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Restoring Confidence in Your
High-Bandwidth Probe Measurements

Application Note 1419-01

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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To understand how the probe
Source/Port1 50 Q Through  Scope1/Port2 disturbs the signal being probed.
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P \ P Y ¢ N you need to measure the effect of
the input impedance of the probe.

ZU =500 VIN Z(I =500 And to understand how well the
probe represents the actual signal

being measured, you need to

+ measure the response or Vour/Viy

of the probe.
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A test setup to perform both these
measurements is shown in
Scope2/Port3 Figure 1. You can make these
’_H measurements either in the
frequency domain with a
zl] =500 three-port network analyzer, or in
the time domain with a fast step
pulse source and a two-channel
oscilloscope.1

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, Voyr, is connected to a
second input (Scope2 or Port3).
The probe’s input is connected

to a 50 Q through fixture to
measure Vi, 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.

:'\

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.
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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

Vin 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 Voyr 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.

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

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

Related Literature

Publication title

Publication type

Publication
number

Agilent Infiniilum DSO/DSA 90000A Series

Data sheet

5989-7819EN

Agilent Oscilloscope Probes and Accessories

Selection guide

5989-6162EN

Extending the Range of Agilent InfiniiMax
Probes

Application note

5989-7587EN

Eight Hints for Better Scope Probing

Application note

5989-7894EN

Improving Usability and Performance in
High-Bandwidth Active Oscilloscope Probes

Application note
1419-02

5988-8005EN

Performance Comparision of Differential and
Single-Ended Active Voltage Probes

Application note
1419-03

5988-8006EN

Understanding Oscilloscope Frequency
Response and Its Effect on Rise-Time Accuracy

Application note
1420

5988-8008EN

The Truth About the Fidelity of High-Bandwidth
oltage Probes

Application note
1404

5988-6515EN

Agilent Technologies Oscilloscopes

Multiple form factors from 20 MHz to >890 GHz | Industry leading specs | Powerful applications



Agilent Email Updates

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

@ Agilent Direct

www.agilent.com/find/agilentdirect
Quickly choose and use your test
equipment solutions with confidence.

Agilent
Open ‘=0

www.agilent.com/find/open

Agilent Open simplifies the process of
connecting and programming test systems
to help engineers design, validate and
manufacture electronic products. Agilent
offers open connectivity for a broad range
of system-ready instruments, open industry
software, PC-standard 1/0 and global
support, which are combined to more
easily integrate test system development.

LXI

www.Ixistandard.org

LXl is the LAN-based successor to GPIB,
providing faster, more efficient connectivity.
Agilent is a founding member of the LXI
consortium.

Windows® is a U.S. registered trademark of
Microsoft Corporation.

Remove all doubt

Our repair and calibration services
will get your equipment back to you,
performing like new, when promised.
You will get full value out of your Agilent
equipment throughout its lifetime.
Your equipment will be serviced by
Agilent-trained technicians using the
latest factory calibration procedures,
automated repair diagnostics and
genuine parts. You will always

have the utmost confidence in your
measurements.

Agilent offers a wide range of additional
expert test and measurement services
for your equipment, including initial
start-up assistance onsite education
and training, as well as design, system
integration, and project management.

For more information on repair and
calibration services, go to

www.agilent.com/find/removealldoubt

www.agilent.com

For more information on Agilent
Technologies’ products, applications or
services, please contact your local Agilent
office. The complete list is available at:

www.agilent.com/find/contactus

Phone

Americas

Canada
Latin America
United States

(877) 894-4414
305 269 7500
(800) 829-4444

Asia Pacific
Australia 1800 629 485
China 8008100189
Hong Kong 800 938 693
India 1800112929
Japan 81426 56 7832
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 1800 375 8100
Taiwan 0800 047 866
Thailand 1800 226 008
Europe
Austria 0820 87 44 11
Belgium 32(0)24049340
Denmark 4570131515
Finland 358 (0) 10 855 2100
France 0825010 700
Germany 01805 24 6333*

*0.14€/minute
Ireland 1890 924 204
Italy 3902 92 60 8484
Netherlands 31(0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55
Switzerland (French)

44 (21) 8113811 (Opt 2)
Switzerland (German)

0800 80 53 53 (Opt 1)
United Kingdom 44 (0) 7004 666666
Other European countries:
www.agilent.com/find/contactus
Revised: March 23, 2007

Product specifications and descriptions
in this document subject to change
without notice.

© Agilent Technologies, Inc. 2001, 2008
Printed in USA, June 20, 2008
5988-7951EN

Agilent Technologies



