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Introduction

Whether you use your universal counter on the bench
or in an automated test system, you want to get your
data as fast as possible. There are several things you
can do to accelerate the process of getting the data
you want. Today’s counters help you gain faster insight
into your designs and get faster test results on the
bench with capabilities such as front-panel display

of histograms and trend charts. Increased bus speed
improves test system throughput, and built-in features
deliver more digits of resolution in less time. Faster
frequency and time measurements are important

in a diverse set of application areas such as crystal
oscillator design and test, ceramic resonator test, data
communications system test, and radar verification
test. This measurement brief covers some of the
techniques you can use to speed up the frequency and
time measurements you make with a universal counter.
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Snapshot: Testing crystal oscillators

A well-established crystal oscillator manufacturer was looking to
expand its product line and wanted to increase test throughput.
The manufacturer had many test stations, each containing
multiple single-channel counters. By using the Keysight
Technologies, Inc. 53230A universal frequency counters/timers
with two channels per counter, test engineers were able to more
than double their test throughput per test station by performing
parallel tests using two channels per counter instead of just a
single channel. They made additional throughput improvements by
choosing the shortest gate time possible that still gave them the
number of digits they wanted and by using appropriate settings for
auto-leveling, the front panel display, and data transfer.
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Gain faster insight with bench-top
measurements

When using a counter on the bench, you want to be sure you have chosen the correct
settings for the signal you are trying to measure. Seeing information about the signal
displayed right on the front panel of the counter can increase your confidence that your
measurement settings are correct. For example, peak-to-peak, minimum, and maximum
voltage of the input signal displayed on your counter’s front-panel display can help you
correctly choose the input range and trigger levels.

Even more helpful are the front-panel charts you can use to display your measured data.
These features are available on the Keysight 53200A Series universal frequency counters/
timers. For example, the Keysight 53230A gives you a choice between a trend chart and

a histogram. The trend chart shows how the measured data changes over time and the
histogram shows how the data is distributed. The trend chart can help you quickly identify
a drifting signal by showing you the direction and magnitude of drift. It also gives you
information about how quickly the drift is occurring. See Figure 1.
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FIGURE 1: Trend chart on a 53230A

The histogram is useful to show you the distribution of a noisy signal. A Gaussian
distribution might mean that the noise is as you would expect, meaning your measurements
are normal. If the distribution shows a higher percentage of measurements at a frequency
you do not expect, you may have identified an unwanted modulation effect on your signal

that you can then trace to its source. See Figure 2. If these graphing functions were not
so readily available, you would be forced to first recognize that there was a potential
problem, configure a test to acquire large amounts of data, bring the data back to a
computer, and perform an analysis on the data. With all of that capability built into the
counter, you will gain insight faster and save yourself some time when you use a counter

on the bench.
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FIGURE 2: Histogram graph on a 53230A
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Make faster system measurements

When you use a counter in an automatic test system, the total time it takes to get a
reading consists of two major components: bus transaction time and measurement
time. Bus transaction time also can be broken into two parts: the time required for

the commands to configure a measurement and the time required for the commands

to bring the measurement back to the computer. Over the last few years, test
instrument designers have made significant improvements in bus transaction times. Bus
transaction speeds of the most recent Keysight counters are roughly 100 times faster
than the previous generation of counters. Programming commands can be processed
faster and measurements can be moved from the counter to the computer in less time.
With bus transaction times greatly reduced in the newest counters, the dominant factor in
the speed of a frequency reading becomes the measurement time. There are a variety of
things you can do to reduce your measurement times.

- Choose the correct gate time
Perhaps the most obvious way to speed up your counter measurements is to use
the lowest gate time setting that still produces the required number of digits of
resolution for your test. Longer gate times produce more digits of resolution, but
they clearly take more time. Modern reciprocal counters use techniques that can add
digits of resolution without adding proportionally longer gate time. For example, if
a counter has a 10-MHz reference oscillator, the reference alone produces 7 digits
of resolution for a measurement time of 1 second. With the addition of resolution-
enhancing techniques, a 10-MHz clock can produce up to 10 digits of resolution. So
be sure to check the specifications of your counter and match your choice of gate
time to your requirement for resolution.

- Use the fastest interface
Some counters offer the flexibility of multiple interfaces to connect the counter
to your PC. For example, the Keysight 53200A Series has LAN, USB and GPIB as
standard interfaces. If speed is critical in your application, be sure to select the
fastest interface. Single measurement and block reading throughput rates are
affected by your choice of interface. Refer to Tables 1 and 2 for more information.

Data transfer command
Using Using
READ? *TRG;DATA:REM? 1, WAIT
LAN . :
(VXI-11) 150 readings/s 145 readings/s
-4}
S LAN (sockets) | 210 readings/s 350 readings/s
8 USB | 210 readings/s 380 readings/s
(=
GPIB | 240 readings/s 400 readings/s

TABLE 1: Single measurement throughput rates for a Keysight 53230A based on interface type and data transfer command
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Data transfer command
Using Using
READ? *TRG;DATA:REM? 1, WAIT
LAN . .
(VXI-11) 9,800 readings/s 48,000 readings/s
g LAN . .
= 10,500 readings/s 66,500 readings/s
Q (sockets)
©
8 USB 10,900 readings/s 66,500 readings/s
=
GPIB 4,800 readings/s 17,200 readings/s

TABLE 2: Block reading throughput rates for a Keysight 53230A based on interface
type and data transfer command

- Choose the right command to transfer data back to your PC
Your counter may provide you with more than one way to
read data back to the PC. These different methods may have
different data transfer rates associated with them. As you can
see from Tables 1 and 2 showing 53230A throughput rates,

the data transfer command has an impact on the reading rate.

So, if you are making a significant number of readings and
want to minimize the total time, be sure to choose the fastest
method for transferring data to your PC.

- Turn off auto-level
Auto-level is a feature that automatically determines the
trigger level to be used on your measurement. The counter
looks at the input signal, measures the maximum and
minimum voltages, calculates the peak-to-peak voltage from
those measurements, and sets the trigger level to 50% of the
peak-to-peak value. Of course, this takes time. To eliminate
the time it takes to automatically find a trigger level, you can
set the trigger level yourself if you have information about
your signal. Turn off auto-level and set the trigger to the
desired value.

Measurement Tip

You can set auto-level to “ONCE”. This setting will cause
the counter to perform an auto-leveling function once, and
then it will disable the auto-leveling feature. This is useful
when you don’t know the trigger setting you want for a
measurement, but you plan to leave the setting unchanged
once it is determined. The counter will determine the setting
and subsequently use it for additional measurements. You
will save time by auto-leveling only once.

- Turn off the front-panel display
Turning off the front-panel display of some instruments can
help speed up measurements. The internal microprocessors
must divide their time between making measurements,
handling bus transactions, and providing information to the
front-panel display. If the display is turned off, the processor
can spend all of its time on making the measurement and
processing the data. For example, with the front-panel
display turned on, the Keysight 53230A counter can perform
75,000 frequency measurements and store them in internal
memory in 1.35 seconds. With the display turned off, the
counter can perform the same transaction in 1.22 seconds.
Since measurement time is essentially determined by the
selected gate time, that portion of the transaction is not
affected by the state of the display. However, the counter
has to internally process the measurements and store them
in memory. These functions share time with the internal
microprocessor that is servicing the front-panel display, so
turning the display off will speed up the data processing.

Measurement Tip

To reduce overall measurement time, if possible, group
like measurements together. For example, perform all
frequency measurements and then all period measurements
instead of changing from one measurement type to
another, and minimize range and level changes. Changing
a measurement configuration takes time -- typically 50 ms
for 53200A Series counters.

Conclusion

Whether you are using your universal counter for measurements on
the bench or in an automated test system, you can choose counter
features and use various techniques to reduce your time to insight
and total test time. On the bench, improvements in time to insight
come from using a counter with helpful front-panel display features
such as information about the input signal voltage and triggering.
Trend charts and histograms displayed right on the front panel will
also help you quickly understand the measurements you make.

You can make system measurements faster by choosing the proper
interface and data transfer method, as well as choosing appropriate
settings for parameters such as gate time, auto-leveling, and

the front-panel display. If you frequently need to make frequency
measurements, you can count on Keysight counters to provide you
with fast, stable, and accurate measurements.
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Evolving Since 1939

Our unique combination of hardware, software, services, and people can help you
reach your next breakthrough. We are unlocking the future of technology.
From Hewlett-Packard to Agilent to Keysight.

myKeysight myKeysight
www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.keysight.com/find/emt_product_registration
Register your products to get up-to-date product information and
find warranty information.

KEYSIGHT SERVICES  Keysight Services

eI ABPIN . keysight.com/find/service
Keysight Services can help from acquisition to renewal across your
instrument’s lifecycle. Our comprehensive service offerings—one-
stop calibration, repair, asset management, technology refresh,
consulting, training and more—helps you improve product quality

and lower costs.

Keysight Assurance Plans
www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure
your instruments are operating to specification, so you can rely on
accurate measurements.

ASSURANCE PLANS

Keysight Channel Partners
www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and
product breadth, combined with channel partner convenience.
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For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus
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Canada (877) 894 4414
Brazil 5511 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444
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Australia 1800 629 485
China 800 8100189
Hong Kong 800 938 693
India 180011 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 18003758100
Taiwan 0800 047 866

Other AP Countries (65) 6375 8100

Europe & Middle East

Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1809 343051
[taly 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)
United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-9-7-17)
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