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Hello all, welcome to the module. So, in this module I will show you the interfacing of
external real world signals to a PC. In order to show, what | will do I will consider a data
acquisition device which is DAQ or NI DAQ, USB DAQ, I will connect that NI DAQ to the
PC using a USB cable, then as we discussed in the last class, | will take LM35 which is a
temperature sensor | will show you the datasheet of a temperature sensor so, that you will
understand what parameters that we have to look when we are selecting a sensor. Then, | will

discuss about the internal circuitry of a data acquisition device once again.

So, | will show you the interfacing connections between the sensor and the NI USB DAQ,
then I will make a small program in the LabVIEW environment, where to acquire the data
and the parameters that we have to select for acquisition of data. What | mean by parameters
in a sense, what, how many number of channels that you want to use, and what rate at which
you want to acquire? Is it a single mode of acquisition or multiple sample acquisition? And

using an express VI I will show the recording, | will show the acquisition of the signal.

Since acquisition will be in terms of voltage, we have to convert that voltage into a
temperature too. So, in order to do that, again we require to understand about the sensitivity
factor which we get this information from the datasheet and from that, using the scaling
factor or the sensitivity factor, we will multiply the acquired voltage with the sensitivity
factor to display the temperature. So, this complete procedure, how to do this, how to

interface to which channels we have to interface everything we will discuss in today's class.
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LM35 Precision Centigrade Temperature Sensors

1 Features

+ Caibraed Directy i Celsus (Centiyade)
+ Livear + 10°C Scale Factor

* 05°C Ensared Accuracy (at 25°C)

* Raled for Ful -55°C 10 150°C Range

* Suitable for Remote Appicasions.

+ LowCost Due o WalerLeve Trmming
+ Operates From4 V20V

+ Less Than 6044 Curest Drain

+ Low SeltHeating. 0.08°C in S5 AY

* Nor-Linearty Only $%C Typcal

* Lowinpecance O 8 80 ot

Basic Contigrads Temperature Sensor
2Cto 150°C)
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So, as we discussed in the last class, about using a temperature sensor. So, if you see this, this
is the temperature sensor, which is LM35. So, the connections to the temperature sensor
using our RMC cable | have connected to the terminals of an RMC cable here. So, the pin
numbers which is VCC which is output and which is ground can be understood from the

datasheet.

So, temperature sensor is LM35, let me open the datasheet from the datasheet we can see that
it is a linear and the scale factor which is nothing but sensitivity. So, sensitivity is which
gives the relationship between input and output or in other terms we can say rate of change of

output divided by rate of change of input.

So, the output is in millivolts whereas the input is a temperature, this is a temperature sensor.

So, input is a temperature so that is the reason you will see 10 millivolts per degree



centigrade and the accuracy of the sensor is 0.5 degree at 25 degrees centigrade and the full
range is -55 to 150. So, above which or below which this particular temperature, the property
whatever they mentioned may not satisfy the scaling factor or the sensitivity factor may not

satisfy and it may not be linear too.

So, this is the operable range above which of course it can withstand for a little higher
temperature, but it may not meet all the properties they have mentioned and the operating
voltage if you see it requires a 4 to 30 volts. So, any voltage between greater than 4 volts and
lesser than 30 volts as an input since this is an active sensor, we always have to give an input
voltage to operate it and this is a semiconductor base. So, it is required to provide some

operating voltage that operating voltage range is 4 to 30.

Then low self-heating which is also another important parameter in case when we are
providing higher current. So, this causes the internal system to heat or internal IC device to
heat and because of which again the temperature the accuracy of the measurement will
change. So, and the nonlinearities £ one-fourth of the degree, which is typical and output

impedance when you see it is pretty low, so which is 0.1 ohm for 1 milliamps load.

So, these are the applications where you can see for what it can be used and some other
information about the temperature sensor, all the information is available and of course,
depends upon where it has to be mounted because another important thing is a packaging of
the device is important where it has to be mounted what application that you are using

everything matters.

So, depends on that application there are different packages available. So, T-92 and their
body size the dimensions of it are everything shown here. So, they have also given the way to
connect it. So, as | told you, since it is an active sensor, it is required to provide input voltage
and based upon that based upon the temperature it gives an output. So, since it is a 3 terminal

device, so the connections in order to do everything it has been provided.
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So, these are the different packaging things. So right now, whatever | showed you was T092
and there are other packages, TO-CAN, SYAC then we also have LM35 DT, this is another
package TO 20 package. So, right now, whatever | showed the package, which is in my hand,
T092. Now, if you see from the flat and keeping it down the left side is Vs, the left side is Vs
Vour is the centre pin and the ground pin is the right side.

So, here we can see that this red wire connects to this red wire of RMC cable connects to
positive so positive voltage which can be applied from 4 to 20 volt, then the centre which is a
brown cable is a Vout whatever the voltage we can measure is with respect to the ground and
the ground terminal is a black wire. So, we have connected in such a way that connecting
these wires to any device, to a power source and an oscilloscope or a data acquisition device
will directly connect to the LM35 temperature sensor, this is what we have seen from the
datasheet.
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And another important thing what we have to notice is about its sensitivity as we have
already seen previously, how much the sensitivity is. It was 10 millivolts per degree
centigrade and another important thing is output current when you see the output current the

maximum output current it can produce, or it can provide is 10 milliamps.

So, how it is important when we are interfacing the previous stage to the next stage if the
input impedance of the next stage the next subsystem is of very high so that it consumes a
lesser current from the previous stage. What if the input impedance is smaller? Say if the
input impedance is; see the output we are getting is 1 millivolt or 10 millivolt and the input
impedance is of 100 ohms.



So, now if you calculate it , 10 millivolts divided by 100 ohms. So, if you calculate the
current it requires for the next stage, it should not exceed more than 10 milliamps, if it
exceeds again it drives it takes the energy from the you know the previous stage which is a
sensor in this case, so that the sensor goes to a loading effect sensor cannot drive. So, this is

another important thing which we have to see.

And later on the output voltage, the maximum output voltage that you get out of it is -1 to 6.
It will not give more than that. Then, Timax IS 150 degree it can withstand up to a junction
temperature of 150 degree. So, as we have already seen about the supply voltage which is 4
to 30 volts.
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So, accuracy things which we have seen, the non-linearity things, then the sensor gain,
average slope. So, this is an average slope again. So, with small error, it will be 9.9 to 10.1.
So, that is why most of the cases we will consider it as 10 millivolt per degree centigrade,
every 1 degree change in the temperature it changes the output voltage by 10 millivolts

approximately.

Now, there will be few characteristics or further information about the sensor can be found
out from this datasheet. And there will be an application note where you can further refer
about the connections of it for better accuracy and in order to eliminate the noise that creates

because of the ground loops or common more noise or differential noises.
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Here if you see it is basically a centigrade temperature sensor which means that it can only
measure degrees centigrade. In case if you want to show it as a foreign heat you have to use a
signal conditioning circuit if you are utilizing the same sensor or there are other kinds of
sensor like LM335 or another kind of sensor where LM75 where it can measure the

temperature in degree Fahrenheit.

So, output voltage will be dependent on Fahrenheit or else you have to use a scaling factor
which converts the degree centigrade to Fahrenheit to display in terms of Fahrenheit of
course, since we are interfacing it to a microcontroller or a data acquisition device where we
are using hardware acquisition but converting into a software and displaying it in a software.
So, in the software we can apply a scaling factor to represent the degrees centigrade to

Fahrenheit.

Now, if you see that the output voltage is 0 millivolt plus 10 millivolt per degree centigrade,
which indicates that at 0 degrees centigrade output will be O millivolts which means, the
inherent property of the temperature sensor is, it will not give any offset in the output voltage.
So, if the temperature is O degree, the output we get is 0 millivolt. So, it starts from 0, no

offset at all.

So, considering all these factors, now we will see how to interface to a data acquisition. So, in
order to do the interface, I am using here we can see NI USB 6008 since | will be using
LabVIEW software. So, this NI USB device has a compatibility which has drivers that can
directly interface to LabVIEW. So, this is NI USB 6008, since it is a data acquisition device,
it has on board instrumentation amplifier as well as an ADC. Further information about that

we can see in the datasheet.
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NI USB-6008/6009

Bus-Powered Multifunction DAQ USB Device

The fllowag bl compares he NI USB-4008 20d N1 USB-4009 devies

‘Table 1. NI USB-6008 and NI USB-6008 Comparison

The fllowig figee shows key funcionl componests of the N1 USB 6066009

So, here it shows that it has a 12 bit ADC. So, yesterday's class we discussed about 8 bit
ADC if we are using NI myDAQ it has an 8 bit ADC probably or if in case if you are using
any data acquisition device with 8 bit ADC whatever we discussed yesterday will work out,
of course, the generalized concept of interfacing at the same time the selection of ADC is
pretty much same provided the formulas or the resolution of the ADC slightly changes.

So, accordingly based upon the reference that you selected, the number of levels that ADC
will have depends upon here then the resolution of your ADC since in this case it is a 12 bit
resolution. So, total number of levels the reference voltage will be divided will be 2™ where

n being the number of bits, so it is 2122,

And another thing is sampling rate the maximum sampling rate per channel which is 10 kilo

samples per second. So, it cannot measure more than 10k samples 10,000 samples. So, as per



the Nyquist criteria, as you are already aware that, what Nyquist criteria says? It says in order
to replicate the input signal the minimum samples required to replicate the input signal is

twice that of the frequency of your input signal.

So, which means that in this case, that is the minimum number of samples required to
understand the input signal, but to replicate multiple features in general cases we use 5 to 10
times imagine like 5 to 10 times considering the factor as 10 times. So, which means that 10
kilo samples divided by 10 it can measure up to 1 kilo hertz of frequency if we can use a
lower sampling rate say 5 it can go up to 5 kilo hertz as input signal 2. And another important
thing what we have to see is that whether this particular USB measures a differential or a
single ended, what | mean by differential.

So, in the previous case, we have seen two different things one is say if | have a resistive
divider network where we are measuring with respect to the common ground. So, whatever
the output voltage we measure here will be with respect to the common ground. So, this is
called common reference single ended, single ended because other terminal is directly
ground. Whereas, if you want to measure if the requirement is to measure the difference
between these two terminals, this particular resistor say R1 where the other terminal none of
the single terminal is connected to the ground.

In such a case we require to use a differential output because the voltage at this point which is
with reference to the ground is different when compared to the voltage at this point with
respect to the ground. So, the difference between these two terminals. That is the reason when
we are discussing about a Wheaton’s bridge circuit, we mentioned it as the output voltage is a

difference between two resistive divided network configurations, it is a differential output.

In case of a Wheaton's bridge circuit, it is mandatory to use a differential input whereas in
case of a resistive divider where the output is referenced to a common ground then a single
input is enough to acquire the data. So, even in the datasheet it is mentioned it is a 12 bit
differential and 11 bits single ended. Then maximum input, analog input Al meaning analog
input rate when we are using multiple channels is also 10 kilo samples per second in case if

you require more sampling rate, there is another USB device called 6009.
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Now, the internal circuitry, the block diagram looks in this way. So, on the side have you
observed we have 1 rail on the right side 1 rail on the left side. So, the left here if you see
here it is written with a digital, this guy is a digital terminal whereas this rail is an analog
terminal, and we have a USB interface here where we can connect the device USB DAQ
device to the PC using USB cable.

As we have seen here it uses a full speed USB interface to transfer the data from the
microcontroller which is already available inside to the PC and it can provide a power supply.
In case for example, for active devices like the sensor that we have considered where it
requires 4 to 20 volts or 4 to 30 volts we do not need to have an external power source to
power it. Using the external power supply where it takes the power from the full speed USB
interface it can provide 5 volts output voltage and which can support up to 200 milliamps of

current.



Whereas the interface between the USB to the microcontroller no it is already internally
connected. This is a USB microcontroller, the communication between the analog blocks to
the USB is using the SPI in between we have 8 channel ADC 12 bit ADC, so, it can support
up to 8 channel. As it is a data acquisition device it should be capable to produce an analog

output signals too so in order to do a conversion of digital signals to analog.

So, since a microcontroller can only support digital data, so it has a 12 bit DAC internally
available. That digital data will be again converted to analog by using this DAC. So, even
that information can be collected or acquired or given from the analog input terminal block.
There are dedicated analog input terminals as well as analog output terminals available on the
analog rail.

So, there is something called AO 0 and AO 01. AO represent analog output channels 0, AO
01 represents analog output channel 1, whereas Al represents analog input 0 to 7. So which
means a total of 8 channels can be utilized. Along with this we also have seen the digital
terminal on the other side in which we can use it as a PF1 0, then P1 0 to 3 and PO 0 to 7

different channels 0 to 7 one byte 0 to 4 another half bite total of 16 on one side.

(Refer Slide Time: 18:42)

Note The NI-DAQmx software is included on the disk shipped with your kit

and is available for download at ni . com/support. The documentation for

NI-DAQmx is available after installation from Start»All Programs»National
NI-DAQmx. Other NI docume: is available from

ni.com/manvals.
3. Install the 16-position screw terminal plugs by inserting them into the connector jacks, as
shown in the following figure.

Figure 2. Signal Label Application Diagram

1. Overlay Label with Pin Orientation Guides 3. Signal Label
2. Screw Terminal Connector Plug 4. USB Cable

4. Affix the provided signal labels to the screw terminal connector plugs. You can choose
labels with pin numbers, signal names, or blank labels, as shown in the following figure.

So, the connections to this as we have already seen the digital representation of NI USB DAC
so here we have USB connection on one side, in this side 16 to, 1 to 16 pins is for analog
input where we have a screw terminal connector plug and 17 to 32 pins from 17 to 32 we

have another screw terminal plug which is for digital communication.

(Refer Slide Time: 19:16)
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Choose one of the labels, align the correct label with the terminals printed on the top
panel of your device and apply the label, as shown in the previous figure.

Figure 3. NI USB-6008/6009 Signal Labels
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1. User-Defined Custom Label

4. Analog Input Differenal Signal Name Label
2. Terminal Number Label 5. Analog Input Single-Ended Signal Name Label
3. Digial VO Label

\é Note After you label the screw terminal connector plugs, you must only insert
them into the matching connector jack, as indicated by the overlay label on the
device.

5. Plug one end of the USB cable into the NI USB-6008/6009 and the other end into an
available USB port on the computer.

6. Double-click the NI MAX icon on the desktop to open Measurement & Automation
Explorer (MAX).

7. Expand My System»Devices and Interfaces and verify that the NI USB-6008/6009 is
listed. If your device does not appear, press <F5> to refresh the view in MAX. If your
device is still not recognized, refer to ni . com/support /daqmx for troubleshooting
information.

So, the complete pinouts of the screw terminal plugs can be seen here. So, one side the top
side is completely for the analog and which means that here if you see this particular rail
information is seen on the top side here whereas the other rail, the digital rail information can

be seen on the bottom side.

Here if you see the pin number 1 is a ground and 2 and 3 is analog input. As | told you, this
particular device can support 8 single ended channel information. It can convert the input
voltage using a 12 bit ADC. If we are using a single ended information as a resistive divider

output voltage as we have discussed previously, we can utilize all the 8 channels.

But if we require to use a differential information then it supports up to 4 channels. So, plus
minus indicates the positive terminal and the negative terminal in case of a differential data.
In case if you are using single ended the other negative terminal can be directly connected to
the ground.

So, in order to avoid the noise, to avoid the ground loops it has been provided with multiple
grounds after each differential channel. So, that directly the terminal pin can be connected to
the ground. So, here we can see and since it also supports for analog output so, we can utilize
AO 0 which is at 14th pin and 15th pin, analog output channel 0 and channel 1 and preceded

by a ground terminal 2.

In case of utilizing it as a single ended reference data here we can see the second pin will be
acted as analog input 0 whereas a third pin, individual pin can be considered as analog input
4. Whereas analog input 1 is 5 and analog input pin number 6 is analog input 5. So, similarly,
a total of a single ended 8 number of channels can be utilized whereas a differential input 4



channels can be used. Then similarly, for the digital we also have different channels starting
from channels 0 to 7 total of 8 bits 1 byte 8 bits and P10 to P13, so, total 4. So, for a counter

case we can use PFI.

(Refer Slide Time: 21:51)
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1. USB Cable Strain Relief 3. LED Indicator
2. Screw Terminal Connector Plug 4. USB Connector

USB Connector and USB Cable Strain Relief

The NI USB-6008/6009 features a USB connector for full-speed USB interface. You can
provide strain relief for the USB cable by threading a zip tie through the USB cable strain
relief ring and tightening around a looped USB cable, as shown in the following figure

Figure 5. NI USB-6008/6009 Strain Relief

= NIUSB-6008/6009 User Guide - National Instruments

‘The NI USB-6008/6009 features a USB connector for full-speed USB interface. You can
provide strain relief for the USB cable by threading a zip tie through the USB cable strain
relief ring and tightening around a looped USB cable, as shown in the following figure.

Figure 5. NI USB-6008/6009 Strain Relief

LED Indicator

‘The NI USB-6008/6009 device has a green LED indicator that indicates device status, s listed
in the following table. When the device is connected to a USB port, the LED blinks steadily to
indicate that the device is initialized and is receiving power from the connection.

NIUSB 60086009 User Guide | © Natonal nstumenss | 7

So, other features of the devices can be seen here.
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Figure 7. NI USB-6008/6009 Analog Input Circuitry
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The main blocks featured in the NI USB-6008/6009 analog input circuitry are as follows:
*  MUX—The NI USB-6008/6009 has one analog-to-digital converter (ADC). The
multiplexer (MUX) routes one Al channel at a time to the PGA.

+  PGA—The programmable-gain amplifier provides input gains of 1, 2,4, 5, 8, 10, 16, or
20 when configured for differential measurements and gain of | when configured for
single-ended meas The PGA gain is lly calculated based on the
voltage range selc g RARSSHERBgEyor

+  ADC—The analog-to-digital converter (ADC) digitizes the Al signal by converting the
analog voltage into digital code.

+  AIFIFO—The NI USB-6008/6009 can perform both single and multiple analog-to-
digital conversions of a fixed or infinite number of samples. A first-in-first-out (FIFO)
buffer holds data during Al acquisitions to ensure that no data is lost.

NerdIe e s
Here it has been also provided with the internal block diagram. Since it uses a single ADC
and it can support up to 8 channels, single ended 8 channels and differential of 4 channels.
How a single ADC is being interfaced with multiple channels in order to have an interface?
They use a MUX. MUX is a multiplexer. So, here the analog input terminal is connected to
this MUX.

So, depends upon what channel you select the MUX will be automatically get activated to the
channel and the output of the MUX is connected to PGA. So, PGA indicates programmable
gain amplifier, it is a differential PGA differential programmable gain amplifier where we
can select different gains, either we can use an external gain amplifier to set the gain as we
discussed in yesterday's class or we can use a software based gain setting where based upon
the gain that we require, the software will select a proper resistor to connect as a feedback to
this.

So, even that gain can be utilized using a PGA and the output of the PGA is connected to an
ADC. So, in this case, the ADC of 12 bit ADC analog to digital converter that is
communicated to the microcontroller. So, Al meaning analog input first in first out device.
So, here we can see the programmable gain amplifier provide input gains of 1, 2, 4, 5, 8, 10,
16 or 20. So, we have a limited and we can only use the limited gains.

In case if we require a gain of 3 this cannot be utilized we have to externally use gain. So,
when configured for differential measurements and gain of 1 when configured for single
ended measurements. So, it can be used for both differential and single ended. The PGA gain

is automatically calculated based on the voltage and select in the measurement range.
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Analog Input | Floating Signal Sources (Not | Ground-Referenced Signal Sources
Mode Connected to Bullding Ground)

Examples  |* Ungrounded themmocouples Plug-in instruments with non-isolated
+ Signal conditioning with oulpuls
isolated outputs

+  Batterjiigiices

Differential
(DIFF)

Referenced
Single-Fnded
(RSF)
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*  Signal conditioning with outputs
isolated outputs
*  Battery devices

Differential
(DIFF)

Referenced
Single-Ended
(RSE)

Floating Signal Sources

A floating signal source is not connected to the building ground system, but has an isolated
ground-reference point. Some examples of floating signal sources are outputs of transformers,

Similarly, one thing you should understand about analog input configuration where otherwise
it leads to a noise or errors. Now, in case if we want to measure a differential so imagine say
we have voltage source, where each channel can be referenced the same ground we can use a
differential amplifier inside or instrumentational amplifier inside where one terminal can be
directly connected to the positive terminal, other terminal can be directly connected to the

negative terminal.

So, whatever the voltage of each terminal is directly reference to the ground. So, whatever we
measure difference between these particular terminals to this particular terminal. So, this is a
differential. But whereas, we are utilizing that common grounds of the USB device. Suppose
say ground reference signal sources where it has non-isolated outputs.



So, where the signal source is connected to one common ground where this common ground
will never be connected to the USB ground. This is another approach of using it. Then, | was
mentioning about a reference to a common ground where if the negative terminal is directly
connected to the ground configuration, which means that whatever we measure is with

respect to this common ground.

In such cases we can only utilize 4 channels of analog inputs whereas in such cases we can
utilize 8 channels which is not recommended in utilizing USB DAQ configuration which
leads to ground loops is by connecting in this configuration utilizing the grounds of the
source as well as the ground connecting to the ground of the USB device can have a
grounding loops across this and it leads to an inaccurate output value which will also contain

some noise into that.

So, that noise will compromise on the accuracy of the complete measurement. So, in this
section what we do we will use this particular reference to the common ground we will
directly connect out the grounds of LM35 to the ground of USB device so, that we can

consider it as an RAC difference single ended.

(Refer Slide Time: 26:07)
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Refer to the Taking Differential Measurements section for more information about differential
connections.

When to Use Referenced Single-Ended (RSE) Connections with
Ground-Referenced Signal Sources

Do not use RSE connections with ground-referenced signal sources. Use differential
connections instead.

As shown in the table in the Analog Input Modes and Signal Sources section, there can be a
potential difference between GND and the ground of the sensor. In RSE mode, this ground
loop causes measurement errors.

Taking Differential Measurements

For differential signals, connect the positive lead of the signal to the Al+ terminal, and the
negative lead to the Al- terminal

Figure 8. Connecting a Differential Voltage Signal

N USB-600856009 User Guide | © Nationalinstruments | 15
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Connecting a signal greater than =10 V on either pin results in a clipped output

Figure 10. Exceeding +10 V on Al Returns Clipped Output

| Amplitude (V)

Furthermore information about you know the connections and how to take the differential
measurements what different types of sampling rate to be considered otherwise what
happens, what if the input voltage is greater than 10 volts? So, how the signal will be

represented. Complete information can be further looked into that for your own reference.

(Refer Slide Time: 26:26)
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Analog Output

The NI USB-6008/6009 has two independent analog output channels that can generate outputs
from 0 V 1o 5 V. All updates of analog output channels are software-timed. GND is the
ground-reference signal for the analog output channels.

The following figure shows the circuitry of one analog output channel on the
NI USB-6008/6009.

Figure 12. Circuitry of One Analog Output Channel
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The main block featured in the NI USB-6008/6009 analog output circuitry is the
digital-to-analog converter (DAC), which converts digital codes to analog voltages. There is
one DAC for each analog output line.
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Then similarly, for analog output. So, since, we have already seen that USB 6008 has internal
12 bit DAC which converts your digital data that receives from microcontroller to analog
output. So, using this DAC it is connected to the analog output channel with a 50 ohms load,
50 ohm load is nothing but your output impedance of your device that decides how much
energy or how much current this DAC can support.



(Refer Slide Time: 27:01)
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Connecting Analog Output Loads

To connect loads to the NI USB-6008/6009, connect the positive lead of the load to the AQ
terminal, and connect the ground of the load to a GND terminal, as shown in the following
figure.

Figure 13. Connecting a Load

Minimizing Glitches on the Output Signal

When you use a DAC to generate a waveform, you may observe glitches in the output signal.
These glitches are normal; when a DAC switches from one voltage to another, it produces
glitches due to released charges. The largest glitches occur when the most significant bit of the
DAC code changes. You can build a lowpass deglitching filter to remove some of these
glitches, depending on the frequency and nature of the output signal. For more information
about minimizing glitches, refer to the KnowledgeBase document, Reducing Glitches on the
Analog Output of MIO DAQ Devices. To access this document, g0 to ni . com/info and enter
the Info Code exszek.

So, the way to connect it is also shown here if this is one analog output, if this is a load, if it is
with the load resistance or input impedance of the load is within the limits of output current
that USB device can support we can directly interface output to the ground, most probably we
can use up to 30 milliamps of current like an LED can be driven, but in case if we want to
drive the motors where it requires higher than 100 of milliamps of current, then this
configuration may not be utilized. We may have to design a driver circuit using a triggering

circuit.

So, we can utilize the digital outputs of microcontroller and we can trigger on and off.

Whereas the power required for the load can be utilized from the main source.

(Refer Slide Time: 27:52)
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1. P0.0 configured as an open colleior Gightal output 3. PO.4 configured s a digital input receiving 2 TTL
diving an LED sigralfrom a gated invertor

2. P02 configured as an actve dive digal oulput 4. PO.7 conligured as a digita input receiving 2 0V
diving an LED or’5V signal from a switch

Caution Exceeding the maximum input voltage ratings or maximum output ratings
can damage the device and the computer. National Instruments is not liable for any
damage resulting from such signal connections. Refer to the N/ USB-6008 Device
Specifications or NI USB-6009 Device Specifications for more information

Source/Sink Information



The digital configurations, interfacing of a digital configuration where it can be used as boost
in both input and output can be used here. So, complete information about how to interface

can be seen.

(Refer Slide Time: 28:05)
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Static DIO
Each of the NI USB-6008/6009 DIO lines can be used as a static DI or DO line. You can use

static DIO lines to monitor or control digital signals. All samples of static DI lines and updates
of DO lines are software-timed

PFI O
PO e e U BTSN T
Using PF10 as a Digital Trigger

When an analog input task is defined, you can configure PFI 0 as a digital trigger input. When

the digital trigger is enabled, the Al task waits for a rising or falling edge on PFI 0 before
starting the acquisition. To use Al Start Trigger (ai/Start Trigger) with 1 digital source, specify
PFI 0 as the source and select a rising or falling edge.

Using PFI 0 as an Event Counter

You can configure PFI 0 as a source for counting digital edges. In this mode, falling-edge
events are counted using a 32-bit counter. For more information about event timing
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anitemente rafer to the NT I/SRAMOR Novire Snorificatinne and NI TISR.ANNQ Noviee

So, PFI 0 is configurable, that particular pin can be configured as either a digital trigger input
or an even counter input. So, this terminal can be used as a triggering input or a counter input
too. So, in case if you want to measure the number of pulses that has been achieved or at this
particular triggering input need to activate some other circuit. So, this can be used as a proper

terminal or as an even counter. So, this is about the information about our USB DAC.

(Refer Slide Time: 28:38)
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NI USB-6008/6009

The NI USB-6008/6009 Quick Start included with the NI USB-6008/6009 describes how to
install NI-DAQmx software, install the device, and confirm that your device is operating
properly.

The NI USB-6008 Device Specifications and NI USB-6009 Device Specifications contain
device specifications and are available at ni . com/manuals

NI-DAQmx

The NI-DAQmx Readme is available from the Windows Start menu and lists which application
software, devices, and ADEs are supported by this version of NI-DAQmx.

The NI-DAQmx Help is available from the Windows Start menu and contains API overviews,
general information about measurement concepts, key NI-DAQmx concepts, and common
applications that are applicable to all programming environments.

NI-DAQmx Base (Linux’Mac OS X/LabVIEW PDA 8.x)

‘The Getring Started with NI-DAQmx Base document describes how to install the NI-DAQmx
Base software, the NI-DAQmx Base-supported DAQ device, and how to confirm that the
device is operating properly on your Windows, Linux, or Mac machine. In Windows, select
Start»All Proge National NI-DAQmx B: i ettil
Started with NI-DAQmx Base.

3

The NI-DAQmx Base Readme lists devices supported in different versions of N-DAQmx
Base. In Windows, select Start»All Progs National NI-DAQmx Base»
DAQmx Base Readme.

The NI-DAQmx Base VI Reference Help contains VI reference and general information about
measurement concepts. In LabVIEW, select Help»NI-DAQmx Base V1 Reference Help.
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Now, we will see how do we create a program in a LabVIEW environment in order to

acquire the data using USB and the configuration connections between input and output.

(Refer Slide Time: 28:51)
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Table 5. Signal Descriptions

Signal | Reference Direction Description
Name

Ground—The reference point for the single-ended
analog input measurements, analog output voltages,
digital signals, +5 VDC supply, and +2.5 VDC at
the 1/O connector, and the bias current return point
for differential mode measurements.
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Here we can see | will use analog input 0 and output will be connected to analog input 0 since
the power required to power the LM35 to power the temperature sensor, can be utilized from
the DAQ. What | will do I will show the connections and | will show you the way that | have
connected to it, 31 pin can be used as 5 volts, that red wire will be connected to the 31. Then

all grounds are internally shorted.

So, any of the ground we can connect it so | will be connecting it to the 32 pin. The ground is
the black wire, the black wire | am connecting it to the 32" pin. So, once | power this device
using an ESB cable, it produces an output of 5 volts. The 5 volts is enough for LM35 to

operate.

Now the second pin which is an output which gives an output in in the range of 10 millivolts
per degree centigrade will be connected to the second terminal. The second terminal here is
AIO+ or AlO. So, if you are using as single reference as we discussed previously, since the
grounds are common in this case, what | will do is | will use a single reference then AIO, |

will only connect to Al 0 that is the second pin.

So, here we can see the red wire is connected to 31, whereas the black wire which is a ground
wire is connected to the 32" pin number and this is the brown wire which is output wire,

which is connected to the second pin.

So, since | will be configuring the device in a single ended reference mode, | do not have to
connect the third pin to the ground. In case if we are using a differential output configuration
then the third terminal should be connected to the fourth terminal to use it as a differential.
Since it is single ended the grounds are common. So, whatever the connections we made is
good enough. So, these are the configurations. So, we will see how we make a program in the
LabVIEW software and how to acquire the data in the next class.



