A, JFRMBHEIEX

~i%- Agilent Technologies

Welcome to part 7 of the Basic Instruments Measurement Fundamentals
series. In this session we’ll take a break from electronic functional test
and spend a few minutes on the fundamentals of data acquisition:
transducers, scanning, switching and data logging.
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In part 2, the Measurement Fundamentals module, we summarized the
key differences between EFT and DAQ in this simple table. EFT systems
tend to be complex: they contain several instruments and make many
types of measurements. However, they tend to produce a modest
amount of raw measured data.

In contrast, DAQ systems use a few instruments and lot of switching to
make a few types of measurements — but they make those
measurements on dozens and maybe hundreds of points. This approach
creates a lot of raw measured data.
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The other key difference is the nature of the problem. EFT is used to test
or characterize an electronic device or system. Generally, DAQ is used to
measure a physical or mechanical device or system. To make those
measurements with an electronic instrument, we have to convert physical
characteristics such as temperature and vibration into electrical signals.
We do that using devices called transducers.

DAQ is also used to monitor the state of a chemical process or a complex
system such as the devices in a communication network. A DAQ system
can be programmed to interact with the process or system and change its
behavior.

For the rest of this session we’ll focus on the basics of measuring or
monitoring physical phenomena.
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And here is our agenda for the next 20 minutes

We'll start with an overview of the customers who measure and monitor
physical phenomena and we’ll describe their requirements.

Next, we'll discuss the most common types of physical measurements
and the most widely used types of transducers. We'll also take a brief
look at the three major switching configurations and the three most
common types of switches.

After that, we’ll compare — again — the 34970A and the 34980A, and
then take a closer look at the one that is best suited to handle data
acquisition applications.

As usual, we’ll conclude the session with a quick review of the
highlights and a brief list of additional resources that will help you learn
more about scanning, switching & data logging.
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Customers who utilize data acquisition work in many of the same
companies and industries as our EFT customers. However, DAQ
customers may be mechanical engineers, chemical engineers or process
control engineers who are also very familiar with computers,
programming and test equipment.

Their applications tend to match up with the stages of the product
lifecycle. In R&D and design verification, data acquisition may be used for
physical measurements of mechanical assemblies such as airplane wings
and car bodies — or for environmental testing of electronic assemblies. In
manufacturing or operations, data acquisition may be used to monitor a
chemical process or monitor the devices in a communication system.

In most cases, the actual requirements are fairly similar: transducers are
connected to a scanner or switch; these connect many points to perhaps
one measurement instrument, which makes a few types of measurements
on the signal from every transducer.
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If we look at the basic structure of a data acquisition system, it’s similar
to an EFT system. The objectives are similar and the basic elements are
familiar.

We've already mentioned one key difference: a DAQ system relies on
transducers to convert physical properties into electrical signals.

The other major difference is in the switching. DAQ systems often rely on
a type of switch called a scanner. Scanners connect multiple points
sequentially to a single measurement device such as a voltmeter or
digitizer.
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The vast range of physical properties is equaled or exceeded by the huge
variety of transducers that produce an electrical property we can
measure with an electronic instrument.

We won’t cover them all today. Instead, we’ll focus on the most common
physical measurement...
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... and that is temperature.

Looking at the chart, it’s easy to imagine measurements of temperature,
flow, pressure, level and weight being used to monitor vats or tanks of
fluids being mixed to form an end product: gasoline, liquid detergent,
toothpaste, beverages and even perfume. The testing environment may be
quite different from the world of electronic functional test.

And, again, there many ways to measure each of these properties. Even if
we limit our focus to temperature and the most common transducers...
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... there are four major types to consider. These are the ones customers
typically use with DAQ systems so it’s worth a quick look at each type.

A thermocouple is a junction of two dissimilar metals — a bimetallic
junction. When this junction is heated, the thermocouple produces a
voltage that depends on the junction temperature and the composition of
the wires. The graph on the right shows the symbol for a thermocouple
and a typical temperature-versus-voltage characteristic. As you can see,
the relationship between temperature and voltage is far from linear. This
is just one disadvantage of thermocouples. {touch on advantages and
disadvantages}

Resistive temperature detectors or RTDs are more linear than
thermocouples, as shown in the chart. RTDs also tend to be more stable
and more accurate. However, they also have several disadvantages: {see
slide}.
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Thermistors are another type of resistance-based temperature
transducer. As you can see, resistance falls as temperature increases;
however, this is not a linear relationship. On the positive side,
thermistors require just two wires and provide high sensitivity. On the
negative side, they are fragile and have a limited temperature range.

In recent years, integrated circuit technology has been applied to many
types of transducers. IC-based temperature sensors are very linear and
are less expensive than most other types. However, they have a limited
temperature range and require an external power source.

In all, thermocouples are still the most common. Let’s take a closer look.

10
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Thermocouples have been around the longest and are also the most
common. Unfortunately, thermocouple measurements are tricky.

As mentioned two slides ago, thermocouples use a bimetallic junction to
produce a voltage that’s proportional to temperature. Well, when we
connect a thermocouple to the terminals of a DMM...

11



(LIRSS
i

€& A

+
VAB >
3
Switching, Scanning & Data Logging Agilent Confidential '::,' lﬂ.g||e|'|t Techno]ogies Page 12

...we create two more thermocouple junctions.

To minimize this effect, these junctions are placed on what’s called an
isothermal block or isothermal reference junction. The DMM will sense a
voltage that represents the difference in temperature between the point
of measurement and the isothermal block. The temperature of the
isothermal block is monitored by another sensor and this information is
supplied to the controller, which calculates the absolute temperature at
the point of measurement.

This is a widely used approach, but it isn’t provided by all manufacturers.
Most notably, makers of PC plug-in cards omit this capability.

Fortunately, Agilent makes it all much easier by providing the isothermal
reference junction and the required conversion in various products. For
example, these capabilities are built into three of the 34970A’s plug-in
modules - the 34901, 34902 and 34908 - as well as the 34980A’s 34921A
plug-in module and L4421A LXI module.

12
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That’s a brief look at transducers, which are at the bottom of our system
diagram. Moving upstream takes us to the switches and scanners that
provide the necessary signal conditioning and connect the signals to the
input of the DMM, digitizer or other measurement instrument.

The three basic switching topologies or configurations listed here are
readily available as commercial products. Simple switches, multiplexers
and matrix switches can address a wide range of general-purpose
applications.

Let’s take a closer look at each type.

13
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Three types or forms of simple switches are the basic building blocks of

most switching networks. They may be used individually or combined

into multiplex or matrix configurations.

14
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A multiplexer or “MUX” creates one-to-many or many-to-one signal paths.
For example, one instrument can be configured with switches to measure
many different points using a MUX. Or one point can be measured with
many different instruments to provide different measurements such as
frequency and voltage.

This level of flexibility combined with the typical internal technology
make this a very economical switch configuration.

In addition, multiplexers are thought of as a very safe switch because
they often use “break-before-make” relay closures. This ensures that only
one connection is made at a time and there is less likelihood of a program
error causing the connection of two DUT points.

15
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Scanning is simply the process of using a series of switches to sequence
through multiple inputs — one at a time — and taking a measurement. This
is economical for two reasons:

1. It requires only one ADC to measure multiple channels or points

2. It is typically implemented with a multiplexer

16
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A matrix switch is a set of rows and columns that can make a connection
at any crosspoint; multiple switches can be closed at the same time. This
level of flexibility enables on-the-fly reconfiguration that makes it
possible to connect any instrument input or output to any DUT input or
output.

However, matrix switches come with two important cautions:

e (Care must be taken to avoid unwanted connections such as output to
output.

* Because there is so much wiring within these switches, they are
susceptible to noise and crosstalk.

One final observation: matrix switches are typically more expensive than
multiplexers because they use more costly switching technology inside.

17
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Here is a quick look at each type of switch relay:

* Armature relays are slow but offer high power handling, making
them a good choice for the connection of power supplies and loads.
They are also a good choice when low thermal offset is required.

 FET switches provide very fast open/close speeds, but they have
lower voltage ratings and poor on-resistance. As a result, these are
not recommended for stimulus or power supply connections.

* Reed relays are more common in high speed test systems because
they offer relatively fast switching, good current handling and low
on-resistance.

In terms of cost, armature relays are usually the least expensive, FETs the
most expensive, and reed relays are somewhere in between.

18
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As an intermediate summary, a good data acquisition instrument would
make it easy to use various types of transducers and connect their
signals to a measurement instrument. Let’s take another look at the
34970A and the 34980A and see which one is a good choice for data
acquisition.

19
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Here we see almost the same features we looked at in the “Understanding
Systems” module. The one exception is the third item in each list. The
34970A supports a maximum of 60 channels in one mainframe and the
34980A supports up to 560 channels.

While the 34980A is a great fit for EFT applications, it can also address
high channel count DAQ applications. The 34970A is a great solution for
low channel count DAQ applications — and it offers a few additional
capabilities that are especially useful in DAQ.

20
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The L4400 Series instruments are a relatively new member to the Agilent
product family. There are eight models currently available: seven that
are taken from the most popular 34980A modules and one with the inner
workings of a 34411A DMM in a smaller, faceless footprint. For data
aquisition applications, they give the customer flexibility to start out
small with one or two low cost switching and control cards. If the
customers needs increase they can easily add on more cards as needed.
The L4400 LXI modules can only be controlled by software or by a built-
in LAN interface.

21
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In design verification applications, the 34970A makes it easy to measure
many points and make a few specific tests. Whether the application is in
an environmental test chamber or at a remote location, the 34970A
includes useful capabilities such as non-volatile memory with time
stamping and power-fail recovery — data is retained and the unit
automatically resumes testing after power is restored.

The 34970A even includes a “quick start” kit that includes everything a
customer needs to start making measurements as soon as they take the
product out of the box: a thermocouple, a screwdriver, an RS-232 cable
and, of course, a CD with the BenchLink data logger software.

This is a good example of the importance of digging deep enough to match
the right product to the right application.

22
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That’s our quick look at data acquisition, transducers, switching and the
34970A.

Let’s bring this session to a close with a quick review of the highlights
and a look at some additional resources that can help you learn more
about switching, scanning and data acquisition.

23
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Generally, DAQ is used to measure a physical or mechanical device or
system. To make those measurements with an electronic instrument, we
use transducers to convert physical characteristics such as temperature
and vibration into electrical signals.

We route tens or hundreds of those signals through switches or
scanners and send them to a few instruments to make a few types of
measurements. This approach creates a lot of raw measured data that
will be processed in the system’s host computer.

DAQ customers work in many of the same companies and industries as
our EFT customers — but they may be mechanical engineers, chemical
engineers or process control engineers who are also very familiar with
computers, programming and test equipment.

With its compact size, capabilities such as non-volatile memory, time
stamping, power-fail recovery, and a “quick start” kit, the 34970A is the
best fit for low channel counts DAQ applications.

24
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We hope this session inspires your interest in learning more about
physical measurements and data acquisition.

To see a demonstration of the 34970A, you can visit the product page
and view a brief, informative online demonstration of data logging.

We have also compiled a wealth of information in a variety of
application notes that address topics such as temperature
measurements and switching.

But first, here's a quick quiz to test your knowledge on the subject
matter just presented.

25
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As we conclude this session, I'd like to thank you for taking the time to
learn about data acquisition. You’re now ready for last module of the
Basic Instruments Measurement Fundamentals which will provide an
overall recap of the last 7 modules.
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