 basis. We recommend remote desktop to single-users who want a quick and effective method to remotely monitor and control their LabJack
device, when there are no other people involved etc.

 

Off-Site Software, Platform

Off-site software is one of two things, an internet browser (Chrome, IE, Firefox, Safari), or a unique software application. Both browsers and apps can connect to
IoT services or simple domains, but the browser is more generic and universally compatible.  It's possible to write an app that communicates directly with a port
forwarded Ethernet/WiFi T7, thereby removing the complexity of creating a web server or a learning an IoT service's API.  In fact, this premade app that does
just that!

The off-site platform can be an Android cell phone, iPhone, tablet, laptop, PC, Raspberry Pi, Linux box, etc.  Essentially anything with internet access can
connect to the LabJack device, if it follows one of the paths shown in figure 1.

 

Appendix A - Diagrams
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The following figures demonstrate typical methods to monitor and control a LabJack device through the internet.  The "recommended path" as seen in the
parent app-note LabJack via Internet, is shown in figure 2 below.

 

Figure 1. User software interacts with IoT service

Write application software on any on-site computer, then add a simple TCP communication code to the software that will communicate with the IoT service, and
relay the instructions to the LabJack device. Simple implementations of this IoT option are demonstrated in the DAQConnect App Note, and the Monitor with
GoogleDrive App Note.

Pros

Use any IoT service
Compatible with all LabJack devices
Use LJM or UD high-level libraries (C, C++, LabVIEW, Python, MATLAB, VB6, .Net, Java...)
Does not require port forwarding (good security)
User software does not have to include a web server, and the IoT service is robust enough to handle any number of off-site platforms performing
simultaneous access

Cons

User must learn the API of the IoT service, typically a REST API
User software must parse/convert the IoT TCP communication into LabJack device communication, and vice versa
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Figure 2. User software as web server

Write application software on any on-site computer, then create a web interface for that software.  We don't have any examples of this option, but it is a good
idea to start by reading about Tomcat, or Apache etc.

Pros

Do not have to learn the API of an IoT service
Compatible with all LabJack devices
Use LJM or UD high-level libraries (C, C++, LabVIEW, Python, MATLAB, VB6, .Net, Java...)
Flexible, powerful, extensible
On-site interface resembles off-site interface, which makes it easier to maintain, develop, or expand.
It's relatively easy to create a web interface using newer programming packages that are meant to be viewed in a browser.

Cons

User software must include a web server and web interface
User software must convert browser input to LabJack device input, and vice versa
Requires port forwarding (less secure)
Must type public IP address:port into browser unless registered with a domain name

Figure 3. T7 script interacts with IoT service

Develop a Lua script that opens a connection to a IoT service and then communicates with it.  This would require some special Lua functionality that we have
not implemented at this time.  NOT SUPPORTED.

Pros

Use REST interface of any IoT service
Does not require port forwarding (good security)
T7 Lua script initiates/maintains a connection to the IoT service
The IoT service is robust enough to handle any number of off-site platforms performing simultaneous access

Cons

Custom application code must reside in the Lua script (limited code space)
User must learn the API of the IoT service
T7 only
Unable to use LJM or UD high-level libraries or other languages than Lua
User must learn the API of the IoT service, typically a REST API
Lua Script must parse/convert the IoT TCP communications into LabJack device communications, and vice versa (limited code space)
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Figure 4. IoT service with Modbus TCP client capability

At the time of this writing, it is unclear if there exists a pre-made IoT service that can act as a web server, and also a Modbus TCP client. If such an IoT service
can not be found, it's possible to write the software, and load it onto a server. Create software as shown in figure 2, and then move the software from the on-site
computer to any other net-based server. Easily purchase server space on Linode.com, or a similar provider.

Pros

T7 Lua script does not have to poll a REST API on the IoT service, which allows for faster command/response times, nor does the script have to
parse/convert IoT communications into T7 instructions, this process is handled by software running on the IoT service.

Cons

Requires port forwarding (less secure)
Custom application must reside in the IoT service, or in the Lua script (limited code space/flexibility).
For extensive custom operation, must create your own IoT service.
T7 only
Requires port forwarding (less secure)
Must type public IP address:port into browser unless registered with a domain name

 

Figure intentionally removed.

Figure 5. Figure intentionally removed.

This section formally about using the T7 as a web server is currently not applicable and not supported.

 

 

Figure 6. Remote Desktop

Write application software on any on-site computer, then configure that computer for remote desktop. Individual users can monitor and control the LabJack
device from anywhere, with no extra user code, and very little added complexity.

Pros

Do not have to learn the API of an IoT service
There are apps that will allow cell phones and tablets to perform remote desktop
Compatible with all LabJack devices
Use LJM or UD high-level libraries (C, C++, LabVIEW, Python, MATLAB, VB6, .Net, Java...)
Does not require port forwarding (good security)
User software does not need to include a web server

Cons
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Typically only one off-site platform can connect at a time
Android, iOS are less convenient

 

 

Figure 7. User software (host) on off-site platform

Simply use an existing app to monitor and control the LabJack device, or write a custom app. The app or custom software is then configured to connect to a
port-forwarded IP address. For an example of this off-site host platform option, see the ScadaMobile App Note, or this pre-made code example.

Pros

Do not have to learn the API of an IoT service
Windows, Mac, Linux can use LJM or UD high-level libraries (C, C++, LabVIEW, Python, MATLAB, VB6, .Net, Java...)
Android, iOS etc must use lower-level direct Modbus TCP example code. See this pre-made example in Java

Cons

Only 2-3 hosts (sockets) can operate simultaneously depending on the complexity and frequency of requests made by each host
Requires port forwarding (less secure)
Must type public IP address:port into browser unless registered with a domain name

Power over Ethernet (App Note)
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Power over Ethernet (PoE) standards celebrates 15 years of official adoption by IEEE 802.3af in 2018. While most 15 year old technology is obsolete or
mothballed, PoE is just as relevant today as ever. Mainstream adoption of PoE devices has driven down costs of switches, splitters and  injectors combined
with an exploding number of PoE capable/compatible devices. This has offered expanded opportunities to not only established industrial processes but also
experiments, prototypes and projects on a shoestring budget.

PoE offers innovators a variety of creative applications to the world of data acquisition (DAQ). Recently, LabJack performed thorough product testing to better
serve those clients wishing to utilize PoE for their upcoming deployments. Using one of a variety of  inexpensive splitters/adapters our Ethernet capable
LabJacks (T7 family, T4, & UE9 Family) can be used with PoE, eliminating the need for nearby AC power. Using Cat 6 cable, PoE can reliably transmit power
and data 100 meters/328 feet. The benefits of PoE are well documented so we won’t turn readers off with another white paper provided by LabJack. We wish to
share testing we have performed on 3rd party devices in conjunction with LabJacks' so you can incorporate PoE into your next LabJack project with confidence.

https://labjack.com/sites/default/files/2014/05/LJ-via-Internet-Fig7.png
https://labjack.com/support/app-notes/scada-mobile-modbus
https://labjack.com/support/software/misc-utility-apps/android-tcp-app
https://labjack.com/support/modbus/programming
https://labjack.com/support/software/misc-utility-apps/android-tcp-app
https://labjack.com/user/login?destination=node/2640%23comment-form
https://labjack.com/user/register?destination=node/2640%23comment-form
https://labjack.com/products/ethernet-daq
http://www.bb-elec.com/Learning-Center/All-White-Papers/Ethernet/Benefits-of-PoE-for-Industrial-Applications.aspx


Consider using PoE the next time you deploy a LabJack in a remote setting that is without convenient AC power such as: factories, warehouses, outbuildings,
outdoors, underground, other farming/agriculture applications, and other distributed data collection and automation applications.

LabJack PoE Testing Notes:

A customer reported noisy thermocouple readings with PoE on a T7-Pro, so we tested a number of different injectors and splitters to confirm that noise on
grounded AIN0 stayed around 1-2uV with Range=0.1 and ResIndex=Auto=9.

Indeed, with all tested PoE equipment noise was always within acceptable limits.  All our LabJack devices have excellent power supply rejection and thus
analog input readings are generally not noticeably affected by noise and instability of the supply voltage.  *LabJack Note: The customer's problem in this case
was that upon device reset the analog inputs were being set to Range=10, which has substantially more noise than is seen with the Range=0.1 that is normally
used with thermocouples.

3rd Party PoE Devices Tested:

 

Switches:

NETGEAR GS308P 8-port switch with PoE

TRENDnet TPE-S44 switch with PoE

Injectors:

All injectors were tested with the WT-AF-USB splitter, and some injectors were tested with other splitters.

BV-Tech POE-I100

TRENDnet TPE-113GI

TP-Link TL-POE150S

All devices performed without errors or excessive noise.

 

Splitters:

Many of these splitters seemed to have auto power shutdown.  They might take a few seconds to power up, and might not power up at all if the load (T7) is not
connected.

All tested splitters had one of the following connectors for power output and we used the listed cables to connect to a T7-Pro:

Female Barrel 5.5 x 2.1:  Tensility 10-00240 and Tensility 10-00648

Male Barrel 5.5 x 2.1:  Amazon B00QHL2PTA and Belkin F3U133-06INCH

Female Type A USB:  Belkin F3U133-06INCH

The first 2 tested splitters have a switch to select 5V, 9V, or 12V output.  They have no other indication of what is selected so could see easily having the switch
in the wrong spot and damaging a T7:

TP-Link TL-POE10R, female barrel power output.

TRENDnet TPE-112GS, female barrel output and also includes a cable to provide male barrel output.

The next 2 tested splitters also have a switch to select 5V, 9V, or 12V output, but have an LED that shows what is selected so should make it more difficult to
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use the wrong voltage. Note* All LabJack devices require 5V only

TRENDnet TPE-104S, female barrel power output.

Amcrest Splitter, Amazon B00CDT7KPO.  Female barrel output and also includes a cable to provide male barrel output.

The last tested splitter has fixed 5V output and also is available in the following specific model that includes a female USB connector.  This seems to be a great
splitter:

WiFi-Texas WT-AF-USB with Belkin F3U133-06INCH.  Female type A USB output.
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TCP Open Testing in Python (App Note)
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Prerequisites

LabJack with Ethernet or WiFi (T7, T4, or UE9)
T7 and T4 - LJM Library 
UE9 - UD Library for Windows, Exodriver library for Mac OS X and Linux
Python
Operating system - Windows, Mac OS X, or Linux

 

LJM (T7, T4)

Install Python and the Python_LJM module as described on our Python for LJM page.

Go to a console window and run Python.

 

A.  Native TCP Open

>>> import socket
>>> sock = socket.socket()
>>> sock.connect(("192.168.1.207", 502))
>>> sock.close()

This shows success.  If there was a problem Python would have displayed an error message.

 

B.  LJM Search Open

>>> from labjack import ljm

>>> handle = ljm.openS("any", "any", "any")
>>> info = ljm.getHandleInfo(handle)
>>> info
(7, 3, 470013239, -1062731281, 502, 1040)
>>> ljm.close(handle)

 

C.  LJM Specific Open

>>> handle = ljm.openS("t7", "ethernet", "192.168.1.239")

>>> info = ljm.getHandleInfo(handle)
>>> info
(7, 3, 470013239, -1062731281, 502, 1040)
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>>> ljm.close(handle)

 

 

UD (UE9)

Install Python and the LabJackPython module as described on our LabJackPython page.

Go to a console window and run Python.

 

A.  Native TCP Open

>>> import socket
>>> sock = socket.socket()
>>> sock.connect(("192.168.1.209", 52360))
>>> sock.close()

This shows success.  If there was a problem Python would have displayed an error message.

 

B-1.  UD Specific Open on Windows

>>> import ue9
>>> dev = ue9.UE9(ethernet=True, firstFound=False, ipAddress="192.168.1.209")
>>> dev.close()  # Close this UE9's handle

 

B-2.  Exodriver Specific Open on Mac OS X and Linux

>>> import ue9, LabJackPython
>>> dev = ue9.UE9(ethernet=True, firstFound=False, ipAddress="192.168.1.209")
>>> LabJackPython.Close()  # Close all handles in the process

 

https://labjack.com/support/software/examples/ud/labjackpython


 

Miscellaneous (App Notes)
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Error 1722 from LabVIEW Run-Time Engine 6.0.2 Installer (App Note)
Log in or register to post comments

We have had some reports of people getting an error 1722 from the National Instruments LabVIEW Run-Time Engine 6.0.2 Installer.  This version of the LVRTE
is required for some of our sample executable applications that are written in LabVIEW:

U12:  LJtest, LJconfig, LJlogger, LJstream, LJcounter, LJfg, and a few others.

A google search of this error provides various hits, including a knowledge base article from ni.com.

From what we have heard the problem only occurs on Windows XP.  Of the perhaps 6 times the problem has been reported, 5 were on a machine where a
newer version of LabVIEW (specifically LV11 or LV12) had been installed previously.  All 5 of these resolved the problem by uninstalling the newer LabVIEW
(or perhaps just the newer LabVIEW RTE) and then installing LVRTE 6.0.2.  This allowed LVRTE 6.0.2 to install, and then they were able to re-install the newer
LVRTE and have both working.

The one other user reported that they fixed the problem by first installing a newer RTE, then installing LV 6.0.2, which seems opposite of the fix the other 5 users
needed.

 

Resolution and Accuracy (App Note)
Log in or register to post comments

Resolution is not the same as accuracy.  Resolution describes how small of changes you can detect in a measurement, while accuracy describes the difference
between a measurement and the actual value.  For example, you might make a thermocouple measurement where you can detect temperature changes of 0.1
degrees, and thus have a resolution of 0.1 degrees, but the accuracy of the system might only be ±2.0 degrees.  If you get two readings of 49.9 and 50.0
degrees, you know the temperature changed by 0.1 degrees, but you only know that the temperature is somewhere in the range of 48.0 to 52.0 degrees.

For more about resolution, see the "Noise and Resolution" application note.

Most devices will have a higher resolution than they have accuracy.  Often, the resolution limits are more important than accuracy:

Many times the relative difference between 2 values is more important than the absolute value of each.
If doing your own calibration, which is often required to account for all the different errors in a system, the calibration is typically only limited by resolution
and linearity, and even linearity errors can be minimized by calibrating across a range smaller than full-span.

DMMs will often specify accuracy in terms of some percent of the measurement plus some fixed value.  For example they might say ±0.005% of reading ±0.000400 volts. The spec for our

devices is simply a percent of full span.  For example, with the T7's ±0.1V range the full-span is 0.2V, so the ±0.01% accuracy in terms of volts is ±0.0001 * 0.2V = ±0.000020 volts (±20uV).

 The calibration we do on the U6 & T7 is limited by a few things:

1. Noise of the calibration source.  To get a signal low-noise enough to calibrate the 100mV and 10mV ranges we need to use a specially modified LJTick-DAC.
2. Accuracy and noise of the reference device.  We use the HP 34401 and are pushing the limits of it to calibrate the U6/T7 family.
3. Linearity of the U6/T7.  0.01% is the limit of linearity so don't expect to be able to do your own tighter calibration and have it valid across the entire span.  You could

do a tighter calibration across a smaller portion of the span but not the entire span.
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Many devices provide a specific time period for their calibration.  Does this mean they will re-calibrate for free if it goes out of spec before this time, or perhaps they have done
testing to know that some high percentage of devices stay within spec for this time period?  In any case, our opinion is that once-a-year is an industry standard
interval for re-calibration and our recommendation when a calibration paper trail is needed for regulatory compliance.  A more practical opinion is that there are
no parts in the signal chain that have an expected change over time, so in reality change is likely not dominated by time but by physical and
environmental stress.  We would expect things like temperature swings, physical bending, and dropping, to have the most affect on the signal chain.

On the U6 and T7 a voltage of 0.0 is actually midpoint internally. For example, on the ±0.1V range, that span is presented to an internal instrumentation-amplifier that
produces a ±10V output and that is presented to an op-amp circuit that shifts ±10V to 0-2.5V for the ADCs.  That suggests that if there is any change in analog
input calibration it is highly likely that change will show up in a reading at 0.0, so if you want to monitor for change you can monitor the value of the internal
ground channel AIN15.

One other thing you can do with the -Pro versions only (U6-Pro and T7-Pro) is compare the 2 converters to watch for problems with accuracy or linearity.  Jumper a DACx
(0-5V) or LJTick-DAC (±10V) output to some analog input, then grab a bunch of readings from that channel using both converters (ResIndex = 8 and 9).  If any of
the readings differ from each other too much you know there is a problem. This will detect problems with one ADC, but not problems with the rest of the signal
chain.

 

Screenshots (App Note)
Log in or register to post comments

 

Screenshots are a very common and useful tool for troubleshooting.  Here are some tips for screenshots on Windows.

 

Traditional Techniques:

 

<PrintScreen>:  Copies the entire screen to the clipboard.

Press <PrintScreen> to copy the entire screen to the clipboard, paste that clipboard into Word, and save as a .doc.  Problem is that the resolution is usually poor
and we can't zoom in to see details.

 

Recommended Techniques:

<Alt-PrintScreen>:  Copies just the active window to the clipboard.

1.  Press <Alt-PrintScreen> to copy the window of interest to the clipboard, paste into a graphics program such as MS Paint, and then save as a jpg or png.

2.  Some programs, such as Dropbox or OneDrive, will automatically notice when you press <PrintScreen> or <Alt-PrintScreen> and directly save the image as
a jpg/png to a specified folder.  Much quicker than #1 above.  Very convenient.

3.  Use the Windows Snipping Tool or install special screenshot software like "Screenshot Captor" or "Lightshot".  A couple things these might be good at are a selectable-area screenshot and a

screenshot of a window where the whole thing does not fit on your monitor:

 

 

Mac OS X

The Grab application works well.

 

 

 

 

T4 and T7 with Raspberry Pi 3 and Cloud9 (App Note)
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Intro
This is a simple application note documenting how to get started using a Raspberry Pi 3 single board computer to control a LabJack T4/T7/T7-Pro multifunction
data acquisition and control device. One of the best development environments that we have seen for developing applications on a single board computer is to
use the Cloud9 IDE. This development environment idea comes from the use of a BeagleBone Black.

If this long single-page tutorial seems daunting, take a look at the this tutorial published through Versal, an online classroom/learning tool. The class title is
Getting Started LabJack T4/T7, Raspberry Pi, Cloud9.

Prior Knowledge

1. A Raspberry Pi 3 that has Raspbian installed. The Pi Foundation has a guide titled Installing Raspbian with Noobs that is easy to follow.

https://labjack.com/sites/default/files/organized/app_notes/raspberry-pi-cloud9-and-t7/t7-pi3-pc.png
https://versal.com/learn/zpdw3q?embed=true
https://www.raspberrypi.org/downloads/
https://www.raspberrypi.org/learning/noobs-install/


2. Basic command line/Linux terminal skills:
Raspberry Pi Linux Commands
Raspberry Pi Terminal

3. Basic computer skills (connecting keyboard, mouse, turning on Raspberry Pi)

Recommended Hardware

1. LabJack T4 or LabJack T7
2. Raspberry Pi 3
3. Raspberry Pi LCD Display

https://www.raspberrypi.org/documentation/linux/usage/commands.md
https://www.raspberrypi.org/documentation/usage/terminal/
https://labjack.com/products/t4
https://labjack.com/products/t7
https://www.raspberrypi.org/products/raspberry-pi-3-model-b/
https://www.raspberrypi.org/products/raspberry-pi-touch-display/
https://labjack.com/sites/default/files/organized/app_notes/raspberry-pi-cloud9-and-t7/t7-and-raspberry-pi-3-lg.png


An Amazon shopping list containing these parts and a few other useful cables: Raspberry Pi 3 & LabJack T7 DevKit.

Goals

1. Update Raspberry Pi
2. Install NodeJS
3. Install Cloud9 IDE
4. Install LabJack LJM Driver
5. Install and Run LJM Python Examples

Initial Suggestions
When you start a new "Terminal" the default starting directory is "/home/pi". In this directory there are a few already existing files and folders such as "Desktop",
"Downloads", "Documents", etc. This guide recommends you to create a folder called "git" in this directory via the command: "mkdir git". Things that you need to
download via wget should go in the "Downloads" directory, and things that are cloned via git should go in the "git" directory. This is just a directory structure
suggestion, it is not required.

You should connect your computer, Raspberry Pi, and potentially your T4/T7 to the same network. It is always preferable to connect devices to the internet via
an Ethernet connection, however a WiFi connection will usually work just fine.

Update Raspberry Pi
It is always good to keep your system up to date. This can sometimes break things, so only do this if you aren't on a mission critical system.

$ sudo apt-get update && sudo apt-get upgrade

Install NodeJS
The Cloud9 IDE requires that Node.js be installed on your system. One source (#1) recommended Node.js v0.10.28, however Node.js has been releasing
native ARMv7 builds for Node starting in version ~4 so this guide recommends v4 or higher. The latest versions of Node.js can be found on their current
downloads page. The following instructions are from source #3.

$ wget https://nodejs.org/dist/v6.6.0/node-v6.6.0-linux-armv7l.tar.xz
$ tar -xvf node-v6.6.0-linux-armv7l.tar.gz
$ cd node-v6.6.0-linux-armv7l
$ sudo cp -R * /usr/local/
$ export NODE_PATH="/usr/local/lib/node_modules"

You can check to make sure you completed this step by typing the commands:
$ node -v
v6.6.0
$ printenv NODE_PATH
/usr/local/lib/node_modules

Install the latest Cloud9 SDK
Clone the official GitHub Repo for the Cloud9 SDK: https://github.com/c9/core and follow the suggested method of installing:

$ git clone git://github.com/c9/core.git c9sdk
$ cd c9sdk
$ scripts/install-sdk.sh

After several minutes (time is dependent on several factors) you should see a screen emit an "All OK" message. Both the download ("git clone") and install
("scripts/install-sdk.sh") steps may take a long time to run. As of 9/19/2016, the install step looked like it had frozen after outputting something like ~"prebuilt
binaries not found...", the install step is actually downloading and installing stuff. When the installation finishes, you may also see a message with instructions
on how to start a Cloud9 IDE instance.

$ node server.js -p 8080 -a :

To initialize a Cloud9 IDE instance with remote-connections enabled:
$ node server.js -w /home/pi -l 0.0.0.0 -p 8080 -a :

Test Cloud9 SDK
Start the Cloud9 IDE and write down the IP address/URL that it is listening at, ex: "http://192.168.1.102:8080". On a computer connected to the same network,
use Google Chrome or another web-browser to navigate to the appropriate URL. The first time you navigate to the URL the page will take a long time to load
because the Cloud9 IDE has to initialize the development environment. Subsequent starts will happen faster.

(Optional) Make a Cloud9 IDE local-app
Google Chrome has a very convenient feature that lets you save a webpage as a local application and run it in "desktop" mode. While you are on the Cloud9
IDE web page, go to "Settings->More tools->Add to desktop....". Re-name the page and make sure the "Open as window" checkbox is selected. A new icon
should get generated on your desktop and when you open the shortcut it will show up as an new application without any of the Google Chrome browser
features. You can also use applications like NW.js and GitHub's Electron to do this and avoid using Google Chrome.

(Optional) Auto-Start Cloud9 IDE
It may make sense for you to enable the Cloud9 IDE to start when the Raspberry Pi gets turned on. The article titled "Using forever (NodeJS) with Cloud9 IDE"
(Source 4) provides some information about how to do this. (see below)

sudo npm install -g forever

Create a file /forever/development.json as documented by the forever GitHub repository. An example file looks like the following:
{
// Comments are supported

https://amzn.com/w/23G75WFDWWJU3
https://nodejs.org/en/download/current/
https://nodejs.org/dist/v6.6.0/node-v6.6.0-linux-armv7l.tar.xz
https://github.com/c9/core
https://github.com/foreverjs/forever


"uid": "app",
"append": true,
"watch": true,
"script": "server.js",
"sourceDir": "/home/pi/c9sdk",
"args": ["-w","/home/pi", "-l", "0.0.0.0", "-p", "8080", "-a", ":"]
}

Execute the forever start command:
sudo forever start ./forever/development.json

Testing:
sudo shutdown -r now

Run the command:
forever -m 5 ./c9sdk/server.js -w /home/pi -l 0.0.0.0 -p 8080 -a :

Edit the computer's "crontab" file.
follow the instructions on the Stack Overflow page describing how to automatically-start-forever-node-on-system-reboot.

crontab -u $USER -e
(or crontab -u pi -e)

Edit the file so that the last line of text is:
@reboot /usr/local/bin/forever start -c /usr/local/bin/node /home/pi//c9sdk/server.js -w /home/pi -l 0.0.0.0 -p 8080 -m 5 -a :

Exit and save the file. Type the shutdown command to see if the process was successfully added!

Tutorial Check-Point
The Cloud9 IDE provides you with remote terminal access to the Raspberry Pi, so the rest of this tutorial can be completed using the Cloud9 terminal. Simply
navigate to the URL in a web browser, or use the local-app that was created.

Install the latest LJM Library
Navigate to the LJM Downloads page to download and install the latest armhf Linux driver for the Raspberry Pi.

$ wget https://labjack.com/sites/default/files/software/LabJackM-1.1700-Raspbian-Linux-armhf.tar.gz
$ tar -xvf LabJackM-1.1700-Raspbian-Linux-armhf.tar.gz
$ cd LabJackM-1.1700-Raspbian-Linux-armhf.tar.gz
$ sudo ./LabJackM.run

Build the LJM Examples
Included in the .tar.gz file are a large number of C examples for communicating with and controlling a LabJack device. We have created a few scripts that make
them easy to build and then executed for testing purposes. From within the LabJackM-x directory, navigate to the LabJackM/ directory and read the "README"
file. At around line 83 there are instructions for compiling the example programs. The Raspberry Pi (Raspbian) should already have a version of Python
installed. If you are unsure you can type "python --version" to get the installed version of Python.

$ cd examples
$ ./make_all.sh

** For this tutorial, run the command "./make_all.sh" instead of "./make.sh"

Connect a LabJack and Run the "list_all" example
After building the LJM examples, connect a T4/T7 to your Raspberry Pi via USB and navigate to the "utilities" directory and run the "list_all" example to scan for
LabJack devices.

$ cd utilities
$ ./list_all

After running the output text of the "./list_all" program should indicate that you have connected one device via USB to the Raspberry Pi. These last two steps
indicate that the LJM Library has been properly installed and you can now use other LabJack examples on your Pi.

Downloading and running Python Examples
The latest version of the LabJack LJM Python examples can be found on the Python LJM Examples page. They can be downloaded by running the command:

$ wget https://labjack.com/sites/default/files/software/Python_LJM_2015_12_03_0.zip

After downloading, you can extract the .zip file using the "unzip" command (Source 6):
$ unzip Python_LJM_2015_12_03_0.zip

After un-zipping, you should navigate into the created "Python_LJM" folder using the Cloud9 IDE to open the README.TXT file where you will find instructions
for how to install the Python library (~line 23). This is a common process among many Python libraries that are not hosted by Python package managers such
as pip.

$ sudo python setup.py install

You can then verify that the Python examples have been properly installed by following lines 39-41 of the readme file:
$ python

http://stackoverflow.com/questions/13385029/automatically-start-forever-node-on-system-restart
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>>> import labjack.ljm
>>> help(labjack.ljm.ljm)

After verifying that the examples have been installed properly, you should navigate into the Examples/List_All directory and run the list_all.py example file
which should list the LabJack devices currently connected to your Raspberry Pi:

$ python list_all.py

Alternate instructions for the U3/U6/UE9
Instead of following instructions relating to the LJM driver, follow the in-depth Linux Build instructions for the UD driver. There are also some instructions on the
exodriver installer page. When trying to install the libusb-1.0 library from source and the "./configure" command is failing, it may be required to install the
libudev-dev package "sudo apt-get install libudev-dev". The last three steps in the in depth build instructions section show how to get started using the python
library for the U3/U6/UE9 devices. For more details, go to the LabJackPython examples page.

Sources

1. Medium, 9/19/2016: Using Cloud9 3.0 IDE on Raspberry Pi
2. Stack Overflow, 9/19/2016: How to install cloud9 IDE on Ubuntu Server
3. Wia, 9/19/2016: Installing Node.js on a Raspberry Pi 3
4. Medium, 9/19/2016: Using forever (NodeJS) with Cloud9 IDE
5. Raspberry Pi, 9/21/2016: Installing Raspbian with Noobs
6. Stack Exchange, 9/21/2016: How to unzip a zip file from the Terminal?
7. Stack Overflow, 9/21/2016: Automatically start forever node on system restart

U3 Compared U12 / UE9 / U6 / T7 (App Note)
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For a product comparison overview, see Product Comparison.

For a comparison of the U3 to other devices, read on.

U3 compared to U12

The U3 is newer than the U12, and in general is faster, more flexible, and less expensive.

The U3 is about half the size of the U12. The enclosure can be mounted using a couple screws or DIN rail, whereas the U12 enclosure has no mounting
options.

Command/response functions on the U3 are typically 5-20 times faster than on the U12. See Section 3.1 of the U3 User's Guide compared to the U12 data rates
page.

The U3 has up to 16 analog inputs compared to 8 on the U12. Any channel can be measured differentially versus any other channel. Accuracy specs are better
than the U12.

The U3-LV has single-ended ranges of 0-2.4 or 0-3.6 volts, and a differential range of ±2.4 volts (pseudobipolar only). The U3-HV has 12 flexible I/O capable of
those same low-voltage ranges, and 4 high-voltage analog inputs with a range of ±10 volts or -10/+20 volts. The U12 has a ±10 volt single-ended input range,
and differential input ranges varying from ±20 volts to ±1 volt (all true bipolar). The circuitry used by the U12 to provide those high bipolar ranges is simple and
inexpensive, but has drawbacks including relativity poor input impedance and errors which are different on every channel. There are many devices on the
market now that have copied the same circuitry from the U12 and have the same drawbacks.

The U3 supports input streaming with a max rate of up to 50 ksamples/second, compared to 1.2 ksamples/second for the U12. The U3 achieves the full 12-bit
resolution up to 2.5 ksamples/second, and then as speed increases the effective resolution drops to about 10 bits due to noise.

The U3 has 2 10-bit DACs as does the U12. The DACs on the U3 are derived from a regulated voltage, whereas the U12 DACs are derived from the power
supply, so the U3 DACs will be more stable.

The digital I/O on the U3 use 3.3 volt logic, and are 5 volt tolerant. The U12 has 5 volt logic.

The U3 can have up to 2 timers and 2 counters. The timers have various functionality including period timing, duty cycle timing, quadrature input, pulse
counting, or PWM output. The U12 has 1 counter and no timers.

The U3 has master support for SPI, I2C, and asynchronous serial protocols. The U12 does not support I2C, but does have some SPI and asynchronous
support.

The U3 is supported on Windows, Linux, Mac OS X, and PocketPC. The U12 has full support for Windows, limited support for Linux, and limited public support
for the Mac.

On Windows, the U3 uses the flexible UD driver which also works with the UE9. There is a specific separate driver for the U12.

The U3 is compatible with the LJTick signal conditioning modules, whereas the U12 is not. Current ticks include:

LJTick-Divider (LJTD): Divides 2 single-ended higher voltage analog signals down to 0-2.5 volt signals. Install different resistors for different gain and
offset.
LJTick-DAC (LJTDAC): Provides a pair of 14-bit analog outputs with a range of ±10 volts.  Plugs into any digital I/O block, and thus up to 10 of these can
be used per U3/UE9 to add 20 analog outputs.
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LJTick-InAmp (LJTIA): Provides two instrumentation amplifiers ideal for low-level signals such as bridge circuits (e.g. strain gauges) and thermocouples.
Each amplifier converts a differential input to single-ended.
LJTick-RelayDriver (LJTRD): Allows 2 digital I/O lines on a U3/UE9 to each control a relay or other moderate load up to 50V/200mA.
LJTick-CurrentShunt (LJTCS): Converts a 4-20 mA current loop input signal into a 0.47-2.36 volt signal.
LJTick-Proto (LJTP): Consists of an 8x8 grid of holes for prototyping custom signal-conditioning ticks.

 

... versus UE9:

The UE9 has all the same improvements as the U3 above, with the following additions and differences:

The UE9 is about twice the size of the U3.

The biggest difference is that the UE9 supports Ethernet communication in addition to USB. Ethernet communication uses standard TCP or UDP protocol, and
supports Modbus/TCP. Ethernet speeds in command/response or stream mode are generally similar to USB speeds (see Sections 3.1 and 3.2 of the User's
Guide for more information). The addition of an 802.11 WiFi bridge allows for inexpensive wireless data acquisition and control.

When using Ethernet only (not USB), the UE9 has at least 500 volts of electrical isolation.

The UE9 has 14 analog inputs and 2 analog outputs. The analog inputs and outputs on the UE9 have better accuracy, resolution, and linearity. The analog
inputs are single-ended only, but the LJTick-InAmp can be used for low-level differential signals.

Each analog input can be configured individually as unipolar (four ranges from 0-5 volts to 0-0.625 volts) or true bipolar (±5 volts). Analog input resolution is 12-
bits at max speed (12 us conversion time), increasing up to 16-bits at slower speeds (2.7 ms conversion time).

Maximum input stream rates range from 250 samples/second at 16-bit resolution to 50+ ksamples/second at 12-bit resolution. The UE9 has a very large 4 Mbit
buffer for stream data, compared to a very small buffer on the U3.

The UE9 has up to 6 timers available compared to 2 on the U3.

The UE9-Pro has all the features of the normal UE9 with the addition of an auxiliary low-speed hi-resolution (24-bit) sigma-delta ADC. This converter takes
about 125 ms per sample and provides an effective resolution of about 20-bits (18-bits noise free) over the 0-5 or ±5 volt ranges. Linearity and accuracy are also
improved compared to the normal converter (which is still available on the UE9-Pro).

 

... versus U6:

The U6 is similar to a UE9 without Ethernet, but the U6 is newer and has some analog input improvements.  Some key details:

USB only.

Up to 4 timers available.

20 digital I/O (compared to 23 on the UE9).

The U6/U6-Pro analog inputs have higher resolution than the UE9/UE9-Pro in most cases.

Analog inputs are single-ended or differential, with input ranges of ±10, ±1, and ±0.1 volts.

2 Fixed Current Outputs (200/10 µA).

 

... versus T7:

The T7 is similar to a U6 and UE9, but the T7 combines the benefits of both devices, namely the high quality analog of the U6 with the advantages of Ethernet
that you get from the UE9. The T7-Pro extends the advantages even further by adding WiFi.

Other improvements over the U6 and UE9 include:

Supported by our 3rd generation cross platform LJM library.

Greatly simplified low-level interface that uses Modbus registers to access all device functionality. No need to learn how to use a large number of functions, you
can do almost everything with eReadName, and eWriteName.

Compatibility with most SCADA Modbus TCP enabled systems for both wired and wireless operation.  The UE9 does have limited Modbus TCP support.

Up to 10 counters available, or 8 timers, although we're now referring to these items as extended features of the digital I/O system. Read more in the DIO EF
section of the T7 datasheet.

23 digital I/O, up from 20 on the U6.

The analog input extended feature system (AIN-EF) has the ability to do math and processing in hardware.  Calculations for things like average, RMS, and
thermocouples can be done on the device.

Write Lua scripts that run on the device without a host connection required.

https://labjack.com/catalog/ljtick-inamp
https://labjack.com/catalog/ljtick-relaydriver
https://labjack.com/catalog/ljtick-currentshunt
https://labjack.com/catalog/ljtick-proto
https://labjack.com/ljm
https://labjack.com/support/ljm/users-guide/function-reference/ljmereadname
https://labjack.com/support/ljm/users-guide/function-reference/ljmewritename
https://labjack.com/support/datasheets/t7/digital-io/extended-features
https://labjack.com/support/datasheets/t7/scripting


Improved slot-style screw mounts on the enclosure, which makes it possible to wall mount the T7 in any orientation, and still have the ability to quickly 'un-hook'
it from the screws.

 

 

USB Communication Failure (App Note)
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Failure modes:  What is required to recover?

A. Nothing, temporary communication disruption.

B. Close and restart software.  Or close your software and run the test panel in LJControlPanel.

C. Close all software, go to Windows Device Manager, find the USB entry for the device, right-click and "Disable", and then right-click and "Enable".

D. Close all software and power-cycle device.

E. Reboot the host.

F. Does not recover.  USB never enumerates.

 

Solutions and troubleshooting ideas:

All:  Configure Windows Updates to not happen automatically.  Depending on the type of testing you are doing, you might want to disable other automatic
Windows features and other programs that run automatically (such as virus scanners).  For example, if you are setting up a test designed to stream and process
high-speed data continuously for a long time, uninstall (or at least turn off) everything on the computer that is not needed for the test itself.

All:  Try disabling various power-saving features.  Particularly on a laptop, but this can help on desktops also.  In Windows 7, you are shown a few basic
settings at first, but there is an advanced screen with many more options including "Turn off hard disk" and "USB selective suspend" which seem like good
ones to try disabling.

All:  On Windows XP, disable Selective Suspend.

All:  Check for current driver and firmware versions.  See the "Updates" section on your device's support homepage (e.g. /support/t7 for the LabJack T7).

All:  Use a different USB host.  We have found that some computers are more susceptible to transients than others.

 

C & D:  The most likely issue is an electrical transient hitting the USB host, causing it to "forget" that a device is connected.  Some hosts seem to be more
susceptible to this problem than others.  The transient could be radiated or conducted.  It could be entering at any point (I/O cable, device, USB cable, host
port).  One common source of such transients is a motor (or other inductive load) that is turning on/off, particularly with a mechanical relay.

Set up the watchdog on the device to reset it if there is no communication for some time.  For example, if your program constantly talks to the device once per
second, you might set up the watchdog to reset after a 10 second timeout.  This reset will likely be enough to signal the host that a device is connected.  You
can enable the watchdog using "Config Defaults" in LJControlPanel, but if there is no applicable software running the U6 will continuously reset (not a problem
for the LabJack, but not sure if the computer will like that).  The best method is to enable and disable the watchdog in your actual software (U12, U3, U6, UE9,
T7) so it is not active when the LabJack is sitting idle.

This problem is usually caused by a transient (e.g. EMI or ESD) getting on some wire connected to the LabJack (could be an I/O line or VS/GND), and then
conducting through the LabJack through USB to the host.  Remove all connections from the device, except for USB, and see if the problem goes away.  If the
problem does not go away, try a different location, computer, and USB cable.  If the problem does go away, start adding back connections and see if you can
isolate a particular connection that causes the problem, and then you can consider adding extra protection (chokes/ferrites/inductors, series resistors, parallel
capacitors & TVS diodes) to problem lines.  We found that a 1mH inductor in series with each line can be useful, but you have to do this on all lines including
those to GND.

If you have any relays switching loads, look at adding snubbers to those relays.

Look at replacing any mechanical relays with solid-state relays specifically rated for inductive loads.

If using a USB hub, make sure it has its own power supply.  Hubs that take power from the upstream USB connection are generally inferior.

We have found that 5 meter cables (max length per USB spec) seem to provide more protection for the USB host, and in particular found this cable from
Amazon and this cable from Digikey to be the best.  If you have a weak host and/or particularly tough environment, these cables can provide dramatic
improvement.

Try a different host.  We have found that some hosts are noticeably inferior to others in terms of resistance to EMI.

Consider switching to Ethernet using the UE9 or T7.  By spec, Ethernet is a more industrial interface than USB, and thus you can avoid the issue of running into
a USB host that is not particularly robust.

 

https://labjack.com/support/datasheets/t7/appendix-b
https://labjack.com/user/login?destination=node/188%23comment-form
https://labjack.com/user/register?destination=node/188%23comment-form
http://forums.labjack.com/index.php?showtopic=4510
https://labjack.com/support/u12/users-guide/4.35
https://labjack.com/support/u3/users-guide/4.3.13
https://labjack.com/support/u6/users-guide/4.3.13
https://labjack.com/support/ue9/users-guide/4.3.13
https://labjack.com/support/datasheets/t7/watchdog
http://smile.amazon.com/gp/product/B0002GV4N4
http://www.digikey.com/product-detail/en/102-1030-BE-F0500/1175-1095-ND/3064826


F:  For troubleshooting enumeration problems remove all connections except USB to confirm a user connection is not causing a problem.

If a device will enumerate on some computers but not others, a driver install issue is likely.  On Windows go to the Windows Device Manager and look for any entries that appear/disappear when

you connect/disconnect the LabJack.  While the LabJack is connected go to the entry, right-click, and choose Remove or Uninstall.  When Windows is done uninstalling the device, disconnect it

and reconnect it to go through the add-new-hardware process again. For more information, see Windows Installer Troubleshooting (App Note).

Go to the LED section of your device's datasheet.  Compare your power-up LED behavior to what is described there.

If it appears the device is constantly resetting (the LED behavior will typically indicate this), it could be the watchdog.  Look at the watchdog section of your device's datasheet and a power-up

jumper will be mentioned to disable the watchdog.

Try different cables, ports and computers, to try and see if the problem is with the LabJack or something else.

On T-series devices a script can interfere with normal device operation severely enough to prevent enumeration.  See the SPC section of your device's datasheet for a jumper to disable scripts.

 

 

Windows Installer Troubleshooting (App Note)
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Solutions To Most Issues

If Windows isn't playing nice with your U3, U6, UE9, or T-series device or if the LabJack installer shows errors, here are some easy things which fix most
issues:

1. Close all LabJack-related software and try again
2. Update Windows and try again
3. Try a different USB port and a different USB cable
4. Reboot and try again
5. Contact us

Why do the above things fix most installation problems? Read on.

Close all LabJack-related software

If the installer is run while LabJack library files are open, Windows will prevent the installer from deleting/overwriting these files. This causes problems.

Before running the installer, make sure you close any applications or programs that may ever talk to a LabJack.

Make sure your root certificates are up-to-date

The root certificates for Windows can become out-of-date. When this happens, Windows will refuse to install LabJack's signed device drivers because it doesn't
know to trust them.

Checking if your root certificates are out-of-date:

If you're not sure whether or not your root certificates are out-of-date or not, you can check by running the LabJack installer, then examining the bottom of the
output of the Inf Setup Log, which has the path %WINDIR%\Inf\setupapi.dev.log . (E.g. C:\Windows\INF\setupapi.dev.log , but the Windows Setup Log output for installing
labjack64.inf could be in anywhere in %WINDIR%\Inf\Setupapi*.log .)

Success shows at least one segment that looks like this:

>>>  [SetupCopyOEMInf - C:\WINDOWS\System32\DriverStore\FileRepository\labjacka64.inf_amd64_f0c3eb76351e7796\labjacka64.inf]
>>>  Section start 2018/01/29 10:53:53.658
      cmd: "C:\Program Files (x86)\LabJack\Drivers\Install\LabJacka64\dpinst64.exe" /c /sa /f /lm /sw /PATH "C:\Program Files (x86)\LabJack\Drivers\Install\LabJacka64"
     inf: Copy style: 0x00000002
     inf: Driver Store Path: C:\WINDOWS\System32\DriverStore\FileRepository\labjacka64.inf_amd64_f0c3eb76351e7796\labjacka64.inf
     inf: Published Inf Path: C:\WINDOWS\INF\oem52.inf
<<<  Section end 2018/01/29 10:53:53.689
<<<  [Exit status: SUCCESS]

While failure due to out-of-date root certificates contain errors like this:

0x800b0109: A certificate chain processed, but terminated in a root certificate which is not trusted by the trust provider.
Verifying file against specific Authenticode ( tm) catalog failed
Driver package catalog file certificate does not belong to Trusted Root Certificates, and Code Integrity is enforced
Driver package failed signature validation. Error = 0xE0000247
Driver package failed signature verification. Error = 0xE0000247
Failed to import driver package into Driver Store. Error = 0xE0000247
Error 0x800b010a: A certificate chain could not be built to a trusted root authority.
Error 0xe0000228: There are no compatible drivers for this device.
Unable to select best compatible driver. Error = 0xe0000228

If you're seeing errors like these, you need to update your root certificates.

https://labjack.com/support/app-notes/windows-installer-troubleshooting
https://labjack.com/user/login?destination=node/3354%23comment-form
https://labjack.com/user/register?destination=node/3354%23comment-form
#close-labjack-related-software
#root-certificates
#usb-port-and-cable
#reboot
#contact-us
https://docs.microsoft.com/en-us/windows-hardware/manufacture/desktop/windows-setup-log-files-and-event-logs


Updating your root certificates:

Windows XP:

Follow Microsoft's directions on How to get a Root Certificate update for Windows.

Windows Vista and greater:

You probably only need to update Windows. If that doesn't work, follow Microsoft's directions on How to get a Root Certificate update for Windows.

If your Windows machine is offline-only / if you can't update Windows root certificates:

If you can't get updated root certificates for any reason, you can (temporarily) disable Driver Signature Verification. This requires you to boot into
development mode or to attach a debugger. For details, Microsoft documents how to do this in the following link:

https://docs.microsoft.com/en-us/windows-hardware/drivers/install/installing-an-unsigned-driver-during-development-and-test

How-To Geek also has an article on this.

Make sure your system's date and time are current

Certificates have start and end dates. If your system's date and time are sufficiently wrong, it could cause signature verification to fail.

Make sure you're using a USB port and USB cable that work

Sometimes USB ports or USB cables fail. Try a different port or cable, or try a different device with the USB port and cable.

Try rebooting

Some files don't necessarily get deleted until reboot time. Try rebooting, then re-install.

Other Problems and Solutions

Try the latest installer

Sometimes we fix problems in the installer itself. Try the latest installer.

Make sure the device drivers are installed

The installer does this step itself, but it's possible that you may have to manually run the device driver installation.

To check, look in Device Manager. Error code 28 is "Drivers for this device are not installed", in which case you should do the following items until it Device
Manager shows your LabJack device without any errors or warnings:

1. Unplug your LabJack device, then plug it back into a different USB port. If that doesn't help, try a Windows restart.

2. Unplug your LabJack device. In File Explorer go to the "\Program Files (x86)\LabJack\Drivers\Install\LabJacka64" folder. Run dpinst64.exe and let us know if
there are issues. This is the device driver installer which should have been run by the LabJack installer. If you're using 32-bit Windows use dpinst32.exe from
"\Program Files (x86)\LabJack\Drivers\Install\LabJackx86" instead.

Plug in your LabJack device and see if it still has the error in Device Manager.

3. In the Device Manager properties for your LabJack device, use "Update Driver", browse to "\Program Files (x86)\LabJack\Drivers\Install\LabJacka64" folder
and see if installs the device driver successfully. Browse to "\Program Files (x86)\LabJack\Drivers\Install\LabJackx86" instead if using 32-bit Windows.

If you're getting error 1722 from the National Instruments LabVIEW Run-Time Engine 6.0.2 Installer

See Error 1722 from LabVIEW Run-Time Engine 6.0.2 Installer (App Note).

Contact Us

If this guide didn't satisfactorily solve your issue, please contact us! We're happy to help. (We also appreciate feedback on this guide itself.)

We'll probably need to know the following:

Your operating system version
Which LabJack device(s) aren't working
Which connection types aren't working:

If USB: Is the device showing up in Device Manager? See also: USB Communication Failure (App Note)
If Ethernet/WiFi: Can you ping  the device?

Ethernet—see also: Ethernet troubleshooting
WiFi—see also: WiFi troubleshooting

Whatever error messages or error codes you see
Anything else you think is relevant

https://support.microsoft.com/en-us/help/931125/how-to-get-a-root-certificate-update-for-windows
https://support.microsoft.com/en-us/help/931125/how-to-get-a-root-certificate-update-for-windows
https://docs.microsoft.com/en-us/windows-hardware/drivers/install/installing-an-unsigned-driver-during-development-and-test
https://www.howtogeek.com/167723/how-to-disable-driver-signature-verification-on-64-bit-windows-8.1-so-that-you-can-install-unsigned-drivers/
https://labjack.com/support/software/installers
https://labjack.com/support/app-notes/error-1722-with-lvrte
https://labjack.com/contact
https://labjack.com/support/app-notes/usb-communication-failure
https://labjack.com/support/app-notes/basic-networking-troubleshooting#ethernet-troubleshooting
https://labjack.com/support/app-notes/wifi-and-ethernet-t7-t4-t7-pro#wifi-troubleshooting
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