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HP 8970B NOISE FIGURE METER

This manual covers operation of the Noise Figure Measurement System, including the HP 8970B,

the HP 8971B, and the HP 8971C. System Local Oscillators are covered only in their operation
as a part of this system.

Before operating the Noise Figure Meter, read the following information:
* Error 19

If error 19 is displayed during the calibration of the Noise Figure Measurement System, refer
to the back of this page for troubleshooting help.

e Recording IF Cal Data

Refer to paragraph 2-14, “Recording IF Cal Data”, in Section II of the HP 8970B Operating
Manual. The IF attenuator data is needed to return the Noise Figure Meter to specified
operation should a non-volatile memory failure occur (Error E-80).

¢ For Those Familiar With The HP 8970B Noise Figure Meter, Please Note:

The procedure for calibrating the IF attenuators has changed. If E-26 or E-13 should occur,

refer to the “Calibrate, IF Attenuator” detailed operating instruction in Section III of the HP
8970B Operating Manual.

e Maximum Input Power

The maximum average power level for a CW signal at the RF INPUT connector of the HP
8970B must not exceed +20 dBm (100 mW), or +13 dBm (20 mW) for option 020. The
maximum power for a pulsed signal is also +20 dBm (100 mW), or +13 dBm (20 mW) for

option 020. The HP 8970B may be damaged by voltages exceeding + 20 Vdc at the RF INPUT
connector.

* Using the HP 346A Noise Source with the HP 8970S/T, or HP 8970B Opt 020 and HP 8971B/C

A preamplifier is required when using the HP 346A Noise Source to calibrate a system.
Typically, a preamplifier with > 15 dB of gain and < 6 dB noise figure will work. Without a
preamplifier, error E-19 will result when trying to perform a YIG-tuned filter fine peak
calibration (36.3 SPECIAL FUNCTION or 36.4 SPECIAL FUNCTTION) and error E-27 will
result when trying to calibrate the Noise Figure Meter with 36.1 SPECIAL FUNCTION active
(Disable YIG Tune in Cal). This applies to the HP 346A Noise Source only.

* Using the HP 346A Noise Source with the HP 8970A/B

A preamplifier may be required when using the HP 346A Noise Source to calibrate the HP
8970A/B Noise Figure Meter. If error E-27 occurs after pressing the CALIBRATE key on the

noise figure meter, use a preamplifier to correct the situation. Typically, a preamplifier with >
10 dB of gain and < 6 dB noise figure will work.

(cont’d on reverse side)




(cont’d from reverse side)

e Error 19

Error 19 is a Noise Figure Measurement System error. The Noise Figure Measurement System
consists of the Noise Figure Meter, Noise Figure Test Set and the System LO. If Error 19 is

displayed, use the following steps before assuming that the Noise Figure Measurement System is
malfunctioning:

1. Verify that the System LO has been connected to the Noise Figure Meter (System Interface

Bus) and the Noise Figure Test Set (System Interface Bus and LO INPUT) correctly and with
the proper type of cable.

2.Be sure the correct Special Function 41.X has been selected for the System LO being used.

3.Verify that the power level of the system LO is at least +7 dBm. It is assumed that the cable
from the System LO to the Noise Figure Test Set is the cable that was shipped with the Noise
Figure Test Set. If the cable is longer, a higher power will be needed. The power level at the
Noise Figure Test Set input mixer needs to be at least +7 dBm. The power level of the system
LO can be changed using Special Function 42.5.

4.Be sure at 2050MHz the System LO’s AM noise is below -156 dBM/Hz and that spurs are
below -45 dBm in the 10 to 2100 MHz (2400 MHz for opt 020) range and -15 dBm in the 2.1

to 18 GHz (2.4 for opt 020) range. Having AM noise and spurs outside these limits could
cause a problem when calibrating.

5.When the HP 8673B/D is the System LO, be sure that the K-band amplifier is disabled for
frequencies above 16 GHz. Disabling the K-band amplifier is described in the Noise Figure

Meter Operating Manual, Programs Available to Control The System LO Detailed Operating
Instructions.

6.Verify that the HP 346A noise source is not being used during the calibration of the Noise
Figure Measurement System. The HP 346A does not have enough ENR to be used for a
calibration. However, the HP 346A can be used when making a measurement.

7.Verify that FM and television signals, that fall within the input range of the Noise Figure
Meter, are not leaking into the Noise Figure Measurement System and causing a problem. A

spectrum analyzer can be used to look for spurs at the 20 MHz IF OUT. If spurs are found,
the device under test may need shielding.

8.Be sure that the following special functions have been enabled:
Special Function 45.1, Enable the Noise Figure Test Set in all Modes.
Special Function 46.0, Enable the System LO commands.
Special Function 48.0, Enable the Noise Figure Meter as the system controller.

9.Be sure if a preamplifier is being used, that the calibration takes place within the passband of
the preamplifier.

10.If the preceding steps didn’t help, try using Special Function 0.9 to set the Noise Figure
Meter to the factory preset condition. Then try Calibrating again.

11.If a problem still exists after using Special Function 0.9, refer to the Operator’s Checks in
the Noise Figure Meter Operating Manual to determine the instrument that is malfunctioning.
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Special Considerations when using a bias tee with the
HP 8970B Option 020 Noise Figure Meter

There is a possibility that the input section of the HP 8970B Option 020 Noise Figure Meter could be damaged during
the measurement setup conditions of certain devices such as Low Noise Blocks (LNB’s).

Typically, these devices are biased through their RF port using a bias tee. Due to the reactive components, contained
within the bias tee, large transient voltages may be generated when either:

i.  The DC supply to the Device Under Test (DUT) is suddenly switched on or off.

Or:

ii. The DC supply is interrupted when the DUT is connected to, or disconnected from, the bias tee.

Hewlett-Packard have investigated this measurement application and have some recommendations to reduce any risk of
damage.

If your instrument serial prefix is less than 3811, then consider recommendations 1 and 2. Recommendation 1 provides
adequate protection; for the most robust solution, combine both recommendations.

If your instrument serial prefix is 3811 or greater, input protection circuitry has been added to the product; however,
recommendation 1 should be considered good practice.

1.  Ensure that the HP 8970B Noise Figure Meter is in low sensitivity mode before the DUT power is
switched off, and remains so until after the DUT power is switched back on. This mode switches 30 dB
of attenuation into the input path, protecting the input circuitry. The HP 8970B Noise Figure Meter is put
into low sensitivity mode by selecting 60.6 Special and returned to auto-ranging mode by selecting 60.0
special. If the unit is under remote program control, low sensitivity is selected by command “R6” and
auto-ranging mode by “R0”.

Ensure the DC supply to the bias tee is switched off before the DUT is disconnected, and is not switched
on until the next DUT is connected.

2. Use a microwave limiter (HP part number 5086-7746) to reduce the amplitude of any voltage transients
presented to the input section. This can be purchased from your nearest Hewlett-Packard Sales Office.
This device has been thoroughly evaluated and causes no degradation in instrument specifications.




' 8970B Recommended Local Oscillators

The following is a list of recommended Local Oscillators (LO) for the 8970B along with the

language settings and special functions used to envoke the corresponding System LO programs in
the 8970B.

Model Number Language Mode Special Function
83751A/52A 8350 41.0
8671B/72B N/A 41.2
8673B/C/E/G N/A 413
8340B/41B N/A 41.4
83620A/22A/30A/40A/50A Analyzer 414
83711A/12A/31A/32A N/A 41.5%
83711B/12B/31B/32B SCPI 41.5*
83711B/12B/31B/32B 8673 413

*The Custom Local Oscillator Program (Special Function 41.5) is meant to be used with local
oscillators that require anywhere from two (2) to twenty-two (22) ASCII characters to define the
command sequence that sets the output frequency or output power. Special Function 41.5 default

data will control the: 83711/12/31/32 (SCPI MODE), no custom programming is needed for these
units.

For detailed programming information see Section 1il “Programming the System LO (DOI cont’d)”.



Noise Declaration
LpA < 70dB

am Arbeitsplatz (operator position)
normaler Betrieb (normal position)
nach DIN 45635 pt.19 (per ISO 779)

Statement of Compliance

Electromagnetic Compatibility (EMC) Information

This product has been designed to meet the protection requirements of the European Communities
Electromagnetic Compatibility (EMC) directives:

EN55011:1991 (Groupl, Class A)
EN50082-1:1992

- IEC 1000-4-2 (1995) ESD

- IEC 1000-4-3 (1995) Radiated Suseptibility
-IEC 1000-4-4 (1995) EFT

In order to preserve the EMC perfortmance of the product, any cable which becomes worn or
damaged must be replaced with the same type and specification.

Safety Information

This instrument has been designed and tested in accordance with publication EN61010-1(1993)/
IEC 1010-1(1990) +A1(1992) +A2(1994) / CSA C22.2 No. 1010.1(1993) 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 used to ensure safe operation and to maintain the instrument in a safe condition.




Declaration of Conformity
according to ISO/IEC Guide 22 and EN45014

Manufacturer’s Name: Hewlett-Packard Ltd.
Manufacturer’s Address: Queensferry Microwave Division
South Queensferry

West Lothian, EH30 9TG
Scotland, United Kingdom

Declares that the product

Product Name: Noise Figure Meter
Model Numbers: HP 8970B
Product Options: This declaration covers all options of the above products as detailed in

TCF A-5951-9852-02

Conforms with the protection requirements of European Council Directive 89/336/EEC on the approximation
of the laws of the member states relating to electromagnetic compatibility.

Against EMC test specifications EN 55011:1991 (Group 1, Class A) and EN 50082-1:1992

As Detailed in: Electromagnetic Compatibility (EMC)
Technical Construction File (TCF) No. A-5951-9852-02

Assessed by: Dti Appointed Competent Body
EMC Test Centre,
GEC-Mareconi Avionics Ltd.,
Maxwell Building,
Donibristle Industrial Park,
KY115LB
Scotland, United Kingdom

Technical Report Number:6893/2200/CBR, dated 23 September 1997
Supplementary Information:
The product conforms to the following safety standards:

EN 61010-1(1993) / IEC 1010-1(1990) +A1(1992) +A2(1994)
CSA-C22.2 No. 1010.1-93
EN 60825-1(1994) / IEC 825-1(1993)

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC, and carries the CE-
marking accordingly.

South Queensferry, Scotland 11 May 1998 ? aA ? NP2 W

Location Date R.M. Evans / Quality Manager

Europe Contact::
Your Local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department 2Q / Standards Europe
Herrenberger Strasse 130, D7030 Boblinger (Fax: +49-7031-143143)



Declaration of Conformity
according to ISO/IEC Guide 22 and EN45014

Manufacturer’s Name: Hewlett-Packard Ltd.

3 . . . ..
Manufacturer’s Address: Queensferry Microwave Division

South Queensferry
West Lothian, EH30 9TG
Scotland, United Kingdom

Declares that the product

Product Name: Noise Figure Test Set
Model Numbers: HP 8971C
Product Options: This declaration covers all options of the above products as detailed in

TCF A-5951-9852-02

Conforms with the protection requirements of European Council Directive 89/336/EEC on the approximation
of the laws of the member states relating to electromagnetic compatibility.

Against EMC test specifications EN 55011:1991 (Group 1, Class A) and EN 50082-1:1992

As Detailed in: Electromagnetic Compatibility (EMC)
Technical Construction File (TCF) No. A-5951-9852-02

Assessed by: Dti Appointed Competent Body
EMC Test Centre,
GEC-Marconi Avionics Ltd.,
Maxwell Building,
Donibristle Industrial Park,
KY115LB
Scotland, United Kingdom

Technical Report Number:6893/2200/CBR, dated 23 September 1997

Supplementary Information:
The product conforms to the following safety standards:

EN 61010-1(1993) / IEC 1010-1(1990) +A1(1992) +A2(1994)
CSA-C22.2 No. 1010.1-93
EN 60825-1(1994) / IEC 825-1(1993)

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC, and carries the CE-
marking accordingly.

South Queensferry, Scotland 11 May 1998 ? A ? P e

Location Date R.M. Evans /| Quality Manager

Europe Contact:
Your Local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department 2Q / Standards Europe
Herrenberger Strasse 130, D7030 Boblinger (Fax: +49-7031-143143)
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HP 8970B General Safety Information

General Safety Information

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

WARNING

This is a Safety Class I instrument (provided with a protective earthing ground, incorporated in the
powercord). 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 of the instrument is likely to make
the instrument dangerous. Intentional interruption is prohibited.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gasses or fumes.

DO NOT use repaired fuses or short-circuited fuseholders: For continued protection against fire, replace the line
fuse(s) only with fuse(s) of the same voltage and current rating and type.

DO NOT perform procedures involving cover or shield removal unless you are qualified to do so: Operating
personnel must not remove equipment covers or shields. Procedures involving the removal of covers and shields
are for use by service-trained personnel only.

DO NOT service or adjust alone: Under certain conditions, dangerous voltages may exist even with the
equipment switched off. To avoid dangerous electrical shock, service personnel must not attempt internal service
or adjustment unless another person, capable of rendering first aid and resuscitation, is present.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this
product have been impaired, either through physical damage, excessive moisture, or any other reason, REMOVE
POWER and do not use the product until safe operation can be verified by service-trained personnel. If necessary,
return the product to a Hewlett-Packard Sales and Service Office for service and repair to ensure the safety
features are maintained.

DO NOT substitute parts or modify equipment: Because of the danger of introducing additional hazards, do not
install substitute parts or perform any unauthorized modification to the product. Return the product to a Hewlett-
Packard Sales and Service Office for service and repair to ensure the safety features are maintained.
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Safety Symbols

HP 8970B

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

Xiv

Safety Symbols

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.

Indicates the field wiring terminal that must be connected to earth
ground before operating the equipment - protects against electrical
shock in case of fault.

mor L

Frame or chassis ground terminal - typically connects to the
equipment's metal frame.

Alternating current (AC)

o

Direct current (DC)

A\

Indicates hazardous voltages

WARNING

'Warning denotes a hazard. It calls attention to a procedure, which
if not correctly performed or adhered to could result in injury or
loss of life. Do not proceed beyond a warning note until the indi-
cated conditions are fully understood and met.

CAUTION

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

C€

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

ISM 1-A

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

3P

The CSA mark is a registered trademark of the Canadian Stan-
dards Association, and indicates compliance to the standards
layed out by them.
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Figure 1-2. HP 8971B/C Accessories Supplied and Option
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General Information

" or any part of that range. To measure the noise figure of
devices with output frequencies greater than 1600 MHz
(2047 MHz, opt 020), an external mixer and local oscillator
can be used to convert the frequency to the 10 to 1600 MHz
(2047 MHz, opt 020) range. Measured noise can be
displayed as noise figure, equivalent input noise temperature
or Y-Factor. Gain is displayed in dB.

Once calibrated, a single keystroke of the Noise Figure
Meter can automatically remove the measurement system
noise and gain contribution (called second stage correc-
tion). The Noise Figure Meter then displays only the
noise figure and gain of the device under test (DUT).

Five Excess Noise Ratio (ENR) tables (four stored tables
and one working table) can be entered into the Noise
Figure Meter. Each table can have up to 35 entries. The
Noise Figure Meter uses this data to correct for ENR
versus frequency variations. For measurements made
between calibration points, ENR data is interpolated.
When the instrument is turned off, the ENR tables are
stored in nonvolatile memory.

X- and Y-Axis outputs on the rear panel allow for noise
figure and gain versus frequency to be displayed on a
storage or nonstorage oscilloscope, or output to a re-
corder. On an oscilloscope, gain can be displayed at a
lower intensity than noise figure, to distinguish between
the two traces. The Z-Axis output blanks an oscilloscope
or lifts a recorder pen. A storage oscilloscope can also be
used, but the differences in trace intensity are obscured.

Most functions can be remotely programmed via the
Hewlett-Packard Interface Bus (HP-IB) and all measure-
ment data is available to the HP-IB. The Noise Figure
Meter has a second bus, the System Interface Bus (SIB).
The System Interface Bus is a private bus used by the
Noise Figure Meter to control certain instruments in the
Noise Figure Measurement System. Instruments control-
led by the SIB are the Noise Figure Test Set, the System
Local Oscillator and a plotter.

1-8. Noise Figure
Measurement System

The HP Noise Figure Measurement System extends the

frequency range of the Noise Figure Meter from 1600 MHz
(2047 MHz, opt 020) to 18000/26500 MHz. The HP Noise
Figure Measurement System consists of the Noise Figure
Meter, the HP 8971B/C Noise Figure Test Set an a System
Local Oscillator. '

1-4
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All the features described about the Noise Figure Meter

apply to the Noise Figure Measurement System, with the
following changes:

o The Noise Figure Measurement System can be
tuned between 10 and 18000/26500 MHz.

o The noise figure of devices with output frequen-
cies greater than 18000/26500 MHz can be
measured with the addition of an external mixer
and a second, user-controlled, local oscillator
(double-down-conversion).

e Measurements using interpolated calibration data
are not allowed for measurement modes 1.5
through 1.9 unless a special function has been
selected.

For Simplicity, the Noise Figure Measurement System can be
thought of as one instrument. The Noise Figure Meter’s
System Interface Bus is used to control the Noise Figure Test
Set and the System Local Oscillator.

1-9. MECHANICAL OPTIONS

The following options may have been ordered and
received with the Noise Figure Meter. If they were not
ordered with the original shipment, they can be ordered
from the nearest Hewlett-Packard office using the part
number included in each of the following paragraphs.

1-10. Front Handle Kit (Option 907)

Ease of handling is increased with the front panel handles.
Order HP part number 5062-3989 for the HP 8970B or 5062-
3988 for the HP 8971B/C.

1-11. Rack Flange Kit (Option 908)

The Noise Figure Meter can be solidly mounted to the
instrument rack using the flange kit. Order HP part number
5062-3977 for the 8970B or 5062-3974 for the HP 8971B/C.

1-12. Rack Flange and Front Handle

Combination Kit (Option 909)
This is not a front handle kit and a rack flange kit package
together; it is composed of a unique part which combines both
functions. Order HP part number 5062-3983 for the 8970B or
5062-3975 for the HP 8971B/C.
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1-13. HEWLETT-PACKARD INTERFACE BUS

1-14. Compatibility

The Noise Figure Meter is compatible with HP-IB to the
extent indicated by the following code: SH1, AH1, T5,
TEO, L4, LEO, SR1, RL1, PPO, DC1, DT1, C0, and El.
The Noise Figure Meter interfaces with the bus via open
collector TTL circuitry. An explanation of the com-
patibility code can be found in IEEE Standard 488
(1978), "IEEE Standard Digital Interface for Program-
mable Instrumentation" or the identical ANSI Standard
MC1.1. For more detailed information relating to
programmable control of the Noise Figure Meter, refer
to Remote Operation, Hewlett-Packard Interface Bus in
Section I1I of this manual.

1-15. Selecting the HP-IB Address

The Noise Figure Meter can use two HP-IB addresses.
One is the address of the Noise Figure Meter. The
second is the HP-IB address of the Noise Figure Meter
when it is in Pass Through Mode. (Pass Through Mode
allows commands to be passed through the Noise Figure
Meter from a computer on the HP-IB to an instrument
on the SIB.) Refer to the HP-IB and System Interface
Bus (SIB) Addresses Detailed Operating Instruction, in
Section III, for additional information.

1-16. SYSTEM INTERFACE BUS (SIB)
The System Interface Bus is a private bus used by the

Noise Figure Meter to control the Noise Figure Test Set,
the System Local Oscillator and a plotter.

1-17. Compatibility

The System Interface Bus is compatible with IEEE
Standard 488 (1978) to the extent indicated by the
following codes: SH1, AH1, T6, TEO, L4, LEO, RL1, PP0,
DC1, DTO, C1, C2, C3, C4, C7 and E1. The Noise Figure
Meter interfaces with the bus via open collector TTL
circuitry. An explanation of the compatibility code can be
found in IEEE Standard 488 (1978), "IEEE Standard
Digital Interface for Programmable Instrumentation” or
the identical ANSI Standard MC1.1.

1-18. Selecting the SIB Address

The Noise Figure Meter uses SIB addresses for the
following:

e System Local Oscillator

e Noise Figure Test Set

e Plotter

e System Interface Bus

e Pass Control

o Pass Through Device on the SIB

General Information

For more information on selecting the SIB addresses,
refer to the HP-IB and System Interface Bus (SIB)
Addresses Detailed Operating Instruction, in Section III.

1-19. ACCESSORIES SUPPLIED

The accessories supplied with the Noise Figure Meter are
shown in Figure 1-1 and Figure 1-2.

a. The line power may be supplied in several configura-
tions, depending on the destination of the original ship-
ment. Refer to paragraph Power Cables in Section II of
this manual.

b. Two fuses, one for 100/200 Vac operation and one for 220/
240 Vac operation are supplied. One fuse is factory installed
according to the voltage available in the country of original
destination. Refer to paragraph line " Voltage and Fuse
Selection” in Chapter 2 of this manual.

c. The 8971B/C LO Input Cable, SMA female to SMA
female, is HP part number 08971-66126.

o2y
d. The 8971B/C IF Output Cable, Type N maleto Type N
male, is HP part number 11793-60006.

e. The 8971B/C Coaxial Adapter, SMA maleto Type N male,
is HP part number 1250-1636.

f. The 8971B/C has two HP 10833D 0.5 meter long HP-IB
cables that are supplied.

1-20. EQUIPMENT REQUIRED BUT NOT SUPPLIED
A noise source such as HP Model 346B (346A or 346C),
must be used with the Noise Figure Meter. The Noise
Figure Meter supplies +28.0V pulses to drive the noise
source on and off.

1-21. ELECTRICAL EQUIPMENT AVAILABLE

1-22. HP-IB Controllers

The Noise Figure Meter has an HP-IB interface and can
be used with any HP-IB compatible computing controller
or computer for automatic systems applications.

1-23. System Local Oscillators

The System Local Oscillator is part of the Noise Figure
Measurement System. Suitable local oscillators include
the HP 8671B, HP 8672A or HP 8673B, C, D, E, G
Synthesized Signal Generators and the HP 8340B, HP
8341B or the HP 8360 Synthesized Sweeper. The upper
frequency limit of the Noise Figure Measurement System
can be limited by the local oscillator.
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The HP 8673B and G Option 008 and the HP 8673D use
an amplifier to increase the output power above 16 GHz.
The amplifier used in instruments prior to serial number
prefix 2930A produces excessive broadband noise which
can degrade the noise figure of the Noise Figure Meas-
urement System. IF one of these signal generators is
being used as the system local oscillator and the output
signal is greater than or equal to 16 GHz, the amplifier
must be removed from the output signal path. For more
information, see manual section titled "Programming the
System LO".

1-24. Waveguide/Coax Adapters

The HP 346B/C Noise Source combined with the HP
X281C or P281C Waveguide/Coax Adapter makes a very
accurate, calibrated waveguide noise source.

1-25. MECHANICAL EQUIPMENT AVAILABLE

1-26. Chassis Slide Mount Kit

This kit is extremely useful when the Noise Figure Meter
is rack mounted. Access to internal circuits and com-
ponents or the rear panel is possible without removing
the instrument from the rack. Order

HP part number 1494-0060 for 430 mm (17 inch) fixed
sides and part number 1494-0061 for the correct adapters
for non-HP rack enclosures.
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1-27. Chassis Tilt Slide Mount Kit

This kit is the same as the Chassis Slide Mount Kit above
except that it also allows the tilting of the instrument up
or down 90 degrees. Order HP part number 1494-0062
for 430 mm (17 inch) tilting slides and part number
1494-0061 for the correct adapters for non-HP rack
enclosures.

1-28. RECOMMENDED TEST EQUIPMENT

Tables 1-11 thru 1-15 lists the test equipment recommended
for use in testing, adjusting , and servicing the Noise Figure
Meter. The "Critical Specification" column describes the
essential requirements for each piece of test equipment.
Other equipment can be substituted, if it meets or
exceeds these critical specifications.

The "Recommended Model" column may suggest more
than one model. The first model shown is usually the least
expensive, single-purpose model. Alternate models are
suggested for additional features that would make them a
better choice in some applications.




Input SWR (Reflection Coefficient)

(+0.002 dB. opt 020)

STD <1.7(0.26) 10 to 1600 MHz
Option 0203 <1.8(0.286) 10 to 1600 MHz
<2.0(0.33) >1600 to 2047 MHz
Maximum Operating Input Power -10 dBm (wideband)
Maximum Net External Gain >65 dB

Reducing System Noise Figure
with Preamplification

<1.8 dB + noise figure of the
external system

HP 8970B General Information
Table 1- 1 HP 8970B Noise Figure Meter Specifications (1 of 2)
Characteristics Performance Limits Conditions
NOISE FIGURE MEASUREMENT
Range 0to 30dB
Resolution 0.01 dB!
Instrumentation Uncertainty +0.1dB For a noise source in a 0 to 55°C environ-
ment with an ENR of 14 to 16 dB
GAIN MEASUREMENT
Range -20to >+40dB For total noise figures <30 dB
Resolution 0.01 dB! Gain >-9.99 dB
0.1 dB? Gain <-9.99 dB
Instrument Uncertainty +0.15dB
INPUT
Frequency Range Tunable from 10 to 1600 MHz
(2047 MHz, opt 020)
Frequency Resolution 1 MHz
Tuning Accuracy +(1 MHz + 1% of frequency), From +10 to +40°C
+6 MHz maximum
Noise Figure <7 dB +0.003 dB/MHz For input power levels below -60 dBm

50Q reference impedance

Between noise source and
HP 8970B RF Input

Low noise external preamplification
with net gain >20 dB

ELECTROMAGNETIC
COMPATABILITY

Designed to meet MIL STD 461B-
1980

Conducted and Radiated Emissions

Conducted and Radiated Immunity

MIL STD 461B-1980 using method CE03

MIL STD 461B-1980 using method CS01,
CS02 and RS03

IResolution over the Hewlett-Packard Interface Bus is 0.001 dB
2Resolur.ion over the Hewleu-Packard Interface Bus is 0.01 dB
3For serial prefixes below 3811: <1.7(0.26) 10 to 1600 MHz
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Table 1- 1. HP 8970B Noise Figure Meter Specifications (2 of 2)

Characteristics

Performance Limits

Conditions

Meets the requirements of the European
Union EMC Directive 89/336/EMC plus
ammendments and is CE marked accord-
ingly.

Conducted and Radiated Emissions

Conducted and Radiated Immunity

EN 55011, 1991 Group 1,
Class A

EN 50082-1, 1992

Electrostatic Discharge immunity accord-
ing to IEC 1000-4-2, 1995 at 8 kV air dis-
charge and 4 kV contact discharge.
Radiated Immunity according to IEC
1000-4-3, 1995 at 3 V/m from 27 to 500
MHz.

Electrical Fast Transients - bursts accord-
ing to IEC 1000-4-4, 1995 at 1.0 kV mains
and 0.5 kV ports.

GENERAL

Noise Source Drive

A\

Power Requirements
Line Voltage:

100, 120, 220, 230, or 240 V
Operating Frequency Range
Power Dissipation

Temperature:
Operating
Storage
Humidity

Remote Operation (HP-1B)

Dimensions:
Height
Width
Depth
Net Weight

28.0+£0.1V
<1V

+10%
48 - 66 Hz
150 VA maximum

0t0 55°C

-55 to 75°C

Up to 95% Relative Humidity
to 40°C

IEEE STD 488-1978
Compatability Code:

SH1, AH1, T5, TEO L4, LEOQ,
SR1,RL1, PPO, DC1, DT1, CO
and E1

146 mm (5.75 in.)
425 mm (16.8 in.)
462 mm (18.2 in.)
15.5 kg (34 1bs)

Noise source ON at up to 60 mA peak.
Noise source OFF.

The Hewlett-Packard Interface Bus (HP-
IB) is Hewlett-Packard’s implementation
of IEEE Std 488-1978, “Digital Interface
for Programmable Instrumentation”.

Most functions are remotely programma-
ble.

Note: For ordering cabinet accessories, the
module sizes are 5!/2H, 1 MW (Module
width), and 17D.
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Table 1-2. HP 8970B Noise Figure Meter Supplemental Characteristics

. Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

All parameters describe performance in automatic operation or properly set manual conditions.
Bandwidth: approximately 4 MHz.

Audible Noise Level: <5.5 bels at 1 metre.

Sensitivity: no external gain required; —100 dBm; able to measure its own noise figure.
Measurement Speed: about 6 to 9 measurements per second with minimum smoothing.
Sweep Speed at Minimum Smoothing (10 to 1600 MHz): 140 ms per frequency point.

Maximum Safe Input Level: +20 Vdc; +20 dBm peak (or average) at RF.

- Jiter  Peak-to-peak? Y-factor variation <0.15 dB At minimum smoothing

Peak-to-peak? Y-factor variation <0.02 dB With increased smoothing (smoothing
factor set to 64).

Note: Jitter in noise figure is equivalent to jitter in Y factor to within 10% for ENR>14

dB and F<4 dB. At minimum smoothing, jitter can limit accuracy; the small jitter at high
smoothing does not.

FUNCTIONAL PROPERTIES

Noise Figure Display Units: noise figure in dB or as a ratio, or uncorrected Y-Factor in dB or as a ratio, or effective
input noise temperature in kelvins.

Displayed Measurement Frequency Range: 10 to 99999 MHz.

Number of Calibration Points in One Sweep: 181

System LO Control: frequency control over the System Interface Bus from 10 to 99999 MHz.

Noise Figure Display Jitter: <0.01 dB with appropriate smoothing.

Cold Noise Source Data Range: 0 to 9999K.

Hot Noise Source Data Range: stored table — ENR from —7 to +50 dB; spot frequency — from 0 to 14824K.

Storage Capacity of Hot Noise Source Tables: Four stored ENR tables with 35 frequencies each (plus one working
ENR table).

Smoothing: exponential averaging of gain and noise figure before display according to D =P (F—i) + M/F
where D is the display result, prior to conversion to logarithmic form, P is the previous result, M is the

latest measurement, and F is the averaging factor (1, 2, 4, 8, 16, 32, 64, 128, 256, or 512). Arithmetic
. averaging is used during swept operation.

1-9



General Information

Table 1-2. HP 8970B Noise Figure Meter Supplemental Characteristics

HP 8970B

(2 0f2)

(on an oscilloscope).

frequency axis annotation.

Rear Panel Outputs: X-Axis and Y-Axis from 0 to 6V. Z-Axis is TTL for pen lift (on an X-Y recorder) and blanking
Plotter Capability: Noise figure and gain versus frequency plot with grid, title and noise figure, gain and

Compatible Digital Plotters: HP 7470A, 7475A, 7550A, 7440A and 9872B.

Table 1-3. Noise Figure System Specifications (HP 8970B with HP 8971B and LO) (1of 2)

Figure Measurement System.

Specifications for the Noise Figure Measurement System are the same as the Noise Figure Meter, with the
following exceptions. These specifications are valid when any of the recommended system local oscillators
(HP 8671B, HP 8672A, HP 8673B [standard], HP 8673C, HP 8340A/B or HP 8341A/B) is used in the Noise

Characteristics Performance Limits Conditions
All specifications certified for temper-
ature range of +10 to +40° C
NOISE FIGURE MEASUREMENT
Range 0to30dB
Instrumentation Uncertainty’? <+0.25dB For a noise source with an ENR of 14
to 16 dB.
For NF1 + G1 >5 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
GAIN MEASUREMENT
Instrumentation Uncertainty!? <+0.45dB For NF1 + G1 >10 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
INPUT
Frequency Range Tunable from 10 to 18000
MHz
Reducing System Noise Figure with <2 dB + noise figure of the Low noise external preamplification
Preamplification external system with net gain 30 dB
Noise Figure (maximum)
SSB1 <12 dB + 0.003 dB/MHz 10 MHz to 1.6 GHz
. (+0.002 dB, opt 020)
SSB2 <21dB 1.6to 2.4 GHz
SSB3 <22dB 2.4to 12 GHz
<24dB 12to 15 GHz
Input SWR <28dB 15to 18 GHz
SSB1 1.7:1 (1.5:1, opt 020) 10 MHz to 1.6 GHz
SSB2 2:1 1.6 to 2.4 GHz
SSB3 2:1 2.4to 18 GHz
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GENERAL
Power, net weight and dimensions

Sum of HP 89708,
HP 8971B and local

Table 1-3. Noise Figure System Specifications (HP 8970B with HP 8971B and LO) (2 of 2)

1 Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier Selection detailed operating
instruction in Section ITI for more information on computing accuracy for your application.

2 When making a measurement, the Noise Figure Measurement System must be tuned in the same directiqn and to the same frequency points
used during calibration without skipping any frequency points.

Table 1-4. Supplemental Characteristics (HP 8970B with HP 8971B)

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

Maximum Safe Input Level
Maximum Operating Input Power
Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing
(for each Noise Figure Test Set Band)
SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point

System Local Oscillator Control

Displayed Measurement Frequency Range

+20 dBm (+16 dBm, opt 020), 0 Vdc
—20 dBm

>60 dB
—90 dB (no external gain required, but recommended

to lower measurement uncertainty; able to measure its
own noise figure with HP 346B/C).

18 dB, 2.4 - 26.5 GHz

2.5:1

6 to 9 measurements per second with minimum
smoothing. '

10 to 1600 MHz
1.6 to 2.4 GHz
241t0 18 GHz
2410 18 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a
local oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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Table 1-5. HP 8971C Specifications

Characteristics

Performance Limits

Conditions

All specifications

certified for temperature range of +10°C to +40°C

Noise Figure SSB
Std. & Opt.001

Opt. 002!

Input Standing Wave Ratio SSB
Std. and Opt. 001

Opt. 002

Image and Odd Harmeonic Rejection
SSB

<18dB
<13dB
<10dB
<11.5dB
<14.5dB
<54dB
<28dB
<26dB
<28dB

<28 dB typical
<32 dB typical

225

25

1.5

2

3

20 dB typical

10 MHz - 30 MHz
30 MHz - 100 MHz
100 MHz - 12 GHz
12 GHz - 18 GHz
18 GHz - 26.5 GHz
10 MHz - 1600 MHz
1.6 GHz - 2.4 GHz
2.4 GHz - 15 GHz
15 GHz - 18 GHz
18 GHz - 22 GHz
22 GHz - 26.5 GHz

10 MHz - 18 GHz

18 GHz - 26.5 GHz

10 MHz - 1600 MHz

1.6 GHz - 18 GHz

18 GHz - 26.5 GHz

Applicable only from 2.4 GHz - 26.5 GHz

REMOTE PROGRAMMING All functions HP-IB programmable except the LINE switch.
EMC Meets EN55011:1991 (Group 1, Class A), and EN50082-1:1992.
GENERAL

Operating Temperature
Storage Temperature

Humidity

Power Requirements:
Operating Voltage:
100, 120, 220, or 240 Vac
Operating Frequency Range
Power Dissipation

Dimensions:
Height
Width
Depth
Net Weight
Shipping Weight

0 to +55°C

-40 to +70°C

Up to 95% Relative Humidity
to 40°C.

+10%
48 - 440 Hz
200 VA Maximum

93 mm (3.68 in)
425 mm (16.75 in)
473 mm (18.63 in)
9.5kg (21 1b)

11.8 kg (26 1b)

Specifications certified in range of +10°C
to +40°C only.

360 - 440 Hz limited to <=126.5V

For ordering cabinet accessories, the mod-
ule sizes are 3.5H, IMW (module width)
and 17D.

1. See Table 1-9, footnote #1 pertaining to the HP 8971C Option 002
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General Information

Table 1-6. HP 8971C Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

Std. & Opt. 001

Electrical Performance
Characteristics Limits Conditions
Gain (Typical)

23 dB Avg. 17 dB Min.

22 dB Avg. 20 dB Min. 16-24 GHz
27 dB Avg 14 dB Min. 2.4 -26.5 GHz
Opt. 002 -3 dB Avg. -4 dB Min. 10 - 1600 MHz
0 dB Avg. -2 dB Min. 1.6 - 2.4 GHz
0 dB Avg. -5.0 Min. 24 -26.5 GHz
DSB Gain .
Std. & Opt. 001 28 dB Min.
Opt. 002 4 dB Min.
DSB Noise Figure (2.4 - 26.5 GHz)
Std. & Opt. 001 Same as SSB
Opt 002 21dB Negligible LO noise.
DSB SWR
Std. and Opt. 001 Same as SSB
Opt. 002 2.5:1
Maximum Operating RF Noise
Input Power
Std. & Opt. 001 —29 dBm 10 - 1600 MHz
—26 dBm 1.6 - 26.5 GHz
Opt. 002 ~20 dBm
Maximum Safe RF Input Power
Std. & Opt. 001 -5 dBm
Opt. 002 +20 dBm
LO Input Power
Minimum:
Std. & Opt. 002 +7 dBm
Opt. 001 +1 dBm
Maximum:
Std. & Opt. 002 420 dBm
Opt 001 +7 dBm
Anudible Noise Level <5.5 bels at 1 metre

10 MHz - 1600 MHz
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Table 1-7.
Noise Figure System Specifications
(HP 8970B with HP 8971C Std. and Opt. 001)

Electrical Performance
Characteristics Limits Conditions
' All specifications certified for
temperature range of +10°C
to +40°C
Noise Figure
Range 0to30dB
Instrumentation Uncertainty!:? 0.2 dB plus typical drift of £0.015 |10 MHz to 18 GHz
dB/°C.
+0.4 dB plus typical drift of £0.08 |18 to 26.5 GHz. For a noise source
dB/°C. with an ENR of 14 to 16 dB. For

NF1 + G1 > 10 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device

under test.
Gain Measurement
Instrumentation Uncertainty < £0.28 dB plus typical drift of 10 MH:z to 18 GHz
+0.05 dB/ °C.
+0.07dB/°C 18 to 26.5 GHz
For gains of —6 dB to 30 dB.
Input
Frequency Range Tunable from 10 to 26500 MHz
Noise Figure (maximum) Same as HP 8971C
Input SWR Same as HP 8971C
General
Power, net weight and dimensions |Sum of HP 8970B, HP 8971C, and
local oscillator.

1Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier

Selection Detailed Operating Instruction in Section III for more information on computing accuracy for your
application.

2When making a measurement, the Noise Figure Measurement System must be tuned in the same
direction and to the same frequency points used during calibration without skipping any frequency points.
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General Information

Table 1-8. Supplemental Characteristics (HP 8970B with HP 8971C and Opt. 001)

typical, but non-warranted, performance parameters.

Supplemental characteristics are intended to provide information useful in applying the instrument by giving

Maximum Safe Input Level
Maximum Operating Input Power

Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing (for each Noise
Figure Test Set Band)

SSB1 140 ms per frequency point.

SSB2 150 ms per frequency point

SSB3 435 ms per frequency point

DSB 150 ms per frequency point

System Local Oscillator Control

Displayed Measurement Frequency Range

—5 dBm, 0Vdc

—29 dBm, 10 to 1600 MHz

—26 dBm, 1.6 to 26.5 GHz

>35dB

—100 dBm (no external gain required, but
recommended to lower measurement uncertainty; able
to measure its own noise figure with HP 346B/C).

Same as Single Sideband
Same as Single Sideband

6 to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz

1.6 to 2.4 GHz

2.4 to 26.5 GHz

2.4 to 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a
local oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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Table 1-9. Noise Figure System Specifications
(HP 8970B with HP 8971C Option 002)1

Electrical Performance
Characteristics Limits Conditions

Noise Figure
Range
Instrumentation Uncertainty?3

Gain Measurement

Instrumentation Uncertainty

Input

Frequency Range

Noise Figure (maximum)
SSB1
SSB2
SSB3

Input SWR
SSB1
SSB2
SSB3

General )
Power, net weight and dimensions

0 to 30 dB

+0.2 dB plus typical drift of £0.015
dB/°C.

< +0.28 dB plus typical drift of
+0.05 dB/°C.

+0.07 dB/°C

Tunable from 10 to 26500 MHz

<12 dB + 0.003 dB/MHz
<28 dB

<26 dB

<28 dB

<28 dB typical

<32 dB typical

1.5:1

2:1

2:1

3:1

Sum of HP 8970B, HP 8971C, and
local oscillator.

All specifications certified for
temperature range of +10°C
to +40°C

Assumes the use of a preamplifier
with 10 dB noise figure and >20 dB
gain. For a noise source with an ENR
of 14 to 16 dB. For NF1 + G1 > 10
dB where NF1 is the noise figure of
the device under test and G1 is the
gain of the device under test.

10 MHz to 18 GHz

18 to 26.5 GHz
For gains of —6 dB to 30 dB.

10 MHz to 1.6 GHz
1.6 to 2.4 GHz

2.4 to 15 GHz

15 to 18 GHz

18 to 22 GHz

22 to 26.5 GHz

10 MHz to 1.6 GHz
1.6 to 2.4 GHz

2.4to0 18 GHz
18 t0 26.5 GHz

1Typically, a preamplifier with gain greater than 10 dB and noise figure <20 dB is necessary to align the HP
8971C Opt. 002 input filter during calibration at frequencies greater than 18 GHz.

2Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier
Selection Detailed Operating Instruction in Section III for more information on computing accuracy for your

application.

3When making a measurement, the Noise Figure Measurement System must be tuned in the same direction
and to the same frequency points used during calibration without skipping any frequency points.
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General Information

Table 1-10. Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

Maximum Safe Input Level
Maximum Operating Input Power
Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing
(for each Noise Figure Test Set Band)

SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point
System Local Oscillator Control

Displayed Measurement Frequency Range

'>60 dB

+20 dBm, 0Vdc
—20 dBm, 10 to 26500 MHz

—90 dB (no external gain required, but recommended to
lower measurement uncertainty; able to measure its own
noise figure with HP 346B/C but won’t align its filter
during calibration without an amplifier above 18 GHz).
21 dB, 2.4 - 26.5 GHz with negligible LO noise.

2.5:1

6 to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz

1.6 to 2.4 GHz

2.4 to 26.5 GHz

2.4 to 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a local

oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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Table 1-11..
HP 8970B or HP 8970B Option 020 Recommended Test Equipment
Equipment Critical Specifications Recommended | Usel
Model
Amplifier 1, Frequency Range: 0.1 to 1300 MHz HP 8477D P
Wideband Gain: 26dB Option 010
Output Power for 1 dB Gain
Compression: +7 dBm
Amplifier 2, Frequency Range: 0.1 to 1300 MHz HP 8447F P
Wideband Gain: 48dB Option 010
Output Power for 1 dB Gain
Compression: >+15 dBm
Attenuator, 1 dB |Steps: 1 dB HP 8494A PA
Step Attenuation Range: 0 to 11 dB Option 001
Frequency Range: 10 to 1600 MHz
Attenuator, 10 dB |Step Size: 10 dB HP 8495A P
Step Attenuation: 0 to 70 dB Option 001
Frequency Range: 10 to 1600 MHz
Attenuator, Fixed |Attenuation: 6 dB HP 8491A PA
Frequency Range: 10 to 1600 MHz Option 006
Attenuator, Fixed |Attenuation: 10 dB HP 8491A P
(2 required) Frequency Range: 10 to 2047 MHz Option 010
Attenuator, Fixed | Attenuation: 6 dB HP 8493A A
Frequency Range: 10 to 1600 MHz Option 006
Attenuator, Fixed |Attenuation: 20 dB HP 8491A P
Frequency Range: 10 to 1600 MHz Option 020
Calculator Divide HP 41CV PA
Multiply
Square Root
Programmable
Controller HP-IB compatibility as defined by IEEE HP 9000 Series | O,P,T
Standard 488 and the identical ANSI Standard 200 or 300
MC1.1:SH1,AH1,T2,TEQ,L2,LE0,SRO,RLO,
PP0,DC0,DT0,C1,2,3,4,5
Digital Voltmeter |DC Voltage Range: Up to 100V HP 3455A or | P,A,T
Resolution: 1pV (high resolution 3456A
mode, 1V dc range)
Accuracy: +0.003% of reading +4 counts
(in high resolution mode)
Single Trigger capability
Directional Frequency Range: 1380 to 2300 MHz HP 778D P
Coupler

1 A= Adjustments, P=Performance, T=Troubleshooting, O=Operational Verification




Table 1-12.

General Information

HP 8970B or HP 8970B Option 020 Recommended Test Equipment

Equipment Critical Specifications Recommended | Use!
Model
Filter, Low Pass Insertion Loss: < 1 dB below 0.9 HP 360B PA
times cut-off frequency. or
Cut-off Frequency: 1200 MHz RLC F-10-1500
Rejection: >50 dB at 1.25 times cut-off
frequency
Frequency Counter | Range: 10 to 6000 MHz HP 5340A or A
Resolution: 1 kHz 5343A
Logic Analyzer Input lines: 43 HP 1630A, T
Timing Analysis: 16 lines 1630D, or
1631D
Noise Source Power Required: +28V HP 346B - |O,P,T,
ENR: 15.2 dB Option 001 or A
Connector: Type N (male) » HP 346C
Oscilloscope Inputs: Two Channel (A vs Bor X vs Y) HP 54111D AT
and Z-Axis
Power Meter Uncertainty: +0.02 dB HP 436A PAT
Mode: dB Relative
Power Sensor Frequency Range: 10 to 4000 MHz HP 8484A or | P,A,T
Power Range: 0.1 nW to 10 uW HP 8481D
SWR: (30 to 4000 MHz): 1.15
Power Sensor Frequency Range: 10 to 4000 MHz HP 8481A | P,AT
Power Range: 10 yW to 100 mW
SWR: (30 to 4000 MHz): 1.18
Power Splitter Frequency Range: 10 to 2047 MHz HP 11667A PA
Signal Generator | Frequency Range: 10 to 2047 MH HP 8340B, |O,T,P,
Frequency Accuracy: + 1 kHz 8672A, or A
Output Level: + 13 dBm 8673B
Spectrum Analyzer | Frequency Range: 10 to 2047 MHz HP 8566B A
Sweep Oscillator | Frequency Range: 20 to 2400 MHz HP 8620C/ | P,A,0
Attenuation: 70 dB in 10 dB steps 86222B Option
002, HP 8350B
HP
8340B/41B
SWR Bridge Frequency Range: 10 to 2047 MHz Wiltron 60N50 P
Directivity: 40 dB
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Table 1-13. HP 8971C Recommended Test Equipment
Equipment Critical Specifications Recommended | Use!
Model
Attenuator, Fixed | Attenuation: 10 dB HP 8493C P
Frequency Range: 0.010 to 26.5 GHz Option 010
Cable, IF Output | No substitute HP P,C
11793-60006
Cable, LO Input | No substitute HP P,C
08971-60126
Coaxial Detector | Compatible with the HP 8757E HP 85025B P
Digital Voltmeter HP 3456A AT
Directional Bridge | Compatible with the HP 8757E HP85027B P
Noise Figure Meter | Compatible with the HP 8971C HP 8970B P,T,0
Noise Source Frequency Range: 0.010 to 26.5 GHz HP 346C P, T,0
Oscilloscope HP 54111D T
Power Meter HP 437B T
Power Sensor Frequency Range: 0.050 to 26.5 GHz HP 8485A T
Power Range: 1 puW to 100 mW
Power Splitter Frequency Range:0.010 to 26.5 GHz HP 11667B P
Scalar Network HP 8757E P
Analyzer
Signal Generator HP P,T,0
(2 required) 8340B/41B,
8671B, 86724,
8673B/C/E/G
Signature HP 5005A/B, T
Multimeter 5006A
SMA-male Coaxial | Calibration standard for HP 8757E HP P
Short/Open 85037-60001
Spectrum Analyzer | Frequency Range: 0.01 to 26.5 GHz HP 8566B T

1 A= Adjustments, P=Performance, T=Troubleshooting, O=Operational Verification
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Table 1-14. HP 8971B Recommended Test Equipment

HP 8971B

Equipment Critical Recommended Use
Specifications
Attenuator Attenuation: 10 dB HP 8491B Opt. 010 P
Frequency Range: 10 to
18000 MHz
Digital Voltmeter HP 3456A P, A
Dual Directional 20 dB attenuation on HP 11692D P
Coupler reflected and incident
ports.
Frequency: 2 - 18 GHz
frequency
Directivity: >26 dB
directivity
Oscilloscope HP 54200A/D, HP P
1980B or
HP 1740
Noise Figure Meter No substitute HP 8970B P
Noise Source Frequency Range 10 - HP 346B/C P
18000 MHz
Power Meter (2) Uncertainty: +/- 0.02 dB HP 436A (2) P

Mode: dB relative
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Table 1-14. HP 8971B Recommended Test Equipment (Cont’d)

Equipment Critical Recommended Use
Specifications
Power Sensor (2) Frequency range: HP 8484A (2) P
0.1 - 18 GHz
Power range: 1 mW to
3W 1000W peak
Signature HP5005A/B, T
Multimeter HP5006A
Spectrum Analyzer 01 to 18 GHz HP 8566B T
Synthesized CW 2-18 GHz HP 8671B P,T
Generator
Synthesized Signal 01 - 18 GHz HP 8340B/41B P,T
Generator
SWR Bridge Frequency range: Wiltron 60N50 P
10 - 1500 MHz
Directivity: 40 dB
SMA Coaxial Open Made from following P
parts:
HP 1250-0196 Body
HP 1250-0016 Snap Ring
HP 1250-0198 Nut
SMA Coaxial Short 50 Ohm HP 11512A P
Controller C
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Installation

SECTION I
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to install
the Noise Figure Meter. Included is information perti-
nent to initial inspection, power requirements, line volt-
age selection, power cables, interconnection,
environment, instrument mounting, storage and ship-
ment. In addition, interconnect information for the
Noise Measurement Measurement System is provided.

2-2. INITIAL INSPECTION

WARNING

To avoid hazardous electrical shock, do not
perform electrical tests when there are signs of
shipping damage to any portion of the outer
enclosure (covers, panels, meters).

Inspect the shipping container for damage. If the ship-
ping container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and electrically. The con-
tents of the shipment should be as shown in Figure 1-1.
Procedures for checking electrical performance are giv-
en in Section IV. If the contents are incomplete, if there
is mechanical damage or defects, or if the instrument
does not pass the electrical performance tests, notify the
nearest Hewlett-Packard office. If the shipping contain-
er is damaged or the cushioning material shows signs of
stress, notify the carrier as well as the Hewlett- Packard
office. Keep the shipping materials for the carrier’s in-
spection.

2-3. PREPARATION FOR USE
WARNING

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 only (in which all means for
protection are in tact).

2-4. Power Requirements

The Noise Figure Meter requires a power source of 100,
120, 220 or 240 Vac, +10% to -10%, 48 to 66 Hz single
phase. Power consumption is 150 VA maximum.

CAUTION

Mains supply voltage fluctuations should not
exceed +/-10% of the nominal selected line volt-
age.

2-5. Line Voltage and Fuse Selection

CAUTION

Before switching on this instrument, make sure
that the line voltage selector board is set to the
voltage of the power supply (refer to Figure 2-1)
and the correct fuse is installed. Check that the
power supply voltage is in the specified range.

WARNING

For continued protection against fire hazard,
replace the line fuse only with the same type
and line rating as detailed below.

Instrument Supply Voltage Fuse Type

HP 8970B 100 -120 Vac F15A250V
HP 8970B 220 - 240 Vac F10A250V
HP 8971C 100 - 120 Vac F20A250V
HP 8971C 220 - 240 Vac F15A250V

The use of other fuses or materials is prohib-
ited.

2-6. Power Cables
WARNING

Appliance coupler (mains input power cord) is
the power disconnect device. Do not position
the instrument such that access to the coupler
is impaired.



Installation

Operating voltage is shown
in module window.

SELECTION OFVOPERATING VOLTAGE

1. Open cover door, pull the FUSE PULL lever and rotate to
left. Remove the fuse.

2. Remove the Line Voltage Selection Card. Position the
card so the line voltage appears at top-left corner. Push
the card firmly into the slot.

3. Rotate the FUSE PULL lever to its normal position. Insert
a fuse of the correct value in the holder. Close the cover
door.

WARNING

To avoid the possibility of hazardous electri-
cal shock, do not operate this instrument at
linevoltages greater than 132 Vac with line
frequencies greater than 66 Hz (leakage cur-
rents at these line settings may exceed
3.5 mA).

Figure 2-1. Line Voltage and Fuse Selection
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This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation. Refer to Figure 2-2 for the part numbers of
the power cables available.

2-7. Address Selection {JEEE)

The Noise Figure Meter uses HP-IB and System
Interface Bus (SIB) addresses. The HP-IB address
is used when the Noise Figure Meter is accessed by
an external controller. SIB addresses are used
when the Noise Figure Meter acts as a controller to
access other devices. When the Noise Figure Meter
is shipped from the factory, it assumes that devices
are set to the addresses shown in Table 2-1.

Both HP-IB and SIB addresses are selected by
Special Function from the front panel. Refer to
HP-IB and System Interface Bus (SIB) Addresses,
and System Interface Bus Control in the detailed
operating instructions in Section III for additional
information.

Valid HP-IB and SIB addresses are 0 through 30.
Refer to Table 2-2 for decimal equivalents of the
ASCII Talk and Listen address codes.




{\

EARTH

NEUTRAL

LINE

UNITED KINGDOM

AUSTRALTIA/NEW ZEALAND

v
NEUTRAL
EARTH

CONTINENTAL EUROPE

Option 803
NEMA 5-1SP

U.S./CANADA
(NOT INTERCHANGEABLE WITH OPT-918)

Option 805
IEC 328-C14

NEUTRAL

For interconnecting
system components and
peripherals

Option 906

SEV 1@11.1958-245@7
TYPE 12 PLUG

NEUTRAL

SWITZERLAND

Option 812
DHCR 187 PLUG

NEUTRAL

DENMARK

Option 917

1EC 83,
STD Bl
(SABS 164)

REPUBLIC OF SOUTH AFRICA
and INDIA

Option 818
MITI 41-9682 PLUG

NEUTRAL

JAPAN

(NOT INTERCHANGEABLE WITH OPT-883)

Figure 2-2. Power Cables and Mains Plug Options

HP 8970B Installation
Option S00 Option 801 Option 802
BS 1363A PLUG NZSS 198/AS CEE 7 STD SHT VII, DIN 49441,
3112 PLUG VDE 2620
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Table 2-1. Noise Figure Meter Factory Set Addresses

Instrument HP-{B Address | SIB Address
Noise Figure Meter 8
Plotter 5
System Interface Bus 8
Noise Figure Test Set 10
Pass Control Device 16
System Local Oscillator 19

2-8. Interconnections

Interconnection data for the Hewlett Packard
Interface Bus (HP-IB) and the System Interface
Bus (SIB) is identical. See Figure 2-3.

2-9. HP 8970S/T/U Noise Figure Measurement
System

The HP 8970S/T/U Noise Figure Measurement
System consists of the Noise Figure Meter, the
Noise Figure Test Set and a System Local Oscil-
lator. Interconmection data for the Noise Figure
Measurement System is provided in Figure 2-4.
If the System Local Oscillator is a free-running

source, a coarse tune calibration must be performed.

Refer to the Noise Figure Test Set YIG Filter Cal-
ibration Detailed Operating Instruction in Section
III for the coarse tune calibration procedure. The
coarse tune calibration is not needed if a synthe-
sizer is used for the local oscillator.

2-10. Mating Connectors

Interface Connector. The HP-IB and SIB mating
connector is shown in Figure 2-3. Note that two
securing screws are metric.

Coaxial Connectors. Coaxial mating connectors
used with the Noise Figure Meter should be 50 ohm
BNC, or type N male connectors. 50Q type N and
APC-3.5male coaxial connectors are used with the
Noise Figure Test Set.

2-11. Operating Environment

The operating environment for the Noise Figure
Meter should be within the following limitations:

Temperature .............ccovn..... 0 to +55°C
Humidity .......ccoovvveevao.... <95% relative
Altitude ............. <4570 metres (15 000 feet)

2-12. Bench Operation

Theinstrument cabinet has plastic feet and fold-away
tilt stands for convenience in bench operation. (The
plastic feet are shaped to ensure self-aligning of the
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instruments when stacked with other HP equip-
ment.) The tilt stands raise the front of the instru-
ment for easier viewing of the front panel.

Table 2-2. ASCII Address Codes to Decimal Equivalents

ASCIl Address Codes
LISTEN TALK

SpP 00
! A 01
» 02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Decimal
Equivalents

4+ ¥~~~ vaooﬁ%:tt
®

-

WO -0V WN O\

VA~

S NN SES<CHNPYOYOZErRe—ImQEIEDQW

2-13. Rack Mounting

WARNING

The Noise Figure Meter weighs 18.5 kg
(40 1b), therefore, care must be exercised
when lifting to avoid personal injury. Use
equipment slides when rack mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewlett-Packard
office. Refer to the paragraph entitled Mechanical
Options in Section 1.
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L HP-18 4

SIGNAL GROUND SHIELD =—— CONNECT TO
PIO TWISTED PAIR WITH 11 ATN AR
PIO TWISTED PAIR WITH 10 SRQ
SHOULD BE GROUNDED | P/O TWISTED PAIR WITH 9 IFC
gEAgTLE&MVmET 'OOFN P/O TWISTED PAIR WITH 8 NDAC
TWISTED PAIR PO TWISTED PAIR WITH 7 NRFD
PO TWISTED PAIR WITH 6 DAV
REN E0l
DIOS DI04
DIOT7 DI0 3
DIO6 DIO 2
DIOS DIO 1
&

1SO METRIC ———n |
THREAD M3.5x 0.6 24-PIN MICRO-RIBBON
(SERIES 57) CONNECTOR

Logic Levels
The Hewlett-Packard Interface Bus and System Interface Bus Logic Levels are TTL compatible, i.e.,
the true (1) state is 0.0 Vdc to +0.4 Vdc and the false (0) state is +2.5 Vdc to +5.0 Vdc.

Programming and Output Data Format
Refer to Section III, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 10833A, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 ft), HP 10833D, 0.5 metres (1.6 ft)

Cabling Restrictions
1. A Hewlett-Packard Interface Bus system or System Interface Bus system may contain no more
than 2 metres (6.6 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any Hewlett-Packard Interface Bus
system or System Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard Interface Bus and System Interface Bus Connections
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2-14. RECORDING IF ATTENUATOR VALUES

IF attenuator data is used to correct the gain
readings during the gain measurement. It is criti-
cal that the Noise Figure Meter know the value of
itsinternal IF attenuators in order to meet its gain
accuracy specification. Recording these values
ensures a backup record is kept if a nonvolatile
memory failure should occur. HP recommends
that IF attenuator values be recorded in Table 4-1
when the Noise Figure Meter is turned on for the
first time and after its annual calibration. Table 4-1
is located in the Gain Measurement Uncertainty
Performance Testin Section I'V. This performance
test also includes a procedure for reading the IF
attenuator values. Refer to the “Entering IF Atten-
uator Values” portion of the performance test.

2-15. STORAGE AND SHIPMENT
2-_16. Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperature .................. —55°C to +75°C
Humidity ......cccvvvievnnannnn. <95% relative
Altitude ........... <15 300 metres (50 000 feet)

2-17. Packaging

Tagging for Service. If the instrument is being
returned to Hewlett-Packard for service, please com-
plete one of the blue repair tagslocated at the back
of this manual and attach it to the instrument.

SYSTEM
_LOCAL’ OSCILLATOR _

HP 8970B

Original Packaging. Containers and materialsiden-
tical to those used in factory packaging are avail-
able through Hewlett-Packard offices. Mark t.
container “FRAGILE” to assure careful handlin].
In any correspondence, refer to the instrument by
model number and full serial number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or serv-
ice center, complete one of the blue tags and attach
it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

c. Use enough shock-absorbing material (75 to
100 mm layer; 3 to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movementin the container. Protect the front panel
with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE”.
assure careful handling.

HP 8971B/C_NOISE
FIGURE TEST SET

UUTPUT

SYSTEM INTERFACE BUS X | i1 l

RF 1F

Lo
INPUT INPUT QUTPUT

HP-1B
CONTROLLER

HP 887@B
NOISE FIGURE METER

ERT"]

DuT

NOISE SOURCE
DRIVE OUTPUT

NOISE
SOURCE

I

C e

Figure 2-4. Noise Figure Measurement System Interconnections
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2-18. OPERATING ENVIRONMENT
This instrument is designed for indoor use only.

The instrument may be operated at temperatures from
0°C to +55°C at altitudes up to 4600m (15,000 ft.). The
instrument may be operated in environments up to 95%
relative humidity to 40°C, but it should be protected
from temperature extremes which may cause condensa-
tion.

CAUTION

This instrument is designed for use in Installa-
tion Category Il and Pollution Degree 2 per
IEC1010 and 644 respectively.

2-19. Internal Fuses

WARNING

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

The internal fuses used in the HP 8971C are listed be-
low, and are non-operator replaceable Cartridge, Fast
Blow fuses.

Table 2-3. 8971C Internal Fuses

Fuse Current Voltage Type
F1 30A 250V F
F2 30A 250V F
F3 20A 250V F
F4 30A 250V F
FS 30A 250V F
F6 1.0A 250V F
F7 05A 250V F
F8 30A 250V F

The internal fuse used in the HP 8970B is listed below,
and is a non-operator replaceable plug-in Very Fast-Act-
ing fuse.

Table 2-4. 8970B Internal Fuse

Fuse

Current

Voltage

Type

F1

30A

125V

Installation

2-20. Cleaning

To clean the instrument: Use a soft , clean damp cloth to
clean the front-panel and side covers.

2-7
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Operation

SECTION 1l
OPERATION

3-1. INTRODUCTION

This section provides complete operating information for
the Noise Figure Meter. Included in this section are both
general and detailed operating instructions, detailed
descriptions of the front and rear panel, local and remote
operator’s checks, and operator’s maintenance proce-
dures. Also provided are operation and operators checks
for the Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and System Local Oscil-
lator). Operation of the Noise Figure Measurement Sys-
tem is described under Measurement Modes 1.5 through
1.9.

3-2. Operating Characteristics

Table 3-1 briefly summarizes the major operating charac-
teristics of the Noise Figure Meter. This table is not
intended to be an in-depth listing of all operations and
ranges but gives a rough idea of the instrument’s
capabilities. For more information on the Noise Figure
Meter’s capabilities, refer to Table 1-1, Specifications and
Table 1-2, Supplemental Characteristics. For information
on HP-IB capabilities, refer to the summary contained in
Table 3-3, Message Reference Table.

3-3. Local Operation

Information covering front panel operation of the Noise
Figure Meter is given in the sections described below. To
rapidly learn the operation of the instrument, begin with
Simplified Operation and Operator’s Checks. Once
familiar with the general operation of the instrument, use
the Detailed Operating Instructions for in-depth and
complete information in operating the Noise Figure

Meter.

The local oscillator power must be selected for
the type of HP 8971B/C in use.

An HP 8971B requires + 6 dBm, an HP 8971C
standard or Option 002 requires + 10 dBm at
26.5 GHz (+8 dBm is adequate below 22 GHz),
and an HP 8971C Option 001 should have only

+ 1dBm. Use special function 42.5 to change the
local oscillator power if necessary.

General Operating Information. Instructions relating
to the Noise Figure Meter turn-on procedure and various
keystroke sequences are presented to acquaint the user
with the general operation of the instrument.

Simplified Operation. The instructions located on the
inside of this fold provide a quick introduction to front
panel operation of the Noise Figure Meter. These in-
structions are designed to rapidly acquaint the new user
with basic operating proce dures and therefore are not an
exhaustive listing of all Noise Figure Meter functions.
However, an index to the Detailed Operating Instructions
appears opposite the fold to direct the operator to the
more complete discussion of the topic of interest.

Panel Features. Front and rear panel features are
described in detail in Figures 3-1 through 3-8.

Detailed Operating Instructions. The Detailed
Operating Instructions provide the complete operating
reference for the Noise Figure Meter user. The instruc-
tions are organized alphabetically by subject and are
placed at the end of this section for easy reference. They
are indexed by function in Table 3-2.

Operating Information Pull-Out Cards. The Operating
Information pull-out cards are three flexible plastic refer-
ence sheets located in a tray below the front panel. They
contain a listing of user special functions, HP-IB output
formats, error codes, and measurement modes.

3-4. Remote Operation

The Noise Figure Meter is capable of remote operation
via the Hewlett-Packard Interface Bus (HP- IB). In
remote operation, the Noise Figure Meter operates in
one of two modes: normal talker listener mode and talk
only mode. The remote operation instructions provide
information pertinent to HP-IB operation when the Noise
Figure Meter is in the normal talker/listener mode or the
talk only mode. Included are discussions on capabilities,
addressing input and output formats, the status bytes and
service requests. At the end of the discussion is a
complete summary of all codes and formats.

In addition to the section described above, information
concerning remote operation appears in several other
locations. The controller capability of the Noise Figure
Meter is described in the Detailed Operating Instruc-
tions. A summary of HP-IB codes and output formats
appear on one of the Operating Information pull-out
cards. Numerous examples of program strings appear
throughout the Detailed Operating Instructions .
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3-5. Operator’'s Checks

Operator’s Checks are procedures designed to
verify the proper operation of the Noise Figure
Meter’s main functions. Also, Operator’s Checks
are provided for the Noise Figure Measurement
System. Three procedures are described below.

Basic Functional Checks. This procedure requires
only a noise source, an oscilloscope (or a display
module), and interconnecting cables. It assures
that most front panel controlled functions are
being properly executed by the Noise Figure Meter.

QZE) HP-IB Functional Checks. These proce-
dures require an HP-IB compatible computing
controller, an HP-IB interface and connecting
cable. The HP-IB Functional Checks assume that
front panel operation of the Noise Figure Meter,
has been verified by performing the Basic Func-
tional Checks. The procedures check all of the
applicable bus messages summarized in Table 3-3.

Noise Figure Measurement System Check. This
procedure only requires the Noise Figure Measure-
ment System (Noise Figure Meter, Noise Figure
Test Set and System Local Oscillator) and a noise
source. The check assures that the Noise Figure
Measurement System is operating properly.

3-6. Operator’s Maintenance

WARNING

For continued protection against fire
hazard, replace the line fuse with a 250V
fuse of the same rating only. Do not use
repaired fuses or short-circuited fuse-
holders.

Operator’s maintenance consists of replacing
blown fuses and cleaning the air filter.

The primary power fuse is located within the Line
Power Module (A15). Refer to Figure 2-1 for instruc-
tions on how to change the fuse.

The rear panel fan has a filter inserted from the
outside for ease of cleaning or replacement. To
service the filter, disconnect power from the instru-
ment and remove the filter by pulling it from the
rear of the fan. To clean the filter, hold it under
running water or wash it in warm soapy water and
then rinse it in clear water. Dry the filter thor-
oughly before putting it back into place.

3-2

HP 8970B

NOTE

The internal battery should be replaced
once a year by qualified service per-
sonnel. In the Service Manual, Section
VIII, is a procedure for replacing the
battery. The part number of the Service
Manual is on the title page of this
manual.

If the instrument does not operate properly and is
being returned to Hewlett-Packard for service,
please complete one of the blue tags located at the
end of this manual and attach it to the instrument.
Refer to Section II for packaging instructions.

3-7. GENERAL OPERATING INSTRUCTIONS

WARNING

Before the Noise Figure Meter is switched
on, all protective earth terminals, exten-
sion cords, auto-transformers, and de-
vices connected to the instrument should
be connected to a protective earth
grounded socket. Any interruption of
the protective earth grounding will cause
a potential shock hazard that could
result in personal injury.

Before the Noise Figure Meter is switched
on, it must be set to the same line volt-
age as the power source or damage to the
instrument may result.

The Noise Figure Test Set must be ground-
ed through the third wire on the power
cord to avoid instrument damage to crit-
ical microwave amplifier circuitry.

3-8. Turn-On
Turn-On Procedures. If the Noise Figure Meter is
already plugged in, set the LINE switch to ON.

If the power cable is not plugged in, follow these
instructions:

1. Check the line voltage selection card for correct
voltage selection.

2. Check the fuse for correct current rating. The

current rating is printed on the line power
module label.

3. Plug in the power cable.
On the front panel, set the LINE switch to ON.
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Turn On (cont'd)

Turn-on Sequence. The Noise Figure Meter per-
forms a quick internal check at turn-on. During
this check, all front panel indicators light for
approximately two seconds toallow a quick visual
inspection of each front panel display annunciator
and display segment. If a failure is detected, an
error code will appear in the NOISE FIGURE
display to indicate the nature of the failure. For
error codes E10 through E49, and E80, refer to
Error Messages and Recovery in the Detailed
Operating Instructions. For error codes E60
through E80, refer to Section VIII (Service)*.

If the memory check was successful, “Ctrl” will
appear in the INSERTION GAIN display and
“on” or “OFF” will appear in the NOISE FIGURE
display. If the Noise Figure Meter is the system
controller on the System Interface Bus (Special
Function 48.0) “on” will be displayed. If the Noise
Figure Meter is not the system controller on the
System Interface Bus (Special Function 48.1)
“OFF” will be displayed. Then, “Fr” will appearin
the INSERTION GAIN display and “CAL” will
appear in the NOISE FIGURE display for approxi-
mately five seconds while the Noise Figure Meter
performs a frequency calibration.

After the frequency calibration, the instrument
powers up to the last front panel configuration
prior to being turned off. Refer to Preset Conditions
and Power-Up Sequence in the Detailed Operating
Instructions for additional information.

NOTE
An internal battery is used to retain
data in continuous memory when the
Noise Figure Meter is turned off. At
turn-on, the Noise Figure Meter restores
the same front panel configuration that
was present when last powered down.
Nine storage registers, the ENR tables
and other information are also restored.

3-9. Keystroke Sequences

The Noise Figure Meter’s functions can be selected
in any order. However, each function selection

*Section VIIL, Service, is in the Service Manual. The part
pumber of the Service Manual is on the title page of this
manual.

Operation

requires a prescribed sequence of keystrokes. A
keystroke sequence can be either a single keystroke
or several keystrokes that must be entered in a
specific order. Functions requiring only single key-
stroke are: PRESET, LOCAL, UNCORRECTED
NOISE FIGURE, CORRECTED NOISE FIGURE
AND GAIN, INCREASE, DECREASE, AUTO,
SINGLE, 4 and W .The CALIBRATE func-
tion requires that the calibrate key be pressed
twice.

Frequency parameters are entered in a Function-
Data-ENTER format. Data entered following a
function will be interpreted for that function only
if terminated with the ENTER key. Data previ-
ously entered remains unaffected until the new
data entry is terminated by pressing the ENTER
key. If another function key is pressed before the
data entry is terminated, that entry will be rejected
and the last valid data for the function will remain
active.

The STORE and RECALL functions are used to
store and recall instrument configurations or
Excess Noise Ratio (ENR) tables. When used to
store and recall instrument configurations, the
STORE and RECALL functions are entered in a
Function-Data format. It is not necessary to use
the ENTER key to terminate data entry. However,
ENTER has no effect if it is used. Data is a single
digit register number (0 through 9). When used to
store and recall ENR tables, the STORE and RE-
CALL functions are entered in a Function-ENR-
Data format. Itis not necessary tousethe ENTER
key to terminate data entry. However, ENTER has
no effectifitis used. ENRis the ENRkey. Dataisa
single digit table number (1 through 4).

Special Functions areenteredin a Code-SPECIAL
FUNCTION format. The code consists of a prefix,
decimal, and suffix. 7.1 is an example of a special
function code where 7 is the prefix and 1 is the
suffix. If the suffix is zero, the zero and the decimal
point can be omitted when entering the code. For
example, 7SPECIALFUNCTION is equivalent to
7.0 SPECIAL FUNCTION. A Code-SPECIAL
FUNCTION-Data-ENTER format is used to acti-
vate and enter data for special functions that
require data entry.

3-3
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FRONT PANEL FEATURES

FIXED FREQ keys cause the current tuned fre-
quency and frequency increment values to be
displayed, and enable the entry of new values
(see Figure 3-5).

SWEEP keys cause the current sweep param-
eters to be displayed, enable the entry of new
parameters, and initiate or terminate AUTO or
SINGLE Sweep (see Figure 3-5).

HP-1B Annunciators indicate HP-1B status (see
Figure 3-2).

LOCAL key returns the Noise Figure Meter to
local keyboard control from remote control pro-
vided the instrument is not in local lockout.

PRESET key returns the instrument to the pre-
set conditions shown in Simplified Operation. ——-d

ENR key enables entry of the “ENR versus Fre- =]
quency” calibration data for specific noise
sources (see Figure 3-4).

LINE switch applies power to the instrument
when set to ON.
NOISE SOURCE DRIVE OUTPUT drives a

noise source on and off with +28V pulses (see
Figure 3-4).

Figure 3-6).

Operating Information pull-out cards are
quick operating references that show Special
Functions, HP-IB codes, error codes and mea-
surement modes.

1) 99 CJGJGD

DATA keys are used to enter numeric data (see

INSERTION GAIN displays the gain cf the
device under test (for a corrected measure-
ment) and ENR. Other displays are possible
when using Special Functions (see Figure 3-2).

Left Display indicates frequency, entries in
progress, temperature, and Special Function
codes (see Figure 3-2).

ENTER key completes a data entry (se¢ Figure
36).

SPECIAL FUNCTION key completes entry of
Special Function codes (see Figure 3-6).

STORE-RECALL-SEQ keys STORE up to 10
instrument configurations for RECALL at a later
time. The SEQ key permits a sequential recall of
up to 9 stored instrument configurations. Also
used to STORE and RECALL the ENR tables. (See
Figure 3-6.)

NOISE FIGURE displays measured noise (in
selectable output units), error codes and ENR
table number with number of table entries. Other
displays are possibie when using Special Func-
tions (see Figure 3-2).

GRAPHIC SCALE keys set the vertical scaling

for an oscilloscope or plotter (see Figure 3-3).

CALIBRATE key initiates a calibration se-
quence. This sequence measures the noise fig-
ure of the measurement system for use in cor-
rected measurements (see Figure 3-7).

CORRECTED NOISE FIGURE AND GAIN key
selects the noise figure and gain measurement.
The measurement system noise contribution is
automatically removed (see Figure 3-7).

INPUT couples the output signal from the mea-
surement setup into the Noise Figure Meter (see
Figure 3-7).

UNCORRECTED NOISE FIGURE key selects
the noise figure measurement. Displayed values
include noise contribution of all parts of the
measurement system (see Figure 3-7).

SMOOTHING keys INCREASE or DECREASE the
amount of smoothing (see Figure 3-7).

Figure 3-1. Front-Panel Features
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Table 3-1. Operating Characteristics

Measurements

Noise Figure (Corrected and Uncorrected Modes)
Range: 0 to 30 dB
Selectable Display Units: F dB, F, YdB, Y, Te K
Insertion Gain (Corrected Mode Only)
Range: —20 to +40 dB
Display Units: dB

Tuning

Fixed Frequency
Range
10 to 1600 MHz (Noise Figure Meter)
10 to 26500 MHz (Noise Figure Measurement System)
Sweep
Linear sweep
Range: 10 to 1600 MHz
Resolution: 1 MHz
Modes: Automatic, Single

Noise Source

Drive: +28V (pulsed)

Parameters Entry Units: ENR in dB, °C, °F, K
Hot Temp. Entry Range: 363 to 15000K
Cold Temp. Entry Range: 0 to 1000K
Smoothing Exponential or linear averaging of insertion gain and

noise figure data before result is displayed. Selectable
units in factors of 2.

3-3.1
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32). NOISE FIGURE displays measured noise (in
selectable output units), error codes and ENR
table number with number of table entries. Other

1y (seé Figure displays are possible when using Special Func-

tions (see Figure 3-2).

GRAPHIC SCALE keys set the vertical scaling
for an oscilloscope or plotter (see Figure 3-3).

CALIBRATE key initiates a calibration se-
quence. This sequence measures the noise fig-
ure of the measurement system for use in cor-
rected measurements (see Figure 3-7).

CORRECTED NOISE FIGURE AND GAIN key
|___selects the noise figure and gain measurement.
The measurement system noise contribution is
@ automatically removed (see Figure 3-7).

i\

armm I INPUT couples the output signal from the mea-
surement setup into the Noise Figure Meter (see
Figure 3-7).

UNCORRECTED NOISE FIGURE key selects
the noise figure measurement. Displayed values
include noise contribution of all parts of the

's entry of measurement system (see Figure 3-7).

6).

SMOOTHING keys INCREASE or DECREASE the
amount of smoothing (see Figure 3-7).

34
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SIMPLIFIED OPERATION

PRESET |

Press This sets the front panel functions to the following: .
FREQUENCY = 30 MHz STEP SIZE = 20 MHz
FREQ INCR = 20 MHz SMOOTHING =1
START FREQ = 10 MHz MEASUREMENT = UNCORRECTED NOISE FIGURE
STOP FREQ = 1600 MHz CALIBRATE = Off
SWEEP = Off

In addition, default values are entered for some Special Functions. Refer to Table 3-14, Special Function Summary.

MEASUREMENT MODES

The Noise Figure Meter has ten Measurement Modes (1.0 through 1.9). Mode 1.0 is used for RF Measurements ranging
from 10 to 1600 MHz (2047 MHz, opt 020) and requires no external equipment (except a noise source). Modes 1.1
through 1.4 are used for microwave measurements up to 99999 Mhz and require the system local oscillator (LO). Modes
1.1 and 1.2 also require an external mixer (the mixer is part of the device-under-test (DUT) in modes 1.3 and 1.4).Modes
1.5 through 1.9 are also for microwave measurements. Mode 1 .5is used for measurements from 10 to 26500 MHz. Modes
1.6 through 1.9 are for measurements up to 99999 MHz. Modes 1.5 through 1.9 require use of the Noise Figure Test Set
and the system LO. Along with the Noise Figure Meter, the Noise Figure Test Set and the system LO form the Noise
Figure Measurement System, which extends the range of the Noise Figure Meter from 1600 MHz (2047 MHz, opt 020)
to 26500 MHz. Modes 1.6 through 1.9 require use of a second LO (user-controlled). The user-controlled LO is used with
the Noise Measurement System, and along with an external mixer, extend the range of the Noise Figure Measurement
System from 26500 to 99999 MHz. Modes 1.6 and 1.7 require an external mixer (the mixer is part of the DUT in modes
1.8 and 1.9). Refer to the operating information pull-out card and Measurement Modes in the Detailed Operating Instruc-
tions for more information. A Measurement Mode must be selected before performing a calibration or measurement.
(Mode 1.0 is selected with PRESET.) Simplified Operation assumes that Mode 1.0 is selected

FIXED FREQUENCY TUNING

Fixed frequency parameters are selected in a Function-Data-ENTER format. For example, to set the tuned
frequency to 500 MHz and the

N FIXED
frequency increment to 100 MHz: —=FREQ=- DATA
press (MHz)

o) () (3) (&) (o)
cojajololo

@ or @ steps the frequency up or down by the 100 MHz increment set with the FREQ INCR key.

STORE AND RECALL

The Noise Figure Meter can store instrument configurations for recall at a later time. For example, to store an
instrument conﬁguration in storage register 5:

s (1) ()

To recall the stored instrument configuration:  press @

The Noise Figure Meter can store and recall four (1 through 4) Excess Noise Ratio (ENR) tables. For example, to
store ENR data to table 3, use the following sequence: .

press )

To recall ENR table 3, use the following sequence:  press lnecuu.’ ‘ ENR | | 3 l

34.1
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SWEEP FUNCTIONS

Sweep parameters are selected in a Function-Data-ENTER format. For example, to set the start frequency to
1000 MHz, the stop frequency to 1600 MHz and the step size to 100 MHz:

~SWEEP~ DATA
(MHz)

press (SJRAEHOT (1) [o] (—oj (—o—] @
O 6@
® OO E

The Noise Figure Meter can sweep the selected frequency range once (SINGLE) or repetitively (AUTO). The
sweep can be terminated by pressing the same key again.

MEASUREMENT
3 3 5 - HP 89708B
Connect a noise source to the Noise Figure Meter as shown: NO1SE FIGURE METER
@ UNCORRECTED [ BE] .
Uncorrected Noise Figure coopgemE o
o oo oo 5888 =
To measure uncorrected noise figure: press i sourecsu = =||NPUT {
The Noise Figure Meter is measuring its own noise figure.
NOISE SOURCE
1
Calibrate —

Calibrate measures and stores the measurement system noise characteristic at each frequency for correction of
later measurements. Set START FREQ, STOP FREQ and STEP SIZE parameters. To initiate a calibration:

[ '
press twice
Corrected Noise Figure and Gain

The Noise Figure Meter must be calibrated before a corrected noise figure and gain measurement can be made.
@ CORRECTED

NOISE FIGURE
After calibration, to measure corrected noise figure and gain: ~ press 4
Note that the Noise Figure Meter removes its own noise figure from the measurement results.

Smoothing

To change the number of measurements averaged to optimize speed of response and reduce jitter in the
INSERTION GAIN and NOISE FIGURE displays: press [mcmﬂ or [neanAssJ

SPECIAL FUNCTIONS

Special Functions access capabilities of the Noise Figure Meter beyond those available with dedicated front
panel keys. Special Functions are selected in a Code-SPECIAL FUNCTION format. For example, to display the
ENR entry currently being used: . press CODE

) (O @) (o],

Refer to the Special Functions Detailed Operating Instruction at the end of this section for more information.
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Table 3-2. Detailed Operating Instructions Table of Contents (Functional) (1 of 2)
Section Page Section Page
Attenuation ) Measurements
IF Attenua,tlon. Selectlon. ............ 3-117 Manual Measurement Functions ... 3-121
RF Attenuation Selection ........ 3-222 Noise Figure (Uncorrected) and Noise
Calibration Figure and Gain (Corrected) .... 3-198
Calibrate . ...oovvveeneanannnn.. 3-59 Power Measurements ............ 3-200
Calibration, Frequency ............. 3-65 Trigger Selection ................ 3-273
Calibration, IF Attenuators ......... 3-67  Miscellaneous
Calibration, Input Gain Selection .... 3-69 Data Output to Oscilloscopes, Recorders
Noise Figure Test Set YIG Filter and Plotters ................... 3-73
Calibration .................... 3-190 Error Messages and Recovery ...... 3-93
Displays Preset Conditions and Power Up
Display Control ................... 3-81 Sequence ..................... 3-205
Display Resolution ................ 3-83 Sequence ............ ...l 3-224
Display Units Selection ............ 3-85 Store and Recall ................ 3-257
Smoothing (Averaging) ........... 3-230  programs
Temperature Units Selection ....... 3-271 Programming the System LO ... 3-211.1
ENR Programs Available to Control the
ENR Table Entry ................. 3-87 System LO ................ e 3219
Loss Compensation ............... 3-119 Special Functions
Spot ENR, T]:zot, Tecola and ENR Calibration, Frequency ............ 3-65
Table Selectlon. ....... SEREEREREE 3-254  Calibration, IF Attenuators . ....... 3-67
Temperature Units Selection ....... 3-271 Calibration, Input Gain Selection ... 3-69
HP-IB and SIB Cont.roller. Capability of the
Controller Capability of the Noise Noise Figure Meter ............. 3-71
Figure Meter .................... 3-71 Data Output to Oscilloscopes, Recorders
HP-IB and System Interface Bus (SIB) and Plotters .................. 3-73
Addresses ........... ..., 3-113 Display Control . ........oouvu.n.. 3-81
System Interface Bus Control . ..... 3-262 Display Resolution ............... 3.83
Measurement Modes Display Units Selection ........... 3-85

Fixed IF or LO Frequency Selection 3-110

Loss Compensation ............... 3-119
Measurement Modes .............. 3-125
Measurement Mode 1.0 ........... 3-132
Measurement Mode 1.1 ........... 3-135
Measurement Mode 1.2 ........... 3-140
Measurement Mode 1.3 ........... 3-145
Measurement Mode 1.4 ........... 3-150
Measurement Mode 1.5 ........... 3-155
Measurement Mode 1.6 ........... 3-160
Measurement Mode 1.7 ........... 3-168
Measurement Mode 1.8 ........... 3-176
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Operation HP 8970B

0 LOCAL Key. Returns the Noise Figure Meter to local Spot ENR — displayed in dB.
operation (front panel control) from remote HP-IB

Temperature of the noise source — displayed in °C,
control provided that the instrument is not in Local P play

°F, or K.
Lockout.
Sequence order.
Q HP-IB Annunciators. Display the HP-IB status. The Smoothing factor.

REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed to

All data as it is being entered (except ENR in the
“ENR versus Frequency” tables).

talk or is in Talk Only mode. The LISTEN annunciator EXT MIX (external mixer) annunciator — lights

lights when the Noise Figure Meter is addressed to when Measurement Mode 1.1 through 1.4 or 1.6

listen. The SRQ annunciator lights when the Noise through 1.9 is active.

Figure Meter is sending a Require Service message o INSERTION GAIN Display. Displays (in dB) the gain

to the controller. of the device under test (DUT) to two decimal places.
© Leit Display. Depending upon the selected functions, Il?sEgl:gl?: also shows ENR in dB when entering

the following information is displayed: € ables.

Frequency parameters - always displayed in MHz: © NOISE FIGURE Display. Displays measured noise.
1 MHz resolution; 10 to 1600 MHz (2047 MHz, opt Five annunciators (F dB, Y dB, F, Te K, and Y) indi-

020) measurement range in Mode 1.0; 10 to cate the noise figure display units. This display is
26500 MHz measurement range in Mode 1.5; up

) also used for power measurements (displayed in
:&233:91 ';AHZ in Modes 1.1 through 1.4 and 1.6 dB), error codes and during ENR Table entry displays
Special Function codes are displayed as they are the ENR table number with entry number.
entered

Figure 3-2. Display and Remote Features
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Operation

@ GRAPHIC SCALE. The GRAPHIC SCALE keys are used

to select the vertical scaling for an oscilloscope
display or a plotter. The keys select the maximum
and minimum limits for the display or plot. These
keys perform the same functions as Special Func-
tions 8.1 thorugh 8.4.

© GAIN MAX Key. Used to display and enter the oscillo-

scope or plotter maximum vertical limit for insertion
gain. When pressed the current GAIN MAX value
appears in the left display. The allowable range
of values for GAIN MAX is -9999 dB to 99999 dB.

This key performs the same function as Special
Function 8.4.

@ NOISE MAX Key. Used to display and enter the oscil-

loscope or plotter maximum vertical limit for noise
figure. When pressed the current NOISE MAX value
appears in the left display. The allowable range of

values for NOISE MAX is -9999 dB to 99999 dB.
This key performs the same function as Special
Function 8.2.

0 GAIN MIN Key. Used to display and enter the oscillo-

scope or plotter minimum vertical limit for insertion
gain. When pressed the current GAIN MIN value
appears in the left display. The allowable range of
values for GAIN MIN is -9999 dB to 99999 dB.
This key performs the same function as Special
Function 8.3.

@ NOISE MIN Key. Used to display and enter the oscil-

loscope or plotter minimum vertical limit for noise
figure. When pressed the current NOISE MIN value
appears in the left display. The allowable range of
values for NOISE MIN is -9999 dB to 99999 dB.
This key performs the same function as Special
Function 8.1.

Figure 3-3. GAIN MAX, GAIN MIN, NOISE MAX and NOISE MIN Features
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@ PRESET Key. Returns the instrument to a known
state. Refer to the Preset Conditions and Power-Up
Sequence Detailed Operating Instruction for a list of
preset conditions and default values.

Q LINE Switch. Applies power to the Noise Figure
Meter when set to the ON position.

0 ENR Key. Used to display and enable entry of the
excess noise ratio (ENR) versus frequency tables.
Five ENR tables, each table containing 35 frequen-
cies, can be entered into the Noise Figure Meter.
Frequency is shown in the left display and the
corresponding ENR is shown in the INSERTION GAIN

display. The NOISE FIGURE display shows the ENR
table number (0—4) and the current table entry
number (1 through 35). An ENR table is selected by
using the following sequence:

RECALL ENR N.

Nis the number of the ENR table being recalled. An ENR
table is stored using the following sequence:

STORE ENR N.
N is the number of the ENR table being stored.

@ NOISE SOURCE DRIVE BUTPUT. This BNC connector
provides the output to drive a noise source on and
off with +28 volt pulses.

Figure 3-4. LINE Switch, PRESET and SOURCE Features
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G Frequency Function Keys. In addition to the func-
tions described below, the following keys are used
to prefix numeric entries for the specified functions:
START FREQ, STOP FREQ, STEP SIZE, FREQ, and
FREQ INCR. Frequency is entered in MHz from the

front panel. Frequency parameters are entered ina
Function-Data-ENTER format.

FIXED FREQUENCY Keys

Q FREQUENCY Key. Causes the tuned frequency to
appear in the left display. This key also acts as a
“clear” key when an error is made during entry; that
is, it returns the instrument to the measurement
frequency. (Also see Frequency Function Keys.)

@ FREQ INCR Key. Causes the programmed frequency
increment to appear in the left display while the key
is depressed. (Also see Frequency Function Keys.)

Q < or <3 keys. Increase or decrease the tuned
fixed frequency by the programmed frequency
increment. Holding either of these keys down causes
the tuning to step continuously up or down.

SWEEP Keys

© SINGLE Key. Starts one sweep from START FREQ to
STOP FREQ in increments determined by STEP SIZE.

At the end of one sweep the instrument remains
tuned to the stop frequency. Single sweep can be

terminated by pressing the SINGLE key a second
time.

0 AUTO Key. Starts a sweep from the current fre-
quency. The sweep repeats from START FREQ to
STOP FREQ in increments determined by STEP SIZE
until terminated. Auto sweep is terminated by press-
ing the AUTO key a second time.

o STEP SIZE Key. Causes the programmed frequency
step size of the sweep to appear in the left display
while the key is depressed. (Also see Frequency
Function Keys.)

@ STOP FREQ Key. Tunes the Noise Figure Meter to
the programmed stop frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

© START FREQ Key. Tunes the Noise Figure Meter to
the programmed start frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

Figure 3-5. SWEEP and FIXED FREQ Features
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0 DATA Keys. Enter data or Special Function codes.

Entries are completed by the ENTER key or the SPE-
CIAL FUNCTION key (except for STORE and RECALL).

0 ENTER Key. Completes keyboard entries other than

Special Function codes.

@ SPECIAL FUNCTION Key. Completes the keyboard

entry of a Special Function code. Special Functions
are instrument operations in addition to those
accessible from dedicated front panel keys. Refer to
Special Functions in the Detailed Operating Instruc-
tions for a complete listing of user special functions.

© STORE and RECALL Keys. Store and recall up to ten

instrument configurations in storage registers 0
through 9. Front panel features that cannot be
stored and later recalled are CALIBRATE, SMOOTH-
ING, AUTO or SINGLE SWEEP, UNCORRECTED NOISE
FIGURE and CORRECTED NOISE FIGURE AND GAIN.
STORE and RECALL are also used to store or recali an
ENR table.

When the STORE key is used as a prefix for a numeric
key (a single digit 0 — 9 to identify the register), the
current instrument configuration is stored in that
internal storage register.

When the RECALL key is used as a prefix to a
numeric key (a single digit 0 — 9 to identify the
register), the contents stored in that register are
recalled and the instrument configuration is changed
to the recalled parameter values.

6 SEQ Key. Recalls storage registers 1 through 9in a

preset sequence. Pressing the SEQ key momentarily
displays the current storage register number. SEQ is
used in conjunction with Special Function 35.

0 — [Minus) Key. Can be used as a prefix for loss, ENR,

or temperature. Although the minus key can be used
any time before anentry is completed, the minus sign
is always inserted to the left of the entered digits. If the
minus sign is used incorrectly an error message is
displayed when ENTER is pressed.

3-12
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Operation

HOISE FIGURE

ARD GAHN

@ CALIBRATE Key. Initiates the calibration process
which measures and stores the measurement system
noise figure and gain. This data is used for second
stage correction and gain measurements. Calibration
is done from START FREQ to STOP FREQ in steps of
STEP SIZE (see Figure 3-5). During calibration all front
panel keys except PRESET, CALIBRATE and LOCAL are
disabled. To start a calibration, the CALIBRATE key
must be pressed twice. Pressing CALIBRATE before
calibration is complete terminates the calibration.

Q CORRECTED NOISE FIGURE AND GAIN Key.
Configures the Noise Figure Meter to measure noise
figure and gain with second stage correction (that
is, only the noise figure and gain of the device under
test is displayed). A calibration must be completed
prior to making corrected noise figure and gain
measurements.

@ INPUT. This female type-N INPUT connector is used
to connect the device under test to the Noise Figure
Meter in Modes 1.0 through 1.4. In Modes 1.5 through
1.9, the Noise Figure Test Set is connected to this
input. The nominal inputimpedance is 50 ohms. Speci-
fied operating input level is less than —10 dBm. The
frequency range at the INPUT connector is 10 to 1600

MHz (2047 MHz, opt 020). The maximum average
input power for a CW signal, and the maximum
peak input power for a pulsed signal is +20 dBm
(+13 dBm, opt 020).

Damage to the instrument can be caused by con-
necting signals to INPUT that exceed +20 dBm
(+13 dBm, opt 020) or +20 Vdc.

© SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged (smoothing
factor) when displaying measurement results. When
pressed, these keys cause the smoothing factor to
appear in the left display. The smoothing factor
ranges from 1 to 512 and changes in factors of 2.
Pressing INCREASE doubles the smoothing factor.
Pressing DECREASE halves the smoothing factor.
Both INSERTION GAIN and NOISE FIGURE displays are
smoothed. Increasing the smoothing reduces the jitter
in the display.

© UNCORRECTED NOISE FIGURE Key. Configures the

Noise Figure Meter to measure noise figure without
second stage correction (that is, the noise contribu-
tion of the measurement system is included in the
reading in the NOISE FIGURE display).

Figure 3-7. MEASUREMENT and INPUT Features
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@ NOISE SOURCE DRIVE OUTPUT drives a noise source
on and off with +28V pulses and is in parallel to the
front panel NOISE SOURCE DRIVE OUTPUT. (Only one
noise source can be connected at a time.)

Q INPUT is a rear panel input for coupling the output
signal from the device under test or Noise Figure Test
Set into the instrument.

Damage to the instrument can be caused by con-
necting signals to INPUT that exceed +20 dBm
(+13 dBm, opt 020).or +20 Vdc

Q IF provides a rear panel output for the Noise Figure
Meter’s last IF (20 MHz) immediately prior to the
detector. The power level is -50 to -30 dBm nominal.
Output impedance is 50Q nominal.

0 DET provides an output from the noise power detector.
Level is 0.1 to 1.0 Vdc nominal, floating.

NOTE
DET is a direct connection to the instru-
ment’s detector. Loading or injecting a
signal may cause inaccurate readings. Only
connect this output to instrumentation with
floating inputs. Output impedance is 10 kQ
nominal.

© GAIN TRACE adjusts the intensity of the gain trace (on
an oscilloscope) relative to the noise figure trace.

@ Line Power Module permits operation from 100, 120,
220 or 240 Vac. The number visible in the window
indicates nominal line voltage to which the instrument
must be connected (see Figure 2-1). Center conductor
is a chassis connection for safety earth ground.

0 Fuse. 1.5A (250V, Normal Blow) for 100/120 Vac. 1.0
(250V, Normal Blow) for 220/240 Vac.

© System Interface Bus (SIB) Connector. Connects the
Noise Figure Meter to the System Interface Bus. This
is the bus that the Noise Figure Meter uses to control
the Noise Figure Test Set, System Local Oscillator and
a plotter.

© HP-IB Connector connects the Noise Figure Meter to the
Hewlett-Packard Interface Bus for HP-IB operation.

@ X-AXIS. 0 to +6V output proportional to the measure-
ment frequency when driving an analog oscilloscope
or X-Y recorder. This output can be made proportional
to noise figure for driving a strip chart recorder.
Output impedance is 100Q.

@ Y-AXIS. 0 to +6V output proportional to noise figure
when driving an analog oscilloscope or X-Y recorder.
This output can be made proportional to gain when
driving a strip chart recorder. Output impedance is
100Q.

@ Z-AXIS/PEN LIFT. TTL compatible output. When used
with an analog oscilloscope, the Z-AXIS provides a
TTL high signal for retrace and cursor blanking. When
used with a recorder, the PEN LIFT provides a TTL high
signal to lift the pen. Output impedance is 100Q.

Figure 3-8. Rear Panel Features
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LO INPUT Connector connects the signal
from a local oscillator to the Test Set for RF
input signals above 1600 MHz.

RF INPUT Connector connects the signal
from the measurement setup into the Test
Set. If the input signal is 1600 MHz or below,
it is connected by internal relays directly to
the IF OUTPUT connector, to go to the Noise
Figure Meter. Otherwise, it is mixed with the
local oscillator input (LO INPUT) and the IF

signal generated is routed to the IF OUTPUT
connector.

0 IF OUTPUT Connector connects the output

of the Test Set to the Noise Figure Meter.

o LINE Switch applies power to the instrument

when set to ON.

9 ANNUNCIATORS indicate the configuration

_selected and the status of the HP-IB bus
(also alled the System Interface Bus).

Figure 3-9. HP 8971B/C Front Panel Features
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asssnanmn
@ ®

0 HP-IB ADDRESS Switch sets the HP-IB ad-
dress, and also has two segments (bits) for
selecting diagnostic tests (TEST 1 and TEST
2). These segments normally should be left
off (down).

0 Line Power Module permits operation from
100, 120, 220 or 240 Vac. The number visible
in the window indicates nominal line voltage

b E F i £ 2 89718 ks
i Lol NOISE FIGURE
o 3 TEST SET §

to which the instrument must be connected
(see Figure 2-1). Center conductor is a chas-
sis connection for safety earth ground. The
fuse is the only part of this module to be
replaced.

HP-IB Connector connects the Test Set to the
Hewlett-Packard Interface Bus for HP-IB
operation.

Figure 3-10. HP 8971B/C Rear Panel Features
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OPERATOR’S CHECKS

‘ 3-10. OPERATOR’S CHECKS

3-11. Basic Functional Checks

Description

Equipment

. Procedure

The overall operation of the Noise Figure Meter is checked using a noise source and an
analog display module. If the Noise Figure Meter is to be used to control the System LO,

the optional System LO Check at the end of this procedure verifies that capability. This
check should be performed sequentially.

SYSTEM HP 89708
LOCAL OSCILLATOR NOISE FIGURE METER . .. .o DISPt§¢LagDULE
—ad |L= BBIMZax1s
SOURCE INPUT
NOISE SOURCE

Figure 3-11. Basic Functional Checks Setup
NoiSe SOUICe .....ovvieereenenaeneens HP 346B Option 001
Analog Display Module ............. HP 1332A Options 101 and 315
System LO .......coooviiiiiiiiinn.t. HP 8671B
Preliminary Check

1. Remove any cables from the Noise Figure Meter’s INPUT and SOURCE. Set the
LINE switch to OFF, and then back to ON. Verify the front panel LED annuncia-
tors, display segments, decimal points, and key lights turn on for approximately
two seconds. Then, verify that “Ctrl” appears in the INSERTION GAIN display
and “on” or “OFF” appears in the NOISE FIGURE display. If the Noise Figure
Meter is the system controller on the System Interface Bus (Special Function 48.0)
“on” will be displayed. If the Noise Figure Meter is not the system controller on the
System Interface Bus (Special Function 48.1) “OFF” will be displayed. Then, “Fr”
will appear in the INSERTION GAIN display and “CAL” will appear in the
NOISE FIGURE display for approximately five seconds while the Noise Figure
Meter performs a frequency calibration.

2. Press PRESET. After “Fr” disappears from the INSERTION GAIN display and

“CAL” disappears from the NOISE FIGURE display, verify the following
conditions:

NOTE :
If error code E44 is displayed, press 45.0 SPECIAL FUNCTION. Since
Measurement Mode 1.0 (default after PRESET) doesn’t require the
Noise Figure Test Set, Special Function 45.0 disables Noise Figure Test
Set commands in Measurement Mode 1.0.

Left display shows 30 MHz.

INSERTION GAIN display is blank.

NOISE FIGURE display shows “—— FdB”.
UNCORRECTED NOISE FIGURE annunciator is on.

o TP

3-15



Operation HP 8970B

OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

Procedure

3. Enter the Excess Noise Ratio (ENR) data for the noise source being used. For more
(cont'd)

information, refer to the ENR Table Entry Detailed Operating Instruction. Con-
nect the noise source between the Noise Figure Meter’s SOURCE and INPUT (see
Figure 3-11). Verify the NOISE FIGURE display shows approximately 5 dB.

4. Connect the display to the X-,Y-, and Z-AXIS connectors on the rear panel of the

Noise Figure Meter. Use the X-AXIS for the horizontal input and the Y-AXIS for the
vertical input.

5. On the Noise Figure Meter, press 7.1 SPECIAL FUNCTION. Verify that a test
pattern is seen on the display. It may be necessary to adjust rear panel GAIN
TRACE control to obtain the test pattern. The test pattern should be 6 & 0.5 volts

vertically and horizontally. Adjust the display until the test pattern fills the grid
area (see Figure 3-12). Press 7.0 SPECIAL FUNCTION to enable the Noise Figure

Meter to output the noise figure and gain data to the display.

Figure 3-12. Test Pattern on Oscilloscope'

Calibration and SWEEP Check

6. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display shows an error message.

NOTE
In step 6, error code E20 (not calibrated) is normally displayed.

7. PressUNCORRECTED NOISE FIGURE. Verify thatthe NOISE FIGURE display
shows approximately 5 FdB indicating that the Noise Figure Meter can make
uncorrected noise figure measurements prior to being calibrated.

8. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display again shows an error message.
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OPERATOR’S CHECKS
' Basic Functional Checks (cont'd)
Procedure NOTE
(cont’d) All frequency data must be entered in MHz.

9. Press the following keys to enter the SWEEP calibration parameters:

a. START FREQ 1 2 3 ENTER.
b. STOP FREQ 7 8 9 ENTER.
c. STEP SIZE 4 0 ENTER.

10. Press CALIBRATE twice. Verify the following conditions:

11.

12.

13.

a. CALIBRATE annunciator lights.

b. The frequency is swept from the start frequency (123 MHz) to the stop fre-
quency (789 MHz) in 40 MHz steps. This sweep is performed three times.

c. After calibration is complete, the CALIBRATE annunciator turns off and the
CORRECTED NOISE FIGURE AND GAIN annunciator lights.

d. The INSERTION GAIN display shows approximately 0 dB and the NOISE
FIGURE display shows approximately 0 FdB.

Press SWEEP SINGLE. Verify that the key’s LED lights. The established fre-

quency range is swept once. After the sweep is completed, the LED turnsoff and the
left display shows 789 MHz.

Press SWEEP AUTO. Verify that the key’s LED lights and the frequency rangeis
swept repetitively. Press SWEEP AUTO again. Verify the sweep stops at the
current frequency and the LED goes off.

Press SMOOTHING INCREASE four times to set the smoothing (averaging)
factor to 16. Press SWEEP SINGLE. Verify that the INSERTION GAIN and
NOISE FIGURE displays are more stable and the time required for each

measurement is longer. Press SMOOTHING DECREASE four times to return the
smoothing factor to 1.

GRAPHIC SCALE Check

14.

15.

16.

17.

18.

Verify that the display is set up as described in steps 3 through 5.

Press 7.0 SPECIAL FUNCTION. This will enable Noise Figure and Insertion Gain
to be seen on the display.

Press NOISE MAX. Verify that 8.000 dB is shown in the left display. If 8.000 dB is
not shown, press 8 and ENTER.

Press NOISE MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dBis
not shown, press 0 and ENTER.

Press GAIN MAX. Verify that 40.00 dB is shown in the left display. If 40.00 dB is
not shown, press 40 and ENTER.
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OPERATOR'’S CHECKS

Basic Functional Checks (cont'd)

Procedure 19.

(cont'd)

20.

21.

22.
23.
24.

25.

Press GAIN MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dB is
not shown, press 0 and ENTER.

Press START FREQ. Verify that 10 is displayed in the left display. If 10 is not
displayed, key in 10 and press ENTER. Press STOP FREQ. Verify that 1600 is
displayed in the left display. If 1600 is not displayed, key in 1600 and press ENTER.
Press STEP SIZE. Verify that 20 is displayed in the left display. If 20 is not
displayed, key in 20 and press ENTER.

Press CALIBRATE twice. The Noise Figure Meter will perform a calibration from
the start frequency to the stop frequency, using the step size selected.

Press CORRECTED NOISE FIGURE AND GAIN.
Press SINGLE SWEEP. Verify that the traces are along the bottom of the display.

Change the NOISE MAX and GAIN MAX limit to 2. Change the NOISE MIN and
GAIN MIN limit to —2.

Press SINGLE SWEEP. The Noise Figure trace and Insertion Gain trace will
appear in the center of the display.

FIXED FREQUENCY Tuning Check

26.

217.

28.

Press the following keys to establish the tuned FIXED FREQUENCY parameters:
a. FREQUENCY 500 ENTER.
b. FREQINCR 300 ENTER.

Press 4 . Verify that the left display shows 800 MHz and the NOISE FIGURE
display shows error code E21 (current frequency is out of calibrated range).

Press @ . Verify theleft display shows 500 MHz and the INSERTION GAIN and
NOISE FIGURE displays show approximately 0.

ENR Table Entry Check

29.

30.

31.

NOTE

This check verifies the capability of the ENR and ENTER keys to
initiate and sequence throughthe ENR table. If it is necessary to change
the ENR table, refer to the ENR Table Entry Detailed Operating
Instruction.

Press ENR. Verify the MHz annunciator in the left display is flashing.

Press ENTER. Verify that the MHz annunciator remains on and the dB annun-
ciator in the INSERTION GAIN display is flashing.

Press and hold ENTER. Verify the two displays sequence through the ENR table

entries. Also, the ENR table entry should be changing in the NOISE FIGURE
display. Release ENTER.
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OPERATOR'’S CHECKS
‘ Basic Functional Checks (cont'd)
Procedure NOTE
(cont’d) If ENTER is held down until all 35 frequency vs. ENR pairs have been

displayed, both annunciators light and remain lit. When ENTER is
released, the Noise Figure Meter returns to the measurement config-
uration it was in prior to pressing ENR. If ENTER is released prior to
displaying all pairs, press FREQUENCY to return to the previous
measurement configuration.

32. Verify that the CORRECTED NOISE FIGURE AND GAIN annunciator lights.

STORE, RECALL and SEQ Check
33. Press PRESET. Verify the left display shows 30 MHz.

: NOTE
During the STORE and RECALL checks the complete instrument
configuration is stored and recalled. The frequency changeis merely a
convenient indication that different setups have been stored and
recalled.

34. Press STORE 1.
35. Press 4 . Verify the left display shows 50 MHz. Press STORE 2.

‘ 36. Press RECALL 1. Verify the left display shows 30 MHz. Press RECALL 2. Verify
the left display shows 50 MHz.

37. Press and hold SEQ. Verify the left display shows 1. Release SEQ. Verify the left
display shows 30 MHz.

38. Press and hold SEQ. Verify the left display shows 2. Release SEQ. Verify the left
display shows 50 MHz.

Minus Check
39. Press —. Verify the left display shows —.

System LO Check (Optional; for Measurement Modes 1.1 through 1.4)

NOTE
The following steps check the Noise Figure Meter’s capability to control
the System LO. It is not necessary to perform this check unless the Noise
Figure Meter is used for this purpose and a suitable System LO is
available. It is assumed in the following check that the SIB addresses
used by the Noise Figure Meter and the System LO are compatible.

40. Connect the System LO to the Noise Figure Meter’s SYSTEM INTERFACE BUS
connector (see Figure 3-9).

41. Press48.0 SPECIAL FUNCTION. This will enable the Noise Figure Meter to be the
. system controller on the System Interface Bus.
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OPERATOR’S CHECKS
Basic Functional Checks (cont’d) A
Procedure 42. Press 46.0 SPECIAL FUNCTION. This will enable the commands for the system
(cont’d) LO on the System Interface Bus.

43. Press one of the following sequences of keys depending upon the System LO used:
a. For an HP 8350B, press 41.0 SPECIAL FUNCTION.
b. For an HP 8671B/8672A press 41.2 SPECIAL FUNCTION.
c. For an HP 8673B/C/G, press 41.3 SPECIAL FUNCTION.
d. For an HP 8340B/8341B, press 41.4 SPECIAL FUNCTION.
e. For the Custom Local Oscillator Program, press 41.5 SPECIAL FUNCTION.
44. Press 1.1 SPECIALFUNCTION. Verify the left display shows 10000 MHz and the

EXT MIX annunciator lights. Also, verify that the remote and listen annunciators
light on the system LO.

45. On the Noise Figure Meter, press SWEEP START FREQ. Verify the left display
shows 8000 MHz and the System LO is tuned to the same frequency.

46. On the Noise Figure Meter, press SWEEP STOP FREQ. Verify the left display
shows 12000 MHz and the System LO is tuned to the same frequency.
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 HP-IB 4

OPERATOR’S CHECKS

. 3.12. HP-IB Functional Checks {IIEE)

Description

Initial
Setup

Equipment

The following procedures check the instrument’s ability to perform the following
functions:

a. Process or send all of the applicable HP-IB messages described in Table 3-3.
b. Recognize its own HP-IB address.

c. Set all of the bus data, handshake, and control lines (except DIO8) to both their
true and false states.

These procedures do not check if all Noise Figure Meter program codes are being
properly interpreted and executed by the instrument. However, if the power-up
sequence (including the memory checks) and the front panel operation is good, the
program codes, in all likelihood, will be correctly executed.

The validity of these checks is based on the following assumptions:

a. The Noise Figure Meter performs properly when operated via the front panel keys
(that is, in local mode). This can be verified with the Basic Functional Checks.

b. The bus controller properly executes HP-IB operations.
¢. The bus controller’s HP-IB interface properly executes the HP-IB operations.

If the Noise Figure Meter appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controller’s HP-IB interface is assumed to be 7. The address
of the Noise Figure Meter is assumed to be 8 (its address as set at the factory). This
select code address combination (that is, 708) is not necessary for these checks to be

valid. However, the program lines presented here have to be modified for any other
combination.

These checks are intended to be as independent of each other as possible. Nevertheless,
the first four checks should be performed in order before other checks are selected. Any
special initialization or requirements for a check are described at its beginning.

The test setup is the same for all of the checks. Connect the Noise Figure Meter to the
bus controller via the HP-IB interface. Do not connect any equipment, other than the
noise source, to the Noise Figure Meter’s INPUT.

~ HP-IB Controller ....... e HP 9000 Series 200/300

NoiSe SOUTCE &+ o vvvvrreeennnnn HP 346B (Option 001)
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HP-IB Functional Checks {IEE) (cont’d)

Address Recognition

Note This check determines if the Noise Figure Meter recognizes when it is being addressed
and when it is not. This check assumes only that the Noise Figure Meter can properly
handshake on the bus. Before beginning this check, set the Noise Figure Meter’s
LINE switch to ON, press PRESET, 45.0 SPECIAL FUNCTION, and 4.0 SPECIAL

FUNCTION.
HP 9000 Series 200/300
Description (BASIC)

Set the Remote Enable (REN) bus control line false. LOCAL 7

Send the Noise Figure Meter’s listen address. OUTPUT 708
Operator’s Check that the Noise Figure Meter’s REMOTE annunciator is off and that its LISTEN
Response annunciator is on.

Unaddress the Noise Figure Meter by sending a different address. OUTPUT 715
Operator’s Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
Response off.

Remote and Local Messages and the LOCAL Key
Note

This check determines if the Noise Figure Meter properly switches from local to remote
control, from remote to local control, and if the LOCAL key returns the instrument
to local control. This check assumes that the Noise Figure Meter is able to both
handshake and recognize its own address. Before beginning this check, press the Noise
Figure Meter’s PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300
Description (BASIC)

Send the Remote message (by setting Remote Enable, REN, true REMOTE 708
and addressing the Noise Figure Meter to listen).

Operator’s Check that the Noise Figure Meter’s REMOTE and LISTEN annunciators are on.
Response

Send the Local message to the Noise Figure Meter LOCAL 708

Operator’s Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
Response annunciator is on.

Send the Remote message to the Noise Figure Meter. REMOTE 708
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HP-IB Functional Checks {EEE) (cont'd)

Operator’s Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are

Response on. Press the LOCAL key on the Noise Figure Meter. Check that the Noise Figure
Meter’s REMOTE annunciator is now off, but that its LISTEN annunciator remains
on.

Sending the Data Message

Note This check determines if the Noise Figure Meter properly issues Data messages when

addressed to talk. This check assumes that the Noise Figure Meter is able to handshake
and recognize its own address. Before beginning this check, press the Noise Figure
Meter’s LINE switch twice (OFF then ON). Then, after the power-up sequence is
completed, press CORRECTED NOISE FIGURE AND GAIN and 4.0 SPECIAL
FUNCTION. (If an HP 9000 Series 200/300 controller is used, a short program is
required to perform this check.)

HP 9000 Series 200/300
Description (BASIC)

Address the Noise Figure Meter to talk and store its |10 V =0

output in variable V. (The output is E20 since the Noise | 20 ENTER 708;V
Figure Meter is not calibrated.) 30 DISP V

40 END

Display the value of V. DISP V

Operator’s Check that the Noise Figure Meter’s REMOTE annunciator is off but that its TALK
Response annunciator is on. The controller’s display should read 9.002E+10 (HP 9000 Series
200/300).

Receiving the Data Message

Note This check determines if the Noise Figure Meter properly receives Data messages. The

Data messages sent cause the 7 least significant HP-IB data lines to be placed in both
their true and false states. This check assumes the Noise Figure Meter is able to
handshake, recognize its own address and properly make the remote/local transitions.
Before beginning this check, press the Noise Figure Meter’s PRESET key. Then press
4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300

Description (BASIC)
Send the first part of the Remote message (enabling REMOTE 7
the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen (completing OUTPUT 708;
the Remote message), then send a Data message. “FR15MZ”
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OPERATOR’S CHECKS

HP-IB Functional Checks {IEE) (cont'd)

Operator’s
Response

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the left display shows 15 MHz.

Local Lockout and Clear Lockout/Set Local Messages

Note

Operator’s
Response

Operator’s
Response

Clear Message
Note

This check determines if the Noise Figure Meter properly receives the Local Lockout
message, disabling the LOCAL key. The check also determines if the Clear
Lockout/Set Local message is properly received and executed by the Noise Figure
Meter. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, and properly make the remote/local transitions. Before beginning this
check, press the Noise Figure Meter’s LINE switch OFF then ON and then press the
PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300
Description (BASIC)
Send the first part of the Remote message (enabling the Noise REMOTE 7
Figure Meter to remote).
Send the Local Lockout message. LOCAL LOCKOUT 7
Address the Noise Figure Meter to listen (completing the Remote OUTPUT 708
message).

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are

on. Press the Noise Figure Meter’s LOCAL key. Both its REMOTE and LISTEN
annunciators should remain on.

Send the Clear Lockout/Set Local message. LOCAL 7

Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
annunciator is on.

This check determines if the Noise Figure Meter properly responds to the Clear
message. This check assumes that the Noise Figure Meter is able to handshake,
recognize its own address, make the remote/local changes and receive Data messages.
Before beginning this check press the Noise Figure Meter’s PRESET key. When
“Fr” disappears from the INSERTION GAIN display and “CAL” disappears from
the NOISE FIGURE display, press CALIBRATE twice. Once the LED above the
CALIBRATE key turns off, press 4.0 SPECIAL FUNCTION.
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HP-IB Functional Checks {IEE) (cont'd)

Operator’s
Response

Operator’s
Response

Abort Message
Note

Operator’s
Response

Operator’s
Response

Description

HP 9000 Series 200/300
(BASIC)

Send the first part of the Remote message (enabling the Noise
Figure Meter to remote).

REMOTE 7

Address the Noise Figure Meter to listen (completing the
Remote message), then send a Data message that selects the
CORRECTED NOISE FIGURE AND GAIN measurement.

OUTPUT 708; “M2”

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the CORRECTED NOISE FIGURE AND GAIN key light is on.

Send the Clear message (setting the Noise Figure Meters
measurement to UNCORRECTED NOISE FIGURE).

CLEAR 708

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the UNCORRECTED NOISE FIGURE key light is on.

This check determines if the Noise Figure Meter becomes unaddressed when it receives
the Abort message. Before beginning this check, enter LOCAL 708 and press the Noise
Figure Meter’s PRESET key. Then press 4.0 SPECIAL FUNCTION.

Description

HP 9000 Series 200/300
(BASIC)

Send the Remote message to the Noise Figure Meter.

REMOTE 708

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are

on.

Send the Abort message, unaddressing the Noise Figure Meter

from listening.

ABORT 7

Check that the Noise Figure Meter’s LISTEN annunciator is off.
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HP-IB Functional Checks €IEEY (cont’d)

Status Byte Message

Note This check determines if the Noise Figure Meter sends the Status Byte message. Before

beginning this check, press the Noise Figure Meter’s PRESET key. Then press 4.0
SPECIAL FUNCTION.

HP 9000 Series 200/300
Description (BASIC)

Place the Noise Figure Meter in serial-poll mode and address it SPOLL(708)
to talk (causing it to send the Status Byte message).

Operator’s Check that the controller’s display reads 0.
Response

Require Service Message

Note This check determines if the Noise Figure Meter can issue the Require Service message

(set the SRQ bus control line true). This check assumes that the Noise Figure Meter
is able to handshake, recognize its own address, make the remote/local changes, and
receive Data messages. Before beginning this check, press the Noise Figure Meter’s
PRESET key. Then press 4.0 SPECIAL FUNCTION. (If an HP 9000 Series 200/300
controller is used, a short program is required to perform the last half of this check.)

HP 9000 Series 200/300
Description (BASIC)

Send the first part of the Remote message (enabling the Noise | REMOTE 7
Figure Meter to remote). '

Address the Noise Figure Meter to listen (completing the Remote | OUTPUT 708; “<”
message), then send a Data message containing an invalid HP-IB
code. This enables a Require Service message to be sent.

Make controller wait two seconds to allow time for the Noise | WAIT
Figure Meter to send the Require Service message. (This step is
not necessary if sufficient time is allowed.)

Read the binary status of the controller’s HP-IB interface and [10 V = 0
store the data in variable V (in this step, 7 is the interface’s |20 STATUS 7,7; V
select code).

Display the value of the SRQ bit (in this step 10 (HP 9836) is |30 DISP“SRQ=";
the SRQ bit for the controller, numbered from 0). 30 BIT(V,10)
40 END

Operator’s Check that the SRQ value is 1, indicating the Noise Figure Meter issued the Require
Response Service message.
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HP-IB Functional Checks {EEEE) (cont'd)
Trigger Message

Note This check determines if the Noise Figure Meter responds to the Trigger message. This
check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, make the remote/local changes, and send and receive Data messages. Before
beginning this check, enter LOCAL 708 and press the Noise Figure Meter’s PRESET
key. Then press 4.0 SPECIAL FUNCTION (If an HP 9000 Series 200/300 controller

is used, a short program is required to perform this check.)

Description

(BASIC)

HP 9000 Series 200/300

Send the first part of the Remote message (enabling the Noise
Figure Meter to remote).

10 REMOTE 7

Address the Noise Figure Meter to listen (completing the Remote
message), then send a Data message placing the Noise Figure
Meter in the Trigger Hold mode.

20 OUTPUT 708; “T1”

Send the Trigger message.

30 TRIGGER 708
40V=20

variable V.

Address the Noise Figure Meter to talk and store the data in |50 ENTER 708; V

Display the value of V.

60 DISP V 70 END
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3-13. Noise Figure Measurement System Check

Description This check will verify proper operation of the Noise Figure Measurement System (Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator). The Noise Figure
Test Set and the System Local Oscillator extend the input frequency range of the Noise
Figure Meter from 2047 to 26500 MHz.

Equipment Noise Source .........cccvvveevnnenn.. HP 346B Option 001
Procedure 1. Set up the Noise Figure Measurement System as shown in figure 3-13.
2. Turn the Noise Figure Measurement System on and press PRESET.

3. Verify the following conditions:

e Special Function 48.0 is active.
e Special Function 45.1 is active.
e Special Function 46.0 is active.
[ ]

The address of the Noise Figure Test Set is the one stored in the Noise Figure
Meter (Special Function 40.2).

e The address of the System Local Oscillator is the one stored in the Noise Figure
Meter (Special Function 40.1).

e The appropriate System Local Oscillator program (Special Function 41) is

active.
SYSTEM
LOCAL OSCILLATOR
= m HP 8971B/C_NOISE
FIGURE TEST SET
TERFACE
SYSTEM INTERFACE BUS 41
UUTPUT Lo RF 1F
INPUT INPUT OUTPUT

HP 897¢B
NOISE FIGURE METER

a BB |
o cgnggges o ——
® oononBBBE° BF ¢
OUI IN
DRIVE QUTRUT l PUT NOISE SOURCE
L

Figure 3-13. Noise Figure Measurement System Check Setup
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‘ Noise Figure Measurement System Check (cont’'d)

Procedure
(cont’d)

10.

11.

12.

13.

NOTE
Steps 4 through 9 will verify that the Noise Figure Test Set and the
System Local Oscillator are properly connected to the Noise Figure
Meter and that the Noise Figure Meter can talk to the Noise Figure Test

Set and System Local Oscillator. If steps 4 through 9 do not perform as
indicated, go to step 17.

. On the Noise Figure Meter, press 1.5 SPECIAL FUNCTION. Verify that 3000 and

E28 are displayed. Error code E28 can be ignored.

. Press FREQUENCY and key in 100. Press ENTER. Verify that the SSB1 annun-

ciator on the Noise Figure Test Set is on.

Press FREQUENCY and key in 2000. Press ENTER. Verify that the SSB2
annunciator on the Noise Figure Test Set is on and the LO is set to 2700 MHz.

. Press FREQUENCY and key in 3000. Press ENTER. Verify that the SSB3 annun-

ciator on the Noise Figure Test Set is on and the LO is set to 3450 MHz. Error code
E28 will be displayed, on the Noise Figure Meter. This error can be ignored.

Press 17.1 SPECIAL FUNCTION. Verify that the DSB annunciator on the Noise
Figure Test Set is on, the LO is set to 3000 MHz and E28 is gone.

. Press 17.0 SPECIAL FUNCTION and 36.2 SPECIAL FUNCTION. Verify that

error code E28 is still gone. Press 36.0 SPECIAL FUNCTION.

If steps 4 through 9 performed as indicated, go to step 12. If there seems to be a
problem, go to step 11.

If any one of the steps (4 through 9) did not perform as indicated, check the cabling
between the instruments. Then, repeat steps 4 through 9. If the problem still exists,
go to step 17.

NOTE
The following steps will verify if the Noise Figure Measurement System
is operating properly. If steps 12 through 16 do not perform as indicated,
go to step 17.

On the Noise Figure Meter, change the start frequency to 1000, the stop frequency
to 5000 and the step size to 1000. The procedure is to press the appropriate key
(START FREQ, STOP FREQ or STEP SIZE), key in the new value and press
ENTER.

NOTE
Step 13 should not be performed until the Noise Figure Measurement
System has had a twenty minute warm-up period. Twenty minutes is
needed for the Noise Figure Measurement System to reach operating
temperature.

On the Noise Figure Meter, press CALIBRATE twice. CALIBRATE is pressed
twice to ensure that a calibration is performed only when desired. After CALI-
BRATE is pressed twice, the Noise Figure Test Set’s YIG filter is fine tuned. Then,

3-29



Operation

HP 8970B

OPERATOR’S CHECKS

Noise Figure Measurement System Check (cont’d)

Procedure
(cont’d)

the Noise Figure Measurement System is calibrated. During the Noise Figure Test
Set’s YIG filter fine tuning, the following indications will be seen on the Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator:

NOTE

The fine tuning calibration will take from twenty-five to thirty seconds
to complete.

Noise Figure Meter

a. Each point thatis being fine tuned and is included in band SSB3 (single side-
band 3, on the Noise Figure Test Set; 2401 to 26500 MHz) is displayed in the
left display. Frequency points that are included in bands SSB1 (single sideband 1,
on the Noise Figure Test Set; 10 to 1600 MHz) or SSB2 (single sideband 2, on the
Noise Figure Test Set; 1601 to 2400 MHz) are not displayed.

b. “8971” appears in the INSERTION GAIN display.
c. “CAL” appears in the NOISE FIGURE display.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

c. Theannunciatorsfor SSB1, SSB2 and SSB3 will be stepped from SSB1 to SSB2
to SSB3.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

c. The FREQUENCY display will move around.

When the Noise ngure Test Set YIG filter fine tuning is complete, the Noise Figure
Measurement System is calibrated. The calibration will be done for each input gain
setting at the frequencies set by START FREQ, STOP FREQ and STEP SIZE.

During calibration the following indications can be seen on the Noise Figure Meter,
Noise Figure Test Set and System Local Oscillator:

Noise Figure Meter
a. The frequency point being calibrated will be shown in the left display.

b. The noise figure of the frequency point is shown in the NOISE FIGURE
display.

c. The INSERTION GAIN display is blank.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

c. The annunciators for SSB1, SSB2 and SSB3 will step from SSB1 to SSB2
to SSB3.
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. Noise Figure Measurement System Check (cont’d)

Procedure
(cont'd)

14.

15.

16.

17.
18.

19.

20.

21.
22.

23.

24,

25.

26.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

c. The FREQUENCY display will be changing.

When calibration is complete, press 17.1 SPECIAL FUNCTION. The annunciator
for band DSB (double sideband) will light up on the Noise Figure Test Set.

On the Noise Figure Meter, change the stop frequency by pressing SWEEP STOP
FREQ, keying in 3000 and pressing ENTER.

Observe the NOISE FIGURE display on the Noise Figure Meter. The noise figure
displayed should be between 8 and 12 dB.

If the system performed as indicated in steps 13 through 16, the Noise Figure
Measurement System is operating properly and this check is complete. If the
system did not operate as indicated, go to step 17.

Disconnect the Noise Figure Test Set from the Noise Figure Meter’s SIB connector.

If the Operator’s Checks for the Noise Figure Meter have not been performed,
perform the Operator’s Checks for the Noise Figure Meter; a check for the System
Local Oscillator is included. The Operator’s Checks begin at paragraph 3-10, in
this manual. If the Noise Figure Meter and System Local Oscillator are found to be
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