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CAUTION

WARNING

The information contained in this document is subject to change without notice.

Agilent Technologies makes no warranty of any kind with regard to this material,
including but not limited to, the implied warranties of merchantability and fitness
for a particular purpose. Agilent Technologies shall not be liable for errors
contained herein or for incidental or consequential damages in connection with the
furnishing, performance, or use of this material.

Safety Notes

This product has been designed and tested in accordance with |EC Publication
1010, Safety Requirements for Electronic Measuring Apparatus, and has been
supplied in a safe condition. The instruction documentation contains information
and warnings which must be followed by the user to ensure safe operation and to
maintain the product in a safe condition.

The following examplesillustrate warning and caution statements that are used
throughout this manual.

Warning denotes a hazard. It calls attention to a procedure which, if not
correctly performed or adhered to, could result ininjury or lossof life. Do not
proceed beyond a warning note until the indicated conditions are fully

under stood and met.

Caution denotes a hazard. It calls attention to a procedure that, if not correctly
performed or adhered to, could result in damage to or destruction of the
instrument. Do not proceed beyond a caution sign until the indicated conditions are
fully understood and met.

The following safety notes are used throughout this manual. Familiarize yourself
with each of the notes and its meaning before operating this instrument.

Thisisa Safety Class 1 Product (provided with a protective earthing ground
incorporated in the power cord). The mainsplug shall only beinserted in a
socket outlet provided with a protected earth contact. Any interruption of the
protective conductor inside or outside of the product islikely to makethe
product dangerous. I ntentional interruption is prohibited.
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WARNING

WARNING

CAUTION

These servicing instructions are for use by qualified personnel only. To avoid
electrical shock, do not perform any servicing unlessyou are qualified to do
0.

If thisproduct isnot used as specified, the protection provided by the
equipment could beimpaired. This product must beused in a normal
condition (in which all meansfor protection areintact) only.

The power cord is connected to internal capacitorsthat may remain live for
five seconds after disconnecting the plug from the power supply.

This product is designed for use in Installation Category |1 and Pollution Degree 2
per IEC 101 and 664 respectively.

Warranty

This Agilent Technol ogies instrument product is warranted against defects in
material and workmanship for a period of one year from date of shipment. During
the warranty period, Agilent Technologies will, at its option, either repair or
replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility
designated by Agilent Technologies. Buyer shall prepay shipping charges to
Adgilent Technologies and Agilent Technologies shall pay shipping chargesto
return the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to Agilent Technol ogies from another country.

Agilent Technologies warrants that its software and firmware designated by
Agilent Technologies for use with an instrument will execute its programming
instructions when properly installed on that instrument. Agilent Technol ogies does
not warrant that the operation of the instrument, or software, or firmware will be
uninterrupted or error-free.




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 ISEXPRESSED 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.

Lithium Battery Disposal

When the battery on the A4 processor assembly (3 volt lithium battery, part
number 1420-0338) is exhausted and/or ready for disposal, dispose of it according
to your country’s requirements. You can return the battery to your nearest Agilent
Technologies Sales and Service office for disposal, if required. Refer to
“Contacting Agilent Technologies, Inc.” in Chapter 5in for alist of Agilent
Technologies Sales and Service offices.

DO NOT THROW BATTERIES AWAY BUT
COLLECT AS SMALL CHEMICAL WASTE.
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Troubleshooting the Analyzer
What You Will Find in This Chapter

What You Will Find in This Chapter

This chapter provides information that is useful when starting to troubleshoot an
analyzer failure. It provides procedures for troubleshooting common failures and
isolating problemsin the analyzer. Assembly descriptions are located in Chapter 3,
"Block Diagrams.”

Component level information containing material lists, schematics, and component
location diagrams, is available separately.
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WARNING

WARNING

CAUTION

WARNING

WARNING

Troubleshooting the Analyzer
Before You Start

Before You Sart

There are four things you should do before starting to troubleshoot afailure:

0 Check that you are familiar with the safety symbols marked on the instrument,
and read the general safety considerations and the safety note definitions given
in the front of this guide.

0 Theanalyzer contains static sensitive components. Read the section entitled
“ESD Information” on page 1-17 in this chapter.

0 Become familiar with the organization of the troubleshooting information in
this chapter.

0 Read therest of this section.

These servicing instructions are for use by qualified personnel only. To avoid
electrical shock, do not perform any servicing unlessyou are qualified to do
0.

The opening of coversor removal of partsislikely to expose dangerous
voltages. Disconnect the product from all voltage sourceswhileit isbeing
opened.

The detachable power cord istheinstrument disconnecting device. It
disconnectsthe mainscircuitsfrom the mains supply before other partsof the
instrument. Thefront panel switch isonly a standby switch and isnot aLINE
switch (disconnecting device).

Always position the instrument for easy access to the disconnecting device
(detachable power cord).

To prevent electrical shock, disconnect the analyzer from mains before
cleaning. Useadry cloth or one slightly dampened with water to clean the
external case parts. Do not attempt to clean internally.

For continued protection against fire hazard, replaceline fuse only with same
type and ratings (type 5A/250V). The use of other fusesor materialsis
prohibited.

Chapter 1 15



WARNING

CAUTION

CAUTION

CAUTION

Troubleshooting the Analyzer
Before You Start

Thisisa Safety Class 1 Product (provided with a protective earthing ground
incor porated in the power cord). The mains plug shall only beinserted in a
socket outlet provided with a protective earth contact. Any interruption of the
protective conductor inside or outside of the product islikely to makethe
product dangerous. I ntentional interruption is prohibited.

Always use the three-prong ac power cord supplied with this product. Failure to
ensure adequate earth grounding by not using this cord may cause product damage.

Before switching on this instrument, make sure of the following:

» thecorrect fuseisinstalled
» the supply voltage isin the specified range

Thisinstrument has an autoranging line voltage input; be sure the supply voltageis
within the specified range.

Replacement Assemblies

The analyzer assemblies are not repairabl e to the component level. The following
assemblies must be replaced as an assembly.

« RF assembly (E4401B, E4411B)

* RF assembly and associated microcircuits (E4402B, E4403B, E4404B,
E4405B, E4407B, E4408B)

» Fregquency extension assembly (E4404B, E4405B, E4407B, E4408B)
* |Fassembly

» Power supply assembly

» Processor assembly

* Motherboard

o Speaker/floppy assembly

» Display

» Display interface board

» Option boards

» Fast ADC (Option AY X) assembly

*  FM Demod assembly (Option BAA)

* IF, Sweep, and Video Ports assembly (Option A4J)

* ACPR dynamic range enhancement assembly (Option 120)
» Bluetooth FM Demod assembly (Option 106)
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WARNING

Troubleshooting the Analyzer
Before You Start

The tracking generator assembly (Option 1DN or 1DP) consists of three
subassemblies and is repairable to the subassembly level.

After an Analyzer Repair

If one or more analyzer assemblies have been repaired or replaced, perform the
related adjustments and performance verification tests. Refer to Table 7-2 in
Chapter 7 for the related adjustments and performance verification tests required
for each assembly.

The performance verification and adjustment software isincluded as part of
Option 0BW, Service Documentation. “ Getting Started” on page 347 contains
detailed information on the computer and test equipment requirements you need to
use the software. Performance verification can also be done manually using the
proceduresin the calibration guide.

ESD Information

Protection from Electrostatic Discharge

Electrostatic discharge (ESD) can damage or destroy electronic components. All
work on electronic assemblies should be performed at a static-safe workstation.
Figure 1-1 shows an example of a static-safe workstation using two types of ESD
protection:

0 Conductive table-mat and wrist-strap combination.
0 Conductive floor-mat and heel-strap combination.

Both types, when used together, provide a significant level of ESD protection. Of
the two, only the table-mat and wrist-strap combination provides adequate ESD
protection when used alone. To ensure user safety, the stati c-saf e accessories must
provide at least 1 megohm of isolation from ground. Refer to Table 1-1 on page 18
for information on ordering static-safe accessories.

These techniques for a static-safe workstation should not be used when
working on circuitry with a voltage potential greater than 500 volts.
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Figurel-1 Example of a Static-Safe Wor kstation
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k\\\§/1 MegOhm
Resistor
|
1
|
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\
Floor Mat 44444444%
\
FORMAT 46
Table 1-1 Static Safe Accessories
Part Number Description
85043-80013 | Setincludes: 3M static control mat 0.4 m x 0.6 m (16 inches x 23
inches) and 4.6 cm (15 ft) ground wire, wrist strap, and wrist-strap cord
9300-0980 Wrist-strap cord 1.5 m (5 ft)
9300-1367 Wrist-strap, color black, stainless steel, without cord, has four adjustable
links and a 7 mm post-type connection.
9300-1308 ESD heel-strap (reusable 6 to 12 months)
18
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Troubleshooting the Analyzer
Before You Start

Handling of Electronic Components and ESD

The possibility of unseen damage caused by ESD is present whenever components
are transported, stored, or used. Therisk of ESD damage can be greatly reduced by
close attention to how all components are handled.

0 Perform work on all components at a static-safe workstation.
0 Keep static-generating materials at |east one meter away from all components.

0 Store or transport components in static-shielding containers.

Always handle printed circuit board assemblies by the edges. Thiswill reduce the
possibility of ESD damage to components and prevent contamination of exposed
plating.

Test Equipment Usage and ESD

0 Before connecting any coaxial cable to an analyzer connector, momentarily
short the center and outer conductors of the cable together.

0 Personnel should be grounded with a 1 megohm resi stor-isolated wrist-strap
before touching the center pin of any connector and before removing any
assembly from the analyzer.

0 Besurethat all analyzers are properly earth-grounded to prevent build-up of
static charge.

For Additional Information about ESD

For more information about preventing ESD damage, contact the Electrical Over
Stress/El ectrostatic Discharge (EOS/ESD) Association, Inc. The ESD standards
developed by this agency are sanctioned by the American National Standards
Institute (ANSI).
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Troubleshooting the Analyzer

Service Equipment You Will Need

Service Equipment You Will Need

In addition to the troubleshooting aids listed in Table 1-2 on page 20, refer to Table
8-2 on page 349, Table 8-3 on page 352, Table 8-4 on page 354, and Table 8-5 on
page 355 for alist of the recommended equipment needed to troubleshoot and
repair the analyzer. Although Agilent Technologies equipment is recommended,
any manually operated equipment that meets the critical specifications giveninthe
table can be substituted for the recommended model.

Troubleshooting Aids

Part number Description
E4401-60235 Power supply service test board
E4401-60240 Attenuator and second converter board assembly and
cable consisting of the following:
E4401-60236 Second Converter driver test board
E4401-60239 24-Pin ribbon cable assembly
E4401-60237 40-Pin extender board
E4401-60238 100-Pin extender board
20 Chapter 1
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Check the Basics

A problem can often be resolved by repeating the procedure you were following
when the problem occurred. Before calling Agilent Technologies or returning the
analyzer for service, please make the following checks:

0 Check theline fuse.
0 Isthere power at the receptacle?

0 Istheanalyzer turned on? Make sure the fan isrunning, which indicates that the
power supply ison.

o If thedisplay isdark or dim, press the upper Viewing Angle key in the
upper-left corner of the front panel. If the display istoo bright, adjust the lower
Viewing Angle key in the upper-left corner of the front panel.

o If other equipment, cables, and connectors are being used with your analyzer,
make sure they are connected properly and operating correctly.

0 Review the procedure for the measurement being performed when the problem
appeared. Are all the settings correct?

o If theanalyzer is not functioning as expected, return the analyzer to a known
state by pressing the Preset key and Factory Preset (if present).

Some analyzer settings are not affected by a Preset. Refer to the
“Front-Panel Key Reference” chapter of the user’s guide for information on
settings affected by a Preset.

0 Isthe measurement being performed, and the results that are expected, within
the specifications and capabilities of the analyzer? Refer to the appropriate
“ Specifications and Characteristics’ chapters in the specifications guide for
more details.

0 Inorder to meet specifications, the analyzer must be aligned. Either Auto Align
All must be selected (press System, Alignments, Auto Align, All), or the
analyzer must be manually aligned at least once per hour, or whenever the
temperature changes more than 3° C. When Auto Align, All isselected, AA
appears on the left edge of the display. Refer to the appropriate “ Specifications
and Characteristics’ chapters in the specifications guide for more details.

0 Isthe analyzer displaying an error message? If so, refer to the instrument
messages/functional tests guide.

0 If the necessary test equipment is available, perform the performance
verification tests in the calibration guide or use the performance verification
software. Record all results on a Performance Verification Test Record form
which follows the tests.

o If the equipment to perform the performance verification testsis not available,
you may till be able to perform the functional checksin the user’s guide.
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Problems at I nstrument Power-Up

This section describes symptoms that can occur when the analyzer isfirst powered
on.

Immediately unplug the analyzer from the ac power lineif the unit shows any of
the following symptoms:

» Smoke, arcing, or unusual noise from inside the unit, except as noted below.

» No response of any kind when unit is plugged into ac power mains and turned
on.

» Theanalyzer ac power fuse blows.
» A circuit breaker or fuse on the main ac power line opens.

These potentially serious faults must be corrected before proceeding. Refer to
“Troubleshooting an Inoperative Analyzer” on page 23.

Note that these analyzers are equipped with a speaker and normally emit noise
from the speaker at power-up. Thisis not a problem; adjust the volume control as
desired.

The analyzer will also occasionally emit “clicking” noises. These are normal and
are related to the analyzer self alignment routines.

If the analyzer always turns on when power is applied, check the rear of the
analyzer. Thereisan “awayson” power mode switch that can be changed. Refer
to the rear panel features section of the user’s guide for information on this switch.
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Troubleshooting an I noperative Analyzer

When an analyzer appears to be dead (no display or inoperative fan) thereis often
little evidence that points directly to the cause. This section provides steps and
solutions to typical failure modes relating to an inoperative analyzer.

Before troubleshooting an analyzer, ensure that it has been set up correctly.

Check the Analyzer Setup

Perform the steps in the section titled “Check the Basics’ earlier in this chapter.

Initial Checks

Perform the following initial checks when first troubleshooting an inoperative
analyzer.

1. Isthefan running?

a. If thefanisnot running, refer to the section “If the FanisNot Operating” on
page 24.

b. If thefanisrunning, thisindicates the power supply isfunctioning at least
partially. Continue with these initia steps, and then refer to the section
“Checking the Power Supplies’ on page 25 if no other cause is found.

2. Isthedisplay on?

a If thedisplay isblank, refer to the section “ Checking the Power Supplies’
on page 25. Also verify that the firmware is good by performing the
“Bootrom Self-Test Check” on page 42.

b. If thedisplay is on and the fan is running, suspect one or more power
suppliesis being pulled down, or a defective processor assembly. In either
case, the analyzer outer case and inner shield must be removed. Refer to
Chapter 6 for removal procedures.

3. Check the power supplies.

a. To check the power supply voltages, refer to the section “ Checking the
Power Supplies’ on page 25.

b. If the supplies all measure good, suspect a defective processor, or a
defective LCD or interface board.

Chapter 1 23



WARNING

CAUTION

Troubleshooting the Analyzer
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4. Perform the following checks for the processor assembly.

a. Istheanalyzer “clicking?’ The analyzer should occasionally emit

“clicking” noises. These arerelated to the analyzer automatic self alignment
routines, and indicate the processor is basically functioning. When the
analyzer is cold, there will be more self alignment activity (more clicking)
than when it iswarm.

If you do not hear any clicks after afew minutes, suspect a defective
processor assembly. Refer to the section * Troubleshooting the A4 Processor
Assembly” on page 41.

. Arethe processor assembly LEDs all out? There are LEDs aong the top

edge of the processor assembly. These should all be off. To check their
functionality, cycle the analyzer power. The processor LEDs should all go
on for afew seconds, then go off. If one or more LEDs remains on, suspect
the processor assembly is defective. Refer to the section “ Bootrom Self-Test
Check” on page 42.

. If the analyzer is clicking, and al of the processor LEDs are out, suspect a

defective LCD or adefective front panel interface board. Refer to the
section “Troubleshooting the LCD Display” on page 29.

If the Line Fuse Has Blown

If the line fuse has blown, perhaps anonstandard fuse with too low acurrent rating
wasinstalled. If the linefuse till blows, suspect that the power supply assembly is
defective.

For continued protection against fire hazard, replace fuse only with sametype
and ratings, (5 A/250 V). The use of other fuses or materialsis prohibited.

If the Fan is Not Operating

The power supply may be hot if the instrument has been operating without the fan
running. Allow the instrument to cool down before troubleshooting.

1. If thereisno display:
a. Unplug the line-power cord.

b. Change the switch at the rear of the analyzer so the power is always on.

Refer to the rear panel features section of the user’s guide for information
on this switch. Thiswill bypass the front panel power switch.
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c. If thefan still does not turn on, suspect a defective power supply assembly.
Refer to the section “ Checking the Power Supplies’ on page 25, to check
individual supply voltages.

d. If thefan starts, this indicates a problem with the front panel switch or the
circuitry to the front panel switch.

2. If thereisadisplay:
a. Remove the analyzer outer case. Refer to Chapter 6 for removal details.
b. Measure the fan voltage.

c. Thefan voltage can be checked directly at the center of the fan where the
wires connect. The fan normally operates on a voltage ranging from -5 to
-16 Vdc depending on the temperature of the analyzer. As analyzer
temperature increases, fan voltage should become more negative, increasing
the speed of the fan.

If the correct voltage is present, suspect a defective fan.

If the voltage is not present, check the plug where the fan wires attach to the
power supply board. If thislooks good, suspect a defective power supply.
Refer to Chapter 6 for information on how to remove the power supply.

Checking the Power Supplies

To verify the power supply voltages using the power supply test board, first
remove the analyzer outer case and inner shield. Plug the test board
(E4401-60235) into any available slot, except the dot for the processor board.
Observe the LEDs on the test board. See Figure 1-2.

a. Depending on the options installed in your analyzer, you may need to
remove one or more option cards to allow access to the test points. Refer to
Chapter 6 for removal instructions.

The power supply test board LEDs will be On if the voltages are within 10% of
their specified voltages. To verify that the supplies are within specifications, you
should use adigital voltmeter. The voltages measured should be within the values
listed in Table 1-3 on page 26.

For accurate analog and digital measurements, use the analog common (ACOM)
and digital common (DCOM) test points respectively aslisted in Table 1-3 on page
26. These points are clearly marked on the test board. See Figure 1-2.

Theanalyzer contains potentially hazardous voltages. Refer to the safety
symbols provided on the analyzer, and in the general safety instructionsin
this guide, before operating the unit with the cover removed. Ensurethat
safety instructionsarestrictly followed. Failureto do so can result in severeor
fatal injury.
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Power Supply Test Board Voltage L ocations

Figure1-2
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The+15V and —12.6 V supplies can be measured directly on the probe power
connector located on the front of the instrument. See Figure 1-3 for these test
points. If =12.6 V iswithin limits, it is areasonably good indicator that =15V is
within specifications.

Probe Power Connector Voltages

SK1122

If All Low Voltage Suppliesare At or Near Zero Volts

If al the power supplies are dead, suspect a defective A5 power supply assembly.
Refer to Chapter 6 for removal instructions.

If Some Low Voltage Suppliesare At or Near Zero Volts

If some supplies are functioning while others are dead or low, it is possible that one
of the assembliesin the anayzer isloading down the power supply.

Inthiscaseit is hecessary to sequentially remove the assemblies, taking care to
disconnect the line-power cord before removing any assembly. A logica first step
would be to unplug the RF assembly ribbon cable from the motherboard at the rear
of the instrument. This disconnects the complete RF section without having to
remove it from the chassis. Refer to Chapter 6 for any other assembly removal
procedures.

After an assembly is disconnected or removed, plug the line-power cord back into
the analyzer and remeasure the supply that was down. If it is still down, continue
with the assembly removal. If the supply is now up, suspect the last assembly
removed as being defective.
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If All the Supplies are Operating Nor mally

If al of the supplies have measured within tolerances, and the display is still blank,
return to step 3 on page 23.
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Troubleshooting the LCD Display

Troubleshooting the LCD Display

The only adjustment that can be made to the LCD display isthe viewing angle.
Thisisfound on the front panel of the analyzer in the upper left corner.

Viewing Angle

1.

Verify that the analyzer has gone through a full power-on sequence. Refer to
the section “ Troubleshooting an Inoperative Analyzer” on page 23.

If the display isdark (not visible), connect an external VGA monitor to the rear
panel VGA output connector on the analyzer. It is possible that some multisync
monitors may not be ableto lock to a 60 Hz sync pulse. If the video
information is not present on the external VGA monitor, the most probable
cause isthe A4 processor assembly.

If the external VGA monitor is functioning, verify that the ribbon cables going
to and from the A1A1 front panel interface assembly are aligned properly and
securely plugged into the connectors.

To determine whether the ALA2 LCD display or the A1A1 front panel interface
assembly is defective, remove the front frame assembly. See Chapter 6,
"Replacing Assemblies.”

Theinverter board containshigh voltagefor the backlights. Carefully remove
theinverter board by taking out the two screws securing it to thefront frame,
then turn it over to accessthe CN1 connector.

Refer to Table 1-4 on page 29 and carefully measure the voltage coming into
the inverter board at CN1 pins 1-6 with adigital voltmeter.

M easurement L ocations and Expected Voltages

M easurement L ocation Expected Voltage from A1A1 Front
Panel I nterface
CN1Pin1 0Vdc
CN1Pin2 0Vdc
CN1Pin3 5Vdc
CN1Pin4 5Vdc
CN1Pin5 30mvV
CN1Pin6 25Vdc

The display is not field-repairable, and must be replaced as an assembly. Refer to
Chapter 5 for part-number information.
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Figure1-4 L CD Troubleshooting M easurement L ocations
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If the voltages are correct, the most probable cause of failureisthe A1A2 LCD
assembly.
NOTE The LCD has two backlights to illuminate the LCD. If both backlights are

defective, the screen will be dark. The backlights can be replaced individually,
however, it isimprobable that both backlights are defective simultaneoudly. If one
backlight is defective, the LCD will illuminate but the dimness will be noticeable,
and you will need to replace ALA2DS1 or A1A2DS2. It isrecommended that both
backlights be replaced at the sametime if it islikely that one simply wore out.
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Isolatingan LO, IF, or Video Problem

This section provides techniques for isolating amplitude failures along the signal
path.

Checking Detector M odes

The instrument has three detector modes known as peak, negative peak, and
sample. All of these detectors are located on the A4 processor board. Normal
instrument power up routes the detected video signal through the positive peak
detector only. If there are no graticules, signal information, or screen annotations,
refer to the section “ Troubleshooting the LCD Display” on page 29. The
assumption from this point on is that the graticules and annotations have come up
on the screen, but the noise floor and signal information is not present.

1. If novideoispresent on the analyzer screen switch to Sample or Negative Peak
detector mode by pressing Det/Demod, Detector, and the proper softkey.

2. |If the video signal appears in one of these two modes, the most probable cause
isthe A4 processor board itself.

3. If thereisno video information present in any detector mode, inject asignal
into the IF assembly as per “Verifying the A3 IF Assembly Performance” on
page 32. This step will produce 2 Vdc (IF_VIDEO) at the output of the IF
assembly. The 2 Vdc can be measured on the motherboard at A7J13 pin 24 if
the analyzer is an E4403B, E4408B, or E4411B. If you do not measure adc
level at approximately 2 Vdc, the IF assembly isthe most probable cause. Refer
to Figure 1-2.

4. If you measure 2 Vdc on the output of the IF assembly but do not see aflat line
at the top of the graticule, there may be a problem between the output of the IF
assembly and the input to the A4 processor board. Check for an open trace or a
bent pin on the A7 motherboard.

5. If you measure 2 Vdc right up to the IF_VIDEQ input on the A4 processor
board and still don't have aflat

line near the top of the screen, the A4 processor board is the most probable
cause.

Checking Corrected versus Uncorrected Performance Using
Video Shift On/Off

If you have a frequency response failure such as a power hole or power spike, you
should turn the video shift off to see if the digital correction values are having an
adverse effect on the analyzer performance.

1. Turn thevideo shift off by pressing System, Service, (Password = —2010),
Enter, Service, Video Shift On Off (Off).

2. If the power hole or spike goes away, perform the Frequency Response
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Adjustments using the Adjustment Software. Refer to section “Using the
Internal Service-Diagnostic Routines’ on page 36 for more information about
the video shift function.

3. If the power hole or power spike does not go away after re-adjusting the
frequency response (flatness), the RF assembly is the most probable cause.

Verifying the A3 | F Assembly Performance

At frequencies >50 MHz in zero span, the gain of the A3 IF assembly will
increase, necessitating the input level to be decreased for top of screen response. If
the analyzer isin full span and the 21.4 MHz input frequency has a power level of
—20 dBm, the displayed response will be the inverse of the RF assembly flatness.
Setting the Video Shift Off as stated in “ Checking Corrected versus Uncorrected
Performance Using Video Shift On/Off” on page 31 will result in aflat line. In
narrow spans, the flatness correction will be done by changing the A3 IF assembly
gain. Inlarge spans, when it is not practical to change the A3 IF assembly gain as
the analyzer sweeps, video shift is used for flathess correction. Some video shift
will be used for flatness correction even when A3 |F assembly gains are a so used,
but the maximum video shift will be lessthat 1 dB, unless there isinsufficient A3
IF assembly gain available.

1. Turnthe Auto Align off by pressing System, Alignments, Auto Align, Off.
2. Perform an Align Now All by pressing System, Alignments, Align Now, All.
3. Verify that theinitial failure viewed on the analyzer screen is acceptable.

a. If the signal on screen appearsto be correct, turn the Auto Align back on by
pressing System, Alignments, Auto Align, All and make sure the signal
remains correct.

b. If the signal isnot correct press System, Alignments, Load Defaults,
Load Defaults. (Pressthis key twice for the defaults to load.)

When the defaults are loaded, the | F filter response of some resolution bandwidth
settings may appear distorted and the amplitude response may vary significantly as
the resolution bandwidth is changed.

c. If thesignal is not correct with the defaults |oaded proceed to the next step.
Otherwise:

1. Perform Align Now All by pressing System, Alignments, Align Now,
All and wait for the alignment to complete. Three complete alignment
sequences will be performed.

2. Turn Auto Align back on by pressing System, Alignments, Auto Align,
All.

3. Veify the analyzer performance now that the A3 IF assembly has had
the defaults loaded and the auto align has been turned back on.

4. If thesignal on screenisstill not correct perform “ Checking Detector Modes”
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on page 31. Now inject a21.4 MHz signa at —10 dBm from a synthesizer into
the A3 IF assembly. With the reference level at 0 dBm, the input attenuator set
to 0 dB, and center frequency at 50 MHz in zero span, aflat line should appear
a thetop graticule.

5. If thesignal is not at the top graticule, measure A7J13 pin 24 on the
motherboard with a voltmeter and verify 2 Vdc. Refer to Figure 1-1.

6. If 2Vdcisnot present the most probable cause would be the A3 IF assembly,
but first check for a bent pin on the A7J2 motherboard connector pin 16
(IF_VIDEO). Refer to Figure 1-2.

7. If 2Vdcis present the most probable cause is either an A7 motherboard trace
problem to the A4 processor board, a bent pin on A7J7 motherboard connector,
or the A4 processor board itself.

Checking a Horizontal Trace With No Signal or Noise Floor
Present

1. For E4402B, E4404B, E4405B, and E4407B connect the Amptd Ref out to the
Input.

Check the ADC circuitry on the A4 processor board by pressing Preset,
FREQUENCY 50 MHz, SPAN, Zero Span, Input/Output, Amptd Ref Out
(On), AMPLITUDE, —27 dBm for 50 Q, or +24.75 dBmV for 75 Q input (for
E4401B or E4411B). For any other ESA, press Preset, FREQUENCY, 50 MHz,
SPAN, Zero Span, Input/Output, Amptd Ref Out (On), AMPLITUDE,

—20 dBm (-27 dBm for E4401B or E4411B). This should provide a2 Vdc
output from the A3 |F assembly.

2. Connect avoltmeter to A7J13 pin 24 on the A7 motherboard to probe the
output of the A3 IF assembly. If the IF assembly is working properly the
voltmeter will read approximately 2 Vdc. Refer to Figure 1-2.

If you measure 2 Vdc at this point, the most probable cause isthe A4 processor
board.

If you DO NOT measure 2 Vdc at this point, check the integrity of the A3 IF
assembly as stated in “ Verifying the A3 IF Assembly Performance” on page 32.

It is possible that there is abent pin (IF_VIDEO) on the A7 motherboard
connectors or an open trace on the A7 motherboard itself. Follow the 2 Vdc from
the output of the A3 IF assembly to the input of the A4 processor board.

Checking an Analyzer That Displaysa L ow Signal Level
A low signal level can be caused by a number of assembliesinside the analyzer.

1. Verify that this problem is not related to the detectors by performing the
procedure as stated in “Checking Detector Modes’” on page 31.

2. Thetwo most common assembliesfor alow signal level would be the RF
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assembly and the A3 IF assembly respectively. To verify the RF assembly
performance see Chapter 2, “ Troubleshooting the RF Section,” on page 59

3. If step 2 measures properly, refer to “Verifying the A3 IF Assembly
Performance” on page 32.

Checking an Analyzer That Displaysa High Noise Floor

A high noise floor is often caused by alow gain situation. When the analyzer
adjusts for excessive low gain, the displayed noise level will risetoo high.

1. Verify the ADC performance per the procedure in “ Checking an Analyzer That
DisplaysaLow Signal Level” on page 33 before taking any measurements.

2. The RF assembly is the most probable cause due to an over-correction during
the frequency response adjustment. To verify the RF assembly performance see
Chapter 2, “ Troubleshooting the RF Section,” on page 59

If the 21.4 MHz IF alignment signal from the RF assembly was not getting to
the A3 IF assembly the noise floor may rise. Verify the 21.4 MHz alignment
signal is getting switched to the A3 IF assembly as per “Checking the

21.4 MHz Alignment Signal” on page 35.

3. Verify the A3 IF assembly performance per the procedure stated in “Verifying
the A3 IF Assembly Performance” on page 32 if the RF assembly appearsto be
O.K.

Checking an Analyzer Signal Amplitude That Appears Too High

1. Verify the A3 IF assembly performance per the procedure stated in “Verifying
the A3 IF Assembly Performance” on page 32.

2. Verify the RF assembly performance as per Chapter 2, “ Troubleshooting the
RF Section,” on page 59

3. Verify the A4 processor board performance per the procedure stated in
“Checking aHorizontal Trace With No Signal or Noise Floor Present” on page
33.

Checking an Analyzer Signal That IsDistorted

1. Verify the A3 IF assembly performance per the procedure stated in “Verifying
the A3 IF Assembly Performance” on page 32.

2. Veify the RF assembly performance as per Chapter 2, " Troubleshooting the RF
Section.”

Checking an Analyzer Signal That 1s Off Frequency

1. Verify the 10 MHz reference is adjusted properly as per the Reference
Frequency Adjustment using the Adjustment Software.

2. If the 10 MHz reference cannot be adjusted within specifications, the RF
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assembly is the most probable cause.

Checking the 21.4 MHz Alignment Signal

Thisalignment signal is generated on the RF assembly and is switched in during
various background alignment sequencesto align the A3 IF assembly. If thissignal
is not present during the alignments there will be problems with analyzer gains and
possibly noise floor issues as well.

1.

Verify this signal by turning the analyzer on and pressing Preset.

2. Turn Auto Align to off by pressing System, Alignments, Auto Align, Off.
3.
4

Disconnect the flexible gray cable at the input of the A3 IF assembly (A3J2).

. Connect the female end of an SMB tee to the A3 IF assembly, one end to a

calibrated spectrum analyzer using an SMB cable, and the other end to the
flexible gray cable that was previously connected.

Press System, Alignments, Align Now, All. During the Align IF you will see

the 21.4 MHz aignment signal on your spectrum analyzer during most of this

alignment. The power level should be approximately =55 dBm. If thissigna is
significantly lower, the RF assembly is the most probable cause.

Reconnect the flexible gray cable to the input of the A3 IF assembly (A3J2).

After measuring the 21.4 MHz alignment signal, turn the Auto Align back on
by pressing System, Alignments, Auto Align, All.
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Using the Internal Service-Diagnostic Routines

The analyzer has several routines which are helpful in diagnosing faults:
» Timebase (in Alignments menu)

» Timebase (in Service Menu, password-protected)

* Video Shift On Off (in Service Menu, password-protected)

» Align Now

» VisibleAlign

» Load Defaults

* Restore System Defaults

» Front Panel Test (in Diagnostic menu)

The service menu is password protected. To access this menu, press System,
Service. At the password prompt, enter —2010 and press Enter.

Timebase (in Alignments M enu)

This function alows adjustment of the coarse and fine digital to analog converters
(DACs) controlling the voltage-controlled crystal oscillator (VCXO) timebase
(OCXO, if Option 1D5 isinstalled). The primary use for this function is verifying
the timebase setability specification of the VCXO. Refer to the 10 MHz reference
performance test in the user’s guide. However, it can also be used to verify proper
operation of the phase locked loops (PLLS).

The coarse DAC has aresolution of approximately 9 Hz per DAC count (for the
VCXO). The fine DAC has aresolution of approximately 1.2 Hz per DAC count
(for the VCXO). Any changes made to these DACs will remain in effect until the
power is cycled or the analyzer is Preset. To change the timebase DAC values
stored in EEROM, it is necessary to use the Timebase function in the Service
menu.

To check proper operation of the PLLs:

1. Connect afrequency counter to the 10 MHz REF OUT of the analyzer. Set the
counter for 1 Hz frequency resolution.

2. Connect al GHz, —10 dBm signal to the analyzer INPUT 50 Q.

3. Onthe anayzer, press Preset, FREQUENCY, 1 GHz, SPAN 100 kHz. If
necessary, adjust the center frequency to place the 1 GHz signal at the center
frequency.
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4. On theanayzer, press System, Alignments, Timebase, Coarse. Note the
frequency displayed on the frequency counter and the position of the signal on
screen. Use the knob to change the coarse timebase such that the signal
displayed on the analyzer moves by 1 division (10 kHz). The coarse DAC
value should require a change of approximately 11 counts (for the VCXO). If
the signal does not move as the coarse DAC valueis changed, the PLL s are not
functioning properly.

5. Note the frequency displayed on the frequency counter. If the PLLs are
operating properly, the difference between this new frequency and the
frequency noted in step 4 should be approximately 100 Hz (for the VCXO). If
thisfrequency differenceissignificantly greater or lessthan 100 Hz, the PLL is
not functioning properly.

Timebase (in Service Menu)

The Timebase function in the Service menu functions the same way as the
Timebase function in the Alignments menu. However, with the Timebase function
in the Service menu, the coarse and fine DA C values can be stored in EEROM by
pressing Save. Thisfunction isused primarily to adjust the 10 MHz reference, but
can a so be used to check the PL L s as mentioned above. (A password isrequired to
access the Service menu. See step 2 on page 38 below.)

Video Shift On/Off

Amplitude errors in the analyzer are compensated for by adding IF gain on the A3
IF assembly, by “shifting” the digitized video signal, or by a combination of both
IF gain and video shift. By turning video shift on or off, it is possible to isolate
problemsin analog hardware from problems caused by faultsin the auto alignment
routines or adjustment procedures.

IF gainisused only to compensate for frequency response (“flatness’) errors when
in relatively narrow spans. In the narrow spans, asingle IF gain setting can
compensate for the majority of the flatness error. In wider spans, however, asingle
IF gain setting would not yield acceptable flatness. Therefore, in the wider spans,
video shift is used to compensate for flatness errors.

When both IF gain and video shift are used, the amount of video shift istypically
lessthan 1 dB; most of the amplitude correction is done with IF gain.

Video shift is aso used to correct for log amplifier errors, especially errors more
than 50 dB below the reference level. Therefore, when observing asignal ina
narrow span, with the noise level more than 70 dB below the reference level, it is
typical to see the signal peak change by only afew dB while the noise changes by
approximately 25 dB as video shift is turned on and off.

To determine whether an anomaly (such as a glitch or spurious response on the
trace) is caused by the analog hardware (“raw performance”) or caused by
incorrect video shift being applied, proceed as follows:

1. Set up the analyzer so that the anomaly appears on the displayed trace.
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2. Press System, Service. When prompted for the password, enter —2010 and
press Enter.

3. PressVideo Shift (Off).

4. If the anomaly disappears, it was caused by an unusually high amount of video
shift being applied. This could be the result of an amplitude glitch during
execution of an auto alignment routine or an adjustment procedure. Perform an
Align Now, All. Then, set Video Shift (On) and check whether or not the
anomaly is still present. If so, it is necessary to perform the Freguency
Response Adjustment using the Adjustment Software.

5. If the anomaly does not disappear when Video Shift is set to Off, the hardware
is at fault. The RF assembly isthe most likely cause.

Align Now

During normal analyzer operation, asmall portion of the analog circuitry is being
realigned between each sweep. In this mode (“Auto Align On”), acomplete
realignment occurs approximately every 10 minutesto 1 hour. Realignments are
done more frequently when the analyzer isfirst turned on (when it is cold) and then
less frequently as the analyzer warms up. Normal analyzer operation is not
interrupted in this * background” mode.

Align Now halts normal analyzer operation and forces a complete realignment of
the entire system (Align Now, All) or of apiece of the system (Align Now, RF, for
example).

If any amplitude errors, bandwidth symmetry errors, or log fidelity errors occur,
perform an Align Now, All. Thiswill take approximately 60 seconds, depending
upon installed options. Most of thistimeis spent aligning the IF subsystem. In
some cases, it may be necessary to perform Align Now, All two or three times to
correct serious errors.

If performing Align Now, All does not fix the problem, it may be necessary to first
Load Defaults (see below), and then perform Align Now, All. The analyzer will
execute three complete alignment sequences.
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When performing Align Now, All or Align Now, RF, the presence of an external
50 MHz signal is checked. If an external 50 MHz signal > —25 dBm is detected,
the RF alignment will be skipped and the message “ Align RF skipped 50 MHz
detected” will be displayed. If this occurs, remove the 50 MHz signal from the
analyzer input and perform Align Now, All or Align Now, RF again.

Visible Align

Thevisible align function is turned off in normal operation. This function can be
turned on so the user can view which hardware is being adjusted during the
background alignment or during the auto alignment process.

To turn Visible Align on, press: System, Service, —2010, Enter, Service, Align,
Visible Align (On).

If afailure occurs during the alignment process, afail message will appear on the
screen. This message can aid in determining which assembly is causing thefailure.
Visible align will remain on until it isturned off, instrument preset is pressed, or
the instrument power is cycled. About 95% of the auto alignment processis
adjusting | F-section related circuitry.

L oad Defaults

If aproblem occurs during an auto alignment routine (due to an intermittent
hardware problem for example€) the correction constants cal culated by the auto
alignment routine will be incorrect. Performing Align Now, All will not always
alow recovery from such afailure.

Pressing Load Defaults loads default values for the alignment system, turns on the
frequency corrections, and resets the timebase to the factory values. Once the
default values for the alignment system are loaded, Align Now, All should be able
to correctly align the analyzer.

Load Defaults can also be used with Auto Align Off to set the analyzer hardware
to aconsistent, nominal condition for future troubleshooting.

Restoring System Defaults

Restore Sys Defaults resets the analyzer to the original factory—set user
configuration. It aso performs an instrument preset. The following table showsthe
default user—configuration settings which result from pressing Restore Sys
Defaults. To access this function, press System, Restore Sys Defaults.
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Configuration Default Value
Amplitude units dBm
Power-on IP (Preset)
Analyzer address (Option A4H) 18
Baud rate (Option 1AX) 9600

DTR Control (Option 1AX)

Hardware pacing on

RTS Control (Option 1AX)

Hardware pacing,

input buffer full
Receive pacing (Option 1AX) None
Transmit pacing (Option 1A X) None
Color palette Default
Date mode Month-day-year format
Print mode Print screen
Printer Auto
Print orientation Portrait
Print Language PCL3
Color-capable No
Prints per page 1
Time/Date display On
Viewing angle 4
Volume 0

Use Restore Sys Defaults to return the analyzer to aknown “safe” state.
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Troubleshooting the A4 Processor Assembly

After you have determined that the problem is caused by the A4 processor
assembly, use the following procedures to determine if A4 must be replaced or if it
can berestored to normal operation. The ESA Spectrum Analyzer & EMC Analyzer
Component-Level Information is required to assist with some of these procedures.
Refer to Chapter 5 for alist of available component-level service information.

Initial Checks

The troubleshooting steps immediately following will help you determine whether
or not the A4 processor assembly should be replaced or if it can be restored to
normal operation. Some steps reference other troubleshooting procedures which
appear later in this section.

1. IfADG 2V fail ,ADGCGnd fail,or ADCtime fail error messages are
displayed, check for a10 MHz signal at A7J15 pin 52. Refer to Figure 1-2 on
page 26 for information on probing A7J15 (the connector is not loaded). The
10 MHz signal isrequired to clock the ADC. If this 10 MHz signal is not
present, suspect the RF assembly.

2. Verify the analyzer product number, serial number, and firmware revision.
Press System, Show System. The display should be similar to the following:

Example Show System Display

System

MNext Page

If theinformation is not correct, perform the Processor Initialization procedure
in the adjustment software.

3. Turn the analyzer power Off and reseat A4. Referring to Figure 6-15 on page
279, remove the vibration support. Referring to Figure 6-23 on page 292,
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removethe single screw (4) which secures the processor assembly ( 8) to the
chassis. Carefully lift the processor assembly until the assembly disengages
from the two motherboard connectors. Carefully plug the processor assembly
into the motherboard. Replace the single screw ( 4) to secure the processor
assembly to the chassis. Turn the analyzer power On. If normal operation is not
restored, continue with step 4.

4. Perform the “Bootrom Self-Test Check” as described in the following text.

5. If proper operation has not been restored by following the preceding steps,
replace A4.

Bootrom Sdlf-Test Check

When the analyzer is powered-on, the bootrom performs several self-tests. Before
each test, the LEDs along the top edge of the A4 processor assembly will lightina
pattern which indicates the test to be performed. As tests succeed, the pattern will
change. If atest fails, the LED pattern will remain in a state which corresponds to
thetest that failed. If the display is not functioning, observing the LED pattern will
provide information on the status of the self tests performed.

1. Power up the analyzer. Verify that LED DS1 is flashing approximately every
one second. If DS1 in continuously on or off, replace the basic or enhanced
memory A4 processor assembly.

Thefollowing table lists the LED patterns and their associated tests.

Table 1-6 Self-Testsversus LED Pattern
LED Pattern
Self-Test Perfor med D| D D D|/D|D|D|D
S S S S S S S S
1 7 13| 11 9 |12 | 10| 8
Start of Test

Bootrom Flash EPROM Checksum

RAM used by Bootrom (destructive)

Remainder of RAM (non-destructive)

Main Firmware Checksum

O|O|O| Ok | R
oO|lo|o| OOk

1
1
1
0
0
0

O|lr|krR|RL|R| R
O|lr|kR|RLP|R| R
O|lr|lkRr|RPr|R| R
o|lo|lkr|kr|R| R
o|lo|lr|kRr|R| R

All Tests Completed Successfully

2. Cyclethe analyzer power and observethe LEDs. If al the LEDs do not light at
the start of the test, the bootrom self-tests did not run. Turn the analyzer power
Off and reseat the bootrom, A4U77. Turn the analyzer power On. If the LEDs
still do not light, replace the basic or enhanced memory A4 processor assembly.

3. If the self-test indicatesa RAM failure, perform the * Clearing Dynamic RAM”
procedure below.
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4. If all tests completed successfully, continuewith step 5 on page 42 of theinitial
checks for A4 troubleshooting.

Observing the LEDs as described above is useful if the LCD display is not
functioning.

Clearing Dynamic RAM

The RAM in the analyzer can be cleared by setting switch 2 on A4S1 to the on
position (toward the rear of the analyzer). Alternatively, the RAM can be cleared
by the following procedure;

1. Turnthe analyzer power Off.
2. Pressand hold the Esc and Return keys simultaneously.

3. Turn the analyzer power On and wait 5 seconds while continuing to hold the
Esc and Return keys.

4. Releasethe Esc and Return keys.
5. Cyclethe analyzer power. The entire RAM has been set to 0.

Clearing Flash EPROM

Flash EPROM can be cleared by setting switch 3 on A4S1 to the on position
(toward the rear of the anayzer). Wait approximately 10 minutes to ensure the
flash EPROM is erased. This should only be performed when al contents of flash
EPROM need to be erased. Alternatively, flash EPROM may be cleared by the
following procedure:

1. Turnthe analyzer power Off.
2. Pressand hold the Esc and View/Trace keys simultaneously.

3. Turn the analyzer power On and wait 5 seconds while continuing to hold the
Esc and View/Trace keys.

4. ReleasetheEsc and View/Trace keys.
5. Wait approximately 10 minutes to ensure flash EPROM s fully erased.

6. Cyclethe analyzer power. The entire Flash EPROM has been
set to O.
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Troubleshooting the A2 1.5 GHz Tracking Gener ator
(E4401B and E4411B) (Option 1DN/1DQ)

The A2 tracking generator (TG) assembly (Option 1DN/1DQ), is comprised of
three board assemblies: the A2A 1 tracking generator control board, the A2A2
tracking generator RF board, the A2A3 tracking generator output board. The
troubleshooting procedures which follow will help to isolate afailure to one of
these three board assemblies.

If Output isUnleveled (TG Unleveled message displayed)

A window comparator on the A2A2 tracking generator RF board is used to
monitor the ALC lines. If an unleveled condition occurs, L_UNLEVELED will be
set true (low). The unleveled indicator is checked at the end of each sweep. For this
reason, it is possible that the output could be unleveled during aportion of asweep,
and although the output returnsto aleveled condition by the end of the sweep, TG
Unleveled will be displayed at the end of the sweep.

If TG Unleveled is displayed, proceed as follows:

1. Verify that the tracking generator frequency is between 9 kHz and 1.5 GHz for
50 Q tracking generators between 1 MHz and 1.5 GHz for 75 Q tracking
generators. Also verify that the source amplitude setting is between 0 dBm and
=70 dBm for 50 Q and between +42.75 dBmV and —27.25 dBmV for 75 Q.

2. Check at which frequencies the output is unleveled. Set the anayzer to zero
span and step the center frequency in 50 MHz increments. Note at which
frequencies the output is unleveled.

3. Check at which power levels the output is unleveled. With the analyzer in zero
gpan, set the center frequency to 50 MHz or one of the frequencies noted in
step 2 on page 44. Lock the source attenuation to 0 dB by pressing Source,
Attenuation, Auto Man (Man). Press Amptd, Step, Auto Man (Man),
Amplitude On Off (On), 0 dBm and step the Source Amptd setting in 1 dB
increments from O dBm to —15 dBm for 50 Q input. Step the Source Amptd
setting in 1 dB increments from 42.75 dBmV to 27.75 dBmV for 75 Q input.
Note at which power levels the output is unleveled. The output may be
unleveled when the power level is greater than +1 dBm for 50 Q or
43.75dBmV for 75 Q.

4. Perform the Tracking Generator ALC and the Tracking Generator Frequency
Sope adjustments using the Adjustment Software.

5. Check the presence of the 10 MHz reference. Temporarily remove the A2
tracking generator assembly. Refer to Chapter 6 for removal instructions. If a
10 MHz signal is not present on A7J10 pin 52, suspect the RF assembly. Refer
to Figure 1-2 on page 26. Reinstall A2.

6. Check that the TG LO signal is present.
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a Set the analyzer to a center frequency of 50 MHz and zero span.

b. Usean active probe, such as the HP/Agilent 85024A, and a microwave
spectrum analyzer to probe A2A134. J4 is not loaded, but the holes for the
jack are present; probe the center hole. One of the other four holes may be
used for a ground connection.

c. Set the microwave spectrum analyzer to a center frequency of 2.5 GHz and
aspan of 1 GHz.

d. AnLO signal of 2.45 GHz at approximately —20 dBm should be present.

e. If theLO signal is not present, or is significantly off frequency, suspect the
A2A1 tracking generator control board.

f. If theLO signal is OK, suspect the A2A2 tracking generator RF board.

Ifthe TG LO isUnlocked (TG LO Unlocked message displayed)

The TG LO isreferenced to the 10 MHz reference generated on the RF assembly.
The TG LO resides on the A2A 1 tracking generator control board.

1. Check the presence of the 10 MHz reference. Temporarily remove the A2
tracking generator assembly. Refer to Chapter 6 for removal instructions. If a
10 MHz signal is not present on A7J10 pin 52, suspect the RF assembly. Refer
to Figure 1-2. Reinstall A2.

2. Check that the TG LO signal is present.
a Set the analyzer to a center frequency of 50 MHz and zero span.

b. Usean active praobe, such as the HP/Agilent 85024A, and a microwave
spectrum analyzer to probe A2A1J4. J4 is not loaded, but the holes for the
jack are present; probe the center hole. One of the other four holes may be
used for a ground connection.

c. Set the microwave spectrum analyzer to a center frequency of 2.5 GHz and
aspan of 1 GHz.

d. AnLO signal of 2.45 GHz at approximately —20 dBm should be present.

e. If theLO signal is not present, or is significantly off frequency, suspect the
A2A1 tracking generator control board.

f. If theLO signal is OK, suspect the A2A1 tracking generator control board
(the lock-detect circuitry isalso on A2A1).

If the Tracking Generator IsNot Properly Recognized by the
Firmware

When the analyzer is powered-up, the firmware queries each board assembly for
itsidentification information. If a board does not respond to a query, it is assumed
to not be present. If the A2 tracking generator assembly does not respond to the
firmware's query, the functions under the Source menu will not be available.
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1. Check the Show System screen. Press System, Show System. Verify that
“1IDN:1.5GHz TG, 50 Q" or “1DQ: 1.5GHz TG, 75 Q" is displayed.

2. If theinformation in the Show System screen does not identify atracking
generator, try reseating A2 in its motherboard connector. If Show System still
does not identify atracking generator, suspect the A2A1 tracking generator
control board.

3. If theinformation in the Show System screen identified a 75 Q tracking
generator (Option 1DQ), but the tracking generator is actually a 50 Q tracking
generator (Option 1DN). The A2A3 tracking generator output board might not
be properly connected to A2A2J4. A2A2J4 pin 2 is normally grounded by the
A2A3 tracking generator output board to identify the A2 assembly asa 50 ohm
tracking generator. If A2A2J4 pin 2 is not connected, this line will be pulled
high, causing the A2 assembly to be identified as a 75 Q tracking generator.

If Flatnessis Out of Tolerance

1. Check the output connector for damage. Replace the connector if it is damaged.

2. Perform the Tracking Generator ALC and Tracking Generator Frequency
Sope adjustments using the Adjustment Software.

3. If the adjustments did not bring flatness within tolerance, suspect the A2A2
tracking generator RF board or the A2A3 tracking generator output board.

If Vernier Accuracy isOut of Tolerance

1. Perform the Tracking Generator ALC Adjustment using the Adjustment
Software.

2. If the adjustment did not bring vernier accuracy within tolerance, suspect the
A2A2 tracking generator RF board.

If Harmonics and Spurious Outputs are Too High

High harmonic output levels will generally be caused by problems on the A2A2
tracking generator RF board. However, some non-harmonic spurious output levels
may be caused by the TG LO on the A2A1 tracking generator control board.

1. If harmonic output levels are out of tolerance, suspect the A2A2 tracking
generator RF board.

2. If non-harmonic output levels are out of tolerance, note the frequency
difference between the fundamental output frequency and the spurious outpuit.
Check the LO to seeit a so displays a spurious output with the same frequency
difference:

a. Set the analyzer to the center frequency used to determine the
out-of-tol erance condition and zero span.

b. Usean active probe, such as the HP/Agilent 85024A, and a microwave
spectrum analyzer to probe A2A134. J4 is not loaded, but the holes for the
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jack are present; probe the center hole. One of the other four holes may be
used for a ground connection.

c. Set the microwave spectrum analyzer to a center frequency of
2.4 GHz higher than the analyzer center frequency. Set the span to at least
twice the frequency difference between the non-harmonic spurious output
and the fundamental output.

d. AnLO signa at approximately —20 dBm should be present.

e. If the LO shows a spurious response at an offset equal to the difference
between the tracking generator’s fundamental output and the non-harmonic
spurious output, suspect the A2A 1 tracking generator control board.

f. If the LO does not show a spurious response as described above, suspect the
A2A2 tracking generator RF board.
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I Power Sweep isNot Functioning Properly

The power sweep function isimplemented on the A2A2 tracking generator RF
board, but is controlled via digital signals from the A2A 1 tracking generator
control assembly.

1. Perform the Absolute Amplitude and Vernier Accuracy performancetest in the
calibration guide.

2. If the performance test passes, suspect the A2A2 tracking generator RF board.

3. If the performance test fails, perform the Tracking Generator ALC Adjustment
using the Performance Verification and Adjustment Software. Rerun the
performance test.

4. If the performance test fails again, suspect the A2A 1 tracking generator control
board (digital control signals might be corrupted) or the A2A2 tracking
generator RF board (the power level control DACs might not be responding

properly).

If Thereis No Output Power

No output power can be caused not only by afailure in the mixer, output amplifier,
or output attenuators, but also by one of the two synthesizers being extremely
off-frequency.

1. Check the presence of the 10 MHz reference. Temporarily remove the A2
tracking generator assembly. Refer to Chapter 6 for removal instructions. If a
10 MHz signal is not present on A7J10 pin 52, suspect the RF assembly. Refer
to Figure 1-2 on page 26. Reinstall A2.

2. Check that the TG LO signal is present.
a. Set the analyzer to a center frequency of 50 MHz and zero span.

b. Usean active probe, such asthe HP/Agilent 85024A, and a microwave
spectrum analyzer to probe A2A134. J is not loaded, but the holes for the
jack are present; probe the center hole. One of the other four holes may be
used for a ground connection.

c. Set the microwave spectrum analyzer to a center frequency of
2.5 GHz and a span of 1 GHz.

d. AnLO signa of 2.45 GHz at approximately —20 dBm should be present.

e. If theLO signa isnot present, or is significantly off frequency, suspect the
A2A1 tracking generator control board.

f. If theLO signal is OK, suspect the A2A2 tracking generator RF board or
the A2A 3 tracking generator output board.
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Troubleshooting the A2 3.0 GHz Tracking Gener ator
(E4402B, E4403B, E4404B, E4405B, E4407B, and
E4408B) (Option 1DN)

The tracking generator (TG) assembly (Option 1DN) is comprised of three major
assemblies: the A2A1 tracking generator control board, the A2A2 tracking
generator assembly, and the A2A 3 output attenuator.

The A2A1 tracking generator control board plugs directly into the motherboard
where it receives the 1/O inputs and power supplies. The A2A1 tracking generator
control board performs three main functions:;

* providesthe power supplies and modulator drive voltagesto the A2A2 tracking
generator

* provides an amplitude-compensated leveled 1st L O output to the A2A2
tracking generator

» providesthe correct switching logic for the A2A3 output attenuator

The A2A3 output attenuator is a 56 dB step attenuator (in 8 dB steps) that simply
controlsthe RF output level to the front panel RF output connector. This attenuator
is automatically coupled to the desired output source power.

The A2A2 tracking generator receives all the correct switching logic and input
frequencies to yield the desired tracking generator output. It is a self-contained
non-serviceable assembly and must be replaced if proven defective.

To help isolate a TG-related failure, verify the TG performance by pressing the
following analyzer keys, make the measurements listed in Table 1-7 on page 50,
and compare the results with the levelsindicated in that table:

Preset

FREQUENCY 50 MHz
SPAN, Zero Span
Source

AMPLITUDE (On)

Measure locations A-D with a calibrated spectrum analyzer.

With the settings stated above, the tracking generator source power should be
—-10 dBm and the tracking output attenuator (A2A3) will be set to 8 dB.
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Table1-7 3.0 GHz Tracking Generator Troubleshooting
Signal M easurement Expected Expected Notes
Description L ocation Frequency Amplitude
1st LO Input A 3971.4 MHz 0dBm LO Input from ABA1A2 LO board
on E4402B and E4403B. LO Input
from A8A4 LO Amp/IF Switch on
the E4404B, E4405B, E4407B and
E4408B. Measured at the cable end.
1st LO Qutput B 3971.4 MHz +13dBm LO Output from A2A1 TG
controlboard to A2A2J4 TG Input.
Measured on the output of the TG
control board.
RF Output C 50 MHz -2dBm RF Output from A2A212 TG
Measured at J2
600 MHz D 600 MHz -7dBm 600 MHz from ABA1A1J2
reference/3rd converter to A2A2J5.
Measured at the cable end.
Figure 1-6 3.0 GHz Tracking Generator M easurement L ocations
A2A1

TG Control Board

1st LO from
ABA1A2 or
from A8A4

RF Output
on Front Panel

A2A3

sl724b
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

Troubleshooting the Digital Demod Hardware (E4402B,
E4404B, E4405B, and E4407B) (Option B7D and B7E)

The ESA Spectrum Analyzer base unit may effect any of the measurements
performed with Options B7D and B7E. Verify that the base instrument functions
correctly prior to troubleshooting the digital demod options.

The Digital Demod RF (DDRF) board, Option B7E, downconvertsthe 21.4 MHz
IF to the various intermediate frequencies (IF) required for the Digital Signa
Processing (DSP) board, Option B7D. The DDRF board also provides the sample
rate oscillator for the DSP board. The DDRF board allows the user to input a
reference frequency from 1 MHz to 30 MHz. The DDRF board divides the signal
appropriately to produce a10 MHz reference signal. Thissignal can then be routed
to the 10 MHz reference on the ESA spectrum analyzer. The DDRF board provides
no additional functionality without a measurement personality loaded.

The DSP board, Option B7D, performsthe digital demodulation of the signal. The
option is used when performing phase and frequency measurements with the GSM
personality, Option BAH and modulation accuracy measurement with the cdma-
One personality, Option BAC. Fast time domain sweeps from the DSP FADC is
the only functionality available without a personality.

Troubleshooting Analyzer Mode Errors Caused By the DDRF or
DSP Boards

If the analyzer will not power-up or powers off prior to completing the initial
aignment, remove the DDRF and DSP boards. If this corrects the problem, insert
the boards in sequence to determine which of the two boards is causing the
problem. Replace the defective board. Refer to “Digital Demod Assemblies
Replacement” on page 307.

If the problem observed is specific to running the BAC or BAH measurement
personalities, refer to “ Troubleshooting the Digital Demodul ation Hardware When
Running the cdmaOne or GSM Personalities’ on page 52. If option B7D or B7E
are suspected of causing amplitude or frequency errorsin the spectrum analyzer
(SA) mode this could be caused by the routing of the IF signal through the DDRF
board. The IF signal isinput to the DDRF board at connector J11. The IF signal is
switched out through connector J10 when the instrument isin the SA mode. To
verify that the DDRF IF OUT A7A8J10 signdl is correct perform the following
procedure:
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

1. Connect the AMPTD REF OUT signal to the input of the ESA spectrum
analyzer.

Power on the spectrum analyzer.

Set the Center Frequency of the spectrum anayzer to 50 MHz.

Set the SPAN to Zero Span.

Turn Auto Align to Off.

Set the internal Attenuation to O dB.

Turn the 50 MHz AMPTD REF ON by pressing INPUT and Amptd Ref On.
A flat trace should be displayed at —20 dBm.

o N o g ~ w0 D

« |f thistraceis present, it is probable that the DDRF IF circuitry is
functioning correctly.

« |f thistraceis not present, refer to Chapter 2, “ Troubleshooting the RF
Section,” on page 59.

* If the21.4 MHz IF output from A8BA1A1 is correct, continue to the next
step.

9. Veify that the Signal present at the DDRF connector J10 is approximately
—20 dBm with an 8560 E-Series spectrum analyzer or equivalent.
See Figure 1-8.

10.1f thissignal is not present or the amplitude difference is significant:

* Veify that the input attenuation is 0 dB
» Veify that Cable W29 DDRF IF IN cableis not faulty.
* Replace the DDRF board.

Troubleshooting the Digital Demodulation Har dware When
Running the cdmaOne or GSM Per sonalities

The functional check of the option boards will require signal generator E4433B
with Options UN5, UND, and 1E5 for cdmaOne or Options UN8 and 1ES5 for
GSM.

Verify that the GSM or cdmaOne measurement personality isinstalled in the
spectrum analyzer by pressing the MODE key on the ESA. A softkey menu should
be displayed with cdmaOne or GSM selection available. If neither of these
personalities exist, go to the following URL to download a copy to install:

www.agilent.com/find/esa

The installation instructions are avail able on this site. Verify that the
personalities have been licensed by pressing System, Personalities, GSM oOr
cdmaOne. GSM or cdmaOne should be listed as being licensed. If no license
information is present, verify, with the customer, that option BAH or BAC has
been installed and licensed.
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

Verifying the Operation with the cdmaOne Option BAC Personality

Step 1: Functional Check

1. Connect the signal generator RF out to the input of the ESA spectrum analyzer
and the 10 MHz OUT of the spectrum analyzer to the 10 MHz reference IN on
the signal generator.

2. Configure the signal generator by pressing the following keys:

Mode

Arb Waveform Generator
CDMA

Formats

IS-95A

CDMA Off/On (ON)
Setup Select

Pilot

Frequency, 870.03, and MHz
Amplitude, —=10, and dBm
RF On/Off (ON)

3. Configure the spectrum analyzer by pressing the following keys:

Mode

cdmaOne

FREQUENCY (Verify that the RF channel selected is 1 and the frequency is
870.03 MH2z)

MEASURE

Modulation Accuracy (Rho)

The spectrum analyzer display should be very similar to Figure 1-7.
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Figure1-7

Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

M odulation Accuracy (Rho) Display

15:41:52 Oct 27, 1999 | G
|
Base Channel 1 Channel
Rho Power
Rx Channel
Power
Mod Accuracy
{Rho)
2.k 1]
FreqError : Code Domain
-14.24 Hz A ' Power
Carrier FT HHI i |
' 1B Spur Close
Ha};'Errar Rx Spur
1.85%
More
1 of 3

C:TSTO0000.GIF file saved

Verify that the EVM, Mag Error, Phase Error, and Rho are close to the values
shown in Figure 1-7. If the results are similar to the ones listed above, the digital
demodulation hardware is functioning correctly. You can verify the performance
using the Performance Verification Test procedure in the calibration guide.

» If a“DSP Failure” error message isdisplayed or if any LED (DS1 through
DS8) on the DSP board are ON, replace the digital demod DSP board.

» If the EVM or Magnitude Errors are very large, this could be indicative of

spectrum analyzer phase noise or 321.4 MHz amplitude flatness problems with
the second IF.

» If the measurement does not start or the message “ Signal could not be

Correlated” is displayed, verify that the spectrum analyzer functions correctly
in the SA mode then proceed to “ Step 2: Verify that the DSP IF OUT is
functioning correctly.”

» If theresults are not close to the values listed in Figure 1-7, verify that the

spectrum analyzer functions correctly in the SA mode then proceed to “ Step 2:
Verify that the DSP IF OUT is functioning correctly.”
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Figure 1-8

Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

Step 2: Verify that the DSP IF OUT is functioning correctly.
1. Setthe ESA Spectrum Anayzer and signal generator to the settingsin STEP 1.

2. Observethe DSPIF OUT at connector J5 of the DDRF board with an 8560E
series spectrum analyzer or equivalent spectrum analyzer with a Center
Frequency of 3.7 MHz and a SPAN of 5 MHz. The output should be similar to
Figure 1-8.

8560E Series Spectrum Analyzer Display

ATTEM 1@dB MR —Z4. 17dBm

RL BdBm 18d B~ 3. TBAMHz
I | I
DDRFDSPIF  H
output at J5.
ESGsetto 20 [

dBm with | |
15954 CDMA
Modulation B

CENTER 3. 7@@MHz SPAN 5. BBAMHz
RBW ZBkHz VBW 3BkHz SWP 50 Ums

Thissignal will periodically be displayed on the 8560E series spectrum analyzer
when the signal is periodically routed to the DSP board through the DDRF
connector J5.

» If thissignal isnot periodically displayed on the 8560E series spectrum
analyzer replace the DDRF board.

» |f thesignal isperiodically present proceed to “Step 3: Verify the Sample Rate
Clock”.

Step 3: Verify the Sample Rate Clock
Verify aClock signal is present at connector J12 of the DDRF board.
» If thissignal isnot present, replace the DDRF board.

» If both the Sample Rate Clock and DSP IF out signals are present and correct
on the DDRF board, replace the DSP board.

Verifying Operation With the GSM Option BAH Personality

Step 1. Functional Check
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)

1. Connect the signal generator RF out to theinput of the ESA Spectrum Analyzer

and the 10 MHz OUT of the spectrum analyzer to the 10 MHz reference IN on
the signal generator.

2. Configure the signal generator by pressing the following keys:

MODE

Real Time 1/Q BaseBand
TDMA

GSM

GSM Off/On ON

Data Format to Framed
Frequency, 935.2, and MHz
Amplitude, =20, and dBm
RF On/Off On

3. Configure the spectrum anayzer by pressing the following keys:

MODE

GSM

Frequency Verify that the ARFCN channel selected is 1 and the Frequency
is935.2 MHz.

MEASURE

Phase and Frequency

Meas Setup

Trigger Source

RF Burst (Wideband).

The ESA display should be very similar to Figure 1-9.
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and

E4407B) (Option B7D and B7E)

Figure 1-9 Phase and Frequency Error Display

Base

Transmitter[
Phase & Freguency Error P-GSM 908 _m Power

12:11:88 0Oct 31, 1999 RL Measure

ARFCN 1 TSC Auto Trig RF B Sync TSeq

Power Steps

Phase Error: 0.47 °rms Power vs Time
1.58 °pk at bit 1
Phase and
Frequency Error: 8.441 Hz Frequency
10 Offset: -59.01 dBc Output RF
Spectrum
TSC: -1
Average Type:  Maximum
More
10of 3

Verify that the Phase Error and Frequency are close to the values displayed in
Figure 1-9. If the results are similar to the ones listed above, the digital
demodulation hardware is functioning correctly. You can verify the performance
using the Performance Verification Test procedure in the calibration guide.

If a“DSP Failure” error message is displayed or if any LED (DS1 through
DS8) on the DSP board are ON replace the digital demod DSP board.

If the Phase and Frequency Errors are very large this could be indicative of a
spectrum analyzer phase noise problem.

If the measurement does not start or the message “Vaid GSM Burst not Found”
is displayed, verify that the spectrum analyzer functions correctly in the SA
mode.

If SA mode function is correct, replace the DDRF board and repeat “ Step 1.
Functional Check”.

If the results are not close to the values listed in Figure 1-9, verify that the
spectrum analyzer functions correctly in the SA mode.

If SA mode function is correct, replace the DDRF board and repeat “ Step 1.
Functional Check”.

If the results are still incorrect, replace the DSP board and repeat
“Step 1. Functional Check”.
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Troubleshooting the Analyzer

Troubleshooting the Digital Demod Hardware (E4402B, E4404B, E4405B, and
E4407B) (Option B7D and B7E)
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Troubleshooting the RF Section

Chapter 2

59



Troubleshooting the RF Section
What You Will Find in This Chapter

What You Will Find in This Chapter

This chapter provides information that is useful when starting to troubleshoot the
RF section of the analyzer. It explains how to isolate RF problems and provides
procedures for troubleshooting common failures.

Component level information containing material lists, schematics, and component
location diagrams, is available separately.
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Figure 2-1

Troubleshooting the RF Section
Verifying the RF Section Performance (E4401B and E4411B)

Verifying the RF Section Perfor mance (E4401B and
E4411B)

(9kHz - 1.5 GHz2)

This section provides techniques for isolating amplitude failures along the signa
path.

The RF section downconverts the analyzer input signal to thefinal IF of 21.4 MHz.
You can troubleshoot the RF section by injecting a50 MHz CW signal at —20 dBm
to the RF input of the analyzer. The 21.4 MHz downconverted |F signal will be the
input level minus the input attenuation. The RF section’s frequency response will
roll off by about 8 dB at 1.5 GHz. The anayzer first upconvertsto a2.4214 GHz
1st IF and then downconvertsto a 21.4 MHz IF. Refer to Figure 2-1 for two
examples of downconversion, one with an input frequency of 1 GHz, and one with
an input frequency of 50 MHz.

Example of downconversion

[ -

RF INPUT

sl759a

i A8 RF ASSEMBLY

O\ FiFy =2421.4MHz TN iR, =21-4MHz I

TO IF ASSEMBLY

FRF =1GHz
: FRg = 50MHz

REXIF REXIF
40 40>

FLO;=3421.4MHz
FLO,=2400MHz
@ FLo,=2471.4MHz @ 2

RF Performance Check

1. Inject aCW signal at 50 MHz at —20 dBm for a 50 Q analyzer and at
+28.76 dBmV for a 75 Q anayzer (Option 1DP) into the RF input of the
analyzer.

2. Tunethe analyzer to 50 MHz, zero span, with input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 50 MHz, SPAN, Zero Span,
Attenuation Auto Man (Man), O, dB.

3. Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.
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NOTE

Figure 2-2

Troubleshooting the RF Section
Verifying the RF Section Performance (E4401B and E4411B)

4. Disconnect the flexible gray cable (W2) going into the A3 IF assembly at A3J2.

5. Connect a calibrated spectrum analyzer to this flexible gray cable (W2) and
measure the 21.4 MHz output from the RF section.

If the RF section is operating properly, you should measure
21.4 MHz out of the RF section at —20 dBm for a50 Q analyzer and +28.76 dBmV
for a 75 Q analyzer on the calibrated spectrum analyzer. See Figure 2-2.

If your signal amplitude istoo high or too low, vary the input attenuation from O to
60 dB and note that for every 5 dB of attenuator change, the 21.4 MHz |F output
signal from the RF section should change 5 dB as well. The signal amplitude
problem may be the result of a defective attenuator/switch on the RF section itself.

21.4 MHz Output - ABA1A1

¥ATTEM 1GdE MKR —-19. E¥dEm
FEL BdBm 1AdB~ Z1. 48MHz

21 .4 MHz Output from A321 41
Referencei3rd Converter going
tathe &3 |F. Section. Measured
at W2 cable end that plugs into
/ \ A353J2. Injecting & SOMHz O
signal st -200Bm st the analyzer
/ \ input sweith OB of inpot

/ 1.‘ attenuation.

\

CEMTER Z21.46MH=z SPAN 168. BBMH=z
¥REW 208kH=z UBKW 2@6kHz SWP 5@, Bms

 If you notice afrequency response problem, visually inspect the RF input
connector for mechanical integrity.

» If the analyzer has afrequency response problem, you can inject the frequency
of interest, tune the analyzer to that frequency in zero span, and monitor the
21.4 MHz IF signal level for abnormalities on your calibrated spectrum
analyzer.

» |If you have excessive loss through the RF section, replace the RF section.

You can aso use the internal 50 MHz calibrator signal for troubleshooting by
pressing Input, Amptd Ref On Off (On). Thisisa50 MHz signal at approximately
—27 dBm for 50 Q analyzers or +21.75 dBmV for 75 Q analyzers that originates
from the RF section.
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Figure 2-3

| “A8A1A2

Troubleshooting the RF Section
Verifying the RF Section Performance (E4402B and E4403B)

Verifying the RF Section Perfor mance (E4402B and
E4403B)

(9kHz - 3GH2)

This section provides techniques for isolating amplitude failures along the signa
path.

The RF section downconverts the analyzer input signal to thefinal IF of 21.4 MHz.
You can troubleshoot the RF section by injecting a50 MHz CW signal at —20 dBm
to the RF input of the analyzer. The 21.4 MHz downconverted |F signal will be the
input level minus the input attenuation. There are three conversions made in these
analyzers. Refer to Figure 2-3 for two examples of downconversion: one with an
input frequency of 1 GHz, and one with an input frequency of 50 MHz.

RF Section

IR YYTVY “: Pagatat |

* LO Board | | 2nd Converter | | Reference/3rd

| .. i 7 Converter |

* F qpq = 50 MHz ” |i '
F rrq=1GHz Fieq =3921.4 MHz Firo =321.4MHz " '

. F =21.4 MHz

. RF Input 1! | IF3 |

| : * : | :

:F o =3971.4 MHz L | |

I F o, =4921.4MHz ¥ Flos =3600MHz : | Flos =300 MHz :

: I :

e U S

sl740b

Quick Check RF Procedure

1. Inject a50 MHz CW signal at —20 dBm into the RF input of the analyzer.

2. Tunethe analyzer to 50 MHz, zero span, with input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 50, MHz, SPAN, Zero Span,
Attenuation Auto Man (Man), O, dB.

3. Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.

4. Disconnect the flexible gray cable (W2) going into the A3 IF assembly at A3J2.
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4402B and E4403B)

5. Connect a calibrated spectrum analyzer to this flexible gray cable (W2) and
measure the 21.4 MHz output from the RF section.

If the RF section is operating properly, you should measure 21.4 MHz out of
the RF section at —20 dBm on the calibrated spectrum analyzer. See Figure 2-4.

Figure 2-4 21.4MHzRF
¥ATTEN 18dEB MR -19. B7dEm
RL BdBm 18d B~ 21, 48MH=
21.4 MHz Qutput from &541 41
Feferencef3rd Converter going
tothe A3 |F. Section. Measured
at W2 cable end that plugs into
/ \ A35J2. Injecting & S0MHzZ S
signal at -20dBm &t the analyzer
/ \ input wvith OdB of input
/ \ aftenustion.
CENMTER Z21.48MH=z SPAN 18, BEMHz
¥REW 3BAKH=z UBW 3B88kH=z SWF 58. Bms
NOTE If your signal amplitude istoo high or too low, vary the input attenuation from O to

65 dB and note that for every 5 dB of attenuator change, the 21.4 MHz IF output
signal from the RF section should change 5 dB as well. The signal amplitude
problem may be the result of a defective A8AS5 input attenuator or the attenuator
logic from A8A1A1 Reference/Third Converter.

If you suspect the attenuator or logic as being defective, proceed to “ Verifying
the RF Input Attenuator and 2nd Converter Switch Logic” on page 92.
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4402B and E4403B)

Detailed RF Troubleshooting

To isolate the failing assembly, use the analyzer settings as stated in “ Quick Check
RF Procedure” on page 63, then refer to Table 2-1 on page 65, Figure 2-5, and
Figure 2-6 to measure the troubleshooting points throughout the RF section. The
M easurement Location column of the table corresponds to the locations called out

on the drawing and the block diagram. The Expected Measured Signal column
references figures that illustrate the signal expected at that measurement point.

Table 2-1 RF Section Troubleshooting Points
Signal M easurement Expected Expected L evel Expected Notes
Description L ocation? Freqguency Measured
Signal®
1st IF Output A 3921.4 MHz -23.2dBm Figure 2-7 AB8A1A2 has~3.2dB
of loss.
2nd |F Output B 321.4 MHz -27.5dBm Figure 2-8 ABA2 has~4.5 dB of
loss.
RF Input C 50 MHz -20.5dBm Figure 2-9
1st LO Output D 3971.4 MHz -1dBm Figure 2-10 Out of ABA1A2
2nd LO Input E 600 MHz -3to+6 dBm Figure 2-11 Out of ABA1A1
(through A7A9 with
Option 120)
2nd LO F 3600 MHz -13.5dBm Figure 2-12 Out of ABA2J5LO
Multiplied Block Diagram Test Port
only
600 MHz TG G 600 MHz -7 dBm Figure 2-13 Out of ABA1AL
10 MHz H 10 MHz +5dBm Figure 2-14 Rear Panel 10 MHz
Reference Ref. Out
50 MHz I 50 MHz -20dBm Figure 2-15 Out of ABA1AL
Amplitude
Reference

a To locate the measurement points, refer to Figure 2-5 and Figure 2-6.

b. To seethe signal expected at each measurement location, reference the figures in this column.

Chapter 2

65




Troubleshooting the RF Section
Verifying the RF Section Performance (E4402B and E4403B)

RF Section Troubleshooting Points

Figure2-5
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Figure 2-6

Troubleshooting the RF Section

RF Section Block Diagram (E4402B and E4403B)

RF Power Level Measurements

RF Input
J1

A8A1A2 J3
L.O. Board

3921.4 MHz

J5

A8A2 2nd

J5 [—

®

P11 converter

J4

=G

321.4 MHz

?

Verifying the RF Section Performance (E4402B and E4403B)

A8A1A1
Reference/
P J2 3rd

A

@/

Converter
P1 P3

21.4 MHz

to A3
P55

=0

v

J5

Instrument Settings

1. Inject a 50 MHz CW signal at —20 dBm
into the RF input of the analyzer.

2. Tune the analyzer to 50 MHz, zero
span, input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq

50 MHz, Span, Zero SPAN, AMPLITUDE,

Attenuation Auto Man (Man),

0dB.

3. Turn Auto Align On/Off to Off by
pressing System, Alignments, Auto

Align, Off.

\ 4

B A2A1 TG, U2
Control Board

-®

J4  A2A2 Tracking

Generator
J2
A2A3 Output
Attenuator —
RF Output
to Front
Panel
sl731b
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Troubleshooting the RF Section

Verifying the RF Section Performance (E4402B and E4403B)

Figure 2-7 1st IF Output — ABA1A2J3
ATTEM 1AdE MKR —-23. 33dEm
RL BdEm 1@8dB- 3.92148GH=z

12t |F. Meazured on -
AEATAZIS connector .
Signal iz from ASATAZIT |
L.C. board to A52421 2nd
converter input using & H
SO0MHzZ W signal &t
-20dBm =t the analyzer
input with 0cdB of input
attenuistion.

/ I,

CEMTER 3.92148GHz

#¥REW 3@EkH=z UBW 28B8kH=z
Figure 2-8 2nd |F Output — ABA2
ATTEM 1GEdEBE

EL BdBm 18d B~

SFAN 1@, AaMHz
SWP 5@. Bms

MER —-27. 23dBm

321 . 48MH=z
I I

321 4Kz 2nd LF. output

from ASA2 2ndd converter.
heazured &t W11 cable end

that plugs into A54141
Referencei3rd Converter

board. The second
converter has ~30dB of

conversion lozs.

CENTER 3Z1. 4BMH=z
¥FBMW Z2B@8kHz VEW ZBBkHz

SFAM 18. BEMHz

SWP S8, Bms

68

Chapter 2



Troubleshooting the RF Section

Verifying the RF Section Performance (E4402B and E4403B)

Figure2-9 RF Input Measured from A8A3
ATTEMN 1AdE MER —-28. 58dBm
EL BdBm 18dB~ 58, BAMHz
RF Input using & S0mHz Co
=zignal at -20 dBm at the 1
analyzer input. Measured
on the output of 2843 DC
black with DdB of input
/ \ attenuation.
CEMTER 58. BEMHz SPAN 168. BEMH=z
¥REW 3@8kH=z UBW 3E6kH= SWP E@. Bms
Figure 2-10 1st LO Output — ABA1A2J5
ATTEN 1B8dE MER —2.B88dBm
FEL BdBm 18dB~

3.97148GHz
I I

1st Lo messured onthe | |
/ \ autput of AGS1 4205
connector. 1at LG,

/ \ frequency=1st | F.
LowBand + Analyzer
/ \ Center Freguency.
(3921 4MHz + SOMHz

=3871 4MHz)

SPAN 1@, BaMHz
SWP S@. Bms

CENTER 3.9714BGHz
¥FBLW Z08kHz VEW Z@8kHz
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Figure2-11

Figure 2-12

Troubleshooting the RF Section
Verifying the RF Section Performance (E4402B and E4403B)

600 MHz 2nd LO - A8A1A1P1

ATTEN Z@dE
RL 18. B@dBm 18dB~

MR 1.33dBm

5E@ . BAMHz
I I I

B00MHZ 2ndl L.O.

/ \ messured at AGM141P1
connector. Signal goesto ||

/ \ 48424 2nd converter

/ \ L. inpt. =

]m
| | |

CENTER EB@. B@MHz SFAM 18. BEMHz

¥REBW 308kHz UVEW 3BEkHz SWP 58. Bms

2nd LO Test Port — ABA2J5

ATTEN 18dB
RL BdBm 1Ad B~

MER —-13. 67dBm
3. EAABAGHzZ
T T T

3600MHZ measured at
'-\ AGA2I5 L0, test port.
The L0 test port is -
/ \ difficult to access on
z0me modelzs. G00MHZ H
from 454181
Referencesf3rd Converter
iz multiplied by & inzide
ASAZ 2nd converter. B

\
,/r_f

L1
CENTER 3. EBBEBEGHZ
¥RBW Z288kHz VEBW 3BBkHz

SPAM 18. BErMHz
SWP 58. Bms

70

Chapter 2



Figure 2-13

Figure2-14

Troubleshooting the RF Section

Verifying the RF Section Performance (E4402B and E4403B)

600 MHz BITG Drive— ABA1A1P3

ATTEM 1B8dB MEKR —7.17dEm
RL BdBm 1Ad B~ EBE . BAMH=z
I I I
BOOMHZ BITG drive output
measured ot A34141P3

connector. This signal

goes to A2ZA2U5 BITG L.O.

\ input.

\

CENTER £588. BarMHz

¥RBW J88kHz

SPAM 18, BaMHz

VBW 388kH=z SWP 58. Ams
10 MHz Reference Output
ATTEM Z2BdB MR 5. 1¥dBm
RL 18@. BdBm 1Ad B~ 168, BEMH=
I I I
\ 10MHz Reference output | |

measured on the rear

panel the analyzer. Signal
comes from A5A141 Srd
converer. H

\\

-

CEMTER 16.88MHz

¥REW 28B8kHz

VBW 388kHz

SPAN 18. BEMHz
SWP 58. Bms
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Troubleshooting the RF Section

Verifying the RF Section Performance (E4402B and E4403B)

Figure 2-15 50 MHz Cal Out Signal
ATTEM 1AdE MR —-Z@8. 33dEm
EL BdBm 18dB~ 58. BEMH=z

S0 MHz calibrator autput
zignal &t -20 dBm. Press
Input Amptd Ref Cut O |
CFF (OM) and messure
the Cal. Output (J4) onthe |H

/ \ front panel,

CENTER 5@.88MHz SPAM 18, 8@MHz
¥REBW 3BEkHz VEBW 388kHz SWP 58. Bms
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Figure 2-16

Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and
E4408B)

Verifying the RF Section Perfor mance (E4404B, E4405B,
E4407B, and E4408B)

(9kHz - 6.7 GHz, 13.2 GHz or 26.5 GHz)

The RF section downconvertsthe analyzer input signal to thefinal I1F of 21.4 MHz.
You can troubleshoot the RF section by injecting a50 MHz CW signal a —20 dBm
to the RF input of the analyzer. The 21.4 MHz downconverted | F signal will be the
input level minus the input attenuation. There are three conversions made in these
analyzers.

“Quick Check” RF Procedurein Low Band (Non-Preselected)

1
2.

Inject a50 MHz CW signal at —20 dBm into the RF input of the analyzer.

Tune the analyzer to 50 MHz, zero span, with input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 50 MHz, SPAN, Zero Span, Attenuation
Auto Man (Man), 0 dB.

Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.

Disconnect the flexible gray cable (W2) going into the A3 IF assembly at A3J2.

Connect a calibrated spectrum analyzer to this flexible gray cable (W2) and
measure the 21.4 MHz output from the RF section.

If the RF section is operating properly, you should measure 21.4 MHz out of the
RF section at —20 dBm. See Figure 2-1 on page 61.

21.4MHz Third IF

¥ATTEM 18dE MR —19. 67dBm
RL BdBm 18dE~ Z1. 48MH=

214 MHz Output from A5A141

Referencel3rd Converter going
tothe &3 LF. Section. Measured

at W2 cable end that plugs inta
/ \ A3J2. Injecting & S0MHz CWy

zignal at -20cdBm at the analyzer
/ \ input wwith OdB of input

/ 'l\ attenuation.

\

CENTER Z21.4@MHz SPAM 18. B8MHz
¥REW 3I8AkH=z VEW 3BAkH=z SWP 58. Bms
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Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and
E4408B)

NOTE If your signal amplitudeistoo high or too low, vary the input attenuation from 0 to
65 dB and note that for every 5 dB of attenuator change, the 21.4 MHz IF output
signal from the RF section should change 5 dB aswell. The signal amplitude
problem may be the result of a defective ABAS input attenuator or the attenuator
logic from A8A1A1 Reference/Third Converter.

» If you suspect the attenuator or logic as being defective, proceed to “Verifying
the RF Input Attenuator and 2nd Converter Switch Logic” on page 92.

 |If you notice afrequency response problem, visually inspect the RF input
connector for mechanical integrity.

» If the analyzer has afrequency response problem you can inject the frequency
of interest, tune the analyzer to that frequency in zero span, and monitor the
21.4 MHz IF signal level for abnormalities on your calibrated spectrum
analyzer.

» If you have excessive loss through the RF section, see “Detailed RF
Troubleshooting for Low Band” on page 75 to isolate the defective assembly.

74 Chapter 2



NOTE

Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and
E4408B)

Detailed RF Troubleshooting for Low Band

1. Inject a50 MHz CW signal at —20 dBm into the RF input of the analyzer.

2. Tunethe analyzer to 50 MHz, zero span, with input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 50 MHz, SPAN, Zero Span,
Attenuation Auto Man (Man), O dB.

3. Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.

With an input frequency of 50 MHz, the ABA6 Y TF/Mixer (RY THM) assembly is
internally bypassed using switching PIN diodes. The switching logic for the PIN
diodes comes from the A7A4 Frequency Extension assembly. The 1st LO from the
A8A4 LO Amp/IF Switch assembly isturned off, since the mixer portion of ABA6
isnot used in low band (frequencies < 3.0 GHz).

With the analyzer settings stated above, use a calibrated spectrum analyzer to
measure the following signalsin Table 2-2.

To isolate the failing assembly, refer to Table 2-2 and Figure 2-17 and Figure 2-18
to measure the troubleshooting points throughout the RF section. The

M easurement Location column of the table corresponds to the locations called out
on the drawing and the block diagram. The Expected Measured Signal column
references figures that illustrate the signal expected at that measurement point.
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Table2-2 RF Section L ow Band Troubleshooting Points
Signal M easurement Expected Expected Expected Notes
Description L ocation? Frequency Level Measured
Signal®
1st IF Output A 3921.4 MHz -23.2dBm Figure 2-19 ABA1A2 has~3.2 dB of
loss.
2nd IF Output B 321.4 MHz -27.5dBm Figure 2-20 AB8A2 has~4.5 dB of loss.
RF Input C 50 MHz -20.5dBm Figure 2-21 Out of A8A3
1st LO Output D 3971.4 MHz -1dBm Figure 2-22 Out of ABA1A2
2nd LO Input E 600 MHz -3to+6dBm Figure 2-23 Out of A8A1A1 (through
A7A9 with Option 120)
2nd LO F 3600 MHz -13.5dBm Figure 2-24 Out of A8BA2)5
Multiplied Block Diagram LO Test Port
only
600 MHz TG G 600 MHz -7dBm Figure 2-25 Out of A8BA1A1
10 MHz H 10 MHz +5dBm Figure 2-26 Rear Panel 10 MHz
Reference Ref. Out
50 MHz 50 MHz -20dBm Figure 2-27 Out of ABA1AL
Calibrator

a. To locate the measurement points, refer to Figure 2-17 and Figure 2-18.

b. To seethe signal expected at each measurement location, reference the figures in this column.
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure 2-17 RF Section L ow Band Troubleshooting Points
C
N ® /
1
B
A D
@ G
) ® _
ONGY , 2
I
1 (] O |

- - [&=) [==] [S)
= o) (o] O o =

S S > o S = <
) U
> (] [l S S =4 .
[Ses) [Seen)
z = = © s 3
o S = D <

Rear Panel
10 MHz Ref. Out sl719b
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Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)

Figure 2-18 RF Section L ow Band Block Diagram E4404B, E4405B, E4407B, and E4408B
RF Power Level Measurements
A8A6
YTF/Mixer ABA2
2nd Converter
Low Band Path 12 »| J1 J1 .
50 MHz at —20 dBm A8A1A2 3 > Low Band UF|I|zes " e
RF Input | J3 L.O. Board the 2nd Mixer
J2
| 1 High Band Path J5
— YTF/Mixer Al - - J3 | HighBand is Fitered | _!
@ 4.7 GHz at-10 dBm 1 1 only no mixing
1 |
f | ! A s
______________ [ | 1
1 ! 1 ( : —
[ : ! s
I : ! Pi 1z
! J1 o =1 ! A8A1A1
! ! Reference/3rd p5 b———p>
___ P J5 ABA4 ! Converter
L.O. Amp/L.F. ! Ja H P3
Switch 1
_> Je JI---"—- " —-"=—-"=—-"=-"=—-"=-"=-"=-== ==

Low Band

Instrument Settings

1. Inject a 50 MHz CW signal at —20 dBm into the
RF input of the analyzer.

2. Tune the analyzer to 50 MHz, zero span, input
attenuation set to 0 dB by pressing FREQUENCY,
Center Freq 50 MHz, SPAN, Zero Span,
AMPLITUDE, Attenuation Auto Man (Man), 0 dB.
3.Turn Auto Align On/Off to Off by pressing System,

Alignments,

High Band

Auto Align, Off.

1. Inject a 4.7 GHz CW signal at —10 dBm into the
RF Input of the analyzer.

2. Tune the analyzer to 4.7 GHz zero span, input
attenuation set to 0 dB by pressing FREQUENCY,
Center Freq 4.7 GHz, SPAN, Zero Span,
AMPLITUDE, Attenuation Auto Man (Man), O dB.
3.Turn Auto Align On/Off to Off by pressing System,
Alignments, Auto Align, Off.

o-joio]

Common Signal Path
for all bands

— LOW Band Path
Frequencies <3200 MHz

— =— = =High Band Path
Frequencies >3200 MHz

sl732b
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure2-19 1st IF Output — ABA1A2J3
ATTEM 18dE MER -23. 32dBEm
EL BdBEm 1Bd B~ 32.92148GH=
I

[ [
1t LF. Meazured on
AGATAZIE connectar.
Signal iz from L8481 A2J3
‘\ L.O. board to ASA21 2nd

converter input using a —
/ \ S0kHz SN signal st

-20ciBm at the analyzer
/ \ input with 0dB of input

/ \ attenuation.
Fi i

CEMTER 2.9Z2148GHz SPAM 1@, BErHz
¥REW 388kHz VEW Z88kHz SWP 58. Bms

Figure 2-20 321.4 MHz 2nd IF Output — A8A2

ATTEM 18dE MER =27, 33dBm
RL BdBm 18d B~ 321 . 4BMHz

321 .4MHz 2nd |F. output

from A842 2nd converter.

Meazured at W11 cable end

that plugs irto A587.481

Feferencel3rd Converter

/ \ board. The second
converter has ~5dB of

/ \ conversion loss,

CEMTER 321. 4BMHz SPAN 18. BaMHz
¥REW 388kHz VEW Z88kHz SWP 58. Bms
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure2-21 RF Input

ATTEM 18dEB
FL BdBm

18d B/

MKR —Z2@. 58dBm

568, BAMHz

RF Ingut uzing & SOWHz CW

signal at -20 dBm at the
analyzer input. Measured

on the output of 84383 DC
black with OciB of input

attenuation.

CEMTER E58. BEMHz

¥REW 3BBKHz

SPAM 16@. BEMHz

VBW 380kHz SWF 58. Bms

Figure 2-22 1st LO Output — ABA1A2J5

ATTEM 18dB
RL @AdBm

1EAd B~

MEKR —2.@8dBm

3.97148GHz
I I

1t L. measured on the

output of A548148215
connector. 1=t Lo,

frequency=1st [ F.
LoweBiand + Anslyzer |

/ \ Center Fregquency.
(3921 d4hHz + 30MHZ =

=3971 4hiHz)

CEMTER 3.9714BGH=z

¥REBMW 308kHz

VEBMW 3808kHz

SPAN 1@. BBMHz
SWF 58. Bms
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure 2-23 600 MHz 2nd LO - A8BA1A1P1

ATTEN ZBdEBE MER 1. 33dBm

RL 18. 8dBm 168d B~ EEA@ . BEMH=z

I I I
B00MHE 2nd LG,
/ \ measured st A54141P1
connector, Signal goes to
/ \ £842)4 2nd converter

/ \ L. input. -

\
/ N\

| 1]
CENTER EB@8. 88MHz SPAM 18. BEMHz
¥RBW Z28@kHz VEBW 3BAkHz SWF 58. Bms

Figure2-24 3600 MHz A8A2J5L O Test Port

ATTEMN 1@dB MER —-13. 67dBm
RL BdBEm 18d B~ 2. EERERAGH=
I I I

3600MHz measured at
'-\ Aga2)s L0 test port.
The L.O. test port is |
/ \ ditficult to access on
=0me models. BO0MHE H
from 254121
Referencelard Converter
iz muttiplied by & inside
ASAZ 2nd converter. B

h‘\“'\«
_/fﬂ

CEMTER 3. BHBABEGH= SPAM 18. BEMH=z
¥REL 2EAkH=z UBL 2EEkH=z SWP E@. Bms
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Figure 2-25

Figure 2-26

¥FREW 3IBBkHz

¥REW 3B8BkHz

Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)

600 MHz BITG Output — ASBA1A1P3

ATTEM 1@dB

REL BdBEm 18d B~

MER =7 . 17dBm
EAE . BAMH=z

E00MHz BITG drive output
measured at ASL1ATPS
connectar. Thiz signal
goes to A2425 BITG L.O.
irpat.

\

CENTER EE@. B@MHz

VEBW Z88kHz

SPAN 18, BaMHz
SWP 58. Bms

10 MHz Reference Output — A8BA1A1

ATTEM Z@dBE

RL 18. 8dBm 18d B~

MER 5. 17dBm
18. BEMHz

10MHz Reference output ||
meazured on the rear
panel the analyzer. Signal |
comes from A5A1.481 Srd
converter, H

\\

CEMTER 183 A@AMH=

VEW 3@BkHz

SPAM 18. BAMH=
SWP 58. Bms
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Figure 2-27

Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and
E4408B)

50 MHz Cal Out Signal

ATTEN 18dE MER —2@. 33dBm
REL BdBEm 1AdEB~ S8, AEMHz
I

50 MHz calibrator output
zignal st -20 dBm. Press
Input, Amptd Ref Out oW ]
OFF [OM) and measure
the Cal. Outpuot (14 onthe

f \ frort panel.

CEMTER 58. B@MHz SPAM 168. BArMHz
¥REW 208kH=z UBL 2E8kH=z SWP 5@, Bms

Quick Check RF Procedurefor High Bands (Preselected)

1. Inject a4.7 GHz CW signa at —10 dBm into the RF input of the analyzer.

2. Tunethe analyzer to 4.7 GHz, zero span, input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 4.7 GHz, SPAN, Zero Span,
Attenuation Auto Man (Man), 0 dB.

3. Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.

4. Disconnect the flexible gray cable (W2) going into the A3 IF assembly at A3J2.

5. Connect acalibrated spectrum analyzer to thisflexible gray cable (W2) and
measure the 21.4 MHz output from the RF section.

6. If the RF section is operating properly, you should measure 21.4 MHz out of
the RF section at —10 dBm. See Figure 2-28.
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Figure 2-28

NOTE

Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)

21.4 MHz Output - From ABA1A1to A3

ATTEMN 1GdBE
RL BdBm 18d B~

MER —18. 17dBm

21. 48MHz
I

/N

[ 1\

AR

21 4 MHz output from

Aga1 A1 referenceird
converter going to the 43 H
|F. zection. Measured st
W2 cable end that plugs H
into A3J2 injecting &

4 7GHz OV signal st M
\ -10ciBm &t the analyzer
input wvith OB of input 1
attenuation.
| L T
CEMTER Z1.4BMH= SPAM 1@. B@MH=z
#¥REW 208kH=z UBW 2FBE8kH=z SWP 58. Bms

If your signal amplitude istoo high or too low, vary the input attenuation from O to
65 dB and note that for every 5 dB of attenuator change, the 21.4 MHz IF output
signal from the RF section should change 5 dB as well. The signal amplitude
problem may be the result of a defective A8AS5 input attenuator or the attenuator

logic from A8A1A1 Reference/Third Converter.

 If you suspect the attenuator or logic as being defective, proceed to “ Verifying
the RF Input Attenuator and 2nd Converter Switch Logic” on page 92.

 |If you notice afrequency response problem, visually inspect the RF input
connector for mechanical integrity.

» If the analyzer has afrequency response problem you can inject the frequency
of interest, tune the analyzer to that frequency in zero span, and monitor the
21.4 MHz IF signal level for abnormalities on your calibrated spectrum

analyzer.

* |If you have excessive loss through the RF section, see “Detailed RF

Troubleshooting for Low Band” on page 75 to isolate the defective assembly.
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NOTE

Table 2-3

Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and
E4408B)

Detailed RF Troubleshooting for High Bands (Preselected)

To isolate the failing assembly, refer to Table 2-4 and Figure 2-29 and Figure 2-30
to measure the troubleshooting points throughout the RF section. The

M easurement L ocation column of the table corresponds to the locations called out
on the drawing and the block diagram. The Expected Measured Signal column
references figures that illustrate the signal expected at that measurement point.

1. Inject a4.7 GHz CW signa at —10 dBm into the RF input of the analyzer.

2. Tunethe analyzer to 4.7 GHz, zero span, input attenuation set to 0 dB by
pressing FREQUENCY, Center Freq, 4.7 GHz, SPAN, Zero Span,
Attenuation Auto Man (Man), 0 dB.

3. Turn Auto Align On/Off to Off by pressing System, Alignments, Auto Align,
Off.

With the analyzer settings stated in the above steps, use a calibrated spectrum
analyzer to measure the signalsin Table 2-4.

The 1st LO originating from the ABA1A2 LO board is heavily attenuated in the
A8A4 LO Amp/ IF switch assembly when the analyzer is tuned to frequencies
below ~3200 MHz. During thistime the ABA6 Y TF/Mixer assembly is internally
and electronically bypassed.

However, when the analyzer is tuned higher than ~3200 MHz, the A8BA6

Y TF/Mixer assembly is used for down conversion and therefore, high LO power is
supplied to the ABAG Y TF/Mixer for conversion efficiency. During thistime the
ABA4 LO Amp/IF switch is amplifying the 1st LO.

The 1st LO modulator drive voltage originates on the A7A4 Freguency Extension
board. Before changing the ABA6 Y TF/Mixer assembly or the ABA4 LO Amp/IF
switch, first verify the switching logic as per Table 2-3.

A8A6 YTF/Mixer Switching Logic

Measurement L ocation Frequencies Frequencies
<3200 MHz > 3200 MHz
A7TA42 pin 9 ov 5V
A7A412 pin 20 5V oV
A7A412 pin 21 5V oV
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Table2-4 RF Section High Band Troubleshooting Points
Signal M easur ement Expected Expected Expected Notes
Description L ocation? Frequency Level Measured
Signal®
1st IF Output A 321.4 MHz —22.5dBm Figure 2-31 ABA6 has~12 dB of loss.
1st IF Output B 321.4 MHz -16dBm Figure 2-32 A8A4 amplifiesthe 321.4 MHz
IF by ~6.5 dB.
1st LO Output Refer to 3971.4 MHz -2 dBm Figure 2-33 Out of ABA1A2
Figure 2-17
location D
1st LO Output D 3521.4 MHz +14 dBm Figure 2-34 Out of A8A4 in high bands
ONLY. LOIS amplifiestheinput
by ~16 dB
TG LO Output E 3971.4 MHz -2dBm Figure 2-36 Misc. Signal out of A8A4 used
for option 1DN.
External 1st F 3971.4 MHz +12.5dBm Figure 2-36 Output of A8A4. Used for
LO Output external mixing.

a To locate the measurement points, refer to Figure 2-29 and Figure 2-30.
b. To seethe signal expected at each measurement location, reference the figuresin this column.
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E4408B)

Troubleshooting the RF Section

Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

RF Section High Band Troubleshooting Points

Figure 2-29

,“ P
) | m— ‘

®
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Figure 2-30 RF Section High Band Block Diagram E4404B, E4405B, E4407B, and E4408B
RF Power Level Measurements
A8A6
YTF/Mixer AsA2
2nd Converter
Low Band Path _’ J1 J1 - j
50 MHz at 20 dBm 42 ASA1A2 3 > Low Band Utilizes |
RF Input | J3 L.O. Board the 2nd Mixer
J2
1 High Band Path J5
— YTF/Mixer JalkE L - - 33 _| HighBand is Filttered | _!
4.7 GHz at -10 dBm 1 1 only no mixing
1
A 1
T | 1 A J4
______________ + - ==1 1
1 . 1
I | 1 l
I |—@ : P1 J2
: 1 g2 =1 q@ : ASA1A1
Reference/3rd ps ———p
'_ — — —pJ5 AsA4 J3 e ! Converter
L.O. Amp/I.F. 1 Ja i P3
Switch _ 1
— pjs Jl-----t1t-=-=-=-l-=-=-=-=--
“®
J5
A2A1 T.G. A2A2 Tracking
g Control Board J2 J4 Generator
Instrument Settings
Low Band
1. Inject a 50 MHz CW signal at —20 dBm into the A2A3 Out RF Output
put
RF Input of the analyzer. —> Attenuator
2. Tuns the analyzer to 50 MHz, zero span, input

Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)

attenuation set to 0 dB by pressing FREQUENCY,
Center Freq 50 MHz, SPAN, Zero Span,
AMPLITUDE, Attenuation Auto Man (Man), 0 dB.
8.Turn Auto Align On/Off to Off by pressing System,
Alignments, Auto Align, Off.

High Band

1. Inject a 4.7 GHz CW signal at —10 dBm into the
RF Input of the analyzer.

2. Tune the analyzer to 4.7 GHz zero span, input
attenuation set to 0 dB by pressing FREQUENCY,
Center Freq 4.7 GHz, SPAN, Zero Span,
AMPLITUDE, Attenuation Auto Man (Man), O dB.
8.Turn Auto Align On/Off to Off by pressing System,
Alignments, Auto Align, Off.

Common Signal Path
for all bands

— LOW Band Path

Frequencies <3200 MHz

= = = =High Band Path

Frequencies >3200 MHz

sl733b
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure 2-31 321.4MHz IF High Band — ABA6J1
ATTEM 18dE MEKR —2Z. 33dBm

EL B@dBm 1@dB~ 321 . 48MH=z
I I I

321.4 MHz output of
LBAEH YTFMixer.
Measured at W20 cable
end that plugs into 454415
L. AmpalF. switch using H
/ \ an input freguency of
4 7HZ &t -10dBm with H
/ \ 0B of input attenustion.

CEMTER 321. 48MH=z SPAM 168, BEMHz
¥REW Z08kHz UBW Z@8kHz SWP S5@. Bms
Figure 2-32 321.4 MHz Internal IF — ABA4J7
ATTEN 18dE MKE —1&. 17dBm
EL BdBm 18dE~ 321 . 48MH=z

F21.4 MHz internal | F.
output of AGA47 L.O.
Ampd FLswitch, Measured |
/ \ W21 cable end that
plugs into 858213 2nd u

/ \ converter using an inpot
frequency of 4.7GHz st H

/ \ -10dBm with Do atten.

/ N\

L[ [ ]
CEMTER 2Z21. 4@MH= SPAM 18, BEMHz
¥REW 2EEkH=z UBMW 2B8@8kH=z SWP E@. Bms
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)

Figure 2-33 1st LO - A8A1A235
ATTEM 1BdEBE MR —Z2.B8dBm
RL BAdBm 1EdBs 3.

97 14AGH=z
I I

12t L0 measured on the
output of 48418205
connector. st L0,
frequency=1st LF.
LowBand + Analyzer |
Center Freguency.
(3921 4MHz + S0MHZ H
=3971.4MHz)

CEMTER 2.97V148GH=

SPAM 168. BBMH=z

#¥REW 20@kH=z UBW Z868kH=z SWP 58. Bms
Figure 2-34 High Band LO - A8A4J2
ATTEM Z2BEd4EBE MR 14 . BEdBm

RL Z25. SdBm 1EAd B~ 2. 5214BGH=

1t L0 measured out of
Agad2 L0, AmplF.
awitch connector with
the analyzer tuned to
S200MHz. Analyzer u
Center Frequency + 1st
| F.in High Band=1st L.O.
[3200MHZ+321 4hMHz=
3521 4hHz) H

N\

L1

CEMTER 3.5Z214B8GHz
¥FBW ZBEkHz VEW 288kHz

SFAM 18. BEMHz
SWP S8, Bms
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Troubleshooting the RF Section
Verifying the RF Section Performance (E4404B, E4405B, E4407B, and

E4408B)
Figure 2-35 Tracking Generator 1st LO - A8A4J4
ATTEN 18dE MKR —-1.83dBEm
RL BdBEm 18dB~ 3.97148GH=z

Tracking Generator 15t
/ \ L2 output measured at
the L2 Ampd F. Switch |

/ \ outpL 5t ASALT.
Analyzer was tunedto s A
/ \ cernter frequency of
S0MHz. u
\\
CEMTER 2.9714@GH=z SPAN 18, BEMH=
¥REW 2868kH=z VEW Z2EAkH=z SWP 58. Bms
Figure 2-36 External 1st LO Output - A8A4
ATTEMN 18dB MR 1z2.67dBm
EL 14. BdBm 18d B~ 3. 97148GH=z

External 15t L., output | —]
/’ \ of AEA4J4 LO. AmpiF.
Switch, —

Py

CEMTER 3.97148GH=z SPAN 18, BEMH=z
¥REBW 288kH=z UBMW 288kH=z SHWP 58. Bms
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Troubleshooting the RF Section
Verifying the RF Input Attenuator and 2nd Converter Switch Logic

Verifying the RF Input Attenuator and 2nd Converter
Switch Logic

(E4402B, E4403B, E4404B, E4405B, E4407B, and
E4408B)

This section will help verify the driver circuitry from the A8A1A1 reference 3rd
converter for the attenuator and 2nd converter are functioning properly.

1
2.
3.

Remove the outer case as described in Chapter 7.
Remove the front frame assembly as described in Chapter 7.

Unplug the attenuator/2nd converter cable (1) from the ABA1A1 assembly, and
replace it with the test cable, part number E4401-60239, (2) for the
attenuator/2nd converter driver test board, part number E4401-60236, as shown
in Figure 2-37. Thetest cable (E4401-60239) and the test board (E4401-60236)
can be ordered as a kit (E4401-60240).

Reconnect the front-panel interface cable (3).

Loosely re-attach the front frame with the test board cable dressed out the
bottom of the analyzer as shown in Figure 2-37.

Turn on the analyzer and observe the test board LEDSs.
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Figure 2-37 Connecting the Attenuator/2nd Converter Driver Test Board

sl7106b

Verifying the RF I nput Attenuator Driver Functionality

You can verify the correct driver signals are present by stepping the attenuator
through its various settings. Press AMPLITUDE, then Attenuation to access the
menus. As you change the attenuation settings, the LEDs on the test board will
illuminate according to Table 2-5. This table is organized according to anayzer
frequency range and differentiates between standard analyzers and those with
Option UKB (low frequency extension). The attenuator sections are either
switched In (Red) or switched Out (Green) as shown in Table 2-6. The +28 V LED
should be On whenever the analyzer is powered up.
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Table 2-5 Attenuator/2nd Converter Test Board Logic Matrix
Frequency
Range 3.0GHz 6.7 GHz 13.2GHz 26.5GHz
Attenuator | Standard Option Standard | Option | Standard | Option | Standard | Option
Std/UKB UKB UKB UKB UKB
Section 5 n/a 5dB 5dB 5dB 5dB 5dB n/a 5dB
Section 4 4008 dc Block? | dcBlock? | dcBlock? | dcBlock?® | dcBlock® | 30dB | dcBlock?
Section 3 5dB 40 dB 40 dB 40 dB 40dB 40 dB 5dB 30dB
Section 2 20dB 20dB 20dB 20dB 20dB 20dB 20dB 20dB
Section 1 10dB 10dB 10dB 10dB 10dB 10dB 10dB 10dB

a. Input coupling; In = ac coupled; Out = dc coupled.

For example, if you have a 13.2 GHz standard analyzer with the attenuation set to
35dB, sections 1,2, and 5 would be switched In (Red); sections 3 and 4 would be
switched Out (Green). If you had a 26.5 GHz Option UKB anayzer with the

attenuation set to 35 dB, sections 3 and 5 would be switched In (Red); sections 1,
2, and 4 would be switched Out (Green).

Drive Section and State | ndicator

Table 2-6

LED State Drive Section

Green Out Section 5
Red In

Green Out Section 4
Red In

Green Out Section 3
Red In

Green Out Section 2
Red In

Green Out Section 1
Red In

Yellow +28 Volts

Verifying the 2nd Converter Switch Logic (E4404B, E4405B,
E4407B, and E4408B)

You can verify the correct driver signals are present by sweeping from low band
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into high band. Press FREQUENCY, then change the start frequency to 0 Hz and
the stop frequency to 6.0 GHz. Asthe analyzer sweeps through 3.0 GHz, the 2nd
converter PIN switch LEDs will reflect the change as shown in Table 2-7. It may

be helpful to slow down the sweep time.

There will only be a change from low band to high band if the analyzer frequency

range goes above 3.0 GHz. Therefore, for 3.0 GHz analyzers, the low band and

drain supply LEDs should remain on at all times.

Table 2-7 2nd Converter PIN Switch and Drain Supply
Band Pin Switch Drain Supply
0 Low (Green) On (Yellow)
1 High (Red) Off
2 High (Red) Off
3 High (Red) Off
4 High (Red) Off

Chapter 2
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What You Will Find in This Chapter

This chapter provides information about the operation of the analyzer that is useful
when first troubleshooting afailure. Refer to the appropriate overall block diagram
at the end of this chapter when reading the assembly descriptions that follow.
These figures show all major assembliesin the analyzer.

The ESA series spectrum analyzers are microprocessor-controlled swept receivers
with frequency ranges from 9 kHz to 1.5 GHz, 3.0 GHz, 6.5 GHz, 13.2 GHz, or
26.5 GHz, depending on the model number. This chapter briefly describes each of
the following analyzer assemblies:

e “A81.5GHz RF Assembly” on page 99
* “ABRF Assembly” on page 103 which includes:

— “A8J10 Input Connector” on page 104

— “ABA1 3.0 GHz RF Assembly” on page 104

— “ABA1A1 Reference/Third Converter” on page 105
— “"AB8A1A2 Front End/LO” on page 105

— “"AB8A2 Second Converter” on page 106

— “ABA3 dc Block” on page 106

— “ABA4 LO Amplifier/IF Switch (LOIS)” on page 106
— “A8AS5 Input Attenuator” on page 107

— “ABAG6 YIG-Tuned Filter/Mixer (RY THM)” on page 107
— “A8FL1 3.1 GHz Low-Pass Filter (LPF)” on page 107
— “"A7A4 Frequency Extension” on page 107

* “A3IF Assembly” on page 108

* “A4 Processor Assembly” on page 110

» “Ab5 Power Supply Assembly” on page 114
* “Al Display/Front Panel” on page 116

All of the board assemblies listed above are connected to the serial digital interface
through the motherboard connection. All data and control information and al
power supplies, are distributed through these connections. Each of these board
assemblies hasits own individual EEPROM with stored serial numbers and
alignment data for the board.

The assemblies listed below do not have individual EEPROMs and are not
connected to the seria digital interface.

» “A7 Motherboard” on page 115
»  “Ab6 Speaker/Floppy Board Assembly” on page 116
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A8 1.5 GHz RF Assembly
(E4401B and E4411B)

The A8 RF assembly performs the following major functions:

* Providesinput protection

* Provides input attenuation

» Converts RF input signalsto the 21.4 MHz IF

» Generatesfirst and second local oscillator (LO) signals for down-conversion
» Usesafractional-N phase-locked loop for first LO stability

» Generates a 10 MHz reference signal

» Generates an internal 50 MHz amplitude reference signal and a21.4 MHz IF
alignment signal

The RF section uses atwo-stage frequency conversion to convert RF signalsto the
21.4 MHzfind IF.

I nput Connector

The input connector is mounted directly on the RF assembly. This connector can
be easily replaced without disassembling the RF section. Refer to Chapter 6 for the
removal procedure.

Input Protection

Exposing the analyzer to high levels of input power over a prolonged time period
can damage the circuitry.

The analyzer input circuitry can be damaged by power levels that exceed the
maximum safe input level specifications. Refer to the analyzer specifications for
the exact values.

Some input protection is provided by a dc-blocking capacitor after the input
connector. The input relay that switches between input signals and an internal
50 MHz aignment signal also functions as an overload protection switch. The
relay is driven by an overload detector that has two power trip points. When the
input attenuation is less than 15 dB, the trip point is approximately +13 dBm
(68 dBmV with Option 1DP) to protect the mixer. When the input attenuation is
15 dB or greater, the trip point is set to approximately +33 dBm (76 dBmV with
Option 1DP) to protect the attenuator.
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During an overload condition, theinput signal will still be displayed, but at alower
amplitude. This condition is accompanied by a message displayed on screen
informing the operator of the overload. Refer to the user’s guide for your analyzer
for information on how to clear the overload condition.

Attenuator

The input attenuator provides 0 to 60 dB of attenuation in 5 dB steps. To select
10 dB attenuation, press Preset.

L ow-Pass Filter

The input signal passes through a 1.5 GHz low-passfilter (LPF) to eliminate
unwanted signals above 1.5 GHz.

First Mixer

Thefirst mixer convertsincoming signals to a 2.4214 GHz first IF by mixing the
input signal with a2.4214 to 3.9214 GHz first local oscillator (LO). ThisLOis
derived by tripling the output from an 800 to 1308 M Hz fractional-N phase-locked
loop (PLL) synthesizer.

First IF Amplifier/Filter/Attenuator

The overall gain of the front end is set by the digital-to-analog converter
(DAC)-controlled RF variable gain amplifier. The variable gain amplifier has an
input LPF, input attenuator, amplifier, output attenuator, and an output LPF. The

L PFs provide regjection of harmonics of the LO in order to attenuate unwanted
spurious signals. The two attenuators control the approximately 30 dB of available
gain. Thisrangeis used to provide an overall gain of 0 dB from the RF input to the
21.4 MHz output to the IF assembly.

Second Mixer

The second mixer convertsthe 2.4214 GHz first IF to a 21.4 MHz second and final
IF, by mixing it with a2.4 GHz second LO. The second LO is derived by tripling
the frequency of an 800 MHz voltage-controlled oscillator (V CO).
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21.4 MHz Amplifier

The 21.4 MHz amplifier has 3 functions:

* A bandpassfilter (BPF) at the input, to reject signals at 10.7 MHz
« Anamplifier, with atypica gain of 12 dB

* A PIN switch circuit, to switch between the IF and the 21.4 MHz IF alignment
signal that is generated by thefirst LO

Frequency Reference

The 10 MHz voltage-controlled crystal oscillator (VCXO) frequency referenceis
used to phase-lock the 800 to 1308 MHz PLL first LO, and the 800 MHz PLL
second L O. It isalso used for synchronization with the processor assembly for the
analog-to-digital converter (ADC).

An optiona oven-controlled crystal oscillator (OCXO) is also available on the
E4401B as option 1D5. Option 1D5 adds asmall board, ABA1 OCXO, to the basic
A8 RF assembly. Cablesinterconnect ASA1to A8.

LO

Firss LO

The 2.4214 to 3.9214 GHz first LO signal is derived from an 800 to 1308 MHz
PLL synthesized signal that istripled by a diode tripler/filter.

Thisfirst LO multiplier consists of three tripler/filter paths that are selected by PIN
diode switches. Each path contains its own tripler/filter and the appropriate signal
path is switched-in based on the desired L O frequency. The three paths are
identical except for the range of their bandpass filters.

The output of the tripler is bandpass-filtered to remove the harmonics, and then
sent to the output switch. It is then amplified with alimiting amplifier, before
going to thefirst LO amplifier to drive the input mixer.

For frequency sweeps that cross over more than one path range, the two adjacent
paths are enabled simultaneously during band crossings to produce a
“make-before-break” type of switching action. Thisaction is controlled by the
system processor to avoid first LO power drop outs.

Thefirst LO generates the 21.4 MHz IF alignment signal by dividing the PLL
output by 40 and bandpass filtering the divided-down signal.

Chapter 3 101



Block Diagrams
A8 1.5 GHz RF Assembly

Second LO

The 2.4 GHz second LO signal and the 50 MHz alignment signal are both
synthesized from the 800 MHz V CO that is phase-locked to the 10 MHz reference.
The 2.4 GHz signal is derived by multiplying the 800 MHz signal with the use of a
tripler/filter path similar to the one used to generate the first LO signal. The

50 MHz amplitude reference signal is derived by dividing the 800 MHz signa by
16.

A8A1 OCXO (Option 1D5)

The ABA1 OCXO (oven-controlled crystal oscillator) provides improved
frequency accuracy and stability. ASA1 receives power and control via A8J2. The
OCXO output is fed back to A8 via A8X4.

I nterconnectionsto Other Assemblies

The A8 RF assembly has three external connectors, (two at the rear of the analyzer
and one at the front). It also has seven internal connectors, (four on the top of the
board, two on the bottom, and one on the bandpass filter (BPF) cavity).

A8J10 RF Input (front external port)

A8J12 EXT REF IN - accepts an external frequency source to provide
the 10 MHz, —15 to +10 dBm frequency reference used by the
analyzer. (rear externa port)

A8J3 21.4 MHz IF output to the A3 IF Assembly (internal)
A8J11 EXT REF OUT - provides a10 MHz, 0 dBm minimum,
time-based reference signal. (rear external port)
A8X5 First LO VCO test port (internal)
A8J6 Second LO VCO test port (internal)
A8J13 BPF alignment port (internal)
A8M OCXO0 10 MHz REF INPUT from A8A1
A8J2 OCXO (A8A1) power and control (Option 1D5)
Unused
AB8J7 (internal)
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A8 RF Assembly

(E4402B, E4403B, E4404B, E4405B, E4407B, and E4408B)

The A8 RF assembly performs the following major functions:

Provides input attenuation
Provides tracking preselection when tuned above 2.85 GHz
Converts RF input signalsto the 21.4 MHz IF

Generatesfirst, second and third local oscillator (LO) signalsfor up-conversion
and down-conversion

Uses afractional-N phase-locked loop for first LO stability
Generates a10 MHz reference signal

Generates a 50 MHz amplitude reference signal, and an internal 21.4 MHz IF
alignment signal

Provides an auxiliary first LO output and a 600 MHz signal to drive the
optional 3.0 GHz tracking generator

When tuned below 3.0 GHz, the RF section up-convertsthe signal to a3.9214 GHz
first IF, and then down-convertsit to a 321.4 MHz second IF, and finally to a21.4
MHz third IF. When tuned above 3.0 GHz, the RF section down-convertsthe signal
directly to the 321.4 MHz second IF and then to the 21.4 MHz third IF.

The RF Section consists of four board assemblies, and three microcircuits. Two of
the board assemblies (A8BA1A1 and A8A1A2) comprise the ABA1 3.0 GHz RF
Assembly. Not all microcircuits and board assemblies are used in every model.
Refer to the following table.
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Description E4402B and E4404B E4407B
E4403B and and
E4405B E4408B
AB8A1 3.0 GHz RF Assembly X X X
(includes A8A1A1 and ABA1A2)
ABA1A1 Reference/Third Converter (part of X X X
ABA1 3.0 GHz RF Assembly)
AB8A1A2 Front End/LO X X X
(part of ABA1 3.0 GHz RF Assembly)
AB8A2 Second Converter X
ABA3 DC Block X X X
A8A4 LO Amplifier/IF Switch (LOIS) X X
AB8AS Input Attenuator X X
ABAS Input Attenuator with Switchable (Option UKB) X (Option UKB)
dc Block only only
ABAB6 YIG-Tuned Filter/Mixer (RY THM) X X
A8FL1 3.1 GHz Low-Pass Filter (LPF) X X
ATA4 Freguency Extension X

A8J10 Input Connector

The input connector is mounted to the middle shield of the 3.0 GHz RF assembly.
This connector can be easily replaced without disassembling the RF section. Refer
to Chapter 6 for the removal procedure.

A8A1 3.0 GHz RF Assembly

The ABA1 3.0 GHz RF Assembly is comprised of two boards, the ASBA1A1
Reference/Third Converter and the ABA1A2 Front End/L O, in the same shield set.
The A8J10 input connector and the Amptd Ref Out connector (part of the
AB8A1W4 50 MHz Amptd Ref Signal), also mount to A8A 1. Refer to the following
descriptionsfor “A8A1A1 Reference/Third Converter” and “A8A1A2 Front

End/LO.”
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ABA1A1 Reference/Third Converter

(Part of the A8BA1 3.0 GHz RF Assembly)

The standard frequency referenceisa 10 MHz VCXO. Option 1D5 adds on
oven-controlled crystal oscillator (OCXO). The frequency reference is used to
phase-lock a 100 MHz VCXO. This 100 MHz signal is divided by two to yield the
50 MHz amplitude reference signal, and istripled to provide the 300 MHz third
LO.

The 300 MHz third LO is then doubled to yield a 600 MHz signal which isthe
reference for the first LO and will be used by the ABA 2 Second Converter to
generate the 3.6 GHz second L O.

The second |F amplifiers provide approximately 24 dB of gain. Thereisalso a
400 MHz low-pass filter and a 321.4 MHz bandpass filter before the third mixer.
Thethird mixer is an active mixer, which includes an I F amplifier. The third mixer
down-convertsfrom 321.4 MHz to 21.4 MHz. A variable gain stage, controlled by
aDAC, followsthe third mixer. The gainis set to provide —10 dBm output at
AB8A1A1P5 when a-10 dBm signal is applied to the analyzer input with 0 dB
input attenuation.

The third IF amplifier is followed by a switch to allow the 21.4 MHz alignment
signal from A8A1A2 to berouted to the A3 IF Assembly for performing automatic
IF alignments between sweeps. Either the output of the third amplifier or the

21.4 MHz alignment signal is routed to the A3 IF Assembly.

ABA1A1 also provides power and control signals for the ASBAS5 Input Attenuator
and the A8A2 Second Converter.

ABA1A2 Front End/LO
(Part of the A8BA1 3.0 GHz RF Assembly)

A limiter at the ABA1A2 input protects the first mixer from excessive RF signals.
A switch following the limiter allows the 50 MHz amplitude reference signal to be
switched-in to perform automatic RF alignments. A preamplifier (available as
Option 1DS on E4401B, E4402B, E4404B, E4405B, and E4407B analyzers) can
be switched-in just before the first mixer. The first mixer is an active mixer with
LO and IF amplifiers. A 700 MHz wide bandpass filter follows the first mixer. The
variable gain first IF amplifier corrects for conversion lossesin the front end.
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Thefirst LO usesa Y1G-tuned oscillator in afractional-N phase-locked loop
(PLL). The 600 MHz reference from A8A1A1 isdivided by 128 or 129
dual-modulus prescaler and the resulting ~4.66 MHz signal is used asthe reference
for the fractional-N PLL. The 21.4 MHz alignment signal is generated by dividing
thefirst LO signa by 64 and then limiting the divided signal. Thefirst LO signal
drives a series of three directional couplers. Thefirst directional coupler isused to
drive an ALC loop to level thefirst LO signal. The second directional coupler
provides feedback for the fractional-N PLL. The last directional coupler provides
an auxiliary first LO output for driving either the optiona 3.0 GHz tracking
generator or the ABA4 LO Amplifier/IF Switch (LOIS), which then provides afirst
LO signal for the ABA6 YIG-Tuned Filter/Mixer (RY THM).

AB8A?2 Second Converter

The A8A2 Second Converter down-converts the 3.9214 GHz first IF to a321.4
MHz second IF. In high band, it passes the 321.4 MHz first IF from A8A4
(E4404B, E4405B, E4407B, and E4408B) to the ABA1A 1 Reference/Third
Converter. The converter generates a 3.6 GHz second L O by multiplying a 600
MHz reference. Bandpass filters remove unwanted harmonics of the 600 MHz
driving signal. First |F and second LO signals are filtered by cavity filters, which
are not user adjustable.

A8A3 dc Block

The dc block protects the input circuitry. It begins to roll off below 9 kHz, the low
frequency limit of the analyzers. A8A3 is not present in analyzers with
Option UKB.

A8A4 L O Amplifier/IF Switch (LOIS)

(E4404B, E4405B, E4407B, and E4408B)

The ABA4 LO Amplifier/IF Switch (LOIS) amplifiesthe auxiliary LO output from
ABA1A2 and levels the output, as necessary, to provide the optimum first LO
amplitudes to the A8A6 Y 1G-Tuned Filter/Mixer (RY THM). An output is also
provided to drive the A2 3.0 GHz tracking generator (Option 1DN). An additional
levelled output is available for External Mixing (Option AY Z).

The IF switch routes the 321.4 MHz IF signal from A8A6 and amplifiesit before
passing it along to the ABA7 Second Converter. The IF switch aso allows for an
external 321.4 MHz IF input. A dc bias can be applied to the external IF input
signal.

The ABA4 LO Amplifier/IF Switch is controlled by the A7A4 Frequency
Extension assembly.
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A8AS5 Input Attenuator

The input attenuator provides 0 to 65 dB of attenuation in 5 dB steps. The
attenuator in the E4402B, E4404B, E4405B, and E4407B with Option UKB also
includes adc block which can be switched out. With the dc block switched in, the
analyzer can make measurements as low as 100 kHz (10 MHz for E4407B with
Option UKB). With the dc block switched out, the analyzer can make
measurements as low as 9 kHz (100 Hz for Option UKB). Pressing Preset selects
10 dB attenuation and, for analyzers with a switchable dc block, switchesin the dc
block.

ABAG6 YIG-Tuned Filter/Mixer (RYTHM)

(E4404B, E4405B, E4407B, and E4408B)

The A8A6 RYTHM (Routing Y IG-Tuned Harmonic Mixer) isamicrocircuit
which combines an RF switch, atracking preselector, and a high-band mixer. The
PIN diode switch directs the RF input to the appropriate mixer in the A8AG6 or the
A8A1 3.0 GHz RF assembly.

The tracking preselector isa Y1G-tuned filter. It functions as a tunabl e bandpass
filter for high-band signals (2.85 GHz to either 6.5, 13.2, or 26.5 GHz). The
preselector’s tuned frequency is controlled by DACs on the A7A4 Freguency
Extension assembly.

The high-band mixer is ac coupled. It uses the first, second, and fourth harmonics
of thefirst LO to mix with the incoming signalsto cover the frequency range.

A8FL1 3.1 GHz Low-PassFilter (LPF)

The A8FL1 3.1 GHz LPF precedes the 3.0 GHz RF assembly to eliminate image
and out-of-band responses when in low-band. When in low-band, only signals
greater than 3.1 GHz can generate image and out-of-band responses. By filtering
out these signals, image and out-of-band responses are virtually eliminated.

A7A4 Frequency Extension

(E4404B, E4405B, E4407B, and E4408B)

The A7A4 Freguency Extension provides power and control signals to the A8A4
LO Amplifier/IF Switch (LOIS) and the ABAG6 Y IG-Tuned Filter/Mixer
(RYTHM). A DAC on A7A4 is used to control the amplitude of LO outputs on the
A8AA4. A variable-rate generator and sweep clock drive DACs, which control the
tuning of the preselector and the A8A6. Several drivers are provided to control the
PIN diode switches on A8A4 and A8AG6. A DAC also provides bias to the
high-band mixer in ASBAG.

The flatness correction data for high-band is stored on A7A4.
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A3 IF Assembly

The A3 IF assembly uses combined crystal and L C filters to process 21.4 MHz
input signals and create a video output signal.

The IF assembly provides the following main functions:

» Resolution bandwidth filtering

o Step gain amplification

» Logamplification

* Linear detection

» Frequency counter prescaling

» Down-conversion to 8.5 kHz for narrow bandwidths (Option 1DR).

Cal Attenuator

The Cal Attenuator has 0 to 49 dB of attenuation (in 7 dB steps) to provide gain
range for the log amplifier alignment. The attenuator is switched on only as part of
IF alignment, not during any normal analyzer sweeps.

21.4 MHz Bandpass Filters

The 21.4 MHz IF filters are a series of four pole, synchronously-tuned combined
crystal and L C filters with adjustable gain and bypass switches.

Nine | F bandwidths, from 1 kHz to 5 MHz, can be selected in a 1, 3, 10 sequence.
There are also 9 kHz and 120 kHz 6 dB bandwidths for EM C measurements.

The resolution bandwidths are normally coupled to the center frequency of the
analyzer. Sweep timeis also coupled to both resolution bandwidth and span for
optimum amplitude response. The resolution bandwidth, sweep time, and span can
be set independently.

L og Detector

The log detector displays the input signal logarithmically due to the successive
detection log amplifier that has an overall range of 85 dB.

In log mode, the default vertical amplitude unit isdBm, (dB relative to amilliwatt)
rather than volts. (The default vertical amplitude unit isdBmV with Option 1DP)

Linear Detector

The input signal can be displayed in linear mode, so that the vertical deflection on
the screen is directly proportional to the voltage of the input signal.
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| nterconnectionsto Other Assemblies

A312 Unfiltered 21.4 MHz input on SMB cable from the A8 RF
assembly at —10 dBm nominal level corresponding to afull
scale (top of screen) output video level of 2V

* Filtered 21.4 MHz output to A7A1 (option A4J) at +10 dBm nominal level
corresponding to afull scale (top of screen) input of =10 dBm

* Video output, nominally 0V at bottom of screen and 2 V at top of screen

» Frequency counter output, differential output 100 mV at 10.7 MHz

Downconverter

The narrow bandwidths (Res BW < 300 Hz) are implemented digitally using
digital signal processing performed by the CPU. The narrow bandwidths are only
available in ESA models E4401B, E4402B, E4404B, E4405B, and E4407B with
Option 1DR.

The downconverter mixes the 21.4 MHz IF signal with the 21.4 MHz
(approximately) VCXO signal to yield an 8.5 kHz IF. This8.5 kHz signdl is
bandpass-filtered. The 8.5 kHz video signal is digitized by the ADC on the A4
processor assembly.
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A4 Processor Assembly

The A4 processor assembly provides the following main functions:
» Main CPU processing

* Memory, including boot memory and firmware

* Video filtering

» Pesk detection

* Anaog-to-digital conversion of the video output from A3
* Real-time clock

* |F counters

» Communicates with 1/0 assemblies

» Front panel interface

» LCD interface

» Digital signal processing for digitally-implemented narrow resolution
bandwidths (Option 1DR).

Analog Section

The analog section of the processor assembly controls all video processing. The
analog section includes the input mux, video filter, peak detector, and
analog-to-digital conversion circuitry.

Input Multiplexers

There are two input multiplexers on the processor assembly. MUX A selectswhich
signal passes through the video filters to the peak detectors. MUX B selects which
signal is digitized by the analog-to-digital converter.

Video Filters

There are 10 video filter bandwidths in the video section of the processor
assembly. They are simple low-pass RC filters created by switching one of five
different capacitors and one of two different resistors into the system. The video
filtersrange from 1 MHz to 30 Hzin a1, 3, 10 sequencein 10 steps.

Peak Detectors

There are two peak detectors on the processor assembly. The positive peak detector
saves the maximum value reached between measurement buckets. The negative
peak detector saves the minimum value reached between measurement buckets.
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Analog-to-Digital Converter (ADC)

The analog-to-digital converter on the processor assembly hasa0to +2 V range
and uses a 12 hit conversion for normal measurements. This resultsin avertical
resolution of approximately 0.05 dB in log mode and 0.05% of reference level in
linear mode.

Temperature Sensor

The processor assembly has an on-board temperature sensor to give the firmware
the ability to determine when the analyzer should be realigned due to temperature
changes.

Audio

Thereis an audio line on the motherboard that goes to the speaker assembly
installed in the analyzer. A signal is sent to the audio line in order for it to be heard
through the speaker or headphone jack. The processor has the ability to put two
different signals onto the AUDIO line. Thefirst isthe AUX_VIDEO ling; thisis
the signal going through the video filters. The second isthe CPU_SOUND line,
which is currently unused.

Real-Time Clock

The real-time clock uses a 32 kHz crystal to keep track of the time and date. It has
battery backup from the same battery and controller as the SRAM. Therea-time
clock and the display controller each have their own separate timers.

IF Count

The processor counts the IF divided by two (10.7 MHZz) to determine precisely
where the analyzer istuned. Thisis used for the frequency counter function.

Analyzer Battery Information

The analyzers use a3 V lithium battery to enable the internal memory to retain
data. The date that the battery wasinstalled is displayed on alabel on therear panel
of the analyzer. See Figure 3-1.

The minimum life expectancy of the battery is seven years at 25 °C. If you
experience problems with the battery, or the recommended time period for battery
replacement has elapsed see, “ Contacting Agilent Technologies, Inc.” on page 246.
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If you wish to replace the battery yourself, refer to the “A4MAUS8 Battery” on
page 295 replacement procedure in Chapter 6. The battery is mounted onto the
analyzer processor board. If the battery fails or the battery connection is broken,
the real-time clock stops and al data stored in RAM islost. This datawill need to
be restored after the battery is replaced. The following are examples of the data
types that will need to be restored:

» GPIB address (Option A4H) or RS-232 baud rate (Option 1AX)

» Current correction factors (factory correction factors are stored on each
assembly)

» Any current limit lines, and correction tables
* Any customized analyzer settings like display contrast, etc.

After replacing the analyzer battery, write the date of battery replacement on the
rear panel label.

Rear Panel Battery Information L abel

PROCESSOR
BATTERY LIFE
/A 7YEARSAT 25°C
INSTALLED

sl79b

I nterconnectionsto Other Assemblies

There are four connectors to the rear panel:

A4J7 VGA OUTPUT - drives an external VGA -compatible monitor
with asignal that has 31.5 kHz horizontal, 60 Hz vertical
synchronizing rate, non-interlaced.

A4J1 (service connector for factory use only)

A48 GATE TRIG/EXT TRIGIN (TTL) - accepts the positive edge of
an externa voltage input that triggers the analyzer interna
Sweep source.

A4 GATE/HI SWP OUT (TTL) - indicates when the analyzer is
sweeping.
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Block Diagrams
A4 Processor Assembly

Thefollowing front panel interface connector contains the signals and voltages for
al front panel circuitry:

Power supplies.

Rotary pulse generator (RPG) interface. There are two RPGs; one for the active
function and one for volume.

Front panel keyboard interface.

AT keyboard interface. An AT-style PC keyboard can be plugged into the front
panel.

LCD digita interface. The display controller for the processor assembly can
drivean LCD (internal) and a VGA (external) CRT simultaneously.

Front panel seria interface. Thisisused to communicate with the front panel of
the analyzer.

Probe power unfiltered supply (+15V and —15 V supplies). The =15V supply
is converted to —12.6 VV on the front panel interface board for the probe power
connector.

A4A1Flash SIMM

The A4A 1 Flash SIMM provides additional memory for firmware enhancements
such as downloadable programs. A 4 Mbyte Flash SIMM is standard. Option B72
replaces the 4 Mbyte Flash SIMM with a 32 Mbyte Flash SIMM.

A4A2 DRAM SIMM

The A4A2 DRAM SIMM provides additional memory for storing traces, states,
limitlines, and amplitude correction (“ampcor”) sets. A 16 Mbyte DRAM is
standard. Option B72 replaces the 16 Mbyte DRAM with a 32 Mbyte DRAM.

Chapter 3 113



NOTE

Block Diagrams
A5 Power Supply Assembly

A5 Power Supply Assembly

The A5 power supply assembly can be powered by a 90 to 140 volt or 200 to 264
volt ac supply, or an external 12 to 22 Vdc supply. It supplies the analyzer with al
of the supply voltages listed below. The line module, line fuse, and the dc power
connector and dc fuse are all part of the power supply assembly. Refer to the parts
list in Chapter 5 for the fuse types.

If the analyzer loses power for more than 30 seconds, the controller may not retain
the power-on state (On or Off) selected by the operator. When power is restored,
the analyzer will normally be Off. To set the analyzer to automatically turn On
when power is applied, set the switch at the rear of the analyzer. Thisfeatureis
especially useful under the following conditions:

» If theanalyzer isin arack with other analyzers, the entire rack can be turned on
with a single switch.

 |If the analyzer is operating unattended, you may want to have measurements
continue after power is restored.

The fan is mounted directly to the power supply assembly. The fan speed varies
with internal analyzer temperature; as the internal temperature increases, the fan
speed also increases.

Because of safety concerns, the power supply is not repairable.

I nterconnections to Other Assemblies

The following power supply connections can be made to other assemblies:
e +5V,+15V,+28V, -5V, and 15V supplies to the power supply bus
» Voltage for the fan control

» Connector at the rear panel for adc supply input
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A7 Motherboard

A7 Motherboard

The A7 motherboard provides the power supply and digital bus interconnections
between assembliesin the analyzer. Refer to Table 3-1 through Table 3-10 in this
chapter for details on the motherboard connectors and mnemonics used.
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Block Diagrams
Miscellaneous

Miscellaneous

A1 Display/Front Panel

Display

Thedisplay isan LCD color flat screen with 640 x 480 VGA resolution. A
connector for an external VGA display is available at the rear panel.
A1A1 Front Panel Interface Board

The A1A1 front panel interface board provides the interface between the display
generation circuitry on the processor assembly and the display. It also interfaces
the front panel keyboard to the processor assembly. Any display-specific voltages
(other than 5V digital) are created on this board. The front panel interface board
aso includes the following:

* ManRPG

* Volume RPG

» Plug for externa AT style PC keyboard

* Probe power (-12.6 Vdc, +15 Vdc, and ground)
» Circuitsto digitally adjust the display

A1A2A2 Backlight Inverter Board

The backlight supply provides the high voltage to the two backlightsin the LCD
display.

A6 Speaker/Floppy Board Assembly

The speaker/floppy board assembly has an internal speaker and afront panel
earphone jack which provides the capability to listen to ademodulated signal. The
3.5 floppy drive (A:) and the earphone jack can be accessed by opening the media
door. The volume knob on the front panel controls the volume.
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M otherboard M nemonics and Connectors
M other board M nemonics

Mnemonic

Description

10MHZ_AC

Thisisthe 10 MHz reference from the RF section to the A7A1 and
processor. It isterminated in 50 Q by the processor board. Signal: AC
coupled 0.5V peak to peak

Line Impedance: 50 Q

1I0MHZ_TG

Thisisthe 10 MHz reference from the RF section to the tracking
generator. It isterminated in 50 Q by the tracking generator board.
Signal: AC coupled 0.5V peak to peak

Line Impedance: 50 Q

ACOM

Analog Common

AC_IF

Analog Card IF. An uncorrected, buffered IF signal from the output of
the IF assembly.
Frequency: 21.4 MHz

Line Impedance: 50 Q

AC_TRIG

Analog Card Trigger, provides trigger to system for option cards
(E4401B, E4402B, E4404B, E4405B, and E4407).

ADC_SYNC

A positive-going signal that indicates when the main ADC on the
video/processor assembly has started an A/D conversion.

ANA_TST

An analog signal from the RF section, tracking generator, or the analog
card cage to the ADC of the video processor. When it is selected, the
signal bypasses the video filter and peak detector sections.

Line Impedance: 50 Q

AUDIO

AUDIO lineto internal speaker

Line Impedance: 50 Q

AUX_VIDEO

Auxiliary video: A detected video signal (0-2 V) that has passed
through the video filters.

Line Impedance: 50 Q

CRD_ANLG1

Card Analog 1 providesinput to CPU for option cards (E4401B,
E4402B, E4404B, E4405B, and E4407B).

CRD_ANLG2

Card Analog 2 provides input to CPU for option cards (E4401B,
E4402B, E4404B, E4405B, and E4407B).

CRD_ANLG3/7

Provides option card interconnection (E4401B, E4402B, E4404B,
E4405B, and E4407B).
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Motherboard Mnemonics (Continued)

Mnemonic Description

DCOM A common ground for all digital circuitry.

DI_FREQ CNT Differential Inverted Frequency Count: 10.7 MHz signal from IF to
processor to be counted for marker count function

DN_FREQ CNT Differential Non-Inverted Frequency Count: 10.7 MHz signal from IF to
processor to be counted for marker count function

HPUP_AC High = Processor Up Analog Card: Thislinewill go high when power is
applied and will go low before the supplies fully shut down.

HPUP_SYNC (not used)

HPUP_PS High = Processor Up Power Supply: This linewill go high when power
is applied and will go low before the supplies fully shut down.

HSWP_AC High = Sweeping for analog card. A high indicates the analyzer is
sweeping. (HC)

HSWP_CNTRL High = Sweep Control: Thissignal provides control for the analyzer
display sweep and retrace.

HWR_END_10 High = Write_End. A signal that indicates the end of cycle for 1/O card.
(TTL)

H_SWEEP High = Sweep for RF and TG. A high indicates the analyzer is
sweeping. (HC)

IF_ VIDEO The detected 21.4 MHz IF signal from the detector on the IF assembly
to the input multiplexer of the video processor.
Line Impedance: 50 Q

|O_A(16/0) I/0O Address Lines

|O_D(15/0) I/O Data Lines

LADDR Low = Address, seria bus strobe for address information

LAS 10 Low = Address strobe for I/O card. A TTL low indicates address valid

LCNTRL Low = Control, serial bus strobe for control information

LCS HIGH_IO Low = Chip select for High I/O

LCS IO Low = Chip select for I/O card (TTL)

LDATA Low = Data, serial bus strobe for sending data

LDS 10 Low = Data strobe for 1/0O card (TTL)

LDTACK_IO Low = Data acknowledge for 1/O card

LINE_TRIG TTL signal synchronous with AC line
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M otherboard Mnemonics (Continued)

Mnemonic Description

LI_100/4 Four Dedicated interrupt lines for 1/0O boards:
LI_100 isfor the Speaker board (J20)
LI_IOlisfor Card Slot 1 (J21)
LI_IO2isfor Card Slot 2 (J22)
LI_103isfor Card Slot 3 (J23)
LI_104 isfor Card Slot 3 (J24)

LI 10_SLOwW [/O Card Slow Interrupt

LLW_1O Low = Lower write, strobe for lower 8 bits

LOE IO Low = output enable, strobe for reading data

LRESET IO Low = reset 10 card (TTL)

LSRQ Low Service Request

LUW_IO Low = Upper write, strobe for upper 8 bits

LWAIT_10 Low = wait_|10 card, low extends bus cycle

MB_ID3/0 (not used)

MISO Master In Slave Out serial data

MOSI Master Out Slave In serial data

N15 -15volts

N5 -5volts

P15 +15 volts

P28 +28 volts

P5 +5volts

P5C +5 volts Constant

P5D +5 voltsfor Digital

PS_COM see PS ON

PS_OFF (not used)

PS ON PS_ON line, when connected to PS_COM the analyzer will turn on

PS_IDO Power supply 1D bit

SCK Serial clock

WLR_I1O Write Low Read

X1 (not used)

X2 (not used)
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Table 3-2 Mnemonic Pin Locations
A7 Motherboard Connector
Mnemonic J10through J21through
Ji J2 Ja J6 J7 a J20 b
J16 J24
10MHZ_AC 40 56 52
(J11 to J16)
1I0MHZ_TG 18 52
(J10 only)
ACOM 25-36,7 6-10, | 7,911, 1, 3-7, 1-3, 5-7, 42, 43, 1,2,7,8,51,
5-86 12-15, | 13-17,1 9-11,13-15, 9-11,13-15, 48-50, 92, 52, 57, 58
17-19,3 | 9,20, 17-19,21-23 | 17-19,21-232 | 93, 98, 100
2-39 | 33-353 , 5-27,29,3133
7-39 25-29,31,33, | , 40, 48, 51,
35,37, 53-55,
39-42,50,51, | 57-59,61-636
53-55,57-67 | 5-67,69-7173
, -75,77-7990,
69-71,73-77 98
, 90-92, 100
AC_IF 34 76
ADC_SYNC 32 32
ANA_TST 36 12 56
AUDIO 8 4
AUX_VIDEO 72 72
DCOM 8-12, 3,579, 49, 99 1,5,7,9, 9,11, 13, 15,
58-62 11, 13, 15, 11, 13, 15, 17, 19, 21-23,
17,19-21, 17,19,21, | 25,27, 29, 31,
23,25, 27, 23,25, 27, | 33,35, 37, 39,
29, 31, 33, 29,31, 33, | 41,43, 45, 46,
35, 37, 39, 35, 37, 50, 72, 73, 85
41, 43, 68, 39-41, 66,
69, 81, 93 78
DI_FREQ CNT 20 52
DN_FREQ CNT 40 2
HPUP_AC 11 36 34
HPUP_PS 2 49
HSWP_AC 81 81
(J11 to J16)
HSWP_CNTRL 80 80
HWR_END_1O 8 38 10
H_SWEEP 8 79 81
(J10 only)
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Table 3-2 Mnemonic Pin Locations (Continued)
A7 Motherboard Connector
Mnemonic J10through J21 through
J1 J2 Ja J6 J7 1162 J20 o4

IF_VIDEO 16 24 24

10_A(0) 32 16 34
10_A(1) 80 67 84
10_A(2) 30 18 32
10_A(@3) 79 68 83
10_A(4) 78 69 82
10_A(5) 28 20 30
10_A(6) 77 70 81
10_A(7) 76 71 80
10_A(8) 26 22 28
10_A(9) 75 72 79
10_A(10) 74 73 78
10_A(11) 24 24 26
10_A(12) 73 74 77
10_A(13) 72 75 76
10_A(14) 22 26 24
10_A(15) 71 76 75
10_A(16) 70 77 74
10_D(0) 2 55 %
10_D(1) 91 56 %5
10_D(2) 42 6 44
10_D(3) 90 57 o4
10_D(4) 89 58 93
10_D(5) 40 8 42
10_D(6) 88 59 92
10_D(7) 87 60 91
10_D(8) 38 10 40
10_D(9) 86 61 90
10_D(10) 85 62 89
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Table 3-2 Mnemonic Pin Locations (Continued)
A7 Motherboard Connector
Mnemonic J10through J21through
J1 J2 Ja J6 J7 1168 J20 o4
10_D(11) 36 12 38
10_D(12) 84 63 88
10_D(13) 83 64 87
10_D(14) 34 14 36
10_D(15) 82 65 86
LADDR 95 26 27 89 89
LAS IO 14 32 16
LCNTRL 99 30 31 85 85
LCS 10 10 36 12
LDATA 97 28 29 87 87
LDS 10 62 84 66
LDTACK_IO 87 63
LINE_TRIG 50 38
LI_IO0 6 91
LI_IO1 55 59
(J21 only)
LI_IO2 54 59
(322 only)
LI_103 4 59
(J23 only)
LI_104 53 59
(J24 only)
LI_IO_SLOW 56 90 60
LLW_IO 63 83 67
LOE_IO 60 86 64
LRESET_IO 61 85 65
LSRQ 49 12 82 82
LUW_IO 64 82 68
LWAIT_IO 58 88 62
MISO 100 31 32 84 84
MOSI 98 29 30 86 86
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Table 3-2 Mnemonic Pin Locations (Continued)
A7 Motherboard Connector
Mnemonic J10through J21 through
J1 J2 J4 J6 J7 J20 b
J162 J24
N15 3944 | 5,25 6, 26 43, 44 41,91 47,97 3,53
89-94 93,94
N5 37-38 | 4,24 5,25 45, 95 42,92 46, 96 4,54
87-88
P15 17-22 | 2,22 2,22 47,48 45, 46 44, 94 6, 56
67-72 97,98 95, 96
P28 23,24 1,21 49, 99 47, 97
73, 74
P5 1316 | 3,23 3,23 46, 96 43, 44 45, 95 5,55
63-66 93, 94
P5C 1,21 4,24
P5D 3-7 44-48 50, 100 3,4 47, 48
53-57 94-98 53,54 97, 98
PS COM 52 99
PS ON 1 50
PS 1D0 45
SCK 96 27 28 88 88
WLR_ 10 12 34 14
a. J13, J14, and J15 are not loaded on ESA-L Series motherboards.
b. J23, J24, J25, and J26 are not loaded on ESA-L Series motherboards.
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Block Diagrams

Motherboard Mnemonics and Connectors

A7J1 Power Supply Connector

Pin Signal Pin Signal
1 PS ON 51 PS OFF
2 HPUP_PS 52 PS_COM
3 P5D 53 P5D
4 P5D 54 P5D
5 P5D 55 P5D
6 P5D 56 P5D
7 P5D 57 P5D
8 DCOM 58 DCOM
9 DCOM 59 DCOM
10 DCOM 60 DCOM
11 DCOM 61 DCOM
12 DCOM 62 DCOM
13 P5 63 P5
14 P5 64 P5
15 P5 65 P5
16 P5 66 P5
17 P15 67 P15
18 P15 68 P15
19 P15 69 P15
20 P15 70 P15
21 P15 71 P15
22 P15 72 P15
23 P28 73 P28
24 P28 74 P28
25 ACOM 75 ACOM
26 ACOM 76 ACOM
27 ACOM 77 ACOM
28 ACOM 78 ACOM
29 ACOM 79 ACOM
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Table 3-4

A7J1 Power Supply Connector

Block Diagrams

Motherboard Mnemonics and Connectors

Pin Signal Pin Signal
30 ACOM 80 ACOM
31 ACOM 81 ACOM
32 ACOM 82 ACOM
33 ACOM 83 ACOM
34 ACOM 84 ACOM
35 ACOM 85 ACOM
36 ACOM 86 ACOM
37 N5 87 N5
38 N5 88 N5
39 N15 89 N15
40 N15 90 N15
41 N15 91 N15
42 N15 92 N15
43 N15 93 N15
44 N15 94 N15
45 PS_1DO 95 LADDR
46 96 SCK
47 FAN 97 LDATA
48 FAN_RTN 98 MOS|
49 LSRQ 99 LCNTRL
50 LINE_TRIG 100 MISO
A7J2 | F Assembly Connector

Pin Signal Pin Signal

1 P5C 21 P5C

2 P15 22 P15

3 P5 23 P5

4 N5 24 N5

5 N15 25 N15

6 ACOM 26 LADDR
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Table 3-5

Block Diagrams

Motherboard Mnemonics and Connectors

A7J2 |F Assembly Connector

Pin Signal Pin Signal

7 ACOM 27 SCK

8 ACOM 28 LDATA

9 ACOM 29 MOS|
10 ACOM 30 LCNTRL
11 HPUP_AC 31 MISO
12 ACOM 32 ACOM
13 ACOM 33 ACOM
14 ACOM 34 AC_IF
15 ACOM 35 ACOM
16 IF_VIDEO 36 ACOM
17 ACOM 37 ACOM
18 ACOM 38 ACOM
19 ACOM 39 ACOM
20 DI_FREQ CNT 40 DN_FREQ CNT

A7J4 RF Connector

Pin Signal Pin Signal

1 P28 21 P28

2 P15 22 P15

3 P5 23 P5

4 P5C 24 P5C

5 N5 25 N5

6 N15 26 N15

7 ACOM 27 LADDR

8 H_SWEEP 28 SCK

9 ACOM 29 LDATA
10 HPUP_SYNC 30 MQOSI
11 ACOM 31 LCNTRL
12 LSRQ 32 MISO
13 ACOM 33 ACOM
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Table 3-5

A7J4 RF Connector

Block Diagrams

Motherboard Mnemonics and Connectors

Pin Signal Pin Signal

14 ACOM 34 ACOM

15 ACOM 35 ACOM

16 ACOM 36 ANA_TST
17 ACOM 37 ACOM

18 1IOMHZ_TG 38 ACOM
19 ACOM 39 ACOM
20 ACOM 40 10MHZ_AC
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Table 3-6

Block Diagrams

Motherboard Mnemonics and Connectors

A7J6 Processor Digital Connector

Pin Signal Pin Signal

1 MB_IDO 51 MB_ID1

2 MB_ID2 52 MB_ID3

3 DCOM 53 LI_104

4 LI_103 54 LI_102

5 DCOM 55 LI_101

6 LI_IOO0 56 LI_10_SLOW

7 DCOM 57 LCS HIGH_IO

8 HWR_END_IO 58 LWAIT_IO

9 DCOM 59 LDTACK
10 LCS 10 60 LOE_IO
11 DCOM 61 LRESET_IO
12 WLR_IO 62 LDS IO
13 DCOM 63 LLW_I10O
14 LAS IO 64 LUW_IO
15 DCOM 65 SIZo_10
16 LEN_DTACK_IO 66 SIZ1 10
17 DCOM 67 X2
18 X1 68 DCOM
19 DCOM 69 DCOM
20 DCOM 70 10_A(16)
21 DCOM 71 I0_A(15)
22 10_A(14) 72 10_A(13)
23 DCOM 73 10_A(12)
24 10_A(11) 74 10_A(10)
25 DCOM 75 10_A(9)
26 10_A(8) 76 10_A(7)
27 DCOM 77 10_A(6)
28 10_A(5) 78 10_A(4)
29 DCOM 79 10_A(3)
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A7J6 Processor Digital Connector

Block Diagrams

Motherboard Mnemonics and Connectors

Pin Signal Pin Signal

30 I0_A(2) 80 10_A(2)
31 DCOM 81 DCOM
32 10_A(0) 82 10_D(15)
33 DCOM 83 10_D(13)
34 10_D(14) 84 10_D(12)
35 DCOM 85 10_D(10)
36 10_D(11) 86 10_D(9)
37 DCOM 87 10_D(7)
38 10_D(8) 88 10_D(6)
39 DCOM 89 10_D(4)
40 10_D(5) 20 10_D(3)
41 DCOM 91 10_D(1)
42 10_D(2) 92 10_D(0)
43 DCOM 93 DCOM
44 P5D 94 P5D

45 P5D 95 P5D

46 P5D 96 P5D

47 P5D 97 P5D

48 P5D 98 P5D

49 HPUP_PS 99 PS_COM
50 PS _ON 100 PS _OFF
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Table 3-7

Block Diagrams

Motherboard Mnemonics and Connectors

A7J7 Processor Analog Connector

Pin Signal Pin Signal

1 ACOM 51 ACOM

2 DN_FREQ CNT 52 DI_FREQ CNT
3 ACOM 53 ACOM

4 ACOM 54 ACOM

5 ACOM 55 ACOM

6 ACOM 56 10MHZ_AC
7 ACOM 57 ACOM

8 AUDIO 58 ACOM

9 ACOM 59 ACOM

10 ACOM 60 ACOM

11 ACOM 61 ACOM

12 ANA_TST 62 ACOM

13 ACOM 63 ACOM

14 ACOM 64 ACOM

15 ACOM 65 ACOM

16 AUDIO_OUT 66 ACOM

17 ACOM 67 ACOM

18 ACOM 68 CRD_ANLG2
19 ACOM 69 ACOM

20 CRD_ANLG1 70 ACOM

21 ACOM 71 ACOM

22 ACOM 72 AUX_VIDEO
23 ACOM 73 ACOM

24 IF_VIDEO 74 ACOM

25 ACOM 75 ACOM

26 ACOM 76 ACOM

27 ACOM 77 ACOM

28 ACOM 78 GATE_AC
29 ACOM 79 H_SWEEP
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Table 3-7

A7J7 Processor Analog Connector

Block Diagrams

Motherboard Mnemonics and Connectors

Pin Signal Pin Signal
30 AC TRIG 80 HSWP_CNTRL
31 ACOM 81 HSWP_AC
32 ADC_SYNC 82 LSRQ
33 ACOM 83 NC
34 HPUP_SYNC 84 MISO
35 ACOM 85 LCNTRL
36 HPUP_AC 86 MOSI
37 ACOM 87 LDATA
38 LINE_TRIG 88 SCK
39 ACOM 89 LADDR
40 ACOM 90 ACOM
41 ACOM 91 ACOM
42 ACOM 92 ACOM
43 N15 93 N15
44 N15 94 N15
45 N5 95 N5
46 P5 96 P5
47 P15 97 P15
48 P15 98 P15
49 P28 99 P28
50 ACOM 100 ACOM
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Table 3-8

Block Diagrams

Motherboard Mnemonics and Connectors

A7J10 through A7J16 Analog Card/ J10 Tracking Generator Connector

Pin Signal Pin Signal

1 ACOM 51 ACOM

2 ACOM 52 10MHz_AC/10MHz_T

G

3 ACOM 53 ACOM

4 AUDIO 54 ACOM

5 ACOM 55 ACOM

6 ACOM 56 ANA_TST

7 ACOM 57 ACOM

8 CRD_ANLG7 58 ACOM

9 ACOM 59 ACOM

10 ACOM 60 CRD_ANLG6

11 ACOM 61 ACOM

12 CRD_ANLG5 62 ACOM

13 ACOM 63 ACOM

14 ACOM 64 CRD_ANLG4

15 ACOM 65 ACOM

16 CRD_ANLG3 66 ACOM

17 ACOM 67 ACOM

18 ACOM 68 CRD_ANLG2

19 ACOM 69 ACOM

20 CRD_ANLG1 70 ACOM

21 ACOM 71 ACOM

22 ACOM 72 AUX_VIDEO

23 ACOM 73 ACOM

24 IF_VIDEO 74 ACOM

25 ACOM 75 ACOM

26 ACOM 76 AC_IF

27 ACOM 77 ACOM

28 GATE_AC 78 ACOM

29 ACOM 79 ACOM
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Table 3-8

Block Diagrams

Motherboard Mnemonics and Connectors

A7J10 through A7J16 Analog Card/ J10 Tracking Generator Connector

Pin Signal Pin Signal

30 AC TRIG 80 HSWP_CNTRL
31 ACOM 81 HSWP_AC/H_SWEEP
32 ADC_SYNC 82 LSRQ

33 ACOM 83 HPUP_SYNC
34 HPUP_AC 84 MISO

35 AC_IDO 85 LCNTRL
36 AC_ID1 86 MOS|

37 AC_ID2 87 LDATA

38 AC_ID3 88 SCK

39 AC_ID4 89 LADDR
40 ACOM 90 ACOM

41 N15 91 N15

42 N5 92 N5

43 P5 93 P5

44 P5 94 P5

45 P15 95 P15

46 P15 96 P15

47 P28 97 P28

48 ACOM 98 ACOM
49 DCOM 99 DCOM

50 P5D 100 P5D
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Table 3-9

Block Diagrams

Motherboard Mnemonics and Connectors

A7J20 Speaker Board Connector

Pin Signal Pin Signal
1 DCOM 51 10_IDO
2 10_ID1 52 10_ID2
3 P5D 53 P5D
4 P5D 54 P5D
5 DCOM 55 10_D(0)
6 10_D(2) 56 10_D(2)
7 DCOM 57 10_D(3)
8 10_D(5) 58 10_D(4)
9 DCOM 59 10_D(6)
10 10_D(8) 60 10_D(7)
11 DCOM 61 10_D(9)
12 10_D(11) 62 10_D(10)
13 DCOM 63 10_D(12)
14 10_D(14) 64 10_D(13)
15 DCOM 65 10_D(15)
16 10_A(0) 66 DCOM
17 DCOM 67 10_A(1)
18 10_A(2) 68 I0_A(3)
19 DCOM 69 10_A(4)
20 10_A(5) 70 I0_A(6)
21 DCOM 71 10_A(7)
22 10_A(8) 72 10_A(9)
23 DCOM 73 10_A(10)
24 10_A(11) 74 10_A(12)
25 DCOM 75 10_A(13)
26 10_A(14) 76 10_A(15)
27 DCOM 77 I0_A(16)
28 X1 78 DCOM
29 DCOM 79 X2

134 Chapter 3



Table 3-9

A7J20 Speaker Board Connector

Block Diagrams

Motherboard Mnemonics and Connectors

Pin Signal Pin Signal

30 LEN_DTACK_IO 80 SIZ1 10
31 DCOM 81 SIZ0_10
32 LAS 10 82 LUW_IO
33 DCOM 83 LLW_10
34 WLR_IO 84 LDS 10
35 DCOM 85 LRESET_IO
36 LCS IO 86 LOE_IO
37 DCOM 87 LDTACK_IO
38 HWR_END |0 88 LWAIT_IO
39 DCOM 89 LCS HIGH_IO
40 DCOM 90 LI_IO_SLOW
41 DCOM 91 LI_I1O0

42 ACOM 92 ACOM

43 ACOM 93 ACOM

44 P15 94 P15

45 P5 95 P5

46 N5 96 N5

47 N15 97 N15

48 ACOM 98 ACOM

49 ACOM 99 AUDIO_OUT
50 ACOM 100 ACOM
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Table 3-10 A7J21 and A7J24 1/0 Assembly Connector

Pin Signal Pin Signal

1 ACOM 51 ACOM

2 ACOM 52 ACOM

3 N15 53 N15

4 N5 54 N5

5 P5 55 P5

6 P15 56 P15

7 ACOM 57 ACOM

8 ACOM 58 ACOM

9 DCOM 59 LI_101/2/3/4
10 HWR_END _IO 60 LI_IO_SLOW
11 DCOM 61 LCS HIGH_IO
12 LCS 10 62 LWAIT_IO
13 DCOM 63 LDTACK_IO
14 WLR_10 64 LOE_IO
15 DCOM 65 LRESET_I1O
16 LAS 10 66 LDS 10
17 DCOM 67 LLW_10
18 LEN_DTACK_IO 68 LUW_IO
19 DCOM 69 SIZ0 10
20 X1 70 SIZ1 10
21 DCOM 71 X2
22 DCOM 72 DCOM
23 DCOM 73 DCOM
24 10_A(14) 74 10_A(16)
25 DCOM 75 10_A(15)
26 10_A(11) 76 10_A(13)
27 DCOM 77 10_A(12)
28 10_A(8) 78 10_A(10)
29 DCOM 79 10_A(9)
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Table 3-10

A7J21 and A7J24