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The Software is “commercial computer
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Acquisition Regulation (“FAR”) 2.101.
Pursuant to FAR 12.212 and 27.405-3
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Supplement (“DFARS”) 227.7202, the
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Certification

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

This Keysight Technologies instrument product is warranted against defects in
material and workmanship for a period of one year from date of shipment. During
the warranty period, Keysight 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 Keysight
Technologies. Buyer shall prepay shipping charges to Keysight Technologies and
Keysight Technologies shall pay shipping charges, duties, and taxes for products
returned to Keysight Technologies from another country. Keysight Technologies
warrants that its software and firmware designated by Keysight Technologies for
use with an instrument will execute its programming instructions when properly
installed on that instrument. Keysight Technologies does not warrant that the
operation of the instrument, 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 IS EXPRESSED OR IMPLIED. KEYSIGHT 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. KEYSIGHT TECHNOLOGIES SHALL NOT BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

Warnings and Cautions

This guide uses warnings and cautions to denote hazards.

A warning calls attention to a procedure, practice or the like, which, if not
correctly performed or adhered to, could result in injury or the loss of life. Do
not proceed beyond a warning until the indicated conditions are fully
understood and met.

A caution calls attention to a procedure, practice or the like which, if not
correctly performed or adhered to, could result in damage to or the
destruction of part or all of the equipment. Do not proceed beyond a caution
until the indicated conditions are fully understood and met.
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Safety Symbols

The following symbol on the instrument and in the documentation indicates
precautions that must be taken to maintain safe operation of the instrument.

Caution, risk of danger.

The Instruction Documentation Symbol. The product is marked with this symbol
when it is necessary for the user to refer to the instructions in the supplied
documentation.

’\/ Alternating current (AC).

This symbol indicates the operating switch for ‘Stand-by’ mode. Note, the

I instrument is NOT isolated from the mains when the switch is pressed.
( ’ To isolate the instrument, the mains coupler (mains input cord) should be removed
from the power supply.

This symbol indicates the operating switch for ‘On’ mode).

External Protective Earth Terminal.

While this is a Class | product, provided with a protective earthing

conductor in a power cord, an external protective earthing terminal has also been
provided. This terminal is for use where the earthing cannot be assured. At least an
18AWG earthing conductor should be used in such an instance, to ground the
instrument to an assured earth terminal.
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Personal Safety Considerations

This is a Safety Class | product (provided with a protective earthing ground
incorporated in the power cord). The mains plug shall only be inserted in a socket
outlet provided with a protective earth contact. Any interruption of the protective
conductor, inside or outside the instrument, is likely to make the instrument
dangerous. Intentional interruption is prohibited

If this instrument is not used as specified, the protection provided by the
equipment could be impaired. This instrument must be used in a normal
condition (in which all means of protection are intact) only.

No operator serviceable parts inside. Refer servicing to qualified personnel.
To prevent electrical shock, do not remove covers.

For continued protection against fire hazard, replace the line fuse(s) only
with fuses of the same type and rating (for example, normal blow, time delay,
etc.). The use of other fuses or material is prohibited.

General Safety Considerations

Before this instrument is switched on, make sure it has been properly
grounded through the protective conductor of the ac power cable to a
socket outlet provided with protective earth contact.

Any interruption of the protective (grounding) cond uctor, inside or outside
the instrument, or disconnection of the protective earth terminal can result
in personal injury.

Any adjustments or service procedures that require operation of the
instrument with protective covers removed should be performed only by
trained service personnel.
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Regulatory Markings

Ce

ICESINMB-001
GROUP 1
I S M CLASS A

L

The CE mark shows that the product complies with all the relevant European legal
Directives (if accompanied by a year, it signifies when the design was proven.

This ISM device complies with Canadian ICES-001.
Cet appareil ISM est conforme a la norme NMB-001 du Canada.

This is the symbol of an Industrial Scientific and Medical Group 1 Class A product.

The CSA mark is a registered trademark of the Canadian Standards Association.

Keysight E4416A/E4417A Power Meters Service Guide




IEC 1010-1 Compliance

This instrument has been designed and tested in accordance with IEC Publication
1010-1 +A1:1992 Safety Requirements for Electrical Equipment for Measurement,
Control and Laboratory Use 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 instrument in a
safe condition.

Recommended Calibration Interval

Keysight Technologies recommends a two-year calibration cycle for the E4416A
and E4417A power meter.
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Sales and Service Offices

By Internet, phone, or fax, get assistance with all your test and measurement needs.

NOTE In any correspondence or telephone conversations, refer to the power sensor by

its model number and full serial number. With this information, the Keysight
Technologies representative can quickly determine whether your unit is still
within its warranty period.

Online assistance

Visit Keysight worldwide Web at: http://www.keysight.com/find/assist

Country Phone Number Fax Number
United States 800 829 4444 800 829 4433
Canada 877 894 4414 800 746 4866
China 8008100189 800 820 2816
Europe 3120547211 -

Japan (81) 426 56 7832 (81) 426 56 7840
Korea (080) 769 0800 (080) 769 0900

Latin America

Taiwan

(305) 269 7500
0800 047 866

0800 286 331

Other Asia Pacific Countries:

(65) 6375 8100

(65) 6755 0042
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Returning Your Power Meter for Service

10

Use the information in this section if you need to return your power meter to
Keysight Technologies.

Package the Power Meter for Shipment

Use the following steps to package the power meter for shipment to Keysight
Technologies for service:

1. Fillin a blue service tag (available at the end of this guide) and attach it to the
power meter. Please be as specific as possible about the nature of the
problem. Send a copy of any or all of the following information:

- Any error messages that appeared on the power meter display.
- Any information on the performance of the power meter.

Power meter damage can result from using packaging materials other than
those specified. Never use styrene pellets in any shape as packaging
materials. They do not adequately cushion the power meter or prevent it
from shifting in the carton. Styrene pellets cause power meter damage by
generating static electricity and by lodging in the rear panel.

2. Use the original packaging materials or a strong shipping container that is
made of double-walled, corrugated cardboard with 159 kg (350 lb) bursting
strength. The carton must be both large enough and strong enough to
accommodate the power meter and allow at least 3 to 4 inches on all sides of
the power meter for packing material.
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3. Surround the power meter with at least 3 to 4 inches of packing material, or
enough to prevent the power meter from moving in the carton. If packing foam
is not available, the best alternative is SD-240 Air Cap ™ from Sealed Air
Corporation (Commerce, CA 90001). Air Cap looks like a plastic sheet covered
with 1-1/4 inch air filled bubbles. Use the pink Air Cap to reduce static
electricity. Wrap the power meter several times in the material to both protect
the power meter and prevent it from moving in the carton.

4. Seal the shipping container securely with strong nylon adhesive tape.

5. Mark the shipping container "FRAGILE, HANDLE WITH CARE" to ensure careful
handling.

6. Retain copies of all shipping papers.

Keysight E4416A/E44717A Power Meters Service Guide 11



About this Guide
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Characteristics and Specifications This chapter lists the power meter's
specifications and describes how to interpret these specifications.

Performance Tests This chapter contains procedures which allow you to test the
power meter's electrical performance to it's specifications.

Adjustments This chapter contains checks and adjustments that ensure proper
performance of the power meter.

Theory of Operation This chapter describes how each of the power meter's
individual assemblies operate.

Replaceable Parts This chapter details the power meter's replaceable parts. It also
explains how to assemble and disassemble the power meter.

Troubleshooting This chapter contains troubleshooting flow charts designed to
isolate faults in the Rmt I/0, GPIB and RS232/422 interface ports.

Keysight 432A Power Meters & 478A Sensors: Additional Information This
appendix contains additional information for Keysight 432A power meters and
478A sensors.

Equipment Required For Performance Tests And Adjustments This appendix lists
equipment required for performance tests and adjustments.

Measurement Uncertainty Analysis - Power Reference Level Test This appendix
contains information on the Measurement Uncertainty Analysis in Power
Reference Level Test

Measuremet Uncertainty Analysis - Instrument Accuracy Test This appendix

contains information on the Measurement Uncertainty Analysis in Instrument
Accuracy Test
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E4416A/E4417A Power Meters
Service Guide

Characteristics and
Specifications

For the characteristics and specifications of the E4416A/E4417A Power Meters,

refer to the datasheet at
http://literature.cdn.keysight.com/litweb/pdf/5980-1469E.pdf.
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2 Performance Tests

Introduction

The performance tests described in this chapter test the power meter's electrical
performance against the specifications detailed in chapter 1. They are used for
incoming inspection, the calibration cycle (also called periodic maintenance), or
after repairs have been made.

The following conditions must be met for valid performance tests:

The power meter and test equipment must have a 30 minute warm-up for all
specifications.

The line voltage for the power meter must be 85 to 264 Vac and the line
frequency must be 50 to 440 Hz.

The ambient temperature must be 0 °C to 55 °C.

The following performance tests are described in this chapter:

Instrument accuracy (normal path) test.

Instrument accuracy (average path) test.

Power reference level test.

Keysight E-Series power sensor interface test.

Keysight E932x power sensor (average path) functional test.
Time base accuracy test.

Output standing wave ratio (SWR) test.

Equipment Required

26

Each performance test description details the equipment required by the test. In
addition, Appendix B summarizes the equipment required for all performance
tests and adjustments.

Keysight E4416A/E4417A Power Meters Service Guide



Performance Tests 2

Performance Test Record

Performance test results can be recorded in Table 2-9, “Performance Test Record”
on page 68. The Performance Test Record table lists the performance test
specifications and the acceptable limits for each specification.

Calibration Cycle

Keysight E4416A and E4417A power meters require performance tests to be run
every two years to verify that they are operating within specified tolerances. Under
conditions of heavy usage or severe operating environments, this calibration cycle
should be performed more frequently.

Test Procedures

It is assumed that the person performing the tests understands how to operate
the specified test equipment. Equipment settings, other than those for the power
meter, are stated in general terms. It is assumed that the person will select the
proper cables, adapters, and probes required for test setups illustrated in this
chapter.

Thermistor Mount Option

The following thermistor mount options are offered:

- 478A Option H75 with VRC at 200 Q only (reflection and correction data
provided.

- 478A Option H76 with VRC at 200 Q only (reflection and correction data
provided.

- 478A Option H77 with VRC at 100 and 200 Q (reflection and correction data at
50 MHz only).

Keysight E4416A/E44717A Power Meters Service Guide 27



2 Performance Tests

Zero Test

Specification

Electrical Characteristics Performance Limits

Accuracy: Zero set (Digital settability of zero) +50 nwidl

[a] This performance limit is determined by the zero set specification of the power sensor used in the measurement plus the measurement noise.
The range calibrator has a zero set specification of +0.50 nW. The calibrator measurement noise specification is 110 nW at 16 averages. At
512 averages a noise multiplier of 0.24 is required, giving a measurement noise specification of 0.0264 mW (0.24x512).

Description
After the power meter is initially calibrated and zeroed, the change in the digital

readout is monitored. This test also takes drift and noise into account, since drift,
noise and zero readings cannot be separated.

Equipment

- Range Calibrator: Keysight 11683A
- Power Sensor Cable: Keysight 11730A

28 Keysight E4416A/E4417A Power Meters Service Guide



Performance Tests

Test Setup

Power Meter
Range
Calibrator

CHANNEL A

Keysight 11730A

Figure 2-1 Zero Test Setup

Procedure

The following procedure should be performed for the Zero Test.

The procedure details the key presses required on the Keysight
Technologies E4416A. For the Keysight Technologies E4417A, the equivalent
key presses should be performed on both channels.

1 Connect the equipment as shown in Figure 2-1.
2 Switch the power meter on.

Preset

then [Confirm™.
Local

3 Press

4 Press DAQ%T;', Units , W for a reading in watts.

5 Set the range calibrator as follows:
- RANGE: 3 uW

- POLARITY: NORMAL

- FUNCTION: STANDBY

- LINE: ON

Keysight E4416A/E4417A Power Meters Service Guide
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2 Performance Tests

NOTE When switching the range calibrator to STANDBY, allow enough time for the
range calibrator to settle to its zero value before attempting to zero the power

meter. This settling would appear on the power meter display as downward drift.
When the drift has reached minimum, (typically less than 60 seconds), the range
calibrator is settled.

6 Set the filter length:

Press [Channel .

Highlight the Filter parameter using the up/down arrow keys.

Scroll through the Filter values by pressing [Change . Select a value of
MAN.

Highlight the filter length using the forward arrow key. Press [Change . The
Filter Length pop-up window is displayed. Set the filter length to 512.

Press |[Enter .

7 Zero the power meter:

Press , Zero. Wait approximately 10 seconds for the wait symbol to
disappear.

8 Wait 30 seconds then verify that the power meter’s reading is within £50 nW.
Record the reading.

Table 2-1 Zero Test Results

Channel A Actual Results Channel B Actual Results

-50 nW

(E4417A Only)

+50 nW

30
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Performance Tests 2

Instrument Accuracy (Normal Path) Test

Specification

Electrical Characteristics Performance Limits (maximum)

Accuracy 0.8% or 0.04 dB

Description
This test verifies the accuracy of the normal path in the power meter by
calculating linear error over 50 samples. The standard deviation is then calculated
using the non-biased or n-1 method:

Equation 2-1: Standard Deviation

G = /72)(27(3()2
N n(n-T1)

The test result is obtained by applying a factor of K = 2.58:

Equation 2-2: Accuracy

Accuracy = 2.58¢0

This accuracy figure represents electrical performance of the normal path with
confidence limits of 99%.
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2 Performance Tests

Equipment

- Power sensor: Keysight E932TA.

- 2 x Power sensor cable: Keysight E9288A.

- 30 dB reference attenuator: Keysight 11708A.
- Digital voltmeter (DVM): Keysight 3458A.

- Breakout box kit: Keysight E9288AZ-K01 (comprises a breakout box (coupler)
and a pair of interconnecting red/black leads).

Test Setup

Power sensor
Power sensor cable

Power meter

Power ref Breakout box Digital Voltmeter

— e
ol ‘/

+ input

black

-—
CHANNEL A — input
Power sensor
cable \_
.
Figure 2-2 Instrument Accuracy (Normal Path) Test Setup
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Procedure

Use the following procedure to perform the instrument accuracy (normal path) test:

The procedure details the key presses required on the Keysight E4416A. For the
Keysight E4417A the equivalent key presses should be performed on both
channels.

Connect the equipment as shown in Figure 2-2.

1
2

3

Switch the power meter on.
Preset the instrument:

Preset .
Press m'then Confirm .

Zero the power meter:

Press %lo— ' , [Zero . Wait approximately 25 seconds for the wait symbol to

disappear.
Reset the digital voltmeter:

On the DVM press Shift (the blue key below the DVM display window), to reset
the instrument.

Remove any offset errors introduced by the DVM and the breakout box kit with
no power applied:

- On the DVM press Shift, Auto Zero.

- Press 1@] five times. The word "math" is shown on the DVM display
window.

- Press | 5 | once.

- Press 15 | eight times. The words "math null" are shown on the DVM
display window.

- Press Enter to complete the key sequence.
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7 Turn on the power reference:

- Press Zce;f ' , Power Ref On

8 Connect the E9321A sensor to the power reference.

9 Calibrate the system:

_ For the E4416A press %Or' . Cal

- For the E4417A press —Z%H Cal , CalA

10 Provide a point of reference against which the power meter can base its
measurements:

- Setup: press Ey&;w) , More . Service , Self Test ,
( More ' , Fast Path Accuracy 5 Ref Volts at 0.0 dBm

- Entry: read the value shown on the DVM display. Set the reference voltage

on the pop-up window on the power meter to this value and press [Enter.
This value provides a point of reference that allows the power meter and
DVM measurements to be compared at varying power levels.

When operating the power meter in this test mode, the range of power levels
that can be applied is +3 dBm to —30 dBm. Power levels outside this range may
cause inaccurate results to be obtained and in some cases may cause damage
to the E9321A sensor.
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11 Connect the 30 dB reference attenuator as shown in Figure 2-3:

Power Meter Power ref

il e Digital Voltmeter
Power Sensor
In o.i- +input
oooo oooo
Power sensor cable ‘ E 90990 9990 g ™\
oEEoED oooo oooa O
CHANNEL A Attenuator Breakout box ~ input
red JT Tblack
Power sensor cable ‘L

Figure 2-3 Test Setup With Attenuator Connected

12 Take a measurement:
Wait 30 seconds to allow the power level to settle, then press [Measure’ on
the power meter.

13 Record the values displayed on both the power meter and DVM displays. Note
down the values in Table 2-2.

These values tend to drift. They must therefore be recorded simultaneously or
with as small a delay as possible between them.

14 Repeat step 13 a further 49 times to obtain a set of 50 pairs of measured
values.

15 Calculate the measurement error for each pair of measured values using the
following equation:

_ ((DVMValue — PowerMeterValue) o
X ( DVMValue )X 1007%

Keysight E4416A/E4417A Power Meters Service Guide 35



2 Performance Tests

Note down each x value in the Error Value (x) column of Table 2-2.

16 Calculate the linear standard deviation of the data using Equation 2-1:
Standard Deviation, where n = number of samples (50) and x = calculated error
values (listed in the Error Value (x) column of Table 2-2)

17 Calculate the result of the linear accuracy test using Equation 2-2: Accuracy.
Enter the result into Table 2-9, “Performance Test Record” on page 27,
ensuring that the value is within its published specification.

Table 2-2 Instrument Accuracy (Normal Path) Test: Results Table
:::E:ar POM\’Z[:YLEter DVM Value Error():;alue 3:2[;:; POV\C:“I:ILeter DVM Value Errmagalue
1 26
2 27
3 28
4 29
5 30
6 31
7 32
8 33
9 34
10 35
1 36
12 37
13 38
14 39
15 40
16 41
17 42
18 43
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Table 2-2 Instrument Accuracy (Normal Path) Test: Results Table (continued)
Sample Power Meter Error Value Sample Power Meter Error Value
Number Value DVM Value (x) Number Value DVM Value (x)
19 44
20 45
21 46
22 47
23 48
24 49
25 50
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Instrument Accuracy (Average Path) Test

Specification

Electrical Characteristics Performance Limits (maximum)

Accuracy +0.5% or 0.02 dBl!

[a] This performance limit does not include the corresponding sensor power linearity specification.

Description
The power meter accuracy is verified for various power inputs. There are two
different methods described in this section that can be used to perform this test.

One of these methods has a higher measurement uncertainty value associated
with it.

Test Procedure 1

NOTE The measurement uncertainty of this test procedure is relatively high at power
levels of 30 uW and below, as it uses a standard 11683A Range Calibrator. As

such, this test procedure should be used for indication only.
Equipment

- Range calibrator: Keysight T1683A.
- Power sensor cable: Keysight E9288A.
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Test Setup

Power Meter

Range Calibrator

CHANNEL A B
Power sensor cablej
Figure 2-4 Instrument Accuracy (Average Path) Test Setup
Procedure

Use the following procedure to perform the instrument accuracy (average path)
test:

The procedure details the key presses required on the Keysight E4416A. For the
Keysight E4417A the equivalent key presses should be performed on both
channels.

1 Connect the equipment as shown in Figure 2-4.
Switch the power meter on.

Preset the instrument:

/Preset .
Press | ot then [Confirm .

4 Set the display units to watts:

"Meas” .
Press Display'y Units . W.
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5 Set

the display resolution:

Press Dhé%?:y' ,then press [Resolution” until [4 is selected.

6 Set

When

the range calibrator as follows:
RANGE: 3 uW

POLARITY: NORMAL
FUNCTION: STANDBY

LINE: ON

switching the range calibrator to STANDBY, allow enough time for the

range calibrator to settle to its zero value before attempting to zero the power

meter.

This settling would appear on the power meter display as downward drift.

When the drift has reached minimum, (typically less than 60 seconds), the range
calibrator is settled.

7 Set

the filter length:

Press [Channel |.

Highlight the Filter parameter using the up/down arrow keys.

Scroll through the Filter values by pressing [Change . Select a value of
MAN.

Highlight the filter length using the forward arrow key. Press [Change™. The
Filter Length pop-up window is displayed. Set the filter length to 512.

Press [Enter .

8 Zero the power meter:

Press %lo— , Zero. Wait approximately 10 seconds for the wait symbol to

disappear.

9 Set
10 Set

40

the range calibrator's FUNCTION switch to CALIBRATE.
the range calibrator's RANGE switch to T mW.

Keysight E4416A/E4417A Power Meters Service Guide



Performance Tests 2

11 Calibrate the power meter:

Z
Press , Cal

12 Set the range calibrator's RANGE switch to the positions shown in Table 2-3.
For each setting, verify that the power meter's reading is within the limits

shown.
Table 2-3 Instrument Accuracy Results (For Indication Only)
Range Calibrator Channel A Actual Channel B Actual
Setting Results Results (E4417A Only)
3uW 3.100 W 3.230 pW
10 pW 9.900 puW 1010 pW
30 uW 31.40 uW 31.80 uW
100 pW 99.50 uw 100.5 uW
300 W 314.40 pW 317.60 uW
1Tmw 0.995 mW 1.005 mW
3mw 3141 mW 3171 mW
10 mW 9.984 mW 10.08 mW
30 mwW 31.63 mwW 31.94 mW
100 mW 100.9 mW 101.8 mW

[a] These performance limits are determined by the zero set specification of the power sensor used in the measurement plus the measurement
noise.

NOTE The nominal outputs for the 3 uw, 30 uw, 300 uW, 3 mw, 10 mw, 30 mW and
100 mW settings are 3.16 uW, 31.6 uW, 100 uW, 316 uW, 3.156 mW, 10.034

mW, 31.785 mW, and 101.35 mW respectively.

It is not necessary to check instrument accuracy in dBm. The power meter uses
the same internal circuitry to measure power and mathematically converts watts
to dBm.
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Test Procedure 2

This test procedure makes use of a 11683A Range Calibrator fitted with Option
HO1. The measurement uncertainty of this test procedure is significantly lower
than the previously described method (refer to Appendix D, Measuremet
Uncertainty Analysis - Instrument Accuracy Test for a description of the
measurement uncertainty analysis). As such, this test procedure should be used
to ensure the power meter meets its published specification.

Equipment

- Range Calibrator: Keysight 11683A Option HO1
- Power Sensor Cable: Keysight E9288A
- DC Calibrator: Datron 4000A
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Test Setup

DC Calibrator

[ |
‘ AT H‘

|
‘ RERR
© " ] fD o) o
o [ ]

Range Calibrator

CHANNEL A
Power sensor

cable

Figure 2-5 Instrument Accuracy (Average Path) Test Setup

Procedure

The following procedure should be performed for the Instrument Accuracy
Test.The procedure details the key presses required on the Keysight E4416A. For
the Keysight E4417A the equivalent key presses should be performed on both
channels.

1 Connect the equipment as shown in Figure 2-5.

2 Unplug the range calibrator's power cord. Due to a ground loop design
problem with the 11683A Option HO1 range calibrator, it does not operate
properly unless ground loops are eliminated. The range calibrator continues to
operate with no power applied, and disconnecting the power cord eliminates
the problem.
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There is a small risk of mild electrical shock from the chassis of the 11683A
Option HO1 range calibrator unless the power meter is connected.

A

Figure 2-5 shows the HI/LO outputs of the DC calibrator connected to the DC
reference input of the range calibrator. Ensure that the Guard and LO output of
the DC calibrator are floating, and are not connected to the earth ground.

Switch the power meter on.
Preset the instrument:

breset .
Press@ then [Confirm .

Set the display units to watts:

Meas .
Press | pisplay] » Units |, W.

Set the display resolution:

Press Dﬂ%ﬁy' ,then press Resolution’ until & is selected.

Set the range calibrator as follows:
- RANGE: 100 mW

- POLARITY: NORMAL

- FUNCTION: STANDBY

- REF SWITCH: EXT

- LINE: OFF

When switching the range calibrator to STANDBY, allow enough time for the
range calibrator to settle to its zero value before attempting to zero the power
meter. This settling would appear on the power meter display as downward drift.
When the drift has reached minimum, (typically less than 60 seconds), the range
calibrator is settled.
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9 Setthe DC calibrator as follows:
- SET VALUE: 0 (ZERO)
- FUNCTION: DC
- OUTPUT: OFF

10 Set the filter length:

- Press [Channel™.
- Highlight the Filter parameter using the up/down arrow keys.

- Scroll through the Filter values by pressing [Change"|. Select a value of
MAN.

- Highlight the filter length using the forward arrow key. Press [Change™. The
Filter Length pop-up window is displayed. Set the filter length to 512.

- Press [Enter

11 Zero the power meter:

Press —ZC%F , Zeral. Wait approximately 10 seconds for the wait symbol to
disappear.
12 Set the DC calibrator output to 144.93 mV, and set the output switch to '+'.
13 Calibrate the power meter:

Press gc%rlo_' , Cal .

14 Set the DC calibrator output to the values shown in Table 2-4. For each
setting, set the filter length of the power meter to the carbon-dating value,
and verify that the power meter reading is within the limits shown. Refer to
step 10 for details on how to setup the filter length.
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Table 2-4 Instrument Accuracy Results

] Effective Power MeasUnc LowerLimit ChA ChB Upper Limit GuardBan GuardBan
Calibrator  Power Meter Result Result d Lower  d Upper

Setting Applied Filter Limit (in  Limit (in
Setting uw) uw)

45831V 3.1623uW 256 0.028pW 3.0977uW __ __ 32269uW 3.1257  3.1989
14493 mV 10 uW 256 0027uW 9904uW  __ __ 10.09uW 9931  10.069
45831 mV  316228uW 256 0.027puW 31.428uW  _ _ 31819uW 31455  31.792
14493 mV 100w 64 0073uW 9949pW  _ __ 1005TuW 99563  100.437
45831mV 3162278 W 64 0104 uW  31472uW _ _ 317.74uW 314824 317636
14493 mV 1 mW 16 02uW  09954mW __ __ 10047mW 9956 10045
459.12mV  3.1623mW 16 09uW  31477mW __ __ 31769mW 31486 3176

14588V 10mwW 16 T6uUW  9954mW  _ _ 10046mW 9956  10044.4
46872V 316228mW 16 48uW  31477mW _ _ 31.769mW 314818  31764.2
15588V 100 mW 16 185uW  9954mW  _ _ 10046mW 995585 1004415
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Power Reference Level Test

Electrical Characteristics Performance Limits (maximum) Conditions

Power reference 1Tmw Internal 50 MHz oscillator factory set to
+0.4% traceable to National Physical
Laboratory (NPL), UK.

Power reference accuracy setting +0.1% Guardbanded Test Line Limits.
Power reference accuracy after +0.9% (0 to 55 °C) Worst case power meter accuracy, taking
2 years into account the possibility of oscillator

drift and operation at 55 °.

Description

This test verifies the power level accuracy of the internal 50 MHz oscillator-also
called the power reference oscillator. The power reference oscillator output is
factory adjusted to T mW +0.4%. This accuracy includes a performance limit of
0.17% and a system measurement uncertainty figure of 0.3% (traceable to the
National Physical Laboratory (NPL), UK). Refer to Appendix C for the
measurement uncertainty of the system.

The setting of the oscillator output accuracy is determined from the system
measurement uncertainty plus any chosen test line limit.

For example, if a test line limit of 1 mW +0.2% was chosen while maintaining a
system measurement uncertainty of +0.3%, the overall accuracy of the test
setup for the T mW power output becomes 0.3% + 0.2%, giving a setting
accuracy of 0.5%.

If an equivalent measurement system is employed for post-factory test (with
ambient temperature of 23 +3 °C), the power reference oscillator output can again
be setto T mW +0.4%. This setting is sufficient to ensure that the power reference
oscillator meets the accuracy specification of +0.5% after 2 years. This
specification includes the £0.4% setting and also takes into account other factors
that will contribute to determining the accuracy after 2 years. The complete
breakdown of the +0.5% specification is as follows:
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- Testline limit: 0.1%.
- System uncertainty: 0.3%.
- 2 year oscillator drift: 0.04%.

-~ Delta environment: <0.06%.

The same equipment used to measure the accuracy of the power reference
oscillator can also be used to set it to the post-factory accuracy of +0.4% (for
further information refer to Chapter 3, "Adjustments").

The following procedure ensures maximum accuracy in measuring power
reference oscillator output using Keysight test instruments of known capability.
Signal acquisition criteria may vary if alternative test instruments are used. In
such cases refer to the manufacturer's guidelines for further information.

The test is performed using Equation 2-4:

Equation 2-4: Power Level Provided By The Reference Oscillator

2 2
p B 2Vcomp(\/1 7\/0) * VO*V1
meas — 4R(CalibrationFactor)

The components of this equation are defined as follows:

- Vs the voltage measured between Vo, and Ve with no power applied and
after the Keysight 432A has been zeroed.

- Vj is the voltage measured between Vo, and Ve with power applied. This
power is approximately T mW.

- Veomp IS the voltage between the Keysight 432A Vo, connector and chassis
ground with power applied.

- Risthe resistance of the mount resistor in the Keysight 432A power meter. For
further information refer to Appendix A.

— Calibration Factor is the value of the thermistor mount at 50 MHz.
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Equipment

- Test power meter: Keysight 432A.
- Thermistor mount: Keysight 478A Option H75 or H76.
- Digital voltmeter (DVM): Keysight 3458A.

Test Setup
Power Meter Test Power Meter
Power ref Digital Voltmeter
= o, € ﬁ VRr — — +input
a a ) ( oooo aooog O
a = °Q coboob cooo oooo O
Oooooo_ 9 O o ° Y, OODOoOo0 gooon oooo O
comp -—
Thermistor - inpuJ
mount
Figure 2-6 Power Reference Level Test Setup
Procedure

Use the following procedure to perform the power reference level test:

The procedure details the key presses required on the Keysight E4416A. For the
Keysight E4417A the equivalent key presses should be performed on both

channels.

1 Set the DVM to measure resistance:

Connect the DVM between the Vrg connector on the rear panel of the Keysight
432A and pin 1 on the thermistor mount end of the sensor cable. Verify that no

power is applied to the Keysight 432A.
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Round off the DVM reading to two decimal places and note this value as the
internal bridge resistance (R) of the Keysight 432A (approximately 200 Q).

- R Q

Connect the equipment as shown in Figure 2-6, ensuring that the DVM input
leads are isolated from chassis ground.

Ensure that the Keysight 432A and the power meter under test have been
powered on for at least 30 minutes before moving to step 4.

Preset the power meter:

Preset .
Press @ then [Confirm " on the power meter.

Set the Keysight 432A RANGE switch to Coarse Zero. Adjust the front panel
Coarse Zero control to obtain a zero meter indication.

Zero the Keysight 432A test power meter:

- Fine zero the Keysight 432A on the most sensitive range.
- Set the RANGE switch to T mW.

Set the DVM to measure microvolts.

Connect the positive and negative input leads to the Vmp and Vgg connectors
respectively, on the rear panel of the test power meter.

Observe the reading on the DVM. If less than 400 pV, proceed to the next step.
If 400 Vv or greater, press and hold the test power meter Fine Zero switch and
adjust the Coarse Zero control so that the DVM indicates 200 pV or less.
Release the Fine Zero switch and proceed to the next step.

Round the DVM reading to two decimal places.

Record this reading as V.
- \/O

10 Turn the power reference on:

Press Z%lo—' , Power Ref On .
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11 Round the DVM reading to two decimal places.
Record this reading as V1.
— \/1

12 Disconnect the DVM negative input lead from the VRF connector on the
Keysight 432A. Reconnect it to the Keysight 432A chassis ground.

13 Observe the DVM reading. Record the reading as Veomp.

Vcomp

14 Calculate the Power Reference Oscillator power using equation 2-4.

15 Verify that Pyhes is within the limits shown in Table 2-5 and record the reading

in the table.
Table 2-5 Power Reference Level Test Result
Min ‘ Max Actual Result
0.991 mW 1.009 mW
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Keysight E-Series Power Sensor Interface Test

Description

Keysight E-Series power sensors have sensor calibration tables stored in
EEPROM. This enables the power meter to download frequency and calibration
factor data automatically. The frequency and calibration factor data have
checksums which are compared to the data downloaded by the power meter. For
the Keysight E4417A dual channel power meter, this test must be performed on
both channels.

This test verifies that the power meter can successfully download this data from
the sensor.

Equipment

- Power sensor cable: Keysight E9288A.
- Power sensor: Keysight E9321A.

Procedure
1 Connect the E9321A power sensor to the power meter's Channel A input. The
following message appears:
- For the Keysight E4416A: Reading Sensor.
- For the Keysight E4417A: Reading Sensor ChA.

When all data has been downloaded this message disappears and a reading is
displayed on the measurement window. If the download fails, a warning
message and error flag are displayed on the front panel. The SCPI error
message -310, System Error is also displayed.

When no power sensor is connected to the Channel A input, the following
message is displayed on the measurement window:

- For the Keysight E4416A: No Sensor.
- For the Keysight E4417A: No Sensor ChA.

2 For the Keysight E4417A repeat step 1 for Channel B.
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Keysight E932x Power Sensor (Average Path) Functional Test

Description

This test verifies that the meter/sensor combination can make average path RF
measurements in both upper and lower power ranges.

Keysight E-Series power sensors operate over a wide dynamic range: the value is
sensor dependent and ranges from —70 dBm to +44 dBm. However as there is an
amplifier in these power sensors, the voltages presented to the power sensor
connector are always within the range of voltages available from the Keysight
11683A range calibrator.

Equipment

- Power sensor cable: Keysight E9288A.
- Reference attenuator: Keysight 11708A.
- Power sensor: Keysight E9321A.

Test Setup

Refer to Figure 2-7 and Figure 2-8 below.

Procedure

Use the following procedure to perform the test:

The procedure details the key presses required on the Keysight E4416A. For the
Keysight E4417A the equivalent key presses must be performed on both
channels.
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1 Connect the equipment as shown in Figure 2-7.

Power Meter

o Lk

(]
ooooog 9 .

Power Sensor

DU
[w)

[m]
O
= Power ref
O

CHANNEL A Power sensor cable

Figure 2-7 Sensor (Average Path) Functional Test Setup

2 Preset the instrument:

Preset ,
Press@ then [Confirm .

3 Set the sensor mode to AVG only:

Press [Channel .

- Highlight the Sensor Mode parameter using the up/down arrow keys.

- Press [Change .
- A pop-up window is displayed.

- Scroll through the Sensor Mode values using the up/down arrow keys.
Select a value of AVG only.

- Press [Enter .

- Press |Done .
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4 Zero the instrument:

Press %lo— ' , [Zera. Wait approximately 25 seconds for the

wait symbol to disappear.

5 Press [Cal| to calibrate the power meter.

6 Connect the 30 dB attenuator as shown in Figure 2-8.

Power Meter

Power Sensor

™ 30 dB attenuator

CHANNEL A Power sensor cable

Figure 2-8 Sensor (Average Path) Functional Test Setup With Attenuator

7 Turn on the power reference:

e
Press 7%?' , Power Ref On

8 Switch to the power sensor's lower range:

- Press [Channel .

- Scroll through the Range values by pressing [Change |. Select a value of
LOWER.

- A pop-up window is displayed.
- Press |Done .

9 Verify that the display reads —30 dBm +1 dB. Record the reading in Table 2-6.
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10 Switch to the power sensor's upper range:
- Press [Channel |.
- Move to the Range parameter using the up/down arrow keys.

- Scroll through the Range values by pressing [Change . Select a value of
UPPER.

- Press |Done .
11 Verify that the display reads —30 dBm + 1 dB. Record the reading in Table 2-6.

12 Turn on the power reference:

Press %f—' , Power Ref Off

13 Switch to the power sensor's lower range:

- Press [Channel .

- Move to the Range parameter using the up/down arrow keys.

- Scroll through the Range values by pressing [Change . Select a value of
LOWER.

- Press |Done .

14 Disconnect the 30 dB attenuator and reconnect the test setup as shown in
Figure 2-7.

15 Turn on the power reference:
Press %rlo— , Power Ref On

-

16 Verify that an overload error is displayed on the status line at the top of the
power meter's display and that the display reads 999.99 dBm.
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17 Switch to the power sensor's upper range:
- Press [Channel |.
- Move to the Range parameter using the up/down arrow keys.
- Scroll through the Range values by pressing [Change |. Select a value of
UPPER.
- Press |Done .
18 Verify that the display reads 0 dBm +1 dB. Record the reading.
Table 2-6 Functional Test (Average Path) Results
Test Channel A Results Channel B Results
(Keysight E4417A Only)
Low Range, 30 dB pad
Upper Range, 30 dB pad
Low Range, no pad
High Range, no pad
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Time Base Accuracy Test

Specification

Electrical Characteristics Performance Limits

Frequency accuracy 10 MHz +0.01%

Description
This test measures the accuracy of the power meter's time base frequency. Time
base frequency determines the accuracy of the sampling rate when making
measurements. Time base frequency is measured by attaching a frequency

counter to the Trig Out socket on the rear of the power meter then enabling test
mode from the service menu.

Equipment

- Frequency counter: Keysight 53132A.

Test Setup

Power Meter (rear) Frequency Counter

[m]

ooo
ooo
ooo
ooo
oooo
"@ O

O
O
()
OO
0
i

Figure 2-9 Time Base Accuracy Test Setup
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Procedure

Use the following procedure to perform the test:
1 Connect the equipment as shown in Figure 2-9.
2 Switch on the power meter.

3 Preset the instrument:
Preset .
Press then [Confirm .

4 Enable time base test mode:

Press | SYStemj , | More ), Setviee! . SelfTest , | Mo '

Time Base , Enable 10 MHz TB

5 Note the reading on the frequency counter and verify that it is within the limits
shown in Table 2-7:

Table 2-7 Power Reference Level Test Result
Min ‘ Max Actual Result
9.9990 MHz 10.0010 MHz
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Output Standing Wave Ratio (SWR) Test

Specification

Electrical Characteristics Performance Limits (maximum)
Output SWR 1.06!
1.08[0]

[a] Forinstruments with the 50 MHz TmW output (power ref) connector mounted on the front panel.

[b] Forinstruments with the 50 MHz TmW output (power ref) connector mounted on the rear panel. This applies to models E4416A and E4417A
with Option 003 fitted.

Description

This test measures the standing wave ratio (SWR) of the 50 MHz T mW output
(power ref) connector on the power meter to verify that it is within its published
specification.

When RF power is transferred from a source to a load, the level of power absorbed
by the load, PA, is dependent on the respective impedance of the load and the
effective output impedance of the source. This can be expressed in terms of the
voltage reflection coefficients (VRC) as follows:

Equation 2-5: Power Absorbed By The Load

2
!
Z0 2
‘1 _FSFL‘
Where:
- Pz is the power that the source will deliver to a matched load.

- FS and FL are the VRCs of the source and load respectively.
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This method for measuring the source match exploits this relationship by
presenting the source with two different values of FL and measuring the power
delivered to the load under the two conditions. The load used is a thermistor
mount that can be operated at two different resistances and can accurately

measure the power absorbed. The thermistor mount type Keysight 478A with
Option H75 or Option H76 normally operates at a DC resistance of 200 Q giving

an impedance at RF of 50 Q and I‘L close to zero. When the thermistor bridge is

set to 100 Q the RF impedance is 25 Q giving a nominal FL of 0.33. The effective

efficiency of the thermistor mount remains constant under these two conditions
so that the power ratio between operation at 200 ©Q and 100 Q can be accurately
measured.

If the two reflection coefficients are 1“1 and F2 and these give the power

measurements of Py and P, respectively (but the available power remains the
same) then the two relationships can be equated as follows:

Equation 2-6:
2 2
5 |1 71“81“1‘ b |1 *FSFZ‘
1 2 2 2
=5 1=
Therefore:
Equation 2-7:

5(1 —|r2’2) | _rSFZ‘Q
P2(1 ‘WQ) I —rsw2

The left side of the equation can be replaced by the factor M as follows:

Equation 2-8:
‘1 —FSF2|
M= 5
‘1 —1“81“1|
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This cannot be directly solved for FS because it is a complex quantity. In order to
solve for FS additional values of load reflection coefficient are required with a

phase difference of approximately 120°. However an approximate solution using
two values of FL can give adequately accurate results provided the phase angle

of the source is within +40° of 0° or +180°.

Equipment

- Test power meter: Keysight 432A.
- Thermistor mount: Keysight 478A Option H75 or H76.
- Digital voltmeter (DVM): Keysight 3458A.

Test Setup

Power Meter Power ref Test Power Meter

Digital Voltmeter

S~ .
= + input

r_/
[ ] @poo aogo (o] |
‘ oooo aooo ~g
ooDo0nD oopoo oooo
OOooo0D oooo oooo O
&
ut

—inp

Thermistor
mount

Figure 2-10 Output Standing Wave Ratio Test Setup

Procedure

Use the following procedure to perform the test:
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Steps 1 to 7 of this procedure require pre-requisite knowledge of some Keysight
432A and 478A parameters. Refer to Appendix A for further information.

1 Record the input VRC magnitude of the thermistor mount at 50 MHz with the
Keysight 432A power meter set to 200 Q:

- R]

2 Record the input VRC magnitude of the thermistor mount at 50 MHz with the
Keysight 432A power meter set to 100 Q:

- [R2]
Set the Keysight 432A mount resistance switch to 200 Q.
Set the DVM to measure resistance:

Connect the DVM between the VRF connector on the rear panel of theKeysight
432A and pin 1 on the thermistor mount end of the sensor cable. Verify that no
power is applied to the Keysight 432A.

5 Round off the DVM reading to two decimal places. Record this value as the
first internal bridge resistance (R;) of the Keysight 432A:

- R Q
Set the Keysight 432A mount resistance switch to 100 Q.

Round off the DVM reading to two decimal places. Record this value as the
second internal bridge resistance (R,) of the Keysight 432A:

- Ry Q
Set the Keysight 432A mount resistance switch to 200 Q.

Connect the equipment as shown in Figure 2-10 ensuring that the DVM input
leads are isolated from chassis ground.

Ensure that the Keysight 432A and the power meter under test have been
switched on for at least 30 minutes before performing the following steps.
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10 Preset the instrument:

Preset .
- Press @ then [Confirm™ on the power meter.

- Set the Keysight 432A RANGE switch to Coarse Zero.

- Adjust the front panel Coarse Zero control to obtain a zero meter indication.
11 Zero the Keysight 432A test power meter:

- Fine zero the Keysight 432A on the most sensitive range.

- Set the RANGE switch to T mW.
12 Set the DVM to measure microvolts.

13 Connect the positive and negative input leads to the Vcomp and VRF
connectors respectively, on the rear panel of the Keysight 432A.

14 Observe the reading on the DVM:

If less than 400 uV, go to step 15. If 400 uV or more, press and hold the
Keysight 432A Fine Zero switch and adjust the Coarse Zero control so that the
DVM indicates 200 uV or less. Release the Fine Zero switch and go to step 15.

15 Round off the DVM value to two decimal places. Record this value as V:
— \/0

16 Turn the power reference on:

Zero
Press| war | . Power Ref On

17 Round off the DVM reading to two decimal places. Record this value as V1:
— \/1

18 Turn the power reference off:

Z
Press 7%10- , Power Ref Off

19 Disconnect the DVM negative input lead from the VRF connector on the
Keysight 432A. Reconnect it to the Keysight 432A chassis ground.

20 Observe the reading on the DVM. Record this value as Vcomp

vcomp
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21 Calculate the power measured from the power reference oscillator using
equation 2-9:

Equation 2-9:

2 2
_ 2 Veomp1 = Vo) * Vo~ Vi

P
1 4./;)1

22 Record the value Pq:
- P

23 Calculate the power measured with mount resistance set to 100 Q:
- Set the Keysight 432A mount resistance switch to 100 Q.

- Connect the equipment as shown in Figure 2-10 ensuring that the DVM
input leads are isolated from chassis ground.

- Repeat steps 15 to 20. Record the new values of Vg, V4 and Vggmp:
-Vo
-V,

_vcomp

24 Calculate the power measured from the power reference oscillator using
Equation 2-10 and record the value:

Equation 2-10:

2 2
_ 2 VeompV1 Vo) + Vo~ Vi

P
2 )
4 R2

_P2
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25 Calculate factor M using equation 2-11 and record the value:

Equation 2-11:

(-

- P,

26 Calculate the value of the output voltage reflection coefficient (|FS‘ ) using
equation 2-12 and record the value:

Equation 2-12:

(219 |M=2|05)) «/(Q\le ‘2\F1|M)2‘4QF1!2M‘ lrz\z)(’w‘”

el = 2 2
2(|ry | M-|ry|)

One of the roots of this equation will be non-physical while the other gives a
value for ‘FS‘ :
- |7

27 Calculate the value of the output SWR using Equation 2-13 and record the
value:

Equation 2-13:

swr - 1)
& —’rs‘)
- Output SWR

66 Keysight E4416A/E4417A Power Meters Service Guide



Performance Tests 2

28 Verify that the output SWR is not greater than the maximum value shown in
the following table:

NOTE The 1“1 and F2 values are measuredfor the thermistor mount (478A) using the

network analyzer. For clarification, above 1"1 is measured at 200 ohm while F2

is measured at 100 Q.

Table 2-8 Output SWR Result
Max Actual Result
1.06%
1.08"!

[a] Forinstruments with the 50 MHz 1 mW output (power ref) connector mounted on the front panel.

[b] Forinstruments with the 50 MHz T mW output (power ref) connector mounted on the rear panel. This applies to models E4416A and E4417A
with Option 003.
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Performance Test Record

Model Keysight E4416A/E4417A Power Meter

Tested by
Serial Number
Date
Table 2-9 Performance Test Record
Test Min Result Channel A Actual  Channel B Actual ~ Max Result
Result Result
Zero Test —76.40 n\W +76.40 nW
Instrument Accuracy
3.1623 uw 3.0977 uw 3.2269 W
10 W 9.904 pw 10.096 pW
31.6228 uw 31.428 uw 31.819 uw
100 pw 99.49 uw 100.51 pw
316.227 uW 314.72 uW 317.74 uW
1T mw 0.9954 mW 1.0047 mW
3.1623 mW 3.1477 mW 3.1769 mW
10 mW 9.954 mW 10.046 mW
31.6228 mW 31.477 mW 31.769 mwW
100 mW 99.54 mW 100.46 mW
Power Reference
Preas 0.991 mW 1.009 mW
Interface Test Pass/Fail Pass/Fail
Functional Test
Low Range, 30 dBm pad Pass/Fail Pass/Fail
Upper Range, 30 dBm pad Pass/Fail Pass/Fail
Low Range, no pad Pass/Fail Pass/Fail
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Table 2-9 Performance Test Record (continued)
Test Min Result Channel A Actual Channel B Actual Max Result
Result Result
Upper Range, no pad Pass/Fail Pass/Fail
Time Base Accuracy Test® 9.999 MHz 10.001 MHz N/A
Output Standing Wave Ratio Testl® ~ N/A 1.0600] N/A
1 oglalle]

[a] This test is not channel related.
[b] For instruments with the 50 MHz 1 mW output (power ref) connector mounted on the front panel.

[c] Forinstruments with the 50 MHz 1 mW output (power ref) connector mounted on the rear panel. This applies to models E4416A and
E4417A with Option 003 fitted.
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3 Adjustments

Introduction

This chapter describes adjustments and checks which ensure proper performance
of the power meter.

Adjustments are not usually required on any regular basis. They are normally
performed only after a performance test has indicated that some parameters are
out of specification. Performance tests must be completed after any repairs that
may have altered the characteristics of the power meter. Performance tests are
detailed in Chapter 2. To determine which performance tests and adjustments to
perform after a repair, see “Post-Repair Adjustments” on page 73.

Safety Considerations

This warning must be followed for your protection and to avoid damage to the
equipment being used.

Adjustments described in this chapter are performed with power applied to
the instrument and with protective covers removed. Maintenance should be
performed only by trained personnel who are aware of the hazards
involved. When the maintenance procedure can be performed without
power, the power should be removed.

Equipment Required

72

The adjustment procedures include a list of recommended test equipment. The
test equipment is also identified on the test setup diagrams.
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Adjustments 3

Table 3-1 lists the adjustments related to repairs or replacement of any of the

assemblies.

Table 3-1 Post Repair Adjustments, Tests, and Checks

Assembly Replaced

A1 Power Supply

A2 Processor Assembly

Related Adjustments, Performance
Tests or Self Tests

Self Test

Power Reference Frequency and Level Test/Adjustment.
Display Brightness and Contrast Adjustment.

A3 Front Panel Assembly

Instrument Accuracy Test, Display
Brightness and Contrast Adjustment.

A4 Comms Assembly

All automated Tests and Serial Interface
Self Test.

A5 Daughter Assembly

A6 Measurement Assembly
W1 or W2 Power Sensor Cable
BT1 Lithium Battery

Power Reference Cable Kits

Instrument Accuracy Test.
Instrument Accuracy Test.
Instrument Accuracy Test.
Battery Self Test.

Power Reference Level Test.
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Power Reference Oscillator Frequency Adjustment

Adjustment of the power reference oscillator frequency may also affect the
output level of the oscillator. Therefore, after the frequency is adjusted to 50.0
+0.5 MHz, check the output level should be checked as described in “Power
Reference Oscillator Level Adjustment” on page 77. The power reference
oscillator frequency is a nominal specification.

Description

Variable inductor A2L9 is adjusted to set the power reference oscillator output
frequency to 50.0 +0.5 MHz. This frequency is a supplemental characteristic.

Power Meter Frequency Counter
/ _~ POWER
- oo ®  Re
. = o EEEEE
ls55000 = O ] N

e T I I B N N N E e g

Figure 3-1 Adjustment Setup

Equipment

- Frequency Counter: Keysight 53132A.
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Procedure

1

Ensure that the power meter has been powered on for at least 30 minutes
before making any measurements.

3

Connect the equipment as shown in Figure 3-1. Set up the counter to measure

frequency.
Turn the power reference on by pressing:

- gc%rlo_, , Power Ref On" on the Keysight E4416A.

- %T— , [eal, ( Vore ] Power Ref'On’ on the Keysight E4417A.

Observe the reading on the frequency counter.

If it is 50.0 +0.5 MHz, no adjustment of the power reference oscillator
frequency is necessary. If it is not within these limits, adjust the power
reference oscillator frequency as described in step 5 and step 6.

Remove the power meter cover.

Adjust A2L9 to obtain a 50.0 +0.5 MHz indication on the frequency counter.

Refer to Figure 3-2 for the position of A2L9.
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L)

A2 Assembly
A2L9
A2J13 J12

Front Panel

Figure 3-2 A2L9 Adjustment Location
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Power Reference Oscillator Level Adjustment

Description

This test adjusts the power level accuracy of the internal 50 MHz oscillator-also
called the power reference oscillator.

The power reference oscillator output is factory adjusted to T mW +0.4%. This
accuracy includes a performance limit of 0.1% and a system measurement
uncertainty figure of 0.3% (traceable to the National Physical Laboratory (NPL), UK).

The setting of the oscillator output accuracy is determined from the system
measurement uncertainty plus any chosen test line limit. For example, if a test
line limit of T mW £0.2% was chosen while maintaining a system measurement
uncertainty of £0.3%, the overall accuracy of the test setup for the T mW power
output becomes 0.3% + 0.2%, giving a setting accuracy of 0.5%.

If an equivalent measurement system is employed for post-factory test, the power
reference oscillator output can again be set to 1T mW +0.4%. This setting is
sufficient to ensure that the power reference oscillator meets the accuracy
specification of £0.5% after 2 years. This specification includes the +0.4% setting
and also takes into account other factors that will contribute to determining the
accuracy after 2 years. The complete breakdown of the £+0.5% specification is as
follows:

- Testline limit: 0.1%.

- System uncertainty: 0.3%.

- 2 year oscillator drift: 0.04%.
- Delta environment: <0.06%.

The following adjustment procedure ensure the power reference oscillator meets
the post-factory accuracy setting of £0.4%.
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To ensure maximum accuracy in re-adjusting the power reference oscillator
output, this procedure provides step-by-step instructions for using Keysight test
instruments of known capability. Signal acquisition criteria may vary if
alternative test instruments are used. In such cases refer to the manufacturer's
guidelines for further information.

The power meter may be returned to the nearest Keysight Technologies office to
have the power reference oscillator checked and/or adjusted.

Keysight 432A
Power Meter Power Meter

_——, Powerref /™ Digital Voltmeter

~ - S .
= = + input
[ oooo aooo O
[=1=1=1-1-]=] gggg gggg o
OoooOo0o0 gopoo oooo O
. -
Thermistor - Inplg

mount

Figure 3-3 Adjustment Setup

For this adjustment the following mathematical assumptions are made:

Equation 1:
2V V,-V V2 \/2
comp( 1 O)+ 0 "1

Preas = 4R(CalibrationFactor)

can be manipulated to give the following:

Equation 2:

2 -3 . )
vy = Vcomp+VO_«/VC0mp_(1o) (4R)(CalibrationFactor)
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by using the following assumptions:
2,2 2
Vo—Vq = (Vi-Yp)

The error in doing this is:

2 2 2 2
—(\/1 V-2V, \/O)—(\/O—\/ﬁ = 2V 2V, Vg = 2Va(Vy — V)

Soif 2V(Vy = V) «2Vio (Ve =Ve) |, thatis, V<V, then the error can be

comp

ignored. In practice V ~4Volts and V< 400uV . The eror is less than 0.01%.

comp
By substituting equation 3 into equation 1 and manipulating the result you get:

0= (V- VO)Z —2V (Vq=Vg) + 4(1O_S)R(CaZibrat/onFactor)

comp
This quadratic can be solved to give equation 2.
The definitions of the terms in equation 2 are:

- Vpisthe voltage measured between Vo, and Vgg with no power applied and
after the Keysight 432A has been zeroed.

- Vjisthe voltage measured between Vqqmy and Ve with power applied. This
power is approximately T mW.

- Veomp is the voltage between the Keysight 432A Vo, connector and chassis
ground with power applied.

- R s the resistance of the mount resistor in the Keysight 432A power meter
- Calibration Factor is the value of the thermistor mount at 50 MHz.

Equipment

- Test power meter: Keysight 432A.
- Thermistor Mount: Keysight 478A Option H75 or H76.
- Digital Voltmeter (DVM): Keysight 3458A.
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Procedure

The procedure details the key presses required on the Keysight E4416A. For the
Keysight E4417A the equivalent key presses should be performed on both
channels.

Set up the DVM to measure resistance. Connect the DVM between the VRF
connector on the rear panel of the Keysight 432A and pin 1 on the thermistor

mount end of the sensor cable. Verify that no power is applied to the Keysight
478A.

Round off the DVM reading to two decimal places and record this value as the
internal bridge resistance (R) of the test power meter (approximately 200 Q).

- R (Internal Bridge Resistance) Q

Connect the equipment as shown in Figure 3-3. The leads should be isolated
from ground. Ensure that the power reference oscillator is off. Ensure that both
the power meter under test and the Keysight 432A have been powered on for
at least 30 minutes before proceeding to the next step.

Set the Keysight 432A range switch to coarse zero and adjust the front panel
coarse zero control to obtain a zero meter indication.

Fine zero the Keysight 432A on the most sensitive range, then set the range
switch to T mW.

Ensure that the DVM input leads are isolated from chassis ground when
performing the next step.

Set up the DVM to measure microvolts.

Connect the positive and negative input leads, respectively, to the Vomp and
Vrr connectors on the rear panel of the Keysight 432A.

Observe the reading on the DVM. If less than 400 pV, proceed with the next
step. If 400 nV or greater, press and hold the Keysight 432A fine zero switch
and adjust the coarse zero control so that the DVM indicates 200 uV or less.
Then release the fine zero switch and proceed to the next step.
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9 Round off the DVM reading to the nearest microvolt and record this value as V.
- Vg V

- Disconnect the DVM negative input lead from the Vgg connector on the test
power meter and reconnect it to chassis ground.

10 Turn the power reference on:

- Press %rlo—' , Power Ref On

11 Record the reading on the DVM to two decimal places. This is Veomp.
Vcomp .

12 Reconnect the negative lead to the VRF connector on the rear panel of the
Keysight 432A. The DVM is now set up to measure V4 which represents the

power reference oscillator output level.

13 Calculate the required value of V¢ using equation 2.

2 -3 : .
V1 = Vcomp+VO—JVcomp—(1O) (4R)(CalibrationFactor)

14 Remove the power meter's cover and adjust A2R90 until the DVM indicates
the calculated value of V4. Refer to Figure 3-4 for the position of A2R90:
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Front Panel

Figure 3-4 A2R90 Adjustment Location

Measurement Uncertainty

Refer to Appendix C, Measurement Uncertainty Analysis - Power Reference Level
Test.
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Display Brightness and Contrast Adjustment

Introduction

The following procedure should be performed whenever a front panel assembly or
processor assembly is replaced.

The brightness is controlled automatically after executing the [Set Brightness

softkey. Press System ' [ More ' Service' and [Display | to locate this softkey menu.

The contrast adjustment is subjective and varies according to individual user
requirements.

Procedure

1 Access the [Display” softkey menu and use the 4(p

softkey to increase the contrast, or the RZ(P softkey to decrease the contrast
of the display.

2 When the desired display contrast level is obtained, press the [Set Contrast

softkey, located under the [Service| softkey menu.
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4 Theory of Operation

Introduction

86

This chapter describes how each of the power meter's assemblies operate.

A functional block diagram is included at the end of the chapter giving an overall
view of the power meter's operation.
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A1 Power Supply

The A1 power supply/battery charger is a 20 W, 47 to 440 Hz switching power
supply producing three DC voltages, (+5 V, +12 V, =12 V). It is used to power the
subassemblies when operating from an ac power source. The power supply can be
driven by AC power voltages in the range 85 to 264 V.

Power is distributed to the meter subassemblies via the processor assembly
(For further information refer to “A2 Processor Assembly” on page 88).

The ac line fuse is located in the line input module on the power meter's rear
panel (Keysight Part Number 2110-0957). The fuse holder contains a spare fuse
as standard on shipment.
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A2 Processor Assembly

88

The processor assembly contains the following:
- Microcontroller and associated circuits.

- Power-on/ standby control and switching.
- 1 mW reference calibrator.

- Recorder outputs TTL input/output.

- Front panel drivers.

It provides that platform on which the power meter can run, facilitating the system
inputs and outputs.

Regulated DC voltages at +12 V, =12 V and +5 V are converted by the A1 power
supply assembly when AC power is connected to the rear panel or the optional
rechargeable battery is fitted. The DC voltages are connected and distributed to
the rest of the system by circuits on the processor assembly. When the key on the
front panel is pressed a bistable latch changes state. This in turn applies the
correct gate voltages to turn on three MOSFET switches, which connects the
power supply unit voltages to the distributed power buses. The bistable latch is
connected to a permanent power-supply which has the backup of battery power
when AC mains is removed from the power meter. The +12 V supply is used to
power the fan. This is filtered to decouple it from the rest of the system. When the
optional rechargeable battery is fitted and the meter is in standby and connected
to the AC power supply, the rechargeable battery recharges and the fan is
powered on.

The reference oscillator has a 50 MHz oscillator circuit with automatic level control
(ALC). The oscillator output is level detected and that level is compared to a
temperature stable precision reference voltage. This comparison produces an error
signal that gives negative feedback control of the oscillator output power. The
frequency and power level of the calibrator are factory set to provide a

50 MHz 1 mW transfer standard. The precision reference voltage and the ALC
control signal are both measured in the calibrator self test. The calibrator is
switched on or off using a signal from the microcontroller. The front panel LED
indicator is switched with a separate microcontroller signal. The recorder outputs
are driven from a dual 12 bit DAC which is driven by the microcontroller. The dual
DAC outputs are buffered, filtered and scaled to give a 1V full scale output nominal.
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The recorder is a 12 bit DAC driven by the microcontroller. The DAC output is
buffered, filtered and scaled to give a 1 V full scale output with a nominal 1 kQ
output impedance.

Circuitry for the keyboard driver includes some damage protection, but it is
basically a direct connection from the keypad row and column matrix to the
microcontroller's control lines.

The LCD controller on the A3 front panel assembly is configured as a memory
mapped peripheral, and as such requires only to be fed with the appropriate
address, data and control lines from the microcontroller circuits. The bias voltage
for the LCD is produced by a DC to DC converter that takes the +5 V (DIST)
voltage and converts that to a nominal +21 V. The DC to DC converter is adjusted
by a combination of the contrast

control signal from the microcontroller and the temperature sense voltage that is
generated on the A3 front panel assembly. The temperature sense voltage helps
to compensate for the normal variation of LCD contrast with temperature. Current
to the LCD's LED backlight array is sourced from a constant current circuit that
compensates for variation in LED knee voltage. A control input to this circuit from
the front panel temperature sense voltage allows for de-rating of the maximum
LED current at high operating temperatures. A control input from the
microcontroller allows the optimum backlight brightness to be factory set. The
temperature sense voltage, LED current and LCD bias voltage are all measured at
self test.

An analog multiplexer provides means by which several diagnostic points can be
switched to the A6 measurement assembly for analogue to digital conversion. The
microcontroller uses this function to perform a self test.

A6 measurement assembly to microcontroller communication is conducted on a
parallel expansion bus. This bus is connected to the bi-directional serial port on
the microcontroller via buffers. The 20 MHz system clock

and some control signals are connected to the measurement modules. The
measurement module interface is completed with the distribution of switched and
direct power (+12 V, =12 V and +5 V).
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The TTL outputs are connected to the AG processor assembly via in line resistors
located on the A4 interface assembly. A TTL logic level is output from the
processor assembly when the user defined windows based limits are exceeded.

The TTL inputs are connected to the processor card via in line resistors located on
the interface card and can be used to initiate zero and calibration cycles on the
power meter.

The microcontroller circuits that control all the above functions, and provide
platform for the system software to run on, comprise the microcontroller itself,
memory, and clock and logic circuits. The logic circuits have the function of
ensuring the correct sequencing and decoding of the control signals for the
various peripherals. The crystal oscillator clock circuit is buffered and distributed
to the A4 interface assembly and the Ab daughter assembly. The program
memory for the microcontroller is FLASH EEPROM to allow for in-circuit
programming. The static RAM is split into volatile and non-volatile blocks, with
the power for the non-volatile RAM being connected to the permanent (battery
backed) power supply.

It is advisable to replace the RAM battery A2BT1 every three years. If the battery
fails or drops below 3 V the RAM will lose the following information when power
is disconnected from the meter:

- Unit Serial Number.

- Revision letter of Processor Card.
- Unit Option.

- User defined setups.

- User defined sensor calibration tables.
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A3 Front Panel Assembly

The front panel assembly is made up of a liquid crystal display (LCD), a keypad
and, depending on the power meter option, a power reference cable assembly
and a sensor cable assembly.

There are two inputs to the front panel assembly:

- The flex circuit from connector A2J4 of the processor assembly which controls
the keypad.

- The ribbon cable from A2J3 of the processor assembly which controls the LCD
display.

The power meter self tests contain display tests. These are

accessed by pressing ‘System ] More ) Service ., Self Test,

Bitmap Displays .
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A4 Comms Assembly

The comms assembly contains the circuitry required for remote control of the
power meter. This assembly supports parallel and serial interfaces.

The GPIB interface is supported by a protocol controller integrated circuit and two
physical interface buffers. The system clock is divided by four to provide the GPIB
controller integrated circuit clock signal.

The RS232 and RS422 interface is supported by a single Universal Asynchronous
Receiver/Transceiver (UART) integrated circuit and a programmable transceiver.
The programmable transceiver can be configured for either RS232 or RS422. The
remote interface is designated a DTE (Data Terminal Equipment).

The programmable baud rate generator in the UART is driven from the system
clock (20 MHz) which allows baud rates in the range 50 to 20 MHz.

The whole assembly is connected to data, address, and control signals from the
A2 processor assembly.

The comms assembly also provides a filtered path for the single/dual recorder
output signal and the TTL input and output signals. It also provides ESD
protection for the RS232.422, TTL I/0, and recorder outputs.
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A5 Daughter Assembly

The A5 daughter assembly is loaded vertically into the A2 processor assembly.

There are 3 main connectors on the daughter card which provide the interconnect
between the A2 processor assembly and the A6 measurement assembly.
Additionally there are two SMB connectors for the external trigger signals that are
routed using cable assemblies to the rear panel.

In addition the Ab daughter card provides support functions for the measurement
assemblies. These functions take power and signals from the A2 processor
assembly and generate the power and signals required by the A6 measurement
assembly. The A5 daughter assembly also provides common trigger functions that
are routed to both the A6 measurement assemblies.

The functions provided are:

- Clock buffering and distribution.

- External trigger output buffer.

- External trigger input comparator and buffer.
- +2.5V precision reference.

- +11 Vregulator.

- +3.3 Vregulator.

- +2.5Vregulator.

- 5V regulators.

Keysight E4416A/E4417A Power Meters Service Guide 93



4

Theory of Operation

AB Measurement Assembly

9

There is one measurement assembly in the E4416A and two in the E4417A. As the
E4416 and E4417 are peak and average power meters that are compatible with all
Keysight power sensors in the 848x Series, N8480 Series and E Series, the
measurement assembly has two measurement paths. One path deals with
average only measurements and this is the path that is compatible with the 848x
Series, N8480 Series and E-Series sensors. The other path provides the peak
measurements. In addition to these two measurement paths there is a DSP
subsystem which provides the signal processing of the digitized analogue signals
together with various ancillary support functions.

Average Path Operation

The measurement assembly amplifies and converts the chopped AC signal
produced by the power sensor (either 848x Series power sensors, N8480 Series
power sensors or E-Series power sensors) into a 32 bit digital word. This digital
word is proportional to the input RF power level applied to the power sensor.

With reference to the block diagram at the end of this chapter, the input amplifier
amplifies the chopped AC input signal. This operational amplifier in combination
with a single bipolar transistor in the power sensor, produce a feedback amplifier
which has a gain of approximately 500. The feedback line shown sets the gain and
also biases the transistor. The differential amplifier removes any common mode
noise or interference. It uses a special ground wire ("sensor ground")-connected
close to the RF bulkhead in the power sensor-as its second input.

The band pass filter represents the filtering action of the input amplifier. When the
power meter is working with an E-Series power sensor the equalizer is switched
on to reduce the high pass cut off frequency of the input amplifier. This improves
the settling time in fast mode operation.
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The output of the equalizer is split into two paths. One path is amplified by a gain
of 100. Both signals are each converted to digital words by a dual analog to digital
converter (ADC). The ADC's sampling rate has an integer relationship with the
chop frequency, thus giving a fixed number of samples per chop cycle.

In the event of a power overload-which could cause the input amplifier to
saturate-a window comparator function trips which generates an interrupt to the
processor assembly through the FPGA. The FPGA also forces the sensor into
upper range using the 1I2C_NEN line.

The ADC uses an I12S interface into the DSP where the samples are de-chopped
and converted into digital words proportional to input level. The chosen channel is
then filtered and stored in a buffer ready for reading by the host processor.

An analogue switch is used to inject a calibration into this path to allow calibration
of the gain ratio between the two ranges.

Normal Path

The second path, or normal path, deals with peak mode measurements. Here the
input signal is the detected power envelope of the RF input to the sensor. The
E9320-Series sensor detects this and, for peak mode measurements, amplifies it
as a fully differential voltage signal with a bandwidth from DC to 5 MHz. The
normal path processes the output of an E9320-Series sensor and converts it to a
form suitable for digitizing in a 12 bit ADC), at a rate of 20 M samples/sec. The
sensor has a 50 Q source impedance for each of the differential lines, the sensor
cable has a differential impedance of 100 Q and the measurement card has a 100
Q load impedance at the input to the first amplifier. The purposes of the first
amplifier are to buffer the input signal, to allow offset control and to drive the
anti-alias filter. Offset control comes from the main processor via a DAC into the
first amplifier and a feedback control algorithm carried out during zeroing ensures
that gross voltage offsets are nulled out before reaching the ADC.

The offset-corrected amplifier output is then filtered. The filter is a differential
implementation of a 9th order Bessel low-pass filter, designed for a flat delay of
approximately 100ns, a 3 dB bandwidth of approximately 5 MHz and 22 dB
attenuation at 15 MHz.

The filter output is fed to a buffer amplifier which has a gain of 1.1. This ensures
that switching transients are not passed backwards into the filter and provides a
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low impedance output for the HI_GAIN switch. The combined gain of the buffer
amplifier and filter is approximately unity. An attenuator and switch circuit follows
this. The attenuation can be set to 1 or 16. The attenuation is controlled by the
level of the signal prior to the filter, which is sensed with a comparator and fed
into a latch and the FPGA. Logic within the FPGA controls the switches that select
the applied attenuation and hence the gain of the normal path. As the level sense
occurs before the 100 ns delay of the filter, the FPGA and attenuators have 100 ns
to select the right gain for presentation to the ADC. A differential amplifier with a
gain of 3 follows the attenuator.

The ADC has a bipolar range but the power signal is essentially unipolar.

To utilize the full ADC range an offset is summed in to the signal just prior to the
ADC in an offset summer circuit. The outputs of the summer are arranged to give a
full-scale negative input to the ADC, so it reads circa (but greater than) -2048
when zero volts is applied to the normal path input. (The ADC range is -2048 to
2047.) There is a further filter that removes high frequency noise, originating in the
amplifier chain, from the ADC input. It has a 20 MHz theoretical cut-off (-3 dB)
frequency.

The ADC is a 12-bit converter running at 20 MHz. Samples from the ADC are
combined with the normal path gain setting and the sensor range to derive the
power measurement. The ADC output and the range control bits are fed to the
FPGA. The FPGA controls a triggered acquisition into SDRAM. The acquisition
parameters (such as pre-trigger, post trigger and trigger level) are controlled by
the main processor.

The DSP transfers the acquired samples into its local memory where it then
performs the required processing to enable the demanded measurements. This
includes range correction, digital filters, linearity correction, averaging together
with display trace processing. The DSP generates an interrupt to the processor
when results are ready.

The processor assembly communicates with the DSP through the FPGA. The DSP
is loaded with the appropriate program by the processor assembly depending on
sensor type and required measurement mode. The processor assembly loads the
FPGA using a serial configuration bus.
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Ancillary Functions

The measurement assembly also measures the sensor resistor voltage to detect
whether a power sensor is present. If a power sensor is connected (or
disconnected) an interrupt to the A2 processor assembly is generated.

Circuitry on the board is then used by the processor to determine the sensor
model, and whether it's connected to the front or rear panel. The processor then
configures the board's ancillary functions, such as chop frequency, chop voltage
levels and also programmes the DSP with the appropriate code for that sensor
type. If the sensor was one of the E-Series then the processor reads calibration
data from the sensor's E2ZPROM using the I2C bus. The processor then uses the
board's auxiliary ADC (XADC) to measure the sensor temperature which is used in
conjunction with the calibration data to provide temperature corrected power
measurements.

This assembly produces the differential drive signal for the power sensor's
chopper. The processor assembly programs the level and frequency of these
signals:

— For 848x Series power sensors, this signal is 0V and =10 V at 217 Hz.
- For E-Series power sensors, this signalis +7 V and =3 V at 434 Hz.

The XADC is also used to support system built in test by being capable of
digitizing a signal routed to it from the processor assembly.

As described earlier the E-Series power sensors have built in serial EEPROM and
range switching which is controlled or accessed via the measurement assembly.
The N-chop sensor wire used by the 848x Series power sensors doubles as a serial
clock and the sensor resistor line doubles as a bi-directional serial data line. The
wire labelled "Auto Zero" is also used as a serial bus enable control.

The auto zero line is grounded to the sensor ground line when an 848x Series
power sensor is used. Autozeroing is accomplished without the need for this
signal in the power meter.

All clocks are derived from the 20 MHz system clock that is generated on the A2
processor assembly and distributed on the Ab daughter assembly.

The E9320 sensors are provided with switchable power supplies.
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4 Theory of Operation

Functional Block Diagram

The following two pages contain a functional block diagram for the instrument
giving an overall view of the power meter's operation.

98 Keysight E4416A/E4417A Power Meters Service Guide



Theory of Operation

RF MPUT
oI

PEAK &
AVERAGE
SENSOR

tal
T
P —1]

Frent Parel letardsce

PROCESSOR
BOARD

Keysight E4416A/E44717A Power Meters Service Guide

4

99



4 Theory of Operation

AVERAGE PATH

GATE ARRAY

TSI SIS

e S o

7 ETIVIYIVIVICh
B e T Z

i msT TERO5® COMMUNCATIONS swren S - S
. 20 HOST ACCESS T aiay
MEASUREMENT . A o T
EDAED — = — I
e - _IJ. III
{ MEASUREMENT BOARD COMNECTOR | )
e + oL

POWER SUPPLY UNIT
BOARD
- R
| | REAR PANEL
m&;"m WARNINE o CPUsaton sesiinl Rit sl SOE MEes T8 el TRl S \
g 0 . O/

= o 2%

o T ceo_d)e

COMMUNICATIONS WARRING: rou costomts s FRETIERES. 148 IaE ~ Lnt

100 Keysight E4416A/E4417A Power Meters Service Guide



0

E4416A/E4417A Power Meters
Service Guide

Replaceable Parts

Introduction 102

Assembly Part Numbers 103

Front Panel Connector Repair 105
Firmware Upgrades 106

Assembly and Disassembly Guidelines 107

KEYSIGHT

TECHNOLOGIES

101



5 Replaceable Parts

Introduction

This chapter contains details of some of the higher level components and
assemblies which can be ordered from Keysight Technologies. It also details how
to assemble and disassemble the power meter for repair.

To order parts contact your local Keysight Technologies Sales and Service Office.

To return your power meter for servicing at a qualified service center refer to
"Contacting Keysight Technologies" in chapter 7 of the EPM-P Series Peak and
Average Power Meter User's Guide.
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Assembly Part Numbers

Reference Designator ‘ Description Keysight Part Number
Al Power Supply Assembly 0950-2649

Power Supply and Charger Assembly (Option KO1 only) 0950-3681

Deck Assembly E4416-61005
A2 Processor Assembly E4416-60006
A301 Front Panel Assembly for:

Keysight E4416A and

Keysight E4416A Option 002

New E4416-60201
A302 Front Panel Assembly for:

Keysight E4416A Option 003

New E4416-60202
A303 Front Panel Assembly for:

Keysight E4417A and

Keysight E4417A Option 002

New E4417-60201

Adapter RF N-SMA E4418-20009
A304 Front Panel Assembly for:

Keysight E4417A Option 003

New E4417-60202

Adapter RF N-SMA E4418-20009
Ad Comms Assembly E4418-60012
Ab Daughter Assembly for: E4416-60007

Keysight E4416A and

Keysight E4417A
A6 Measurement Assembly

New E4416-60004
A7 Fan Assembly E4418-61004
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Reference Designator Description Keysight Part Number
BT1 Lithium (RAM) Battery 1420-0338
MP1 Bail Handle 34401-45011
MP2 Front Bumper 34401-86011
MP3 Rear Bumper 34401-86012
MP4 QOuter Cover for: E4418-61027
Keysight E4416/7A
MP5 Rear Bezel E4418-20008
MP6 Instrument Chassis Assembly E4416-61004
(Includes push-fit line module)
MP6J1 Push-Fit Line Module E4418-61002
W3 Recorder Output Cable Assy E4418-61015

Front Sensor Cable Assembly Kit
Rear Sensor Cable Assembly Kit

Front Power Reference Cable Kit

E4416-61013
E4416-61014
E4418-61811

Rear Power Reference Cable Kit

E4418-61813

Flex Circuit E4418-66502
Rubber Keypad E4416-40001
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Front Panel Connector Repair

The front panel assembly is an exchange assembly. However, if front panel sensor
cables or power reference cables are faulty they should be replaced by ordering
the appropriate kit and following the assembly/disassembly procedure. The
instrument accuracy tests should then be carried out to verify the functionality of
the new part. Refer to Chapter 2 for further information on instrument accuracy
tests.
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Firmware Upgrades

The power meter's firmware is upgraded by downloading new firmware files from
disc via computer GPIB or RS232/422 interface. This requires the upgraded
firmware files and the Keysight EPM and EPM-P Dload program for Windows 95
and NT. Both are supplied with firmware upgrade kit E4416-61016 or from the
internet at http://www.keysight.com/find/powermeters

To determine the firmware version currently installed in your power meter, press:

— System ’, More , Service , Version .

Firmware must be downloaded after the processor board is replaced.
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Assembly and Disassembly Guidelines

The guidelines in this section describe the removal and replacement of the major
assemblies in the Keysight E4416A and Keysight E4417A power meters.

Once an assembly has been replaced, refer to “Post-Repair Adjustments” on
page 73 to ensure that the correct performance tests and adjustments are carried
out.

m Refer to the safety symbols on the power meter and "Equipment Operation"
at the beginning of the document before operating this power meter with

the cover removed. Failure to comply with the safety precautions can result
in severe or fatal injury.

m Before carrying out any assembly or disassembly of the power meter
ensure that you disconnect the power cord. Even with the power meter

switched off there are potentially dangerous voltages present on the power
supply assembly.

Removing the Power Meter Cover

When replacing the power meter cover retighten the captive screws in the rear
bezel using a 9 lb/in T15 screw driver.
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Removing the A1 Power Supply Assembly

1 Remove the power supply cover by lifting it out.
Disconnect the line input module from the chassis and power supply assembly.

Disconnect the cable assembly from the power supply which connects to the
A2 processor assembly.

4 Unscrew the power supply assembly and lift out the power supply (When
replacing these screws use a 9 b/in T15 screw driver).

m When replacing the power supply unit in the power meter ensure that all
earth wiring is reconnected. There are two terminals to check:

The first is the force fit connector to the power supply unit itself. It is
essential that the gap between the terminal and the adjacent large
capacitor is maximized. Fit the connector so that its flat side faces towards
the large capacitor. The second, a closed loop terminal bonded to the
chassis with an M3.5 machine screw (use a 9 lb/in T15 screw driver). All the
protective earth wiring can be identified by the insulation color green with
a yellow stripe.
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Removing the A2 Processor Assembly
1 Remove the A5 daughter and A6 measurement assemblies as described on
page 113.

2 Move the A2 plastic support bracket to its forward position using the two side
levers, unclip the flexi-cable retaining bar on the front panel keypad and front
panel LCD cable connectors and disconnect the cable.

3 Disconnect the following cables from the A2 processor assembly:
- Power reference semi-rigid.
- Fan connector.
- Power supply connector.

4 Turn the power meter upside down and remove the three screws as shown.
When replacing these screws use a 6 lb/in T10 screw driver.

5 Push the A2 processor assembly towards the front panel to release it from the
50-pin connector. Lift it upwards to remove.

NOTE When re-assembling the processor board, ensure the A2 plastic support bracket
is returned to its locked position.

NOTE After replacing a processor board, the Power Reference Frequency and Level
must be checked. For further information refer to Chapter 2, "Performance Test

Record".
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5 Replaceable Parts

NOTE After replacing a processor board, the display brightness and contrast must be
adjusted. For further information refer to Chapter 3, "Display Brightness and
Contrast Adjustment".

NOTE Firmware should be downloaded to the instrument after the processor board is
replaced. Refer to “Firmware Upgrades” on page 106.
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Removing the A4 Comms Assembly

1 Remove the A2 processor, A5 daughter and A6 measurement assemblies as
shown on page 109 and page 113.

Disconnect the line power module from the A1 power supply and the chassis.

Disconnect the earth wire screw. When replacing this screw use a 9 b/in T15
screw driver.

4 Remove the two screws on the underside of the deck assembly. Remove the
assembly by sliding forward and tilting up from the rear. When replacing these
screws use a 21 lb/in T15 screw driver.

5 Unscrew the GPIB and RS232/422 connectors from the rear panel. When
replacing these screws use a 6 lb/in 9/32 in socket.
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6 Disconnect the Recorder cable for channel A from J23 pins 1,2,3. Disconnect
the Recorder cable for channel B from J23 pins 4,5,6.

7 Lift the A4 Comms assembly from the two standoffs and slide it out.
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Removing the Ab Daughter or A6 Measurement Assemblies

1 Disconnect the flex circuit from measurement assembly.

NOTE Take care when disconnecting the flex circuit from the measurement assembly.

2 | oosen release tabs on measurement assembly and then remove vibration
support bracket.
Slide out the measurement assembly from the side of the power meter.

The daughter assembly is removed vertically.
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Removing the A7 Fan Assembly

1 Remove the AT power supply assembly as shown on page 108.
Remove the pins which attach the fan to the chassis.

Remove the fan cable connector from the A2 processor assembly to release
the fan.

i
)

2t o
S an
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Removing the Power Meter RAM Battery (BT1)

1 Remove the A2 processor assembly as described on page 109.
Remove the A2J1 link to disconnect the battery from the rest of the circuitry.
Verify the battery protection circuitry by:

- Ensuring that there are no electrical short circuits across the battery
terminals.

- Ensuring that there are no voltages present which could apply a charging
voltage.

4 Once the protection circuit has been verified remove the battery. The battery is
siliconed to the assembly. It may be necessary to remove it using a scalpel.

5 Store the battery individually in an anti-static (dissipative) bag or suitable
non-conductive packaging.

6 After replacing the battery secure it using a tie wrap. This should be secured
from the top of the A2 processor assembly. The recommended tie wrap part
number is 1400-1154.

7 Replace the A2J1 link.

m This power meter uses a lithium battery which may explode if mishandled.
The battery should not be subjected to short circuit of the battery terminals

or to excessive heat.

Do not recharge this battery or dispose of it by burning. Check local country
regulatory requirements on the disposal of lithium batteries.
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Removing the A3 Front Panel Assembly

1 Disconnect the following cables from the A2 processor assembly:

- Power reference semi-rigid (When replacing use the torques detailed on
page 120).

- Front panel keypad.
- Front panel LCD.

NOTE Take care when disconnecting the front panel keyboard and LCD. Move the A2
plastic support bracket to its forward position using the two side levers, unclip

the flexi-cable retaining bar on the front panel keypad and front panel LCD cable
connectors and disconnect the cable.

2 Disconnect the flex circuit from the measurement assembly.

NOTE Take care when disconnecting the flex circuit from the measurement assembly.
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The flex circuit assembly is released by pushing the connector tab forward and
lifting. To replace the flex circuit, loop it as shown on page 118, and connect
the flex circuit as shown in the figures on page 1183.

Remove the center screw from the right hand side of the front panel.

Remove the front panel by pressing in the metal tab on the front panel as

shown and push down on the side of the chassis until the standoffs are cleared
from the holes.

screw

NOTE After replacing a front panel assembly, the display brightness and contrast must
be adjusted. Refer to Chapter 3, "Display Brightness and Contrast Adjustment"

for further information.
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Replacing the Front Panel Power Sensor Cable Assemblies

1 Remove the front panel from the power meter. (Refer to “Removing the A3
Front Panel Assembly” on page 116 for details on removing the front panel).

2 Replace the power sensor cable assembly(s) using the replacement kit.

=

Front panel sensor
retaining clip recess
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Replacing the Front Panel Power Reference Cable Assembly

1 Remove the front panel from the power meter. (Refer to “Removing the A3
Front Panel Assembly” on page 116 for details on removing the front panel).

2 Replace the power reference output cable assembly using the replacement kit
and the torques indicated on the following diagrams:
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Fold up tab after
assembly

0 lb/in
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Replacing the Rear Panel Power Sensor Cable Assemblies
(Options 002 and 003)

1 Disassemble the power meter to allow access to the rear panel connectors.

Complete this step by following steps 1 through 3 of the A4 comms assembly
removal procedure on page 117.

2 Replace the power sensor cable assembly using the replacement kits.

The inner recess on the power sensor cable is used to locate the circlip when
assembling to the rear chassis.

Front panel sensor
retaining clip recess
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Replacing the Rear Panel Power Reference Cable Assembly
(Option 003)

1 Disassemble the power meter down to allow access to the rear panel
connectors. (Refer to “Removing the A4 Comms Assembly” on page 111 for
further information).

2 Replace the power reference cable assembly using the replacement kit and the
torques indicated on the following diagrams:

25 lb/in

6 lb/in tie wraps 9 lb/in
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Replacing the Rear Panel Recorder Qutput(s) Cable Assembly

1 Disassemble the power meter down to allow access to the rear panel
connectors. (Refer to “Removing the A4 Comms Assembly” on page 111 for
further information).

2 Replace the recorder output cable assembly using the replacement kit and the
torque indicated on the following diagram:

25 Ib/in

OA/

Recorder output A connects to A4 J23 and recorder output B connects to
A4 J24.
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Replacing The Chassis Assembly

1 Remove the Power Meter Cover as shown in “Removing the Power Meter
Cover” on page 107.

2 Disassemble the power meter down to allow access to the rear panel
connectors (Refer to “Removing the A4 Comms Assembly” on page 111).

3 For Standard or Option #002 models, disconnect the Power Reference Cable
from the Front Panel Assembly.

4 For Option #003 units, disconnect the Power Reference Cable from the Chassis
Assembly (rear panel).

5 Remove the A3 Front Panel Assembly as shown in “Removing the A3 Front
Panel Assembly” on page 116.

6 For Option #002 or Option #003 models, remove the Rear Panel Power Sensor
Cable Assemblies as shown on “Replacing the Rear Panel Power Sensor Cable
Assemblies (Options 002 and 003)” on page 122.

7 For Option #003 units, remove the Rear Panel Power Reference Connector as
shown on “Replacing the Rear Panel Power Reference Cable Assembly (Option
003)” on page 124.

8 Remove the Recorder Output(s) Cable Assembly as shown on “Replacing the
Rear Panel Recorder Output(s) Cable Assembly” on page 125.

9 Remove all blanking plugs from the rear panel.

10 Obtain the new Chassis Assembly, and then re-assemble the Power Meter by
following steps 1 to 9 in reverse order.

m When replacing the power supply unit in the power meter, ensure that all
earth wiring is reconnected. There are two terminals to check, the first is

the force fit connector to the power supply unit and the second a closed
loop terminal bonded to the chassis with an M3.5 machine screw (use a 9
Ib/in T15 screw driver). All the protective earth wiring can be identified by
the insulation color green with a yellow stripe.

m Once re-assembly is complete, the unit must be safety-tested in
accordance with local guidelines and procedures. This safety-test may

take the form of an Earth Continuity Test, Hi-Pot Test, etc.
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6 Troubleshooting

Introduction

This chapter enables qualified service personnel to diagnose suspected faults
with the power meter Rmt I/0 (Remote Input/Output) signal lines and RS232/422
serial port.

If there is a problem when attempting to use the RS232/422 serial interface or the
remote 1/0 functions, consult the User's Guide and confirm that all the user
setups are correct before proceeding with the following fault finding flow charts.

Suggested Diagnostic Equipment

1

128

Digital multi-meter capable of measuring voltage and resistance, for example,
Keysight E4975.

Signal source capable of producing 300 ms TTL single shot pulses, for
example, Keysight 33120A.

+5 VTTL logic level source.

RS232 self test connector -9 way 'D' type female connector with the following
pins wired together:

- Pin 2 (Rx)to Pin 3 (Tx).
- Pin 4 (DTR)to Pin 6 (DSR).
- Pin 7 (RTS)to Pin 8 (CTS).

RS422 self test connector - 9 way 'D' type female connector with the following
pins wired together:

- Pin 1 (CTS—)to Pin 9 (RTS-).
- Pin2 (Rx—)to Pin 4 (Tx—).
— Pin 3 (Tx+)to Pin6 (Rx+).
- Pin7 (RTS+)to Pin 8 (CTS+).
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6 8 way RJ45 plug with flying leads wired to pins 2, 3, 4, 5 and 6 to apply and
monitor signals on the remote TTL I/O connector.

7 GPIB controller and cable - required to apply "*RST" command through the
rear panel GPIB connector.

In the following flowcharts a bold font indicates the label of a soft/hard key the
user must select.
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Figure 6-1 Troubleshooting Guide - TTL Output 1
130 Keysight E4416A/E4417A Power Meters Service Guide



Troubleshooting 6

Select

Preset/local

Confirm

Meas/Setup

Limits

Limits On

TTL Output

TTL Output On, Fail O/P Low

'

DVM reading
— Yes 5.0V+/-0.5V? No

v

Power down meter.

Select . Disconnect ac power and battery if fitted.

Fail O/P High Remove A2 Processor assy, as directed on page
5-9, to access the Comms Assembly connector.
Use DVM to check resistance between J4 pin 41
and Rmt I/O connector pin 3.

DVM reading
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Figure 6-2 Troubleshooting Guide - TTL Output 1 (continued)
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Power Up
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Errors? Yes

No
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System/Inputs
More
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h 4 \ 4

Using DVM E2373A or equivalent, Investigate
set to VDC, monitor Rmt I/O Sensor Igailure
Connector pin 4 wrt pin 8.

Investigate Power
Meter Failure

Figure 6-3 Troubleshooting Guide - TTL Output 2
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Troubleshooting
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Power Up
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Figure 6-5 Troubleshooting Guide - TTL Inputs
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Single

Troubleshooting

No

Apply TTL logic 1 level to RJ45 connector. pin 5 wrt
pin 8. Apply TTL logic 0 pulse to RJ45 connector
pin 6 wrt pin 8. See User’s Guide chapter 2 for timing.

Did Channel A
CAL?

No

Yes

meter single or
dual channel?

Dual

v

Apply TTL logic 1 level to Rmt I/O connector pin 5 wrt pin 8.
Apply TTL logic 0 pulse to Rmt I/O connector pin 6 wrt pin 8.
See User’s Guide chapter 2 for timing.

Did Channel B

CAL? No

Yes

v

|

No fault found with Channel A Input Zero/CAL
selection. Check user application/implementation.

No fault found with Channel B TTL Input selection.
Check user application/implementation.

Figure 6-6

Troubleshooting Guide - TTL Inputs (continued)

Keysight E4416A/E4417A Power Meters Service Guide

6

135
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8]

Remove A2 Processor Assy (see chapter 5) to gain accessg
to the Communications Assembly connector.
Measure resistance between Rmt I/O connector pin 6
and connector J4 pin 43.

Meter reading

470Q +/- 10% No

Yes

v

Measure resistance between Rmt
1/0 connector pin 5 and connector
J4 pin 44.

Meter reading
470Q +/- 10%

No

v

‘AZ Processor assy defective

A4 Comms assy defective

Figure 6-7 Troubleshooting Guide - TTL Inputs (continued)
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Figure 6-8
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Keysight 432A Power Meters & 478A Sensors: Additional Information

Keysight 432A Power Meters: Additional Information

140

The internal bridge resistance of the Keysight 432A can be set to either 200 Q or
100 Q. It is important that this value is measured accurately (rounded to the
nearest 0.01 Q) and recorded for use in the following tests:

- Power Reference Level Test.
- Output Standing Wave Ratio (SWR) Test.

Before attempting to measure the internal bridge resistance of the Keysight 432A,
verify that no power is applied to the unit. Connect a DVM (set to measure
resistance) between the VRF connector on the rear panel of the Keysight 432A
and pin 1 on the thermistor mount end of the sensor cable.The Keysight 432A
front panel MOUNT RESISTANCE switch determines which bridge resistance is
selected.

For reference only, typical bridge resistance values are as follows:
— Rypp=200.05Q

~ Ryp=100.25Q

Using incorrect resistance values in these calculations will introduce significant
errors.
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Keysight 478A Sensors: Additional Information

The Voltage Reflection Coefficients (VRC) of the Keysight 478A sensor must be
known before attempting to perform the Output Standing Wave Ratio (SWR) Test.
The VRC values required for this test are as follows:

- Frequency 50 MHz, with the mount resistance of the Keysight 432A set to 200
(recorded as |T'y| ).

- Frequency 50 MHz, with the mount resistance of the Keysight 432A set to 100
(recorded as || ).

For reference only, typical values of these VRC values are as follows:

- ‘1"1 | =0.0012

- ‘1"2| =0.3317

Using incorrect VRC values in the Output SWR calculations will introduce
significant errors.
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B Equipment Required For Performance Tests And Adjustments

Summary Table

The following table summarizes the equipment required for all performance tests
(P) and adjustments (A). If alternative equipment is used it must meet the critical
specifications shown in the table.

Table B-1 Equipment Required For Performance Tests And Adjustments
Equipment Required Model Number Critical Specification Usage
Digital Multimeter Keysight 3458A Range Oto 20V PandA
Resolution 0.01 mV
DC Calibrator Datron 4000A P
or
Fluke 5700A/5720A
Range Calibrator Keysight 11683A Option HO1 is essential for accurate verification. (See P
or analysis in Appendix D. The Standard 11683A can be
Keysight 11683A used for indication only.
Opt HO1
Frequency Calibrator Keysight 53132A Range 0.1Hz to 225 MHz Pand A
Resolution 0.07 Hz
Power Meter Keysight 432A Range T mW Pand A
Transfer Accuracy 0.2%
Internal bridge resistance must be known for 100
and 200 € settings. For further information refer to
Appendix A.
Thermistor Mount Keysight 478A Opt SWR<1.05 at 50 MHz PandA
H75/H76 Accuracy +0.2% at 50 MHz
or VRC must be known for thermistor bridge settings of
Keysight 8478B Opt HO1 100 Q and 200 . For further information refer to
Appendix A.
Power Sensor E9321A P
30 dB Attenuator Keysight 11708A P
or
Keysight 8491A Opt 030
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Table B-1 Equipment Required For Performance Tests And Adjustments (continued)
Equipment Required Model Number Critical Specification
Power Sensor Cable 2 E9288A Pand A
required
Breakout Box Kit E9288AZ Qption K01 P
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C Measurement Uncertainty Analysis - Power Reference Level Test

Measurement Introduction

In the Power Reference Level Test, the output from the DUT's TmW Power Ref
connector is measured.

A Keysight 432A Power Meter and an 8478B HO1 Power Sensor are required for
this test. Also the HOT power sensor's calibration factor uncertainty at 50 MHz
must be no greater than +0.2%.

A Keysight 3458A DMM is required to read the Vier and Veomp outputs of the

Keysight 432A. This is preferred to estimating an inaccurate visual reading from
the Keysight 432A front panel.

Define the Measurand

The measurand is the output power of the TmW reference in the DUT.
Define the Measurement Equation

2 .,2

meas ~ 4-R-CF- My

P

where,

Vo is the voltage measured between Vo, and Vige with no power applied, for
example, the reference switched off and after the Keysight 432A has been zeroed.

V1 is the voltage measured between Vqmp and Vs with power applied, for
example, the reference switched on.

Veomp 1S the voltage between the 432A Vo, rear connector and chassis ground
with power applied.

R is mount resistance of the 432A meter.
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Measurement Uncertainty Analysis - Power Reference Level Test C

CF is the value of the Calibration Factor of the Thermistor mount at 50 MHz.

My is the mismatch magnitude between the DUT reference and the 8478B sensor,
which is equal to:

Mg =2 P Py

where,

P, is the reflection coefficient of the source (i.e. the DUT) and Py is the reflection
coefficient of the 8478B detector.

Hence,

P = f(V

meas V7’VO’R’CF’N%)

comp’

Consider the measurement setup that exists in Table C-1

PS
]/ 8478B 439A
buT Power Meter
Py
Figure C-1 Measurement Setup

P, is the total power output from the DUT. Of this power a proportion related to Py
is reflected back towards the source. The power subjected on the Keysight 432
would be:

2
PO(1 - Pd)

But because a proportion of this total power related to P4 has been reflected Ps
will again cause a reflection giving:

2
Po(1£P.P,)
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Measurement Uncertainty Analysis - Power Reference Level Test

So the total power incident or measured by the Keysight 432 Power meter is given
by:

2 2
(Po(1=P)/ ‘(1 PP ‘

In all cases Py is extremely small therefore sz terms tend to zero leaving.

MSUncertamty =1/(1 iQPSPd)

The equation above includes the worst-case mismatch magnitude 2P4P4 and is in

the form where various powers can be multiplied by the equation to find
worst-case power levels with respect to mismatch.

From the above mismatch uncertainty equation if Pd is zero, for example, the
8478B sensor is exactly 50 ohms then there is NO mismatch uncertainty. This
has not yet been achieved but efforts will be made in the future to try to achieve
as near as possible to a 'zero' level of mismatch uncertainty and hence have
negligible mismatch when calibrating products.
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Uncertainty Equation

General form of uncertainty equation is:

N N

uz(y) ZCIU (x) +2 Z Z ccu(xl,x)
I=1j=i+1

Hence,

2 2 2 2
u (TmW)—‘CVO 'U(VO)‘ +’CVO -u(\/O)| +‘Cvcomp 'U(Vcomp)‘ +|CR-u(R)|” +
2 2 2 a2

|CCF -u(CF)| +‘CMS'U(MS)| +‘CRep-u(Rep)‘ +‘cDrift'u(D”ft)‘

Assuming that there is no correlation exists between the 8 input variables.

Voltage Measurements Uncertainty

Since the manufacturer's data is used to determine the standard uncertainty, the
analysis used is the Type A method.

The 3458A DMM Uncertainty is calculated with reference to the Appendix A of the
3458A Operating Manual.

A normal distribution is assumed, as the 3458A Manual has not specified the type
of distribution used on the measurement.

Both Vg and V4 values are calculated by subtracting Vet from Vo, as measured
at the output of the 432A using a 3458A DMM. The approximate values of Vqqmp

and Vg for no power (V) and for 1 mW power (V4) are 5 V with the DMM on the
10 V scale.

For the 3458A DMM, the specified accuracy for the 10 volt scale is: 8ppm of
Reading + 0.5 ppm of Range
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C Measurement Uncertainty Analysis - Power Reference Level Test

with;

0.15 ppm of Reading + 0.01 ppm of Range per °C (temp coefficient Tcal +5 °C)
+8.75 ppm of Reading + 0.55 ppm of Range

Therefore,

8.75 x5 +O.55><10
1000000 1000000

UVoomp) = UV, = J_r[ } = +49.25uV

For Vg and V4, two measurements are taken, so the uncertainty is equated to the
RSS of using two DMMs;

U (Veomp) 49.25 uv
U (V) 69.65 pv
U (V) 69.65 pV
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Mismatch

The Mismatch uncertainty was previously determined as being:

MSUncerta/nty(magn/tude) = 2PSPd

This is the worst-case uncertainty for mismatch and occurs when the incident
and reflected waves are 180 degrees out of phase

Consider the model below:

P

An estimate of the moduli of P4 and Pg are each less than a specified value. Pg and
P4 each lie within a circle of radius P. Assuming P4 and P4 have equal probability
of lying anywhere within the circle the standard uncertainty of Mismatch becomes

maxPS 'made

uM_) = =+
S 2
P, is the reflection coefficient of the source, which is specified as less than 1.05.
VSWR < 1.05
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The reference is designed to have a VSWR of less than 1.05.
VSWR < 1.05

Hence,

VSWR-1 _1.05-1
VSWR+1  1.05+1

Pi(max) = P (max) = = 0.0244

So u(My) from the equation above equals:

(0.0244) x (0.0244)
uM,) = £ = 0.00042

Mismatch Uncertainty U(Mg) worst case:

UM, = 2P_P = zﬁxu(/ws) = 0.0012

Calibration factor

The calibration factors supplied with the power sensor take into account the
performance of the sensor with respect to frequency. This value is of secondary
importance when calculating the overall uncertainty of the T mW reference.

The information that is appropriate is the Uncertainty of the Calibration Factor.
The power sensor must be calibrated such that:

Uncertainty of Calibration Factor < 0.2%

Therefore,
U(CF) =0.002
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Sensor Calibration Factor Drift
The Keysight Standards Laboratory at South Queensferry has determined the
following average sensor drift value.

Average Sensor Drift < 0.06% per year

Therefore,
U(Drift) = 0.0006

This value is only valid for 8478B sensors calibrated to 0.2% accuracy.

Resistance

The uncertainty of the resistance measurement on the 3458A DMM is given from:

Error = (ppm of reading + ppm of range) + (temperature coefficient) + (factory
traceability)

with: -

Conditions: 1 Year Cal and temperature variance +/- 5 °C without ACAL
Reference: Keysight 3458A Operating Manual Appendix A

For 1 kQ scale the specified accuracy is;

10 ppm of reading + 0.5 ppm of range

with: -

1 ppm of Reading + 0.1 ppm of Range per °C (temp coefficient Tcal +5 °C)
and, 3 ppm of Reading (for factory traceability)
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Therefore,

r200%(10+5+3) 1000% (0.5 +0.5)
U(R)‘[ 7000000 1000000 }

= (0.0036 +0.0010)
= 0.0046 Q

Repeatability

To verify the overall repeatability of the measurement, the test was repeated 20
times, using the same DUT. For each test cycle, the Power Reference Level Test
and the Power Reference Level Adjust tests, were carried out; at no point during
these tests was the TmW on the DUT adjusted. The thermistor was disconnected
and reconnected between each test with the sensor position rotated each time.
The results for this evaluation are shown in Table C-1.

Table C-1 Measurement Repeatability Results

Measurement ADJUST REF. REF. LEVEL TEST
1 0.999548951 0.999499495
2 0.999541333 0.999554257
3 0.999449078 0.999414037
4 0.999546994 0.999509401
5lal 0.999138526 0.9991726

6 0.999647055 0.999454911
7 0.999539391 0.999515949
8 0.999567191 0.999558795
9 0.999600963 0.999554633
10 0.999405584 0.999377721
" 0.999523392 0.999566084
12 0.999504386 0.999504323
13 0.999443652 0.999463611
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Table C-1 Measurement Repeatability Results (continued)
Measurement ‘ ADJUST REF. REF. LEVEL TEST
14 0.999513893 0.999553753
15 0.999589288 0.999496811
16 0.999485404 0.999529486
17 0.999559381 0.999534985
18 0.999524217 0.99948097
19 0.999523013 0.999518899
20 0.999534276 0.999488886
Max 0.999647 0.999566084
Min 0.999406 0.999377721
Average 0.999529 0.999504053
SD 5.67E-05 5.01868E-05

[a] Measurement 5 was discounted from the calculations as being an extraneous measurement.

The readings in Table C-1 are in milli-Watts, therefore the Standard Deviation
(worse case) is: - U (Rep) = 0.057 mWatts
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Sensitivity Coefficients (Ci)

| mW Power Measured = f(V¢qmp, V1, Vo, R, CF, M)

The sensitivity coefficients should be evaluated using the best estimate of
Veomps V1, Vo, R, CF and Ms. The nominal values for Vegmp, V1, Vo, R, and CF are:

Veomp= 4.857 V
V4= 83.12 mV V0=96.17 V

RU= 200

CFl2=97.5%
=0.975

The best guess for the Mismatch of the PgP4 is = 1. Output power of the source as
shown earlier is:

(Mg =Py, (1£(2-Pg-Py))) =1

This equation shows that if an infinite amount of readings of mismatch were taken
between P,P4 the mean value would equal 1.

Using the above values gives

2Vs — V)
. d 1~ 4y
Ci - [7}3 -9 _oq09x10 "L
Veomp L 8Veomp 4RCFM o)
oV oy
. 7 d _ ““comp 1 -2V
c,\/1 - [d—vJPM = —ZRCAT - 1.024x10 5
_2)V £V
. rd B ( comp 0 _ -2V
Ciy, = [d—VOJPM S —RehT 1245107 F

[1] The resistance on the 432A Power meters is set to 200 Q for this test

[2] The average Calibration Factor from the previous six sensors on the Production Line
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2 2
cio = [Llpy = eomp1 0" Vom 6w
R~ [dR} - 4RCFM, - Q
2 2
(—2)V (Va— Vo) + VY -
Ci :[LJPM: comp . 1 _"0° 0 "1 _ gg05x10 "W
CF ~ |dcF 2
4RCF M
(—2)V Ve Vo) + V22
Ciy, :[d%}w: comp 10 0 1 gumaxioOw
s s 4RCFM,,
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Combined Standard Uncertainty (uc(y))

Table C-2 Combined Standard Uncertainty
Source of Uncertainty Probability Divisor
Distribution

U(Vp) Two Voltage measurements ~ 69.65 uW  Rectangular 1.732 2129x10°% v/ 0.009
ona
3458A DMM

U(vq) Two Voltage measurements ~ 69.45 uW  Rectangular 1.732 122401002y 0.491
ona
3458A DMM

UVeomp) Voltage measurement on 49.25uW  Rectangular 1.732 ~1245x1092y/  0.354
3458A DMM

U(R) 4 wire Resistance 0.0046Q  Rectangular 1.732 _4727x10% w/ 0.013
measurement on
3458A DMM

U(CF) Calibration factor for 0.002 Normal 2 _9.696x1070%4 W 0.970
Thermistor

U(M;) Mismatch between the DUT ~ 0.0012 U shaped N _9.454x1070% W 0.802
and the Thermistor

U(Drift) Drift of 84788 Thermistor ~ 0.0006  Normal 2 1.00x10°93 W 03

U(Rep) Repeatability of the complete  0.057 uW  Sigma 1 1 0.057
measurement

U(c) Combined Uncertainty Normal 1.429

El Expanded Uncertainty k=2 Normal 2.859

[a] Using Keysight's standard 95.5% confidence the coverage factor is k = 2.00

Expanded Uncertainty

The expanded uncertainty is: U= 3.030 mW, as a percent of
1.000 mW: U = 0.303%
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The Measurement Uncertainty Analysis described in this Appendix uses different
test equipment from that listed in this Service Guide. However, the equipment
used, and the Measurement Uncertainty results, are similar enough to make the
analysis useful. For example, the 11683A HO1 Range Calibrator performs the
same function as the modified 8482A used in this analysis. Similarly, the
Datrron/Fluke DC Calibrator performs the same function as the combined 3245/
3458A setup.
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Measuremet Uncertainty Analysis - Instrument Accuracy Test

Measurement Introduction

162

In the Instrument Accuracy test the DUT measures power levels output from the
test station from —25 dBm to +20 dBm.

A modified 8482A sensor is used to perform this measurement; it has had its
thermocouple sensor (RF to DC converter) removed. This allows extremely
accurate DC levels to be injected into the sensor from a 3245 Universal Source.
The output from the universal source is measured at the head of the sensor by a
3458 DMM. In effect there is now zero measurement uncertainty associated with
the Universal Source, as the 3458 DMM has assumed all the uncertainty.

In this test, DC signals are injected into the modified sensor. These are made in 5
dB steps, from —25 dBm to +20 dBm. A conversion from voltage to power is
required to achieve this. The measurement setup is shown in Figure D-1.

Power Meter T-Piece to measure

DC Drive Accurately

\

DUT 8482

Universal Source

DVM

Figure D-1 Measurement Setup
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Uncertainties

Universal Source: No Uncertainties
DMM: Yes (Type B)
8482: No*

Extraneous signals, cables connectors and Yes (Type A)

* There is no uncertainty involved within the 8482A sensor, as a relative power is being measured.
Before any measurement is made, an equivalent voltage to 0 dBm is applied to the 8482 sensor to
allow the power meter calibration.

It is not important if the sensor creates an offset during this calibration procedure, provided this

offset is present throughout all the different power levels. The 8482A sensor is linear from =25 dBm
up to 0 dBm, and hence the same offset would always be present. Between 0 dBm and 20 dBm, look
up tables are employed to counteract the non-linear behavior of the sensor at higher power levels.

Example: Consider a DC voltage from the Universal Source applied to the 8482A sensor, producing
a power of 0.2 dBm instead of O dBm (for example, a 0.2 dBm offset). The measuring device (for
example, the power meter) takes this 0.2 dBm value as being 0 dBm, and adjusts itself accordingly.
Now throughout every measurement level, the 8482A and the power meter has the same 0.2 dBm
offset (because the sensor is linear).

Define the Measurand

The measurand is the Measurement Accuracy of the DUT.

Define the Measurement Equation

Measurement Accuracy = W/T\M@ - Test System Power

Where:

Test System Power = (Measure voltage x Volts/Power Conversion) + Test
Station Error

Test Station Error (TSE) is the error contribution of the cables, connectors, noise,
and so forth, that cannot be measured independently.
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Measuremet Uncertainty Analysis - Instrument Accuracy Test

The measurement uncertainty only relates to the test station, in this case, a
power meter is the most accurate method of measuring power. Hence the
reason the DUT Measure component can be ignored in the measurement
equation. However, taking a number of measurements of the test system with
the same power meter, averages out the error resolution or minimize it to the
extent where the magnitude error is many times smaller than the station error.

Hence: Measurement Accuracy = f(MV , TSE)

The Measurement Uncertainty is not calculated from different sensor and power
meter combinations, rather it is taken care of in the Customer Limit specification
setting. Hence using the same power meter and making measurements a number
of times will give us the uncertainty of the test station, without the uncertainty
associated with the meter itself. By taking n samples of the same meter/DUT in
effect we are averaging out the error associated with the DUT's measurement
capability leaving us with a raw test station uncertainty which is made up from
TSE and the DMM error, for example, the Measured Voltage (MV).

The method that is used to calculate the Measurement Uncertainty of our test
station is a combination of Type A and Type B analysis in line with the ISO
Expression of Measurement Uncertainty Guide.

Uncertainty Equation

w2 (MA) = [Crop W(TSEN + [Cppy - UMV

TSE

The Measurement Uncertainty of the Measurement Accuracy is calculated from
testing the same DUT at 5dB step power level from —25 dBm to +20 dBm.

Standard Uncertainty u(xi):

Table D-1 shows the standard deviation of the 30 readings from the DUT at
various power levels.
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Table D-1 Standard Uncertainty Results
Power Level Standard Deviation of 30 Readings Conversion to Linear Units
Standard Uncertainty
u(x(=25)) 3.162 uW 0.0132dB 0.0097 puW
u(x(=20)) 10 uW 0.0038 dB 0.009 W
u(x(=15)) 31.62 uw 0.00713dB 0.0095 pW
u(X(=10)) 100 uW 0.0015dB 0.035 uW
u(X(-5)) 316.2 uW 0.0004 dB 0.03 uW
u(X(0) 1 mw 0.0003 dB 0.00007 mW
u(X(5)) 3.16227 mw 0.0003 dB 0.00022 mW
u(X(10)) 10 mw 0.0003 dB 0.000690 mW
u(X(15) 31.62277 mwW 0.0003 dB 0.0022 mW
u(X(20)) 100 mw 0.0004 dB 0.0092 mW

The distributions are all normal.

3458A DMM Uncertainty:
The uncertainty of the voltage measured by the 3458A is:

Error = (ppm of reading + ppm of range) + (factory traceability) + (temperature
coefficient)

Conditions: 1 Year Calibration and temperature variance +/-5 °C with ACAL on
dc volts.

Reference: 3458A Operating Manual Appendix A

Factory Traceability: From 6 ppm to 0.5 ppm Standard Uncertainty depending on
range.
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Worst case error on 0.1 V range:

Error = ((9 ppm x 100 mV) + (3 ppm x 100 mV)) + (6 ppm x 100 mV) + 5((0.15 ppm
x 100 mV) + 100 mV))

=2.375uv
Percentage Error = 0.002375%

Voltage Error Distribution Standard Uncertainty
2.375 uv Rectangular 1.371 uv

Worst case error on 1V range

Error = ((8 ppm x 1.0 V) + (0.3 ppm x 1.0 V)) + (1 ppm x 1.0 V) + 5((0.15 ppm x 1.0
V) + (0.1 ppm x 1.0V))

=10.55 uv
Percentage Error = 0.001055%

Voltage Error Distribution Standard Uncertainty

10.55 v Rectangular 6.09 uv
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Worst case error on 10 V range

Error = ((8 ppm x 10.0 V) + (0.05 ppm x 10.0 V)) + (1 ppm x 10.0V) + 5((0.15 ppm
x 10.0 V) + (0.01 ppm x 10.0 V))

=98.5 uv
Percentage Error = 0.000985%

Voltage Error ‘ Distribution Standard Uncertainty
98.5uv Rectangular 56.8 uv

Worst case error on 15.8 V maximum power setting

Error = (10 ppm x 15.8 V) + (0.3 ppm x 100.0 V)) + (0.5 ppm x 15.8 V) + 5((0.15
ppm x 15.8 V) + (0.1 ppm x 100 V))

=257.75 uv
Percentage Error = 0.00163%

Voltage Error ‘ Distribution Standard Uncertainty

257.75 uv Rectangular 148.8 uv
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The relationship between the applied voltage from the Universal Source to the
corresponding power is given from:

1 mW =0.14493 mV

This is a linear relationship, for example, 0.7 mW is equal to 0.014493 volts. This
relationship is valid between O dBm and -30 dBm.

However, above 0 dBm a look up table is used for voltage to mW conversion. This
is due to the sensors non linear behavior at higher power levels. The voltage
correction at the appropriate points is shown in Table D-2.

Table D-2 Voltage Correction Multiplier

1 1
10 1.006577
100 1.075633
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Therefore to attain a power of 100 mW as shown in the Table D-2, instead of
applying 14.4493 Volts, the actual amount of voltage required from the Universal
Source would be:

14.4493 x 1.075533 = 15.6 Volts

By using the DMM Uncertainties calculated previously the worst case voltage and
corresponding power errors can be calculated.

Power Setting (mW)  Applied Volts DMM Error on Range ~ Worst Case Voltage ~ Worst Case Power
Standard Uncertainty  Error on Range (%) Error on Range
()

0.001 0.14493 mv <1.371 uv 0.946% 0.00946 pw

0.0 1.4493 mV <1.371 uv 0.0946% 0.00946 pw

0.1 14.493 mV 1371 uv 0.00946% 0.00946 pw

1 144.93 mV 6.09 uv 0.00420% 0.042 uw

10 1.4588V 56.8 uv 0.00389% 0.389 uw

100 156V 1488 uv 0.00095% 0.95 uw
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Measuremet Uncertainty Analysis - Instrument Accuracy Test

Sensitivity Coefficients Ci:

The partial derivatives of the measurement equation
Y = f(MV, TSE) equal 1.

TSE is derived from a number of readings taken by the test station to characterize
the cabling, connectors noise and so forth. Therefore no measurement equation
exists to differentiate. It is a measured value of magnitude.

Hence:

d
C = ——TSE =1
TSE ~ dTSE
The DMM Measured Voltage also has a sensitivity coefficient equal to 1. As with
the TSE the Measured Voltage is not computed from an equation. Is it a real value
that the DMM actually measures.

Hence:

d
=4 My =1
Cmv amMVv

Combined Standard Uncertainty uc(y):

There is no correlation associated with this measurement

Hence:

uc2(y) = Z[CTSE -u(TSE)]Z, [CMV-U(M\/)]2

Table D-3 shows the combined standard uncertainty at all the power levels from 3
uW (=25 dBm) to 100 mW (20 dBm).
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Table D-3 Combined Standard Uncertainty

Power U(TSE) U(MV) (Converted) ucl(y) k uc(y)

k=2

3.16 uw 0.0097 pW 0.00946 pW 0.0135 pW 0.0277 pW

10 uW 0.009 pW 0.00946 pW 0.0131 pW 0.0262 pW

31.6 uw 0.0095 pW 0.00946 pW 0.0134 pW 0.0268 uw

100 pW 0.035 pW 0.00946 pW 0.0363 pW 0.0725 uw

316 uW 0.03 uW 0.042 pW 0.0516 uW 0.7032 pW

Tmw 0.00007 mW 0.000042 mW 0.000082 mW 0.00016 mW

3.16 mW 0.00022 mwW 0.000389 mW 0.000447 mW 0.00089 mwW

10 mW 0.00069 mwW 0.000389 mW 0.000792 mW 0.00158 mW

31.6 mW 0.0022 mW 0.00095 mwW 0.00239 mwW 0.00479 mW

100 mW 0.0092 mW 0.00095 mwW 0.00924 mwW 0.01850 mW
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Expanded Uncertainty kuc(y):

The Expanded Uncertainty for each power level is given in the table above, using
Keysight Technologies's standard 95% confidence level gives a coverage factor of 2.

K=2

172 Keysight E4416A/E4417A Power Meters Service Guide



KEYSIGHT

TECHNOLOGIES

This information is subject to change
without notice. Always refer to the
Keysight website for the latest
revision.

© Keysight Technologies 2001-2021
Edition 15, December 13, 2021

Printed in Malaysia

E4416-90014
www.keysight.com




	E4416A/4417A Power Meters
	Table of Contents
	List of Figures
	List of Tables
	1 Characteristics and Specifications
	2 Performance Tests
	Introduction
	Equipment Required
	Performance Test Record
	Calibration Cycle
	Test Procedures
	Thermistor Mount Option

	Zero Test
	Specification
	Description
	Equipment
	Test Setup
	Procedure

	Instrument Accuracy (Normal Path) Test
	Specification
	Description
	Equipment
	Test Setup
	Procedure

	Instrument Accuracy (Average Path) Test
	Specification
	Description
	Test Procedure 1
	Equipment
	Test Setup
	Procedure
	Test Procedure 2
	Equipment
	Test Setup
	Procedure

	Power Reference Level Test
	Description
	Equipment
	Test Setup
	Procedure

	Keysight E-Series Power Sensor Interface Test
	Description
	Equipment
	Procedure

	Keysight E932x Power Sensor (Average Path) Functional Test
	Description
	Equipment
	Test Setup
	Procedure

	Time Base Accuracy Test
	Specification
	Description
	Equipment
	Test Setup
	Procedure

	Output Standing Wave Ratio (SWR) Test
	Specification
	Description
	Equipment
	Test Setup
	Procedure

	Performance Test Record

	3 Adjustments
	Introduction
	Safety Considerations
	Equipment Required
	Post-Repair Adjustments

	Power Reference Oscillator Frequency Adjustment
	Description
	Equipment
	Procedure

	Power Reference Oscillator Level Adjustment
	Description
	Equipment
	Procedure
	Measurement Uncertainty

	Display Brightness and Contrast Adjustment
	Introduction
	Procedure


	4 Theory of Operation
	Introduction
	A1 Power Supply
	A2 Processor Assembly
	A3 Front Panel Assembly
	A4 Comms Assembly
	A5 Daughter Assembly
	A6 Measurement Assembly
	Average Path Operation
	Normal Path
	Ancillary Functions

	Functional Block Diagram

	5 Replaceable Parts
	Introduction
	Assembly Part Numbers
	Front Panel Connector Repair
	Firmware Upgrades
	Assembly and Disassembly Guidelines
	Removing the Power Meter Cover
	Removing the A1 Power Supply Assembly
	Removing the A2 Processor Assembly
	Removing the A4 Comms Assembly
	Removing the A5 Daughter or A6 Measurement Assemblies
	Removing the A7 Fan Assembly
	Removing the Power Meter RAM Battery (BT1)
	Removing the A3 Front Panel Assembly
	Replacing the Front Panel Power Reference Cable Assembly
	Replacing the Rear Panel Power Sensor Cable Assemblies (Options 002 and 003)
	Replacing the Rear Panel Power Reference Cable Assembly (Option 003)
	Replacing the Rear Panel Recorder Output(s) Cable Assembly
	Replacing The Chassis Assembly


	6 Troubleshooting
	Introduction
	Suggested Diagnostic Equipment


	A Keysight 432A Power Meters & 478A Sensors: Additional Information
	Keysight 432A Power Meters: Additional Information
	Keysight 478A Sensors: Additional Information

	B Equipment Required For Performance Tests And Adjustments
	Summary Table

	C Measurement Uncertainty Analysis - Power Reference Level Test
	Measurement Introduction
	Define the Measurand
	Define the Measurement Equation
	Uncertainty Equation
	Voltage Measurements Uncertainty
	Mismatch
	Calibration factor
	Sensor Calibration Factor Drift
	Resistance
	Repeatability
	Sensitivity Coefficients (Ci)
	Combined Standard Uncertainty (uc(y))
	Expanded Uncertainty


	D Measuremet Uncertainty Analysis - Instrument Accuracy Test
	Measurement Introduction
	Uncertainties
	Define the Measurand
	Define the Measurement Equation
	Sensitivity Coefficients Ci:
	Combined Standard Uncertainty uc(y):
	Expanded Uncertainty kuc(y):






