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Tee Sheffer, President, Signametrics

Almost every test systemincludes some kind of sw itching module w hich routes signals
to instruments to be measured and/or processed. There is no one product that can do it
all. Various requirements imposed on the sw itching module may conflict w ith each
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other. Also, some of the requirements may be poorly understood. This article will
attempt to outline the various attributes and suggest w ays to handle them.

Let's look at some switching requirements, some familiar and some not:

Because the requirements are so diverse, most systems end up w ith multiple types of
switches in them. Unfortunately, there is no universal switch that does everything w ell.

e To switch many general-purpose inputs and outputs, you need to think about
high density, single-pole sw itching.

o [f you have high voltages and/or high pow er inputs you need suitable voltage
and current capabilities.

e [f you have RF signals, you need low -loss, high-isolation, high-bandw idth
sw itching.

e [f you require high throughput, you may need fast switches that use reed-relays
or solid-state switches.

e For high accuracy or low -signal-level applications compatible w ith 4-digit, or
better, DMMs, instrumentation sw itches are required, and Signametrics has
them.

If you have Mega Ohm signals you need very low noise and low leakage. Signametrics
specializes in this area.
e The relays on switching modules are mechanical devices and are less reliable
than electronics. Is the switch designed w ith some self-test capability to help
w ith troubleshooting? Signametrics switches are designed w ith extensive self-
test.

Why should you care about noise and DC voltage errors?
If they w ere important w ouldn’t all the vendors specify them?
The answ er is that they are only important in high-accuracy instrumentation applications.

If a switch is not specified for RF isolation, flathness and bandw idth, it probably isn’t
designed for RF applications. Similarly, if a switch is not specified for noise and DC
voltage errors it probably w as not designed for instrumentation.

Of course, the salesman will be happy to take your order and he will answ er your
guestions as best he can, but he may have no training in this area.

Where do DC voltage errors come from?

Most sw itching products use electromagnetic relays to do the switching. Magnetic
relays depend on an iron-alloy movable part that is moved by energizing a coil.

That iron-alloy moving part is soldered to a copper wire or circuit board. Iron and copper
form a thermocouple with 12 micro Volts/°C output. Most switch modules have a few
degrees of temperature difference across the relays. Since multiple relay contacts may
be associated with a channel selection, it is not unusual to have a voltage error that is
as high as several hundred microvolts. If it is not specified, that means it is

uncontrolled. The Signametrics SMX4032 uses special relays and careful circuit layout
to keep these errors less than 1 micro Volt.

How do small DC voltage errors become big measurement errors?

Today'’s Digital Multimeters are capable of making measurements accurate to a few micro
Volts, but the wrong switching card can contaminate the signal that the DMM sees. This
also applies w hen you measure resistance. The 4-w ire resistance measurement can
eliminate errors due to resistance in the measurement path, but it can NOT eliminate DC
Voltage errors. Ohms Law tells us that R=V/I. Since most DMMs use a fixed current
source to measure resistance, any error in voltage will cause an error in the resistance.
To measure 1 Ohmw ith an uncertainly of 2% (+20m Ohm) using a 1mA test current, you
must keep the total thermal voltage error to below 20 micro Volt. Which Means you will
need an instrumentation type switch. For an example of such a switch, take a look at

How does noise get into arelay switch?

In most sw itching cards the relay coil is driven directly from the sw itching pow er supply
that pow ers the chassis, w hich also pow ers the digital logic and is noisy. That noise is
easily coupled capacitively and inductively into the signal path (the coil is near the
movable part of the relay) unless precautions are taken. The Signametrics SMX4032
uses a high-isolation low -noise pow er supply and low coupling relays to minimize this
noise fromthe coils. It also optically isolates all control signals from the computer bus.

Where can you get all the information you need?

Talk to multiple vendors about their products. Talk to technical support, not only to the
sales person. Consider emailing your questions to techsupport@signametrics.com
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Articles like this one can help you to know w hat questions to ask.

Bob Stasonis, Sales & Marketing Manager,
of Test Engineers

and American Society

Signal Switching, or Signal Management as | like to call it, is needed for many reasons in
test — for example, applying pow er to the Unit Under Test (UUT), connecting loads and
sharing resources. The latter is one that initially, in many test engineer’s minds, is only
considered w hen multiple UUTs are being tested — test one UUT and sw itch the test to
the next, and so on. But the sharing of resources is almost alw ays possible in a single
UUT environment as w ell.

No matter w hat the application, the same questions apply in selecting the signal
management section of the test system— voltage, pow er, /O count, etc. When the
application moves into RF and Microw ave Applications, additional questions must be
answ ered. In this short article, Il give you some things to think about.

When selecting sw itching, there are several questions to ask and parameters to
consider:

e What are the basic parameters? This includes voltage, current, and
bandw idth. Also consider the continuous pow er requirements.

e What is the purpose of switching? That will determine w hether basic
relays, multiplexers, or a full cross point matrix are required.

e Be very aware of your entire measurement channel. This means you
must look at the test specifications and the planned measurement path — this
included the test fixture, ITA (Interface Test Adapter), cabling, connector types,
sw itching, and the instrument in the path. Too often a test engineer selects an
RF/Microw ave switch based on the specified insertions losses and does not
consider the rest of the measurement path. They find out too late that they
should have specified a more accurate switch as the insertion loss of the
sw itch equals the engineering spec for the entire measurement channel!

e Cascade Effect — Adding to the above caveat, in large VO applications, it may
be necessary to connect, or cascade, several Multiplexers or Matrices together
to get the desired configuration. For example to create a 256 channel
multiplexer in PXI, there may be as many as three multiplexers in series to get the
configuration necessary. Careful selection of multiplexers and keeping
interconnect cables as short as possible is critical to minimize losses here.

e Cables and Connectors —w here possible, try and specify the connectors to
be the same type on both ends. In other words, if the RF Signal Analyzer uses
SMA connectors, try and purchase sw itching with the same type of
connector. This makes the purchase of cables easier. Also, in some instances,
the connector in question may be optimized for a particular diameter
cable. There could be a possibility w here the tw o ends of a cable w ith different
connectors would require different size cables, making the cable build aw kw ard
and possibly inadequate for your testing requirements.

e Accuracy and Switching bandwidth — If your measurements are at the
extreme end of the bandw idth of a switch, you may need to look at a higher
bandw idth switch. So if you're trying to measure a 3 GHz signal to an accuracy
of 0.5 dB or better, a 3GHz switch may not be adequate. A 4 GHz Microw ave
switch may be needed.

e Size — The higher the bandw idth, the relays required in signal management are
physically larger. Also, the interconnections, or “plumbing” as it get's to be in
Microw ave applications, require more space in order to minimize crosstalk. So
your test systemsize can be greatly influenced by the switching system in high
frequency applications.

Sources for RF Switching Knowledge

In order to make you more “dangerous” — more know ledgeable — there are many places
to turn for reference material. Several vendors provide reference material. National
Instruments, and Pickering Interfaces, for example, offer guides to switching basics. As
Pickering’s sw itching information is available in a hard copy, I find it handy w hen | don’t
have easy access to the Internet. Typing “RF Switching Basics” into Google provided
178,000 hits! So the information is out there.

Equally important, you should find a vendor w ith the right products and know ledge w ho
can assist you in your selection. High frequency switching can be somew hat of a
“Black Art”. So an expert can be helpful.

Hopefully, I've given you some things to ponder. To paraphrase an old axiom, “Your test
is only as good as the w eakest link”. Hopefully, signal management w ill not be that link.

Jon Semancik, Marketing Manage, VXI Technology, Inc.
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for stimulus and measurement functions, but the critical link is clearly the switching
subsystem. The wide variety of signals that must be routed to a typical unit under test
(UUT) requires a flexible switching subsystemthat is capable of combining different
switch topologies such as multiplexers, matrixes, coaxial, microw ave, discrete and
pow er. While many solutions can easily performlow level signal routing, few are
capable of integrating high pow er sw itching into a single platform w ithout external
relays.

High pow er switching presents several challenges normally not associated w ith signal
level routing such as high current levels, high voltage levels, electrical noise, arcing, and
an understanding of w hat types of signals should be switched. The physical size of
high current relays is one example w hy certain platforms are unable to accommodate
these applications effectively. A typical low current 2 Amp relay will occupy a footprint
of approximately 0.8” x 0.4” x 0.4”, compared w ith a 25 Amp relay w here the footprint
willincrease to 1.0” x 1.0” x 1.0". The size of interface connector pins and connections
fromthe pin to the relay are also major contributors to the physical design constraints.

Therefore, the high current requirements will drive the density of the solution, and
platforms w ith restricted component surface area w ill be severely limited in there ability
to provide a reasonable density. Certain open architecture solutions, such as the
VXlbus provide significant surface area advantages permitting high-current, high-density
solutions in a single card slot. For example the SMP2012 sw itch card, manufactured by
VXI Technology, is configured to provide 20 SPST, 30A relays in a single slot.

Switching solutions designed for high voltage present a slightly different challenge. The
actual relay is typically not much larger than the 2A relay mentioned above, but surface
area again becomes a consideration. If the dielectric constant betw een adjacent traces
or connector pins is exceeded by high voltages, the result will be arching. This arching
w ill depend not only on the physical layout and spacing, but on other operational
conditions such as temperature and relative humidity.

Another common issue arises w hen low level signals are routed through pow er
switches. Pow er relays are designed w ith specialized contact material capable of
handling the high current flow . As a result a minimum current must flow betw een the
tw 0 contacts to cause an arching condition that effectively burns off any oxidation that
may have built up; a typical current to ensure operation w ould be betw een 100 mA and
1A. Therefore, if low level continuity testing is performed for self-test purposes, this
minimum current must be applied. Most pow er switches are not intended for this dual
purpose role.

There are several special purpose relays that are designed to switch both pow er and
signal levels. These relays are typically hermetically sealed to minimize the effects from
contamination and oxidation, and utilize a custom contact composition. The physical
requirements for this type of high current switch will drive the density of the solution just
as before.

Another alternative for high current switching currently available on the market utilizes
solid state relays rather than mechanical. One clear advantage of these switches is the
infinite sw itching life resulting from the elimination of mechanical parts or contacts that
degrade from actuation. Switching times are generally improved as w ell; mechanical
switching times are approximately 15 mS and solid state actuation is approximately 2
mS. One parameter that must be noted w hen implementing solid state pow er sw itching
is the typical leakage current associated w ith solid state devices. The UUT must be
evaluated to determine if the minimal leakage w ill have any unexpected effects on the
test results. Again the VXlbus is ideal for these high current applications and VXI
Technology’s SMP2104 can be configured to provide 20 SPST, solid state 20A relays in
a single slot.

Other essential safety features provided by some manufacturers is a front panel failsafe
interrupt. The very nature of the signals being switched dictates that safety should be a
fundamental concern. A front panel failsafe interrupt is designed to open all relays
automatically if a fault condition occurs. VXI Technology incorporates this feature in the
high pow er SMIPII sw itch family.

High pow er switching requirements pose a challenging implementation problem for most
functional test systems, especially w hen the designer is striving to utilize a common

sw itching subsystem and common softw are drivers. Analysis of the alternatives will
clearly point to the open architecture VXIbus platform as the best all around solution for
high-density, high-performance switching. No other platform can match the channel
densities, signal variety, and high pow er capabilities offered by this platform.

In our next issue of Product/Service Focus w e will cover Automatic Test
Equipment/In-Circuit Testers. You can add or upgrade a listing before the next issue
comes out.
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If you w ould like to include an exclusive article on how to best select Automatic Test
Equipment/In-Circuit Testers, please contact LouisUngar @ieee.org.

o [If your friend forw arded this new sletter to you, please register as a member
and receive The BestTest New sletter -- absolutely free!

e If you wish to update your new s preferences or cancel the subscription, please
unsubscribe.

e If you have any questions, please email experts @BestTest.com
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