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any form or by any means (including elec-
tronic storage and retrieval or translation

into a foreign language) without prior agree-

ment and written consent from Agilent
Technologies, Inc. as governed by United
States and international copyright laws.
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Edition
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Printed in Malaysia

Agilent Technologies, Inc.
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Warranty

The material contained in this docu-
ment is provided “as is,” and is sub-
ject to being changed, without notice,
in future editions. Further, to the max-
imum extent permitted by applicable
law, Agilent disclaims all warranties,
either express or implied, with regard
to this manual and any information
contained herein, including but not
limited to the implied warranties of
merchantability and fitness for a par-
ticular purpose. Agilent shall not be
liable for errors or for incidental or
consequential damages in connec-
tion with the furnishing, use, or per-
formance of this document or of any
information contained herein. Should
Agilent and the user have a separate
written agreement with warranty
terms covering the material in this
document that conflict with these
terms, the warranty terms in the sep-
arate agreement shall control.

Technology Licenses

The hardware and/or software described in
this document are furnished under a license
and may be used or copied only in accor-
dance with the terms of such license.

Restricted Rights Legend

U.S. Government Restricted Rights. Soft-
ware and technical data rights granted to
the federal government include only those

rights customarily provided to end user cus-

tomers. Agilent provides this customary
commercial license in Software and techni-
cal data pursuant to FAR 12.211 (Technical
Data) and 12.212 (Computer Software) and,
for the Department of Defense, DFARS
252.227-7015 (Technical Data - Commercial
Items) and DFARS 227.7202-3 (Rights in
Commercial Computer Software or Com-
puter Software Documentation).

Safety Notices

A CAUTION notice denotes a haz-
ard. It calls attention to an operat-
ing procedure, practice, or the like
that, if not correctly performed or
adhered to, could result in damage
to the product or loss of important
data. Do not proceed beyond a
CAUTION notice until the indicated
conditions are fully understood and
met.

A WARNING notice denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like that, if not correctly per-
formed or adhered to, could result
in personal injury or death. Do not
proceed beyond a WARNING
notice until the indicated condi-
tions are fully understood and
met.
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Certification

Agilent Technologies certifies that this product met its published
specifications at the time of shipment from the factory. Agilent
Technologies further certifies that its calibration measurements are
traceable to the United States National Institute of Standard and
Technology, to the extent allowed by the Institute’s calibration facility, and
to the calibration facilities of other International Standard Organization
members.

Limitation of Warranty

The foregoing warranty shall not apply to defects resulting from improper
or inadequate maintenance by Buyer, Buyer-supplied software or
interfacing, unauthorized modification or misuse, operation outside of the
environmental specifications for the product, or improper site preparation
or maintenance. NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.
AGILENT TECHNOLOGIES SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. AGILENT TECHNOLOGIES SHALL NOT BE LIABLE FOR ANY
DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER
LEGAL THEORY.

U2000 Series Operating and Service Guide iii

www.valuetronics.com



Safety Summary

The following general safety precautions must be observed during all phases of operation of this instrument.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Agilent Technologies, Inc. assumes no
liability for the customer’s failure to comply with these requirements.

Safety Notices

m A WARNING notice denotes a hazard. It calls attention to an operating
procedure, practice, or the like that, if not correctly performed or
adhered to, could result in personal injury or loss of life. Do not proceed

beyond a WARNING notice until the indicated conditions are fully
understood and met.

A CAUTION notice denotes a hazard. It calls attention to an operating
procedure, practice, or the like that, if not correctly performed or adhered
to, could result in damage to the product or loss of important data. Do not
proceed beyond a CAUTION notice until the indicated conditions are fully
understood and met.
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Safety Symbols

The following symbols on the instrument and in the documentation
indicate precautions which must be taken to maintain safe operation of

the instrument.

Direct current

On (supply)

¢

Alternating current

Off (supply)

{|

Both direct and alternating current

Equipotential protected throughout by
DOUBLE INSULATION or REINFORCED
INSULATION

3N

Three-phase alternating current

Caution, risk of electric shock.

Earth (ground) terminal

Caution, risk of danger (refer to this
manual for specific Warning or Caution
information).

Protective conductor terminal

Caution, hot surface.

Frame or chassis terminal

Out position of a bi-stable push control.

4| 3| dap | it

Equipotentiality

> d o] -

In position of a bi-stable push control.

U2000 Series Operating and Service Guide

www.valuetronics.com




Regulatory Markings

This symbol indicates that a device, or part of a device, may be susceptible to
electrostatic discharges (ESD) which can result in damage to the product.
Observe ESD precautions given on the product, or its user documentation, when

handling equipment bearing this mark.
ESD Sensitive

The CE mark shows that the product complies with all the relevant European
Legal Directives.

N
M

[
n
=
-
>

The C-tick mark is a registered trademark of the Spectrum management Agency
of Australia. This signifies compliance with the Australian EMC Framework regu-
lations under the terms of the Radio Communications Act of 1992.

<

Z
e
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e
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This product complies with the WEEE Directive (2002/96/EC) marking equip-
ment. The affixed product label indicates that you must not discard this electri-
cal/electronic product in domestic household waste.

| =1

ICES/NMB-001 indicates that this ISM device complies with Canadian ICES-001.
Cet appareil ISM est confomre a la norme NMB-001 du Canada

ICES/NMB - 001

vi U2000 Series Operating and Service Guide
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Waste Electrical and Electronic Equipment (WEEE) Directive
20002/96/EC

This instruction complies with the WEEE Directive (2002/96/EC) marking
requirement. This affixed product label indicates that you must not discard
this electrical/electronic product in domestic household waste.

Product Category:

With reference to the equipment types in the WEEE Directive Annex 1, this
instrument is classified as a “Monitoring and Control Instrument” product.

The affixed product label is shown as below:

Do not dispose in domestic household waste

To return this unwanted instrument, contact your nearest Agilent office, or
visit

www.agilent.com/environment/product

for more information.

U2000 Series Operating and Service Guide vii
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General Safety Information

The following general safety precautions must be observed during all
phases of operation of this instrument. Failure to comply with these
precautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacture, and intended use of the
instrument. Agilent Technologies, Inc. assumes no liability for the
customer's failure to comply with these requirements.

m BEFORE CONNECTING THE POWER SENSOR TO OTHER INSTRUMENTS
ensure that all instruments are connected to the protective (earth)
ground. Any interruption of the protective earth grounding will cause a
potential shock hazard that could result in personal injury.

» Use the device with the cables provided.

» Repair or service that is not covered in this manual should only be
performed by qualified personnel.

viii U2000 Series Operating and Service Guide

www.valuetronics.com



Environment Conditions

This instrument is designed for indoor use only. The table shows the
general requirements for the product.

Environment Requirements
Conditions

Temperature 0 °C to +55 °C (operating)
—30 °C to +70 °C (non-operating)

Humidity Operating up to 95% at 40 °C (non-condensing)
Non-operating up to 90% at 65 °C (non-condensing)
Altitude Operating up to 4,600 metres (15,000 feet)
Non-operating up to 4,600 metres (15, 000 feet)
Pollution Degree 2

The Agilent U2000 Series USB power sensors comply with the following safety and
EMC requirements:

IEC 61010-1:2001 / EN 61010-1:2001 (2nd edition)

IEC 61326:2002 / EN61326:1997+A1:1998+A2:2001+A3:2003

Canada: ICES-001:2004

Australia/New Zealand: AS/NZS CISPR11:2004

U2000 Series Operating and Service Guide ix
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X - - DECLARATION OF CONFORMITY
Agilent Technologies According to EN ISO/IEC 17050-1:2004 c €

Manufacturer’s Name: Agilent Technologies Microwave Products (M) Sdn. Bhd
Manufacturer’s Address: Bayan Lepas Free Industrial Zone,
11900, Bayan Lepas, Penang, Malaysia

Declares under sole responsibility that the product as originally delivered

Product Name: Agilent U2000 Series USB Power Sensor

Models Number: U2000A, U2000B, U2000H, U2001A, U2001B, U2001H,
U2002A, U2002H, U2004A

Product Options: This declaration covers all options of the above product(s)

complies with the essential requirements of the following applicable European Directives, and
carries the CE marking accordingly:

Low Voltage Directive (2006/95/EC)
EMC Directive (2004/108/EC)

and conforms with the following product standards:

EMC  Standard Limit
IEC 61326:2002 / EN 61326:1997+A1:1998+A2:2001+A3:2003
CISPR 11:1990 / EN55011:1990 Class A Group 1
IEC 61000-4-2:1995 / EN 61000-4-2:1995 4kV CD, 8kV AD
IEC 61000-4-3:1995 / EN 61000-4-3:1996 3 V/m, 80-1000 MHz
IEC 61000-4-4:1995 / EN 61000-4-4:1995 0.5 kV signal lines, 1 kV power lines
IEC 61000-4-5:1995 / EN 61000-4-5:1995 0.5 kV line-line, 1 kV line-ground
IEC 61000-4-6:1996 / EN 61000-4-6:1996 3V, 0.15-80 MHz
IEC 61000-4-11:1994 / EN 61000-4-11:1994 1 cycle / 100%

Canada: ICES-001:2004
Australia/New Zealand: AS/NZS CISPR11:2004

The product was tested in a typical configuration with Agilent Technologies test systems.

Safety  IEC 61010-1:2001 / EN 61010-1:2001

This DoC applies to above-listed products placed on the EU market after:

g4
03-July-2008

Date Tay Eng Su

Quality Manager

For further information, please contact your local Agilent Technologies sales office, agent or distributor,
or Agilent Technologies Deutschland GmbH, Herrenberger StraBe 130, 71034 Boblingen, Germany.

Template: A5971-5302-2, Rev. E U2000 Series DoC Revision 2.0
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Product Regulations

EMC
Performance Criteria
IEC 61326-1:2002 / EN 61326-1:1997+A1:1998+A2:2001+A3:2003

CISPR 11:1990/ EN 55011:1990 — Group 1 Class A

IEC 61000-4-2:1995 / EN 61000-4-2:1995 (ESD 4kV CD, 8kV AD)

IEC 61000-4-3:1995 / EN 61000-4-3:1996 (3V/m, 80% AM)

IEC 61000-4-4:1995 / EN 61000-4-4:1995 (EFT 0.5kV line-line, 1kV line-earth)

IEC 61000-4-5:1995 / EN 61000-4-5:1995 (Surge 0.5kV line-line, 1kV line-earth)
IEC 61000-4-6:1996 / EN 61000-4-6:1996 (3V, 0.15~80 MHz, 80% AM, power line)
IEC 61000-4-11:1994 / EN 61000-4-11:1994 (Dips 1 cycle, 100%)

Canada: ICES-001:2004

Australia/New Zealand: AS/NZS CISPR11:2004

W W >

Safety |EC 61010-1:2001 / EN 61010-1:2001

Additional Information:
The product herewith complies with the essential requirements of the Low Voltage Directive 2006/95/EC and the
EMC Directive 2004/108/EC and carries the CE Marking accordingly (European Union).

'Performance Criteria:

A Pass - Normal operation, no effect.

B Pass - Temporary degradation, self recoverable.

C Pass - Temporary degradation, operator intervention required.
D Fail - Not recoverable, component damage.

N/A — Not applicable

Notes:

Regulatory Information for Canada
ICES/NMB-001:2004

This ISM device complies with Canadian ICES-001.

Cet appareil ISM est confomre a la norme NMB-001 du Canada.

Regulatory Information for Australia/New Zealand
This ISM device complies with Australian/New Zealand AS/NZS CISPR11:2004

€N10149
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Agilent U2000 Series USB Power Sensors
Operating and Service Guide

1
Introduction

General Information 2

Product Overview 3

LED Indicator Guide 4

Principles of Operation 6

The U2000 Series USB Power Sensors in Detail 9
Getting Started 11

Hardware Installation and Configuration 15

This chapter introduces the Agilent U2000 Series USB power sensors with
details on the operation, minimum power sensor requirements, hardware
installation and configuration, and a brief introduction of the Agilent
N1918A Power Analysis Manager.

Agilent Technologies 1
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1 Introduction

General Information

This guide contains information about the initial inspection, operation,
specifications and repair of the U2000 Series USB power sensors. The
figure below shows the Agilent U2000 Series USB Power Sensors family.

U2000H

u2001B

2 U2000 Series Operating and Service Guide
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Introduction 1

Product Overview

No. Part Functions
1 RF input port Allows RF/microwave signal input
2 LED indicator Indicates the states of the power sensor. Refer to “LED Indicator
Guide” for more information.
3 Sensor body Contains the core components of the power sensor
4 Physical lock mechanism Enable secure locking mechanism
5 USB compliant cable To connect the power sensor to the PC or other instruments
6 External trigger port Enable synchronization with external instruments or events
7 USB port Enable USB connectivity
U2000 Series Operating and Service Guide 3
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1 Introduction

LED Indicator Guide

The LED indicator is found at the rear panel of the U2000 Series USB
power sensor. The following table shows the LED indicators’ state and its

description.

Table 1-1 States of LED indicator and its description

LED indicator

Description

GREEN blinking

Device in communication mode.

Example: Sending SCPI commands or reading data.

RED blinking

Error - Highest priority event

The error is due to HW/0S/Self-test. All other LED indicators will
not function while having this error. The error message can be read
by sending SYST:ERR? command. Users are advised to return the
U2000 Series USB power sensor to Agilent.

RED

Error. Use SYST:ERR? to read the error message. Reading the error
message will also clear the LED indication. Users are advised to read
the message as some of the error might cause measurement errors.
Example of error cause:

1 SCPI command syntax error
2 Invalid Zero

AMBER

Zeroing is in progress.
Sending SCPl commands during the zeroing process will cause error.
This will cause the LED indicator to turn RED.

14

www.valuetronics.com
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Introduction 1

Power Up
v
USB Enumeration HW/0S Error
> RED
Blinking
A 4
Self-test Self-test fail
> RED
Blinking
v
Internal Zeroing -
Default
AMBER
v
Ready
Figure 1-1 LED indicator sequence power-up
U2000 Series Operating and Service Guide 5
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1 Introduction

Principles of Operation

The U2000 Series USB power sensors function as power meter and power
sensor in one device. The U2000 Series has the capability of sensing the
signal, acquiring the data and signal conditioning, processing the data and
fulfilling communication function as in other Agilent test instruments.

The low power measurement path is a 2-diode stacks and the high power
path contains 5-diode stacks which extend the dynamic range square-law
detection. The range selection is performed automatically by the product
based on the measured power levels. The sensing element technology has
been previously used in the popular E9300 Series sensors. The new U2000
Series includes all the signal conditioning and analog- to-digital formatting
functions that have been in use for several years. Thus, you can be
assured that the U2000 Series USB power sensors will deliver highly
predictable results.”

The main component for the sensing element of the U2000 Series is the RF
input port assembly which provides a 50 Q load to the RF signal applied to
the power sensor. A dual range GaAs diode air/attenuator/diode pair
assembly in the RF input port rectifies the applied RF to produce dc
voltages (high and low ranges) which vary with the RF power across the 50
Q load. Thus the voltage varies with the RF power dissipated in the load.

The low-level dc voltage from the RF input port assembly is picked up by
the signal conditioning part of the product which consists of high isolation
switches, chopper circuitry and high gain amplifier. Differential electronics
is maintained from the sensing element up to the 14-bit Analog-to-Digital
Converter (ADC) for signal integrity and noise immunity. Amplification and
signal conditioning assure that drift and gain stability are not compromised
before hitting the high performance 14-bit Analog-to-Digital Converter
modules. From there, the digitized power data enters the processor which
operates as an on-board computer for the self-contained sensor.

Products control and processing is provided by an embedded processor
with Digital Signal Processing (DSP) capability which is supported by a

* Agilent Fundamentals of RF and Microwave Power Measurements (Part 2), Power Sensors and
Instrumentation, Literature Number 5988-9214EN

Anderson, Alan B., October, 2000, Measuring Power Levels in Modern Communication Systems,
MW/RF Magazine

6 U2000 Series Operating and Service Guide
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Introduction 1

64 MB SDRAM. The available processing power enables the implementation
of Correction Algorithm such as Linearity Correction, Calibration Factor,
Temperature Compensation Algorithm and Internal Zeroing algorithm. The
correction factors for the products are stored in a 3 MB Flash memory. In
the Temperature Compensation Algorithm and Internal Zeroing algorithm
implementation, the processor continuously monitors product temperatures
using a thermistor which is located in the vicinity of the diode sensing
element as shown in Figure 1-3. The trigger input port which is based on
TTL enables the product to synchronize with events. The U2000 Series
supports high data rate transfer of 480 Mb/s through the Universal Serial
Bus (USB) connectivity which is USB-TMC compliance.

External zeroing is performed similar to other power sensors - the RF
power is removed from the sensor by the user and then the sensor is
zeroed. Internal zeroing is a new type of zeroing whereby the RF power can
be left connected to the sensor while it is being zeroed. The power sensor
will remove the RF power from the diode sensor internally in the sensor.

During the external zeroing process, the data from the front end circuitry
which includes the RF diode sensing element, signal conditioning, and data
acquisition circuit will be acquired. The zero information is then used. Do
not apply any RF/microwave signals to the bulkhead during external
zeroing processes. Any RF/microwave signals pick-up by the diode sensor
during the external zeroing will be considered as part of the noise.

During internal zeroing process, high isolation switches are opened in the
sensor to isolate the diode sensor from the electronic circuitry. With the
available processing power from the embedded DSP in the product, the
internal zeroing algorithm is applied to the internal zero data. The
internal zeroing process simplifies the product operation by removing the
circuitry noise without requiring the RF signal to be removed from the
product. Hence, internal zeroing is able to provide the convenience of
performing a zero with the RF/microwave signal present.

U2000 Series Operating and Service Guide 7
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Introduction

The U2000 Series USB Power Sensors in Detail

Most of the power sensors used for measuring average power employ
either thermocouple or diode technology. Diode-based sensors frequently
rely on the application of correction factors to extend their dynamic range
beyond their square law response region, typically from -70 dBm to

—-20 dBm. While this technique achieves a wide dynamic range capability,
however, it is limited to continuous wave (CW) signals outside the square
law region. Modulated signals must be padded down or at low levels, with
their average and peak power levels within the diode square law region, to
be measured accurately. Accurate average power measurement of
high-level signals carrying modulation cannot be obtained using a CW
correction factor technique. Specialized modulation sensors are able to
provide accurate measurements but are limited by the bandwidth.

The U2000 Series USB power sensors are true average, wide dynamic
range RF/microwave power sensors. They are based on a dual sensor
diode pair/ attenuator/diode pair as proposed by Szente et. al. in 19901
Figure 1-3 shows a block diagram of this technique.

B Low Sense”
T Lower Range
(—60 dBm to —10 dBm)
RF in ‘K‘ Low Sense™
B High Sense”
T Upper Range
(=10 dBm to +20 dBm)
< High Sense

}

Figure 1-3 Simplified Block Diagram of Diode Pair/Attenuator/Diode Pair

1 US Patent #4943764, assigned to Hewlett-Packard Company

U2000 Series Operating and Service Guide 9
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1 Introduction

This technique will ensure the diodes in the selected signal path are kept
in their square law region, thus the output current (and voltage) is
proportional to the input power. The diode pair/attenuator/diode pair
assembly can yield the average of complex modulation formats across a
wide dynamic range, irrespective of the signal bandwidth. The dual range
Modified Barrier Integrated Diode (MBID)1 package includes further
refinements to improve power handling allowing accurate measurement of
high level signals with high crest factors without incurring darnage2 to the
sensor.

These sensors measure average RF power on a wide variety of modulated
signals and are independent of the modulation bandwidth. They are ideally
suited to the average power measurement of multi-tone and spread

spectrum signals such as CDMA, W-CDMA and digital television formats.

! November 1986 Hewlett-Packard Journal pages 14-2, “Diode Integrated Circuits for
Milimeter-Wave Applications.

2 Refer to”Maximum Power” on page 42 for maximum power handling specifications.

10 U2000 Series Operating and Service Guide
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Introduction 1

Getting Started

Initial Inspection

Inspect the shipping container for damages. If the shipping container or
packaging material is damaged, it should be kept until the contents of the
shipment have been checked mechanically and electrically. If there is any
mechanical damage, notify the nearest Agilent Technologies office. Keep the
damaged shipping materials (if any) for inspection by the carrier and a
Agilent Technologies representative. If required, you can find a list of
Agilent Technologies Sales and Service offices on the last page of the guide.

Package Contents Checklist

Inspect and verify the following items for the standard purchase of the
U2000 Series USB power sensors. If there are missing items, contact the
nearest Agilent Sales Office.

Trigger cable BNC Male to SMB female 50 Q, 1.5 m, U2000- 60005

Power sensor cable: 1.5 m (U2000-60002), 3.0 m (U2000-60003), or
5.0 m (U2000-60004)

U2000 Series USB Power Sensor Programming Guide, U2000-90411

U2000 Series USB Power Sensor Operating and Service Guide
(English), U2000-90405

U2000 Series USB Power Sensor Documentation CD, U2000-90002
N1918A Power Analysis Manager Assembly, N1918-60001

U2000 Series Operating and Service Guide 1
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1 Introduction

System Requirements

The U2000 Series USB power sensor is able to display power
measurements on a PC or other Agilent instruments without the need for
a separate power meter. The USB power sensor is a combination of power
meter and power sensor, all in a compact sensor casing. It provides
plug- and- play connectivity which enables fast connection between the USB
power sensors and a PC.

Prior to using the U2000 Series USB power sensors, please ensure that the
following minimum power sensor requirements are met:
* PC or any device that has USB host capability

e Agilent 10 Libraries Suite 14.2 or above, users are encouraged to obtain
the latest version of Agilent Libraries Suite for better performance

e Optional: Agilent N1918A Power Analysis Manager (Basic Power Panel
is bundled with the purchase of the U2000 Series USB power sensors,
while users can also obtain the advanced Power Analyzer which is an
optional licensed software with additional features and capabilities)*

e The U2000 Series can also be programmed using remote programming
software such as Agilent VEE, LabVIEW, and Microsoft® Visual Basics.

Checking the Power Sensor Firmware

There are two ways that can be used to check the firmware revision of
the power sensor:

Agilent 10 Libraries Suite 14.2

* By using the Agilent I0 Libraries Suite version 14.2 or above, you can
check the model code, serial number, firmware revision, and USB
address. The VISA address is the USB address (see below).

| WISA address: LISBO::2391 1 1544 My 474001 DS;:D::INSTR!

* Refer to the N1918A Power Analysis Manager Data Sheet, 5989-6612EN for more information on
the features of the Power Panel and Power Analyzer.

12 U2000 Series Operating and Service Guide
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Figure 1-4 Agilent IO Libraries Suite
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1 Introduction

Agilent N1918A Power Analysis Manager

¢ By using N1918A Power Analysis Manager, you can check the
description, firmware revision, model number, resource ID and serial
number as shown below:

Instrument Panel i |
By = ) =) e .
LT m ™ Rk W)

20028, - My 47200158
Spztemn Description

Firrmweare Rew. :  B1.02.03
odel Mo. : 120024,
Resource [D: USBO:2391:11
288 MY 472001
58:0:INSTR
Serial Mo, k47200158

Spztem Settings

Cal Due Date : {07/01/2009

Figure 1-5 Power Analysis Manager Instrument Properties panel

e It is advisable to set the calibration due date. Refer to page 20 for more
details.

Resource ID: USBO:2391:11
288 MY 472001
BE:0:INSTR

Serial Mo, MY 47200158

Spztem Settings

Cal Due Diate : |07/01/2009

Figure 1-6 Calibration due date display

14 U2000 Series Operating and Service Guide
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Introduction

Hardware Installation and Configuration

A. Installing your U2000 Series USB power sensor

U2000 Series offers USB plug-and-play capability, with the proficiency of
power meter and power sensor in a unit that enables users to obtain
measurement readings via N1918A Power Analysis Manager.

Follow the instructions below to install and configure the U2000 Series.

1

Connect your U2000 Series USB power sensor to the PC using the USB
cable provided. Connect the cable’s mini-B plug to your U2000 Series
sensor and the other end of the cable (type- A plug) to any USB host on
your PC.

The PC will automatically detect the connected sensor and the Found
New Hardware Wizard window will appear as shown below.

Found New Hardware Wizard

Welcome to the Found New

Hardware Wizard

Windows will search for curment and updated software by
lnoking on your computer, on the hardware installation CD, ar on
the Windows Update 'web site [with your permission).
Fead oL privacy nplicy

Can ‘Windows connect to ‘Wwindows Update to search for
software?

(@) Yes, this time only
() es, now and every time | connecl a device
() M, nat this time:

Click Mext ta continue.

Figure 1-7 Found New Hardware Wizard window

3

Select Yes, this time only and click Next to proceed.

4 On the following window, select Install the software automatically

U2000 Series Operating and Service Guide

(Recommended) and click Next.
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1 Introduction

Found New Hardware Wizard

This wizard helps pou install software for

USE Test and Measurement Device

(). I your hardware came with an installation CD

B2 or floppy disk, insert it now.

“What do you want the wizard to do?

(@ linstall the saftware lly [Recommendedk
(O Install from 2 list or specific location [Advanced)

Click Mext ta continue.

< Back ” Mext > I[ Cancel

Figure 1-8 Found New Hardware Wizard driver installation

b A warning message will appear in the Hardware Installation window, as
shown below. Click Continue Anyway to proceed with the installation of
the driver.

Hardware Installation

L E The software you are instaling for this hardware:
.

Agilent USE Test and Measurement Device

has not passed Windows Logo testing to verify its compatibility

with ‘Windows =F. [Tell me why this testing is important.]

Continuing your installation of this software may impair
or destabilize the correct operation of your system
either inmediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

Coninue Anyway | [ STOP Installaion |

Figure 1-9 Hardware installation warning message

If you do not wish to receive similar warning message in future, follow the instructions below.

1 Go to Start > Control Panel and double-click System.

2 Select Hardware tab, on the Drivers panel click Driver Signing and the Driver Signing Options
dialog box will appear.

3 Select Ignore to disable the warning message.

16 U2000 Series Operating and Service Guide
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6 Click Finish when the installation has completed.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for

@ USB Test and Measurement Device

Click Finish to close the wizard.

Figure 1-10 Completing hardware driver installations

7 Once the driver installation has completed, the Assign USB device alias
window may appear as shown below. Each time a USB device is plugged
in, this dialog will be shown. To configure or disable this dialog, select
an options in the Show this dialog panel and click OK.

Assign LISB device alias E\
Alias name: ‘ UshDevice?
Identification: ‘ Agilent Technologies Data Acquisition

Wisa Resource Name:

Preferred ‘ UshDevicez

Alternate ‘ USB0: 1 2391::4376:: Tw46401077::0: INSTR

SICL Address String:

Preferred ‘ UshDevicez

Alternate ‘ UsbO[2391::4376:: TW46401077::0]

Shaw this dialog
© Each time a USB device is plugged in.
& when a new USE device is plugged in.
" Mever show this dialog

Cancel

Figure 1-11 USB device alias configuration

U2000 Series Operating and Service Guide 17
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B. Verifying your connected power sensor

1 To verify your connected sensor, go to Start > All Programs > Agilent 10
Libraries Suite > Agilent Connection Expert to launch Agilent Connection
Expert.

2 Your connected USB sensor will be detected and shown on the
Instrument 1/0 on this PC panel as shown in the following figure.

Instrument I;0 on this PC
Refresh Al

= H, AGMSHUANTING
G oMt (ASRLL)
S COM3 (ASRL3)
S LaM (TCPIPOY
=93 useo
H= N19124 (USE0::2391 11 4866:: My45100450: 01 INSTR)

= E 20014 {USE0:: 2391111032 HQ45100001 ::0:: TNSTR)

il chlie
Ll ishDe

Figure 1-12 Agilent Connection Expert with list of instrument 1/0 on the PC

3 Select the U2000 USB sensor on the list of USB device connected to the
PC and right-click. A context menu will appear and select Send Command
To This Instrument and the Agilent Interactive 10 dialog box will appear as
shown below.

72 Agilent Interactive 10 - CONNECTED T0 ... [ |[B[X)

Conneck  Interact Help

B2 )
Device Clear ReadSTE  SYST:ERR?  Clear Histony

Eommand:|"IDN? v| Comrands » |

[gend Command] [Eead Hesponse] [ Send & Fead ]

Instrument Sezsion History:

* Commected to: UszeviceSl

Figure 1-13 Agilent Interactive 10 dialog box

18 U2000 Series Operating and Service Guide
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4 To verify your connected power sensor, send the default SCPI command
*IDN? to the power sensor by clicking Send & Read. The device’s

response will appear in the Instrument Session History panel as shown in
the following figure.

%E Agilent Interactive 10 - CONNECTED TO UsbDevice14 (=153

Connect  Interact Help

m
Device Clear FAeadSTE  SYST:ERR?  Clear History  Options
Command: | TERE v | Commends »

[Send Command | [Read Fesponse| [ Sgnd & Fiead |

Instrument Session History:

+ Connected to: UskDeviceld
-» *IDN?
<- Agilent Technologies,Uz00LA,HO45100003,X1.01.28-03

Figure 1-14 Identification of your connected power sensor displayed

5 This verify that your U2000 Series USB power sensor has been
connected and properly installed on your PC.

U2000 Series Operating and Service Guide 19

www.valuetronics.com
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C. Configuring your power sensor via Power Analysis
Manager

1 Go to Start> All Programs > Agilent N1918A Power Analysis Manager > Advance
> Power Analyzer to launch your Power Analysis Manager.

2 With your power sensor still connected, a pop-up reminder dialog will
appear when you launch the Power Analysis Manager. The reminder
message will appear under two conditions:

a You have not set any calibration due date for your U2000 Series. The
reminder prompts you to set your calibration due date.

b Your calibration date is due and the reminder prompts you to send
your U2000 Series for calibration.

3 Click OK and you may proceed to set the calibration due date or
connect a new sensor to proceed.

4 To set the calibration due date, go to Instrument Panel, in the System
tab, input the due date of your calibration in the Cal Due Date

property.

For remote interface configurations of P-Series power meters, refer to Remote Interface Con-
figurations in Agilent P-Series Power Meters Installation Guide and for remote interface con-

figuration of N8262A P-Series modular power meters, refer to N8262A P-Series Modular Power
Meters Installation Guide.

20 U2000 Series Operating and Service Guide
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2 Making Measurements

Power Sensor Configuration Settings

The calibration data of U2000 Series USB power sensors is automatically
read by referring to the specified range as shown in Figure 2-1 on the

next page.

Power Power Level Power Level Power Level
Path (U2000/1/2/4A) (U2000/1/2H) (U2000/1B)
Low —60 dBm to —35 dBm —50 dBm to —25 dBm —30 dBm to -5 dBm

Power —38 dBm to —15 dBm —28 dBm to -5 dBm +8 dBm to +15dBm
Path —20 dBm to —9 dBm —10 dBm to —1 dBm +10 dBm to +21 dBm
High —11 dBm to -5 dBm —1dBm to +5 dBm +19 dBm to +25 dBm

Power —7dBm to +15dBm +3 dBm to +25 dBm +23 dBm to +44 dBm
Path

+10 dBm to +20 dBm

+20 dBm to +30 dBm

Averaging settings can also be manually configured.

In Figure 2-1, the dotted-line arrow

A

indicates the internal range based

on the internal circuitry of the power sensor. The ranges will be
automatically selected in correspondence with the power level to best fit
the operating conditions and settings.

22
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2

Expected Power

Maximum
Sensor Power Resolution Setting

U2000/1B  U2000/1/2H  U2000/1/2/4A WithinaRange { o 3 4
1 1
A A | A 30dBm | A 20dBm
| | 25dBm | . 15dBm
| |
: y 20d8m : \ 10 dBm
g f 44dBm | A 25dBm | + 15dBm
g| ' 35dBm | | 15dBm | | 5dBm
a| ! | | !
o
:c_:» v 23 dBm ‘ v 3dBm | v -7 dBm
A 25Bm | A 5aBm | A -5¢Bm
I I
o . 2adBm | |, 4dBm | 1 -6dBm
S ! 19 4B | | ! 1dB 1 1 512 1024
I B O S S SR R
g A A 21dBm I A 1dBm I A oaBm .Yl
= | | | 1 1 1 1024
] 1 18 dBm | —2dBm I =12 dBm T
5 ' | |
5 1 1 16 1024
7] 10 dBm —-10 dBm —-20 dBm D
X I X | X 1 1 1 1
15dBm | -5dBm | 5dBm ...Y._.._ ...t . Do hl.
=
® | | |
| | 7dBm | | Z134Bm | | -23dBm v 11 1 e
g| | | [ 1 1 256 1024
5 I =3 dBm | I =23 dBm | I =33 dBm 560
z| ! ! ! 1 1 512 1024
gl y -sdem | X—ZBdBm | y-ssdem .y Dl >12 1024
1 1 16 1024
A saBm | A_25qem | A-ssaBm ... ¥.....1. .. 1 .16 1028
! (- | 1 1 1024 1024
I -8 dBm | | -28dBm 38dBM . W o e
I | |
| -15dBm | | -35dBm | , 45dBm ___ Y . 11024 1004 1024
I | |
1 25dBm | | _45dBm | | -55dBm ___ ¥ . 128 1024 1024 1024
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Y y-30dBm , y-50dBm , Y -60dBm

Minimum Sensor
Power Within a Range

Number of Averages

Figure 2-1
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2 Making Measurements

Measurement Accuracy and Speed

With U2000 Series USB power sensors, the range can be set either
automatically or manually. Use auto-ranging when you are not sure of the
power level you are about to measure.

The DC coupling of the U2004A USB power sensor input allows excellent
low frequency coverage. However, the presence of any DC voltages mixed
with the signal will have an adverse effect on the accuracy of the power
measurement, see on Page 46.

To prevent damage to your sensor, do not excess the power levels specified in the
section “Maximum Power” on page 42.

The U2004A USB Power Sensor is DC coupled. DC voltages in excess of the maximum
value (5 VDC) can damage the sensing diode.

Setting the Range

There are two manual settings, “LOWER” and “UPPER”. The LOWER range
uses the more sensitive path and the UPPER range uses the attenuated
path in the U2000 Series USB power sensors (see Table 2-1).

Table 2-1 Sensor Ranges

Sensor LOWER range UPPER range
U2000A, U2001A, U2002A, U2004A —60 dBm to —10 dBm —10 dBm to +20 dBm
U2000H, U2001H, U2002H —50dBmto 0 dBm 0 dBm to +30 dBm
U2000B, U2001B —30 dBm to +20 dBm +20 dBm to +44 dBm

The default is “AUTO”. In AUTO the range crossover value depends on the
sensor model being used (see Table 2-2).

24 U2000 Series Operating and Service Guide
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Table 2-2 Range Crossover Values

Sensor Range Crossover Values
U2000A, U2001A, U2002A, U2004A —10dBm + 1dB
U2000H, U2001H, U2002H 0dBm+ 1dB
U2000B, U2001B +20dBm +1dB

Measurement Considerations

While auto-ranging is a good starting point, it is not ideal for all
measurements. Signal conditions such as crest factor or duty cycle may
cause the power sensor to select a range which is not the optimum
configuration for your specific measurement needs. Signals with average
power levels close to the range switch point require you to consider your
needs for measurement accuracy and speed.

For example, a U2000/1/4A sensor, where the range switch point is —10 *
1 dBm in a pulsed signal, should be configured as follows:

Characteristic Value
Peak Amplitude —6 dBm
Duty Cycle 25%

The calculated average power is —12 dBm.

Accuracy

The value of —-12 dBm lies in the lower range of the U2000/1/4A sensor.
In auto-ranging mode (“AUTO”), the U2000/1/4A sensor determine the
average power level is below —-10 dBm and select the low power path.
However, the peak amplitude of -6 dBm is beyond the specified square
law response range of the low power path diodes. The high power path
(-10 dBm to +20 dBm) should be used to ensure a more accurate
measurement of this signal. However, range holding in “UPPER” (the high
power path), for a more accurate measurement, results in a considerably
increased number of filtering processes.

U2000 Series Operating and Service Guide 25
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2 Making Measurements

Speed and Averaging

The same signal also requires a specific consideration of the measurement
speed. As shown above, in auto-ranging mode the U2000/1/4A sensor
determine the average power level is below —10 dBm and select the low
power path. With auto-averaging configured, minimal filtering is applied.
Values of one to four for average power levels above —-20 dBm are used in
the low power path. (Refer to “Auto- Averaging Settings” on page 23.)

If the range is held in “UPPER” for more accuracy, the measurement is
slower. More filtering is applied due to the increase in noise susceptibility
at the less sensitive area of the high power path. Values of one to 128 for
average power levels less than —10 dBm are used. (Again, refer to

“Auto- Averaging Settings” on page 23.) Manually lowering the filter
settings speeds up the measurement but can result in an unwanted level
of jitter.

Summary

Attention must be paid to signals where the average power levels are in
the low power path range while the peaks are in the high power path
range. You can achieve best accuracy by selecting the high power path or
achieve best speed by selecting the low power path.

26 U2000 Series Operating and Service Guide
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INTernal and EXTernal Zeroing

Zeroing a power sensor is performed in order to reduce zero measurement
offset and noise impact to improve the accuracy of RF power
measurement. The U2000 Series USB power sensors have two types of
zeroing; INTernal zeroing and EXTernal zeroing.

INTernal zeroing is a new type of zeroing process whereby RF/Microwave
power can be left connected to the sensor while it is being zeroed. High
isolation switches are opened in the sensor to isolate the diode sensor
from the electronic circuitry. With the available processing power from the
Embedded DSP in the product, the INTernal zeroing algorithm is applied
to the internal zeroing data. Hence, INTernal zeroing provides the
convenience of performing a zero with the RF/microwave signal present.
This feature makes INTernal zeroing more convenient, but one may only
use INTernal zeroing if zero set (INTernal) is within the user's application
requirements.

EXTernal zeroing process is a two-step process. The RF/Microwave signal
to be measured must be removed from the product and then the product
can be zeroed. Do not apply any RF/microwave signals to the RF input
port during EXTernal zeroing processes. Any RF/microwave signals
pick-up by the diode sensor during EXTernal zeroing will be considered as
part of the noise. EXTernal zeroing generally has better zero set
performance. The INT or EXT zeroing selection should be made based on
the measurement needs.

Users can choose to use either INTernal zeroing or EXTernal zeroing. The
sensor is defaulted with INTernal zero every time it is power up.

Figure 2-2 shows the illustration on how to set the EXTernal zeroing if
the N1918A Power Panel tool is used.

U2000 Series Operating and Service Guide 27
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= Apilant Power Panel

=3 Channels
= -[A] Channel &
|l Gate
- Trigger
= Measurements
[ Measuremerit 1

Custorn Yisws |

Instrument : U2002A (MY47200158)
Measurement : 1
Channel A

S0MHz

Instrument : U2002A (MY47200158)
Measurement : 1

Channel A Avg S50MHz

Min - -79 .42

-957 .

-50 .

3 0 dBm

el

' Instrument Pan

Li20024 - M747200158

Base Settings
Standard Seftings
Channel A

Sensormodel Mo, ; LI20026,

Mar dvg Mode AUTO w
Msr &g Count

Frequency (Hz) {50,000 M
[ Chan Difset (gl [0 000 |

Channel &

Calibration + Zero
Channel A

I ZeroTppe: & INT (O EXT I

Ready

Figure 2-2  Select either INT or EXT from the Zero Type option
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Power Sweep and Frequency Sweep

The frequency sweep and power sweep features provide a measurement
automation between the U2000 Series USB power sensor and the signal
source. This feature reduces the communication path and improves test
time by eliminating the need of PC-instrument communication.

To perform frequency sweep operation, users are required to set the start
frequency, stop frequency and number of step for the signal source. By
default, the step value is set to 0. The number of step ranges from 0 to
2048.

Connect the signal source TRIG OUT to the USB power sensor TRIG IN.
Once the sweeping operation starts, the signal source will step through
each frequency point within the preset range. Each step will send a TTL
signal to the USB power sensor notifying it to measure the signal power.
Only a one-way synchronization occurs in this process which is from the
signal source to the USB power sensor.

A proper dwell time must be set in the signal generator to ensure all the
measurement readings in USB power sensor are settled before stepping
through the next frequency point. The same process is applicable to the
power sweep operation.

U2000 Series Operating and Service Guide 29
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Step Detection

To reduce the filter settling time after a significant step in the measured
power, the filter can be set to re-initialize upon detection of a step
increase or decrease in the measured power. Step detection can be set in
both manual and automatic filter modes. Refer to the U2000 Series
Programming Guide for more details on how to enable or disable the step
detection.
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3 Specifications and Characteristics

Introduction

The U2000 Series USB power sensors are average, wide dynamic range
power sensors that can be used with a PC or any selected USB-based
Agilent instrument.

The specifications contained in this chapter are valid ONLY after proper
calibration of the power sensor and apply to continuous wave (CW)
signals unless otherwise stated. The recommended calibration interval for
this product is 1 year. Specifications apply over a temperature range 0 °C
to +b5 °C unless otherwise stated.

Specifications quoted over a temperature range of 25 °C £10 °C apply to
a relative humidity of 15% to 75% and conform to the standard
environmental test conditions. These specifications are valid after a
30-minute warm-up period.

The dynamic range of the U2000 Series USB power sensors is —60 dBm to
+44 dBm and the range is divided into two independent measurement
paths — a high and a low power path, as shown below:

Sensor Low Power Path High Power Path
U2000A, U2001A, U2002A, U2004A —60 dBm to —10 dBm —10 dBm to +20 dBm
U2000H, U2001H, U2002H —50 dBm to 0 dBm 0 dBm to +30 dBm
U20008B, U2001B —30 dBm to +20 dBm +20 dBm to +44 dBm

Some specifications are detailed for individual measurement paths, with
the automatic switching point at:

¢ —10 dBm for U2000/1/2/4A

¢ 0 dBm for the U2000/1/2H

¢ +20 dBm for U2000/1B
Supplemental characteristics, which are shown in italics, are intended to
provide useful information with regard to applying the power sensors in
that they contain typical, but non-warranted performance parameters.

These characteristics are shown in ¢talics or denoted as “typical’,
“nominal” or “approximate”.
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Specifications

Frequency and Power Ranges

Specifications and Characteristics

Model Frequency Range Power Range
U2000A 10 MHz to 18.0 GHz
U2001A 10 MHz to 6.0 GHz
—60 dBm to +20 dBm
U2002A 50 MHz to 24 GHz
U2004A 9 kHz to 6.0 GHz
U2000H 10 MHz to 18 GHz
U2001H 10 MHz to 6 GHz —50 dBm to +30 dBm
U2002H 50 MHz to 24 GHz
U2000B 10 MHz to 18 GHz
—30 dBm to +44 dBm
U2001B 10 MHz to 6 GHz
Connector Type
Model Connector Type Impedance
U2000/1/4A N-Type (m) 50 Q
U2002A 3.5 mm (m) 50 Q
U2000/1H N-Type (m) 50 Q
U2002H 3.5 mm (m) 50 Q
U2000/1B N-Type (m) 50 Q

U2000 Series Operating and Service Guide
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3 Specifications and Characteristics

Maximum SWR (25 °C +10 °C)

Model

Frequency

SWR

10 MHz to 30 MHz

1.15

30 MHz to 2 GHz

1.13

U2000A

2 GHz to 14 GHz

1.19

14 GHz to 16 GHz

1.22

16 GHz to 18 GHz

1.26

10 MHz to 30 MHz

1.15

U2001A

30 MHz to 2 GHz

1.13

2 GHzto 6 GHz

1.19

50 MHz to 2 GHz

1.13

2 GHz to 14 GHz

1.19

U2002A

14 GHz to 16 GHz

1.22

16 GHz to 18 GHz

1.26

18 GHz to 24 GHz

1.30

U2004A

9 kHz to 2 GHz

1.13

2 GHzto 6 GHz

1.19

10 MHz to 2 GHz

1.12

U2000B

2 GHz to 12.4 GHz

117

12.4 GHz to 18 GHz

1.24

U2001B

10 MHz to 2 GHz

1.12

2 GHzto 6 GHz

1.17

10 MHz to 8 GHz

1.15

U2000H

8 GHz to 12.4 GHz

1.25

12.4 GHz to 18 GHz

1.28
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U2001H

10 MHz to 6 GHz

1.15

U2002H

50 MHz to 8 GHz

1.15

8 GHz to 12.4 GHz 1.25
12.4 GHz to 18 GHz 1.28
18 GHz to 24 GHz 1.30

SWR Plots for U2000 Series USB Power Sensors

SWR

11z

110

108

106

1.04

102

100

U2000A

Vd

[

\ /

\ o N/

/"

T T T T T
g 2 4 6 g 0 1z 14 16 18

Frequency, GHz

Figure 3-1

U2000A Typical SWR (25 °C £10 °C)
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U2001A
112
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1.08
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1.04 ——
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Figure 3-2 U2001A Typical SWR (25 °C £10 °C)
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Figure 3-3 U2002A Typical SWR (25 °C £10 °C)
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U2004A
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Figure 3-4 U2004A Typical SWR (25 °C £10 °C)
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Figure 3-5 U2000H Typical SWR (25 °C £10 °C)
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U2001H

a 1 2 3 4 5 [}
Frequency, GHz

Figure 3-6 U2001H Typical SWR (25 °C £10 °C)

U2002H

SWR
\

Frequency, GHz

Figure 3-7 U2002H Typical SWR (25 °C £10 °C)
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U2000B
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Figure 3-8 U2000B Typical SWR (25 °C £10 °C)
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Figure 3-9 U2001B Typical SWR (25 °C £10 °C)
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Maximum SWR (0 °C to b5 °C)

Model Frequency SWR
10 MHz to 30 MHz 1.21
30 MHz to 2 GHz 1.15
U2000A 2 GHz to 14 GHz 1.20
14 GHz to 16 GHz 1.23
16 GHz to 18 GHz 1.27
10 MHz to 30 MHz 1.21
U2001A 30 MHz to 2 GHz 1.15
2 GHzto 6 GHz 1.20
50 MHz to 2 GHz 1.15
2 GHz to 14 GHz 1.20
U2002A 14 GHz to 16 GHz 1.23
16 GHz to 18 GHz 1.27
18 GHz to 24 GHz 1.30
9 kHz to 2 GHz 1.15

U2004A
2 GHzto 6 GHz 1.20
10 MHz to 2 GHz 1.14
U2000B 2 GHz to 12.4 GHz 1.18
12.4 GHz to 18 GHz 1.25
10 MHz to 2 GHz 1.14

U2001B
2 GHzto 6 GHz 1.18

40
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10 MHz to 8 GHz 1.17
U2000H 8 GHz t0 12.4 GHz 1.26
12.4 GHz to 18 GHz 1.29
U2001H 10 MHz to 6 GHz 1.17
50 MHz to 8 GHz 1.17
8 GHz to 12.4 GHz 1.26
U2002H
12.4 GHz to 18 GHz 1.29
18 GHz to 24 GHz 1.31
U2000 Series Operating and Service Guide a
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Maximum Power

Models Maximum Power

u2000/1/2A +25 dBm (320 mW) average, 20 VDC
+33 dBm peak (2 W) <10 us

U20004A +25dBm (320 mW) average, 5 VDC
+33 dBm peak (2 W) <10 us

u2000/1H +33 dBm (2 W) average, 20 VDC
+50 dBm (100 W) peak for 1 us

U2002H +33 dBm (2 W) average, 10 VDC
+50 dBm (100 W) peak for 1 us

u2000/1B +45 dBm (30 W) average, 20 VDC
+47 dBm (50 W) peak for 1 us

The U2004A USB power sensor is DC coupled. DC coupling of the input allows excellent
low frequency coverage. However, the presence of external DC component signals may
affect the accuracy of the power measurement. Users are advised to use suitable external
DC block for the DC component removal.

DC voltages in excess of the maximum value (5 V) can damage the sensing diode.

42 U2000 Series Operating and Service Guide
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Power Accuracy

Specifications and Characteristics

After zeroing and calibration at ambient environmental conditions.

Table 3-1 Power Accuracy* (with exclusions)

3

Model Power Level ZEASELI:;Y’C 0 i\gizrggzc
U2000/1/2/4A —60 dBm to +20 dBm +3.0% +3.5%
U2000/1/2H —50 dBm to +30 dBm +4.0% 15.0%
U2000/1B —30 dBm to +44 dBm +3.5% +4.0%
With conditions as follows:
o After zeroing**
¢ Number of averages = 1024

¢ After 30 minutes of power-on warm-up

*

The accuracy is essentially a combination of linearity, instrumentation accuracy, and traceability to

absolute accuracy at 50 MHz, 0 dBm. Note: Mismatch Uncertainty, Cal-Factor Uncertainty, and

Power level dependent terms (Zero-Set, Drift, and Noise) are excluded in this specification and
specified elsewhere in this guide.

** It is strongly advisable to perform external zeroing on the U2000 Series USB power sensor for
power measurement level below —30 dBm for accurate measurements. During the external zeroing

process, the RF input signal must be switched off or the device-under-test disconnected from the
U2000 Series USB power sensor.

U2000 Series Operating and Service Guide

www.valuetronics.com

43



3 Specifications and Characteristics

Error {%) U2000/1/2/4A Models
1
0.75
05
0.25
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NN A
-0.25
-05
-0.75
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-40 -30 -20 -10 0 10 20
Power Level (dBm)

Figure 3-10 Typical power accuracy at 25 °C for U2000/1/2/4A models’

Error (%) U2000/1B Models
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Figure 3-11 Typical power accuracy at 25 °C for U2000/1B models’

44 U2000 Series Operating and Service Guide

www.valuetronics.com



Specifications and Characteristics

Error (%) U2000/1/2H Models
1
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0.5
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-0.75
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-30 -20 -10 0 10 20 30

Power Level (dBm)

Figure 3-12 Typical power accuracy at 25 °C for U2000/1/2H models’

1 Measurement Uncertainty* <1.6%. At room temperature and excluding power level dependent
terms (Zero Set, Drift and Noise).

* Refer to Agilent Fundamentals of RF and Microwave Power Measurements (Part 3) Power Measurement
Uncertainty per International Guide (Application Note 1449-3), 5988-9215EN for more information.
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Switching Point

The U2000/1/2/4A power sensors have two paths, a low power path
covering —-60 dBm to -10 dBm and a high power path covering —10 dBm
to +20 dBm. The power sensor automatically selects the proper power
level path. To avoid unnecessary switching when the power level is close
to the —10 dBm point, Switching Point Hysteresis is added. This
hysteresis causes the low power path to remain selected until
approximately -9 dBm has been reached. As the power level increases
above —9 dBm, the high power path will be selected. The high power path
remains selected until approximately —11 dBm has been reached. As the
power level decreases below —11 dBm, the low power path will be selected.

As for the U2000/1/2H and U2000/1B power sensors, to avoid unnecessary
switching when the power level is near the switch point, Switching Point
Hysteresis has been added. This hysteresis causes the low power path to
remain selected until approximately 1 dB above the switch point as the
power level is increased. Above this power, the high power path is
selected. The high power path remains selected until approximately 1 dB
below the switch point as the signal level decreases. Below this power, the
lower path is selected. 20 dBm is the switch point for the U2000/1/2H
sensors while the U2000/1B sensors switch at 0 dBm.

Error
Offset at Switch Point <+0.5% (<+0.02 dB) typical
Switching Point Hysteresis 1 dB typical
46 U2000 Series Operating and Service Guide
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Zero Set, Zero Drift, and Measurement Noise
For U2000/1/2A,

Range1 Zero Set (Internal) | Zero Set (External) Zero Drift? Mee;\ls:irs:glent I:‘::l:::ﬁr
—60 dBm to —35 dBm +1.5nW 1600 pW 200 pW 1nW N/A
—38 dBm to—15 dBm +2 nW +1.5nW 400 pWw 1.5nW 90 nW
—20dBm to—9 dBm +12nW +10 nW 1.5nW 15nW 1uWw
-11dBmto-5dBm +2 yW +500 nW 50 nW 650 nW 55 yw
—7dBmto 15 dBm 4 uW 1 uWw 500 nW 1TpuWw 85 uWw
10 dBm to 20 dBm 6 pW 5 pW 2uWw 10 uyWw 550 yw
For U2004A,
Range1 Zero Set (Internal) | Zero Set (External) Zero Drift? Mee;\ls:irs:glent
—60 dBm to —35 dBm +2.8nW 1600 pW 200 pW 1nW
—38 dBm to—15 dBm +3nW +1.5nW 400 pW 1.5nW
—20dBmto—9 dBm +12nW +10 nW 1.5nW 15nW
-11dBmto-5dBm +2 yW 1500 nW 50 nW 650 nW
—7dBmto 15 dBm 4 uW 1 uWw 500 nW 1TpuWw
10 dBm to 20 dBm 16 yW 5 uWw 2uW 10 uyW

For U2000/1/2H,

Range1 Zero Set (Internal) | Zero Set (External) Zero Drift? Mee;\ls:irs:glent I:‘::l:::ﬁr
—50 dBm to —25 dBm +15nW 18 nW 2nW 10 nW N/A
—28dBmto-5dBm +20 nW +20 nW 4nW 15nW 900 nW
—10dBm to 1 dBm +120 nW +100 nW 15nW 150 nW 10 uyWw
—1dBmto5dBm +20 pW +20 pW 500 nW 6.5uW 550 pWw
3 dBm to 25 dBm 40 pW +30 pw 5uW 10 yWw 850 yw
20 dBm to 30 dBm 160 pW 160 pW 20 yw 100 pWw 55mW
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For U2000/1B,

Range1 Zero Set (Internal) | Zero Set (External) Zero Drift? Mee;\ls:irst:;lent I:‘:;:::T
-30dBm to-5dBm 1.8 pW 1800 nW 200 nW 1uWw N/A
—8dBm to 15 dBm +2 yW +2 yW 400 nW 1.5uW 90 yw
10 dBm to 21 dBm +12 W +10 pW 1.5uW 15 uW 1 mW
19 dBm to 25 dBm 2 mW 1 mW 50 nW 650 pWw 55 mW
23 dBm to 44 dBm 4 mW 2 mW 500 pw 1 mW 85 mW

1 Condition: (i) 0 °C to 55 °C and (ii) 40 °C, 95% relative humidity.

2 Within one hour after zero set, at a constant temperature, after 24-hour warm-up of the power
Sensor.

3 The number of averages at 16 for Normal mode, measured over one minute interval and two
standard deviations.

4 The Noise Per Sample specification is only applicable for gated power working range stated in
the “Time-gated Measurements” table.

The Zero Set, Zero Drift, and Measurement Noise specifications are only applicable to
U2000 Series USB power sensors with serial prefix as shown below:

U2000A Serial prefix MY480/SG480 and above
U2001A Serial prefix MY481/SG481 and above
U2002A Serial prefix MY482/SG482 and above
U2004A Serial prefix MY484/SG484 and above

For power sensors with earlier prefixes, refer to “Appendix A: Zero Set, Zero Drift, and
Measurement Noise” on page 70.
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Settling time

In FAST mode (using Free Run trigger), for a 10 dB decreasing power
step, the settling time is:

Time

U2000 Series USB Power 25 ms’
Sensors

1 When a power step crosses the auto-range switch point of the sensor, add 25 ms.

Table 3-2 Settling Time for Normal Mode and x2 Mode

Number of
Averages 1 2 4 8 16 32 64 128 256 512 1,024

Settling Time' (s) 0.045 009 017 034 066 13 26 52 104 209 41.9
(Normal Mode)

Settling Time' (s) 0.042 005 009 017 034 066 13 26 52 104 209
(x2 Mode)

1 Manual filter, 10 dB decreasing power step (not across the switching point)

Table 3-3 Noise Multiplier for Normal Mode and x2 Mode

Number of Averages 1 2 4 8 16 32 64 128 256 512 1024

Noise Multiplier (s) 20 1.8 17 15 1.0 095 074 055 039 029 021
(Normal Mode)

Noise Multiplier (s) (x2 | 27 24 20 16 10 091 078 053 034 029 020
Mode)
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Maximum sensor
power within a range

X2 Normal
Mode Mode U2000/1/2/4A U2000/1/2H u2000/1B

45ms | 45ms ! ! 4
+ +10dBm —+—— +20dBm ——+—— 140 dBm
82ms | 90ms ! !
L +2dBm —L— +12dBm —L— +32dBm
1.3s ' 26s ! !
) ! -4dBm —L — 16dBm —L— 426 dBm
Typical 15s ' 27s ! ! Sensor
: | .
Settling 4 : -10dBm ——  0dBm —— +20dBm | Dynamic
Times 450 ms 460 ms
: 20 dBm —— -10dBm —— +10dBm Range
1.6s | 28s | |
, -30 dBm ——— -20dBm ———— 0dBm
20s | 39s | |
T -40 dBm ———— -30dBm ——+—— -10dBm
24s | 42s 1 |
t -50 dBm ——+— -40dBm ——+—— -20dBm
v 24s ! 42s | 1 v

Minimum sensor
power within a range

Figure 3-13 U2000 Series Autofilter, default resolution, 10 dB decreasing power step (not
across the switching point)
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Calibration Factor and Reflection Coefficient

The Calibration Factor (CF) corrects the frequency response of the sensor.

The Reflection Coefficient (Rho, or p) relates to the SWR based on the
following formula:

[u—

+
1-—

D

SWR =

AN

Maximum uncertainties of the CF data are listed in the following tables.
As the U2000 Series USB power sensors have two independent
measurement paths (high and low power paths), there is only one set of
CF data used for both high and low power paths for each sensor. The
uncertainty analysis for the calibration of the sensors was done in
accordance with the ISO Guide. The uncertainty data reported on the
calibration certificate is the expanded uncertainty with a 95% confidence
level and a coverage factor of two.
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Cal Factor Uncertainty

U2000A
Frequency
Maximum CF Uncertainty (25 °C £10 °C)
10 MHz to 30 MHz 1.8%
30 MHz to 2 GHz 1.6%
2 GHz to 14 GHz 2.0%
14 GHz to 16 GHz 2.2%
16 GHz to 18 GHz 2.2%
U2001A
Frequency
Maximum CF Uncertainty (25 °C 10 °C)
10 MHz to 30 MHz 1.8%
30 MHz to 2 GHz 1.6%
2 GHz to 6 GHz 2.0%
U2002A
Frequency
Maximum CF Uncertainty (25 °C £10 °C)
50 MHz to 2 GHz 2.0%
2 GHz to 14 GHz 2.5%
14 GHz to 16 GHz 2.7%
16 GHz to 18 GHz 2.7%
18 GHz to 24 GHz 3.0%
52 U2000 Series Operating and Service Guide
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Frequency

U2004A

Maximum CF Uncertainty (25 °C £10 °C)

9 kHz to 2 GHz 1.8%
2 GHz to 6 GHz 1.8%
u20008

Frequency

Maximum CF Uncertainty (25 °C 10 °C)

10 MHz to 2 GHz 1.8%
2 GHz to 12.4 GHz 2.0%
12.4 GHz to 18 GHz 2.2%

u2001B

Frequency

Maximum CF Uncertainty (25 °C 10 °C)

10 MHz to 2 GHz 1.8%
2 GHz to 6 GHz 2.0%
U2000H

Frequency

Maximum CF Uncertainty (25 °C 10 °C)

10 MHz to 8 GHz

8 GHz to 12.4 GHz

12.4 GHz to 18 GHz

2.0%
2.0%
2.2%
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U2001H
Frequency
Maximum CF Uncertainty (25 °C 10 °C)
10 MHz to 6 GHz 2.0%
U2002H
Frequency
Maximum CF Uncertainty (25 °C £10 °C)
50 MHz to 8 GHz 2.5%
8 GHzt0 12.4 GHz 2.5%
12.4 GHz to 18 GHz 2.7%
18 GHz to 24 GHz 3.0%

Trigger
External TTL Trigger Input
Trigger low <11V
Trigger high >1.9V
Minimum trigger pulse width 35ns
Minimum trigger repetition period 80 ns
Trigger latency 11 us £2 ps
b4 U2000 Series Operating and Service Guide
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Time-gated Measurements

Time-gate Parameters

U2000 Series Performance

Sampling rate

1.47 Msps

Gate sweep time

0s <Sweeptime<0.15s

Gate offset time

0s < Offsettime<0.15s

Gate resolution

+1 s

Gated power

U2000/1/2A: -25 dBm to +20 dBm
U2000/1/2H: 15 dBm to +30 dBm
U2000/1B: +5 dBm to +44 dBm

Measurement speed

10 ms/reading

(Gate sweep time < 2 ms,

Gate sweep time + Gate offset < 2.3 ms,

measurement rate FAST)

* Not applicable for U2004A

3

The total value of gate sweep time and gate offset time has to be less

than 0.15 s, (Sweep time + Offset time < 0.15 s).

U2000 Series Operating and Service Guide
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General Characteristics

Physical Characteristics

Net Weight
U2000/1/4A 0.262 kg
U2002A 0.226 kg
U2000/1B 0.762 kg
U2000/1H 0.324 kg
U2002H 0.274 kg

Dimensions (L x W x H)

U2000/1/4A 163.75 mm x 46.00 mm x 35.90 mm
U2002A 134.37 mm x 46.00 mm x 35.90 mm
u2000/1B 308.00 mm x 115.00 mm x 84.00 mm
U2000/1H 207.00 mm x 46.00 mm x 36.00 mm
U2002H 164.00 mm x 46.00 mm x 36.00 mm

Storage and Shipment

The sensor should be stored in a clean, dry

Environment .
environment

Temperature —30 °C to +70 °C (non-operating)

Non-operating up to 90% at 65 °C

Relative Humidity (non-condensing)

Altitude Non-operating up to 4,600 metres (15,000 feet)

USB Standard

USB Speed Hi-Speed 2.0
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This chapter describes the performance test and provides information on
replaceable parts as well as on service details.
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4 Service

General Information

This chapter contains information about general maintenance, performance
tests, troubleshooting and the repair of U2000 Series USB power sensors.

Cleaning

Use a clean, damp cloth to clean the body of the U2000 Series USB power
Sensors.

Connector Cleaning

The RF connector beads deteriorate when contacted with hydrocarbon compounds such as
acetone, trichloroethylene, carbon tetrachloride, and benzene.

Clean the connector only at a static free workstation. Electrostatic discharge to the center
pin of the connector will render the power sensor inoperative.

Keeping in mind its flammable nature, a solution of pure isopropyl or
ethyl alcohol can be used to clean the connector.

Clean the connector face using a cotton swab dipped in isopropyl alcohol.
If the swab is too big use, use a round wooden toothpick wrapped in a
lint-free cotton cloth dipped in isopropyl alcohol.

Refer to Agilent Application Note 326, Principles of Microwave Connector
Care (5954-1566) or Microwave Connector Care (08510-90064) for proper
cleaning methods.
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Performance Test

Standing Wave Ratio (SWR) and Reflection Coefficient (Rho)
Performance Test

This section does not establish preset SWR test procedures since there are
several test methods and different equipment available for testing the SWR
or reflection coefficient. Therefore, the actual accuracy of the test
equipment must be accounted for when measuring against instrument
specifications to determine a pass or fail condition. The test system used
must not exceed the system Rho uncertainties shown in the following
tables when testing the U2000 Series USB power sensors.

Table 4-1 Power Sensor SWR and Reflection Coefficient for the U2000A

Frequency Actual Maximum SWR
Measurement Rho

10 MHz to 30 MHz 0.070 1.15

30 MHz to 2 GHz 0.061 113

2 GHzto 14 GHz 0.087 1.19

14 GHz to 16 GHz 0.099 1.22

16 GHz to 18 GHz 0.115 1.26

Table 4-2 Power Sensor SWR and Reflection Coefficient for the U2001A

Frequency Actual Maximum SWR
Measurement Rho
10 MHz to 30 MHz 0.070 1.15
30 MHz to 2 GHz 0.061 113
2 GHz to 6 GHz 0.087 1.19
U2000 Series Operating and Service Guide 59

www.valuetronics.com



4 Service

Table 4-3 Power Sensor SWR and Reflection Coefficient for the U2002A

Frequency Actual Maximum SWR
Measurement Rho

50 MHz to 2 GHz 0.061 113

2 GHzto 14 GHz 0.087 1.19

14 GHz to 16 GHz 0.099 1.22

16 GHz to 18 GHz 0.115 1.26

18 GHz to 24 GHz 0.130 1.30

DC voltages in excess of the maximum value (5 VDC) can damage the sensing diode.

Table 4-4 Power Sensor SWR and Reflection Coefficient for the U2004A

Frequency Actual Maximum SWR
Measurement Rho

9 kHz to 2 GHz 0.061 113

2 GHz to 6 GHz 0.087 119

Table 4-5 Power Sensor SWR and Reflection Coefficient for the U2000H

Frequency Actual Maximum SWR
Measurement Rho
10 MHz to 8 GHz 0.070 1.15
8 GHzto 12.4 GHz 011 1.25
12.4 GHz to 18 GHz 0.123 1.28
60 U2000 Series Operating and Service Guide
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Table 4-6 Power Sensor SWR and Reflection Coefficient for the U2001H
Frequency Actual Maximum SWR
Measurement Rho
10 MHz to 6 GHz 0.070 1.15
Table 4-7 Power Sensor SWR and Reflection Coefficient for the U2002H
Frequency Actual Maximum SWR
Measurement Rho
50 MHz to 8 GHz 0.070 1.15
8 GHzto 12.4 GHz 0.111 1.25
12.4 GHz to 18 GHz 0.123 1.28
18 GHz to 24 GHz 0.130 1.30
Table 4-8 Power Sensor SWR and Reflection Coefficient for the U2000B
Frequency Actual Maximum SWR
Measurement Rho
10 MHz to 2 GHz 0.057 1.12
2 GHzto 12.4 GHz 0.078 1.17
12.4 GHz to 18 GHz 0.107 1.24
Table 4-9 Power Sensor SWR and Reflection Coefficient for the U2001B
Frequency Actual Maximum SWR
Measurement Rho
10 MHz to 2 GHz 0.057 1.12
2 GHz to 6 GHz 0.078 1.17
61
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4 Service

Replaceable Parts

Table 4-10 contains a list of replaceable parts. To order a part, quote the
Agilent part number, specify the quantity required, and address the order
to the nearest Agilent office.

Within the USA, it is better to order directly from the Agilent Parts Center in Roseville,
California. Ask your nearest Agilent office for information and forms for the “Direct Mail
Order System.” Also your nearest Agilent office can supply toll free telephone numbers for
ordering parts and supplies.
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Table 4-10 Replaceable Parts
Agilent Part _n
Model Number Qty Description
U2000-60006 1 U2000A replacement module
U2000A
5190-0062 1 Top label for U2000A
U2001-60006 1 U2001A replacement module
U2001A
5190-0650 1 Top label for U2001A
U2002-60006 1 U2002A replacement module
U2002A
5190-0651 1 Top label for U2002A
U2004-60006 1 U2004A replacement module
U2004A
5190-0652 1 Top label for U2004A
U2000-60007 1 U2000B replacement module
U2000B
5190-1710 1 Top label for U2000B
U2000-60008 1 U2001B replacement module
U2001B
5190-1708 1 Top label for U2001B
U2000-60009 1 U2000H replacement module
U2000H
5190-1709 1 Top label for U2000H
U2000-60010 1 U2001H replacement module
U2001H
5190-1711 1 Top label for U2001H
U2000-60011 1 U2002H replacement module
U2002H
5190-1712 1 Top label for U2002H
5190-0061 2 Middle label
5190-0060 1 Bottom label
All models
U2000-20001 1 Top cover
U2000-20003 1 Bottom cover
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4 Service

Service

The following service instructions consist of information on
troubleshooting, and repairs.

Troubleshooting

The U2000 Series USB power sensors represent a combination of a power
meter and power sensor in one unit. If the LED is red and blinking, it
indicates that there is a hardware error or operating system (OS) error in
the power sensor. The LED will only be blinking red if the power sensor
failed in the self-test. The command SYSTem:ERRor is used to read the
exact error messages which occur on the power sensor. Please kindly send
the power sensor back to the nearest service centre for repair. Refer to
the “LED Indicator Guide” for more information.

Electrostatic discharge will render the power sensor inoperative. Do not, under any circumstances,
open the power sensor unless you and the power sensor are in a static free environment.

Repairing a Defective Sensor

There are no serviceable parts inside the U2000 Series USB power
sensors. If the sensor is defective, please send it back to the nearest
Agilent Service Center for repair. The entire module of the defective
sensor will be replaced with the appropriate replacement module. See
Table 4-10.
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Disassembly and Reassembly Procedure

Disassembly Procedure

Disassemble the power sensor by performing the following steps:

Disassemble the power sensor only in a static free workstation. Electrostatic discharge renders the
CAUTION P Y g

power sensor inoperative.

Table 4-11 Disassembly Procedure

1 Remove the top label.

2 Loosen three screws by using
M2 to remove the housing.

3 Replace the defective sensor
module with a new sensor
module. Please refer to
Table 4-10.
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4 Service

Reassembly Procedure

Tools required for reassembly:

Tools Purpose Qty Torque value

M2 Torx To fit the housing | 1 3.98 Ibs.in

Reassembly instructions:

The reassembly procedures are simply the reversal of the disassembly
procedure.
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Service

Attenuator Disassembly and Reassembly Procedure for

U2000B and U2001B

Disassembly Procedure

Tools required for disassembly:

Tools Purpose Torque value
%" torque wrench To loosen the attenuator 80 Ibs.in
%" wrench To prevent rotation N/A

The attenuator for U2000B and U2001B must not be disassembled under any

circumstances except during annual calibration. Removing the attenuator for U2000B

and U2001B will void the calibration.

Table 4-12 Attenuator Disassembly Procedure

1 Loosen the connector using the
torque wrench.

2 After that clean the connector’s
threads with IPA. Ensure that
the crystallized loctite is
cleaned properly.
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4 Service

Reassembly Procedure

Tools required for reassembly:

Tools Purpose Torque value
Loctite To secure the connection N/A
Threadlocker 242 between the attenuator and the
sensor’'s connector
%" torque wrench To tighten the attenuator 12 Ibs.in

Table 4-13 Attenuator Reassembly Procedure

1 Apply one drop of loctite on

the first, second, and third
threads of the connector.

2 Tighten the connector using the

torque wrench.
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Appendix

Appendix A: Zero Set, Zero Drift, and Measurement Noise

The following specifications in Table 5-1 are only applicable
to the U2000 Series USB power sensors with the serial
prefix as shown below:

Model Serial Prefix

U2000A Serial Prefix MY470/SG470 and below
U2001A Serial Prefix MY471/SG471 and below
U2002A Serial Prefix MY472/SG472 and below
U2004A Serial Prefix MY474/SG474 and below

Table 5-1 Zero Set, Zero Drift, and Measurement Noise

Range1 Zero Set Zero Drift? Measurement

Noise®

—60 dBm to —35 dBm 651 pW 996 pW 1.91 nW
—38dBm to—15dBm +1.13 nW 400 pW 2.24 nW
—20 dBm to -9 dBm +12.8 nW 6.01 nW 40.8 nW
—11 dBm to -5 dBm +445 nW 155 nW 1.63 uW
—7 dBmto 15 dBm +4.26 pW 3.20 pw 861 nW
10 dBm to 20 dBm +6.84 pW 3.39 yWw 19.5 yw

N =

warm-up of the power sensor.

w

interval and two standard deviations.
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Condition: (i) 0 °C to 55 °C and (ii) 40 °C, 95% relative humidity.
Within one hour after zero set, at a constant temperature, after 24-hour

The number of averages at 16 for Normal mode, measured over one minute
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Contact us

To obtain service, warranty or technical
support assistance, contact us at the fol-
lowing phone numbers:

United States:

(tel) 800 829 4444 (fax) 800 829 4433
Canada:

(tel) 877 894 4414 (fax) 800 746 4866
China:

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

(tel) 31 20 547 2111

Japan:

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

Korea:

(tel) (080) 769 0800  (fax) (080) 769 0900
Latin America:

(tel) (305) 269 7500

Taiwan:

(tel) 0800 047 866 (fax) 0800 286 331
Other Asia Pacific Countries:

(tel) (65) 6375 8100 (fax) (65) 6755 0042

Or visit Agilent worldwide web at:
www.agilent.com/find/assist

Product specifications and descriptions in
this document subject to change without
notice. Always refer to Agilent web site for
the latest revision.

© Agilent Technologies, Inc. 2007-2009

Printed in Malaysia
Fourth Edition, July 6, 2009
U2000-90405
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