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Introduction

Is your oscilloscope probe
accurately showing your signal?
Is your probe disturbing your
signal too much? Just how well
does your probe work with its
various accessories, such as
ground leads and socket
adapters? With recent leaps in
computer and communication
speeds, these are questions that
debug and validation engineers
are asking — and rightly so.

This application note presents
a simple method you can use
to verify the performance of
various probing configurations
and restore your confidence in
your high-bandwidth probe
measurements.

There are two important
performance issues you need to
consider with an oscilloscope
probe: how much does the probe
disturb the signal, and how well
does the probe represent the
actual signal. For best
performance, you need to keep
probe connections short, but that
is not always possible. Therefore,
you need to understand the
performance issues for the
various probe configurations
you use to understand their
performance tradeoffs.
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Figure 1. Setup to accurately measure a probe’s input impedance and response.

Figure 2. Fifty ohm through fixture, Agilent Technologies product number E2655-66501.

[1] For a qualitative analysis of performance, the oscilloscope that you use with the probe will suffice. However, to
accurately evaluate only the probe’s performance, you should use a wide-bandwidth sampling oscilloscope.

To understand how the probe
disturbs the signal being probed,
you need to measure the effect of
the input impedance of the probe.
And to understand how well the
probe represents the actual signal
being measured, you need to
measure the response or Vour/Vin
of the probe.

A test setup to perform both these
measurements is shown in

Figure 1. You can make these
measurements either in the
frequency domain with a
three-port network analyzer, or in
the time domain with a fast step
pulse source and a two-channel
oscilloscope.!

In either case, the signal source
(Source/Port1) drives one input
of the analyzer (Port2) or
oscilloscope (Scopel) via a 50 Q
transmission line. The probe’s
output, Vour, is connected to a
second input (Scope2 or Port3).
The probe’s input is connected to
a 50 Q through fixture to measure
VN, with whatever probe
accessories you want to use. Viy
at Scopel/Port2 represents Viy at
the probe’s input. A 50 Q through
fixture is shown in Figure 2.
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Figure 3a/b. Effect of probe input impedance on a 1.2 GHz clock signal. Upper graph (3a) shows the effect of poor probe loading.
Lower graph (3b) shows the effect of good probe loading.

You can determine the effect of
probe input impedance on the
signal by observing how Vy
changes when you connect the

probe to the 50 Q through fixture.

For this measurement, the time
domain effect is probably of more
interest.

Figure 3a shows the effect of a
poor probe input impedance on a
1.2 GHz clock signal. Vggc is the
signal without probing, and Viy

shows the signal with the probe
connected. Clearly in this case,
the probe is significantly
disturbing the signal. This probe
configuration would probably be
deemed unacceptable for the
measurement application.

For comparison, Figure 3b shows
the same measurement with a
better probe. In this case, the
probe disturbs the signal much
less, making it suitable for the
measurement application.

You can evaluate the response of
the probe by examining the ratio
of Vour to Vin. To accurately
represent the input signal, a
probe should have a flat response
up to the specified bandwidth.
For this measurement, a
frequency domain measurement
is used.
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Figure 4a/b. Probe frequency response. Upper graph (4a) shows poor probe with peaking. Lower graph (4b) shows good probe with flat
response.

For comparison, Figure 4b shows
the response of a good probe. In
this case, the response of the
probe is flat up to 2 GHz, and
then rolls off as you would expect

Figure 4a shows the response

of a poor probe. The + 3 dB of
peaking at 1.8 GHz will result in
significant overshoot and ringing
when you look at signals with fast

to the probe’s input impedance.
This practice can mislead you
into thinking your signal looks
good, when in fact the probe is
significantly attenuating the

edges. Sometimes a probe’s
response will be peaked by design
to compensate for signal loss due

signal under test, and then hiding
this error by peaking the probe’s
response!

to the 3.5 GHz bandwidth point.



Summary

To accurately measure high-
bandwidth signals with an
oscilloscope, your probe must not
significantly disturb the signal
under test, and it must accurately
represent the signal at its input.
You can evaluate your probe
configuration with the
measurement setup presented

in order to confidently measure
high-bandwidth signals.

Glossary

Through fixture — an exposed

50 Q strip-line that can be probed
by an oscilloscope probe. Agilent
product number, E2655-66501.
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Agilent Technologies’ Test and Measurement Support, Services, and Assistance

Agilent Technologies aims to maximize the value you receive, while minimizing your risk and
problems. We strive to ensure that you get the test and measurement capabilities you paid
for and obtain the support you need. Our extensive support resources and services can help
you choose the right Agilent products for your applications and apply them successfully.
Every instrument and system we sell has a global warranty. Support is available for at least
five years beyond the production life of the product. Two concepts underlie Agilent's overall
support policy: "Our Promise" and "Your Advantage.”

Our Promise

Our Promise means your Agilent test and measurement equipment will meet its advertised
performance and functionality. When you are choosing new equipment, we will help you
with product information, including realistic performance specifications and practical
recommendations from experienced test engineers. When you use Agilent equipment, we
can verify that it works properly, help with product operation, and provide basic measurement
assistance for the use of specified capabilities, at no extra cost upon request. Many self-help
tools are available.

Your Advantage

Your Advantage means that Agilent offers a wide range of additional expert test and
measurement services, which you can purchase according to your unique technical and
business needs. Solve problems efficiently and gain a competitive edge by contracting with
us for calibration, extra-cost upgrades, out-of-warranty repairs, and on-site education and
training, as well as design, system integration, project management, and other professional
engineering services. Experienced Agilent engineers and technicians worldwide can help
you maximize your productivity, optimize the return on investment of your Agilent
instruments and systems, and obtain dependable measurement accuracy for the life of
those products.

E Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the products and applications you select.

Agilent T&M Software and Connectivity

Agilent's Test and Measurement software and connectivity products, solutions and
developer network allows you to take time out of connecting your instruments to your
computer with tools based on PC standards, so you can focus on your tasks, not on your
connections. Visit www.agilent.com/find/connectivity for more information.
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By internet, phone, or fax, get assistance with
all your test & measurement needs

Online assistance:
www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 800 452 4844

Canada:
(tel) 877 894 4414
(fax) 905 282 6495

China:
(tel) 800 810 0189
(fax) 800 820 2816

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:
(tel) (82 2) 2004 5004
(fax) (82 2) 2004 5115

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Taiwan:
(tel) 0800 047 866
(fax) 0800 286 331

Other Asia Pacific Countries:
(tel) (65) 6375 8100

(fax) (65) 6836 0252

Email: tm_asia@agilent.com
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