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Attenuators

Applications

Agilent fixed and step attenuatorsfind use in a wide variety of
applications for signal conditioning and level control.

* Reducing signal levels
» Matching impedances of sources and loads

» Measuring gain or loss of a two-port device

Key specifications
* SWR

 Accuracy

* Repeatability

* Life

SWR

Most attenuators use some form of distributed thin-film
attenuating element, designed to operate over multi-octave
ranges and for low SWR match at input and output. The SWR
characteristic is controlled with careful design of the element as
well as the transition from RF connector to the element’s
planar geometry.

When an attenuator is inserted into a test network, the
interaction of its SWR and the network SWR results in
frequency-varying mismatch, which degrades the accuracy of
the measurement. The amount of variation often exceeds the
flatness specification of the attenuator. As an example, if at a
given frequency, a 3 dB attenuator with SWR of 1.22 at each
port is inserted into a microwave network that has a source and
load SWR of 1.35, the variation from the expected 3 dB change
could be as great as 0.5 dB. This change is due to SWR alone
and points out the importance of the SWR specification in a
precision attenuator.
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Accuracy

The accuracy of an attenuator directly affects the uncertainty

of the measurement where the attenuator is used. In many
measurement and metrology applications, attenuators are the
basic standard against which other components and instruments
are calibrated.

Agilent attenuator accuracy specifications always include the
effect of frequency response. And, Agilent attenuators use
“edgeline” coaxial structure technology to achieve low-insertion
loss and SWR resulting in better accuracy.

Agilent attenuators achieve flat-frequency response and
high accuracy through the use of thin-film attenuator cards.
These cards are composed of high-stability tantalum nitride
resistive film, deposited on sapphire or alumina substrates.
Advanced design and state-of-the-art processes in the
deposition stages allow precise control of the geometry and
thus the attenuation value. The result is very flat frequency
response and greater accuracy.

Ultimate specified accuracy of RF/microwave attenuators is
limited by the accuracy to which National Institute of Standards
and Technology (NIST) can measure, plus the uncertainty of the
measurement transfer process which calibrates the production
test equipment. See Figure 1, on the next page, for an accuracy
traceability example. At Agilent, performance to specifications

is verified by fully testing each attenuator with an ATE system
including an automatic network analyzer (ANA). In turn, the ANA
is periodically calibrated using standards traceable to NIST.

Each published specification has been established using a
“specification budget” process. This process provides for
“guardbands” to account for transfer uncertainties between
NIST, Agilent Metrology Labs, and the Agilent production test
systems. Figure 2, on the next page, shows how the specification
budget is allocated.
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Repeatability Agilent

) Agilent production
Fixed attenuators are often used as standards of reference calibration _test standard
in microwave measurements. Therefore, the accuracy of the 015 T Agilent laboratory 1
measurement depends not only on the reference accuracy but 0121 reference standard +0.15dB
on the repeatability of the insertion processes. Typical production 0.09 T zflg::[:d
test situations might require hundreds of connects/disconnects g T Nt +0.10dB
per day. So, measurement repeatability depends strongly on g 003 T
the connectors used. Agilent attenuators use precision type-N E 01 J_rO.(iS dB
and APC-7 connectors, with repeatability that exceeds the g 00
International Electrotechnical Commission (IEC) standard for = 006 {
7-mm connectors. For higher frequencies, Agilent uses 3.5-mm -0.09 +
connectors that are fully SMA compatible, but are more rugged 012 ¢ /v/—*
and repeatable than SMA. For applications to 50 GHz, Agilent -015 L yncertaintyin
uses 2.4-mm connectors that also have larger mating surfaces transfer accuracy
for rugged and repeatable connections. Design verification testing Figure 1. Accuracy traceability example.
of 3.5-mm connectors showed virtually no test deterioration even
after 1000 connections. For step attenuators, the repeatability
of the internal RF connections is also of concern. Agilent uses Agient
an “edgeline” transmission line structure in which the outer Agilont production
conductor is a continuous ground plane and only the center calibration test standard
conductor is switched to insert or remove an attenuation step. 0157 Agilent laboratory
Keys to achieving long-term repeatability include precision control 0.12 T reference standard +0.15dB
of all dimensions that affect contact pressure, careful selection 0.08 T swi.ldardd
and control of plating processes, and careful monitoring and ) 0.06 7 E? INEtTe +0.10dB
control of the assembly process. The result is a step attenuator 5 003 T
with repeatability specified at 0.03 dB maximum over 5 million [ 01— #0.03dB
cycles per section. s -0m L

< 006}
Life -0.09 1
The life of step attenuators is usually specified in cycles; i.e., ey //—ﬂ
—015 1 Uncertainty in

the number of times a given attenuator section switches from
one position to another and back. Agilent determines life by
cycling attenuators to the point of degradation. Typically, Agilent Figure 2. Guardband example.
attenuators in life cycle tests perform to specification for at least

twice as many cycles as warranted. Agilent step attenuator

families have a specified life of 5 million cycles per section

(except the Agilent 365E,F). This long life results in lower cost

of ownership by reducing periodic maintenance, downtime,

and repairs.

transfer accuracy
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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 prob-
lems. We strive to ensure that you get the test
and measurement capabilities you paid for and
obtain the support you need. Our extensive sup-
port 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 meas-
urement equipment will meet its advertised per-
formance and functionality. When you are choos-
ing new equipment, we will help you with prod-
uct 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 onsite 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 connect-
ing 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.

By internet, phone, or fax, get assistance with
all your test & measurement needs

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

Online Assistance:
ww.agilent.com/find/assist

Product specifications and descriptions in this
document subject to change without notice.
© Agilent Technologies, Inc. 2000, 2003
Printed in USA December, 2000

Agilent Technologies



