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Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of this instrument. Failure to comply with these precautions or with
specific WARNINGS elsewhere in this manual may impair the protection provided by the
equipment. In addition it violates safety standards of design, manufacture, and intended use
of the instrument.

Agilent Technologies assumes no liability for the customer’s failure to comply with these
requirements.

The E4991A complies with INSTALLATION CATEGORY II as well as POLLUTION
DEGREE 2 in IEC61010-1. The E4991A is an INDOOR USE product.

The LEDs in the E4991A are Class 1 in accordance with IEC60825-1,
CLASS 1 LED PRODUCT

This equipment is MEASUREMENT CATEGORY I (CAT I). Do not use for CAT II, 11, or
Iv.

This equipment is tested with stand-alone condition or with the combination with the
accessories supplied by Agilent Technologies against the requirement of the standards
described in the Declaration of Conformity. If it is used as a system component,
compliance of related regulations and safety requirements are to be confirmed by the
builder of the system.

*  Ground the Instrument

To avoid electric shock, the instrument chassis and cabinet must be grounded with the
supplied power cable’s grounding prong.

* DO NOT Operate in an Explosive Atmosphere

Do not operate the instrument in the presence of inflammable gasses or fumes.
Operation of any electrical instrument in such an environment clearly constitutes a
safety hazard.

* Keep Away from Live Circuits

Operators must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace
components with the power cable connected. Under certain conditions, dangerous
voltage levels may remain even after the power cable has been disconnected. To avoid
injuries, always disconnect the power and discharge circuits before touching them.

* DO NOT Service or Adjust the Instrument Alone

Do not attempt internal service or adjustment unless another person, capable of
rendering first aid and resuscitation, is present.

* DO NOT Substitute Parts or Modify the Instrument

To avoid the danger of introducing additional hazards, do not install substitute parts or
perform unauthorized modifications to the instrument. Return the instrument to an




Agilent Technologies Sales and Service Office for service and repair to ensure that
safety features are maintained in operational condition.

» Dangerous Procedure Warnings

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

WARNING Dangerous voltage levels, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting this instrument.

* Do not connect the measuring terminals to mains.

Safety Symbol

General definitions of safety symbols used on the instrument or in manuals are listed
below.

A Instruction Manual symbol: the product is marked with this symbol when it is necessary for
the user to refer to the instrument manual.
~ Alternating current.
Direct current.
On (Supply).
Off (Supply).
In position of push-button switch.

|

O
I
D_ Out position of push-button switch.
b

Frame (or chassis) terminal. A connection to the frame (chassis) of the equipment which
normally include all exposed metal structure.

WARNING This warning sign denotes a hazard. It calls attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could result in
injury or death to personnel.

CAUTION This Caution sign denotes a hazard. It calls attention to a procedure, practice, condition or
the like, which, if not correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

NOTE Note denotes important information. It calls attention to a procedure, practice, condition or
the like, which is essential to highlight.




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 Standards and
Technology, to the extent allowed by the Institution’s calibration facility, or to the
calibration facilities of other International Standards Organization members.

Documentation Warranty

The material contained in this document is provided "as is," and is subject to being
changed, without notice, in future editions. Further, to the maximum 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 particular purpose. Agilent shall not be
liable for errors or for incidental or consequential damages in connection with the
furnishing, use, or performance of this document or 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 separate agreement will control.

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.

Assistance

Product maintenance agreements and other customer assistance agreements are available
for Agilent Technologies products.

For any assistance, contact your nearest Agilent Technologies Sales and Service Office.
Addresses are provided at the back of this manual.




Typeface Conventions

Bold Boldface type is used when a term is defined. For
example: icons are symbols.

Italic Italic type is used for emphasis and for titles of
manuals and other publications.

[Hardkey] Indicates a hardkey labeled “Hardkey.”

Softkey Indicates a softkey labeled “Softkey.”

[Hardkey] - Softkey1 - Softkey2 Indicates keystrokes [Hardkey] - Softkey1 -
Softkey2.

E4991A Documentation Map

The following manuals are available for the E4991A.
¢ Operation Manual (P/N: E4991-900x0)

Most of basic information necessary for using E4991A is described in this manual. It
includes the way of installation, preparation, measurement operation including
calibration, performances (specifications), key definitions, and error messages.

*  Programming Manual (P/N: E4991-900x1)
The Programming Manual shows how to write and use program to control the E4991A.
* Service Manual (P/N: E4991-901x0)

This manual describes how to adjust and repair the E4991A, and how to carry out
performance tests.

Microsoft®, MS-DOS®, Windows®, and Visual Basic® for Applications are registered
trademarks of Microsoft Corporation in U.S. and other countries.




Software Installed

The Windows operating system installed in this machine is customized for more effective
operation, and has different functions that are not part of the Windows operating system for
ordinary PCs (personal computers). Therefore, do not attempt to use the system in ways
other than those described in this manual or to install Windows-based software (including
anti-virus software) for ordinary PCs as doing so may cause malfunctions.

Also note the followings.

* Do not update the Windows operating system installed in this machine to the Windows
operating system for ordinary PCs. Doing so will cause malfunctions.

* Do not allow any computer virus to infect the system. This machine has no virus check
function nor anti-virus software installed.

Agilent Technologies will not be held liable for any failure or damage arising from
negligence regarding these prohibitions and warnings.

NOTE If the pre-installed software is damaged somehow, resulting in errant behavior by the

machine, perform a "system recovery".
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General Information

The Service Manual is a guide to servicing the E4991A RF Impedance/Material Analyzer.
The manual contains information requisite to do performance test, adjust, troubleshoot, and

repair.
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General Information
Organization of Service Manual

Organization of Service Manual

Tabs are used to divide the major chapter and appendix of this manual. The contents of
each chapter and appendix in this manual as follows;

Chapter 1, “General Information,”

The Service Manual is a guide to servicing the E4991A RF Impedance/Material
Analyzer. The manual contains information requisite to do performance test, adjust,
troubleshoot, and repair.

Chapter 2, “Performance Test and Function Test,”

This chapter provides information on how to verify the E4991A performance. The
maintenance consists of performance test and function test.

Chapter 3, “Adjustment,”

This chapter provides the adjustment procedure for the E4991A RF
Impedance/Material Analyzer to ensure that the E4991A is within its specifications.

Chapter 4, “Troubleshooting,”

This chapter provides procedure to isolate the failure assembly in the E4991A RF
Impedance/Material Analyzer.

Chapter 5, “Theory of Operation,”

This chapter provides the theory of operation of the E4991A RF Impedance/Material
Analyzer.

Chapter 6, “Replaceable Parts,”

This chapter contains information for ordering replacement parts for the E4991A RF
Impedance/Material Analyzer.

Chapter 7, “Replacement Procedure,”

This chapter provides procedure for removing and replacing the major assemblies in
the E4991A RF Impedance/Material Analyzer.

Chapter 8, “Post-Repair Procedures,”

This chapter lists the procedures required to verify the E4991A operation after an
assembly is replaced with a new one.

Appendix A, “Manual Changes,”

This appendix contains the information required to adapt this manual to versions or
configurations of the E4991A manufactured earlier than the current printing date of
this manual. The information in this manual applies directly to E4991A units with
the serial number that is printed on the title page of this manual.

Appendix B, “System Installation for A27 Mass Storage,”

18 Chapter1



General Information
Organization of Service Manual

This appendix describes how to install the operation system to the A27 mass storage.
When the operating system in the A27 mass storage has damage, you can recover it
before replacing the A27 by the following procedure.

Appendix C, “Firmware Update,”

This appendix describes how to update the E4991A firmware. When you want to
update the E4991A firmware, refer to this appendix.

Appendix D, “Power Requirement,”

Appendix E, “Messages,”

The E4991A can display error messages as well as messages that indicate the internal
operating status of the equipment. This appendix explains what these messages mean
by listing them in alphabetical order.

Chapter 1
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Figure 1-1

General Information
Instrument Covered by This Manual

Instrument Covered by This Manual
Agilent Technologies uses a two-part, ten-character serial number label (See Figure 1-1)

attached to the instrument's rear panel. The first five characters are the serial prefix and the
last five digits are the suffix.

Serial Number Label Example

‘" Agilent Technologies

Made In Malaysia

E4991A
MY 12345678

€4991a0j6001

An instrument manufactured after the printing date of this manual may have serial number
prefix that is not listed on the title page. This unlisted serial number prefix indicates the
instrument is different from those described in this manual. The manual for this new
instrument may be accompanied by a yellow Manual Changes supplement or have a
different manual part number. This sheet contains “change information” that explains how
to adapt the manual to the newer instrument.

In addition to change information, the supplement may contain information for correcting
errors (Errata) in the manual. To keep this manual as current and accurate as possible,
Agilent Technologies recommends that you periodically request the latest Manual Changes
supplement. The supplement for this manual is identified by this manual's printing data and
is available from Agilent Technologies. If the serial prefix or number of an instrument is
lower than that on the title page of this manual, see Appendix A, Manual Changes. For
information concerning, a serial number prefix that is not listed on the title page or in the
Manual change supplement, contact the nearest Agilent Technologies office.
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Required Equipment
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Table lists the recommended equipment for performing maintenance on the E4991A.

Table 1-1 Recommended Test Equipment
Equipment Critical specifications Recommended Model Qty. | yse™l
Frequency Counter Frequency: 1 MHz to 3 GHz 53131/2A Opt.010 & 0302 | 1 PA
Accuracy: <2.5 ppm or 53181A Opt.010 & 0302
Frequency Standard Frequency: 10 MHz, Time Base S5071A 1 A
Error: < ilxlOflO/year or 50618
Multimeter No substitute 3458A 1 PA
Power Meter No Substitute 438A°"3, 1 PA
E4418A/B
or E4419A/B
Power Sensor Frequency Range: 1 MHz to 3 GHz | 8482A+8481D™, 1 PA
Power: -35 dBm to 1 dBm E4412A%5
or E9304A™6
Network Analyzer Frequency: 5 GHz to 6 GHz 8753ES Opt.006, 1 F
8753ET Opt.006
or 8753E Opt.006
Performance Test Kit | No Substitute 16190B 1 P
or 16190A Opt.001
Calibration Kit No Substitute 1619587 1 PAJFET
85031B ! F
Termination No Substitute HP 909C Opt.012 1 T
Cable BNC(m)-BNC(m) Cable, 61 cm p/n 8120-1839 1 PA
BNC(m)-BNC(m) Cable, 122 cm p/n 8120-1840 1
N(m)-N(m) Cable, 61 cm 11500B 1 T
Adapter N(m)-BNC(f) Adapter p/n 1250-0780 1 PA
7mm-N(f) Adapter 11524A 1 PA
7mm-N(m) Adapter 11525A 1 A
Dual Banana - BNC Adapter 1251-2277 1 PA
Coaxial Termination Feed Thru 11048C 1 P
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Required Equipment

Table 1-1 Recommended Test Equipment
Equipment Critical specifications Recommended Model Qty. | yUse'l
Torque Wrench Size: 3/4 inch p/n 8710-1766 1 P

Torque: 136 N-cm

*1.P: Performance Tests, F: Function Tests, A: Adjustment, T: Troubleshooting
*2.0pt.050 and Opt.124 can be substituted for Opt.030. In this case, a N(m)-BNC(f) adapter is necessary.
*3.438A cannot be used with E4412A or E9304A.
*4,8481D is not necessary for Adjustment.
*5.E4412A is not necessary for Adjustment.

*6.1f E9304A is used, the multimeter is not necessary.
*7.16195B is a furnished accessory for the E4991A.
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Performance Test and Function Test

This chapter provides information on how to verify the E4991A performance. The
maintenance consists of performance test and function test.
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Performance Test and Function Test
Required Equipment

Required Equipment

The required test equipment for the performance test and the function test is listed on Table
on page 21. Use only calibrated equipment when doing the performance test or the function
test for the E4991A.

The followings are indispensable to do the performance test. The service center must
receive the following from the customer.

Agilent E4991A

16195B 7-mm Calibration Kit (Furnished Accessory for E4991A)

Standard Test Head (Furnished Accessory for E4991A)

Option 007 Temperature Characteristic Test Kit (if the E4991A has Option 007)

If the E4991A has the Option 007 Temperature Characteristic Test Kit, you have to do
the performance tests for the Option 007 (using the Option 007 kit) in addition to all the
performance tests for standard E4991A.

Option 010 Test Head including 1 m extension cable (if the E4991A has Option 010)

If the E4991A has the Option 010 Probe Station Connection Kit, you have to do the
performance tests for the Option 010 (using the Option 010 Test Head) in addition to all
the performance tests for standard E4991A.
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Performance Test and Function Test
How to Set the E4991A for Maintenance

How to Set the E4991A for Maintenance

This section provides procedure to set the E4991A in the performance test and function

test.

This contains a set of keys that are used to move the cursor across the display or enter

numeric values.

@ (rotary knob)

@@@@ key

(arrow keys)

key

(click key)

o) )2]). Lo)l- S key

(numeric keys)

key

(Gin ) Mig ][ k/m ](Enter]
key (unit keys)

Cancel/Close key

key

By turning the knob clockwise or counterclockwise, you
can move the onscreen setting cursor. If you press this knob
with the cursor placed over a feature, it is selected and
executed.

Used to move the onscreen setting cursor up, down, left, or
right.
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By pressing this key, you can select and execute the feature
that the cursor is placed over. It has the same function as
pressing the rotary knob.

Used to type numeric values, one by one, in the cursor
position. By pressing a unit key after entering a value, the
value and unit are set and executed.

When you press this key in an area where numeric values
are typed, the character to the left of the cursor (]) is
deleted. If two or more characters are currently selected
(i.e., highlighted) with the cursor, pressing this key clears
all of them.

If the numeric entry area contains no characters, input and
deletion of ‘-’ repeats each time you press this key.

By pressing one of these keys after entering a numeric
value with the numeric keys, the entry is set and executed
with the prefix indicating unit of measurement added to the
value. Two unit prefixes are labeled on each key except
(Enter]; however, the appropriate unit is determined
automatically depending on the parameter being set. If you
press the key, the entered value is executed without a
unit prefix.

Used to close the setup toolbar at the right of the display.
Also, by pressing this key when a dialog box is onscreen,
you can cancel any entry mode and the box closes (i.e., this
key can be used instead of pressing the Cancel or x button
in a dialog box).

When you press this key when a dialog box is onscreen, the
entered setting is executed and the box closes. This key can
also be used instead of pressing the OK button in a dialog
box.

Chapter 2
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Performance Test and Function Test
How to Set the E4991A for Maintenance

key By pressing this key, the leftmost menu opens in the menu
bar at the top of the display. Then, the arrow keys

(@@@@) can be used to move the cursor to other

menus or to the desired item in a menu. Pressing the click

key () selects and executes the item. The key is

used to work with the menu bar when a mouse is not
available.

To close an open menu, press the key again.
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NOTE

Performance Test

Introduction

This section provides the test procedures used to verify that the E4991A meets its
specifications. The performance tests can also be used for incoming inspection, and for
verification after troubleshooting or adjustment. If the performance tests indicate that the
E4991A is NOT operating within the specified limits, check your test setup, then proceed
to troubleshooting if necessary.

Warm Up Time
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Allow the E4991A to warm up for at least 30 minutes before you execute any of the
performance tests

pue 18| souewlIoulad 2

Ambient Conditions

Perform all performance tests in ambient conditions of 23 °C + 5 °C, < 70 % RH.

Performance Test Interval

The performance test should be performed periodically. The recommended test interval is
12 months.

The test interval depends on maintenance of use and the environmental conditions under
which the instrument is used. You may find that the test interval could be shortened or
lengthened; however, such a decision should be based on substantial quantitative data.

Performance Test Record and Calculation Sheet

Performance test record lists all test points, acceptable test limits, test result entry columns,
and measurement uncertainties. The listed measurement uncertainties are valid only when
the recommended test equipment is used.

The calculation sheet is used as an aid for recording raw measurement data, and for
calculating the performance test results.

The procedure for using the calculation sheet and performance test record is;

1. Photo copy the calculation sheet.

2. Follow the performance test procedure and record the measurement values, the
E4991A’s reading, etc., into the specified column on the calculation sheet.

3. Calculate the test result using the appropriate equation given on the calculation sheet,
and record the test result into the Test Result column of the performance test record.
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Performance Test

Frequency Accuracy Test

This test verifies the E4991A’s test signal frequency accuracy with an external frequency
counter.

Specification
Frequency Accuracy: 10 ppm (without Option 1D5)
*1 ppm (with Option 1D5)
Required Equipment
Description Recommended Model
Frequency Counter 53131/2A Opt.010 and 030"!

or 53181A Opt.010 and 030"!

BNC(m)-BNC(m) Cable, 61 cm | p/n 8120-1839

N(m)-BNC(f) Adapter p/n 1250-0780

7mm-N(f) Adapter 11524A

*1.0pt.050 and Opt.124 can be substituted for Opt.030. In this
case, a N(m)-BNC(f) adapter is necessary.

Procedure

In the following procedure, the 53181A is used. Perform the same operation if another
frequency counter is used.

1. Connect the equipment as shown in Figure 2-1. For testing the analyzer equipped with

Option 1DS, connect a BNC(m)-BNC(m) cable between the Ext Ref In connector and
the Ref Oven(Option 1D5) connector on the analyzer rear panel.

For testing without Option 1DS5, disconnect the above BNC(m)-BNC(m) cable.
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Figure 2-1 Frequency Accuracy Test Setup 1
N(m)-BNC(f)
Adapter
7mm-N(f)
E4991A Adapter
Eﬂ ]
O \Q N
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[S—; \ T BNC(m)-BNC(m) Cable ®
/ :
Test Head

e4991ase001

2. Press [Preset] to preset the E4991A.
3. Set the E4991A as follows;

Setting Operation

Frequency: 1IMHz [start/stop] - Center- [1]-[M/u]

Power: 0dBm [Source] - Osc Unit- Power
[Source] - Osc Level- [0]-[Enter]

4. Press [Stop/Single] on the 53181A front panel to make a single measurement.

5. Subtract the analyzer setting(1 MHz) from the frequency counter reading, and record
the result on the performance test record.

6. Disconnect the BNC connector from 1 ch in the 53181A front panel, then connect it to
the 2 ch as shown in Figure 2-2.
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Figure 2-2 Frequency Accuracy Test Setup 2
N(m)-BNC(f)
Adapter
7mm-N(f)
E4991A Adapter ‘ _
I Ev [
i a0 \Q
| 95 2
Do Frequency Counter

oo
Oogo

[S— i T BNC(m)-BNC(m) Cable

Test Head

e4991ase002

7. Set the E4991A°s frequency to 3GHz by the following procedure.
[start/stop] - Center - [3]-[G/n]
8. Press [Stop/Single] on the 53181A front panel to make a single measurement.

9. Subtract the analyzer setting (3 GHz) from the frequency counter reading, and record
