A P P L I C AT I O N N O T E

The Six Axes of Calibration
Introduction
Selecting a calibration service provider may seem straightforward. As long as
they have the proper credentials (such as ISO9000 registration and ISO17025
accreditation), various providers should be reasonably similar, no matter which one
you choose. Unfortunately, the lack of regulation surrounding calibration providers
allows for a wide variance in the deliverables and value of the calibration service.
To demonstrate calibration services variances and assist buyers, this application
note organizes calibration services into six axes. The axes describe key aspects of
calibration, calibration providers, and what to watch for.
The calibration services axes discussed in this document are as follows:
• extent of instrument testing
• calibration results
• calibration provider’s measurement uncertainty
• instrument’s recommended calibration frequency (or periodicity)
• calibration turnaround time
• calibration service options

Find us at www.keysight.com

Page 1

Axis 1: Extent of Instrument Testing
The more thoroughly a calibration service provider tests an instrument, the greater the
measurement confidence. Generally, instrument manufacturers suggest calibration
test parameters and the number of points at which to check each parameter for their
products. Regrettably, a low-end calibration provider may omit some of the recommended
tests. No technical body stipulates the extent of testing necessary to perform a legitimate
calibration, so leaving out tests or measurements does not breach any rules or guidelines.
A provider may omit various instrument calibration tests for three reasons:
• The provider does not have the equipment to perform the test.
• The tests are complex, take a long time to perform, and require special skills.
• The provider’s price does not allow for the time and complexity to conduct all tests.
Often, this means the calibration service provides inadequate testing of important
instrument capabilities, resulting in erroneous measurements and poor calibration.
The instrument test omissions can cause one of two issues when testing products with
a poorly calibrated instrument:
• A good product can appear to fail the test (false fail). This situation can cause expensive
rework with no fault found, a term used in manufacturing rework departments.
• A bad product can appear to pass the test (false pass). Shipping bad products to
customers can result in increased warranty return and repair costs, as well as a
damaged reputation.

Example
One customer sent a scalar analyzer detector head to a reputable calibration provider.
The calibration provider’s procedure included spot testing the instrument’s frequency
range at three frequencies (low, middle, and high). The calibration provider’s test
showed that the device was performing to specification and issued a calibration
certificate. However, the instrument caused strange measurements for the customer,
who sent it to Keysight for a second calibration.
Keysight’s calibration service uses the swept frequency method, which tests across a device’s
entire frequency range. The test results showed the instrument’s head had a problem at
a frequency not tested by the first calibration provider. Applying the swept method during
the initial calibration would have saved the customer a great deal of time and money.
An analogy for missed vital tests and information is looking through a telescope from
a ship’s crow’s nest to the east, north, and west and then reporting, “I see no ships.”
The failure to look in all directions, including south, results in an unreliable
conclusion that there are no ships.
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Exception
Although we recommend following the instrument manufacturer’s guidelines for
periodic calibration, doing less testing during calibration is not necessarily wrong when
properly controlled. For test instruments used in a specific application and requiring
only well-defined aspects of the instrument’s capability, it is acceptable and may be
advantageous to focus the calibration on those functions or ranges. This is especially
true if the calibration provider conducts more extensive testing for those areas than it
would have performed in the standard full calibration.
However, a shorter test on only a specific instrument capability would be unacceptable
for instruments used in multiple applications or a general equipment pool.

Axis 2: Calibration Results
A calibration provider’s instrument test information can help you make additional
decisions. Therefore, it’s essential that you receive the instrument test and measurement
results and that the information is accurate. A complete report showing the equipment’s
performance at each test point during the calibration should be available. This
information is evidence of the extent of testing, giving you confidence in the calibration
results, and it can help you make objective comparisons between calibration providers.
The instrument calibration report is valuable for multiple reasons. When calibration data
shows that an instrument is outside its specified tolerance, it means you may have been
making bad measurements with that instrument for some time. To assess whether the
out-of-tolerance instrument has compromised the validity of your testing, you need to
know where in the test data the instrument was out of tolerance and by how much.
Based on the instrument’s out-of-tolerance data, you can decide whether you need to
take corrective action, such as retesting or recalling your products.
Without detailed calibration measurement data, you would be unaware of potential test
errors. If the calibration report shows the instrument is out of tolerance but does not
provide detailed measurement data, you will not be able to develop any conclusions.
Acquiring the instrument’s test performance, taken when the calibration provider
receives the instrument, is useful. For this initial test, there should be no instrument
adjustments. Instrument adjustments during this test will destroy the integrity of tests
later in the procedure. A second set of data, taken after making instrument adjustments,
enables a data comparison. This data confirms that the instrument’s adjustments are
within tolerance and gives you confidence in the instrument’s measurement accuracy.
Measurement uncertainty is also an important source of information during instrument
calibration.

Find us at www.keysight.com

Page 3

In its simplest form, measurement uncertainty is a statement that the accuracy of the
equipment used to test and calibrate your instrument is at least a factor of four times more
accurate. Four is typically the minimum test accuracy ratio used for test instrument calibration.
A summary table listing the parameters and associated uncertainties provides more detailed
uncertainty information. The uncertainty figures may appear in relative terms (for example,
± 0.5%) or absolute terms for the units of measurement (for example, ± 0.2 mV).
The most detailed uncertainty information appears alongside each measurement value. Ideally,
the measured value, specification, and uncertainty are all expressed in the same terms.

Axis 3: Calibration Provider’s Measurement Uncertainty
Measurement uncertainty, which should always be available from the calibration
provider, demonstrates how accurate the calibration testing is and determines whether
the calibration is useful.
You can determine whether a calibration provider has the technical capability to
make the measurements required for your instruments based on the measurement
uncertainty values provided. Measurement uncertainty values may be self-assessed by
the calibration provider or accredited. Accredited measurement uncertainties are more
desirable because an accrediting body, such as the United Kingdom Accreditation
Service (UKAS), the Japan Calibration Service System, the German Calibration Service,
or the American Association of Laboratory Accreditation, has recognized them.
You can review the best measurement uncertainty figures for accredited calibration
laboratories because this information is publicly available, often on the organizations’
websites. Accreditation provides valuable insight into the technical competence of the
calibration laboratory and ensures that it can make certain measurements. You can
also determine whether a lab has the credentials to undertake the calibrations your
instruments need.
A provider may earn accreditation for a few specific tests and then accept calibration
work for instruments that require competence outside the accreditation scope. Gaining
accreditation for just one measurement allows the calibration lab to display a Certificate
of Accreditation and advertise that it is an accredited lab. However, its test capability
might be inadequate for most instruments.
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Example
An assessment of the accreditation scope of one British calibration provider for two
fundamental measurements showed interesting information.
The selected measurements were a frequency of 10 MHz and 1 V DC. The information
came from the UKAS website.
In the case of 10 MHz, the spread of accredited uncertainties was large, the best being
one part in 1012 or 10E12, and the worst being three parts in 106 or 10E6. So, when this
calibration provider measures 10 MHz, the best measurement possible would have an
uncertainty of ± 0.00001 Hz, and the worst measurement possible would have an uncertainty
of ± 30 Hz. Since the specification for most crystal oscillators is far narrower than ± 30 Hz, it is
clear that a calibration for a crystal oscillator or any instrument that measured frequency to any
degree of accuracy performed by this provider would be meaningless.
In the case of 1 V DC, the spread was smaller but still significant, the best being four parts
in 107 or 10E7, and the worst being two parts in 105 or 10E5. Many digital multimeters
(DMMs) have a resolution of 6½ digits. This means the DMM can display a measured
1 V DC as 1.000000 V (that is, to 1 microvolt). An uncertainty of four parts in 107 or 10E7
would measure accurately to 0.4 microvolts, which is sufficient for the task. An uncertainty
of two parts in 105 or 10E5 would measure accurately only to 20 microvolts. In relation to
its accuracy, the last digit of the multimeter would be untrustworthy.
One thing to remember is that the published “best measurement capability” may not be the
same as the actual uncertainty assigned to the calibration of a particular product. Comparing
example certificates or reports for a few models may provide a different perspective.
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Axis 4: Instrument’s Calibration Frequency or Periodicity
Calibration periodicity indicates how often an instrument needs calibration. Usually, the
manufacturer will recommend a calibration interval for each instrument type, often one
or two years. This period is based on the mean drift rates for the various instrument
components. Test instrument developers place great emphasis on designs that
demonstrate minimal drift. However, it is impossible to eliminate instrument drift, making
instrument calibration necessary.
To assess whether you can override the manufacturer’s recommended periodicity, you
need two pieces of information:
• calibration history for the instrument
• the application for which you use the instrument
An instrument’s calibration history may indicate a less frequent need for calibration. One
generally accepted process is that you may increase the time between intervals if the
instrument has remained within specification for three consecutive calibrations. Similarly,
if the instrument requires adjustment on two consecutive calibrations, you should reduce
the time between intervals. Verifying an instrument’s calibration history and determining
the next appropriate calibration is an ongoing process.
The application in which you use the instrument determines the risk of increasing or
decreasing the calibration interval. If you use the instrument for critical measurements,
you may want to reduce the calibration interval to ensure accurate measurements and
lower the risk of bad measurements. Alternatively, if the application does not require
precise measurements, you may extend the interval.
When considering both risk and history, you can maintain an effective periodicity
management solution that reduces the risk of inaccurate measurements.
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Axis 5: Calibration Turnaround Time
Calibration generally requires you to remove your instrument from its test location and
send it to a calibration provider for testing. This process can take the instrument offline
for a week or more. Therefore, you would either have to stop the work you’re doing with
the instrument or, in a mission-critical environment, buy or rent one while yours is away.
Knowing that the instrument will be away for two weeks allows you to arrange for the
use of spare or rental equipment. Unfortunately, for many reasons, two weeks can
become three or more, and the costs of system downtime increase. Therefore, in
addition to shipping and handling, you should ensure that the calibration provider’s
promised delivery turnaround time is short and achievable.
Companies that can provide calibration service on your site reduce turnaround times to
just a few hours — the time it takes to do the calibration. This might add to the service
price, but you won’t have to buy or rent replacement instruments.
Although an on-site calibration may seem like an ideal solution, you still need to ensure
that the technical aspects meet your needs. It is common for companies offering on-site
calibration to deliver a subset of testing, perhaps creating larger measurement uncertainties.
This situation may not be apparent until the calibration provider’s technicians arrive at your
premises with a limited range of test equipment and reduced capability.
Keysight delivers the same standard and quality of calibration, whether it’s performed at
the Keysight service center or your site. To mitigate risk and reduce downtime, Keysight
offers KeysightCare Enhanced, which provides you with a committed calibration
turnaround time and technical support response times.

Axis 6: Calibration Service Options
When looking at calibration costs, it is common for the fundamental service price
to be the primary consideration. You should also consider service packages that reduce
the less visible costs and save time. Service packages can help eliminate the time and
hassle of gaining approval for calibration budget and generating a purchase order. They
may also provide additional services such as technical support and instrument repair.
We recommend KeysightCare Enhanced, which includes a multiyear calibration service
of choice with a five-day committed turnaround time.
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Conclusions
Each of the six axes of calibration affects the cost and quality of the instrument
calibration you buy. Understanding what they are and what they mean to your
company’s test results gives you the details you need to make the best choice of
calibration provider and ensure continued, accurate test measurements.

Experience the enhanced level of service, including technical support and committed
repair and calibration turnaround times, to help you stay on schedule, accelerate
testing, ensure precision, and optimize uptime.
KeysightCare Enhanced provides two-, three-, and five-year plans. It includes a
calibration service of choice with a five-day committed turnaround time, technical
support response in two business hours, and repair coverage, if needed, with a
seven-day instrument repair turnaround time. Our calibration service ensures that your
test system performs to specification and meets local and global standards.

Learn more at: www.keysight.com
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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