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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications
at the time of shipment from the factory. Hewlett-Packard further certifies that its
calibration measurements are traceable to the United States National Bureau of
Standards, to the extent allowed by the Bureau’s calibration facility, and to the
calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material
and workmanship for a period of one year from date of shipment. During the warranty
period, Hewlett-Packard Company will, atits option, either repair or replace products
which prove to be defective.

For warranty service or repair, this product must be returned to a service facility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all ship-
ping charges, duties, and taxes for products returned to HP from another country,

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

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade-
gquate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

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

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are
available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Seruvice Office.
Addresses are provided at the back of this manual,

6-625-1
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Before operating the Noise Figure Meter, read the following information:

Recording IF Cal Data - FRefer to paragraph 2-14, "Recording IF Cal Data", in Section i
cf the HP 8970B Operating Manual. The IF attenuator data is needed to return the Noise
Figure Meter fo specified operation should a non-votatile memory failure occur (Error E-80).

For those familiar with the HP 8870A Noise Figure Meter, please note: The pro-
cedure for calibrating the IF attenuators has changed. If E-26 or E-13 should occur, refer to
the "Calibrate, IF Altenuator” detailed operating instruction in Section Hl of the HP 8870B
Operating Manual,

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 {100mW). The maximum power
for a pulsed signal is alsc +20 dBm (100mW). 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 88705/T - A preamplifier is required

when using the HP 346A Noise Source to calibrate the HP 8970S5/T system. Typically, a
preamplifier with > 15 dB of galn and < 6 dB noise figure whl work., Without a preamplifier, er-
ror E-18 will result when tryving {0 perform a YiG-tuned filter fine peak calibration (36.3

SPECIAL FUNCTION or 36.4 SPECIAL FUNCTION) and error E-27 will result when trying .

calibrate the noise figure meter with 36.1 SPECIAL FUNCTION active (Disable YIG Tune in
Call. This appiies o the HP 348A Noise Sourcs unly,

Using the HP 346A WMNoise Scurce with the HP BY70A/B - A preamplifier may be
required when using the HP 346A Noise sousce to calibrate the HP B970A/B Noise Figure
Meter. it error E-27 occurs after pressing the CALIBRATE key on the noise figure meter, use a
preamplifier to correct the situation. Typicelly, a preamplifier with > 10 dB of gain and < § dB
noise figure will work.
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Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

'This product and related documentation must be
reviewed for familiarization with safety markings

and instructions before operation.

This product is a Safety Class I instrument (pro-

vided with a protective earth terminal).

BEFORE APPLYING POWER

Verify that the product is set to match the avail-
able line voitage and the correct fuse is installed.

SAFETY EARTH GROUND

are removed. Energy available at many
points may, if contacted, result in
personal injury.

Capacitors inside the instrument may
still be charged even if the instrument
has been disconnected from its source of

supply.

For continued protection against fire
hazard, replace the line fuse(s) only with
250V fuse(s) of the same current rating
and type (for example, normal blow, time
delay, ete.) Do not use repaired fuses or
short-circuited fuseholders.

An uninterruptible safety earth ground must be

provided from the main power source to the pro-

duct input wiring terminals, power cord, or sup-

plied power cord set.

WARNINGS

Any interruption of the protective
(grounding) conductor finside or outside
theinstrument) or disconnecting the pro-
tective earth terminal will cause a poten-
tial shock hazard that could result in
personalinjury. (Grounding one conduc-
tor of a two conductor outlet is not suffi-
cient protection.) In addition, verify that
a common ground exists between the
urnit under test and this instrument prior
to energizing either unit.

Whenever it is likely that the protection
has been impaired, the instrument must
be made inoperative and be secured
against any unintended operation.

If this instrument is to be energized via
an auto-transformer (for voltage reduc-
tion) make sure the common terminal is
connected to neutral (that is, the
grounded side of the mains supply).

Servicing instruction are for use by
service-trained personnel only. To avoid
dangerous electric shock, do not perform
any servicing unless qualified to do so.

Adjustments described in the manual
are performed with power supplied to
the instrument while protective covers

SAFETY SYMBOLS

Instruction manual symbol: the product
will be marked with this symbol when it is
necessary for the user to refer to the instruc-
tion manual (see Table of Contents for page
references).

; Indicates hazardous voltages.

".-*..-" Indicates earth (ground) terminal.

'WARNING

The WARNING sign denotes a
hazard. It calls attention to a
procedure, practice, or the like,
which, if not correctly performed
or adhered to, could resultin per-
sonal injury. Do not proceed be-
vond a WARNING sign until the
indicated conditions are fully
understood and met,

The CAUTION sign denotes a
hazard. It calls attention to an
operating procedure, practice, or
thelike, which, if not correctly per-
formed or adhered to, could result
in damage to or destruction of
part or all of the product. Do not
proceed beyond a CAUTION sign
until the indicated conditions are
fully understood and met.
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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

HP 8970B operating and service documentation
consists of an Operating Manual and a Service
Manual. These two volumes contain all the infor-
mation required toinstall, operate, test, adjust and
service the HP 85708 Noise Figure Meter. Also,
contained in the Operating Manual is complete
installation and operating information for the
HP 887058 Noise Figure Measurement System.
Figure 1-1 shows the Noise Figure Meter with all of
its externally supplied accessories.

The Operating Manual, which is shipped with
each instrument, has four sections:

Section I, General Information
Section II, Installation

Section 111, Operation

Section 1V, Performance Tests

The Service Manual, which is shipped with the
instrument as Option 915 or ordered separately,
has four sections: :

Section V, Adjustments
Section VI, Replaceable Parts
Section V1II, Manual Changes
Section V111, Service

Additional copies of the Operating Manual or the
Service Manual can be ordered separately through
your nearest Hewlett-Packard office. The part
numbers are listed on the title page of thismanual.

Also listed on the title page of this manual, be-
low the manual part number, is a microfiche
part number. This number may be used to order
100 x 150 millimetre (4 x 6 inch) microfilm trans-
parencies of this manual. Each microfiche con-
tains up to 96 photo-duplicates of the manual
pages. The microfiche package also includes the
latest Manual Changes supplement, as well as
all pertinent Service notes.

1-2. SPECIFICATIONS

Instrument specifications for the Noise Figure
Meter are listed in Table 1-1. These specifications
are the performance standards or limits against
which the instrument is tested. Supplemental
characteristics are listed in Table 1-2. Supple-

mental characteristics are not warranted specifi-
cations, but are typical characteristicsincluded as
additional information for the user. Specifications
for the Noise Figure Measurement System are
listed in Table 1-3. Supplemental characteristics
for the Noise Figure Measurement System are
Hsted in Table 1-4.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument, (that
is, provided with a protective earth terminal). The
Noise Figure Meter and all related documentation
should be reviewed for familiarization with safety
markings and instructions before operation. Refer
to the Safety Considerations page found at the
beginning of this manual for a summary of the
gafety information. Safety information for instal-
lation, operation, performance testing, adjust-
ment, or service is found in appropriate places
throughout the Operating and Service manuals.

1-4. INSTRUMENTS COVERED BY
MANUAL

Attached to the rear panel of the instrument is
a serial number plate. The serial number i1s in
the form: 0000A00000. The first four digits and
the letter are the serial number prefix. The last
five digits are the suffix. The prefix is the same
for identical instruments; it changes only when
a configuration change is made to the instru-
ment. The suffix however, is assigned sequen-
tially and is different for each instrument. The
contents of this manual apply directly to instru-
ments having serial number prefix(es) as listed
under SERIAL NUMBERS on the title page.

1-5. MANUAL CHANGES SUPPLEMENT

An instrument manufactured after the printing
of this manual may have a serial number pre-
fix that is not listed on the title page. This un-
listed serial number prefix indicates that the
instrument is different from those documented
in this manual. The manual for this newer instru-
ment is accompanied by a& Manual Changes
supplement. The supplement contains change
instructions that explain how to adapt the man-
ual to the newer instrument.

1.1
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MANUAL CHANGES SUPPLEMENT (cont'd)

In addition to change information, the supple-
ment may contain information for correcting
errors in the manual. To keep the manual as
current and as accurate as possible, Hewlett-
Packard recommends that you periodically request
the latest Manual Changes supplement. The sup-
plement is identified with the manual print date
and part number, both of which appear on the
manual title page. Complimentary copies of the
supplement are available from Hewlett-Packard.

For information concerning a serial number prefix
that is notlisted on the title page or in the Manual
Changes supplement, contact your nearest Hewlett-
Packard office.

1-6. DESCRIPTION
1-7. Noise Figure Meter

The Hewlett-Packard Model 8970B Noise Figure
Meter, together with an appropriate noise source,
automatically measures the noise figure and gain
of the device to which it is attached. The Noise
Figure Meter can be tuned between 10 and 1600
MHz. It can also be swept over all or any part of
that range. To measure the noise figure of devices
with output frequencies greater than 1600 MHz,
an external mixer and local oscillator can be used
to convert the frequency to the 10—1600 MHz
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 mea-
surement system noise and gain contribution
(called second stage correction). 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 varia-
tions. For measurements made between calibra-
tion points, ENR data is interpolated. When the
instrumentis 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 dis-
played on a storage or nonstorage oscilloscope, or
output to a recorder. On an oscilloscope, gain can
bedisplayed at a lower intensity than noise figure,
to distinguish between the two traces. The Z-Axis

1-2
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output blanks an oscilloscope or lifts a recorder
pen. A storage oscilloscope can also be used, but
the differences in trace intensity are ohscured.

Most functions can be remotely programmed via
the Hewlett-Packard Interface Bus (HP-IB) and
all measurement 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 con-
trolled by the SIB are the Noise Figure Test Set,
the System Local Oscillator and a plotter.

1-8. Noise Figure Measurement System

The Noise Figure Measurement System extends
the frequency range of the Noise Figure Meter
from 1600 MHz to 18000 MHz. The Noise Figure
Measurement System consists of the Noise Figure
Meter, the HP RB371B Noise Figure Test Set and a
System Local Oscillator.

All the features described about the Noise Figure
Meter apply to the Noise Figure Measurement
System, with the following changes:

® The Noise Figure Measurement System can be
tuned between 10 and 18000 MHz.

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

s 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 Busis 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.
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MECHANICAL OPTIONS (cont'd)
1-10. Front Handle Kit (Option 807)

Ease of handling is increased with the front panel
handles. Order HP part number 5061-9689.

1-11. Rack Flange Kit (Option 908)

The Noise Figure Meter can be solidly mounted to
theinstrument rack using the flange kit. Order HP
part number 5061-9677.

1-12. Rack Flange and Front Handle
Combination Kit (Option 909)

This is not a front handle kit and a rack flange kit
packaged together; it is composed of a unique part
which combines both functions. Order HP part
nuniber 5061-9683.

1-13. HEWLETT-PACKARD (:]zl)
INTERFACE BUS

1-14. Compatibility

The Noise Figure Meter is compatible with HP-IB
tothe extentindicated by the following code: SH1,
AH1,T5, TEO, L4, LEO, SR1,RL1, PPC, DC1,DT1,
C8, and E1. The Noise Figure Meter interfaces
with ihe 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 Instrumenta-
tion” or the identical ANSI Standard MC1.1. For
more detailed information relating to program-
mable control of the Noise Figure Meter, refer to
Remote Operation, Hewlett-Packard Interface Bus
in Section III 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 I, 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 Oscillatorand a
plotter.

General Information

1-17. Compatibility

The System Interface Bus is compatible with
IEEE Standard 488 (1978) to the extent indi-
cated by the following codes: SH1, AH1, T6, TED,
L4, LEO, RL1, PP0, DC1, DTG, 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 Stan-
dard Digital Interface for Programmable Instru.
mentation” or the identical ANSI Standard
MC1.1.

1-18. Selecting the SIB Address

The Noise Figure Meter uses SIB addresses for the
following:

* System Local Oscillator

Noise Figure Test Set

Plotter

System Interface Bus

Pass Control

Pass Through Device on the SIB

For more information on selecting the SIB
addresses, refer tothe HP-IB and System Interface
Bus (8IB) Addresses Detailed Operating Instruc-
tion, in Section I1L

1-19. ACCESSORIES SUPPLIED

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

a. The line power may be supplied in several
configurations, depending on the destination of
the original shipment. Refer to paragraph Power
Cables in Section II of this manual.

b. Fuses with a 1.5A rating for 100/120 Vac
operation and a 1.0A for 220/240 Vac operation
are supplied. One fuse is factory installed accord-
ing to the voltage available in the country of
original destination. Refer to paragraph Line
Voltage and Fuse Selection in Section II of this
manual.

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,
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1-21. ELECTRICAL EQUIPMENT AVAILABLE
1-22. HP-1B 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. External Mixers and System Local
Oscillators

The System Local Oscillator and a balanced mixer
are used to extend the frequency range of the Noise
Figure Meter. The System Local Oscillator is part
ofthe Noise Figure Measurement System. Suitable
local oscillators include the HP 86718, HP 8672A
or HP 8673B (standard) Synthesized Signal Gener-
ators and the HP 8340B or HP 8350B Sweep Oscil-
lators. A suitable mixer is the HP HMXR-5001.
This mixer is usable over a range of 2 t0 12.4 GHz.

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. Front-to-Rear-Panel Connector
Retrofit Kit

This kit contains all the necessary components
and full instructions for converting instruments
with a front panel INPUT connector to a rear panel
connector. Order HP part number 08970-60100.

HP 8970B

1-26. MECHANICAL EQUIPMENT
AVAILABLE

1.27. Chassis Slide Mount Kit

This kitis extremely useful when the Noise Figure
Meter is rack mounted. Access to internal circuits
and components or the rear panel is possible with-
out 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.

1-28. Chassis Tilt Slide Mount Kit

This kitis 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.

1-29. RECOMMENDED TEST EQUIPMENT

Table 1-5 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.
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Table 1-1.

General Information

Moise Figure Meter Specifications (1 of 2}

Characteristics

Performance Limits

Conditions

NOISE FIGHRE MEASUREMENT

Range 010 30dB
- Resolution 0.01 dB!
Instrumentation Uncertainty +0.1 dB For a noise souree in a 0 to 55°C envi-
ronment with an ENR of 14 to 16 dB.
Jitter Peak-to-peak? Y-factor At minimum smoothing
variation <0.15dB
Peak-to-peak?® Y-factor With increased smoothing {(smoothing
variation <0.02 dB factor set to 64).
Note: Jitter in noise figure is equiv-
alent to jitter in Y factor to within
10% for ENR >14 dB and F <4 4B.
At minimum smoothing, jitter can
limit accuracy; the small jitter at high
smoothing does not.
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
Instrumentation Uricertainty +0.15dB

INPUT
Frequency Range

Frequency Resolution

Tuning Accuracy

Noise Figure

Maximum Operating
Input Power

Mazximum Net
External Gain

Spurious Response

Input SWR (Reflection Coefficient)

Tunable from 10 to 1600 MHz
1 MHz

%(1 MHz + 1% of frequency),
+6 MHz maximum

<7 dB +0.003 dB/MHz
<1.7 (0.26)
—10dBm

>65dB

<0.03 dB change in measured
noise figure

From +10 to +40°C

For input power levels below —60 dBm.

500 reference impedance.

Between noise source and
HP 8970B R¥ Input.

For spurious levels below —45 dBm in
the 10 to 2100 MHz range and ~15 dBm
in the 2.1 to 18 GHz range.

! Regolution over the Hewlett. Packard Interface Bus is 0.001 dE.

2 Peak-to-peak is defined as five times the standard deviation of a statistically valid set of readings. Five standard deviations about the mean
includes 99% of the readings for a Gaussian distribution.

3 Resolution over the Hewlett-Packard Interface Bus is 0.001 dB,
4 Resolution over the Hewlett Packard Interface Bus is 0.01 dB,
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HP 8970B

Table 1-1. Noise Figure Meter Specifications (2 of 2)

Characteristics

Perfarmance Limils

Conditions

INPUT {cont’d}

Reducing Systern Noise Figure with
Preamplification

<1.8 dB + noise figure of
the external system

Low noise external preamplification
with net gain >20 dB

ELECTROMAGNETIC COMPATIBILITY
EMI

Conducted and Radiated

MIL STD 461B CISPR

publication 11, and Messem-

pfaenger Postverfuegung
526/527(1979)

MIL STD 461B-1880

Conducted and radiated interference
is in compliance with MIL 8TD 461B
Methods CE03 and RE0G2, CISPR
publication 11 (1975}, and Messem-
pfaenger-Postverfuegung 526/5627(1979
{(Kennzeichnung Mit F-Nummer/
Funkschutzeichen).

Conducted and radiated suscepti-

Noise Source Drive

Power Requirements
Line Voltage:
100, 120, 220, or 240V

Power Dissipation

Temperature:
Operating
Storage

Remote Operation (HP-IB)

Dimensions:
Height
Width
Depth
Net Weight

28.0 201V

<1V

+5, —10%

150 VA maximum

0 to 56°C
—55 to 75°C

IEEE STD 488-1978
Compatibility Code:

$H1, AH1, T5, TEO 14,
LEG, SRi, RL1, PPG, DCH,
DT1, COand E1

146 mm (5.75 in.}
425 mm (16.8 in.)
462 mm (18.2 in.)
15.5 kg (34 lbs)

Susceptibility bility meets the requirements of
methods CS01, CS802, and RS803 of
MIL STD 461B dated 1980.
BERERAL

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

48 to 66 Hgz, single phase.

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
programmable.

Note: For ordering cabinet
accessories, the module sizes are
5%H, 1 MW (module width), and 17D.
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Table 1-2. 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 Lavel: <5.5 bels at 1 metre.

Sensitivity: no external gain required; —~100 dBm; able to measure its own noise figure.
Measurement Speed: about 6 t6 9 measurements per second with minimum smoothing.

Sweep Speed al Minimum Smoothing [0 to 1500 MH2): 140 ms per frequency point.

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

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.

Lold Neise Source Data Range: O 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~1) + 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.

Rear Panel Qutputs: X-Axis and Y-Axis from 0 to 8V. Z-Axis is TTL for pen lift (on an X-Y recorder) and blanking
{on an oscilloscope).

Plotter Capability: Noise figure and gain versus frequency plot with grid, title and noise figure, gain and
frequency axis annotation.

Compatible Digital Plotters: HP 7470A, T475A, 7550A, 7T440A and 9872B.

1-7



General Information

HP 8970B

Table 1-3. Noise Figure Measurement System Specifications

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 6i030dB

Instrumentation Uncertaintyl’2 <+40.25 dB For a noise source with an ENR of 14
to 16 dB.
For NF1 + G1 >5 dB where NF¥1 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 >10dB where NF1 is

the noise figure of the device under
test and G1 is the gain of the device
under test.

IKPUT
Frequency Range

Reducing System Noise Figure with
Preamplification

Noise Figure (maximumj}

Tunable from 10 to 18000
MHz

<2 dB + noise figure of the
external system

Low noise external preamplification
with net gain 30 dB

S8B1 =124dB + 0.003 dB/MHz 10 MHz t0 1.6 GHz
8582 =21 4B 1.61t0 2.4 GHz
SSB3 =22 4B 2.41t012GHz
=24 dB 12t0 15 GHz
<28 dB 15t0 18 GHz
Input SWR
SSB1 1.7:1 10 MHz to 1.6 GHz
S5B2 2:1 1.6 t0 2.4 GHz
SSB3 2:1 241018 GHz
GENERAL
Power, net weight and dimensions Sum of HP 82708,
HP 89718 and local
oscillator.

1 Noige figure sccuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier Selection detailed operating
instruction in Section I 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 direction and to the same frequency points
used during calibration without skipping any frequency points.

1-8




HP 8970B

Table 1-4. Noise Figure Measurement System Supplemental Characteristics

General Information

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

Maximum Sale Input Level: +20 dBm, 0Vde
Maximum Qperating input Power: —20 dBm
Maximum Net External Bain: >60 dB

Sensitivity: —~90 dB (no external gain reqguired, but recommended to lower measurement uncertainty; able to
measure 1ts own noise figure with HP 346B/C.

Double Sideband [DSB] Noise Figure: <18 dB typical
SWR {dB): 2.5:1 typical
Measurement Speed: 6 to 9 measurements per second with minimum smoothing

Sweep Speed at Minimum Smosthing {for each Noise Figure Test Set band]:

SSB1 (10 to 1600 MHz): 140 ms per frequency point
SSB2 (1.6 to 2.4 GHz): 150 ms per frequency point
SSB3 (2.4 to 18 GHz): 435 ms per frequency point
DSB (2.4 to 18 GHz): 150 ms per frequency point

Functional Properties

System Local Oscitlator Control: 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.

Displayed Measurement Frequency Range: 10 to 99999 MH:z
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Table 1-5. Recommended Test Equipment {1 of 2)

HP 89708

tnstrument Specifications Recommended Model tse*
Attenuator, 1 dB Steps: 1 dB from 0 to 11 dB HP B484A P A
Steps Frequency Range: 10 to 1600 MHz Option 001
Attenuator, 10 dB Steps: 10 dB from 0 to 70 dB HP 8495A P
Steps Freguency Range: 10 to 1600 MHz Option 001
Attenuator, Fixed Attenuation: 8 dB HP 8491A P A
6dB Frequency Range: 10 to 1800 MHz Option 006
Attenuator, Fixed Attenuation: 10d8 HP 8491A P
10 dB (2 required} Frequency Range: 10 to 1600 MHz Option 010
Attenuator, Attenuation: 20 dB HP 84914 P
Fixed 20 dB Frequency Range: 10 to 1600 MHz Option 020
Calculator Functions: Divide, multiply, square root HP 41C P A
Programmable
Controller, HP-IB HP-IB compatibility as defined by IEEE Standard HP 85B/82036A C,PT
488 and the identical ANSI Standard MC1.1: 8H1, | (ROM Drawer)/00085-15005
AH1, T2 TEO, L2, LEO, SR0, RLo, PPO, DCO, DTY, (Advanced Programming
Cl1,2,3,4,5 ROM) or HP 9000
Series 200 or 300
Dagital Voltmeter DC Voltage Range: Up to 100V HP 3455A PAT
Resolution (in high resolution mode): 1 xV on or
1 Vde range HP 3456A
Accuracy (in high resolution mode); £0.003% of (Systems DVM)
reading +4 counts
Single Trigger capability
Directional Frequency Range: 1380 to 2300 MHz HP 778D P
Coupler
Digplay Module X-, Y- and Z capability
Bandwidth: 5 MHz HP 1332A
Vertical and horizontal full scale Options 10! and 315 C
deflection: =10 volts
Filter, Low-Pass Insertion Loss: <1 dB below 0.9 times cut-off HP 360B P A
frequency
Cut-Off Frequency: 1200 MH=z
Rejection: >50 dB at 1.25 times cut-off frequency
Frequency Range: 10 to 4000 MHz HP 5340A or A
Counter Resolution: 1 kHz HP 5343A
Interface HP-1B Required for HP 858 only HP 82937A C,PT,

*(C = Operator’s Checks; P = Performance Tests; A = Adjustments; T = Troubleshooting.
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Table 1-5. Recommended Test Equipment {2 of 2}

General Information

Output Power for 1 dB Gain
Compression: >+15dBm

lastrument Specifications Recommended Mode! Use*
Logic Analyzer Input Lines: 43 HP 1630A, HP 16306D T
Timing Analysis: 16 lines or HP 1631D
Noise Source Power Required: +28V "HP 346B Option 001 C,P.T
ENR:15.2dB or HP 346C
Connector: Type N (male)
Oscilloscope Inputs: 2 Channel (A vs. B or X vs. Y) and Z-Axis HP 1740A or HP 1980A | AT
' {Oscilloscope
Measuring System}
HP 1980B, or
HP 54200A/D
Power Meter Unecertainty: +0.02 dB HP 436A PAT
Mode: dB Relative
Power Sensor Frequency Range: 10 to 4000 MHz HP 8484 A, HP 8482A PAT
Power Range: 0.1 nW to 10 uW or HP 8485A
SWR (30 to 4600 MHz): 1.15
Power Splitter Frequency Range: 10 to 1600 MHz HP 11667A PA
Signal Generator Frequency Range: 10 to 1600 MHz HP 8340B (Sweep Oscil- | C,T
{System LO) Frequency Accuracy: =1 kHz lator) or HP 8672A or PA,
Output Level: +13 dBm HP 8673B (Synthesized
Signal Generators)
Signal Generator Frequency Range: 1380 to 2300 MHz HP 8614A P
Qutput Level: +10 dBm
Fundamental signal generator
Signature Because the signatures documented are unique to HP 5005A or HP 50058 T
Multimeter a given signature analyzer, no substitution is or HP 5006A
{Analyzer) recommended
Spectrum Analyzer! Frequency Range: 10 to 1600 MHz HP 8565A or HP 8566A A
Sweep Oscillator Frequency Range: 20 to 2400 MHz HP 8620C/862228 AC
Attenuation: 70 dB in 10 dB steps Option 002 or HP 8340B
or HP 83508
SWR Bridge Frequency Range: 10 to 1600 MHz Wiltron 60NBO P
Directivity: 40 dB
Wideband Frequency Range: 0.1 to 1300 MHz HP 8447D Option 010 P
Amplifier I Gain: 26 dB Qutput Power for 1 dB Gain
Compression: +7 dBm
Wideband Frequency Range: 0.1 to 1300 MHz HP 8447F Option 010 P
Amplifier 1] Gain: 48 dB

*C = Operator’s Checks; P = Performance Tests; A = Adjustments; T = Troubleshooting.
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Installation

SECTION Il
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to
install the Noise Figure Meter. Included is informa-
tion pertinent to initial inspection, power require-
ments, line voltage selection, power cables, inter-
connection, environment, instrument mounting,
storage, and shipment. In addition, interconnect
information for the Noise Figure 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 vuter enclosure {covers,
panels, meters),

Inspect the shipping container for damage. If the
shipping container or cushioning materialis dam-
aged, 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 contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
" tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container 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 inspection.

2-3. PREPARATION FOR USE
2-4. Power Requirements

The Noise Figure Meter requires a power source of
100, 120, 220 or 240 Vac, +5% to ~10%, 48 to 66 Hz
single phase. Power consumption is 150 VA
maximum.

WARNING

This is a Safety Class I product (that is,
provided with a protective earth termi-
nal). An uninterruptible safety earth

ground must be provided from the main
power source to the product input wiring
terminals, power cord or supplied power
cord set. Whenever it is likely that the
protection has been impaired, the product
must be made inoperative and be secured
against any unintended operation.

If this instrument is to be energized via
anexternal autotransformer, make sure
the autotransformer’s common terminal
is connected to the neutral (that is, the
grounded side of the Mains supply).

2-5. Line Voltage and Fuse Selection

BEFORE PLUGGING THIS INSTRU-
MENT into the Mains {line) voltage, be
sure the correct voltage and fuse have
been selected.

Verify that the line voltage selection card and the
fuse are matched to the power source. Refer to
Figure 2-1, Line Voltage and Fuse Selection.

Fuses may be ordered under HP part numbers
2110-0043, 1.5A (250V, normal blow) for 100/120
Vac operation and 2110-0001, 1.0A (250V, normal
blow) for 220/240 Vac operation.

2-6. Power Cables

WARNING

BEFORECONNECTING THISINSTRU-
MENT, the protective earth terminals of
this instrument must be connected to
the protective conductor of the (Mains)
power cord. The Mains plug shall only
be inserted in a socket outlet provided
with a protective earth contact. The pro-
tective action must not be negated by
the use of an extension cord (power
cable} without a protective conductor
{grounding).
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Operating voltage is shown
in modute window.

1.

2.

SELECTION OF OPERATING VOLTAGE

Open cover doar, pull the FUSE PULL fever and rotate to
left. Remove the fuse.

Remove the Line Voitage Selection Card. Position the
card 50 the line voltage appears at top-left corner. Push
the card firmly into the slet.

. Rotate the FUSE PULL lever toits normal position. insert

a fuse of the correct vatue in the hoider, Close the cover
door.

WARNING }

To avaid the possibility of hazardous electri-
cal shock, do not operate this instrument at
line voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz {leakage cur-
rerits atf these line seftings may exceed
3.5 mAj.

Figure 2-1. Line Voltage and Fuse Selection

HP 8570B

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

The Noise Figure Meter uses HP-IB and System
Interface Bus (SIB) addresses. The HP-1B address
isused 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 thefactory, 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 Svstem Interface Bus Control in the detaiied
operating instructionsin Section I1I for additional
information.

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

PLUG*: SEV 1011.1959.24507
TYPE 12
CABLE®: HP 8120.2104

220/240V
OPERATION

CABLE*: HP 8120-1363

220/240V
OPERATION

PLUG*: NZSS 188/AS C112

106/120V 220/240V
GPERATION OPERATION
r\
\//\,,\
»

)

PLUG*: NEMA 6-15P
CABLE™: KP 8120-0688

PLUG™: NEMA 5-15P
CABLE™: 8120-1378

PLUG™: CEET-VII
CABLE*: HP 8120-168%

220/240v
OPERATION

PLUG": DHCK 107
CABLE*: HP 8120-2956

220/240V
OPERATION

220/240V
OPERATION

PLUG*: BS 1363A
CABLE: HP 81281351

*The number shown for the plug is the industry identifier for the plug only,
The number shown for the cable is an HP part number for a complete cable including the plug.

2-2
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Table 2-1. Maise Figure Meter Factnr_y Set Addresses

Insirument HP-IB Address | SIB Address
Noise Figure Meter 8
Plotter 5
System Interface Bus 8
Noise Figure Test Set 10
Pass Control Device 16
Svstem 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 Noise Figure Measurement
System

The HP 89708 Noise Figure Measurement System
consists of the Noise Figure Meter, the Noise
Figure Test Set and a System lLocal Oscillator.
Interconnection data for the Noise Figure Mea-
surement 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 S8et YIG Filter Calibration
detailed operating instruction in Section III for
the coarse tune calibration procedure. The coarse
tune calibration is not needed if a synthesizer is
used for the local oscillator.

2-10. Mating Conneclors
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. 50(2 type N and
APC-3.5 male 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 thefollowing limitations:

Temperature ......cceevvereevvainns 0 to +b5°C
Humidity ...t < 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

Installation

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. ASCIl Address Codes to Decimal Equivalents

ASC! Address Codes
LISTEN TALK

sSP 00
! 01
” 02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

18

20

21

22

23

24

25

26

27

28

29

30

Decimal
Equivalents

)

#
$
%
&
(
)
*k
+

s

WO 10 U 2B e O
S S NN S AN MOWOZE R~ T ORI OW

VOIb A

2-13. Rack Mounting

WARNING

The Noise Figure Meter weighs 18.5 kg
(40 Ib), therefore, care must be exercised
when lifting to avoid personalinjury. 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, thev may be
ordered through the nearest Hewlett-Packard
office. Refer to the paragraph entitled Mechanical
Options in Section L
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b

S1GNAL GROUND SHIELD=—— CONNICT T0

PO TWISTED PAIR WiTH 11 Ol | e A
POTWISTED PAIRWITH 10| 2 [ | 1580
SHOULD BE GROUNDED | PO TWiSTED PAIR WiTH § 5l e
NEAR JERVUINATIEN Y porwisTen pAIR wiTH 8 ||| 30 NDAC
TVHISTED PAIR PO TV ISTED PAIR WiTH 7 NRFD
PG TWISTED PAIR WITH 6 DAV
REN £O1
BIO 8 | ioe
pro7 || G0 DIC 3
BIG 6 DIO 2
pios |y DIC 1

P50 METRIC

THREAD M3.5x 0.6 “\f:‘/ 24-PIN MICRO-RIBBON
[SERIES 571 CONNECTOR

é@“

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 Vde to +5.0 Vdc.

Programming and Quiput Data Format
Refer to Section 111, 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 {t)
HP 10833C 4 metres (13.2 ft), HP 10833D, 0.5 metres (1.6 {t)

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 Inter{ace Bus and System iater!ace Bus Connections

2-4
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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 crifi-
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 ealibration. Table 4-1
is located in the Gain Measurement Uncertainty
Performance Testin Section IV. 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 .........cvvvunnn. —55°C to +75°C
Humidity ....ooviii it <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 tags located at the back
of this manual and attach it to the instrument.

Installation

Original Packaging. Containers and materials iden-
tical to those used in factory packaging are avail-
able through Hewleti-Packard offices. Mark the
container “FRAGILE" to assure careful handling.
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
1s adequate.

¢. 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” to
assure careful handling.

SYSTEM
LOCAL OSCILLATOR _
HP BA71E NOISE
FIGURE TEST 57
i
SYSTEM INTERFACE eus>
N i
UTRUT Lo GF i &
HP- 1 B Loa . | JINPUT -“r\:?ﬁ“ GATRAT
CONTROLLER HP B8708 ;

5
NOISE FIGURE METER |

NOISE SOURCE
DRIVE QUTPUT

NOISE SOURCE

o w

P

Figure 2-4. Noise Figure Measurement System Interconnections
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Operation

SECTION Iii
OPERATION

3-1. INTRODUCTION

This section provides complete operating infor-
mation for the Noise Figure Meter. Included in
this section are both general and detailed operat-
ing instructions, detailed descriptions of the front
and rear panel, local and remote operator’s checks,
and operator’s maintenance procedures. Also pro-
vided are operation and operator’s checks for the
Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and System Local
Oscillator). Operation of the Noise Figure Mea-
surement System is described under Measurement
Modes 1.5 through 1.9.

3-2. Operating Characteristics

Table 3-1 briefly summarizes the major operating
characteristics of the Noise Figure Meter. This
tableis notintended to be an in-depth listing of all
operations and ranges but gives a rough idea of
the instrument’s capabilities. For more informa-
tion on the Noise Figure Meter’s capabilities, refer
to Table 1-1, Specifications and Table 1-2, Sup-
plemental Characteristics. For information on
HP-IB capabilities, refer to the summary con-
tained 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 des-
cribed below. To rapidly learn the operation of the
instrument, begin with Simplified Operation and
QOperator’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.

General Operating information. Instructions relat-
ing 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.
Thesge instructions are designed to rapidly ac-
quaint 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 ap-
pears 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 Oper-
ating Instructions provide the complete operating
reference for the Noise Figure Meter user. The
instructions are organized alphabetically by sub-
ject 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 Operat-
ing Information pull-out cards are three flexible
plasticreference sheets located in a tray below the
front panel. They contain a listing of user special
functions, HP-1B output formats, error codes, and
measurement modes.

3-4. Remote Operation CLELY

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

In addition to the section described above, infor-
mation concerning remote operation appears in
several other locations. The controller capability
of the Noise Figure Meter is described in the
Detailed Operating Instructions. A summary of
HP-IB codes and output formats appear on one of
the Operating Information pull-out cards. Numer-
ous examples of program strings appear through-
out 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. I{ assures
that most front panel controlied functions are
being properly executed by the Noise Figure Meter.

€EE) HP-1B 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 Fune-
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 theline 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.

32
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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.

1f 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 OPERATINGINSTRUCTIONS

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 pratective 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 voltage
as the power source or damage to the
instrument may result,

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.

On the rear panel:

1. Checktheline 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 to allow 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 ES80, refer to
Error Messages and Recovery in the Detailed
Operating Instructions. For error codes E&0
through K80, refer to Section VIII (Service)*.

If the memory check was successful, “Ctrl” will
appear in the INSERTION GAIN display and
“on” or “OFF” will appearin 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
appearin 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
date 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 VIII, Service, is in the Service Manual. The part
number 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
NGISE 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 entryis terminated, that entry will be rejected
and thelast valid data for the function will remain
active.

The STORE and RECAILL 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 & Funetion-ENR-
Data format. [tisnot necessary to usethe ENTER
key to terminate data entry. However, ENTER has
no effectifitisused. ENRisthe ENR key. Dataisa
single digit table number (1 through 4).

Special Functions are entered in 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, 7 SPECIAL FUNCTION 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,
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Tahie 3-1. Operating Characteristics

Measurements

Noise Figure {Corrected and Uncorrected Modes}
Range: (t to 30 dB
Selectable Display Units: F dB, F, Y dB, Y, TeK
Insertion Gain (Cotrected Mode Only)
Range: —20 to +40 dB
Display Units: dB

Tuning

Fixed Frequency
Range
10 to 1600 MHz (Noise Figure Meter)
10 to 18000 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.
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SIMPLIFIED OPERATION
PRESET

A . . .
Press (#8sset|  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 somne 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 and requires no external equipment {except a noise source}. Modes 1.1 through 1.4
are used for microwave measurements of up to 99999 MHz and require the system local oscillator (L0O). Modes 1.1
and 1.2 also require an external mixer (the mixer is part of the device-under-test (DUD) in Modes 1.3 and 1.4).
Modes 1.5 through 1.9 are also for microwave measurements. Mode 1.5 is used for measurements from 10 to
18000 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 L.O form the Noise Figure Measurement System, which extends the range of the Nojse Figure Meter
from 1600 to 18000 MHz, Modes 1.6 through 1.9 require use of a second LO {(user-controlled). The user-controlled
L0 is used with the Noise Figure Measurement System, and, along with an external mixer, extend the range of
the Noise Figure Measurement System from 18000 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 Mea-
surement Modes in the Detailed Operating Instructions 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 tuhed
frequency to 500 MHz and the FIXED .
frequency increment to 100 MHz: —FREQ DATA

Tess M) _
" (s) (o) (o) ()
(Faeumaa] ( 4 ] { 0_} ( o } [msn}

[G'] or steps the frequency up or down by the 100 MHz increment set with the FREQ INCR key.

[rniauwm)

STORE AND RECALL

The Noise Figure Meter can store instrument configurations for recall at a later ime. For e;{ampie, to store an
instrument configuration in storage register 5: ¢

press | STORE @

To recall the stored instrument configuration: ~ press iaﬁcml B

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 |sione| [ enn [ 2

To recall ENR table 3, use the following sequence:  press [REB“LL] EA ] [ 3 }
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SWEEP FUNCTIONS

Sweep parameters are selected in 8 Function-Data-ENTER format. For example, o set the start frequency to
1000 MHz, the stop frequency to 1600 MHz and the step size to 100 MHz:

r=SWEEP ~, DATA
(MHz)

press @] [1][0)(0}[0)(5&15&)
@Q L‘_J L_ﬁ_] (0] {o] [mea]
GE) (1) (o) (9)

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
: : . . HFP B970B

Connect a neise source to the Noise Figure Meter as shown: N01SE FIGURE METER

@ UKCORRECTED r EB|

correcied N i
Un d Noise Figure ccw s, o2 .
To measure uncorrected noise figure: press T NPT
The Noise Figure Meter is measuring its own noise figure.
NO1SE SOURCE
gy

Caiibrate

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:

[ ] .
pros tvie

Corrected Noise Figure and Bain
The Noize 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 ANDGAN
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 ‘ INCREASE l or [ ascasm] ‘

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

oisiolg

Refer to the Special Functions Detailed Operating Instruction at the end of this section for more information.
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Table 3-2. Detaifed Operating Instructions Table of Contents [Functional) (1 of 2}
Section Page Section Page
Attenuation Measurements (cont’d)
IF Attenuation Selection ................. 3117 Power Measurements .......coovvvmvnnnn.. 3-200
RF Attenuation Selection ................. 3-222 Trigger Selection ........coovvvviiinnnnn, 3-273
Calibration Miscellanecus
Calibrate ..........ccoiiiiviiiiiiinnennn, 359 Data Output to Oscilloscopes, Recorders
Calibration, Frequency ........ovvvvnvennn. 365 and Plotters .....coovinirinniiniinninnnas 3-73
Calibration, IF Attenuators ................ 387 Error Messages and Recovery ............. 3.93
Calibration, Input Gain Selection .......... 3-69 Preset Conditions and Power Up
Noise Figure Test Set YIG Filter SequUenCe ..ottt 3-205
Calibration ........c.ovvviiiiinninnns. 3-190 BegUENICE . it v it e 3-224
] StoreandRecall ............ocivvernn.... 3-257
Displays
Display Control ........coovvvniiinnnnnnn., 3-81 Programs
Display Resolution ........................ 3.83 Programming the System LO ............. 3-210
Display Units Selection ................... 3-85 Programs Available to Contro} the
Smoothing (Averaging) ................... 3-230 SystemLO ....ooviiiiiiiiiiiiiiaa ., 3-219
Temperature Units Selection .............. 3271 Special Functions
ENR Calibration, Frequency .......cccvvevvunnn, 3-65
ENRTableEntry ..covvvviininivnnrnnnnnns 3-87 Calibration, IF Attenvators ................ 3-67
foss Compensation ............ccccunu... 3119 Calibration, Input Gain Selection .......... 3-69
Spot ENR, Thot, Teold and ENR Controller Capability of the
Table Selection ........covviiiinnnnen. 3-254 Noise Figure Meter ...................... 37
Temperature Units Selection .............. 3.271 Data Output to Oscilloscopes, Recorders
HP-IB and SIB endPlotters .................ooivviieL. 3-73
Controller Capability of the Noise Display Control .........ccoiviiiivinnnns, 3-81
Figure Meter .........cooviiiiininninn., 3N Display Resolution ........................ 3-83
HP-IB and System Interface Bus (SIB) Display Units Selection ................... 3-85
Addresses ......vviiiiii e, 3118 Fixed IF or LG Frequency Selection ....... 3110
System Interface Bus Control ............. 3-262
HP-IB and System Interface Bus (SIB)
Measurement Modes Addresses .........coviiiiiiiiiiiiinnn. 3-113
Fixed IF or LO Frequency Selection ....... 3-110 IF Attenuation Selection ................. 3117
Loss Compensation ...................... 3119 Loss Compensation ........ocovevennnn.n. 3-119
MeasurementModes ..................... 3125 Manual Measurement Functions .......... 3121
MeasurementMode 1.0 ................... 3-132 Measurement Mode 1.0 ................... 3-132
Medsurement Mode 1.1 ................... 3-135 Measurement Mode 1.1 ................... 3-135
Measurement Mode 1.2 ........oovvurennn. 3140 Measurement Mode 1.2 ................... 3-140
Measurement Mode 1.3 ................... 3-145 Measurement Mode 1.3 ........ovvvivnnnss 3-145
Measurement Mode 1.4 ................... 3-150 Meagurement Mode 1.4 ................... 3-150
Measurement Mode 1.5 ................... 3-155 Measurement Mode 15 ............0cvunn. 3-155
Measurement Mode 1.6 ................... 3-160 Measurement Mode 1.6 ................... 3-160
Measurement Mode 1.7 ................... 3-168 Measurement Mode 1.7 .............ceuen. 3-168
Measurement Mode 1.8 ................... 3176 Measurement Mode 1.8 ................... 3-176
Measurement Mode 1.9 ................... 3-183 Measurement Mode 18 ................... 3-183
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€) LOCAL Key. Returns the Noise Figure Meter to local

operation (front panel control) from remote HP-1B
gontrol provided that the instrument is not in Local
{ockout.

€@ HP-iB Annunciators. Display the HP-IB status. The

REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed 1o
talk orisin Talk Only mode, The LISTEN annunciator
lights when the Noise Figure Meter is addressed to
fisten. The SRQ annunciator lights when the Noise
Figure Meter is sending a Require Service message
{0 the controller.

@ Leit Display. Depending upon the selected functions,

the following information is displayed:

Frequency parameters — always displayed in MHz;
1 MHz resolution; 10 to 1600 MHz measurament
range in Mode 1.0; 10 to 18000 MHz measurement
range in Mode 1.5; up to 39999 MHz in Modes 1.1
through 1.4 and 1.6 through 1.9.

Special Function codes are displayed as they are
entered.

Spot ENR — displayed in dB.

Temperaturs of the noise source — displayed in °C,
°F ar K.

Sequence order.

“Smoothing factor.

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

EXT MIX (external mixer) annunciator — lights
when Measurement Mode 1.1 through 1.4 or 16
through 1.9 is active.

@ INSERTION GAIN Display. Displays (in dB) the gain

of the device under test (DUT) 1o two decimal places.
This display also shows ENR in dB when entering
the ENR tables.

© NOISE FIGURE Display. Displays measured noise.

Five annunciators (F dB, Y dB, F, Te K, and Y) indi-
cate the noise figure display units. This display is
also used for power measurements {displayed in
dB}, error codes and during ENR Table entry displays
the ENR table number with entry number.

3-8
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€ GRAPHIC SCALE. The GRAPHIC SCALE keys are used values for NOISE MAX is -9939 dB to 99999 dB.

to select the vertical scaling for an oscilloscope This key performs the same function as Special
display or a plotter. The keys select the maximum Function 8.2.

and minimum limits for the display or piot. These
keys perform the same functions as Special Fung- o GAIN MIN Key. Used to display and enter the oscillo-

tions 8.1 thorugh 8.4. scope or plotter minimum vertical limit for insertion

gain. When pressed the current GAIN MIN value

e GAIN MAX Key. Used to display and enter the oscillo- appears in the left display. The alfowable range of

scope or plotter maximum vertical fimit for insertion vaiues for GAIN MIN is -8999 dB to 98999 dB.

gain. When pressed the current GAIN MAX value This key performs the same function as Special
appears in the left display. The allowable range Function 8.3.

of values for GAIN MAX is -9999 dB tc 999080 dB.
This key performs the same function as Special 0 NOISE MIN Key. Usec to display and enter the oscil-

Function 8.4, loscope or ploiter minimum vertical limit for noise

figure. When pressed the current NOISE MIN value

9 NGISE MAX Kay. Used to display and enter the oscil- appears in the left display. The allowabie range of

foscope or plotter maximum vertical limit for noise values for NOISE MIN is -8989 dB to 99999 dB.

figure. When pressed the current NOISE MAX value This key performs the same function as Special
appears in the left display. The allowable range of Function 8.1,

Figure 3-3. GAIN MAX, GAIN MIN, NOISE MAX and NGISE MIN Features
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@ PRESET Key. Returns the instrument to a known
state. Refer 1o the Preset Conditions and Power-Up
Sequence Detailed Operating Instruction for a list of
preset conditions and default values.

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

e 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

SOURCE &5
g

H

Y,

dispiay. 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 ENRN.

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

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

@ NOISE SOURCE DRIVE OUTPUT. 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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0 Frequency Funclion Keys. In addition to the func-
tions described below, the following keys are used
to prefix numeric entries for the specitied 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

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

0 FRED INCR Key. Causes the programmed frequency
increment to appear inthe left display while the key

is depressed. {Also see Frequency Function Keys.) -

© < or < 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.

© 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
untitterminated. Auto sweep is terminated by press-
ing the AUTO key a second time.

0 STEP SIZE Key. Causes the programmed frequency
step size of the sweep to appear in the teft 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.)

o START FREG 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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€ 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
Spectal Functions in the Detailed Operating Instruc-
tions for a complete listing of user special functions.

@ STORE and RECALL Keys. Store and recali up to ten

instrumen! configurations in storage registers 0
through 9. Front pane] 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 recall an
ENR table.

When the STORE key isused as a prefix for a numeric
key (a single digit 0 — 9 1o identify the register), the
current instrument configuration is stored in that
internal storage register.

When the RECALL key is used as a prefix {0 a
numeric key {a single digit 0 — 5 to identify the
register}, the contents stored in that register are
recalled and the instrument configuration is changed
10 the recalled parameter values.

o SEQ Key. Recalls storage registers 1 through8ina

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

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

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

3-12

Figure 3-6. DATA and SPECIAL FUNGTIDN Features
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€) CALIBRATE Key. Initiates the calibration process
which measures and stores the measuremeant 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 alf{ 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.

0 CORRECTED NOISE FIGURE AND GAIN Key.
Configures the Noise Figtire 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.

0 INPUT. This female type-N INPUT connector is used
te connect the device under test fo 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

s AMEUT yiy

o
W e

MHz. The maximum average input power for a CW
signal is +20 ¢Bm. The maximum peak input power
for a pulsed signal is +20 dBm.

Damage to the instrument can be caused
by connecting signals to INPUT that exceed
+20 dBm or +20 Vdc.

© SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged {smoothing
factor) when displaying measurement resulis. 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

3-18




Operation

HP 8970B

€) NOISE SOURCE BRIVE OUTPUT drives a noise source
on and off with +28V pulses and is in parafel to the
front panel NOISE SOURCE DRIVE QUTPUT. {Only one
noise source can be connected at a time.)

9 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
connecting signals to INPUT that exceed
+20 dBm or +20 Vde.

e 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 1o -30 dBm nominal.
Qutput impedance is 500 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
Hoating inputs. Output impedance is 10 k2
nominal.

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

e Line Power Module permits operation from 100, 120,
220 or 240 Vac. The number visibie 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.

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

e System interface Bus (SIB) Connector. Connecis 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-1B Connector connects the Noise Figure Meter to the
Hewlett-Packard Interface Bus for HP-IB operation.

@ X-AXIS. 0 to +BY output proportional to the measure-
ment frequency when driving an analog oscilloscope
or X-Y recorder. This output can be made propertiona
to noise figure for driving a strip chart recorder.
Qutput impedance is 10002

@ Y-AXIS. 0 to +8V 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
000

(D 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. Qutput impedance is 1000.

Figure 3-8. 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 835708 ANALCG
LOCAL OSCILLATOR NOISE FTGURE METER DiISPLAY WMODULE

Z-AX1§

€L ; T

OB 0o o2 ppns =

@ O 50200 o X~AX S
[=]=]=]

SOURCE INPUT
NOISE SOURCE
F a1

| |

Figure 3-8. Basic Funcliona! Checks Setup

NoiSe SOUTCE «ovvviiiiirineneennas HP 3468 Option 001
Analog Display Module ............. HP 1332A Options 101 and 315
System LO ... HP 8671B

Preliminary Check

1.

o o

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 LEI) 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.

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 “w FdB".
UNCORRECTED NOISE FIGURE annunciator is on.
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OPERATOR'S CHECKS

Basic Functional Checks {(cont'd}

Procedure
{cont’d)

3. Enter the Excess Noise Ratio {ENR) data for the noise source being used. For more

5,

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 3-9). Verify the NOISE FIGURE display shows approximately 5 dB.

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.

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 3-10). Press 7.0 SPECIAL FUNCTION to enable the Noise Figure
Meter to output the noise figure and gain data to the display.

Figure 3-10. Test Pattern on Oscilloscope

Calibration and SWEEP Check

6.

7.

8.

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.

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

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.

10.

11,

12.

13.

Press the following keys to enter the SWEEP calibration parameters:

a. STARTFREQ123ENTER.
b. STOPFREQ 789 ENTER.
c. STEP SIZE 4 0 ENTER.

Press CALIBRATE twice. Verify the following conditions:
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 rangeis swept once. After the sweepis completed, the LED turns off 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 dB is
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.

27.

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 W . 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 through the 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 Functiona!l 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 change is 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 Measuremen! Modes 1.1 through 1.4)

NOTE
The following steps check the Noise Figure Meter’s capability to control
the System LO. Itis 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. Press 48.0 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)
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 seguences of keys depending upon the System LO used:
a. For an HP 83508, press 41.0 SPECIAL FUNCTION.
b. For an HP 8671B/8672A press 41.2 SPECIAL FUNCTION,
c. For an HP 8673B/C, 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. Press1.1SPECIALFUNCTION. Verify theleft 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

OPERATOR’S CHECKS

3-12. HP-IB Functional Checks ALY

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-1B address.

¢. Set all of the bus data, handshake, and control lines (except DIOB) 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.

c. 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 tobe 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 areintended to be asindependent 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, {o the Noise Figure Meter’s INPUT.

HPIBController .........covvvnvvvnn HP 85B/82938A (ROM Drawer)/00085-15005
(Advanced Programming ROM)
—Or— HP 9000 Series 200/300
(BASIC 2.0 ROM based system)
HP-IBInterface ......ccccovivevenn.s HP B2937A (HP 85B only)
Noise SOUrce .....oovvviivernroranenas HP 346B (Option 001)
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OPERATOR'S CHECKS

HP-1B Functional Checks {cont'd)

Address Recognition

Note

Operator's
Response

Operator's
Response

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, 4 5. 0 SPECIAL FUNCTION, and 4 . 0 SPECIAL
FUNCTION.

KP 858 HP 8000 Serles 200/308
Description {BASIC) {BASIE)
Set the Remote Enable (REN) bus control LOCAL7 LOCALT7T
line false.
Send the Noise Figure Meter’s listen address. | QUTPUT 708 OUTPUT 708

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

Unaddress the Noise Figure Meter QUTPUT 715 OUTPUT 715
by sending a different address.

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

Remote and Local Messages and the LOCAL Key

Note

Operator’s
Response

Operator’s
Response

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 eontrol. This check assumes that the Noise Figure Meter is able to both hand-
shake and recognize its own address. Before beginning this check, press the Noise
Figure Meter’s PRESET key. Then press 4 . 0 SPECIAL FUNCTION.

HP 858 HP 9080 Series 200/300
Description (BASIC) (BASIC)
Send the Remote message (by setting REMOTE 708 REMOTE 708

Remote Enable, REN, true and addressing
the Noise Figure Meter to listen).

Check that the Noise Figure Meter's REMOTE and LISTEN annunciators are on.

Send the Local message to the Noise Figure LOCAL 708 LOCAL 708
Meter

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

Send the Remote méssage to the Noise REMOTE 708 REMOTE 708
Figure Meter.
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OPERATOR’'S CHECKS

HP-1B Functional Checks (cont'd)

Remote and Local Messages and the LOCAL Key (cont'd)

Qperator’s Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.
Response 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 totalk. This check assumes that the Noise Figure Meteris 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 85B HP 9000 Series 200/300

Bescription (BASIC) {BASIC)

Address the Noise Figure Meter to talk and ENTER 708V Ww0vV=0

store its output in variable V. (The output 20 ENTER 708:V

is E20 since the Noise Figure Meter is not 30DISPV

calibrated.) 40 END

Display the value of V. DISP V DISPV
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 90020000000 (HP 85B) or

9.002E+10 (HP 9000 Series 200/300). The 90020 portion of the display corresponds to
the data output for the error code E20 (not calibrated) shown in the Noise Figure Meter’s
NOISE FIGURE display.

Receiving the Data Message

Note K 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 B5B HP 9000 Series 200/300
Description (BASIC) BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708; OUTPUT 708;
{completing the Remote message), then “FR15MZ” “FR156MZ”
send a Data message.
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OPERATOR’'S CHECKS

HP-IB Functional Checks (cont'd)

Receiving the Data Message (cont'd)

Operator's

Response

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

L.ocal 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 Lock-
out/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, recognizeits 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 858 HP 8000 Series 200/300
Description (BASIC) (BASI)
Send the first part of the Remote message REMOTE 7 REMOTE 7
{enabling the Noise Figure Meter to remote).
LOCAL

Send the Local Lockout message. LOCKOUT 7 LOCAL LOCKOUT?7
Address the Noise Figure Meter to listen QUTPUT 708 OUTPUT 708
{completing the Remote message).

Check that both the Noise Figure Meter's REMOTE and LISTEN annunciators areon,
Press the Noise Figure Meter’'s LOCALkey. Both its REMOTE and LISTEN annuncia-
tors should remain on.

Send the Clear Lockout/Set Local message. LOCAL7 LOCAL7

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

This check determines if the Neise Figure Meter properly responds to the Clear mes-
sage. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, make the remote/lecal changes and receive Data messages. Before
beginning this check press the Noise Figure Meter’s PRESET key. When “Fr” dis-
appears 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 FUNCTICN.
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D
OPERATOR’S CHECKS
HP-IB Functional Checks (cont'd)
Clear Message (coni'd)
. HP 858 HP G000 Series 200/300
Description (BASIC) (BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
{enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OQUTPUT 708; OUTPUT 708;
(completing the Remote message), then “M2” “M2”
send a Data message that selects the
CORRECTED NOISE FIGURE AND GAIN
measurement.

Operator’s Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on
Response and that the CORRECTED NOISE FIGURE AND GAIN key light is on.
Send the Clear message (setting the Noise CLEAR 708 CLEAR 708
Figure Meter’s measurement o UNCOR-
RECTED NOISE FIGURE).
Operator's Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators areon
Response and that the UNCORRECTED NOISE FIGURE key light is on.
Abort Message
Nole This check determinesif 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.
HP 858 HP 9000 Series 200/300
Description (BASIC) (BASIC)
Send the Remote message to the Noise REMOTE 708 REMOQTE 708
Figure Meter.
Operator's Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.
Response
Send the Abort message, unaddressing the ABORTIO 7 ABORT 7
Noise Figure Meter from listening.
Operator's Check that the Noise Figure Meter’s LISTEN annunciator is off.
Response
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.
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OPERATOR’S CHECKS
HP-1B Functional Checks (cont’'d)
Status Byte Message (cont'd)
- KP 858 HP 8000 Series 200/300
Description (BASIC) (BASIC)

Place the Noise Figure Meter in serial-poll SPOLL (708} SPOLL (708)

mode and address it 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 determinesif 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 8000 Series 200/300
controller is used, & short program is required to perform the last half of this check.)

. KP B8 HP 9000 Series 200/300
Dascriplion (BASIC) (BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708; QUTPUT 708; “<
(completing the Remote message), then e
send a Data message containing an invalid
HP-IB code. This enables a Require Service
message to be sent.
Make coniroller wait two seconds to aliow WAIT 2000 WAIT

time for the Noise 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 STATUS 72,V 10V=20

HP-IB interface and store the data in vari- 20 STATUS7,7; V

able V (in this step, 7 is the interface’s

select code).

Display the value of the SRQ bit {in this step, | DISP“SRQ="; 30 DISP“SRQ=";

6 (HP 85B) and 10 (HP 9836) are the SRQ BIT(V,6) BIT(V,10)

bits for the controller, numbered from 0). 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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OPERATOR’'S CHECKS

HP-1B Functional Checks (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 controlleris
used, a short program is required to perform this check.)

\ HP 858 HP 8000 Series 200/300
Descripticn (BASIC) (BASIC)
Send the first part of the Remote message REMOTE 7 10 REMOTE 7
{enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708, | 20 OUTPUT 708; “T1”
{completing the Remote message), then e 0
send a Data message placing the Noise
Figure Meter in the Tyigger Hold mode,
Send the Trigger message. TRIGGER 708 | 30 TRIGGER 708
44V=0
Address the Noise Figure Meter to talk and ENTER 708,V | L0 ENTER 708,V
store the data in variable V.
Display the value of V. DISPV 60 DISPV
70 END
Operator’s Check that both the Noise Figure Meter’'s REMOTE and TALK annunciators are on.
Response The controller’s display should read the same as the NOISE FIGURE display.

3-27



Operation

HP 8970B

OPERATOR’S CHECKS

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 1600 to 18000 MHz.

Equipment Noise Source ......ccovveivriinnnnnn HP 346B Option 001

Procedure 1. Set up the Noise Figure Measurement System as shown in Figure 3-11.

2. Turn the Noise Figure Measurement System on and press PRESET.

3. Verify the following conditions:

Special Function 48.0 is active.
Special Function 45.1 is active.
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).

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

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

SYSTEM
LOCAL QOSCILLATOR
HP BS71B NOISE
FIGURE TEST SET
louwm' Lo RF IF
iNPUT § INPUT QUTPYT
HP 88708
NOISE FIGURE METER
[o CEN
o oo o opon ] <:_
S gononBB25° Bo §
NOISE SOURCE INPUT
DRIVE QUTPUT
NO I SE
SCURCE
g .
_J

Figure 3-11. Noise Figure Measurement System Check Setup
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OPERATOR’S CHECKS

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
Meterand 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 S§B3 annun-

ciator on the Noise Figure Test Set is on and the L.O 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,
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OPERATCR'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.

Moise Figure Meter

a. Each point that is being fine tuned and is included in band SSB3 (single side-
band 3, on the Noise Figure Test Set; 2401 to 18000 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.

¢. Theannunciators for 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.

¢. The FREQUENCY display will move around.

When the Noise Figure 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
g. 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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OPERATOR’'S CHECKS

Noise Figure Measurement System Check {cont'd)

Procedure
(cont’d)

14.

15.

16.

17.
18.

19,

20.

21,
22.

23.

24.

25.

26.

Svystem 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.

1f 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
operating properly, go to step 19. If either of the instruments is not operating
properly, refer to the appropriate service manual.

With both the Noise Figure Meter and System Local Oscillator operating properly,
the following check should be completed before it is assumed that the Noise Figure
Test Set is not operating properly.

Disconnect all instruments from the Noise Figure Meter’s HP-IB and SIB
connectors. This test will verify that both buses are operating properly.

Press 45.2 SPECIAL FUNCTION and 46.1 SPECIAL FUNCTION.

Turn the Noise Figure Meter off and then back on. When “Fr CAL” is gone from the
Noise Figure Meter’s display, connect the SIB connector to the HP-IB connector.

Press 98.1 SPECIAL FUNCTION; “SIB tESt” is displayed and there is a five
gecond delay before the test begins. The results of the test will be displayed on the
front panel using one of the error codes listed in the table below. The tests are
performed as listed in the table. The first failure will abort the test.

If an error is not encountered, the HP-IB and the SIB are operating properly. Itis
safe to assume that the Noise Figure Test Set is the instrument that is causing the
Noise Figure Measurement System problem. Refer to the Noise Figure Test Set
service manual for troubleshooting assistance.

Remove the cable connecting the HP-IB and SIB connectors. Turn the Noise Figure
Meter off and then back to on.

Press 45.1 SPECIAL FUNCTION and 46.0 SPECIAL FUNCTION.
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HP 8970B

Noise Figure Measurement System Check (cont’d)

Procedure

{cont'd) Error Gode

Description of Error Code

Eorrective Action

E00

No Errors

E75

A14028, the interface hardware or the traces to
A14U28 are bad.

Try another HP-IB cable;
refer to Service'

E74

A14U2 or the interface hardware to A14U2 is bad.
The interface hardware to A14U28 is good.

Try another HP-IB cable;
refer to Service!

EO1

May be caused by the following: REN or ATN line
has failed, REN and/or ATN line drivers are bad
or cable connecting the HP-IB and SIB connectors
is defective,

Try another HP-1B cable;
refer to Service’

Eo2

Data path has been broken.

Trv another HP-IB cable;
refer to Service’

E03

System Interface Bus could not send a message to
the Hewlett-Packard Interface Bus.

Try another HP-IB cable;
refer to Service'

E04

SRQ not being set by A14U28 or not being detected
by A14U2.

Try another HP-1B cable;
refer to Service'

E05

System Interface Bus could not serial poll
Hewlett-Packard Interface Bus.

Try another HP-IB cable;
refer to Service'

E06

Collision detect circuit not functioning.

Try another HP-1B cable;
refer to Service'

Eo7

' Hewlett-Packard Interface Bus could not address

System Interface Bus,

Try another HP-IB cable;
refer to Service'

E08

Hewlett-Packard Interface Bus could not send a
message to the System Interface Bus.

Try another HP-1B cable;
refer to Service!

this manual.

*Service is in Sectien VIII of the Service Manual. The part number of the Service Manual is on the title page of

3-32




HP 8970B

3-14. REMOTE OPERATION

The Noise Figure Meter can be operated through
the Hewlett-Packard Interface Bus (HP-IB). Bus
compatibility, programming and data formats are
described in the following paragraphs.

The Noise Figure Meter can operate in two mutu-
ally exclusive modes on the HP-1B:

1. Normal Talker/Listener Mode. This mode is
used when the Noise Figure Meter is under the
control of an HP-IB compatible computer or
controller.

2. Talk Only Mode. This mode is used to output
datato a devicethatis operating in the Listen
Only Mode.

Most front panel functions, special functions
and remote-only functions are programmable via
HP-IB. Table 3-4 lists the functions that cannot be
programmed via HP-IB.

A quick tesi of the Noise Figure Meter’'s HP-IB
interface is described earlier in this section under
Remote Operator’s Checks. These checks verify
that the Noise Figure Meter can respond to or send

each of the applicable bus messages described in
Table 3-3.

3-15. HP-IB Compatibility

The Noise Figure Meter has an open-collector,
TTL, BP-1B interface which can be used with any
HP-IB computing controller or computer for auto-
maticsystem applications. The Noise Figure Meter
is programmable via the HP Interface Bus. Its
programming capability is described by the twelve
HP-IB messages listed in Table 3-3. The Noise
Figure Meter's compatibility with HP-IBis further
defined by the following list of interface functions:
SH1,AH1,T5, TEO, 14, LEO, SR1, RL1, PP0, DC1,
DT1, CO, and E1. A more detailed explanation of
these compatibility codes can be found in IEEE
Standard 488-1978 (and the identical ANSI Stand-
ard MC1.1). For more information about HP-iB,
refer to the Hewlett-Packard Electronic Instru-
ments and Systems catalog and the booklet titled
“Improving Measurements in Engineering and
Manufacturing” (HP part number 5952-0058).

3-16. Remote Mode

Remote Capability. The Noise Figure Meter com-
municates on the bus in both remote and local
modes. In remote, most of the Noise Figure Meter’s

Operation

front panel controls are disabled (except for the
LINE switch and LOCAL key). However, front
panel displays remain active and valid. In remote,
the Noise Figure Meter can be addressed to talk or
listen. When addressed to listen, the Noise Figure
Meter can issue the Data and Status Byte mes-
sages. Whether addressed or not, the Noise Figure
Meter responds to the Clear (DCL), Local Lockout,
Clear Lockout/Set Local, and Abort messages. In
addition, the Noise Figure Meter can issue the
Reqguire Service Message.

Local-to-Remote Mode Changes. The Noise Figure
Meter switches to remote operation upon receipt of
the Remote message. The Remote message has
two parts. They are:

a. Remote enable bus contrel line (REN) set
true.

b. Device listen address received once (while
REN is true).

When the Noise Figure Meter switches to remote,
the REMOTE annunciator on the front panel
turns on.

3-17. Local Mode

Local Capability. In local, the Noise Figure Meter's
front panel controls are fully operational and the
instrument responds to the Remote message.
Whether addressed or not, the Noise Figure Meter
also responds to the Clear, Local Lockout, Clear
Lockout/Set Local, and the Abort messages. When
addressed to talk, the Noise Figure Meter can issue
Data messages and the Status Byte message, and
whether addressed or not, it can issue the Require
Service message.

Remote-to-Local Mode Changes. The Noise Figure
Meter always switches to local from remote when-
ever it receives the Local message (GTL) or the
Clear Lockout/Set Local message. (The Clear
Lockout/8et Local message sets the Remote En-
able control line [REN] false.) The Noise Figure
Meter can also be switched to local by pressing the
front panel LOCAL key (assuming Local Lockout
is not in effect).

3-18. Addressing

The Noise Figure Meter interprets the byte on the
eight HP.IB data lines as an address or a bus com-
mand if the bus is in the command mode. The
command mode is defined as attention control line
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Addressing (cont'd)

{ATN) true and interface clear control line (IFC)
false. Whenever the Noise Figure Meter is being
addressed (if in local or remote), either the TALK or
LISTEN annunciater on the front panel turns on.

The Noise Figure Meter’s HP-1B addressis selected
by special function. To change the HP-IB address
or to determine the present address setting, refer to
the discussion titled HP-IB and System Interface
Bus (SIB) Addresses in the Detailed Operating
Instructions at the end of this section.

Local Lockout. When a data transmission is inter-
rupted, which can happen by pressing the LOCAL
key toreturn the Noise Figure Meter to local mode,
the data could be lost. This would leave the Noise
Figure Meter in an unknown state. To prevent
this, a local lockout is recommended. Local lockout
disables the LLOCAL kev and allows return-to-
local only under program control.

NOTE

Return-to-local can also be accomplished
by turning the Noise Figure Meter’s
LINE switch to OFF, then back to ON.
However, this technique has some disad-
vantages:

a. It defeats the purpose and aduvan-
tage of local lockout (that is, the system
controller wiil lose control of a system
element).

b. Thereareseveral HP-IB conditions
that reset to default states at turn-on.

3-19. Data Messages

The Noise Figure Meter communicates on the
interface bus primarily with data messages. Data
messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data

EXAMPLE i: Typical Program String

HP 8970B

mode (attention control line[ATN]false). Unlessit
is set to Talk Only, the Noise Figure Meter receives
data messages when addressed to listen. Virtually
all instrument operations available in local mode
can be performed in remote mode via data mes-
sages. The major exceptions are changing the
LINE switch setting, using the Talk Only capa-
bility, and changing the HP-IB address of the
Noise Figure Meter (refer to Table 3-4).

3-20. Receiving the Data Message

Depending on the status of Special Function 4, the
Noise Figure Meter can either talk only, or talk
and listen both (normal operation). The instru-
ment responds to Data messages when it is en-
abled to remote (REN control line true) and it is
addressed to listen. The instrument remains
addressed to listen until it receives an Abort mes-
sage or until its talk address or a universal
unlisten command is sent by the controller.

Data Input Formal. The Data message string, or
program string, consists of a series of ASCII
codes. Each code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given
operation, the program string syntax in remote
mode is the same as the keystroke sequence in
local mode. Example 1 shows a typical program
string.

Program Codes. All of the HP-IB codes normally
used by the operator to control the Noise Figure
Meter are givennin Tables 3-8, 3-8, and 3-10. Table
3-8 provides an HP-IB code to parameter sum-
mary. Table 3-9 provides a special function to HP-
IB code summary. Table 3-10 provides a front
panel key to HP-IB code summary. All front panel
keys except LOCAL have corresponding program
codes. Some functions have an additional code
which terminates the numeric data entry in Hz
rather than MHz as indicated on the front panel.

Controller Talk
Noise Figure Meter

FA100MZFB150MZSS1MZCA

Start Freguency Set to
100 MHz

Stop Frequency Setto

150 MHz

Calibrate

Step Size set to 1 MHz
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Table 3-3. Message Reference Table {1 of 2)

Operation

KP-18 Related Commands Interface
Message Appiicable Response and Condrols Fungtions*
Data Yes Most Noise Figure Meter operations are bus pro- AH1, SH1,
grammable. All measurement results, special dis- T5, TEO,
plays, and error outputs are available to the bus. 14, LEO
Trigger Yes If in remote and addressed to listen, the Noise GET DT}
Figure Meter makes a measurement according to
previously programmed setup. It responds equally
to bus command GET and program code T2,
Trigger Execute (a Data message).
Clear Yes The Noise Figure Meter is set to the same condi- DCL bC1
tions established by pressing PRESET. Refer to SDC
Table 3-6.
Remote Yes Remote mode is enabled when the REN bus con- REN RL:
trol line is true. However, remote mode is not
entered until the first time the Noise Figure Meter
is addressed to listen. The front panel REMOTE
annunciator ights when the instrument is actu-
ally in the remote mode. When entering the remote
mode, no instrument settings or functions are
changed, but al} front panel keys except LOCAL
are disabled.
Local Yes The Noise Figure Meter returns to local mode GTL RIL1
{front panel control). It responds equally to the
GTL bus command and the front panel LOCAL
key. When entering the local mode, no instrument
settings or functions are changed.
Local Yes Disables all front panel keys including LOCAL. LLO RL1
Lockout Only the controller can return the Noise Figure
- Meter to local (fronf panel contrel),
Clear Yes The Noise Figure Meter returns to local (front REN RL1
Lockout/ panel control) and local lockout is cleared when
Set Local the REN bus control line goes false. When enter-
ing local mode, no instrument settings or func-
tions are changed.
Pass No The Noise Figure Meter cannot pass or take Co
Control/ control of HP-IB.
Take
Control

* Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.
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Table 3-3. Message Reference Table (2 of 2)

HP 8570B

HpP-IB
Message

Applicahle

Response

Related Commands
and Controls

Interface
Functions*

Require
Service

Yes

The Noise Figure Meter sets the SRQ bus control
line true if an invalid program code is received
{unless disabled). The following conditions also
set SRQ true when they occur if they are enabled
by the operator to do so: Data Ready, Noise Figure
Meter Calibration Complete, SRQ on the System
Interface Bus, Noise Figure Meter received control
of the System Interface Bus, Instrument Error has

occurred and Extended Status Byte enabled condi-

tions are active,

SRQ

SR1

Status Byte

Yes

The Noise Figure Meter responds to a Serial Poll
Enable (SPE) bus command by sending an 8-bit
byte when addressed to talk. If the instrument is
holding the SRQ control line true (issuing the
Require Service message} bit 6 (RQS bit) in the
Status Byte and the bit representing the condition
causing the Require Service message to be issued
will both be true. The bits in the Status Byte are
latched but can be cleared by:

1. removing the causing condition, and

2. reading the Status Byte or

3. bysending the program code OS (output status)

or RS (reset status).

SPE
SPD

TES
TEO

Status Bit

The Noise Figure Meter does not respond to a
parallel poll.

PPO

Abort

Yes

The Noise Figure Meter stops talking and
listening.

IFC -

T5
TED

* Commands, Control lines, and Interface Functions are defined in JEEE S5td 488-1978. Knowledge of these may not be necessary if your
controiler’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1is: SH1, AH1, T5, TEQ, 14, LEQ, SR1,

RL1, PPO, DT1, CO and E1.

Table 3-4. Functions Not Programmable Via HP-1B

Function

Description

Control Function Selection (Special Function 4)

Talk Only

Normal Talker and Listener

HP-IB Addresses {Special Function 40.0)

Display and Enter Noise Figure Meter Address

LINE Switch

Turns instrument ON and OFF.
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Receiving the Data Message (cont’d)

Where more than one code is given for a function,
either code will serve equally. However, the mne-
monic code given is recommended since it is shor-
ter and more closely represents the function se-
lected. Also, the mnemonic code will make deci-
phering program code strings easier. The first
codes given are the codes used in all programming
examples in this manual.

The Noise Figure Meter’s response to the ASCII
character set is as follows:

a. The ASCII characters used for the program
codes are the alphabet (A through Z), the numbers
0 through 9, the peried (), and the minus (—).

b. Lower case letters are treated the same as
upper case letters.

¢. All other characters are ignored (however,
they can not be used as the second character of a
two-character HP-IB program code). If any of
these other characters are used as a second char-
acter or if an undefined combination of valid
characters is sent, SRQ is set if the HP-IB error
condition has been enabled.

Turning Off Functions. When operating in local
mode, CALIBRATE, and SINGLE and AUTO
Sweep toggle on and off with successive key-
strokes. In remote mode, these functions do not
toggle on and off. Instead, both require that the
HP-IB code WO be used to turn off the function.

Programming Numeric Data. When programming
tuned frequency or issuing any numeric data
(other than specific HP-IB codes) to the Noise Fig-
ure Meter, certain precautions should be observed.
Numeric data may consist of up to five digits, one
decimal point, and a one-digit signed exponent.

Triggering Measurements with the Data Message. A
feature that is available from both the front panel
and via remote programming is the selection of
free run, standby, or triggered operation of the
Noise Figure Meter. The HP-IB codes and related
Special Functions are discussed in detail in the
Trigger Selection Detailed Operating Instruction
later in this section.

3-21. Sending The Data Message

Depending on how the control functions are set,
the Noise Figure Meter can either talk only, or talk
and listen both (normal operation). If set to both

Operation

talk and listen, the instrument sends Data mes-
sages when addressed to talk. The instrument
then remains configured to talk until it is unad-
dressed to talk by the controller. T'o unaddress the
Noise Figure Meter, the controlier must send either
an Abort message, a new talk address, or a uni-
versal untalk command.

Tatk Only Mode. If the Noise Figure Meter’s Talk
address is valid and Special Function 4.2 is se-
lected, the Noise Figure Meteris placed in the Talk
Only mode. In this mode the instrument is config-
ured to send Data messages whenever the busisin
the data mode. Each time the measurement is
completed, the measurement result will be output
to the bus unless the listening device is not ready
for data. If the listener is not ready for data,
another measurement eycle is executed.

Data Output Format. As shown below, the output
data is always formatted as a real constant: first
the sign, then five digits (leading zeros not sup-
pressed) followed by the letter E and a signed
power-of-ten multiplier. The string is terminated
by a carriage return (CR) and a line feed (L¥),
string positions 11 and 12. Data is always output
in fundamental units (that is Hz, dB, etc.}, and the
decimal point (not sent) is assumed to be to the
right of the fifth digit of the mantissa. Data values
never exceed 1 x 10°. The one exception to this
format is the voltmeter mode as shown in Table
3-5, HP-IB Data Output Summary.

The general data output format is as follows:
+DDDDDE£NNCRLF

Signed Mantissa :i—j ! Lire Feed
indicates Exponent Follows Carriage Return

Exponent Sign Exponent Magnitude

A summary of the different data outputs is listed
in Table 3-5.

When an error is output to the bus, it follows the
same 12-byte format described above except most of
the numerie digits have predetermined values as
shown below. Error outputs always exceed 90 (00
000 000. The two-digit error code is represented by
the last two digits of the five-digit mantissa. The
error code can be derived from the string by sub-
tracting 9 x 10'°, then dividing the result by
1 000 000.
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Sending the Data Message (cont'd)

Tabie 3-5. HP-I1B Data Qutput Summary

Front Panel
Display!

HP-IB Butput
Format

Conditions

Left Display

INSERTION
GAIN®

NOISE
FIGURE?

+DDDDDE+06
+DDDDDEENN

+90000E+06
+DDDDDEANN

+90000E+06

+DDDDDELNN

+DDDDDDE-05
+900DDE+06

+9000CE+06

Frequency

Data other than
frequency

Display is blank

Gain or Calibra-
tion data
(GmKBm) is
displayed.

Display is blank

Normal display
or second stage
temperature

Voltmeter mode

Error codes
where DD is the
error code)

Data not ready.
Sent when the
instrument
receives a read
command while
“...”ig dis-
played in Trig-
ger Hold mode.
Also sent when
display is blank.

' The HP-JB data output for mode HG is NOISE FIGURE CR/LF. The
HP-IB data output for mode Hi or H2 is Left Display, INSERTION
GAIN, NOISE FIGURE CR/LF. ECI is set each time LF i5 sent.

2 The HP-IB output has one more digit of resolution than the front
panel display (except for the voltmeter mode which has two more
digits of resolution than the front panel NOISE FIGURE display}.

Error Output Format:

+90DDDE+06CRLF

Error Code

Line Feed
Carriage Return

The Noise Figure Meter will output special HP-1IB
codes, for the NOISE FIGURE window, when a
read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR cata-
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log, Noise Figure Test Set Coarse or Fine Tuning
Calibration. The special HP-IB codes are given
below:

ENR Editing
+80TNNE+06
Fixed Data i l -.E Fixed Exponent
ENR Table Number ENR Table Entry Number

ENR Catalog
+80TNNE+06

Fixed Data i l [: Fixed Exponent
ENR Table Number Total Number of Entries

in the Table

Noise Figure Test Set
Fine Tuning Calibration

+B80363E+06

Fixed Dataj—“ t

Special Function number
for a Fine Tuning Calibration

Fixed Exponent

Noise Figure Test Set
Coarse Tuning Calibration

+B0640E+06

Fixed Data .:]— ] —E

Special Function number
for a Coarse Tuning Caitbration

Fixed Exponent

One purpose for these special codes would be toread
back from the Noise Figure Meter until the codes
stop being sent, which would mean the task is
complete. This would be useful when doing a coarse
or fine tune calibration.

Timeouts should not be used with these special
codes. If a timeoutis used, it should be atleast sixty
seconds. This is necessary because it may take the
Noise Figure Meter many seconds to set up the
special code for output. This is the case for coarse
and fine tune calibration.

3-22. Receiving the Clear Message

The Noise Figure Meter responds to the Clear mes-
sage by assuming the settings detailed in Table 3-6.
The Noise Figure Meter responds equally to the
Selected Device Clear (SDC) bus command when
addressed to listen, and the Device Clear (DCL) bus
command whether addressed or not. The Clear
message clears any pending Require Service mes-
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Table 3-6. Response 1o a Glear Message {or Pressing PRESET] (1 of 2}

Parameter £ondition
START FREQ 10 MHz
STOP FREQ 1600 MHz
STEP SIZE 20 MHz
SWEEP Off
FREQUENCY 30 MHz
FREQ INCR 20 MHz
SMOOTHING 1
CALIBRATE Off
MEASUREMENT UNCORRECTED NOISE FIGURE
SPECIAL FUNCTION NBTE

Most Special Functions are set to their zero suffix state (for exam-
ple, Measurement Mode Selection is set to 1.0). Some are turned off
(for example, Power Measurements). The following four Special
Functions are not affected by either the Clear message or by press-
ing PRESET. These four Special Functions are affected by Special
Function 0.8. For the default values of these four Special Functions,
refer to Table 3-14, Special Function Summary, in the Special
Functions Detailed Operating Instruction.

a. Control Function Selection (Special Function 4).
b. HP-B Addresses (Special Function 40).

¢. System LO Programs (Special Funtion 41).

d. System LO Commands (Special Function 42).

In addition, Service Request {Special Function 44) is set to enable
HP-IB Code Error (Special Function 44.3).

The following Special Functions are set to the indicated default

values:

IF (Special Function 3.0} 30 MHz
1.0 Frequency {(Special Function 3.1) 10000 MHz
Smoothing Factor (Special Function 13.2) 1
Spot ENR (Special Function 5.3) 152d8B
Thot (Special Function 5.4) 9893K
Teold (Special Function 6) 296.5K
Oscilloscope Limits (Special Function 8)

Noise Figure Lower Limit 0

Noise Figure Upper Limit 8

Gain Lower Limit 0

Gain Upper Limit 40
System LO Sideband Crossover 16 GHz

frequency; Measurement Modes 1.5
through 1.9 (Special Function 17.2)
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Table 3-6. Response to a Glear Message for Pressing PRESET) (1 of 2}

HP 8370B

Parameter

Cendition

Noise Figure Measurement System
Internal IF (Special Function 19)

Set Sequence (Special Funetion 35.2)

S8sB2 IF 700 MH:z
SSB3 IF 450 MHz
DBS IF 25 MHz
Plotter Functions (Special Function 25)
Noise Pen Number 1
Gain Pen Number 2
Plot Title HP 89708 Noise Figure Meter
Loss Compensation {(Special Function 34)
Before DUT 0dB
Temperature of Losses 0K
After DUT 0dB

1 through 9

Receiving the Clear Message (cont’d)

sage and resets the Service Request Condition (Spe-
cial Function 44) such that the Require Service
message will be issued on HP-IB code errors only
{Special Function 44.3).

Refer to Table 3-14 in the Special Functions Detailed
Operating Instruction for a list of the Special Func-
tionsthat are turned off or not affected by the Clear
Message.

3-23. Receiving the Trigger Message

When in remote and addressed to listen, the Noise
Figure Meter responds to a Trigger message by
executing one measurement cycle. The Noise Fig-
ure Meter responds equally to a Trigger message
(the Group Execute Trigger bus command [GET})
and a Data message, program code T2 (execute a
measurement).

3-24. Receiving the Remote Message

The Remote message has two parts. First, the
remote enable bus control line (REN) is held true;
second, the device listen address is sent by the con-
troller. These two actions combine to place the
Noise Figure Meter in remote mode. Thus, the Noise
Figure Meter is enabled to gointo remote when the
controller begins the Remote message, but it does
not actually switch to remote until addressed to
listen the first time. No instrument settings are
changed by the transition from local to remote.
When actually in remote, the Noise Figure Meter’s
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front panel REMOTE annunciator lights. When
the Noise Figure Meteris being addressed {(whether
inremote orlocal), its front panel LISTEN or TALK
annunciator turns on.

3-25. Receiving the Local Message

The Local message is the means by which the
controller sends the Go To L.ocal (GTL) bus com-
mand. If addressed to listen, the Noise Figure
Meter returns to front panel control when it re-
ceives the Local message. If the instrument wasin
local lockout when the Local message was re-
ceived, front panel control is returned, but lockout
is not cleared. Unless it receives the Clear Lock-
out/Set Local message, the Noise Figure Meter
will return to local lockout the next time it goes to
remote. No instrument settings are changed by
the transition from remote to local.

When the Noise Figure Meter goes to local mode,
the front panel REMOTE annunciator turns off.
However, when the Noise Figure Meter is being
addressed (whether in remote or local), its front
panel LISTEN or TALK annunciator lights.

If the Noise Figure Meter is not in local lockout
mode, pressing the front panel LOCAL key might
interrupt a Data message being sent to the instru-
ment, leaving the instrument in a state unknown
to the controller, This can be prevented by dis-
abling the Noise Figure Meter’s front panel keys
entirely, using the Local Lockout message.
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3-26. Receiving the Local Lockout Message

The Local Lockout message is the means by which
the controller sends the Local Lockout (LLO) bus
command. If in remote, the Noise Figure Meter
responds to the Local Lockout Message by dis-
abling the front panel LOCAL key. Thelocal lock-
out mode prevents loss of data or system control
due to someone accidentally pressing front panel
keys. If, while in local, the Noise Figure Meter is
enabled to remote {that is, REN is set true) and it
receives the Local Lockout message, it will switch
toremote mode with local lockout the first timeitis
addressed to listen. When in local lockout, the
Noise Figure Meter can be returned to local only
by the controller (using the Local or Clear Lock-
out/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the
bus cable.

3-27. Receiving the Clear Lockout/Set Local
Message

The Clear Lockout/Set Local messageisthe means
by which the controller sets the Remote Enable
(REN) bus control line false. The Noise Figure
Meter returns to local mode (full front panel con-
trol) when it receives the Clear Lockout/Set Local
message. No instrument settings are changed by
the transition from remote with local lockout to
local. When the Noise Figure Meter goes to local
mode, the front panel REMOTE annunciator
turns off.

3-28. Receiving the Pass Control Message

The Noise Figure Meter does not respond to the
Pass Control message because it does not have
this control capability.

3-29. Sending the Require Service Message

The Noise Figure Meter sends the Require Service
message by setting the Service Request (SRQ) bus
control line true. The instrument can send the
Require Service message in either local or remote
mode. The Require Service message is cleared
when a serial poll is executed by the controller orif
a Clear message is received by the Noise Figure
Meter. (During serial poll, the Require Service
message is cleared immediately before the Noise
Figure Meter places the Status Byte message on
the bus.) There are seven conditions that can be
enabled to cause the Require Service messageto be
sent when they occur. All seven conditions are
described as follows:

Operation

| HP-1B 4

1. Data Ready: When the Noise Figure Meter is
ready to send any information except error
codes.

2. HP.IB Code Error: When the Noise Figure
Meter receives an invalid Data message. (Un-
less specifically disabled, this condition causes
a Require Service message to be sent.)

3. Instrument Error: When any operator error
(E10 through E49, and E99) is displayed by the
Noise Figure Meter.

4. Calibration Complete: When a Noise Figure
Meter calibration cycle is complete.

5. System Interface Bus SRQ: When an instru-
ment on the System Interface Bus isissuing a
Service Request (SRQ).

6. Received Control of the System Interface Bus:
When the Noise Figure Meter has taken con-
trol of the System Interface Bus.

7. Extended Status Byte: When one of the en-
abled bits on the Extended Status Byteis true.

3-30. Enabling the Service Request Condition

Use Special Function 44 (or the related Service
Request Condition HP-IB codes) to enable the
Noise Figure Meter to issue the Require Service
message on any of the conditions above. The Ser-
vice Request Condition Special Function is entered
from either the front panel or via the HP-IB. A
description of the Service Request Condition Spe-
cial Funection and the procedure for enabling the
various conditions are given in the following
paragraphs:

NOTE

Each condition of the Status Byte can be
enabled separately or all the conditions
can be enabled at once (Special Func-
tion 44.7). Desired conditions of the
Extended Status Byte must be enabled
all atonce (Special Function 44.9). If the
enabled conditions of the Status Byte
are changed, it is a good practice to first
disable the SRQ capability and then
enter the required enabled conditions.

A description of the Status Byte and
Extended Status Byte bits is found in
the HP-IB Syntax and Characteristics
Summary.
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Enabling the Service Request Condition (cont'd)

Table 3-7. Service Reguest Enabled Conditions Summary

HP-1B Code | Special -
Function Description
Q0 44.0 Disables the SRQ capability
{clears all enabled conditions)
Q1 44.1 Enable Data Ready
Q2 44.2 Enable Noise Figure Meter
Calibration Complete (not for
Zero Frequency or IF Calibration
Q3 443 Enable HP-IB Code Error
Q4 44.4 Enable SRQ on the System
Interface Bus
Q5 44.5 Enable Noise Figure Meter
received control on the System
Interface Bus
Q6 44 .6 Enable Instrument Error
RM 44.7 Set entire Status Byte Mask
Q8 44.8 Enable Extended Status Byte
RE 44.9 Set the Extended Status Byte
Mask

a. Send the HP-IB Code QO to clear all the
enabled conditions of the Status Byte. The enabled
conditions of the Extended Status Byte are not
cleared with Q0. The Extended Status Byte enabled
conditions are cleared with REOEN.

bh. Each of the desired conditions of the Status
Byte may be set individually (Special Functions
44.1 through 44.6) or all the conditions may be set
at once (Special Function 44.7).

c. To set conditions individually, send the appli-
cable HP-IB Codes from Table 3-7. To set all the
desired conditions at once, send the tota! binary
weight of the bit positions desired. The command
sequence would be as follows: RM132EN.

RMisthe HP-IB code for Special Function 44.7; 132
isthetotal binary weight of bits 2 and 7 of the Status
Byte; EN is the HP-IB code for ENTER.

d. The conditions of the Extended Status Byte
can’t be enabled individually; the desired conditions
must be enabled with Special Function 44.9.
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e. To set the conditions of the Extended Status
Byte, send the total binary weight of the bit posi-

tions desired. The command sequence would be as
follows: RE36EN.

RE is the HP-IB codefor Special Function 44.9; 36 is
the total binary weight of bits 2 and 5 of the
Extended Status Byte; EN is the HP-IB code for
ENTER.

Normally, device subroutines for the Noise Figure
Meter can be implemented simply by triggering
measurements and then reading the output data.
In certain applications, the controller must per-
form other tasks while controlling the Noise Figure
Meter. Figure 3-12 illustrates a flow chart for
developing device subroutines using the instru-
ment’s ability to issue the Require Service mes-
sage when dataisready. This subroutine structure
frees the controller to process other routines until
the Noise Figure Meter is ready with data.

3-31. Sending the Status Byte Message

After receiving a Serial Poll Enable bus command
(SPE) and when addressed to talk, the Noise Figure
Meter sends a Status Byte message.

The Status Byte message consists of one 8-bit byte
in which 7 of the bits are set according to the
enabled conditions described above under Sending
the Require Service Message. If one or more of the
seven conditions are enabled and present, all the
bits corresponding to the conditions and also bit 6,
the RQS bit, will be set true (and the Require Ser-
vice message is sent). If one of the above condi-
tions occurs but has not been enabled by Special
Function 44 or the HP-IB codes, neither the bit
corresponding to the condition nor the RQS bit
will be set (and the Require Service message will
not be sent). The bit pattern of the Status Byte is
shown in the HP-IB Syntax and Characteristics
Summary.

Extended Status Byte. A second status byteis avail-
able but can only beaccessed via the Output Status
function (refer to the following paragraph for an
explanation of the Output Status function). Bit 7 of
the Status Byteindicates thaf an enabled condition
on the Extended Status Byteis true. If Bit 7is true,
the second status byte should be accessed via the
Output Status function to determine what caused
Bit 7 to become true. The bit pattern can be inter-
preted with the information in the HP-IB Syntax
and Characteristics Summary.
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Sending the Status Byte Message (cont’d)

Output Status Function. After receiving the program
code OS (Output Status) and when addressed to
talk, the Noise Figure Meter sends two binary bytes,
each 8 bits wide. The first byte is identical to the
Status Byte of the Serial Poll. The second byteis the
Extended Status Byte which provides additional
information. Refer to the HP-IB Syntax and Char-
acteristics Summary for adescription of each Status
Byte. Bits in the main Status Byte and Extended
Status Byte are cleared upon execution of the Out-
put Status (OS) or Reset Status (RS) program code.

Operation
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3-32. Clearing the Status Byte

Oncethe Noise Figure Meter receives the serial poll
enable bus command (SPE), itis no longer allowed
to clear the Status Byte. However, it can add addi-
tional bits to the status byte if the bit has been
enabled and the condition occurs.

After the Status Byte message has been sent it
will be cleared if the Serial Poll Disabled (SPD)
bus command is received, if the Abort message
is received, or if the Noise Figure Meter is unad-
dressed to talk. Nonvolatile error messages are

START HP 89708

SET TRIGGER
SELECTION TO HOLD
{HP-1B CODE T1)

!

( INTERRUPT ON sna)
1

Y

READ STATUS BYTE
FROM HP 89708

(HP-1B CODE T2)

'

PROCESS OTHER
ROUTINES UNTIL
SRO CAUSES INTERRUPT

ENABLE SRG ON T0 OTHER INSTRUMENT SRQ FROM

DATA READY SERVICE ROUTINES HP 89708
(HP-IB CODE Q1) -

s TEST OTHER HP 89708 HP 89708 SRQ
MEASUREMENT

SRG CONDITIONS DUE TO DATA
‘ READY?
TRIGGER MEASUREMENT

READ DATA
FROM HP 8970B

Flgure 3-12. Exampie Flow Chart for Driving the Noise Figure Meter Using the Require Service Message {SRQ}
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Clearing the Status Byte (cont'd)

also cleared when the Status Byte messageis sent.
Thus, some error messages that may have caused
the Require Service Message to be issued disap-
pear when a serial poll is performed. Refer to the
Error Messages and Recovery Detailed Operating
Instructions for a listing of volatile and nonvola-
tile errors. Regardless of whether or not the Status
Byte message has been sent, the Status Byte and
any Require Service message pending will be
cleared if a Clear message is received.

3-44

HP 8970B

3-33. Sending the Status Bit Message

The Noise Figure Meter does not respond to a
Parallel Poll Enable (PPE) bus command and thus
cannot send the Status Bit message.

3-34. Receiving the Abort Message

The Abort messageis the means by which the con-
troller sets the Interface Clear (IFC) bus control
line true. When the Abort message is received, the
Noise Figure Meter becomes unaddressed and
stops talking or listening.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY

Address:
Selected and displayed on front panel using Special Function 44.0, Noise Figure Meter HP-IB Address.
Factory set to 8 decimal.

Numeric Data input Format (Except in Voltmeter mode):®
+DDDDDELNN

5-Digit Signed Mantissa Exponent Magnitude
{leading decimal not aliowed) Exponent Sign

Indicates Exponent Foliows

Output Formats: (Except in Voltmeter mode).*

HP-1B code HO (43.0 SP): :DDDDDExNNCRLF
HP-IB code H1 (43.1 SP): +DDDDDExNN, tDDDDDExNN, :tDDDDDE+ NNCRLF
and H2 (43.2 SP)

Signed Mantissa

indicates Exponent Follows
Exponent Sign

Exponent Magnitude
Carriage Return

Line Feed

Errors: +30DDDE+06CRLF

Line Feed
Error Code Carriage Return

Special HP-IB error codes (used for ENR Editing, ENR Catalog and Noise Figure Test Set Coarse and
Fine Tuning Calibration):

ENR Editing or Catalog: +80TNNE+06

Fixed Data 1 I _E Fixed Exponent
ENR Table Number ENR Table Entry Number or Total
Number of Entries in the Table

Noise Figure Test Set )
Coarse or Fine Tuning Calibration: +BONNNE+06

Fixed Data —E.F%xed Exponent

Special Function for a8 .l
Coarse or Fine Tuning
Calibration

Reserved Number (used for the “~—w—" gpecial display or a blank display):
+90000E+06CRLF

Reserved Number (used for the “~—-", overflow in measurement or measured noise figure > 32 dB):

+90099E+06CRLF

Return to Local:
Front panel LOCAL key if not locked out.

* For information on the Voltmeter mode refer to Section VIIL. Section V11 is in the Service Manual. The part number of the Service Manual is on the
title page of this manual.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY (cont'd)
Status Byte:

Bit 7 ] 5 4 3 2 1 0
Weight 1?8 84 32 16 8 4 2 i
Service Extended RQS Bit | Instrument | Received | SRQon | HPIB | Noise Figure | Data
Request Status Require Error Control System Code Meter Ready
Condition Byte Service on SIB Interface ; Error Calibration
Bus Complete
Noies 1. The condition indicated in bits 0—5 and 7 must be enabled {0 cause a Service Request by Special Function 44. Each condition can be

enabhled separately or all conditions can be enabled at once, using Special Function 44.7.
2. The RQS bit (bit 6) is set true whenever any of the conditions of bits 0--5 and 7 are enabled and oceur.
3. For bit 7 to be enabled, both the Extended Status Byte mask and Special Function 44.8 must be enabled.

Extended Status Byte:

Bit i § 5 4 3 2 1 0
Weight 128 64 32 16 8 4 2 1
Service 0 Power On Plot Fine Coarse Noise Noise Noise
Request | (always) Cycle Completed Tuning Tuning Figure Figure Figure
Sendition Calibration | Calibration | Test Set Test Set Test Set
Completed | Completed | needs needs heeds
Coarse | Fine Tuning | Fine Tuning
Tuning at Current Calibration
Frequency {Special
Function
36.3)

Notes 1.

2.

The conditions indicated in bits 0 through 6 must be enabled to cause a Service Request, by Special Function 44.9. Special Function 44.9
enables all the conditions degired at once. The procedure is to press 44.9 SPECIAL FUNCTION, enter the total binary weights of the

conditions desired and press ENTER.

Special Function 44.8 must also be used to enable bit 7, in the status byte, to generate an SRQ.

Complete HP-IB capability as defined in IEEE Std 488-1978, and ANSI Std MC1.1 is: SH1, AH1, T5, TEQ, 14, LEG,
SRi1, RL1, PP, DC1, DT, CO, El.
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (1 of 4)

B Parameter H:&?;de Parameter
AC System LO Auxiliary Commands Input Gain Calibration
AD Sets the RAM address for modification/ Co +20, +10, and 0 dB
inspection or ROM address for inspection C1 +10, 0, and —10 dB
and disables auto-increment mode C2 0,-10, and —20dB
AF Enable Smoothing Factor C3 —10, —20, and —30 dB
Al Sets the RAM address for modification/ DA Disable auto sweep abort
inspection or ROM address for inspection DB dB
and enables auto-increment mode DC Disable Error 48 (E48)
D Perform a Selective Device Clear of the
Qutput to Oscilloscope Pass Through Device on the System
Al Noise Figure and Gain Interface Bus
Al Test Pattern DE DECREASE Smoothing
A2 Noise Figure Only DF Measurement frequency is shown in the
A3 Gain Only left display
A4 Plot Noise Figure (for X-Y Recorder) DG Interpolated measurements disabled
Ab Plot Gain (for X-Y Recorder) above 1600 MHz in Modes 1.5 through 1.9
A8 X Axis is Noise Figure and Y Axis is Gain DI Input to Noise Figure Meter (Modes 1.0
(Strip Chart Mode) through 1.4) or Input to Noise Figure Test
A7 Enable recorder test Set {Modes 1.5 through 1.9) displayed
AR Oscilloscope display cursor enabled D | (Step down)
A9 Oscilloscope display cursor disabled Dp Disable Auto Pass Control
BD All displays are blanked DS Perform a Device Clear on the System
BF Left display is blanked Interface Bus, if the Noise Figure Meter is
BO Double Sideband the Active Controller.
Bl Lower Single Sideband DT Enable Display Test
B2 Upper Single Sideband . .
B3 Signal Up Conversion Noise Source Temperature Units for
IF = Fgignal + FLO Data Input
B4 Noise Figure Test Set single sideband DO GK
operation; Modes 1.5 through 1.9 b1 UC
B5 Noise Figure Test Set double sideband bz . F
operation; Modes 1.5 through 1.9 EA Display and Enter System LO SIB
CA CALIBRATE Address o
cC Cold Calibration (Manual Measurement) EC ENR Table for Calibration '
CF Upper and lower sideband crossover EG Enable Interpolated Measurements in
frequency selection; Modes 1.5 through 1.9 Modes 1.5 through 1.9
CH Hot Calibration (Manual Measurement) Noise Figure Meter YIG Filter Tuning
CI* Calibrate IF Attenuators* Functions
cp Noi‘se Figure Test Set Coarse Tuning EH Enable Hysteresis Calibration when
Calllbrat_:lon Frequency is Changed
CR Noise Figure Meter releases control of the EM ENR Table for Measurement
Sylstt,enzi Interfa‘ce Bus _ EN ENTER
Cs Im?mhz.e Special Functions EP Enable Auto Pass Control
CT Noise Figure Meter takes control of the ER Recalls Last Error Issued
System Interface Bus
Cu Selects Upper Frequency of Noise Figure Measurement Modes
Test Set E0 Mode 1.0
El Mode 1.1
* If code €] is used, the gain accuracy specification will be degraded from 0.15 dB to a typical value of 0.25 dB. For more information, refer to
“Calibration, IF Attenuators” Detailed Operating Instruction.
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (2 of 4)

HP-1B Code HP-IB Code
o Parameter Pi-io Parameter
Measurement Modes (cont’d) Special Function Catalog (cont’d)
E2 Mode 1.2 G7 Line 7 Status
E3 Mode 1.3 G8 Line 8 Status
E4 Mode 1.4 HC Display and Enter Pass Control System
E5 Mode 1.5 Interface Bus Address
Eé6 Mode 1.6 HP Display and Enter Plotter System
E7 Mode 1.7 Interface Bus Address
E8 Mode 1.8 HS Display and Enter System Interface Bus
E9 Mode 1.9 Address
FA START FREQ HT Display and Enter Noise Figure Test Set
FB STOFP FREQ System Inferface Bus Address
FC Custom LO CW Prefix and Suffix HZ Hz
FD Disable Noise Figure Test Set Fine
Tuning Calibration with Noise Figure HP-1B Data Output
Measurement System Calibration; HO NOISE FIGURE Display Only
warning (E28) when fine tune needed Hi Left, INSERTION GAIN, and NOISE
FF Noise Figure Test Set Fine Tuning FIGURE Displays
Calibration at the current Frequency H2 During Calibration the Frequency,
FN FREQ INCR Calibration Data (GKB) and Second
FR FREQUENCY Stage Temperature are cutput.
FT Noise Figure Test Set Fine Tuning IF IF (for Modes 1.1, 1.3, 1.6 and 1.8)
Calibration with Noise Figure Measure- IH IF Attenuator Hold
ment System Calibration; warning (E28) IN INCREASE Smoothing
when fine tune needed. IS Perform an Interface Clear on the System
FW Disable Noise Figure Test Set Fine Interface Bus, if the Noise Figure Meter is
Tuning Calibration before Noise Figure the System Controller.
Measurement System Calibration and
disable Error 28 (E28) IF Attenuation Selection
Fo Smoothing Factor = 1 10 Auto
F1 Smoothing Factor = 2 Il 0dB
F2 Smoothing Factor = 4 I2 5dB
F3 Smoothing Factor = 8 13 10dB
F4 Smoothing Factor = 18 14 15dB
F5 Bmoothing Factor = 32 I5 20dB
¥6 Smoothing Factor = 64 16 25dB
F7 Smoothing Factor = 128 17 30dB
F8 Smoothing Factor = 256 I8 35dB
F9 Smoothing Factor = 512
GL Gain Lower Limit (for Oscilloscope) System LO Programs .
GP Select Gain Pen Number J0 HP 8350B Sweep Oscillator
GU Gain Upper Limit (for Oscilloscope) J2 HP 8671B/8672A Syn. Signal Generator
J3 HP 8673B Syn. Signal Generator
Special Function Catalog J4 HP 8340B Sweep Oscillator
GO Scan Catalog Lines J5 Custom Local Oscillator Program
G1 Line 1 Status
G2 Line 2 Status Keyboard Test
G3 Line 3 Status KY Display Key Codes
G4 Line 4 Status K1 Key Test — Row 1
G5 Line 5 Status K2 Key Test ~ Row 2
G6 Line 6 Status K3 Key Test — Row 3
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Tabie 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (3 of 4}

HP-1B Code HP-IB Code
Phinie Parameter P Parameter
Key Test (cont’d) Power Measurements
K4 Key Test - Row 4 Nb SOURCE Off (Uncal)
K5 Key Test — Row 5 Ns SOURCE On (Uncal)
Ké Key Test — Row 6 N7 SOURCE Off (Cal)
K7 Key Test — Row 7 N8 SOURCE On (Cal)
K8 Key Test — Row 8 08 Output Both Status Bytes
LA Loss Compensation before BUT PA Plot Grid and Data
LB Loss Compensation after DUT PC Custom LO Power Prefix and Suffix
LD Disable System 1.O on System Inter- PD Plot Data Only
face Bus PF Perform Noise Figure Test Set Fine Tuning
LE Enable System LO on System Inter- Calibration
face Bus PG Plot Grid and Axes Labels
L¥ LO Frequency (for Modes 1.2, 1.4, 1.7 PI Plotter is on the Systern Interface Bus
and 1.9 PL System LO Power Level
LL Go to Lower Left (for X-Y Recorder) PM Plot Data read on HP-IB
T Temperature of Losses PR PRESET
Lo Loss Compensation Off PS System LO CW Prefix and Suffix
L1 Loss Compensation On PT Display and Enter the Address of the Pass
MB Selects Modification or Inspection of a Byte Through Device on the System Interface Bus
in RAM or Inspection of a Byie in ROM. Po Normal Display (to return from displaying
MC Cold Manual Measurement manual measurement results}
MF Selects Modification or Inspection of a | 21 Display Manual Measurement Results
Floating Paint Value in RAM or Inspec- Sequence Functions
tion of a Floating Point Value in ROM. QA Automatic
MH Hot Manual Measurement QC Clear
MN System LO Minimum Frequency in MHz QM Manual
MW Selects Modification or Inspection of a Qs Set
Word in RAM or Inspection of a Word )
in ROM. Service Request .
MX System LO Maximum Frequency in MHz Qo Disable SRQ Capability
MZ MHz Qi Enable Data Ready to Cause SRQ
NC Noise Figure Meter is not system control- Q4 Enable SRQ on the System Interface Bus
ler on the System Interface Bus to Cause SBQ . .
ND Sets all ENR Values to 15.20 dB and Qb Enable Noise Figure Meter received
Noise Source ID No. to 00000. control on the System Interface Bus to
NE Enter and Use ENR Cause SRQ
NL Noise Figure Lower Limit (for Oscilloscope) Qsé Enable Instrument Error to cause SRQ
NP Selects the Noise Pert Number QB Enable Extended Status Byte to
NR Enter ENR Table Cause SRQ
NS | Noise Source Catalog gg g%ﬁded Status Byte Mask
NU Noise Figure Upper Limit (for Oscilloscope) BH RP Attenuator Hold
ise Fi . : EM Set Status Byte Mask
NO N;E;B ¢ Display Units RS Reset Status Bytes
N1 F RF Attenuation Selection
N2 Y dB RO Auto
N3 Y R1 +20 dB
N4 Te K R2 +10dB
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Table 3-8. Noise Figure Meter HP-I1B Code to Parameter Summary (4 of 4]

HP-IB Code
L HP-IB J

Parameter

HP-1B Code

<D

Parameter

R3
R4
R5
R6
SB

sC

8D
SE
s

SN
sp
5Q
SR
88
8T
S0

Si

82
83
S4
S5

TC
TD

TE

TH
™
TS

To
T1
T2
UL

up
UR

RF Attenuation Selection (cont’d)
0dB

~10dB

-20dB

—30dB
Noise Figure Meter does a Serial Poll on
the System Interface Bus
Noise Figure Meter is System Controller
on the System Interface Bus
Displays Current Software Date
Display Current ENR
Display IF Attenuator Setting
Enter Noise Source Identifier
SPECIAL FUNCTION
SEQ
Display RF Attenuator Setting
STEP SIZE
STORE
Use ENR Table
Use Spot ENR

Noise Figure Measurement System

Internal IF Selection
Display and Enter Internal IF for SSB2
Display and Enter Internal IF for S5B3
Display and Enter Internal IF for DSB
Display Noise Figure Meter Input

Freguency

Teold

Disable Noise Figure Test Set on the

System Interface Bus

Enable Noise Figure Test Set in Modes 1.5

through 1.9

Thot

System LO Settling Time

Enable Noise Figure Test Set in Modes 1.0

through 1.9

Trigger Selection
Free Run
Hold
Execute
Display User Controlled Local Oscillator
Frequency; Modes 1.5 through 1.9
t (Step up)
Go to Upper Right (for X-Y Recorder)

Uy

uo
Ul

vC
VH
VP

Vo
Vi
WT
W0
Wi
w2

XV

X0
X1

YO
Y1
Y2
Y8
Y9

Z0
Z1
2
24
Z5

Noise Figure Meter YIG Filter Tuning
Functions
YIG DAC is Updated when Frequency
is Changed
0 MHz Hold Off
0 MHz Hold On

Voltmeter Mode
Noige Source Off
Noise Source On
Display Pass Through Address of Noise
Figure Meter
Exponential Smoothing
Arithmetic Smoothing
Enter Plot Name
Sweep Off
AUTO Sweep
SINGLE Sweep

Recorder Test Functions
X-Axis Test

Display Resolution
Maximum Resolution
Less Resolution on Noise Figure
Less Resolution on Gain

Recorder Test Functions
Y-Axis Test

Frequency Calibration

Automatic

Disable Frequency Cal

Perform 1 Frequency Cal
Disables Debug Oscilloscope Plots
Enables Debug Oscilloscope Plots

Individual RF Attenuator Selection
Select RF Thru Path
Select 10 dB Pad No. 1
Select 20 dB Input Amplifier
Select 10 dB Pad No. 2
Select 10 dB Pad No. 3
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Table 3-8. Special Function to HP-IB Code {1 o 7)

Special Function KP-i8
Code Description
Name Code*
Initialize Special Functions 0.0 CS Initializes many Special Functions.
Initialize Special Functions and 0.9 None | Initializes all Special Functions and Sets all
Set Defaults Defaults to Factory Set Conditions.
Measurement Mode Selection 1.0 ED Mode 1.0 (101600 MHz measurement)
1.1 El Mode 1.1 (fixed IF; variabie freq. Sys. LO)}
1.2 E2 Mode 1.2 {(variable IF; fixed freq. Sys. LO; SSB)
1.3 E3 Mode 1.3 (fixed IF; variable freq. Sys. LO; mixer
is DUT)
1.4 E4 Mode 1.4 (variable IF; fixed freq. Sys. LO; mixer
1s DUT)
1.5 E5 Mode 1.5 (10 to 18000 MHz)
16 E8 Mode 1.6 (fixed IF; variable frequency User
Controlled LO)
1.7 E7 Mode 1.7 (variable IF; fixed frequency User
Controlled LO; SSB)
1.8 E8 Mode 1.8 (fixed IF; variable frequency User
Controlled LO; mixer is DUT)
1.9 E9 Mode 1.9 (variable IF; fixed frequency User
Controlled LO; mixer is DUT)
Sideband Frequency Offset 2.0 BO Double Sideband (no offset)
2.1 B1 Lower Single Sideband (Fy;p,,,) <F10)
2.2 B2 Upper Single Sideband (Fy;;,, . > F1 )
2.3 B3 Signal Up Conversion Fgpy = Figignaly + FiLoy
Enter IF and LO Frequencies 3.0 IF IF (for Modes 1.1, 1.3, 1.6 and 1.8)
3.1 LF LO (for Modes 1.2, 1.4, 1.7 and 1.9}
3.2 UL Displays User Controlled LO Frequency in
Modes 1.6 through 1.9
Control Function Selection 4.0 none Normal Talker and Listener
4.2 none Talk Only
ENR, Ty, ¢ Settings and 5.0 80 Use ENR Table
ENR Table Selection 5.1 81 Use Spot ENR
5.2 SE Display Current ENR in 4B
5.3 NE Enter and Use Spot ENR
5.4 TH Enter and Use Tt
5.5 SN Enter Noise Source Identifier
5.6 NS Noise Source Catalog
5.7 EC ENR Table for Calibration
5.8 EM ENR Table for Measurement
Teold Setting 6.0 TC Enter Teg1g
Cutput to Oscilloscope 7.0 AQ Noise Figure and Gain
71 Al Test Pattern
7.2 A2 Noise Figure Only
7.3 A3 Gain Only
7.4 A8 Oscilloscope Display Cursor Enabled
7.5 A9 Oscilloscope Display Cursor Disabled

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-8. Special Function lo HP-IB Code {2 0f 7)

Special Fungtion HP-iB
Code Bescription
Name Code* | {ED)
Enter Oscilloscope Limits 8.1 NL Noise Figure Lower Limit
B.2 NU Noise Figure Upper Limit
8.3 GL Gain Lower Limit
8.4 GU Gain Upper Limit
Power Measurements 9.1 Nb SOURCE Off (uncal)
9.2 N§ SOURCE On (uncal)
93 N7 SOURCE Off (cal)
9.4 N8 SOURCE On (cal)
Noise Figure Display Units 10.0 NO FdB
10.1 N1 F
10.2 N2 Y dB
10.3 N3 Y
104 N4 Te K
Select Noise Source Temperature 11.0 Do K
Units for Data Input 11.1 D1 °C
11.2 D2 °F
Display Resolution 12.0 Xo Maximum Resolution
12.1 X1 Less Resolution on Noise Figure
12.2 X2 Less Resolution on Gain
Smoothing {Averaging) 13.0 Vo Exponential Smoothing
13.1 Vi Arithmetic Smoothing
13.2 AF Smoothing Factor
Manual Measurement Functions 14.1 MC Cold Measurement (SOURCE-off)
14.2 MH Hot Measurement (SOURCE-On)
14.3 CC Cold Calibration (SOURCE-Off)
144 CH Hot Calibration (SOURCE-On)
15.0 PO Display Current Measurement
15.1 P Display Manual Measurement Results
Display Control 16.0 DF Displays Measurement Frequency in Left Display
) 16.1 Di Displays Input to Noise Figure Meter (Modes 1.0
through 1.4) or Input to Noise Figure Test Set
(Modes 1.5 through 1.9) in Left Display
i6.2 BF Left Display is Blanked
16.3 BD All Displays are Blanked
Noise Figure Test Set Internal 17.0 B4 Single Sideband Operation (Modes 1.5
Sideband Frequency Offset through 1.9)
17.1 B5 Double Sideband Operation (Modes 1.5
through 1.9)
17.2 CF Upper and Lower Sideband Crossover Frequency
Selection
Noise Figure Measurement System 19.2 582 Internal IF for SSB2
Internal IF 19.3 83 Internal IF for SSB3
19.4 84 Internal IF for DSB
19.5 S5 Display Noise Figure Meter Input Frequency

*Most Special Functions can be programmed using either the code number foilowed by SP or the HP-IB Code.
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Table 3-8. Special Function 1o HP-1B Code (3 of 7)

Special Funciion HP-1B
Code Description
Hame Code* L 1P-if 2
Recorder Functions 20.0 LL Go to Lower Left
21.0 UR Go to Upper Right
22.0 Ad Plot Noise Figure
23.0 A5 Plot Gain
24.0 A6 X-AXIS Qutput is Noise Figure and Y-AXIS
Qutput is Gain (Strip Chart mode)
Plotter Functions 25.0 PA Plot Grid and Data
251 PG Plot Grid and Axes Labels
25.2 PD Plot Data Only
253 NP Select Noise Pen Number
25.4 GP Select Gain Pen Number
255 WT Select Plot Name
Trigger Selection 30.0 T0 Free Run
301 T1 Hold
30.2 T2 Execute
Frequency Calibration 31.0 YO Automatic
31.1 Y1 Disable Frequency Cal
31.2 Y2 Perform 1 Frequency Cal
Input Gain Calibration 32.0 Co +20, +10and 0 dB
321 Ci +10, 0 and —10 4B
32.2 C2 0, —10 and —20 dB
32.3 C3 —10, —20 and -3¢ dB
IF Attenuators Calibration** 33.1%* C1s* Calibrate IF Attenuators**
Loss Compensation 34.0 Lo Off
34.1 L1 On
34.2 LA Enter Loss before DUT in dB
34.3 LT Enter Temperature of Losses
34.4 LB Enter Loss after DUT in dB
Sequence Functions 35.0 QM Manual
35.1 QA Automatic
35.2 Qs Set
35.3 QC Clear
Noise Figure Test Set YIG Filter 36.0 FT Fine Tuning Calibration with Noise Figure
Fine Tuning Calibration Measurement System Calibration; enable
Warning (£28) if Fine Tuning is needed.
36.1 FD Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration.
36.2 FW Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration and
Disable Warning (E28) if Fine Tuning is needed.
36.3 PF Fine Tuning Calibration from Start to Stop

Frequencies and Disable Fine Tuning Calibration
before Noise Figure Measurement System
Calibration.

*Most Special Functions can be programmed using either the cede number followed by SP or the HP-IB Code.
**1f Special Function 33.1 is used, the gain accuracy specification will be degraded from 0.15 dB to & typical value of 0.25 dB. For more
information, refer to “Calibration, IF Attenuators” Detailed Operating Instruction.
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Table 3-9. Special Function to HP-IB Code (4 of 7)

Special Function HP-1B
Code Description
Name Code* | (NACH
36.4 FF Fine Tuning Calibration at Current Frequency
Interpolated Measurements 39.0 DG Disable Interpolated Measurements in Modes 1.5
through 1.9
39.1 EG Enable Interpolated Measurements in Modes 1.5
through 1.9
HP-IB and SIB Addresses 40.0 none Display and Enter Noise Figure Meter Address
40.1 EA Display and Enter System L.O Address
40.2 HT Display and Enter Noise Figure Test Set SIB
Address
40.3 HP Display and Enter Plotter SIB Address
40.4 HS Display and Enter SIB Address
40.5 HC Display and Enter Pass Control SIB Address
408 PT Display and Enter the SIB Address of the Pass
Through Device on the SIB
40.7 VP Display the Pass Through Address of the Noise
Figure Meter
System LO Programs 41.0 J0 HP 8350B Sweep Oscillator
41.2 J2 HP 8871B/8672A Syn. Signal Generator
41.3 J3 HP 8673B/C Syn. Signal Generator
41.4 J4 HP 8340B/83418 Sweep Oscillator
41.5 Jb Custom Local Oscillator
System LO Commands 42.0 AC Auxiliary Commands
421 Ps CW Prefix and Suffix
42.2 ™ Settling Time in ms
42.3 MN Minimum Frequency in MHz
42.4 MX Mazximum Frequency in MHz
42.5 PL System Local Oscillator Power Level
426 PC Power Prefix and Suffix for Custom Local
Oscillator
42.7 FC Frequency Prefix and Suffix for Custom Local
Oscillator
HP.IB Data Output Selection 43.0 Ho NOISE FIGURE Only
43.1 H1 Frequency (left display), INSERTION GAIN,
NOISE FIGURE
43.2 H2 Frequency, Calibration Data (GmKBm) and
Second Stage Temperature are Output over
HP-IB during Calibration.
Service Request 44.0 Qo Disable SRQ Capability (clears all enabled
conditions)
44.1 Q1 Enable Data Ready to cause an SRQ
44.2 Q2 Enable Cal Complete to cause an SRQ
44.3 Q3 Enable HP-IB Code Error to cause an SRQ
444 Q4 Enable SRQ on the SIB to Cause an SRQ
445 Q5 Enable Noise Figure Meter Received Control on
the SIB to Cause an SRQ

*Most Special Functions can be programmed uging either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-1B Code (5 of 7)

Special Function HP-1B
Code Bescription
Name Code* | (BN
44.6 Q6 Enable Instrument Error to cause an SRQ
44,7 RM Enable al] desired Conditions on the Status Byte
to Cause an SRQ
44.8 QB8 Enable Extended Status Byte to Cause an SRQ
449 RE Enable all desired Conditions on the Extended
Status Byte
Noise Figure Test Set Control 45.0 TE Enable Noise Figure Test Set in Modes 1.5
through 1.9
45.1 TS Enable Noise Figure Test Set in all Modes
45.2 ™ Disable Noise Figure Test Set in all Modes
Systern Local Osciliator Control 46.0 LE Enable System Local Oscillator on the SIB
46.1 LD Disable System Local Oscillator on the SIB
Plotter Control 47.0 P1 Plotter is on the SIB
47.1 PM Enable Plot Data to be read on the HP-IB
SIB Controller 48.0 8C Enable Noise Figure Meter as System Controller
on the SIB
48.1 NC Disable Noise Figure Meter as System Controller
on the SIB
48.2 bC Disable Error 48 (E48)
Sharing Control on the SIB 49.0 bPp Disable Aute Pass Control
49.1 EFP Enable Auto Pass Control
49.2 CR Enable Noise Figure Meter to Release Control of
the SIB
49.3 cr Enable Noise Figure Meter to Take Control of
the SIB
49.4 SB Enable Noise Figure Meter to perform a Serial
Poli on the SIB
49.5 DD Perform a Selective Device Clear of the Pass
Through Device on the SIB.
49.6 DS Perform a Device Clear on the S1B, if the Noise
Figure Meter is the Active Controller.
487 IS Perform an Interface Clear on the SIB, if the
Noise Figure Meter is the System Controller.
Special Function Catalog 50.0 GO Scan Special Function Catalog Lines
50.1 Gl Line 1 Status
50.2 G2 Line 2 Status
50.3 G3 Line 3 Status
8504 G4 Line 4 Status
50.5 G5 Line 5 Status
50.6 G6 Line 6 Status
50.7 G7 Line 7 Status
B50.8 G8 Line 8 Status
RF Attenuation Selection 60.0 RO Auto
60.1 R +20 dB
60.2 R2 +10dB
60.3 R3 0dB
60.4 R4 -10dB
*Most Special Functions can be programmed using either the code number followed by 8P or the HP-I8 Code.
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Table 3-8. Special Function to HP-1B Code (6 of 7}

Special Function KP-iB
Code Description
Name Code” | €D
60.5 R5 —20 dB
60.6 R6 -30dB
Display RF Attenuator Settings 61.0 SR Display RF Attenuators
RF Attenuator Hold 62.0 RH RF Attenuators are held in the configuration
that exists when Special Function 62.0 is
activated. '
Individual RF Attenuator Selection 63.0 Z0 Select RF Thru Path
63.1 VA Select 10 dB Pad No. 1
63.2 Z2 Select 20 dB Input Amplifier
63.4 74 Select 10 dB Pad No. 2
63.5 Z5 Select 10 dB Pad No. 3
Noise Figure Test Set YIG Filter 64.0 Cr Enable Coarse Tuning Calibration
Coarse Tuning Calibration 64.1 CuU Select Upper Freguency of Noise Figure Test Set
IF Attenuation Selection 70.0 10 Auto
701 It 0dB
70.2 12 5dB
70.3 I3 10dB
70.4 14 i5dB
70.5 I5 20dB
70.8 (3] 25dB
70.7 I7 304dB
70.8 18 35dB
Display IF Attenuator Settings 71.0 51 Display IF Attenuators
IF Attenuator Hold 72.0 IH IF Attenuators are held in the configuration that
exists when Special Function 72.0 is activated.
Voltmeter Mode 80.0 vC Noise Source Off
81.0 VH Noise Source On
Recorder Test Functions 82.0 A7 Enable Recorder Test
82.1 XV X-Axis Test
82.2 YV Y-Axis Test
Keyboard Test 90.0 KY Display Key Codes
90.1 K1 Key Test — Row 1
90.2 K2 Key Test ~ Row 2
80.3 K3 Key Test — Row 3
90.4 K4 Key Test — Row 4
90.5 K5 Key Test — Row 5
a0.6 K6 Key Test — Row 6
90.7 K7 Key Test — Row 7
90.8 K8 Key Test — Row 8
Display Test 91.0 DT Enable Display Test
0 MHz Hold 92.0 Uo Off
92.1 Ul On
RAM Inspection/Modification or 93.0 Al Sets the Address for Modification or Inspection
ROM Inspection Utilities and Enables Auto-Increment Mode.
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (7 of 7)

Special Funcifon HP-iB
Code description
Name Code* | T
93.1 AD Sets the Address for Modification or Inspection
and Disables Auto-Increment Mode.
93.2 MB Selects Modification or Inspection of a Byte in
RAM or Inspection of a Byte in ROM.
93.3 MW Selects Modification or Inspection of a Word in
RAM or Inspection of a Word in ROM.
93.4 MF Selects Modification or Inspection of a Floating
Point Value in RAM or Inspection of a Floating
Point Valee in ROM.
Noise Figure Meter YIG Filter 94.1 —_ Disable Hysteresis Calibration when Frequency
Tuning Functions is Changed.
94.2 EH Enable Hysteresis Calibration when Frequency
is Changed.
94.3 — YIG DAC is not Updated when Frequency is
Changed.
94.4 uy YIG DAC is Updated when Frequency is
Changed.
Default ENR 95.5 ND Sets all ENR Values to 15.20 dB and Noise
Source ID No. to 060000
Debug Oscilloscope Plots 97.1 Ya Enables Debug Oscilloscope Plots
97.2 Y3 Disables Debug Oscilloscope Plots
Noise Figure Test Set Protection 97.3 DA Disable Auto Sweep Abort (See Error £102)
Last Error 99.1 ER Recalls Last Error Issued.
Software Date 99.9 S Displays Current Software Date

*Most Special Functions can be programmed using either the code number foliowed by SP or the HP-IB Code.

Table 3-10. Front Pane! Keys to HP-IB Code Summary

HP-IB Cods HP-18 Code
Parameter <D Parameter <D

AUTO Wi PRESET PR
CALIBRATE CA RECALL RC
DECREASE DE SEQ SQ
ENR NR SINGLE w2
ENTER EN SPECIAL FUNCTION spP
FREQ INCR FN START FREQ FA
¥ DN STEP SIZE 55
3 Up STOP FREQ B
FREQUENCY FR STORE ST
GRAPHIC SCALE Sweep and Calibrate Off (must be used to Wo

GAIN MAX GU turn these functions off over the HP-IB}

GAIN MiIN GL

NOISE MAX NU

NOISE MIN NL
INCREASE IN
NOISE FIGURE (UNCORRECTED) M1
NOISE FIGURE AND GAIN M2
(CORRECTED)
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Tahle 3-11. Commonly Used Code Conversions

Hexa-

ASCH Blnary Octsi | Decimal | decimal
NUL 00 000 000 0600 0 o0
SOH 00 000 001 001 1 01
STX 00 000 010 002 2 02
ETX 00 000 011 003 3 03
£CT DO 00C 100 0G4 4 04
ENQ 00 000 11 005 5 05
ACK 00 000 110 s 8 08
BEL 00 000 111 007 7 07
BS 00 601 000 pig 8 08
HT 00 001 00t 133 g 09
LF 00 601 010 012 10 8A
vt 00 031 011 na 1" 0B
FF 00 801 0 014 12 oC
CR 00 fot 1 015 13 0D
S0 00 00t 110 6 14 i3
S 0000 111 017 13 oF
DLE 0G 010 000 020 16 10
BCY 00 010 001 {21 17 1"
pc2 00 010 010 022 18 12
Be3 B0 010 011 023 19 13
DC4 DO 010 100 {24 20 14
NAK | 00010101 025 21 15
S¥YN 00 010 110 026 22 16
ET8 00 810 11t 027 23 17
CAN 00 011 000 030 24 18
Ei {0 011 01 031 25 18
SUB o011 030 432 26 tA
ESC 800t 0N 033 27 1B
FS 00 011 100 034 28 1C
433 06 01t 101 035 29 10
RS 08011 110 936 30 1E
us 00011 111 ga7 k3 tF
sp 00 100 000 0440 32 20
¢ 00 100 001 o1 33 2t
! 00 100 410 042 34 2
# 00 100 811 043 a5 23
H 00 100 100 044 38 24
% 00 100 3t 71 3r 25
& 00 100 110 046 38 26
‘ 90 100 111 047 s 27
{ 00 101 000 50 40 28
} 80 10t D01 051 43 29
* 00 107 010 052 42 2A
+ 00 101 01 053 43 2B
, 06 101100 054 44 2
- 00 101101 055 45 D
. Do 101 110 056 46 X
! 00101 111 057 47 2F
i 00 10 D00 060 48 30
1 00 110 001 061 49 kil
2 00 110 010 062 56 R
3 00 11005t 063 51 3
4 00 119100 064 52 34
5 00 11011 065 53 35
6 00 110110 066 54 3
7 00 110 111 067 55 K1)
8 05 111000 oro 5 38
8 00 111 001 871 57 3%
: 0011110 072 58 3A
: 00111 011 073 59 38
< 00 111 100 074 60 3
= 00 111 11 o075 61 »
= 00 111 11 076 62 k:3
? 00 111 11 Q77 63 3F

HP 89708
Hexa-
ASCH Binary Octal  § Decimal; decimal
@ 018500 000 100 64 40
A 01000 001 101 65 41
8 01900010 102 66 42
<: 01000 011 103 67 43
D &1 000 100 104 68 44
E 01 000 101 105 69 45
F 01 000 119 106 7% 46
G 01000 111 107 7 47
H 41 004 000 110 72 48
] (1 001 001 111 73 49
J 01001010 112 74 4A
K 01001 011 113 75 48
L 01601100 114 76 4C
M 01901 101 115 77 4D
N 01001 110 118 78 4£
0 01001 111 117 7% 4F
p 61 010 000 120 80 50
Q 1 013 001 121 gt 51
R 01010010 | - 122 82 52
5 01 010 011 123 83 53
1 01010100 124 B4 54
u 01010 101 125 85 55
v 01010 110 126 86 56
W 01010111 127 a7 57
X 01811000 130 83 58
Y 01011001 131 89 59
z 01611 010 132 90 54
i 01011014 133 91 58
N 81011 300 134 82 50
| 01011101 35 93 5D
A 01011116 136 94 5E
—_ 0t 01t 113 137 95 5F
: 01 100 000 140 % 80
a 01 100 001 141 97 61
b 01100010 142 98 62
c 01100 611 143 99 82
d 01100 1560 144 100 B4
¢ 01100 101 145 101 B5
f 01 100 110 148 102 66
g G190 111 147 103 67
h 01301 000 150 104 68
i 01 181 007 151 105 69
j 01101 016 152 106 BA
k 01101 01t 153 147 68
! 01101 109 154 108 6C
m 01 103 10t 155 109 80
n 01101 110 156 1o 6E
¢ 01101 111 157 111 gF
p 01 110 000 166 12 70
g | 0110001 161 113 b
f 01110910 162 114 72
$ 01310011 163 115 73
t 01 410 160 164 116 74
u a1 110 101 165 17 75
v 01110 136 166 118 76
w 01110 111 167 119 77
x 01 111 009 170 120 78
y 01 111 001 17 121 7%
z 01115010 172 122 TA
{ 01111011 173 123 7B
: 01 411 100 174 124 7
} 01 411 101 175 125 70
- 01111 110 176 126 7E
BEL 01 111 111 177 127 7F




HP 8970B

Description

Procedure

Operation

Calibrate

(Inciudes Special Function 39)

Special Functions 32.0 and 39.1 are ONLY used with Measurement Modes 1.5 through
1.9. Special Function 39.0 does not allow interpolated measurements between cali-
brated points. Special Function 38.1 does allow interpolated measurements between
calibrated points.

Pressing the CALIBRATE key initiates a calibration of the instrument and any
equipment that is currently connected to the INPUT. First a frequency calibration is
performed and then the noise figure is measured at each selected calibration point.
The calibration data obtained is used to measure gain and to perform the “second
stage correction” computations needed to make a CORRECTED NOISE FIGURE
AND GAIN measurement. The calibration points are the START FREQ setting, the
STOP FREQ setting, and the frequency steps determined by the setting of STEP
SIZE. Refer to the Sweep Detailed Operating Instruction for additional information
on these keys. During calibration, each specified frequency in the selected range is
calibrated at three input gain settings as selected by Special Function 32. The default
gain settings are +20, +10 and 0 dB. In Measurement Modes 1.0 through 1.4, the
calibration data is automatically interpolated between the calibrated points when it is
used for a gain measurement and second stage correction. Therefore, it is not neces-
sary to calibrate at every frequency that is to be measured. However, Hewlett-Packard
recommends that each measured point should be a calibrated point. In Measurement
Modes 1.5 through 1.9, the default (Special Function 39.0) is set, which does not allow
interpolation between calibrated points. However, the calibration data can be inter-
polated between calibrated points by using Special Funetion 39.1.

If Special Function 39.0 is active and interpolation is attempted in Measurement
Modes 1.5 through 1.9, error code E21 (Frequency Out of Calibrated Range or not a
calibrated point) is generated. Also, if a corrected measurement is attempted at a
frequency less than the START FREQ setting or more than the STOP FREQ setting
of the calibration run, error code E21 is displayed.

During a calibration, the calibration data can be gathered over the Hewlett-Packard
Interface Bus (HP-IB). For more information, refer to the Comments section at the end
of this instruction.

Specific calibration setups and procedures are contained in the Detailed Operating
Instructions for Measurement Modes 1.0 through 1.9,

To initiate a calibration sequence, press CALIBRATE. The message “Press Cal” will
be displayed. Press CALIBRATE again. Pressing the CALIBRATE key twice ensures
that the CALIBRATE key is not inadvertently pressed. To terminate calibration
before it is complete, press CALIBRATE again. Pressing PRESET also terminates
the calibration sequence.

To select Special Function 39.0 or 39.1, enter the code desired and press the SPECIAL
FUNCTION key.
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Procedure
{cont'd)

Example
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HP 8970B
Calibrate (contd)
{Includes Special Function 39)
Program Stored in Can Be Preset [and Special
Code Continuous Stored and HP-IB Clear] | Function 0.9
Front Panei Key Memary Recslied Conditions Gonditions
CALIBRATE CA N N Off Off

Ingtruction.

‘Table categories are described in the Preset Conditions and Power Up Sequence Detailed Operating

_ = s |=zlg
Sz|&: Bz EL ES|E:
a e B2 = == - = =
Special Function Prgam | S s | EE | &8 ¥ | 88| =%
[ e 2 & = 0 S =— 23
EE | ES =5 |82 1258 | 82
Description Cote | (IIETp =< ZE | 88 | 8c &8 | &c
Disables 39.0 DG or N Y N On On On
interpolated 39.08pP
measurements in
Measurement
Modes 1.5
through 1.9
Enables 39.1 EGor N Y N Off | Off | Off
interpolated 39.1 8P
measurements in
Measurement
Modes 1.5
through 1.9
+ Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating
Instruction.
N =Ng, Y =Yes, NC = No Change

To initiate calibration at the existing SWEEP function settings:

LOCAL
{keystrokes)

o FUnCtion me,
.

L HPE-IB 4

[program codes)

CA




HP 8970B

Pregram
Codes

Indications

Comments

Operation

Calibrate (conrq)
(includes Special Function 39)

CA is the program code for the CALIBRATE key. The calibration sequence can not be
toggled on and off over the HP-1B. Instead, successive CA codes cause the calibration to
be restarted. To terminate calibration prior to completion, use the Sweep Stop
command {WO0). Refer to the Procedure for other HP-IB codes.

The CALIBRATE LED lights and remains lit until the calibration is complete. During
frequency calibration, the INSERTION GAIN display shows “Fr” and the NOISE
FIGURE display shows “CAL".

During second stage calibration, the left display indicates each tuned frequency and
the NOISE FIGURE display indicates the noise figure at that frequency. The
frequency range and step size are controled by the SWEEP keys.

When calibration is completed, the instrument resumes making the measurement that

" was active when CALIBRATE was pressed. However, if the instrument was sweeping

{either in AUTO or SINGLE) it does not resume sweeping. Instead, it performs the
previously selected measurement at the frequency it was tuned to when CALIBRATE
was pressed.

The maximum number of frequency points that can be calibrated is 181 for the Noise
Figure Meter (frequency range 10 MHz to 1600 MHz) or the Noise Figure Measurement
System (frequency range 10 MHz to 18000 MHz). For the Noise Figure Measurement
System, this is approximately 100 MHz steps for the full range.

When a calibration is done in Measurement Modes 1.5 through 1.9 and Special
Function 36.0 is active, the Noise Figure Test Set is calibrated before the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) calibration. “8971 CAL” isdisplayed, on the Noise Figure Meter, during the
Noise Figure Test Set calibration. For more information, refer to the Noise Figure Test
Set YIG Filter Calibration Detailed Operating Instruction.

During calibration, all of the front panel keys except LOCAL, PRESET, and
CALIBRATE are disabled.

If LOCAL is pressed during calibration, the instrument returns to local control (if it
was in remote, and the Local Lockout command was not in effect). Calibration is not
interrupted by the LOCAL command.

Pressing PRESET or CALIBRATE terminates the calibration function. However,
PRESET also resets the entire instrument to a specified set of conditions (refer to the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction). If either of
these keys are pressed during the frequency calibration portion of the sequence{thatis,
“Fr CAL” is being displayed), calibration is not terminated. These commands cannot
be used until the frequency calibration is completed.

The calibration data cannot be stored using the STORE key and itis not retained when

theinstrument is turned off. Therefore, it is necessary to calibrate the instrument each
time power is turned on.
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HP 89708

Calibrate (conta)
{Includes Special Function 39)

If smoothing (averaging) is used during calibration, the arithmetic averaging algo-
rithm is used. Refer to the Smoothing (Averaging) Detailed Operating Instruction for a
detailed discussion of the averaging techniques used by the instrument. A smoothing
factor of 4 or 8 is recommended for the most accurate calibration. Note that once
calibration is initiated, the SMOOTHING keys are disabled and the averaging factor
cannot be changed during the calibration sequence.

If an external controller is being used to control both the Noise Figure Meter and the
system local oscillator or the Noise Figure Measurement System and the user
controlled local oscillator, the calibration sequence must be stepped using the HP-IB
commands T1(Trigger hold) and T2 (Trigger execute) after the local oscillator has been
moved to each new frequency. Once the HP-IB command for calibration (CA) is issued,
the T2 mnemonic for trigger execute must be used. The Noise Figure Meter will ignore
the alternate HP-IB code of 30.2SP. Refer to the Trigger Selection Detailed Operating
Instruction for additional triggering information.

It is assumed thaf the triggered calibration is being performed as a part of the
procedure in the Comments section of the Detailed Operating Instructions for
Measurement Modes 1.0 through 1.8. All Measurement Modes require a triggered
calibration sequence. Therefore, the preliminary steps such as selecting Special
Function 4.0 will have already been performed. The following general conditions must
be observed when using an external controller to perform a triggered calibration:

a. Remove the device under test (DUT) from the measurement system.
b. Set the Noise Figure Meter to trigger hold (T1) mode.
¢. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

d. Set the LO to the appropriate frequency. Refer to the LO’s operating manual for
the required HP-IB codes. Allow sufficient settling time for the output of the LO to
stabilize.

e. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-1B
code 30.258P for it will be ignored.

f. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new datais ready. Itis
possible to write an SRQ interrupt routine on the Data Ready status bit. Refer to
Enabling the Service Request Condition, paragraph 3-30.

g. Continue to loop through steps d, e, and f. A method for determining when the
calibration is complete must be programmed into the external controller. One method is
to compare the frequency that is sent to the LO with the stop frequency programmed
into the Noise Figure Meter and terminate the program after the third measurementin
which they are equal. It is also possible to write an SRQ interrupt routine on the
Calibration Complete SRQ. Refer to Enabling the Service Request Condition, para-
graph 3-30.
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Comments
{cont'd)

Operation

Calibrate (contd)
{Includes Special Function 39)

Calibration data can be collected at the time the calibrate command is executed. This
feature is useful for comparing calibrations, to see how the Noise Figure Meter is
performing. The controller can command the Noise Figure Meter to send both the gain
reference (GkB) and second stage temperature, using the HP-IB command H2. H2 will
cause the Noise Figure Meter to output the following string:

+FFFFFE+06,SCCCCCE+XX STITITE+YY (CRLF)

Where FFFFF is the calibration frequency, STTTTT is the sign followed by the second
stage temperature value and SCCCCC is the sign followed by the calibration data of
GkB for the point being sent. The exponents are shown above as XX and YY. The string
is followed with carriage refurn and line feed.

The equations for GkB and the second stage temperature are given below:

Prot — Preota)
GkB =
T{hotl - T{c&ld}
Second Toy ~ [(chold}}(Y}}
Stage ==
Temperature Y-~1
P{hotl
Y=
Pfcol&]

P(hot) is the power (in joules/second) for a hot (noise source on) measurement during
calibration. P(cold) is the power (in joules/second) for a cold (noise source off)
measurement during calibration. T(hot) is the temperature (in Kelvin) for a hot
measurement from the ENR (Excess Noise Ratio) tables. T(cold) is the temperature (in
Kelvin) for a cold measurement set with Special Function 6.0.

The same general conditions (steps a through g), as described earlier, also apply when
performing a triggered calibration and outputting the data to the controller. The
exception is that the command H2 must be used.

The following is an example of a program that will perform a triggered calibration and
output the calibration data, in Measurement Modes 1.0 or 1.5:

NOTE

This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.
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(cont'd)

Related
Sections
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HP 8970R
Calibrate (conta)
(Includes Special Function 39)
10 DIM A$[80).7810]
20 PRINTER IS CRT
30 Nfm=708 Noise Figure Meter address.
40 Start=20 151art Frequency
50 Stop=100 1Stop Frequency
60 Step=20 15tep Size
70 OUTPUT Nfm;"H2" I0utput second stage temperature and GkB during calibration
80 OUTPUT Nfm;“T1" ITrigger Hold
96 OUTPUT Nim“FA" Start;"EN FB";Stop;"EN” !Start and stop frequencies
1060 GUTPUT Nfm;"S5";Step;"EN" IStep Size

110 INPUT “ MAKE SURE THE NOISE FIGURE METER IS SETUP FOR A CALIBRATION AND PRESS ‘ENTER™ A
120 !

130 1

140 INOW BEGIN TAKING DATA FROM THE CALIBRATION

150 !

160 QUTPUT Nim;"RM 2 EN” iSetup calibration complete SRQ

170 QUTPUY Nim"RS" iReset Noise Figure Meter Status Byte
180 QUTPUT Nim;"CA” 15tart the calibration

180 Loop: Loop to do all measurements

200 N MEASUREMENT MODES 1.6 THROUGH 1.8,

210 IAPPROPRIATE COMMANDS TO CONTROL THE USER

220 !CONTROLLED LOCAL OSCILLATGR SHGULD BE ADDED HERE

230 QUTPUT Nim:"*T2” ITrigger a measurement

240 ENTER Nim;Freq,GkB Tem IGet the calibration frequency, gain reference and
Isecond stage temperature

250 PRINT “FREQ, GKkB, Tem =" Freq;”, "GkB;", ", Tem

260 S=SPOLL (Nfm) 1Get Noise Figure Meter Status Byte

270 IF BIT (5,1)=0 THEN GCGTO Loop 1Continue until done

280 !

2980 PRINT "DONE."

300 1

310 END

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on onerange only,
use any of these Special Functions except 60.0 or 70.0. If any of these Special Functions
are inadvertently left active the calibration sequence may not cover the expected gain
range.

Any loss compensation entered by Special Function 34 is ignored during the
calibration sequence.

Calibration, Frequency

Calibration, Input Gain Selection

Measurement Modes 1.0 through 1.9

Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Sweep

Trigger Selection
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Description

Procedure

Operation

Calibration, Frequency
(Special Function 31)

Frequency Calibration is performed to ensure the accuracy of the displayed tuned
frequency. During frequency calibration, the instrument’s first local oscillator (the YIG
oscillator) is tuned to the first IF (2050 MHz). Since the first mixer is not perfectly
balanced, some of the first local oscillator power is fed through to the first IF. This
signal is mixed down to the third IF. It is then detected by a special narrow-band
detector (approximately 100 kHz wide). :

The YIG oscillator is then stepped through the narrow-band detectors’s pass band
using a special fine tune digital-to-analog converter (DAC). When the peak output is
detected, the YIG oscillator is tuned to 2050 MHz (first IF). This IF corresponds to 0
MHz on the front-panel frequency display. The fine tune DAC is held at this value. This
correction valueis then used when the Y1QG oscillator istuned in response to subsequent
tuning changes.

Frequency calibration is initiated by the following:
a. The LINE switch is pressed to apply power to the instrument.

b. The PRESET key is pressed or the CALIBRATE key is pressed if Special

(2% B Y

Function 31.0 is active.
c. Special Function 31 is used to initiate and control frequency calibration.

Completion of Frequency Calibration does not set the CALIBRATION COMPLETE
bit of the HP-IB statue byte. That bit is used only for RF calibration.

Special Function 31 is defined as follows:

a. 31.0—Selects the automatic frequency calibration mode. In addition to the initial
frequency calibration described previously, a frequency calibration is automatically
initiated 15 minutes after power on, 30 minutes later, 1 hour later, 2 hours later, and
then every 2 hours until the instrument is turned off or a different 31 Special Functionis
entered. This mode is the default condition.

b. 31.1—Disables the frequency calibration. In this mode, frequency calibration is
still doneif the PRESET key is pressed. However, frequency calibrationis not initiated
periodically as described in 31.0.

c. 31.2—Initiates a frequency calibration immediately. After that frequency calibra-
tion, the operation returns to the mode active when 31.2 was entered. If 31.1 was active,
it remains active after the frequency calibration is done.

Frequency calibration is performed as a part of PRESET. Frequency calibration can
also be done when the CALIBRATE key is pressed and Special Function 31.0is active.
In addition, the frequency calibration can be performed or disabled by keying in the
corresponding Special Function code and then pressing the SPECIAL FUNCTION
key.
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HP 89708
Calibration Frequency (contd)
{Special Function 31)

- = £ 2e¢e E
— : - o o k)
5 85 |E=z | EE I3 |2
Special Function Program | &g | £ = A% "% £8 | 3 g
e | 25| ES | o BS  EF | ES
Description Cde EEP =< &= | E5 | &3 &8 | &

2
z
z
o
B
o
3
o
=

Automatic Frequency 31.0 | YOor

Calibration 31.08P

Disable Frequency 3.1 | Ylor N N N Off Off Off

Calibration 31.18P :
31.2 | Y2or

Perform One Fre- 31.28P N N N Off Off Off

quency Calibration

1Table categories are explained in the Special Functions Detailed Operating Instruction.

To select the Disable Frequency Calibration Mode:

LOCAL - Code ~ oo FUNCON v,
pessrotes) HOOE ()
) HP-iE 2

[program codes)

For HP-IB codes, refer to Procedure above.

The INSERTION GAIN and NOISE FIGURE displays are not affected by 31.0 and
31.1. If 31.2 is entered, the INSERTION GAIN display shows “Fr” and NOISE
FIGURE display shows “CAL” until the frequency calibration is completed.

Calibrate
Preset Conditions and Power-Up Seqguence
Special Functions
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Operation

Calibration, IF Attenuators
(Special Function 33.1)

READ THE FOLLOWING NOTE BEFORE CALIBRATING THE IF
ATTENUATORS USING SPECIAL FUNCTION 33.1

NOTE

Using Special Function 33.1, to calibrate the IF attenuators, will re-
duce the gain instrumentation uncertainty specification to a typical
value of £0.25 dB.

If error code E26 (IF calibration needed) is valid, the following methods
can be used to calibrate the IF attenuators, while maintaining a gain
instrumentation uncertainty specification of £0.15 dB:

If the Noise Figure Meter is due for its annual calibration, refer to
Section IV, Performance Tests. Before starting the tests, use Special
Function 33.1, with an HP 346 B/C Noise Source, to clear error E26.
OR, send the Noise Figure Meter to the nearest Hewlett-Packard
service center for calibration.

If the Noise Figure Meter is not due for its annual calibration, enter
the IF attenuator caitbration data that shouid have been recorded in
Section IV (Table 4-1), at the time of installation (see Section II).
Enter the data using the “Entering IF Attenuator Values” section of
the Gain Measurement Uncertainty Performance Test in Section
IV, This method maintains the gain instrumentation uncertainty
specification of £0.15 dB.

If the Noise Figure Meter is not due for its annual calibration, call
the local Hewlett-Packard service center for the IF attenuator cali-
bration data. The data can then be entered into the Noise Figure
Meter. The data is entered using the procedure in Section IV, the
“Entering IF Attenuator Values” section of the Gain Measurement
Uncertainty Performance Test. This method maintains the gain
instrumentation uncertainty specification of £0.15 dB.

Perform the “IF Attenuator Calibration” section of the Gain Meas-
urement Uncertainty Performance Test in Section IV. This method

maintains the gain instrumentation uncertainty specification of
+0.15 dB.

Use Special Function 33.1 to perform the IF attenuator calibration.
If Special Function 33.1 is used, the gain instrumeniation uncer-
tainty specification will be degraded from +0.15 dB to a typical
value of £0.25 dB. Because of this degradation, Hewlett-Packard
recommends that one of the other methods be used to calibrate the
IF atltenuators.
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HP 8970B

Calibration, IF Attenuators (contq)
(Special Function 33.1)

Special Function 33.1 is used to calibrate the IF Attenuators. The HP 346 B/C noise
source MUST be connected to the Noise Figure Meter. The Noise Figure Meter turns on
the noise source and uses its own internal noise power detector to measure each IF
attenuator. This data is used to correct the gain readings during gain measurement.
After the IF attenuation calibration is completed, this data is stored in the instru-
ment’s continuous memory and is retained when power is removed. Completion of IF
calibration does not set the CALIBRATION COMPLETE bit of the HP-IB status byte.

To calibrate the IF Attenuators, connect the HP 346 B/C noise source to the instru-
ment’s INPUT connector, enter 33.1, and then press SPECIAL FUNCTION.

Special Function

Program

Name Lode

Cede Description

\HP-1B

Lights Special'
Function Key
Stored in Con-
tinuous Memory
Can be Stored
“angd Recalled
Special Function
0.0 Condltions

- Preset (and HP-IB
£lear] Conditions
Spectal Functien
0.9 Conditions

IF Attenuators | 33.1 Clor
Calibration

Calibrate IF
Attenuators

Z
=
2
Q
=4
Q
&
o
=Y

33.18P

t Table categories are explained in the Special Functions Detailed Operating Instruction.

Example

Program
Codes

| HP-1B 2

. indications

Comments

Related
Sections
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o FURCHION

SPECIAL
FUNCTION

LOCAL - Code ~
(keystrokes)

(program codes)

) HP-IB 2

The HP-IB code for IF Attenuator Calibration is CI {or 33.18P},

During calibration, the NOISE FIGURE display shows “IF CAL”. IF Attenuator
Calibration takes only a few seconds. If for any reason the IF Attenuator Calibration
is not successfully completed, error E13 (IF Attenuator Calibration failed) is displayed.

Erxror code E26 is displayed if the IF Attenuator calibration data is not stored in the
continuous memory. Error E26 always occurs after an error E80 (continuous memory
failure). Therefore, an IF Attenuator calibration must always be performed after an
error E80 has been cleared. Either an HP 346B or HP 346C Noise Source is needed for
calibrating the IF attenuators. The HP 346A will work only with the addition of
approxiimately 10 dB of gain (at the calibration frequency, of 30 MHz) between the
Noise Source and the Noise Figure Meter INPUT connector.

Error Messages and Recovery
Special Functions
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Description

Procedure
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Calibration, Input Gain Selection

(Special Function 32)

Operation

The gain setting for calibration can be selected using Special Function 32. Calibration
is performed from the start frequency to the stop frequency in steps of the specified step
size. At each frequency, calibration is done at the three most sensitive RF attenuator
gain settings (that is, +20,+10, and 0 dB). These settings are the default value for
Special Function 32. Three other sets of gain settings can be selected using the special
functions shown below. Selection of the gain settings to be calibrated depends upon the
specific application. Selecting a calibration gain setting does not initiate a calibration

sequence.

To select an alternate gain setting for calibration, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

_ = g 2E| 5
E> | EEB Bw "‘é 2 | = % g %
L2 o B 2 = - ==
Special Function Program %E == | &E 2F | E8 | = E
we (22 EE 2E 33|33 io
Description Code 23  EE | 8 | 82 | £E& &s
+20, +10,and 0dB | 32.0 COor N N N On On On
32.08P
+10,0, and -10dB | 32.1 Clor Y N N Off | Off | Off
32.158P
0,—10,and ~204dB | 32.2 C2or Y N N Off Off Off
32.258P
—10, —20, and 32.3 C3or Y N N Off Off Off
—30dB 32.38F

! Table categories are expiained in the Special Function Detatled Operation Instruction.

To select +10, 0 and —10 dB as the gain settings for calibration:

LOCAL
[keystrokes)

Code

-~

"

L) (2) J0J

e FULCLON o,

E] SPEGIAL
FUNCTION

| HP-B 2

{program codes)

.C1

For HP-IB codes, refer to Procedure above.
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HP 83708

Calibration, Input Gain Selection (contq)
{Special Function 32}

The gain settings, other than the default values, are used primarily when the Noise
Figure Meter is calibrated with high gain external to the Noise Figure Meter.

If external gainis not being used during calibration and Special Function 32.1is active,
error code E27 (too much loss while calibrating) may be generated. If external gain is
not being used during calibration and Special Function 32.2 or 32.3is active, error code
E27 will be generated.

DUTs in the specified range of —20 to 440 dB can be measured using Special Function
32.0.

Calibrate
Special Functions



HP 8970B

Operation

Controller Capability of the Noise Figure Meter

Description

Procedure

Example

Indications

Comments

(Special Function 4)

The Noise Figure Meter can be used as a limited controller for an external device
connected to the HP-IB connector. This capability is limited to operating in the Talk
Only Mode (outputting data to a recording device such as a printer). The Noise Figure
Meter can also be controlled by an external controller when Special Function 4.0 is
active. Only one of the two capabilities can be active at any one time.

To select an HP-1B control capability, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

]

= . B g, 25|28,

o B E g B B o T = 6 e

8= Ly e £E =5 £EE

2 = E o g =1 o =

Special Functign Program PE | e “E =B 88 | 8
Code £  EE | ®= S8 BT ©o

1= [ £ e a3 e ar

2S5 ] 6 = o [l . O

Description Code m O  oémE we  oe LD | ws

Normal Talker and | 4.0 None

Z
"
2
2
O
2
P!
]
"]

Listener Mode
Refer to Special 4.1
Function 46.0
Talk Only Mode 4.2 None N Y N NC | NC | Off

1 Table categories are explained in the Special Function Detailed Operation Instruction.

To select the Talk Only Mode.

LOCAL - Data - o FUNCHION v,

keystrok
(eysirokes DOE (o),

m Cannot be selected via HP-1B

[program codes)

When Special Function 4.2 is active, the HP-IB TALK annunciator lights.

In the Talk Only Mode, the instrument continuously outputs data to a recording device
that is in the Listen Only Mode. The data ouiput format and content is contrelled by
Special Function 43. Refer to the HP-IB portion of this section for additional
information on this Special Function.

Since the Noise Figure Meter has a second bus (System Interface Bus) to control the

system LO, the Noise Figure Test Set and plotter, Special Function 4.1 is nolonger used.
Refer to Special Functions 45, 46 and 47.
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Operation HP 8970B

Controller Capability of the Noise Figure Meter (conta)
(Special Function 4)

Comments An external controller cannot be used when Special Function 4.2 is active.

{cont'd)
The active function of Special Function 4is not affected by PRESET, Special Function
0.0, or the LINE switch.

Related Special Functions.
Sections System Interface Bus Control
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HP 8370B

Operation

Data Output to Oscilloscopes, Recorders and Plotters

Description

Procedure

{Special Functions 7, 8, and 20 through 25)

The Noise Figure Meter can output analog data to an oscilloscope, an X-Y recorder, ora
strip chart recorder. The Noise Figure Meter can only be used with an analog
oscilloscope. Also, digital data can be output to a plotter on the Hewlett-Packard
Interface Bus or the System Interface Bus. However, only one of these devices can be
used at a time. Since the setup procedures and operation are similar for all four devices,
the operating information for all are covered in this operating instruction.

Normally itis simpler to perform a setup procedure using the oscilloscope and thendoa
plot or switch to a recorder mode (or use an oscilloscope camera) if a permanent record is
required. In the example following the general procedure, this type of setup will be
shown.

To select one of the oscilloscope, recorder, or plotter output functions, key in the
corresponding Special Function code and then press the SPECIAL FUNCTION key.

0= o
- R 3 £ = g 2 % s -§ e
82 | 8E EE E2|eE E£
== = = b
Special Function Pogam |25 | S5 |28 ZE|28 ) %5E
Cote £EZ | EE| 25|82 8% &S
25 EE o = ] e w = S
Description Code m - L R
Qutput to Dscilloseope
Noise Figure and Gain; 7.0 | A0 or 7.0SP N Y N On On On
Test Pattern 7.1 | Al or 7.18P N Y N Off Off Off
Noise Figure Only 72 |A20r728P: N Y N Off Off Off
Gain Only 7.3 | A3or 7.35P N Y N Off Off Off
Cursor enabled for 74 | ABor 748P N Y N On On On
oscilloscope display
Cursor disabled for 75 |ABor788P! N Y N Off Off Off
oscilloscope display
Enter Dscilloscope Limits
Noise Figure Lower 81 {NLor81SP| N Y Y NC 0 0
Limit
Noise Figure Upper B2 {NUor828P( N Y Y NC 8 8
Limit
Gain Lower Limit B3 |GLor835P| N Y Y NC 0 0
Gain Upper Limit B4 |GUor845P| N Y Y NC 40 40
Recorder Functions
Go to Lower Left 200 1L or2008P, N N N Off Off Off
Go to Upper Right 210 URor21.08P| N N N Off Off Off
Plot Noise Figure 220 (Ador2208P| N Y N Off Off Off
Plot Gain 23.0 1AS5or23.08P] N Y N Off Off Off
Strip Chart Mode 240 |AG6or24.08P| N Y N Off Off Off
(X = Noise Figure;
Y = Gain)
1Table categories are explained in the Special Function Detailed Operating Instruction.
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HP 8970B

Data Output to Oscilloscopes, Recorders and Plotters (conta)

Procedure
{cont'd)

Example

3-714

(Special Functions 7, 8, and 20 through 25)

= . ey g P E § E v
SEHEEE I T
Special Function Program | e g | EZ | &8 |8 S35 | <2
oe |25 |BE 22|35 55§88
Description Code | QT 25 ZE| 8 22 £ 1833
Plotter Functions
Plot the grid with 25.0 PAor N N N Off Off Off
units, title and curves. 25.08F
Plot only the grid and | 25.1 PGor N N N Off Off Off
annotation. 25.15P
Plot only the data 25.2 PDor N N N Off Off Off
curves. 25.2SP
Select the Noise curve | 25.3 NPor N N N Off 1 1
pen. 25.35P
Select the Gain curve | 25.4 GPor N N N Off 2 2
pen. 25.48P
- Write the plot title for | 25.5 WT or N N N Off HP HP
next plot. 25.68P 8970B | 8970B
Noise | Noise
Figure | Figure
Meter | Meter
Enable plotter 47.0 Plor N Y N NC NC On
commands on the 47.08P
System Interface Bus
Enable plot data on 47.1 PMor N Y N NC NC Off
the Hewlett-Packard 47.18P
Interface Bus
)Table categories are explained in the Special Function Detailed Operation Instruction.

The following example shows how to set up the Noise Figure Meter to output a2 swept
CORRECTED NOISE FIGURE AND GAIN measurement result to an oscilloscope and
then to plot noise figure and gain results independently. It is assumed that the Noise
Figure Meter is already making this type of measurement in one of the Measurement
Modes. It is also assumed that the oscilloscope has A vs B (or X/Y) capability.

Data Output to an Oscilloscope
NOTE

The oscilloscope must be an analog oscilloscope. Digital oscilloscopes
will not work with the Noise Figure Meter.

a. Connect the Y-AXIS, X-AXIS, and Z-AXIS outputs on the rear panel of the Noise
Figure Meter tothe A, B, and Z (or horizontal, vertical, and Z) inputs of the oscilloscope
as appropriate. Select the DC mode for all oscilloscope inputs.



HP 8970B Operation

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, and 20 through 25)

Example b. Todisplay the test pattern on the oscilloscope screen press 7.1 SPECIAL FUNC-
{cont'd) TION (or send HP-IB code Al).

NOTE

In the following step, first adjust the position controls on the oscillocope
to place the test pattern on the left side and the bottom. Then, adjust the
gain controls to position the right side and top.

c. Adjusttheoscilloscope controls until the test pattern just fills the screen (touching
the outer lines on all four sides). See figure below, Verify that the vertical and
horizqntal lines cross near the center of the screen.

Test Paitern on Osciiloscope

NOTE

In the following steps it is assumed that the DUT has a noise figure
range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the specified
frequency range.

d. To display the noise figure and gain traces on the oscilloscope screen, press 7.0
SPECIAL FUNCTION (or send HP-IB code A0).

e. Todisplay the noise figure lower limitin theleft display, press the front panel key
GRAPHIC SCALE NOISE MIN or press 8.1 SPECIAL FUNCTION (or send HP-IB
code NL). If the left display shows the default value of 0.000 dB, continue with the next
step. If the display shows a different value, press 0 and ENTER (or send HP-IB code
OEN).

f. Todisplay thenoise figure upper limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MAX or press 8.2 SPECIAL FUNCTION (or send HP-1B
code NU). The default value is 8.000 dB. To change the upper limit to 4 dB, press 4 and
ENTER (or send HP-IB code 4EN).
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Operation HP 89708

Data Output to Oscilloscopes, Recorders and Plotters (conrad)
(Special Functions 7, 8, and 20 through 25)

Example g. In a similar manner, use front panel key GRAPHIC SCALE GAIN MIN (8.3

(cont'd) SPECIAL FUNCTION or HP-IB code GL) and front panel key GRAPHIC SCALE
GAIN MAX (8.4 SPECIAL FUNCTION or HP-IB code GU) to display and change the
lower and upper limits of the gain trace. The default values of 0.000 and 40.00 are
satisfactory for this example.

h. To display the corrected swept measurement, press CORRECTED NOISE FIG-
URE AND GAIN (or send HP-IB code M2).

. 1. For a repetitive swept measurement beginning at the start frequency, press
START FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is
similar to that shown below. There should be a noise figure trace and a gain trace.

Swept Measurement on Oscilloscope

NOTE

Ifdesired, the intensity of the gain trace can be adjusted relative to the
noise figure trace. This can be done by turning the GAIN TRACE
adustment on the rear panel of the Noise Figure Meter (see Figure 3-8).

j. To stop the sweep press AUTO again (or send HP-IB code W0). Note that a
different HP-IB code is required to turn off the sweep since this function cannot be
toggled over the HP-1B.

NOTE

Step j completes the procedure for setting up the Noise Figure Meter for
an oscilloscope display. If a permanent record of the measurement
results is required, use an oscilloscope camera or perform the remain-
ing steps, which provide a typical procedure for plotting the data on an
X-Y recorder and plotter.
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HP 8370B Operation

Data Output to Oscilloscopes, Recorders and Plotters (contd)
{Special Functions 7, 8, and 20 through 25)

Example Outputting Data to a Plotter on the System Interface Bus
(cont’d)
NOTE
The following Hewlett-Packard plotters can be used with the Noise
Figure Meter: HP 9872B, 7440A, 7470A, 7475A, 7550A. In general, most
Hewlett-Packard plotters that use HP-IB and support the common
command core of HP-GL will work with the Noise Figure Meter.

The maximum number of points that can be plotted is 251. If an attempt is made to
plot more than 251 points, error code E39 will appear when Special Function 25.X is
entered to start the plot. The maximum number of points is determined by the sweep
START FREQ, STOP FREQ and STEP SIZE. Generally the number of points can be
arrived at using the following equation:

(STOP FREQ~START FREQ)

Number of plot points = - +1
STEP SIZE
) (STOP FREQ—-STARTFREQ)
If the fractional part of - +1
STEP SIZE

does not equal 0, then add 1.

k. Connect the plotter to the SYSTEM INTERFACE BUS connector on the Noise
Figure Meter.

1. Special Function 47.0 (plotter is on the System Interface Bus) active.

m. The address of the plotter must match the address of the plotter stored in the
Noise Figure Meter. Use Special Function 40.3 (plotter system interface bus address) to
display and change, if necessary, the address of the plotter stored in the Noise Figure
Meter. The default address for the plotter is 5.

NOTE

When the plot starts, Error 45 (E45) will be given if the Noise Figure
Meter can not find the plotier at the address set by Special Function

40.3, the plotter is not turned on or the plotter is not connected to the
SYSTEM INTERFACE BUS connector with an HP-IB cable.

n. The default title of the plot will be HP 8970B Noise Figure Meter. The user can
supply a title using Special Function 25.5. The title is placed at the top of the plot grid
and can be sixty-five (65) characters long. The title is entered with ASCII characters (in
decimal) using the front panel numeric key pad. When using HP-1B, the titleis sent the
way it will appear on the plot. For example, a title would be sent over HP-IB using the
following format. |

OUTPUT 708;“WT This would be a title of up to 65 characters.”

o. The pens used to make the plot can be selected using Special Functions 25.3 (noise
and 25.4 (gain curve). The default pens are 1 (noise} and 2 (gain).

377



UPETanion HP 39/ub

Data Output to Oscilloscopes, Recorders and Plotters (conta)
(Special Functions 7, 8, and 20 through 25}

Example p. Perform a SINGLE or AUTO sweep to gather data for the plot.
(cont'd)
NOTE

The plot will be aborted if an HP-IB command is sent to the Noise Figure
Meter or a front panel key is pressed during the plot.

q. Start the plot by using Special Function 25.0, 25.1 or 25.2.

NOTE

If Special Function 7.1 (test pattern) was selected earlier and Special
Function 25.0,25.1 or 25.2 has been selected, the plotter will not produce
a plot.

If the Noise Figure Meter measurement is UNCORRECTED, the gain
curve will not be plotted.

r. The plotted traces will be the same as the traces that were displayed on the
oscillescope.

Qutputting Data to a Plotter on the Hewlett-Packard Interface Bus {ILRLP

NOTE

The controller should be able to accept a very large string on the order of
1000 to 6000 bytes or more depending on the number of points that are to
be plotted.

In general, the controller should be able to accept the number of points

as described in the following equation:

Number of points= 1000+[12(The total number of noise figure and gain
points)]

8. Connect the controlier and the piotter to the HP-IB connector on the Noise Figure
Meter.

t. Special Function 47.1 (plot data is on HP-IB) must be active.

u. The address of the plotter must match the address that the controller will uselater .
to send data to the plotter,

NOTE

If the controller sends a command to the Noise Figure Meter when it is
expecting to have a plot read, the plot is aborted. Hitting a front panel
key also aborts the plot.

When Special Function 47.1 is selected and a plot is started, the Noise
Figure Meter’s front panel will display “Plot.” If data is not read from
the Noise Figure Meter, the front panel will continue to display “Plot”
until data is read, the Noise Figure Meter receives an HP-IB command
or a front panel key is pressed.
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uperation

Data Qutput to Oscilloscopes, Recorders and Plotters (contq)

Example
{cont'd)

TEFY ONFTATY

(Special Functions 7, 8, and 20 through 25)

v. The following program example shows how to get data from the Noise Figure
Meter to the controller and from the controller to the plotter:

NOTE

The program assumes thal the address of the Noise Figure Meter is set
to eight and the plotter address is set to five. Also, it is assumed that a
measurement has been made and now it is desired to plot the daita.

This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.

10 DIM A$[{30000] !Setup a large string for the plot data.
20 OUTPUT 708;"FM" !Read plot data on HP-1B.

30 OUTPUT 708;"PA” 1Start the plot.

40 ENTER 708;A% 'Get the plot data.

50 QUTPUT 705:A% !Send data to plotter at address 5.
60 END

w. The plotted traces should be the same as the traces that were displayed on the
oscilloscope.

Plotting Data on an X-Y Recorder

x. Connectthe X-AXIS, Y-AX1S, and Z2-AXIS outputs from the Noise Figure Meter to
the X, Y, and pen lifts inputs of the X-Y recorder. Select DC mode on all recorder inputs.

y. To adjust the lower left point on the recorder, press 20.0 SPECIAL FUNCTION
{or send HP-1B code L1) and adjust the X and Y zero-set controls on the recorder.

z. To adjust the upper right point on the recorder, press 21.0 SPECIALFUNCTION
{or send HP-1B code UR) and adjust the X and Y vernier controls on the recorder.

NOTE

The X-AXIS and Y-AXIS output voltages from the Noise Figure Meter
vary from 0 to 6V. Therefore, it may be necessary to adjust the recorder
to accommodate this range of voltages.

aa. Check both the upper and lower limits on the recorder and readjust as required.

ab. To plot a single sweep of the noise figure results, press 2 2 . 0 SPECIAL
FUNCTION and then SINGLE (or zend HP-IB codes A4W2). When the single sweep is
complete, the Noise Figure Meter remains tuned to the stop frequency.

ac. Toplotasinglesweep of the gain results, press 23.0 SPECIAL FUNCTION and

" then SINGLE (or send HP-IB codes ABW2). When the single sweep is complete, the

Noise Figure Meter remains tuned to the stop frequency.

ad. The plotted traces should be similar to the traces that were displayed on the
oscilloscope.
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Operation HP 89708

Data Output to Oscilloscopes, Recorders and Plotters (conta)
(Special Functions 7, B, and 20 through 25)

Program For HP-IB codes, refer to Procedure.
Codes
Comments For the oscilloscope, recorder and plotter modes, whatever is displayed in the NOISE

FIGURE display is treated as a noisefigure trace. For example, if Special Function 91is
active, the power measurement information displayed is output to the oscilloscope,
recorder or plotter as if it were noise figure information. Noise figureis displayed in the
units selected by Special Function 10 and gain is displayed in dB.

8pecial Function 8 or the front panel Graphic Scale Keys are used to set both noise
figure and gain limits.

Special Function 24 selects the strip chart mode. This mode is useful in plotting noise
figure and gain versus time. For example, it can be used to plot noise figure versus
emitter current on an X-Y recorder or to drive an external meter. The X-AXIS output is
the noige figure information and the Y-AXIS output is the gain information.

Related Display Units Selection

Sections Measurement Modes 1.0 through 1.9
Special Functions
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HP 8970B

Description

Procedure

QOperation

Display Control
(Special Function 16)

Special Function 16 allows the user to select the kind of information that will be shown
by the left front panel display or to disable the front panel displays.

Special Function 16.0 enables the left display to display the measurement frequency. In
this mode the front panel displays function normally.

Special Function 16.1 enables the left display to display the IF into the Noise Figure
Meter (Measurement Modes 1.1 through 1.4) or the IF into the Noise Figure Test Set
(Measurement Modes 1.5 through 1.9). Special Function 16.1 is particularly useful in
Measurement Modes 1.2 and 1.7. In these modes the left display normally displays the
measurement frequency before it has been down converted. With Special Function 16.1
the IF into the Noise Figure Meter or Noise Figure Test Set is displayed.

Special Function 16.2 blanks the left (frequency) display. In this mode, parameters
being displayed or changed are shown in the left display until the ENTER or
FREQUENCY key is pressed. When the START FREQ or STOP FREQ key is pressed,
the start and stop frequencies are displayed. Once the start and stop frequencies have
been entered, press the FREQUENCY key to blank the left display again. The left
display is blank during a SINGLE or AUTO sweep.

Special Function 16.3 bianks ail the front panel displays. The displays are not updated.
The message dISP Off is displayed in the right displays. The Noise Figure Meter runs
slightly faster in this mode.

To select one of the Display Control special functions, key in the special funciion
desired and then press the SPECIAL FUNCTION key.

. E £ » £
= LS = w0 a = = oW
g5 8F Ez|E: % E:
Special Function Program | &g | €% ®8 -F | S5 |CE
cte |£% | E3 S| ES|EF|ES
Description Code | GEET) £F SE St 28 £2 |28
Measurement 16.0 DF or N Y Y On On On
frequency is 16.0SP
displayed
Input IF is 16.1 Dlor N Y Y Off | Off | Off
displayed 16.18P
Measurement 16.2 BF or N Y Y Off | Off | Off
frequency is not 16.25P
displayed
Front panel 163 | BDor N Y Y Ooff | Off | Off
displays are 16.38P
disabled
Table categories are explained in the Special Function Detailed Operating Instruction.
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Example

Program
Codes

 HP-1B 4

Related
Sections
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Display Control (contd)

(Special Function 16)

To blank the left (frequency) display:

HP 8870B

LOCAL - Code

(keystrokes) (1 ][GJ[J[“]

oven FLNCT O 1w

g

SPECIAL
FUNCTION

{program codes]

BF

For HP-IB codes, refer to the Procedure above.

Measurement Modes 1.1 through 1.9




HP 8970B Operation

Display Resolution
(Includes Special Function 12)

Description The Noise Figure Meter can vary the resolution of the INSERTION GAIN and NOISE
FIGURE displays.

The table below shows the maximum resolution (to the right of the decimal point)
allowed by Special Function 12,

12.08P Maximum 12.18P Less Resolution | 12.28P Less Resclution
Hisplay Resolution on NDISE FIGURE on GAIN
NOISE FIGURE
" FdB dd.dd dd.d
F d.ddd d.dd
Y dB dd.dd dd.d
Y d.ddd d.dd
Te K ddd.d ddd
INSERTION GAIN
dB dd.dd dd.d
Procedure To select the desired display resolution, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.
> g =g g
5z |58 B |38 E£ BE
[ @& - @ = 2 - = 2
@ = = E= | P E = & 3
Special Function Program | & g e |28 =8| 28 ZE
Code |25 E8 €= | E8 EF | ES
Description Cole | EED) |SE |55 |35 |62 | £8 &3
Maximumresolution | 12.0 X0or N Y N On On On
for both INSER- 12.08P
TION GAIN and
NOISE FIGURE
displays
Less resolution on 121 | Xlor | N Y N | Off | Off | Off
NOISE FIGURE 12.1 8P
display
Less resolution on 12.2 X2or N Y N Off Off Off
INSERTION GAIN 12.28P
display
Table categories are explained in the Special Function Detailed Operation Instruction.

3-83



uperanon

Example

Program
Codes

indications

Comments

Related
Sections
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Display Resolution (contd)
(Inciudes Special Function 12)

To have less resolution in the NOISE FIGURE display:

LOCAL - Code - o FUNCLON e,
keysirokes
e OEOE [
X1
{program cedes)

For HP-IB program codes, refer to Procedure above.

The NOISE FIGURE and INSERTION GAIN displays reflect the resolution corres-
ponding to the selected Special Function.

Special Function 12 also affects the resolution of the HP-IB output. The HP-IB output
always has one digit more of resolution than the front panel displays.

Display Units Selection
Special Functions

YL AasTATY



HP 8970B

Description

Procedure

Example

Program
Codes

) HP-1B 2

indications

Comments

Operation

Display Units Selection
{Special Function 10)

Noise measurements can be output in the following display units:
a. noise figure in dB (F dB) :
b. noise figure as a ratio (F)
¢. Y factorin dB (Y dB)
d. Y factor as a ratio (Y)
e. equivalent input noise temperature in kelvins (Te K)

To select a NOISE FIGURE display unit, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

_ = & 2E | s
35088 Bx 92|52 s
i B* 2 ZT |IZE  EE | TZF
Special Function Pregram wg |2 |28 =8 28 zE
Code T |EE |2 ES | 8§ g8
Description Code 1P-i5 § 23|58 |88 &2 &5 &2
FdR 10.0 | NOor 10.05P N Y Y On On On
F 10.1 N1 or 10.18P N Y Y Off Off Off
Y4B 102 | NZ2eorl1028P N v Y Off Off Off
Y 10.3 | N3or10.35P N Y Y Off Off Off
Te K 10.4 | N4 or10.48p N Y Y Off Off Off

iTable categories are explained in the Special Function Detailed Operation Instruction.

To have measured noise displayed as Y factor in dB:

LOCAL - Code .~ s FUNCHON mmm,

keystrok
heystroke] DEOOE (oo

L HP-IB 4

{program codes) N2

-For HP-IB program codes, refer to Procedure above.

The selected display unit appears on the right side of the NOISE FIGURE display.
Special Function 10 has no effect on the INSERTION GAIN display.

32 dBisthe maximum value that can be displayed in units of F d B. Readings above this
value cause the NOISE FIGURE display to show two dashes * « «— ", The smoothed
number is the value that is checked against 32 dB. Therefore, if the display is flashing
between approximately 30 dB and “ — — 7, increasing the smoothing may provide a
stable display if the noise figure is less than 32 dB.

The maximum value allowable for Te K is 9999K (noise figure of 15.5 dB).

3-85



Operation HP 8970B

Display Units Selection (contd)
{Special Function 10)
Comments The maximum value allowable for F is 9999 (noise figure of approximately 40 dB).

(cont'd}
Equations for the display units are as follows:

__ noise power added by DUT + noise power out due to source

neise power out due to source
(when the source is a 200K)

F(dB)=101log F

power measured with noise source On

Y e
power measured with noise source Off

Y(dB)=10logY

Thnt -Y X Tooid
Y1

Te=

where: Tha is the equivalent temperature of the noise source when it is On
and
T is the equivalent temperature of the noise source when it is Off,

Related Display Resolution
Sections Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Smoothing

Special Functions
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Description

Procedure

Operation

ENR Table Entry

The ENR key is used to store, recall or display an ENR (Excess Noise Ratio) table. The
Noise Figure Meter can store the ENR tables for five noise sources. Each table can
have up to thirty-five frequency/ENR pairs. This information is used to improve the
accuracy of the noise figure and gain calculations made by the Noise Figure Meter.
The information entered is the actual Excess Noise Ratio (ENR) value at the specified
frequency. All noise sources have this calibration information available. In the case
of the HP 346A, B and C Noise Sources, a separate printout is supplied, and a graph or
table is printed on the side of the Noise Source showing the ENR versus Frequency
data. The frequency/ENR pairs shown on the printout or graph are the values that
are entered into one of the ENR tables. The valid frequency range for entries is from 10
MHz to 99999 MHz. The valid power range for the ENR entries is from —6 to +50 dB.

During a measurement the Noise Figure Meter searches the ENR table until the
measurement frequency is found. If the measurement frequency is between ENR table
entries, the Noise Figure Meter will interpolate the ENR data. If the measurement
frequency is higher than the highest table entry, the Noise Figure Meter will use the
ENR value of the highest table entry. If the measurement frequency is lower than the
lowest table entry, the Noise Figure Meter will use the ENR value of the lowest table
entry. When power is initially applied to the Noise Figure Meter, the ENR table
contains the default value of 15.20 dB at all frequency peints. After an ENR table is
entered for a specific noise source, this information is retained in the continuous
memory and need not be re-entered each time power is turned off and on,

This discussion will cover the following areas:

* Entering a new ENR (Excess Noise Ratio) table
e Editing an ENR table
* Viewing information on stored ENR tables

NOTE
The Noise Figure Meter has five tables (Tables 0-4) that are used for
ENR data. Tables 1-4 are used to store ENR data. Table 0 contains the
ENR date that is currently being used. Information in Table 0 can be
stored to Tables 1-4. Information in Tables 1-4 can be recalled to Table 0.

If ENR data has not been previously entered into any of the tables (as
with a new Noise Figure Meter}, the tables will contain the following
default information: The frequency points will be 10, 100, 1000 through
26000 fevery 1000 MHz} and 26500 MHz. Therewon't be any default fre-
quencies after the thirty-first (31) table entry. The ENR value will be
15.20 dB for each frequency point,

Setting the ENR Source identifier.

NOTE

The ENR source identifier is a unigue number used to identify the Noise
Scurce associated with one of the stored ENR tables. The ENE source
identifier should be set beforethe ENR data is entered into the table. If a
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ENR Table Entry (contd)

table other than Table 0 is to be edited, that table will have to be
recalled into Table 0, before the table can be edited. ENR editing is
always done to Table 0. To recall a table, key in the following sequence:

RECALLENR X

X is the number of the table (1—4) to be recalled. Rel will appearin the
INSERTION GAIN display and Enr will appear in the NOISE FIG-
URE display. After the table number is keyed in, the displays return to
what they were displaying before the recall.

1. Press 5.5 SPECIAL FUNCTION. A five digit number will appear in the left
display: if the number is less than five digits, leading zeros will be added to the
number. In either case, five digits will be displayed. This number is used to
identify the Noise Source associated with the ENR table currently in Table 0. The
last five digits of the Noise Source serial number are suggested as the number to
use as the identifier.

With Special Function 5.5 activated, key in the new identifier. The number will
begin to appear in the left display; press ENTER. The values in the other two
displays are dependent on what action the Noise Figure Meter is performing and
are not affected by the entering of the Noise Source identifier.

Entering or Editing an ENR table

NOTES

The following procedure describes how to enter @ new ENR table. The
same procedure is used if an existing ENR table is being edited.

The following discussion describes four keys used to look at data, enter
data or edit data in an ENR table after the ENR key has been pressed.

o The UP ARROW and DOWN ARROW allow the user to scroll be-
tween ENR tables (Special Function 5.6) or to scroll through infor-
mation within a table (ENR Editing).

o The DECREASE key is used to delete an ENR entry. Press the
DECREASE key and the frequency currently being displayed is
deleted. This key is very helpful in deleting unwanted default
frequencies.

¢ The INCREASE kev is used to insert a new ENR entry before the
ENR data currently being displayed. After pressing INCREASE the
ENR table entry number, in the NOISE FIGURE display, will be
the same number that was displayed before the INCREASE key
was pressed. The INSERTION GAIN display will show an ENE of
15.2 dB. The left display will show a frequency that is the average of
the old frequencies that surround the new entry. The new frequency
and ENR value can be entered using the procedure in steps 2
through 4.

If data is read, over the Hewlett-Packard Interface Bus, from the
Noise Figure Meter during ENR Table Entry, the Noise Figure Meter
will output a special HP-IB code for the NOISE FIGURE window. For
more information about this special HP-1B code, refer to the Error
Messages and Recovery Detailed Operating Instruction.
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ENR Table Entry (conta)

If a new ENR table is being entered, go to step 2. If an existing ENR table is to be
edited, continue with this step.

If the table to be edited is not in Table 0, the table will have to be recalled. Use the
following key sequence to recall an existing ENR table:

RECALLENRX
X is the number of the table (1—4) to be recalled.
When doing a recall, rel appears in the INSERTION GAIN display and Enr
appears in the NOISE FIGURE display. When the table number is keyed in, the

displays return to what they were displaying before the recall was done.

Press the ENR key. The displays will be as shown below:

FFFF | EEEE | T-NN

FFFEF is the first frequency in Table 0. EEEE is the ENR for the first frequency in
Table 0. T is the ENR table number (in this case 0). NN is the ENR table entry
number (1 through 35).

NOTE

When editing, T is the number of the most recently recalled table. T
will be zero if a change has been made to the table after it was recalled.

The MHz annunciator in the left display will be blinking. This indicates that the
frequency can be changed, if desired. To change the frequency, key in the new
frequency and press ENTER. The new frequency will appear as it is typed. If an
error is made before ENTER is pressed, press NOISE FIGURE. This will return
the original frequency to the display. The new frequency can then be re-entered. If
an error was made after ENTER was pressed, press DOWN ARROW and then UP
ARROW. The MHz annunciator in the left display will begin blinking indicating
that the frequency can be changed. If the default frequency is being used, press
ENTER. In either case, pressing ENTER will cause the dB annunciator in the
INSERTION GAIN display to begin blinking.

The blinking dB annunciator indicates that the ENR value can be changed, if
desired. To change the ENR value, key in the new value and press ENTER. The
new ENR value will appear as it is typed. With one exception, the error recovery
procedure is the same as that described for frequency in step 3. If the error is made
after ENTER is pressed, press DOWN ARROW and ENTER. Then re-enter the
ENR value. If the default ENR value is being used, press ENTER. In either case,
pressing ENTER will cause the MHz annunciator in the left display to begin
blinking and the next entry in the table will be displayed.

Once the frequency and the ENR value have been entered, the ENR table entry

number, in the NOISE FIGURE display, will increase by one. If any values have
been entered, the ENR table number will be set to zero.
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ENR Table Entry (contd)

Repeat steps 3 and 4 as needed to make all ENR table entries.

After all frequencies and ENR values have been entered, the information must be
stored to Table 1, 2, 3or 4. If theinformation is not stored, it will belost the next time
one of the tables (Tables 1-4) is recalled to Table 0. The store procedure will save the
Noise Source identifier and the ENR data,

To store the information, key in the following sequence:

STORE ENR X
X is the number of the table (1—4) where the information is stored.
When a storeis keyed in, the INSERTION GAIN display shows Sto and the NOISE
FIGURE display shows Enr. After the table number is entered, the displaysreturn
to what they were previously displaying.

To terminate ENR table entry mode, press FREQUENCY or send HP-1B code FR.

Viewing Information on Stored ENR Tables

Press 5.6 Special Function. This special function will cause the following information
to be displayed:

1111 T-NN

IIH is the ENR source identifier. T is the ENR table number. NN is the number of
entries in the table. The INSERTION GAIN display does not have any information
displayed in this mode.

Information on other tables can be viewed by using the UP ARROW and DOWN
ARROW keys.

NOTE

Ifdatais read, over the Hewlett-Packard Interface Bus, from the Noise
Figure Meter when Special Function 5.6 (HP-IB code NS) is active,
the Noise Figure Meter will output a special HP-IB code for the
NOISE FIGURE window. For more information about this special
HP-IB code, refer to the Error Messages and Recovery Detailed
Operation Instruction.

Pressing ENTER causes the Noise Figure Meter to resume normal measurement mode.

The HP-IB code to enable ENR tableentry is NR. The HP-IB code for Special Function
5.5 (Noise Source identifier) is SN, The HP-IB code for Special Function 5.6 (Noise
Source catalog) is NS.

The following program is an example of how to download an ENR table into the Noise
Figure Meter:
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ENR Table Entry (contq)

NOTE
is program example was written in BASIC language 3.0 using the HP

9000 Series 200 Model 236 computer.

10
20
30
40
50
60
70
80
90
100
1o
120
130
140
150
160
170
180
190
200
210
220

DIM Freg(5,40),.Enr{5,40)

Ntm=708 tAddress of the Noise Figure Meter
N=20 tNumber for frequency/ENR pairs.
BATA 10,15.20,100,15.40,1000,15.20,2000,15.2,3000,15.00

DATA 4000,15.00,5000,15.10,6000,15.20,7000,15.20,8000,15.30

BATA 9000,15.40,10000,15.50,11000,15.60,12000,15 .60,

DATA 13000,15.45,14000,15.50,15000,15.35,16000,15.30,

DATA 17000,15.30,18000,15.30

T=1 IENR TABLE 1

FORI=1TON IFILL UP A TABLE
READ Freq(T.h IREAD FREQUENCY VALUE
READ Enr(T.1) IREAD ENR VALUE

NEXT |

QUTPUT Nim;"NR" IGO INTO ENR EDIT MODE

FORI=1TON ISEND THE ENR TABLE
QUTPUT Nim;Freq{T,I);"EN";Enr(T,1),"EN"
PRINT “SENDING FREQ/ENR VALUES OF; ";Freq(T,1),Ene{T.1}

NEXT t

OUTPUT Ntm;“FR" IEND ENR ENTRY

PRINT

PRINT “DONE DOWNLOADING THE ENR TABLE.”

END

The ENR tableis used during both UNCORRECTED NOISE FIGURE measurements
and CORRECTED NOQGISE FIGURE AND GAIN measurements.

The specific ENR vs. frequency data that is used is determined by the stimulus

frequency
Modes 1.0

and the measurement mode that has been selected. Refer to Measurement
through 1.9 Detailed Operating Instructions for additional information.

Special Function 0.9 or PRESET has no effect on data stored in the ENR tables.

Special Function 0.9 or PRESET sets Table 0 as the table that is used for calibration
and the measurement.

Measurement Modes 1.0 through 1.9

Spot ENR

, Thot, Tets @and ENR Table Selection.
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Error Messages and Recovery

The instrument generates error messages to indicate operating problems, incorrect
keyboard entries, or service-related problems. The error message is cleared when the
error condition is removed. The error messages are grouped by error code as follows:

Error 10 through Error 49. These are operating and entry errors which indicate that not
all conditions have been met to assure a calibrated measurement, or that an invalid
keyboard or HP-IB entry has been made. Operating errors can usually be cleared by
using the front panel controls, changing the equipment setup, or correcting the HP-1B
code. Entry errors require that a new keyboard entry or function selection be made. A
number of errors in this group may represent instrument malfunctions. The operator
should try to clear the error condition using the corrective actions shown in the table
below before referring the unit for service.

Error 60 through Error 80. These are service errors which provide service-related
information. Service errors are discussed in Section VIII of the Service Manual.

Error 100 through Error 105. These are Noise Figure Test Set operational and service
errors.

Errors may also be classified as volatile or nonvolatile.

Nonvolatile errors typically occur when the instrument has received conflicting
commands from the operator. The instrument stops making measurements and waits
for the conflict to be resolved by the operator. An example of this type of conflict is
selecting a corrected measurement when a calibration has not been performed. All
hardware errors are also nonvolatile.

Volatile errors typically represent invalid entries of either frequency, special function
codes, numerical data, or HP-IB characters. Volatile errors are cleared when a front
panel key is pressed or when a serial poll is performed over the HP-1B. Upon clearing a
volatile error, theinvalid entryisignored by theinstrument and measurements resume
as if the entry was never received.

The last volatile or nonvolatile error generated can be displayed using Special
Function 99.1 (HP-IB code ER). The error may already be resclved or can be active.
When the erroris requested over HP-IB, the error will be displayed using the error code
or can be displayed in English. Using the English display, an error code does not have
to be interpreted. The Comments section, at the end of this instruction, contains a
program for displaying the error in English.

The HP-IB output format for errors is:

+90DDDE+0BCRLF
Fixed Data__—.r —[Line Feed
Error Code Carriage Return
Lo Fixed Exponent

For example, Error 10is output to the HP-1B as +80010E+06CRLF. This format differs
from normal data outputs since normal data outputs will never exceed 1 x 10%. Oncean
error has been input to the computing controller, the error code is simply derived by
subtracting 9 x 1010 from the input number, and then dividing the result by 1 000 000.
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Error Messages and Recovery (contd)

Special Codes Over HP-1B. When a read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR catalog, Noise Figure Test Set Coarse or
Fine Tuning Calibration, the Noise Figure Meter will cutput special HP-IB codes for the
NOISE FIGURE window. The special HP-IB codes are given below:

ENR Editing +80TNNE+06
Fixed Data I { l: Fixed Exponent
ENR Table Number ENR Table Entry Number
ENR Catalog +BOTNNE+06

Fixed Data 1 I .—[_—_ Fixed Exponent
ENR Table Number ENR Table Entry Number or
Entries in Table

Noise Figure Test Set
Fine Tuning Calibration: +80363E+06

Fixed Data .j— —E. Fixed Exponent

Special Function number for a
Fine Tuning Calibration

Noise Figure Test Set
Coarse Tuning Calibration: +80640E+06

Fixed Data j_ _l: Fixed Exponent

Special Function number for a
Coarse Tuning Calibration

One purpose for these special codes would be to read back from the Noise Figure Meter
until the codes stop being sent, which would mean the task is complete, This would be
useful when doing a coarse of fine tune calibration.

Timeouts should not be used with these special codes. If a timeout is used, it should be at
least sixty seconds. Thisis necessary because it may take the Noise Figure Meter many
seconds to set up the special code for output. This is the case for coarse and fine tune
calibration.

There are three types of error displays. All three use the format shown above to output
the error message to the HP-1B. The following examples illustrate each type:

The display above shows the general error display format. E means error while the
number is the error code.
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Error Messages and Recovery (cont'd)

This display indicates that a measurement overflow has occurred or that the measured
noise figure exceeds 32 dB. This display is oufput to the HP-1B as E99 using the HP-IB
output format 90099E+06CRLF.

The display above indicates that the data is not ready. This display is output to the
HP-IB as a special reserved number (30000E+06CRLF).

The table below describes all operating and entry errors. The error code, message, and
the action typically required to remove the error-causing condition are given. Addi-

tional information pertaining to particular errors is also given.

Error
Code

Volatile [V} or
Nonvalatile [NV}

Mossage

Recommanded Action/Comments

Hardware Error

General Remedy: Press PRESET and check that input signal is within the specified
amplitude and frequency range.

10 NV A/D conver- Refer to Service-Related Errors in Section VIII,
sion failed. Service.!

11 NV A/Deconverter | Set IF and RF attenuators to autorange (Special
overflow. Functions 70.0 and 60.0). If error persists, refer

to Service-Related Errors in Section VIII,
Service.? Also check for proper operation of the
Noise Source.

12 NV Input Set RF attenuators to autorange (Special

overflow. Function 60.0). If error persists, refer to Service-
Related Errors in Section VIII, Service.!

13 NV IF attenuator | Refer to the Calibration, IF Attenuators Detailed
calibration Operating Instruction. If error persists, refer to
failed. Service-Related Errors in Section VIII, Service.!

14 NV Proper IF or Refer to Service-Related Errors in Section VIII,
RF attenua- Service.!

‘| tors cannot be
selected,

! Section VIII, Service, iz in the Bervice Manual. The part number of the Service Manuai is on the title page of this manual.
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Eerar | Volatite (Vi or
Code | Nonvolatile {NV) Message Recommended Action/Comments
Hardware Error [cont'd)
18 NV Frequency calibration failed. | Refer to Service-Related Errors in
Section VIII, Service?

19 NV Noise Figure Test Set YIG Refer to the Comments section at
Filter calibration (coarse or | the end of this instruction.
fine) failed.

Not Properly Galibrated For Correcied Measurement
General Remedy: Repeat calibration.
20 NV Not calibrated. Perform calibration prior to select-
ing CORRECTEDNOISE FIGURE
AND GAIN measurement.

21 NV Current frequency is out of | Select frequency within calibrated
calibrated range or not a range, calibrate over a new fre-
calibrated point in Modes guency range, or refer to Special
1.5—1.9 Function 39, in Modes 1.5—1.9.

22 NV Current RF attenuation not | Select appropriate input gain
calibrated calibration range (Special

Function 32).

23 NV Not calibrated in the current | Perform calibration in current
measurement and sideband | measurement and sideband modes.
modes.

24 NV Not calibrated for the Perform calibration. (Changing
current IF (Measurement any IF reguires recalibration; refer
Modes 1.1, 1.3, 1.6 and 1.8). | to Special Functions 3 and 19.)

25 NV Not calibrated for the cur- Perform calibration. (Changing
rent LO frequency (Meas- the LO frequency requires
urement Made 1.2 and 1.7). recalibration; refer to Special

Function 3.)
26 NV Internal IF attenuators not | Refer to the Calibration, IF
calibrated, Attenuators Detailed Operating
Instruction.
27 NV Overflow while calibrating. | Too much less in calibration sys-
tem. Check input gain calibration
setting (Special Function 32).
Check for proper Noise Source

1 Section VIIL, Service, is in the Service Manual. The part number of the SBervice Manual is on the title page of this manual.
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Error | Volatile {V] or
Code | Nonvatatile (NV) Massage Recemmended Action/Commenis
Hot Properiy Calibrated For Corrected Measurement (cont'd)
operation. Verify that the Noise
Source can supply enough ENR
(Excess Noise Ratio). Refer to
comments.

28 NV Noise Figure Test Set fine Refer to the Comments section at
tuning calibration is needed. | the end of this instruction and the

Noise Figure Test Set YIG Filter
Calibration Detailed Operating
Instruction.
29 NV Noise Figure Test Sef coarse | Refer to the Comments section at
tuning calibration is needed. | the end of this instruction and the
Noise Figure Test Set YIG Filter
Calibration Detailed Operating
Instruction.
invalid Frequency Error
(General Remedy: Change frequency parameter and repeat measurement.

30 \"A Btart frequency is greater Set start frequency {or lower limit)
than stop frequency during | to a value less than the stop
calibration or plot. Or, the frequency (or upper limit}.
lower limit is greater than
the upper limit (noise or
gain) during sweep.

31 v Number of calibration points | Reduce the number of calibration

' exceeds 181. points. (Reduce calibration range
or increase step size.)

3z v LO (set by Special Function | Change IF, START FREQ, STOP
3.1) frequency will be out of | FREQ), or sideband selection so
range. that system LO does not tune

through 0 MHz,

33 v IF into Noise Figure Meter If single sideband has been select-
will be out of range. ed, change START FREQ, STOP

FREQ), or LO {set by Special Func-
tion 3.1) frequency so that the dif-
ference between the LO (set by
Special Function 3.1) frequency and
the start or stop frequency is
greater than 10 MHz and less than
1600 MHz (modes 1.1 to 1.4) or
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Error
?Hesstadg)es E:;er N‘;ﬁ?;g;g:k;z} Message Recommended Action/Comments
cont’

Invalid Frequency Error {con{'d}

18000 MHz (1.6 t0 1.9).

If sum function (Special Function
2.3) is being used, change START
FREQ, STOP FREQ or LO (set by
Special Function 3.1) frequency so
that LO plus START or STOPFREQ
is within 10-1600 MHz range.

34 NV Double sideband is not Use single sideband (Special
allowed in Measurement Function 2.1--2.3) with
Modes 1.2 or 1.7. Measurement Modes 1.2 or 1.7.

Entry Error

General Remedy: Check and repeat entry.

35 v Entered value is out of range. | Re-enter new value.
36 A" Undefined special function. | Check, then re-enter correct
special function code.

37 A% Cannot enter specified Select proper function that
parameter. allows entry of this parameter.

38 A" Noise Figure Test Set IF Refer to the Comments section at
will be out of range. the end of this instruction.

39 vV The number of plot points Change START FREQ, STOP
exceeds 251, FREQ or STEP SIZE to reduce

the number of plot points below
251, Also, refer to the Data Out-
put to Oscilloscopes, Recorders
and Plotters Detailed Operating
Instruction.

QED)  HP-IB Errors

General Remedy: Check and repeat entry.

40 v Undefined HP-IB code. Check, then re-enter correct HP-IB
code,
41 v Invalid HP-IB characters. Check, then re-enter valid HP-IB
characters.
42 NV System Local Oscillator not | Refer to the Comments section at
found on System Interface the end of this instruction.
Bus with 46.0 SP active.
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Error

Voiatile {V) or

Code | Nonvolatile [NV) Message Recommended Astion/Comments
HP-iB Errors (con{’d)

43 v Codes received while in Talk | Only send codes when the instru-
Only Mode (4.28F). ment is addressed to listen.

44 NV Noise Figure Test Set not Refer to the Comments section at
found when 45.0 8P or 45.1 the end of this instruction.

SP is active.

45 NV Plotter was not found on the | Refer to the Comments section at
System Interface Bus at the ! the end of this instruction.
address specified by 40.3 SP.

46 NV Pass through device not Refer to the Comments section at
found on the System Inter- the end of this instruction.
face Bus or 40.6 SP set
incorrectly.

47 NV Noise Figure Meter did not If the Noise Figure Meter pass
find a controller on the Sys- | control capability (Special Func-
tem Interface Bus while tion 49.1) is not being used, select
passing control, Special Function 49.0. Also, refer

to the comments section at the end
of this instruction.

48 NV Two or more controllers are | Refer to the Comments section at
on the System Interface Bus. | the end of this instruction.

Service Errors

60- NV Service-related errors. Refer to Service-Related Errors in

79 Section VIII, Service.!

BO NV Continuous memory failure. | Refer to Comments below,

Noise Figure Test Set Errors

100 v Noise Figure Test Set fine Reduce the number of points by

tune table will overflow. changing the START FREQ,
STOP FREQ or STEP SIZE; then,
perform a fine tune calibration.

101 NV Noise Figure Test Set Refer to Section VI, Service! and
self-test failed. Special Function 98.7.

102 NV Auto sweep was aborted to Start sweep again with SWEEP
protect Noise Figure Test AUTO key. Also, refer to
Set switches. comments.

t Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Error | Volatile (V] or

Code | Nonvelatile [NV) Massage Recommended Actien/Commenis

Noise Figure Test Set Errors {cont'd)

103 NV Noise Figure Test Set cannot Select Special Function 17.1.
perform a single sideband
measurement at this

frequency.

104 NV Interpolating across the Ensure that the frequency of
Noise Figure Test Set’s interest is a calibrated point.
bands is not permitted.

105 NV The YIG filter temperature | Repeat the procedure that was
control loop will not lock, used prior to error K105 being
inside the Noise Figure Test | generated. Refer to Section VIII,
Set. Service,! for the Noise Figure

Meter or the Noise Figure Test Set.

Error code E19 can be generated for either a coarse or fine tuning calibration of the
Noise Figure Test Set. Check all cables and ensure that the LOINPUT,RFINPUT and
IF OUTPUT signal paths have been properly connected. If the error occurs after
another attempted calibration, the Noise Figure Meter is unable to Iocate the Noise
Figure Test Set’s YIG filter passband.

If a fine tune calibration is being performed, a coarse tune calibration may be needed. A
coarse tune calibration is needed when the Noise Figure Measurement System is
initially put together and the system local oscillator is a sweeper or if repairs are done to
the Noise Figure Test Set. Also, if a fine tune calibration is being performed, loss after
the Noise Source can cause this error. Some calibration setups, with loss between the
Noise Source and the Noise Figure Test Set, may require the use of a preamplifier. It is
possible to do a fine tuning calibration with the Noise Source connected directly to the
Noise Figure Test Set’s INPUT, if a preamplifier is not available. The Noise Source
should have at least 12 dB ENR (Excess Noise Ratio) for a fine tuning calibration
without a preamplifier. For additional information, refer to the Noise Figure Test Set
YIG Filter Calibration Detailed Operating Instruction.

Error code E21 is generated if the current frequency is out of the calibrated
measurement range. In Measurement Modes 1.5 through 1.9 the current frequency may
be in the calibrated measurement range, but the frequency may not be an actual
calibrated frequency. Since corrected measurements are very susceptible to small
changes in the system noise figure, it is not advisable to expect good data between
calibration points, especially if the points are separated by many megahertz.

Also, because of discontinuities in the band crossings of the Noise Figure Test Set, the
Noise Figure Meter cannot interpolate across the Noise Figure Test Set’s band
crossings. For instance, when one calibration peintis in SSB1 and anotherisin SSB2,
a corrected measurement of noise figure and gain would not yield a valid data point
that did not reguire interpolating calibration data for a frequency between the two
calibration points.

1 Section VI, Service, is ins the Service Manual. The part number of the Service Manual is on the titie page of this manual.



HP 89708

Comments
{cont'd}

Operation

Error Messages and Recovery (contd)

Special Function 39.1 can be used to disable E21, for interpolated calibration data.
Special Function 38.0 (default after a PRESET) enables E21.

Error code E27 usually occurs because the noise figure of the measurement system is
too high during the calibration of the third input gain setting at one or more calibration
frequency. Consider the error code as only a warning, and that the ability of the
instrument to make valid measurements is most likely not impaired. But, if error code
E22 gecurs during the actual measurement, do one of the following:

1. Increase the instrument’s smoothing factor and try to recalibrate.

2. The DUT probably has 30 dB or more of gain, causing the Noise Figure Meter to use
the attenuator setting of the third calibration setting. Attach a 10 dB attenuatorto
the output of the DUT and use special functions 34.3, 34.4, and 34.1 to correct for the
loss.

3. Add a preamp to the measurement system and recalibrate.

Error code E28 is generated when the Noise Figure Test Set needs a fine tuning
calibration for the current set of frequencies defined by START FREQ, STOP FREQ
and STEP SIZE. The calibration can be performed using Special Function 36.3. If a
point between those defined by START FREQ, STOP FREQ and STEP SIZE needs to
be fine tuned, Special Function 36.4 can be used. The error could have been generated
due to the following reasons:

e The YIG filter, in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used.

o The current frequency of the Noise Figure Test Set YIG filter has been interpolated
from the fine tuning calibration data.

¢ The Noise Figure Test Set has been fine tuned, but the temperature has drifted more
than five degrees centigrade, since thelast Fine Tuning Calibration. The YIG heater
loop must be reset and new fine tuning data gathered. Use Special Function 36.3 to
reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning Calibra-
tion using Special Function 36.3.

Error code E29 is generated if a Noise Figure Test Set coarse tuning calibration is
required before making a single sideband measurement within the frequency range of
2401 to 18000 MHz. Special Function 64.0 (refer to the Noise Figure Test Set YIG Filter
Calibration Detailed Operating Instruction) must be performed. The Noise Source (HP
3468 or HP 346C) must have an ENR (Excess Noise Ratio) of at least 12 dB from 2401 to
18000 MHz=.

Error code E38 is generated when the signal being input to the Noise Figure Test Set
does not fall between 10 to 18000 MHz. Check the parameter { START FREQ, STOP
FREQ, STEP SIZE, Special Functions 3.0 or 3.1 and Special Functions 2.0 through 2.3)
that may have caused E38 or do a PRESET and re-enter the parameters. Verify that the
measurement signal falls between 10 to 18000 MHz.
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Error Messages and Recovery (contd)

Error code E42 is generated when the System Local Oscillator is not found at the
address specified with Special Function 40.1. Verify that the System Local Oscillator is
connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS (HP-IB) connector. Also, verify that the address of the
System Local Oscillator is the same address that is specified with Special Function
40.1.

If the Noise Figure Meter is not going to control the System Local Oscillator, error E42
can be eliminated by using Special Function 46.1. Special Function 46.1 is retained in
memory, when the Noise Figure Meter is turned off. The next time it is desired to have
the Noise Figure Meter control the System Local Oscillator, Special Function 46.0 will
have to be active.

Error code E44 is generated when the Noise Figure Test Set is not found at the address
specified by Special Function 40.2. Verify that the Noise Figure Test Setis connected to
the SYSTEM INTERFACE BUS connector and not to the HEWLETT-PACKARD
INTERFACE BUS connector.

If the Noise Figure Meter is not going to control the Noise Figure Test Set, Special
Function 45.2 can be selected to avoid E44. The next time it is desired for the Noise
Figure Meter to control the Noise Figure Test Set, Special Function 45.0 or 45.1 will
have to be selected.

Error code E45 is generated when the plotter is not found at the address specified by
Special Function 40.3. Verify that the plotter is connected to the SYSTEM INTER-
FACE BUS connector and not to the HEWLETT-PACKARD INTERFACE BUS
connector. Also, verify that the address of the plotter is the same as the address
specified by Special Function 40.3.

Error code E46 is generated when the “pass through device” is not found at the address
specified by Special Function 40.6 (or HP-IB code PT). Verify that the “pass through
device” is connected to the SYSTEM INTERFACE BUS connector and not to the
HEWLETT-PACKARD INTERFACE BUS connector. Also, verify that the address of
the “pass through device,” sent with the PT command, is the valid address of the
“pass through device” on the System Interface Bus. The address specified with Special
Function 40.6 must be the same as the address sent with the PT command.

Error code E47 is generated when the Noise Figure Meter expects to find a controlleron
the System Interface Bus and the controller is not found. Error E47 could be caused by
Special Function 49.1 being enabled when it is not desired. If Auto-Pass-Control is not
desired, select Special Function 49.0 to disable Auto-Pass-Control. If Auto-Pass-
Control (Special Function 49.1) should be active, verify, that the other controller is
connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS connector. Also, verify that the address of the control-
ler is the same as the address specified by Special Function 40.5.

Error code E48 is generated when the Noise Figure Meter has detected the existence of
another controller on the System Interface Bus; the Noise Figure Meter was told
(Special Function 48.0) that it would be the controller. Verify that a controller is
connected to the HEWLETT-PACKARD INTERFACE BUS connector and not to the
SYSTEM INTERFACE BUS connector.
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Uperation

Error Messages and Recovery (contd)

In systems where there are multiple controllers on the System Interface Bus that are
sharing resources such as a local oscillator or a plotter, only one of the controllers
should be enabled to be the system controller or active controller at any given time.
Verify that the other controllers are not set to be the system controller, at turn-on. If the
Noise Figure Meter has been told to be the system controller, it will display “Ctrlon” in
the right display after power-on. If the Noise Figure Meter has been told not to be the
system controller, the message “Ctrl OFF” will appear in the right displays just after
power-on.

Error code E80 indicates a continuous memory failure. The instrument may not retain
data when powered down. However, the ability of the instrument to make valid
measurements may not be impaired. If E80 occurs, press PRESET and proceed. The
occurrence of E80 implies that stored information such as the IF attenuator calibration
was not retained. Therefore, error code E26 will appear. Perform an IF attenuator
calibration (refer to the Calibration, IF Attenuators Detailed Operating Instruction). If
E80 persists, service should be performed on the internal battery and related circuits.
Refer to Service-Related Errors in Section VIII, Service.!

~ Errorcode E102indicates that auto sweep has been aborted, in Measurement Modes 1.5

through 1.9. After one hundred sweeps, auto sweep is aborted to protect the switchesin
the Noise Figure Test Set. To disable auto sweep abort (and error code E102}, use
Special Function 97.3. PRESET will re-enable auto sweep abort and error code E102.

The following program describes how an error can be displayed in English, over HP-IB:

NOTES

This program was written in BASIC language 3.0 using the HP 3000
Series 200 Model 236 computer.

This program assumes that the Noise Figure Meter has an HP-IB
address of 8 and the interface card has a select code of 7. Also, it is
assumed that an error has occurred.

106 QUTPUT 708;"H1 ER" IDUTPUT FREQUENCY, INSERTION GAIN
IAND NOISE FIGURE DISPLAYS AND DISPLAY
ITHE ERROR.

110 ENTER 708;W1,W2 W3 1GET THE FREQUENCY, INSERTION GAIN AND

INOISE FIGURE DISPLAYS.

120 PRINT “The iast Noise Figure Meter error was: ", W1

130 QUTPUT 708;"FR" !STOP THE ERROR REPORTING DISPLAY

140 Error_num=wW1 ISETUP FOR ERROR READBACK
t
t THE NEXT LINES ASK FOR THE TEXT OF THE ERROR
P NUMBER THAT IS CONTAINED IN THE VARIABLE W1.
!

150 DUTPUT 708; “ER ";Erornum;"EN” ISETUP ERROR TEXT TO READ.

160 ENTER 708; Errmes$ 'READ THE TEXT.

170 PRINT Enmes$

180 END

t Section VI, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Error Messages and Recovery (contq)

Related Calibrate

Sections Calibration, IF Attenuators
Calibration, Input Gain Selection
IF Attenuation Selection
Measurement Modes 1.1 through 1.9
Remote Operation, HP-IB
RF Attenuation Selection
Service-Related Errors, Section VIII
Special Functions

t Section VIII, Service, is in the Service Manual. The part number of the Bervice Manual is on the title page of this manuasl.
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Description

Procedure -

Operation

Fixed Frequency Increment

The tuned frequency of the instrument can be changed by using a combination of the
FREQ INCR, 4, and W keys. The FREQ INCR key is used to set the fixed increment
size. The 4 , and W keys step the fixed frequency up or down by the value of the
current frequency increment. These keys provide a convenient method of controlling
the fixed frequency of the instrument for applications such as locating the minimum
noise figure of an amplifier.

The allowable range of values for a frequency increment is:

s 1to 1600 MHz for Measurement Modes 1.0and 14

¢ 1 to 18000 MHz for Measurement Modes 1.5 and 1.9

* 1 t0 99999 MHz for Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

Fractional increments are rounded to the nearest 1 MHz. If an attemptis made to enter
an illegal frequency increment, error code E35 is displayed and the entry is not made.

The Measurement Mode selected determines the fixed frequency increment default.
The table below lists the defaulis for each of the Measurement Modes.

Measurement Fixed Frequency
Mode increment
1.0and 1.4 20 MHz
1.1,1.2and 1.3 200 MHz
1.5and 1.9 250 MHz
1.6,1.7and 1.8 500 MHz

As shown in the table, the Measurement Modes have been placed into four groups. If
the fixed frequency increment is changed for one Measurement Mode, the fixed
frequency increment is changed for all the measurement modes of the group, When
going from one measurement mode to another, the fixed frequency increment of the
previocus measurement mode is automatically saved by the Noise Figure Meter.

Tochangethe size of the frequency increment, press the FREQ INCR key, enter a value
for frequency in MHz, and then press the ENTER key.

Use 4 or W to step the frequency up or down by the current frequency increment.

Pregram Stored in? Can Be Praset (and Special
' Code Continuous Siored and HP-18 Ciear) | Function 0.9
Front Pznet Key m Memory Recalled Conditions Londitions
FREQ INCR FN Y Y 20 MHz 20 MHz -
& upP — — — —
. DN - - - -

I'Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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Fixed Frequency Increment (contd)

To set the frequency increment to 50 MHz:

LOGCAL Function s 1315 s, Function
tkeysirokes) [ 5 ] { 5 J [em]
L HP-IB 2 FN50MZ
Code T T T Funetion
(program codes) o

To decrease the tuned frequency by the current frequency increment:

LOCAL Function

{keystrokes) @

L HP-1B

DN
{program codes]

Holding either the 4 or W key down causes the frequency to step continuously.
However, the frequency is slower to change when stepped downward.

In addition to the HP-IB program codes given in Procedure above, HZ and MZ are the
program codes for Hz and MHz, respectively. '

The currently programmed frequency increment is displayed in the left display for as
long as the FREQ INCR key is depressed. After FREQ INCR is pressed, the new
frequency increment data can be entered. This data is displayed in the left display until
the ENTER key is pressed. The function is then implemented and the instrument
returns to the last selected measurement.

When either 4 or W is pressed, the tuned frequency is changed in the selected
direction. The new tuned frequency is displayed in the left display and the instrument
continues with the selected measurement.

Front panel frequency increment values should be entered in integer MHz units, If a
decimal MHz entry is made, the instrument rounds the entry to the nearestinteger (0.5
MHz and above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

If 4 or W is pressed rapidly in succession, the left display updates the frequency
each time the key is pressed. The noise measurement may be delayed ( — — — — will
appear in the NOISE FIGURE display), especially if smoothing is used.
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Comments
(cont'd)

Related
Sections

Fixed Frequency Increment (contd)

Operation

For highest repeatability, always tune in the same manner (direction and step size) as

the calibration was done.

Fixed Frequency Tuning
Measurement Modes 1.0 through 1.9
Preset Conditions and Power-Up Sequence
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Fixed Frequency Tuning

The FREQUENCY key is used to display the frequency to which the instrument is
tuned and to enter a new fixed frequency value. The allowable frequency range is:

e 10to 1610 MHz in Measurement Modes 1.0 and 1.4
e 10 to 18000 MHz in Measurement Modes 1.5 and 1.9
e 10 to 99998 MHz in Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

The Measurement Mode determines the default for fixed frequency tuning. The
defaults are given in the table below.

Measurement Mode Fixed Frequency
10and 14 30 MH:z
11,1.2and 1.3 10000 MH:z
1.5and 1.9 3000 MH:z
1.6,1.7and 1.8 46000 MH:z

As shown in the table above, the Measurement Modes have been placed into groups. If
the fixed frequency is changed for one Measurement Mode, the fixed frequency is
changed for all the Measurement Modes of the group. When going from one
Measurement Mode to another, the previous fixed frequency is automatically saved by
the Noise Figure Meter.

The tuned fixed frequency of the instrument can also be changed by using a
combination of the FREQ INCR key toset the increment size, and the 4 and W keys
to step the fixed frequency in the selected direction.

The FREQUENCY key acts as a “clearentry” key. It clears entries in progress, returns
the instrument to the last selected measurement with the left display showing the
current tuned frequency, and halts the sweep if it is in progress,

To display the current tuned frequency and enter a new tuned frequency, press
FREQUENCY, enter the value of the new frequency in MHz, and press ENTER.

Program Stored in! Can Be Preset [(and Special
Gade Continuous Stored and | HP-IB Clear] | Functien 0.9
Front Panel Key m Memary Recalled Conditions Conditions
FREQUENCY FR b4 Y 30 MHz 30 MH:z
tTable categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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Example

Program
Codes

€D

Indications

Comments

Related
Sections

Operation

Fixed Frequency Tuning (conrd)

To tune the instrument to a new frequency of 100 MHz:

LOCAL Function P Data .~ Function
o DEE @
FR100MZ
[program codes) Code —— ;};L Function

The HP-1B program code for FREQUENCY is FR. The program codes for Hz and MHz
are HZ and MZ.

Pressing the FREQUENCY key clears an incomplete entry, displays the current tuned
frequency, and enables the entry of a new tuned frequency. As the entry numbers are
pressed, the specific numbers appear in the left display. When ENTER is pressed, the
instrument is tuned to the specified frequency and the instrument continues to make
the the last selected measurement.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

If no other prefix key has been pressed, any digits entered followed by ENTER will be
interpreted as if the FREQUENCY key were the prefix.

For highest repeatability, always tune in the same manner (direction and step size) as
the calibration was done.

Fixed Frequency Increment

Measurement Modes 1.0 through 1.9
Preset Conditions and Power-Up Sequence
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Fixed IF or LO Frequency Selection
(Special Functions 3 and 19)

Special Function 3 displays and allows entry of the fixed IF and LO frequencies. This
special function is used when the measurement signal is down converted prior to being
input to the Noise Figure Meter (Measurement Modes 1.1 through 1.4) or the Noise
Figure Test Set (Measurement Modes 1.6 through 1.9).

Special Function 19 is ONLY used in Measurement Modes 1.5 through 1.9. Special
Function 19 displays and allows the user to change the internal IF between the Noise
Figure Meter and the Noise Figure Test Set. Theinternal IF can only be changed when
the measurement frequency is between 1601 and 18060 MHz.

Special Function 3.0 is used to display and enter the fixed IF for Measurement Modes
1.1,1.3, 1.6 and 1.8. If no entry is made, the Noise Figure Meter uses the last entered
value. The fixed IF value does not apply when the instrument is operated in
Measurement Modes 1.0, 1.2, 1.4, 1.5, 1.7 or 1.9. The allowable range of values for IF
entries is 10 to 1600 MHz (Measurement Modes 1.1 and 1.3) or 10 to 18000 MHz
(Measurement Modes 1.6 and 1.8).

Special Function 3.1 is used to display and enter the fixed local oscillator frequency for
Measurement Modes 1.2, 1.4, 1.7 and 1.9. If no entry is made, the Noise Figure Meter
uses the last entered value. If the instrument is operated in Measurement Modes 1.0, 1.1,
1.3, 1.5, 1.6 or 1.8, the fixed local oscillator frequency does not apply. The allowable
range of values for the local oscillatoris 10 to 99999 MHz (Measurement Modes 1.7 and
1.9) and 0 to 99999 MHz (Measurement Modes 1.2,1.4, 1.7 and 1.9).

Special Function 3.2 is used to display the user controlled local oscillator frequency in
Measurement Modes 1.6 through 1.9. Special Function 3.2 is particularly useful in
Measurement Modes 1.6 and 1.8. The frequency that the user controlled local oscillator
should be set to is displayed. If zero is displayed, an error exists with the Special
Function 3 frequency and Special Function 2 frequency mix.

Special Functions 19.2 through 19.4 are used when the Noise Figure Test Set is
configured with the Noise Figure Meter. These special functions are used to change the
internal IF between the Noise Figure Meter and the Noise Figure Test Set. Special
Functions 19.2 through 19.4 can only be used when the measurement frequency is
greater than 1601 MHz. The default IFs, for Special Functions 19.2 through 19.4; have
been carefully chosen; only small deviations from the defaults should be used and only
if the particular measurement requires that the default be changed.

Special Function 19.5is used to display the current frequency {IF) thatis beinginput to
the Noise Figure Meter.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above are rounded up).
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Fixed IF or LO Frequency Selection (conta)
{Special Functions 3 and 19)

Procedure To select a fixed IF or LO frequency, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key. Next, enter the appropriate value using
the DATA keys and press ENTER.

_ ey E E g £
= : S g | § & = E8
3z 87 I3z B 3 if
Special Functien Program | & g f e |28 =8| = S| =E
Cle | £F  EE| =S| B2 BE 25
Description Code 23 SE | 88 | &5  £8 So

Fixed IF 3.0 IF or N Y Y NC 30 30
{for modes 1.1 and 1.3) 3.08P MH:z MHz
(for modes 1.6 and 1.8) 3500 MHz
Fixed 1.O Frequency 3.1 LF or N Y Y NC {10000 10000
(for modes 1.2 and 1.4) 3.1SP MH: MH:z
(for modes 1.7and 1.9) 44000 MHz

Display User Controlled: 3.2 UL or N N N OFF | OFF OFF
LO frequency in 3.25p
Measurement Modes
1.6 through 1.9

Fixed IF for Noise 19.2 S2or N ¥ Y NC 700 700
Figure Test Set 19.28P MH:z MHz
band 2 {S8B2)

Fixed IF for Noise 19.3 S3or N Y Y NC 450 450
Figure Test Set 19.358P MHz MHz
band 3 (85B3)

Fixed IF for Noise 19.4 84 or N Y Y NC 25 25
Figure Test Set 19.45P MHz MH:z
band 4 (DSB)

Display Noise Figure 195 S5or N N N NC NC NC
Meter input frequency. 19.58P

*Table categories are explained in the Special Function Detailed Operation Instruction.
Example To select a fixed IF of 70 MHz:
LOCAL - Code - Function oo (12112 st Function
(keystrokes)
G [ogm, CIC]
L HP-1B *F70¥\.ﬂ]§
. T .
{program codes) Function D;I;a Function
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Fixed IF or LO Frequency Selection (contd)
{Special Functions 3 and 19)

The HP-IB codes for Hz and MHz are HZ and MZ, respectively. For Special Functions
3 and 19 program codes, refer to Procedure.

When Special Function 3.0, 3.1 or 19.2 through 19.4 is selected, the left display shows
the current IF or LO frequency. When a new frequency valueis entered, it appearsin the
left display only for as long as the ENTER key is depressed. When the ENTER key is
released, the left display returns to the display that was present when the special
function was enfered.

When Special Function 19.5 is selected, the left display shows the current frequency
being input to the Noise Figure Meter. The display is cleared by pressing the
FREQUENCY key.

If error cede E32 is displayed when attempting to enter a fixed LO frequency, the
entered frequency is outside the range specified for the LO. If the entered frequency was
incorrect, re-enter the correct frequency. If the LO frequencies are incorrect, they can be
changed using either Special Function 42.3 or 42.4 (refer to Programming the System
LG Detailed Operating Instruction).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz,

Error Messages and Recovery
Measurement Modes 1.1 through 1.9
Programming the System LO
Special Functions
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HP-IB and System Interface Bus (SI1B) Addresses
{Special Function 40)

Description There are two HP-IB and six SIB (System Interface Bus) addresses.

The two HP-IB addresses are really both addresses of the Noise Figure Meter. One
address is the address of the Noise Figure Meter. The other address is called the “Pass
Through Address” of the Noise Figure Meter. The “Pass Through Address” is used
when an external controller on the Hewlett-Packard Interface Bus (HP-1B) wants to
control a device on the System Interface Bus (SIR). The Pass Through Addressisset up
automatically by the Noise Figure Meter, only after Pass Through Mode has been
initialized using Special Function 40.6 {or HP-IB code PT). The Pass Through Address
is one greater than the Noise Figure Meter’s address ifitiseven andis onelessthan the
Noise Figure Meter’s address if it is odd. Refer to the System Interface Bus Control
Detailed Operating Instruction for more information about Pass Through Mode and
the Pass Through Address.

Special Function 40.7 can be used to display the Pass Through Address.

The six SIB addresses are listed below:

e System Local Oscillator ¢ Systemn Interface Bus
e Noise Figure Test Set ¢ Pass Through Device
s Plotter e Pass Control

The System Local Oscillator is used with the Noeise Figure Meter in Measurement
Modes 1.1 through 1.4 and the Noise Figure Meter and Noise Figure Test Set in
Measurement Modes 1.5 through 1.9.

The Noise Figure Test Set is configured with the Noise Figure Meter in Measurement
Modes 1.5 through 1.9 to extend the frequency range of the Noise Figure Meter.

The plotter is connected to the System Interface Bus to give a permanent record of a
noise figure or gain measurement.

The system interface bus address is the address of the System Interface Bus (SIB)
connector on the back of the Noise Figure Meter, This address only needs to be changed
if some other instrument on the System Interface Bus has to use the default address
that has been set up for the System Interface Bus.

The pass through device address is used in Pass Through Mode. The pass through
device address selects an instrument on the System Interface Bus that is going to be
controlled by an external controller connected to the Hewlett-Packard Interface Bus
(HP-IB). For more information on using Pass Through Mode and the pass through de-
vice address, refer to the System Interface Bus Control Detailed Operating Instruction.

The pass control address is the address of the controller that will alternate control
responsibilities with the Noise Figure Meter. The two instruments will alternate
control on the System Interface Bus. This is an advanced capability and does not need
to be set under normal circumstances.
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HP-IB and System Interface Bus (SIB) Addresses (contq)

Description

{cont'd)
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(Special Function 40)

The HP-IB and SIB addresses can be displayed and changed by Special Function 40.
The selected address is displayed in decimal in the left display. The decimal value of the
factory set addresses are as shown below:

¢ Noise Figure Meter=8 ¢ Plotter=>5

® Pass Control Address=16 ¢ System Interface Bus=8

s System Local Oscillator=19 ¢ Pass Through Device (There isn’t
¢ Noise Figure Test Set=10 any factory set address.)

A list of allowable addresses is given below.

ASCII Address Codes Decimal

LISTEN TALK Equivalents

sP
!

00
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

3

o R R - - X

-

€ OO0 =3 h O ook SO B = O N
Yo A N M E S COHOWONOZEN R WU=TIOTOETZTOW>®
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Operation

HP-IB and System Interface Bus (SIB) Addresses (contd)

Procedure

Example

Program
Codes

| HP-1B 2

{Special Function 40)

To display the current HP-IB or SIB address, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

To change an HP-IB or SIB address, first display the current address. Then, enter a
decimal number from 0 to 30 for the new address and press the ENTER key.

=~ g e =
= . h S C s
HEHIEEHEBBE
Special Function Program | &g | = PR S| 23| =%
Code £33 1 E8 =S |88 | %5 £a8
Description Code | (M) S22 %= 885 | &3 | & 8|82
Noige Figure Meter 40.0 None N Y N NC NC 8
HP-1B Address
System LO SIB 40.1 EAor N Y N NC NC 19
Address 40.18P
Noise Figure Test 40.2 HT or N Y N NC NC 10
Set SIB Address 40.25P
Plotter SIB Address 40.3 HPor N Y N NC NC 5
40.38P
System Interface 40.4 HSor N Y N NC NC 8
Bus Address 40.45P
Pass Control SIB 40.5 HCor N Y N NC NC 16
Address 40.58P
Pass Through Device | 40.6 PTor N Y N NC NC NC
S1B Address 40.68P
Display the Noise 40.7 VPor N N N NC NC Off
Figure Meter’s Pass 40.7SP
Through Address
tTable categories are explained in the Special Function Detailed Operation Instruction.

To display the system LO address and change it to 20:

LOCAL - Code -~ Function Pl Function
ksl | DOOE (e @D
CET EA20EN |
[program codes) Code JD-L&I—— Function

The program code to display the SIB address of the system LO is EA. The system L.O
address can be changed by entering a decimal number from 0 to 30 and then EN (the
program code for ENTER). The other addresses are changed in a similar manner. The
HP-IB address of the Noise Figure Meter cannot be read or changed over the HP-IB.
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HP-IB and System Interface Bus (SIB) Addresses (conta)

(Special Function 40)

Indications The HP-IB or SIB address of the corresponding special function appears in the left
display when Special Function 40 is selected. When an address is changed, the new
address appears in theleft display for aslong as the ENTER key is depressed. When the
ENTER key is released, the instrument returns to the last selected measurement.

Comments Do not set the Noise Figure Meter address equal to any of the other addresses.
Related Controller Capability of the Noise Figure Meter
Sections Remote Operation, HP-IB

Special Functions

3-116



HP 8970B

Description

Procedure

Operation

IF Attenuation Selection
(Special Functions 70, 71, and 72)

IF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 72.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific IF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functions is
contained in Section VIII, Service!

To select a specific IF attenusation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

= z E. | ZE 5.
§2 88 |Fz|2E |33 EE
Special Function Program og | =% | 58 | LF8 | 23| LF
me | 2% PR S5 35 53 ES
Description Code ¥ HP-18 SE | ZE | S| 22 E£E8 | &2
iF Attenuation Sefection
Auto : 70.0 | I0or 70.0SP N N N On On On
0dB 70.1 | Il or70.1SP Y N N Off Off Off
5dB 70.2 | 12 0r70.25P Y N N Off Off Off
10 4B 70.3 | I30r 70.358P Y N N Off Off Off
15 4B 70.4 | 14 or 70.45P Y N N Off Off Off
26 dB 70.5 | I5or 70.58P Y N N Off Off Off
25dB 70.6 | I6 or 70.65P Y N N Off Off Off
30dB T0.7 | I70r 70.78P Y N N Off Off Off
35dB 708 | I8 or 70.88PF Y N N Off Off | Off
Display IF Attenustor Seltings
Display IF 71.0 | 8Ior71.08P N N N Off Off Off
Attenuator
IF Attsnuator !'_!old
IF Attenuator 72.0 | IH or 72.08P Y N N Off Off Off
Hold
~ 1Table categories are explained in the Special Functions Detailed Operating Instruction.

1 Baction VI, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manuel.
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IF Attenuation Selection (contq)
(Special Functions 70, 71, and 72)

To select the IF attenuator hold function:

LocAL- (Y — Function
keystrok
(keystrokes) ENEINIE i
L HP-iB IH

{program codes)

For HP-IB codes, refer to Procedure.

When Special Function 71 is implemented, three digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding
attenuator is switched into the 20 MHz IF Assembly circuits (see Service Sheets 3and 4
in Section VIII, Service!). The first (most significant) digit represents 20 dB. The second
digit represents 10 dB. The third (least significant) digit represents 5 dB. To obtain the
IF attenuator setting, add the attenuation that is represented by each digit. For
example, a display of “1 0 1” indicates an IF attenuator setting of 25 dB.

The following table lists the IF attenuation available (Special Function 70.1 through
70.8) and the ones (1) and zeros (0) that are displayed using Special Function 71.0.

Attenuation Special Attenuator
[¢B) Function 20 48 10 dB 5 d8
0 70.1 0 0 0
5 70.2 0 0 1
10 70.3 0 1 0
15 70.4 0 1 1
20 70.5 1 0 0
25 70.6 1 0 1
30 70.7 1 1 0
35 70.8 1 1 1

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on onerange only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the

expected gain range.

Calibrate

Manual Measurements
RF Attenuation Selection
Special Functions

t Bection VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Description

Procedure

Operation

Loss Compensation
(Special Function 34)

Special Function 34 corrects for loss between the noise source and the device under test
(DUT), and the DUT and the Noise Figure Meter. Theloss in dB and the temperature of
the loss must be entered prior to enabling loss compensation (Special Function 34.1) or
else the default values of 0 dB and 0K are used.

The temperature of the loss is the ambient temperature. Therefore, both the loss before
the DUT and the loss after the DUT are assumed to be at the same temperature. Only
one temperature can be entered for both losses. The temperature of the loss can he
entered in Kelvins, degrees Fahrenheit, or degrees Celsius. Temperature units are
selected by Special Function 11.

The allowable range of loss in Kelvins is 0 to 9999. The allowable range of loss in dB is
—100 to +100.

To display, enter, or enable loss compensation, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

= r E.|TE| 8.
£ 55 Ez 28 33| EE
Special Function Program | &g | &% f 'g 5 | S8 | <8
Code £% g 8= | g3 | Ex | 85
Description Code | QN | S gg 5|8 | EE| &3
Turn loss com- 34.0 1LOor N Y N On On On
- pensation off. 34.08P
Turn loss com- 34.1 Llor Y N Off Off Off
pensation on. 34.18P
Display and enter 34.2 LAor N Y NC | 0dB | 0dB
the amount of loss 34.28P
between the noise
source and the DUT
in dB.
Display and enter 34.3 LT or N Y N NC 0K 0K
the temperature of 34.38P
losses (units are
determined by Spec-
ia! Function 11).
Display and enter 34.4 LBor N Y | N NC [ 0dB | 0dB
the amount of loss 34.48P
between the DUT
and the Noise Fig-
ure Meter in dB.
*T'mble categories sre explained in the Special Functions Detailed Operating Instruction.
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Operation

Loss Compensation (conta)
(Speciatl Function 34)
To compensate for a loss of 3 dB between the noise source and the DUT at a temperature

of 290K (assume Special Function 11.0 is active — temperature in K) and to enable the
loss compensation function:

prmemamecey (005 memommn., Functfera e Datd  sommmom, Function
o |BIEEE (o
[keystrokes) @ @ @ C{] T oL EJ (e]{o0]) [om]
@M IG) (o),
“ o 'LASENLT290ENL1
 HP-IE JE TCode‘Jl -[-—tzf;de_
{program codes] Data Function
‘Function ) Data
Code

For HP-IB codes, refer to Procedure above.

If Special Function 34.0 or 34.1 is selected, the left display returns to the previously
selected display. The INSERTION GAIN and NOISE FIGURE displays are not
affected by this function.

When a loss compensation entry is made in dB, the temperature of the loss should also
be entered.

The Noise Figure Meter assumes that the loss was not present during calibration.

If a 2dB attenuatoris being used in the measurement, 2dB would be entered as the loss.
There is no need to characterize the device.

Special Functions
Temperature Units Selection

HP 8570B
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Description

Procedure

Operation

Manual Measurement Functions
(Special Functions 14 and 15)

The manual measurement functions calibrate and measure noise figure using a
thermal (hot/cold) noise source. They also can be used to display either the current
measurement or the result of the manual measurement. Manual measurement
functions are used for fixed frequency measurements only.

Three general requirements must be understood when performing manual mesasure-
ments:

1. A stable reading must be stored in the Noise Figure Meter's memory prior to
disconnecting the noise source. This stable reading can be obtained by either
activating the next manual measurement special function or by using the Trigger
Selection Special Function (30). Since activating the next special function requires
fewer keystrokes, that is the method used in the example shown in this instruction.

2. Thedevice under test (DUT) must first be connected to the measurement system and
the proper RF attenuation level determined. The RF attenuators must then be held
fixed (Special Function 62) for the entire manual measurement.

3. The IF attenuators must be held fixed (Special Function 72) during the two
measurement readings (noise source off and on) and again during the two
calibration readings (noise source off and on). However, the [F attenuators must be
allowed to autorange when switching between calibration and measurements, and
vice versa.

To measure, calibrate, or display manual measurements, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

z E £, 125 &,
£5 48 Fz|EE 3% iE
Spacial Function Progam |25 | 2w | 28 | 2B | 22 | 5E
e |22 BE| 23S EE| &S
Description Code | (TED) | - Z == | SE| 88 | &5 | &2
Make cold measure- 14.1 MCor N Y Y Off | Off | Off
ments (source off) 14.18P
Make hot measure- 14.2 MH or N Y Y Off Off Off
ments (source on). 14.28P
Perform cold calibra- | 14.3 CCor N Y Y Off Off Off
tion {source off). 14.35P
Perform hot calibra- 144 CHor N Y Y Off Off | Off
tion {source on}). 14.48P
Normal display 15.0 POor N N Y On On On
mode. 15.08P
Display manual meas-] 15.1 Plor Y N Y Off | Off Off
urement results. 15.18P
'Tabie categories are explained in the Special Functions Detailed Operating Instruction.
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Manual Measurement Functions (cont'd)
(Special Functions 14 and 15)

The following example is a general procedure for making manual measurements. It
may be necessary to determine the requirements of a specific application and make the
necessary changes to obtain the best measurement results. For example, it is possible to
make manual measurements using an external controller, Additional information on
this method is contained in the Comments section of this instruction.

Find and Hold the RF Attenuation
a. Enter therequired parameters for the Measurement Mode that is going to be used.

b. Connect the hot noise source to the DUT input. Connect the DUT output to the
measurement system setup.

c. Press 14 .2 SPECIAL FUNCTION to obtain the noise power.

d. Press 6 2, 0 SPECIAL FUNCTION to hold the RF attenuation setting. The RF
attenuation is held at this setting for the entire measurement.

Calibrate
e. Remove the DUT and connect the hot noise source to the measurement system
setup.

f. Press 14.4 SPECIAL FUNCTION to calibrate the measurement system for the
hot noise source.

g. Press 72.0 SPECIAL FUNCTION to hold the IF attenuation setting.

h. Press 1 4. 3 SPECIAL FUNCTION to store the hot noise source calibration
reading and to select the cold noise source calibration. Note that while the cold noise
source calibration is selected, the results are not stored until after the cold noise source
is connected and Special Function 14.2 is activated in step j.

i. Removethe hotnoise source and connect the cold noise source to the measurement
system setup.

j. Press14.2SPECIALFUNCTION to select the hot noise source measurement and
to store the cold noise source calibration reading.

Measure, then Calculate and Display Noise Figure

k. Connectthe hotnoise source to the DUT and the DUT to the measurement system
setup.

1. Press 70.0 SPECIAL FUNCTION to allow the IF attenuators to autorange.

m. Press 72.0SPECIAL FUNCTION to hold the IF attenuation fixed at the new
value.

n. Press 14 .1 SPECIAL FUNCTION to select the cold noise source measurement
and to store the hot noise measurement reading.

0. Disconnect the hot noise source from the DUT and connect the cold noise source to
the DUT.
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Manual Measurement Functions (contd)
{Special Functions 14 and 15)

p. Press 15.1 SPECIAL FUNCTION to calculate and display the manual meas-
urement noige figure result. Verify that the LED in the SPECIAL FUNCTION key
lights when this special function is activated. The Noise Figure Meter continues to
make cold noise source measurements and update the display.

NOTE

The calibration data remains stored. Therefore, if another DUT is to be
tested immediately, it is only necessary to press 14.2 SPECIAL FUNC-
TION and repeat steps k through p. To exit manual measurements and
return to the normal display, press 15.0 SPECIAL FUNCTION and then
press UNCORRECTED NOQOISE FIGURE.

For HP-IB codes, refer to Procedure above,

When Special Functions 15.0 and any 14.N are selected, no unit annunciators are lit in
the NOISE FIGURE display. The number displayed is the power into the detector in
mw,

When Special Function 15.1 is selected, UNCORRECTED NOISE FIGURE, COR-
RECTED NOISE FIGURE AND GAIN, or any noise figure display unit (Special
Function 10) can be selected.

Another way to ensure that stable readings are stored in the Noise Figure Meter’s
memory during Manual Measurements is to use the Trigger Hold Special Function
(30.1) and Trigger Execute Special Function (30.2). In this type of operation only one
measurement is taken and stored. Therefore, it is not critical if the equipment is
disconnected prior to switching Manual Measurement Special Functions.

IF Attenusation Selection
RF Attenuation Selection
Special Functions
Trigger Selection
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Description

Operation

Measurement Modes
(Special Function 1)

The Noise Figure Meter has ten Measurement Modes available. Each Measurement
Mode, 1.0 through 1.9, is described individually in a separate Detailed Operating
Instruction. This discussion covers the capabilities and differences of the individual
modes. The following table lists the modes and shows their status in different
instrument operations.

Special Function Program

Code

Description Code m

Lights Special
Function Xey
tinuous Memory
Can be Stored
and Recalled
Special Function
0.6 Conditions
Preset [and HP-I1B
{iear] Conditlons

Stored in Con-

Special Function
9.9 Conditions

Measurement Mode 1.0 EO
1.0~10 to 1600 MHz
Measurement Mode 1.1 E1
1.1—variable fre-
quency system LO;
fixed IF
Measurement Mode 1.2 E2 N Y Y Off Off Off
1.2—fixed frequency
system LO; varia-
ble IF; SSRB
Measurement Mode 1.3 E3 N Y Y Off Off Off
1.3-~variable fre-
quency system LO;
fixed IF; mixer in
puT
Measurement Mode 14 E4 N Y Y Off Off Off
1.4-fixed frequency
system L.O; varia-
ble IF; mixer in
DuUT .
Measurement Mode 1.5 E5 N Y Y Off Off Off
1.5--10 to 18000
MH:z
Measurement Mode 1.6 E6 N Y Y Off Off Off
1.6~variable fre-
quency user control-
led LO; fixed IF
Measurement Mode 1.7 E7 N Y Y Off Off Off
1.7~—fixed frequency
user controlled LO;
variable IF; SSB
Measurement Mode 18 E8 N Y Y Off Off Off
1.8-variable fre-
gquency user control-
led LO; fixed IF;
mixer in DUT .
Measurement Mode 19 E9 N Y Y Off Off Off
1.9-—fixed frequency
user controlled LO;
variable IF; mixer
in DUT

-
et
Q
b
Q
<]

On

e
o
st
Qo
=4
o]
(53

“Table categories are explained in the Special Functions Detailed Opersting Instruction.
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Measurement Modes (contd)
(Special Function 1)

The following definitions will be helpful when using the different Measurement Modes:

System Local Oscilllator—The System Local Oscillator is used in Measurement Modes
1.1 through 1.9, is connected to the SYSTEM INTERFACE BUS connector and is
controlled by the Noise Figure Meter, The System Local Oscillator is used for frequency
conversion in Measurement Modes 1.1 through 1.4 and is part of the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) in Measurement Modes 1.5 through 1.9.

User Controlied Locel Osclilator—The User Controlled Local Oscillator is ONLY used
in Measurement Modes 1.6 through 1.9. The User Controlled Local Oscillator is used for
frequency conversion. This O must be controlled by the user; the Noise Figure Meter
doesn’t control the User Controlled Local Oscillator. The User Controlled Local
Oscillator is never connected to the SYSTEM INTERFACE BUS connector.

The ten Measurement Modes can be divided into the following three subsets:

a. Measurement Mode 1.0 is a stand alone mode with no external mixer or system
local oscillator required and no frequency conversion in the device under test. The
frequency range in this mode is 10 to 1600 MHz.

Measurement Mode 1.5 is similar to Measurement Mode 1.0. Measurement Mode 1.5
requires the use of the HP 8971B Noise Figure Test Set and a system local oscillator.
The Noise Figure Meter, Noise Figure Test Set and system local oscillator form the HP
89708 Noise Figure Measurement System. The Noise Figure Meter controls the Noise
Figure Test Set and the system local oscillator. This mode does not require the use of an
external mixer (that is, external to the system) or second local oscillator. There is no
frequency conversion in the device under test. The frequency range in this modeis 10to
18000 MHz.

b. Measurement Modes 1.1 and 1.3 both require a variable frequency system local
oscillator and an external mixer. Measurement Modes 1.6 and 1.8 both require the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator), external mixer and user controlled local oscillator. The Noise
Figure Meter can be used to control the system local oscillator (Measurement Modes 1.1
and 1.3) and is used to control the Noise Figure Measurement System (Measurement
Modes 1.6 and 1.8). The Noise Figure Meter controls the system local oscillator as
directed by the system local oscillator program (Special Function 41 or 42). Measure-
ment Modes 1.1 and 1.3 down convert the measurement frequency to 10 to 1600 MHz.
Measurement Modes 1.6 and 1.8 down convert the measurement frequency to 10 to
18000 MHz. Measurement Modes 1.1 and 1.6 have no down conversion in the Device
Under Test (DUT; for example, an amplifier or transistor). Measurement Modes 1.3 and
1.8 do provide for down conversion in the DUT (for example, a mixer or receiver).

¢. Measurement Modes 1.2 and 1.4 require a fixed frequency system local oscillator
and an externa! mixer. Measurement Modes 1.7 and 1.9 require the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and system local
oscillator), an external mixer and fixed user controlled local oscillator. The Noise
Figure Meter can be used to control the system local oscillator (Measurement Modes 1.2
and 1.4) and is used to control the Noise Figure Measurement System (Measurement
Modes 1.7 and 1.9). The Noise Figure Meter controls the system local oscillator as
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Measurement Modes (cont'd)
(Special Function 1)

directed by the system local oscillator program (Special Function 41 or 42), Measure-
ment Modes 1.2 and 1.4 down convert the measurement frequency to 10 to 1600 MHz.
Measurement Modes 1.7 and 1.9 down convert the measurement frequency to 10 to
18000 MHz. Measurement Modes 1.2 and 1.7 have no down conversion in the DUT (for
example, an amplifier or transistor). Measurement Modes 1.4 and 1.9 do provide for
down conversion in the DUT (for example, a mixer or receiver). Modes 1.2 and 1.7 must
be a single sideband measurement. Additional information on sideband selection is
covered later in this instruction and in the Sideband Selection Detailed Operating
Instruction.

For a summary of the ten Measurement Modes, refer to the Measurement Modes
Summary table.

The calibration and measurement setups and procedures are illustrated and specific
examples are provided in the Detailed Operating Instructions for Measurement Modes
1.0 through 1.9.

In the following discussion, signals present at different points in the measurement
system are compared for the different measurement modes. The following signal points
are covered:

a. The cutput of the noise source (for example the HP 346RB).

b. The output of the system LO (Measurement Modes 1.1—1.4) and the user
controlled LO (Measurement Modes 1.6~1.9).

¢. The measurement bandwidth of the Noise Figure Meter (Noise Figure Measure-
ment System) as seen looking back into the mixer (translated to the frequency range of
the system LO (Measurement Modes 1.1—1.4) and user controlled LO (Measurement
Modes 1.6—1.9)).

d. The input to the Noise Figure Meter (Noise Figure Test Set).

The noise source output is the same for all modes. For a noise source with a nominal
Excess Noise Ratio (ENR) of 15.2 dB, the output is broadband random noise varying
between approximately —158.8 dBm/Hz when on (hot) and —174 dBm/Hz when off
(cold). The ENR of the noise source varies slightly over the frequency range of 10 to
18000 MHz. This variation in power level is compensated for in the Noise Figure Meter
using the specific information entered into the ENR tables. Refer to the ENR Table
Entry Detailed Operating Instruction for additional information on the ENR tables.

There is no system local oscillator used in Measurement Mode 1.0. The user controlled
local oscillator is not used in Measurement Mode 1.5, In Measurement Modes 1.1 and
1.3, the system local oscillator can be swept over any range within a 2000 to 18000 MHz
bandwidth. The system local oscillator i controlled by the existing system local
oscillator programs, in the Noise Figure Meter. The system local oscillator programs
can be modified to sweep the gystem local oscillator up to 99599 MHz. In Measurement
Modes 1.6 and 1.8, the user controlled local oscillator can be swept over any range
necessary, needed for a measurement. The user controlled local oscillator is controlled
by the user and not by the Noise Figure Meter. The frequency that the user controlled
local oscillator needs to be set to can be displayed using Special Function 3.2. In
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Measurement Modes Summary
{F intg NF Mater
Wea- Type of Measurement Fraquency System LO User- {Modes 1.1-1.4} or Sideband
surement Canversion Controlled .
Measurement Fraquencies Required? IF lnto NF Test Set Sslection’
Mode inbuT? L0 Required?
_ (Modes 1.6-1.8]
Lo RF Amplitier | 10-1600 MHz No No No N/A2 N/A?
1.1 Microwave >1600 MHz No Yes-Variable No Fixed iF into NF | Sideband sefection is
Amplitier frequency Meter set with required only it NF
Special Function | Meter controls System
38 L0.
12 Microwave >1800 MHz No Yes-Fixed Ho Variabie IF into Double sideband is not
Amplitier frequency set NF Meter allowed. Sideband
with Special selection is required 1o
Function 3.1 calculate IF.
13 Mixer/ 1F=10-1600 Yes Mixer-Yes, No Fixed If into NF | Sideband seiection is
Receiver MHz variable Meter set with required only it NF
{requency; Special Function | Meter controls System
Receiver-No 30 L0.
1.4 Mixer/ IF=10-1600 Yes Mixer-Yes, No Variable IF into Sideband selection is
Receiver MHz fixed fre- NF Meter required to caloulate
quency set measurement
with Special frequency.
Function 3.1;
Receiver-No
15 R¥ or 10-18000 No Yes No N/AZ N/A2
Microwave MHz
Amplitier
18 Millimeter- >18000 MHz No Yes Yes-Variable | Fixed IF into Ko sideband selection
Wave and iF=1601- frequency NF Test Set is required unless
Amplifier 18000 MHz set with Special | Special Function 3.2 is
Function 3.0. used to find user L0
frequency.
1.7 Millimeter- >18000 MMz No Yes Yes-Fixed Variable IF into Double sideband is not
Wave and IF > 1600 frequency set | NF Test Set aliowed. Sideband
Amplifier MHz with Special setection is required to
Function 3.1. calculate IF.
18 Mixer/ IF=1601- Yes Yes Mixer-Yes, Fixed IF into No sideband selection
Receiver 18000 MHz variable NF Test Set is required unless
frequency; set with Special | Special Function 3.2 is
Receiver-No | Function 3.0. used to find user LO
frequency.
18 Mixer/ IF>16000 Yes Yes Mixer-Yes, Variabie {F into Sideband sefection is
Receiver MHz fixed fre- NF Test Set required to calculate
quency set correct measurement
with Special signal or user LO fre-
Function 3.1; guency when Special
Receiver-No Function 3.2 is used.
1 Double sideband = Special Function 2.0.
Lower single sideband (measurement frequency < L0 frequency} = Special Function 2.1,
Upper single sideband {measurement frequency > LO frequency) = Special Function 2.2,
Single sideband signal up conversion (iF = measurement frequency + L0 frequency) = Special Function 2.3.
An external fifter is required for single sideband measurements.
ZNIA = Not Applicable
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Measurement Modes (contd)
{Special Function 1)

Measurement Modes 1.2 and 1.4, the fixed system local oscillator frequency can be set
to any point within the 10 to 89999 MHz range. In Measurement Modes 1.7 and 1.9, the
fixed user controlled local oscillator frequency can be set to any point, necessary. The
Limiting factors within each range are the frequency range of the local oscillator and
the noise source.

Thereis nomixer used in Measuremen{ Modes 1.0 and 1.5. Looking back into the mixer
in Measurement Modes 1.1, 1.3, 1.6 and 1.8, the Noise Figure Meter passband translates
into two sidebands. Each sideband is separated from the local oscillator frequency by a
fixed IF (the receiving frequency of the Noise Figure Meter or Noise Figure Test Set). As
the local oscillator sweeps, the sidebands move with it. The frequency can be increased
or decreased within the allowable frequency range. In Measurement Modes 1.2,1.4,1.7
and 1.9, the local oscillator frequency is held fixed. As the variable IF sweeps, the
sidebands move away from the system local oscillator frequency in opposite directions
for an increasing IF sweep and toward the local oscillator frequency for a decreasing IF
sweep. Examples of both a fixed IF and a variable local oscillator, and a variable IF
and fixed local oscillator are shown in the Noise Figure Meter Measurement Passband
figure,

The Noise Figure Meter’s input frequency range is 10 to 1600 MHz. In Measurement
Mode 1.0 a swept measurement can sweep the Noise Figure Meter's 4 MHz passband
over the 10 to 1600 MHz range. The Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and system local oscillator) has a frequency range of 10 to
18000 MHz. In Measurement Mode 1.5 a swept measurement can sweep the Noise
Figure Measurement System’s 4§ MHz passband over the 10 to 18000 MHz range. In
Modes 1.1, 1.3, 1.6 and 1.8, the IF is fixed and the local oscillator frequency is swept
within the frequency ranges previously explained. In Modes 1.2, 1.4, 1.7 and 1.9, the
local oscillator frequency is fixed and the IF is swept across the 10 to 1600 MHz (10 to
18000 MHz) range.In Modes 1.1,1.3,1.4,1.6, 1.8 and 1.9 either upper, lower, sum or both
sidebands can be accepted by the Noise Figure Meter (Noise Figure Measurement
System). However, in Modes 1.2 and 1.7, a double sideband measurement cannot be
made (the Noise Figure Meter will display error E34). In these modes, a double sideband
measurement does not make sense since the IF sweeps and the sidebands get further
and further apart. Suppose the IF is at 1000 MHz, in this condition the average between
the two 4 MHz passbands, that are 2000 MHz apart, might easily be useless data.

The frequencies displayed in the left display for various measurement conditions are
shown in the following table. The displayed frequency depends upon the measurement
mode used and the sideband selected (Special Function 2). In Measurement Mode 1.0
and 1.5, no external conversion is performed so the left display represents the
measurement signal (Fuyue). In Measurement Modes 1.1 through 1.4 and 1.6 through
1.9 conversion is performed, thus creating an external IF, The Noise Figure Meter
(Noise Figure Measurement System) is tuned to this IF while the system (user
controlled) local oscillator is tuned to Fro.
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For Measurement Modes 1.1, 1.3, 1.6 and 1.8:
ENTIRE SPECTRUM MOVES WiTH SWEEPING LD

-} T -
AR SO,

FIXED IF | FIXEDIF

" POWER
{NOISE SOURCE ENR i

his - onde s eie e AMAE AP GSERN wemi  dnslem: sl

F L 4 . 4 § 4

FREQUENCY (MHz)
K NOISE POWER FROM NOISE SDURCE WHEN ON

For Measurement Modes 1.2,1.4, 1.7 and 1.9:

FIXED F|q
T n |
EEPING IF | | SWEEPINGIF |
Al =~
g | |

POWER
o NOISE SOUALE EN b

B b g, W, . A G N es
b S i WA e A S i - -~

2000 Fop-1600 ° F --IF/F \ E o 4UF F 1600 18000
L0 qgoopy L0 / L0\ 'LO L 18000)
Fo =10 Fg+10
FREQUENCY (MH2)

¥ NOISE POWER FROM NOISE SOURCE WHEN ON
E% VARIABLE INTERMEDIATE FREQUENCY TUNING RANGE

Notse Figure Meter Measurement Passband
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Operation
Measurement Modes (cont'd)
(Special Function 1)
Noise Figure Meter Left Display
Measurement Mode
Selested Sideband
10snd 15 | 1land 16 | 1.2and17 | 1.3and1.8 | 14and 10
Double Sideband (2.05P) Fus | Fio | plhered | Fuo iF
Lower Single Sideband (2.18P) Fuignu Fio—~1IF | Fuo—1IF | Fio—1IF IF
Upper Single Sideband (2.25P) Fligne Fio+1IF | Fwo+1IF | Fio+IF IF
Sum (up conversion; 2.35P) Feigw [IF w¥Fio |IF ~Fo [IF «— Fro IF

Prior to making any measurement, the Measurement Mode and sideband operation that
are best suited to that specific measurement must be chosen,

Each of the Detailed Operating Instructions for Measurement Modes 1.0through 1.9 has
valid examples of the type of measurements that are made in each mode.

Calibrate
ENR Table Entry

Fixed IF or LO Frequency Selection
Measurement Modes 1.0 through 1.9

Sideband Selection
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Measurement Mode 1.0
{Special Function 1.0)

Description Measurement Mode 1.0 provides direct noise figure and gain measurements in the
frequency range of 10 to 1600 MHz. No external mixer or LO is required. All of the
Measurement Modes can be set up to use many of the other capabilities of the Noise
Figure Meter. For example, each mode can make either UNCORRECTED NOISE
FIGURE or CORRECTED NOISE FIGURE AND GAIN measurements. In addition,
the measurement results for each mode can be displayed on an oscilloscope or output to
a recorder or plotter. For an explanation and comparison of the ten Measurement
Modes and instructions on how to choose the appropriate Measurement Mode and
sideband operation, refer to the Measurement Modes Detailed Operating Instruction.

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement gystem noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure, and therefore reduce the measurement
uncertainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier
Selection Detailed Operating Instruction.

a. Set frequency parameters.

b. Calibratein Mode 1.0 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

¢. Insert DUT and measure.

Example Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 100
to 150 MHz range in 1 MHz steps:

a. Press PRESET (or send HP-1B code PR) to establish initial conditions. This sets
the Noise Figure Meter to Measurement Mode 1.0.

b. Set the frequency parameters for both the calibration and measurement.

¢. Enter actual ENR for the Noise Source, if this has not previously been done.
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Measurement Mode 1.0 (contq)
. (Special Function 1.0)
Example
{cont'd) Function - Data ~  Function

LOCAL ( 1 J {o]{0o] L[men)

" (keystrokes) ( 1 J ( 5){o] {ewree)
® © @

_FAT00MZFB150MZSSTMZ .

D -Code — I ! | r———~ Function
' Data Data
r Jaf:
{program codes) Function . _ Cote
Code Data ‘Function

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP B3708
NOISE FIGURE METER

(e BE]
oocpggpes oo
© gonon 5580 B ¢
NOISE
SOURCE

«PREAMPLIF IER

*|F THE PREAMPLIFIER IS NEEDED FOR THE MEASUREMENT,
iT WJST BE USED DURING THE CALIBRATION.

e. Calibrate the equipment in Measurement Mode 1.0 by pressing CALIBRATE
twice (or send HP-IB code CA). The Noise Figure Meter was set to Measurement Mode

1.0 when PRESET was pressed.
f. To make the measurement, set up the equipment as shown below.

HP BS70B
SE F I

NO GURE METER
e BB/
[-] ﬂnnﬂ ﬂggg =3
° goooo 88880 B2 o
10~1800 MHz
NOISE INUT /N PREAMPL IF IER
SOURCE DUT (}F NEEDED)
—
| J—

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
100 MHz to 150 MHz in 1 MHz steps and halt.
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Measurement Mode 1.0 (contq)
{Special Function 1.0)

The HP-IB code for Measurement Mode 1.0 is EO {or 1.08P).

The left display shows each frequency at which a measurement is made. The
INSERTION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISEFIGURE display shows the noise figure of the DUT at the displayed frequency.

Measurement Mode 1.0 is often referred to as an R¥ measurement. The other nine
Measurement Modes are often referred to as microwave measurements.

Calibrate

Measurement Modes
Special Functions

oD 207NT)
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Description

Requirements

Operation

Measurement Mode 1.1
(Special Function 1.1)

Measurement Mode 1.1 provides a means of controlling a system LO to obtain a
measurement frequency higher than 1600 MHz. This mode allows for frequency con-
version in the measurement system but not in the device under test (DUT). Although
the signal measured at the Noise Figure Meter INPUT is always in the range of 10 to
1600 MHz, the Noise Figure Meter uses the Excess Noise Ratio (ENR) of the noise
source at the measurement frequency. A typical DUT is an amplifier or transistor. An
LO and a mixer are required. All of the Measurement Modes can be set up to usemany of
the other capabilities of the Noise Figure Meter. For example, each mode can make
either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND
GAIN measurements, plus the measurement results for each mode can be displayed on
an oscilloscope and output to a recorder or plotter. For an explanation and comparison
of the ten Measurement Modes and instructions on how to choose the appropriate
Measurement Mode and sideband operation, refer to the Measurement Modes Detailed
Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.1:

a. Connect the system local oscillator to the Noise Figure Meter's SYSTEM INTER-
FACE BUS connector with an HP-I1B cable.

b. Special Function 48.0 active (Noise Figure Meter is the controller on System Inter-
face Bus; Special Function 48.0is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable system local oscillator on the System Inter-
face Bus; Special Function 46.0is the default setting, after using Special Function 0.9.).

d. The address of the system LO must match the system LO address that is stored in
the Noise Figure Meter. Use Special Function 40.1 (system LO address) to display and
change this address if necessary. The default address is 19, after using Special Func-
tion 0.9,

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.
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Measurement Mode 1.1 (contq)
(Special Function 1.1)

Requirements  Use Special Function 42 to define a new program for other system local oscillators.
(cont'd)

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low notse preampli-
fier, between the device under test and the measurement gystem, can
lower system noise figure and therefore reduce the measurement uncer-
tainty. For moreinformation on determining if a preamplifier is needed
and selection of the preamplifier, refer to the Preamplifier Selection
Detailed Operating Instruction.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press 1.1 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.1.

¢. Set frequency parameters (including the fixed IF, Special Function 3.0).

d. Calibrate in Mode 1.1. If a preamplifier will be used in the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and measure.

Example To make a swept double sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 6 to 12 GHz range in 200 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirernents
specified under Requirements are satisfied. Refer to Comments for a
brief description of using an external controller when in Measurement
Mode 1.1.

a. Press PRESET to establish initial conditions.

NOTE

Measurement Mode 1.1 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.1 SPECIAL FUNCTION to activate Measurement Mode 1.1.
c. Set the frequency parameters for both the calibration and measurement.

d. Enter actua! ENR for the Noise Source, if this has not previously been done.
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Example
{cont'd)

Operation

Measurement Mode 1.1 (cont'a)

(Special Function 1.1)

LOCAL
- {keystrokes)

Code -~ Function

L

Data .. Function

fololoa

( $TOP
FAEQ

OOEOE®E @

HOE
DE

\HP-1B 2

{program codes)

E1IF70MZFAG000MZFB12000MZSS200MZ

Code Function
Code Data
Data Code
Function Function
Code Deta
Data Code

Function

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HE BS70B
NOISE FIGURE METER

SYSTEM
LOCAL OSCILLATCR

(= EEl]
ceewsgme, 8
i § oo o2 EEEE oo ¥

LG QUTPUT

101600 Mz
NOISE INPUT
SOURCE
«PREAMPLIFIER | ir
. ®F Lo
V MIXER

o!F THE PREAMPLIFIER 1S USED DURING THE MEASUREMENT,

1T MUST BE USED DURING CALIBRATION,

f. Calibrate the equipmentin Measurement Mode 1.1 by pressing CALIBRATE twice.

g. To make the measurement, set up the equipment as shown below.

HP BG70B
NOISE FIGURE METER
SeEBHH. o2
goooeBREEY OF ¢
101800 MMz

NCISE INPUY
SOURCE

DuT

SYSTEM
LOCAL OSCILLATOR

LO OUTPUY
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Measurement Mode 1.1 (conra)
(Special Function 1.1)

h. Press CORRECTED NOISE FIGURE AND GAIN.

i. Press SINGLE. The Noise Figure Meter will sweep thesystem LO from 6 GHz to 12
GHz in 200 MHz steps and halt.

The HP-IB code for Measurement Mode 1.1 is E1 (or 1.18P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.1.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain ofthe DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.1. The following
general conditions must be observed when using an external controller:

a. Connect the system local oscillator and the external controller to the HP-IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Notethat thereis
no HP-IB code for this special function.

e. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-1B codes.

g. Perform a triggered calibration with the DUT out of the measurement system
(refer to the Calibrate Detailed Operating Instruction).

h. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

i. Set the system LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient settling time for the output of the
LO to stabilize.

j. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for it will be ignored.

k. A method must be determmined when to step to a new frequency and read the noise
figure resuits. This read operation cannot be completed until the new dataisready.Itis
possible to write an SRQ interrupt routine on the Data Ready status bit. Refer to
Enabling the Service Request Condition, paragraph 3-30.

HP 84708
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Comments
(cont'd)

Related '
Sections

Operation

Measurement Mode 1.1 (contd)
(Specilal Function 1.1)

1. Continue to loop through steps i, j and k. A method for determining when the
calibration is completed must be programmed into the external controller. One method
is to compare the frequency that is sent to the system LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
mesgsurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-30.

m. Insert the DUT into the measurement system.

n. Set the Noise Figﬁre Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

0. Set the system LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the LO to
stabilize.

p. Trigger a measurement using the HP-1B code T2. Do not use the alternate HP-IB
code 30.28P for Special Function 30.2 as it will reset the sweep.

q. Amethod must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new dataisready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

r. Continue to loop through steps o, p, and g. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Fune-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions

Trigger Selection

3-139



UpErduvil aaa v

Measurement Mode 1.2
{Special Function 1.2}

Description Measurement Mode 1.2 provides a means of using a fixed-frequency system LO with a
variable IF in order to measure over & band of frequencies less than 1600 MHz wide.
This mode allows for frequency conversion in the measurement system but not in the
device under test (DUT). Single sideband operation and external filtering of the un-
wanted sideband are required. A typical DUT is an amplifier with a bandwidth of less
than 1600 MHz. The system LO, an external filter and a mixer are required. Although
the signal measured at the Noise Figure Meter INPUT is always in the range of 10 to
1600 MHz, the Noise Figure Meter uses the Excess Noise Ratio (ENR) of the noise
source at the measurement frequency. All of the Measurement Modes can be set up to
use many of the other capabilities of the Noise Figure Meter. For example, each mode
can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIG-
URE AND GAIN measurements. Or, the measurement results for each mode can be
displayed on an oscilloscope and output to a recorder or plotter. For an explanation and
comparison of the ten Measurement Modes and instructions on how to choose the
appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

Requirements The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.2:

a. The system local oscillator is connected to the Noise Figure Meter's SYSTEM
" INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.}.

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address that is stored in the Noise Figure Meter. Use Special Function 40.1 {system
iocal oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

o HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

L ]

custom local oscillator; Special Function 41.5
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Requirements

(cont'd)

Procedure

Example

Operation

Measurement Mode 1.2 (contq)
(Special Function 1.2)

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE
High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement uncer-
tainty. For moreinformation on determining if a preamplifier is needed

and selection of the preamplifier, refer to the Preamplifier Selection
Detailed Operating Instruction.

a. Select single sideband offset (use either Special Function 2.1, 2.2 or 2.3).

b. Press 1.2 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.2

c. Set frequency parameters (including the fixed frequency for the system LO, Spe-
cial Function 8.1).

d. Calibrate in Mode 1.2 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). External filtering is required during both the calibration
and the measurement. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and measure.

NOTE

The following example assumes that the Noise Figure Meter is the
controller, on the System Interface Bus. For information on using an
external controller, refer to the Comments section at the end of this
instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a
wide-band amplifierin the 3.5t0 4.5 GHz range using 20 MHz steps and a fixed system
LO of 5 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

b. Press 2.1 SPECIAL FUNCTION (or send HP-IB code B1) to select & lower side-
band measurement.
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Operation HY 8Y1UB
Measurement Mode 1.2 (conta)
(Speclal Function 1.2)
Example NOTE
(cont'd) Measurement Mode 1.2 must be activated prior to entering the frequency

parameters to avoid error E35 (entered value is out of range).

¢. Press 1.2 SPECIAL FUNCTION (or send HP-IB code E2) to activate Mode 1.2.
Note that error E33 (IF will be out of range) is displayed. This error is cleared when the
correct frequency parameters are entered in step d. )

d. Set the frequency parameters for both the calibration and measurement.

U, S— Function - Data . Function
B Tty e le]le) [om)
oo m)  (JeJleJle) (e

[HTEHJ

B
OO [(m OO

[FA3500MZFB4500MZSS20MZL FE000MZ.

SPECIAL
RAIRCTION

_ N Gode T j - Function

L HP-IB 2 Data - L pata’
(program codes)|  -Function Code
g {Lode Function

Data Data

“Function | Code

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP B8970B
NOISE FIGURE METER

SYSTEM
LOCAL OSCILLATOR

o

B8
oo §

peopgmense o
& g oo oo §ggg" =22
10-1600 WH2 Lo OUTPUT
NOISE INPUT
SOURCE

«PREAMPLIF IER

tF
Lo

RF

FILTER

MIXER

«if A PREAMPLIFIER |5 NEEDED DURING THE MEASUREMENT,
17 MUST BE USED DURING CALIBRATION.

f. Calibrate the equipment in Measurement Mode 1.2 by pressing CALIBRATE

twice (or sending HP-IB code CA).
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Example
{cont'd)

Program
Codes

| HP-15

indications

Comments

Operation

Measurement Mode 1.2 (contd)
{Special Function 1.2)

g. To make the measurement, set up the equipment as shown below.

HP B9708 SYSTEM
NOISE FIGURE METER LOCAL OSCILLATOR
[e BB
crapBEREE . D
n'nmuoggggn‘:c [}
$0-1600 MHz LO DUTPUT
NO I SE INPUT
SOURCE
DuT

PREAMPL |F 1ER
{IF NEEDED)

HF
RF Lo

FilLTER MIXER

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
1500 to 500 MHz in 20 MHz steps but will display the microwave measurement fre-
quency of 3500 to 4500 MHz. After the single sweep is completed, the instrument halts.

The HP-IB code for Measurement Mode 1.2 is E2 (or 1.28P).

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Meter and system local
oscillator. The following general conditions must be observed when using an external
controller:

a. Connect the system local oscillator and the external controller to the HP-IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
¢. Special Function 46.1 must be active.

d. Special Function 4.0 (normal {alker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is T0).
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Measurement Mode 1.2 (contq)
{Special Function 1.2)

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, ¥ront Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the device under test (DUT) out of the measurement
system (refer to the Calibrate Detailed Operating Instruction).

h. Set the system local oscillator to the desired frequency. Refer to the local oscil-
lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the local escillator to stabilize.

i. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zerc
value, indicating calibration is complete.

j. Insert the DUT into the measurement system.
k. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

1. Setthe Noige Figure Meter’'s SINGLE sweep on (HP-IB codeis W2) or AUTO sweep
on (HP-IB code is W1).

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. A method mustbe determined when to step to a new frequency and read the noise
figureresults. This read operation cannot be completed until the new dataisready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

0. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter

Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions
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Description

Requirements

Operation

Measurement Mode 1.3
(Special Function 1.3)

Measurement Mode 1.3 provides a means of controlling the system LO to measure a
frequency conversion device. This mode uses a fixed IF and allows for frequency
conversion in the device under test (DUT). Although the signal measured at the Noise
Figure Meter INPUT is always in the range of 10 to 1600 MHz, the Noise Figure Meter
uses the Excess Noise Ratioc (ENR) of the noise source at the measurement frequency.
However, the correct 10to 1600 MHz ENR is used during calibration. A typical DUTisa
mixer or receiver. All of the Measurement Modes can be set to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope or output to a recorder or plotter. For an explanation and comparison of the
ten Measurement Modes and instructions on how to choose the appropriate Measure-
ment Mode and sideband operation, refer to the Measurement Modes Detailed Operat-
ing Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.3:

a. The system local oscillator must be connected to the Noise Figure Meter's SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system LO must match the system LO address thatis stored in
the Noise Figure Meter. Use Special Function 40.1 to display and change this addressif
necessary. The default address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

¢ HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C Synthesized Signal Generator; Special Function 41.3

]

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

[ ]

custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.
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Measurement Mode 1.3 (contd)
(Special Function 1.3)

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press1.3SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.3.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).

4. Calibrate in Mode 1.3. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and initiate sweep.

Example To make a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 3.0
to 4.5 GHz range in 20 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirements
specified under Requirements are satisfied. Refer to Comments for a
brief description of using an external controller when in Measurement
Mode 1.3.

a. Press PRESET (or send HP-IB code PR) {0 establish initial conditions.

NOTE

Measurement Mode 1.3 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.3 SPECIAL FUNCTION to activate Measurement Mode 1.3.

¢. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.3 (cont'd)
(Special Function 1.3}
Example ) : . -
(cont'd) e Code mmmm, Funﬁtton pomnsmomn D218 eomsmmm,,  Function

(START
FREQ
FREQ

LOCAL
{keystrokes)

Iy

FUNCTION

EPECIAL

DEEE
OOOE
@&
®E

E3IF70MZFA3000MZFB4500MZSS20MZ

Code ~——J i "L function
Code Data
m Data Code
{program codes) Function Function
Code Data
Pata Code

Function

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 88708
NOISE FIGURE METER

(s gl
© ooo @ gRes o
® gooocBBER” B8 §
NO | SE
SOURCE

. ¢1f THE PREAMPLIFIER [S USED DURING THE MEASUREMENT,
«PREAMPLIFIER tT MUST BE USED DURING THE CALIBRATION.

e. Calibrate the equipment in Measurement Mode 1.3 by pressing CALIBRATE
twice.

f. To make the measurement, set up the equipment as shown below.
SYSTEM

HP B970B
NOISE FIGURE METER LOCAL OSCILLATOR

LO QUTPUY

PREAMPLIFIER
{IF NEEDED) X

NOISE "
SOURCE  pr Conio

(MiXER OR RECEIVER)

g. Press CORRECTED NOISE FIGURE AND GAIN.

h. Press SINGLE. The Noise Figure Meter will sweep the system LO from 3 GHz to

4.5 GHz in 20 MHz steps and halt.
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Measurement Mode 1.3 (contq)
(Special Function 1.3)

The BP-IB code for Measurement Mode 1.3 is E3 (or 1.38P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.3.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.3. The following
genersl conditions must be observed when using an external controller:

a. The system local oscillator and the external controller must be connected to the
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
¢. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is T0).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the DUT out of the measurement system (refer to the
Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA”. Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

1. Set the system L.O to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the system
LO to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.



HP §970B Operation

Measurement Mode 1.3 (conta)
{Special Function 1.3)

Comments n. A method must be determined when to step to a new frequency and read the noise

(cont'd) figure results. This read operation cannot be completed until the new dataisready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

0. Continue to loop through steps 1, m, and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Fune-

tions 2.1 through 2.3.
Related Calibrate
Sections Controller Capability of the Noise Figure Meter

Fixed IF or LO Frequency Selection

HP-IB and System Interface Bus (SIB) Addresses
Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.4
{Special Function 1.4)

Measurement Mode 1.4 provides a means of using a fixed-frequency system LO and
testing over a variable IF range. This mode allows for frequency conversion in the
device under test (DUT). Although the signal measured at the Noise Figure Meter
INPUT is always in the range of 10 to 1600 MHz, the Noise Figure Meter uses the
Excess Noise Ratio (ENR) of the noige source at the measurement frequency. However,
the correct 10t0 1600 MHz ENRis used during calibration. A typical DUT is a mixer or
receiver. The system LO is required. All of the Measurement Modes can beset up touse
many of the other capabilities of the Noise Figure Meter. For example, each mode can
make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE
AND GAIN measurements. Or, the measurement results for each mode can be dis-
played on an oscilloscope or output to a recorder or plotter. For an explanation and
comparison of the ten Measurement Modes and instructions on how to choose the
appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.4:

a. The system local oscillator must be connected to the Noise Figure Meter's SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address that is stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9,

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

s HP 8350B Sweep Oscillator; Special Function 41.0

s HP B671B/8672A Synthesized Signal Generators; Special Function 41.2

s HP 8673B/C Synthesized Signal Generator; Special Function 41.3

o HP 8340B/8341B Sweep Oscillator; Special Function 41.4

s custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.
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Measurement Mode 1.4 (conrq)
(Special Function 1.4)

Description Use Special Function 42 to define a new program for other system local oscillators.
{cont'd)
Procedure There are many possible measurement procedures. However, the following general

procedure applies to all cases:

NOTE

High measurement system ncise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.

a. Set frequency parameters (including the fixed frequency for the system LO, Spe-
cial Function 3.1).

b. Press 1. 4 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.4.

¢. Calibrate in Mode 1.4 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

d. Insert DUT and measure.

e. The left display shows the swept IF.

Example NOTE

The following example assumes that the Noise Figure Meter is the
controller, on the System Interface Bus. For information on using an
external controller, refer to the Comments section at the end of this
instruction.

Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurement overan IF
of 10 MHz to 1 GHz using 20 MHz steps with & fixed system LO freguency of 10 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

b. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.4 (conta)
(Special Function 1.4)
Example .
(cont’d) womn Code  emo, Function AT Data A, Funstioh
®m O
LockL OOOE® @
{keystrokes] )
(o)
I ] E:‘ﬁ%% IEIIOIDIDED
[ FAT0M FB1099!!I§_SSZOMZLF100£OMZ
._J_ I -[.___ ‘Function
UHP-I5 3 Data A Data
‘Eunction Code
r voce
[program codes) “Code Function
Daia_ Data
Function Code
¢. Press 1.4 SPECIALFUNCTION (or send HP-IB code E4) to activate Measurement
Mode 1.4.
d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
HP 83708
NOISE FIGURE METER
(= BE]
= gonoBEEE0 22 o
NOISE
SOURCE
«if THE PREAMPLIFIER 18§ NEEDED FOR THE MEASUREMENT,
PREAMPLIF LER 17T MUST BE USED DURING THE CALIBRATION,
e. Calibrate the equipment in Measurement Mode 1.4 by pressing CALIBRATE
twice (or sending HP-IB code CA).
f. To make the measurement, set up the equipment as shown below,
HP B9708 SYSTEM
NOISE FIGURE METER LOCAL OSCILLATOR
et O
10-1600 MH: L.O QUTRUT
ENPUT
PREAMPLIF LER
(iF NEEDED) X
NO ! SE IF
SOURCE . o
DuUT
(MIXER OR RECEIVER)
3-152
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Example
{cont'd)

Program
Codes

Indications

Commenls

Operation

Measurement Mode 1.4 (contq)
{Special Function 1.4)

g. Press CORRECTED NQCISE FIGURE AND GAIN (or send HP-1B code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
10 to 1000 MHz in 20 MHz steps. After the single sweep is completed, the instrument
halts.

The HF-IB code for Measurement Mode 1.4 is £4 (or 1.45P).

The left display shows each IF frequency at which a measurementis made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Meter and system local
oscillator. The following general conditions must be cbserved when using an external
controller:

a. The system local oscillator and the external controller must be connected to the
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
¢. Special Function 46,1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-1B code is T0).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the device under test (DUT) out of the measurement
system (refer to the Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zerc
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code T1).

k. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-1B code is W1).
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Related
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Measurement Mode 1.4 (contd)
(Special Function 1.4)

1. Set the system local oscillator to the desired frequency. Refer to the local oscil-
lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the system local oscillator to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new data is ready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

o. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or 1.O Frequency Selection

Sideband Selection

Special Functions
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Description

Requirements

Operation

Measurement Mode 1.5
{Special Function 1.5)

NOTE

The HP 89718 Noise Figure Test Set and the system local oscillator are
required when making a measurement using Measurement Mode 1.5.

Measurement Mode 1.5 provides direct noise figure and gain measurements in the
frequency range of 10 to 18000 MHz. No external mixer or second local oscillator is
needed. This measurement mode does not allow for down conversion in the device

- under test (DUT). All of the Measurement Modes can be set up to use many of the other

capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. In addition, the measurement results for each mode can be displayed on
an oscilloscope or output to either a recorder or plotter. For explanation and comparison
of the ten Measurement Modes and instructions on how to choose the appropriate
Measurement Mode and sideband operation, refer to the Measurement Modes Detailed
Operating Instructions. '

The following minimum requirements are necessary for the Noise Figure Measurement
System (Noise Figure Meter, Noise Figure Test Set and system local oscillator) to
operate in Measurement Mode 1.5.

a. Thesystem local oscillator and the Noise Figure Test Set must be connected to the
Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is System controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

c¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 ( Noise Figure Test Set enabled always)
must be active,

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0is the default setting, after using Special Function
0.9.)

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

8. The correct system local oscillator program must be active if the Noise Figure

Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below;
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Measurement Mode 1.5 (contd)
{Special Function 1.5)

s HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

s HP 8673B/C (Standard) Synthesized Signal Generator; Special Function 41.3
e HP 8340B/8341B Sweep Oscillator; Special Function 41.4

e Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require 2
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. If a free-running (non-synthesized) source is being used as the system local oscil-
lator, & Noise Figure Test Set Coarse Tuning Calibration should have been done when
the Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) was put together, The coarse tuning is ONLY required when a
free-running sourceis the system local oscillator or repairs have been made to the Noise
Figure Test Set. For more information on the coarse tuning, refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.
a. Verify thatthe minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.5,

d. Set frequency parameters.
e. Select sideband operation desired (Special Function 17).
f. Select appropriate smoothing (Special Function 13).

g. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise
Figure Test Set YIG Filter Calibration Detailed Operating Instruction.

LI ONNT>
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Procedure

Example

Measurement Mode 1.5 (contd)

{Special Function 1.5)

Operation

h. Calibrate in Mode 1.5 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier is required for the measurement, the
preamplifier must be used in the calibration. '

i. Insert device under test (DUT) and measure.

To meke & swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 3000 to 4000 MHz range in 10 MHz steps:

a. Press PRESET to establish initial conditions. Single sideband (Special Function
17.0) is active when PRESET is pressed.

b. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Measurement System to

Measurement Mode 1.5.

¢. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.

PR o N Function ” Data -  Function
GICIET (o] me
LA e ®m OO0 o
(4 ) (o)) (o)
(e (o)
ESFA@_ED__QMZFB&_Q_QI_)MZSS‘!DMZ
Code mm——] 1 L Functi
m ng:—————_I. -[—-——Dl::: Icm
L e — Code
iaragram cndes] Function . Function
Code Data

e. To calibrate and perform a Noise Figure Test Set Fine Tuning Calibration, set up

the equipment as shown below.
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Measurement Mode 1.5 (contd)
(Special Function 1.5)

Example SYSTEM
(cont'd) LOCAL OSCILLATOR m HP B9718 NOISE
FIGURE TEST SET
loun-ur L0 R¥ 13
INPUT TNPUT OuTPUT
HP 89708
NOISE F ICURE METER
{= BE}
: aop ggggn =5 <,__.—_—_ ePREAMPL IF IER Zk
DODD /RASS o
NOISE SOURCE IRPUTY
DRIVE OUTPUT NO1SE SOURCE
l - v
«iF THE PREAMPLIFIER 15 NEEDED FOR THE MEASUREMENT,
Y MUST BE USED DURING CALIBRATION.

f Calibrate and fine tune in Measurement Mode 1.5 by pressing CALIBRATE twice
(or send HP-1B code CA). PRESET enabled a fine tune (Special Function 36.0) to be
done each time a calibration is done.

g. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR P B971B NO!SE
SIB | FIGURE TEST SET
Uuwu? LO RF 13
iNPUT INPUT OUTPUT

HP BS70B

NOISE FI1GURE METER

le £B) PREAMPL IF 1ER

o oge @ gEee ag C: (IF WEEDED) X
© gooooBEBE° T ¢
NOISE SOURCE INPUT HsuUT
DRIVE OUTRUT NOISE SOURCE
— : I-—‘ )
NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same direc-
tion as the calibration, for example, from start frequency to stop
freguency.

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE {or send HP-IB code W2). The Noise Figure Measurement System
will sweep from 3000 MHz to 4000 MHz in 10 MHz steps and halt.
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Program
Codes

Indications

Related
8Sections

Operation

Measurement Mode 1.5 (contd)
{Special Function 1.5)

The HP-IB code for Measurement Mode 1.5 is E5 (or 1.5SP).

The left display shows each frequency at which a measurement is made. The INSER-
TION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE display shows the noise figure of the DUT at the displayed frequency.

Calibrate

Noise Figure Test Set YIG Filter Calibration
Measurement Modes

Sideband Selection

Special Functions
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Measurement Mode 1.6
(Special Function 1.6)

NOTES

If the IF into the Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and system local oscillator) can be re-
duced below 1600 MHz, Measurement Mode 1.1 is a better choice than
Measurement Mode 1.6. Measurement Mode 1.1 requires less equipment,
less noise figure is contributed by the measurement system and a pre-
emplifier may not be required for the measurement.

Measurement Mode 1.6 requires the use of the HP 89718 Noise Figure
Test Set, a system local oscillator and a user controlled local oscillator.

Measurement Mode 1.6 uses two stages of frequency conversion. The
user controlled local oscillator and an external mixer provide the first
stage of conversion. The user controlled local vscillator is not controlied
by the Noise Figure Meter; the user controlled local oscillator must be
controlled by the user. The second stage of conversion is provided by the
system local oscillator and the Noise Figure Test Set. The Noise Figure
Meter does control the system local oscillator and the Noise Figure Test
Set,

Measurement Mode 1.6 provides a means of increasing the frequency range of the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) from 18000 MHz to 99999 MHz. This mode provides for a
variable-frequency user controlled local oscillator and a fixed IF. If single sideband
measurements are to be made, a filter is used with the user controlled local oscillator
and mixer. Frequency conversion is not allowed for in the device under test (DUT).
Although the signal measured at the Noise Figure Measurement System INPUT is
always in the range of 10 to 18000 MHz, the Noise Figure Meter uses the Excess Noise
Ratio (ENR) of the noise source at the measurement frequency. A typical DUT is an
amplifier or transistor. All of the Measurement Modes can be set up to use many of the
other capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurements can be displayed on an oscilloscope or output to
a recorder or plotter. For an explanation and comparison of the ten Measurement
Modes and instructions on how to choose the appropriate Measurement Mode and
sideband operation, refer to the Measurement Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Measurement
System to operate in Measurement Mode 1.6.

a. The Noise Figure Test Set and the system local oscillator must be connected to the
Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is the system controller
on the system interface bus; Special Function 48.0 is the default setting, after using
Special Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set enabled always)
must be active.
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Requirements
(cont'd)

Procedure

Operation

Measurement Mode 1.6 (contq)
{Special Function 1.6)

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address of the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Bpecial Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0is the default setting, after using Special Function
0.9.).

f. The address of the system local oacillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address, if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the systern local oscillator. The system local oscillator pro-
grams are listed below:

¢ HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

¢ HP 8673B/C (Standard) Synthesized Signal Generator; Special Function 41.3
s HP 8340B/8341B Sweep Oscillator; Special Function 41.4

* Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. If a free-running (non-synthesized) source is being used as the system local oscil-
lator, a Noise Figure Test Set Coarse Tuning Calibration should have been done when
the Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) was put together. The coarse tuning is ONLY required when a
free-running source is the system local oscillator or repairs have been made to the Noise
Figure Test Set. For more information on the coarse tuning, refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.
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Measurement Mode 1.6 (contq)
(Special Function 1.6)

Procedure 8. Verify that the minimum requirements specified under Requirements are satisfied.
{(cont’'d)
b. Press PRESET.

¢. Press 1.6 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.6.

d. Set frequency parameters {including the fixed IF, Special Function 3.0).
e. Select sideband operation desired. (Special Function 2 and 17)

f. Select appropriate smoothing (Special Function 13).

g. Enter the ENR table of the noise source.

h. Perform a Necise Figure Test Set fine tuning calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Perform a triggered calibration of the Noise Figure Measurement System, with the
device under test (DUT) out of the measurement system, in Mode 1.6 {this is only
required for a CORRECTED NOISE FIGURE AND GAIN measurement). The user
controlled local oscillator must be set up for each of the calibration points. If external
filtering and a preamplifier are required for the measurement, external filtering and
the preamplifier must be used during calibration.

j. Insert the DUT into the measurement system and make a noise figure or noise
figure and gain measurement.

Example To make & swept single sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 20 to 24 GHz range in 200 MHz steps with a fixed IF of 3.5 GHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a
controller and the minimum requirements specified under Kequirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.6.

a. Press PRESET o establish initial conditions.

NOTE

Single sideband (Special Function 17.0) was enabled, for the Noise
Figure Test Set, when PRESET was pressed.

Measurement Mode 1.6 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.6 SPECIAL FUNCTION to activate Measurement Mode 1.6.

c. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.6 (contq)
{Speclal Function 1.6)

Example d. Enter actual ENR for the noise source, if this has not previously been done.
{cont'd)
€. Press 2.1 SPECIALFUNCTION to select a lower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency
conversion, using the user controlled local oscillator and the external mixer.

NOTE

When a single sideband measurement is being made, the user must
place a filter between the device under test and the external mixer to
eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce 3.5 GHz IF at the input of
the Noise Figure Measurement System. The correct frequency to set the user controlled
local oscillator to can be viewed by using Special Function 3.2.

# Code -~ Function

GO (o) men
@G (o) mas
h'iﬁ“s?mkesl GO (o) ma I ()
G @CECECE®) @
me) (2 )(8)(oJ(e (o) ()
& () (@

E6B1IF3500MZFA20000MZFB24000M2SS200MZ

a | =TT [

P Data Function

"o

Code Code

{program codes) Data e ] Function
' Function ' Data
Code Code

Data Function

g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below.
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HP 8370B
Measurement Mode 1.6 (contq)
(Special Function 1.6)
SYSTEM
LOCAL OSCILLATOR
SIB HP 8971B NO!SE
FIGURE TEST SET
EDUTPL}T Lo R T3
8 PNPUT TNPUT OUTRUT
HP B9708B USER CONTROLLED
NOISE FIGURE METER LOCAL OSCiLLATOR F
[p Eﬂj LUTPUT LD
cc¥BgEEE, 5 — |
§ooocBEEE o § WMIXER “For
NOISE SOURCE INPUT
DRIVE oUTPUT
NO | SE «PREAMPLIFIER «F I LTER

SOURCE
,’_b—-—{> ”

v IF THE PREAMPLIFIER AND FILTER ARE NEEDED DURING THE MEASUREMENT
[THE FILTER |S ADDED IF A SINGLE SIDEBAND MEASUREMENT 15 BE (NG MADE },
THEY NEED TO BE USED DURING CAL IBRATION,

NOTE

A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step h). The sep-
arate fine tuning calibration is needed if a mixer is being used out in
front of the Noise Figure Measurement System and a preamplifier is
not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning
calibration.

w

h. Calibrate and fine tune in Measurement Mode 1.6 by performing a triggered
calibration. The user controlled local oscillator frequency must be set up before the
Noise Figure Meter is triggered. PRESET enabled a fine tune (Special Function 36.0)
to be done each time a calibration is done. Enable the calibration and fine tune by
pressing the CALIBRATE key twice.

i. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL QSCILLATOR
HP B8871B NOISE
FIGURE TESY SET
Qovreur Lo RF IF
INPUT INPUT QUTPUT
HP B8708B USER CONTROLLED
NOISE FIGURE METEFE_.___m LOCAL OSCILLATOR oF
Le B8 QUTPUT Lo
0 BRB B Sonth [~ @
& (= =] nnnnu fan e 3 .
enooEEEE T oo § MIXER -
NOISE SOURCE INPUT R
DRIVE OUTPUT REAMPL IF {ER
puT © {IF NEEDED) *FILTER
NOISE — v
SOURCE v

oTHE FILTER £S ADDED IF A SINGLE S:DEBAND WEASUREMENT IS BEING MADE.
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Example
(cont'd)

Program
Codes

indications

Comments

Operation

Measurement Mode 1.6 (contq)
(Special Function 1.6)

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated
points can be skipped. Also, the measurement must be done in the
same direction as the calibration, for example, from start frequency to
stop frequency.

j. Press CORRECTED NOISE FIGURE AND GAIN.

k. Perform a triggered sweep of the user controlled local oscillator and the Noise
Figure Measurement System to gather the data.

The HP-IB code for Measurement Mode 1.6 is E6 (or 1.68P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.6,

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT
at the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

&. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that there
is no HP-IB code for this special function.

d. Special Function 30.1 (trigger hold) must be active (HP-IB code is T.

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary for applicable
HP-IB codes. :

f. Perform a triggered Noise Figure Test Set Fine Tuning Calibration and Noise
Figure Measurement System Calibration with the DUT out of the measurement
system (refer to the Calibrate Detailed Operating Instruction and the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed if
a mixer is being used out in front of the Noise Figure Measurement System and a
preamplifier is not being used. An ENR (Excess Noise Ratio) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.
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QOperation

Measurement Mode 1.6 (conra)
(Special Function 1.6)

g. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

h. Set the user controlled local oscillator to the desired frequency, depending on the
sideband selection. If double sideband was selected, the oscillator should be set to the
measurement frequency. If lower sideband was selected, the oscillator should be set to
the measurement frequency plus the IF. If upper sideband was selected, the oscillator
ehould be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled local oscillator’s operating manual for the
required HP-]IB codes. Allow sufficient time for the output of the user controlled local
oscillator to stabilize.

i. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for it will be ignored.

j- A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready status bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

k. Continue to loop through steps h, i and j. A method for determining when the
calibration will be completed must be programmed into the external controller. One
method is to compare the frequency that is sent to the user LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete Status Bit. Refer to Enabling the Service Request
Condition, paragraph 3-30.

1. Insert the device under test (DUT) into the measurement system.

m. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-1B code is W1).

n. Repeat step h.

o. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

p. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30. '

q. Continue to loop through steps n, o0 and p. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency read from the Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal.
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

Related Calibrate
Sections Controller Capability of the Noise Figure Meter
Fixed IF Selection

Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.7
(Special Function 1.7)

NOTE

Adoublesideband measurement can not be made when using Measure-
ment Mode 1.7.

Measurement Mode 1.7 requires the use of the HP 83718 Noise Figure
Test Set, a system local osciliator and a user controlled local oscillator.

Measurement Mode 1.7 uses two stages of frequency conversion. The
user controlled local oscillator and an external mixer provide the first
stage of conversion. The user controlled local oscillator is not controlled
by the Noise Figure Meter; the user controlled local oscillator must be
controlled by the user. The second stage of conversion is provided by the
system local oscillator and the Noise Figure Test Set. The Noise Figure
Meter does control the system local oscillator and the Noise Figure Test
Set.

Measurement Mode 1.7 provides the means of increasing the frequency range of the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) from 18000 to 99999 MHz. Also, this mode provides the means of
using a fixed-frequency user controlled local oscillator with a variable IF in order to
measure over a band of frequencies less than 18000 MHz wide. Frequency conversion is
allowed for at the input to the Noise Figure Measurement System, but notin the device
under test (DUT). Single sideband operation and external filtering of the unwanted
sideband are required. A typical DUT is an amplifier with a bandwidth of less than
18000 MHz. Although the signal measured at the Noise Figure Measurement System
INPUT is always in the range of 10 to 18000 MHz, the Noise Figure Meter uses the
Excess Noise Ratio (ENR) of the noise source at the measurement frequency. All ofthe
Measurement Modes can be set up to use many of the other capabilities of the Noise
Figure Meter. For example, each mode can make either UNCORRECTED NOISE
FIGURE or CORRECTED NOISE FIGURE AND GAIN measurements. Or, the meas-
urement results for each mode can be displayed on an oscilloscope or output to a
recorder or plotter. For an explanation and comparison of the ten Measurement Modes
and instructions on how to choose the appropriate Measurement Mode and sideband
operation, refer to the Measurement Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Measurement
System and the user controlled local oscillator to operate in Measurement Mode 1.7.

8. Thesystem local oscillator and the Noise Figure Test Set must be connected to the
Noise Figure Meter’'s SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is systemn controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).

¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set enabled always)
must be active.
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Requirements
{cont'd)

Procedure

Operation

Measurement Mode 1.7 (contq)
(Special Function 1.7)

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local escillator on System
Interface Bus; Special Function 46.0is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system

local oscillator System Interface Bus address) to display and change this address if

necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

* HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C (Standard) Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

Custom loca!l oscillator; Special Funection 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF
(10 to 18000 MHz). The user controlled local oscillator is not controlled by the Noise
Figure Meter.

i. If a free-running (non-synthesized) source is being used as the system local
oscillator, a Noise Figure Test Set Coarse Tuning Calibration should have been done
when the Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test
Set and system local oscillator) was put together. The coarse tuning is ONLY required
when a free-running source is the system local oscillator or repairs have been made to
the Noise Figure Test Set. For more information on a Noise Figure Test Set Coarse
Tuning, refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction. :

There are many possible measurement procedures. However, the following general
procedure applies to all cases:
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

Procedure NOTE

(cont’d) High measurement system noise figure leads to high measurement
uncertainty, when measuring low gein devices. A low noise preampli-
fier, between the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

¢. Press 1.7 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.7.

d. Set frequency parameters (including the fixed frequency for the user controlled
local oscillator, Special Function 3.1).

e. Select sideband operation desired (Special Functions 2.1 through 2.3 and 17;
Special Function 2.1 is the default.)

f. Select appropriate smoothing (Special Function 13).
g. Enter the noise source ENR table.

h. Set the user controlled local oscillator to the frequency specified by Special Func-
tion 3.1.

i. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating Instruction.

j. Calibrate the Noise Figure Measurement System in Mode 1.7 (this is only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). External filtering is
required during both calibration and the measurement. If a preamplifier is required for
the measurement, the preamplifier must be used in the calibration.

k. Insert DUT and make a noise figure or noise figure and gain measurement.

Example NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure

Measurement System and the user controlled local oscillator. For more
information on using an external controller, refer to Comments at the
end of this instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a
wideband amplifier in the 20 to 30 GHz range using 200 MHz steps:
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HP 8970B Operation

Measurement Mode 1.7 (conta)
(Special Function 1.7)

Example a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
(cont'd) selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.
NOTE

Measurement Mode 1.7 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.7 SPECIAL FUNCTION (or send HP-IB code E7) to activate Mode 1.7.
Note that error E33 (IF will be out of range) is displayed. This error is cleared when the
correct frequency parameters are entered in step d.

c. Press 2.1 SPECIALFUNCTION (orsend HP-IB code Bl or 2.18P) to select a lower
sideband measurement. Special Function 2.1 is used to select single sideband operation
for the first frequency conversion, using the user controlled local oscillator and the
external mixer.

NOTE
When a single sideband measurement is being made, the user must

place a filter between the device under test and the external mixer to
eliminate the unwanted sideband.
d. Set the frequency parameters for both the calibration and measurement.
e. Enter the noise source ENR table, if this has not already been done.

f. Set the user controlled local oscillator to the frequency specified by Special Fune-
tion 3.1.
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Measurement Mode 1.7 (contd)

{(Special Function 1.7)
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g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below. Ensure the
user controlled local oscillator frequency is set before calibration. PRESET enabled a
fine tuning calibration (Special Function 36.0) each time the Noise Figure Measure-

ment System is calibrated.

SYSTEM
LOCAL OSCILLATOR

HP B971B NOISE
FIGURE TEST SET
OUTPUT LG RF iF
INPUT NPUY QUTRYT
HP 89708 USER CONTROLLED
NOISE FIGURE METER LOCAL OSCILLATOR -
o BH| OUTPUT Lo
cPF EBERE, o5 &-
goocoBERE T 5o MIXER Yrr
NOISE SOURCE INPUT
BRIVE OUTPUT
NO I SE sPREAMPL IFIER «FILTER
SOURCE r\
5 | ) “
L~
w.

»IF THE PREAMPLIFIER AND FILTER ARE USED DURING THE MEASUREMENT
{THE FILTER {5 USED WHEN A SINGLE SIDEBAND MEASUREMENT (S BEING MADE),
THEY MUST BE USED DURING CAL IBRATION,
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

Example NOTE

(cont'd) A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step h). The
separate fine tuning calibration is needed if a mixer is being used out in
frontofthe Noise Figure Measurement System and a preamplifier is not
being used. An Excess Noise Ratio (ENRjof 13 dBor greateris needed at
theinput to the Noise Figure Test Set during the fine tuning calibration.

h. Calibrate and fine tune the equipment in Measurement Mode 1.7 by pressing
CALIBRATE twice (or sending HP-IB code CA).

i. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR
HP BS718B NOISE
FIGURE TEST SEY
Lourput Lo RF I
THPUT INFPUT GUTRUT
HP 89708 USER CONTROLLED
NOISE FIGURE METER LOCAL OSCILLATOR i
Le Bgl OUTPUT L0
p— N G |
o oo 2 BEER0 OO
B8RO0 gons == 4 MIXER RF
NOISE SOURCE INPUT
DRIVE DUTPUY PREAMPLIFIER
Ut (1F NEEDED) oF ILTER
Jrrr—— l\
NDSE — L
SOURCE y

oTHE FILTER IS NEEDED IF A SINGLE. SIDEBAND WEASUREMENT IS5 BE ING MADE.

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREG, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

This example assumes that the user controlled local oscillator is tuned
to the specified frequency of 35 GHz.

j. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).
k. Press SINGLE (or send HP-1B code W2). The Noise Figure Measurement System
will sweep from 15000 to 5000 MHz in 200 MHz steps but will display the microwave

measurement frequency of 2000010 36000 MHz. After the single sweep is completed, the
instrument halts.
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

The HP-1B code for Measurement Mode 1.7is E7 (or 1.7SP). Additional HP-IB codes are
given, in the Comments section, when using an external controller.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain ofthe DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator in Measurement Mode 1.7. The following general
conditions must be observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter,

b. HP-1IB code H1 must be active.

¢. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

d. Special Function 30.0 (free run) must be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled local oscillator to the appropriate frequency. Refer to the
local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time
for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and & Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed if a
mixer is being used ocut in front of the Noise Figure Measurement System and a
preamplifier is not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Ingert the DUT into the measurement system.

j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).
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Comments
{cont'd)

Related
Sections

Operation

Measurement Mode 1.7 (contd)
(Special Function 1.7)

k. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-1B code is W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2S8P for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency thatis read from Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal,

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions
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HP 89708

Measurement Mode 1.8
(Special Function 1.8)

NOTE

If the IF into the Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and Systern Local Oscillator) can be re-
duced below 1600 MHz, Measurement Mode 1.3 is a better choice than
Measurement Mode 1.8. Measurement Mode 1.3 requires less equipment,
less noise figure is contributed by the measurement system and o pre-
amplifier may not be required for the measurement.

The HP8971B Noise Figure Test Set, a system local oscillator and a user
controlled local oscillator are required for Measurement Mode 1.8.

Measurement Mode 1.8 uses two stages of frequency conversion. The
user controlled local oscillator and the device under test provide the first
stage of conversion. The user controlled local oscillator is not controlled
by the Noise Figure Meter; the user controlled local oscillator must be
controlled by the user. The second stage of conversion is provided by the
system local oscillator and the Noise Figure Test Set. The Noise Figure
Meter does control the system local oscillator and the Noise Figure Test
Set.

Measurement Mode 1.8 provides the means of increasing the frequency range of the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) from 18000 MHz to 99999 MHz. This mode uses a variable user
controlled local oscillator and a fixed IF. Frequency conversion is allowed for in the
device under test (DUT). Although the signal measured at the Noise Figure Measure-
ment System INPUT is alwaysin therange of 10 to 18000 MHz, the Noise Figure Meter
uses the Excess Noise Ratio (ENR) of the noise source at the measurement frequency.
However, the correct 10 to 18000 MHz ENR is used during calibration. A typical DUTis
a mixer or receiver. All of the Measurement Modes can be set to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope or output to a recorder or plotter. For an explanation and comparison of the
ten Measurement Modes and instructions on how to choose the appropriate Measure-
ment Mode and sideband operation, refer to the Measurement Modes Detailed Operat-
ing Instructions.

The following minimum requirements are necessary for the Noise Figure Measurement
System and user controlled local oscillator to operate in Measurement Mode 1.8.

a. Thesystem local oscillator and the Noise Figure Test Set must be connected to the
Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is the controller on the
system interface bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set enabled always)
must be active.
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Requirements
{cont'd)

Procedure

Operation

Measurement Mode 1.8 (contd)
{Special Function 1.8)

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address of the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.01is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 {system
local oscillator System Interface Bus address) to display and change this address, if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

o HP 8671B/8672A Synthesized Signal Generator; Special Function 41.2

e HP 8673B/C (Standard) Synthesized Signal Generator; Special Function 41.3
¢ HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.
h. Configure the user controlled local oscillator to produce the desired frequency.

i. If a free-running (non-synthesized) source is being used as the system local
oacillator, a Noise Figure Test Set Coarse Tuning Calibration should have been done
when the Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test
Set and system local oscillator) was put together. The coarse tuning is ONLY required
when a free-running source is the system local oscillator or repairs have been made to
the Noise Figure Test Set. For more information on a Noise Figure Test Set Coarse
Tuning, refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
fier, between the device under test and the measurement system, can
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Measurement Mode 1.8 (conta)
{Special Function 1.8)

lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion. Detailed Operating Instruction.

&. Verify thatthe minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

¢. Press 1.8 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.8.

d. Set frequency parameters (including the fixed IF, Special Function 3.0).

e. Enter the ENR table for calibration (Special Function 5.7) and the ENR table for
the measurement (Special Function 5.8). Refer to the ENR Table Entry Detailed Oper-
ating Instruction for more information.

f. Select appropriate smoothing (Special Function 13).
g. Select sideband operation desired. (Special Function 2 and 17)

h. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise
Figure Test Set YIG Calibration Detailed Operating Instruction for more information.

i. With the device under test {DUT) removed, perform a calibration of the Noise
Figure Measurement System in Mode 1.8 (this is only required for a CORRECTED
NOISE FIGURE AND GAIN measurement). If a preamplifier is required for the
measurement, the preamplifier must be used in the calibration.

j. Insert DUT and measure the noise figure or noise figure and gain of the DUT,

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 30 to 45 GHz range in 200 MHz steps with a fixed IF of 4000 MHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller and the minimum requirements specified under Requirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.8.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
selects a single sideband measurement {Special Function 17.0) for the Noise Figure
Test Set.

NOTE

Measurement Mode 1.8 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.8 SPECIAL FUNCTION to activate Measurement Mode 1.8.
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Example
{cont'd)

Operation

Measurement Mode 1.8 (conta)
{Special Function 1.8)

c. Set the frequency parameters for both the calibration and measurement.

pmme (0de  weme,  Function Data ~  Function
DO ED (o)
oeaL OO0 @
(keystrokes] W) () (e](e) (wm)
B WOCECE)0)CE) @
| (2 (o) (om)

@@@ @?55@&; (4)(0])(0]){0) (Eamaj

Code ——T ] " Function
) Code Data
m Code Code
{program godes} Data ——————— Function
Function Data
Code Code
Data Function

o —— -

Eﬁ?_‘_iiFdOGﬁM‘Zi—;&%GGﬁﬁ;E?éSG JMLSS?UUMZ

d. Enter the calibration and measurement ENR tables, if this hasn’t already been
done {Special Functions 5.7 and 5.8).

e. Press 2.1 SPECIAL FUNCTION to enable a lower sideband measurement. Spe-
cial Function 2.1 is used with the first frequency conversion, using the user controlled
local oscillator and the device under test.

NOTE

When a single sideband measurement is being made, the user must
place a filter between the noise source and the device under test to
eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce & 4 GHz IF at the input of

_ the Noise Figure Measurement System. The correct frequency to set the user controlled
local oscillator to can be viewed by using Special Function 3.2.

3-179



Operation HP 8370B

Measurement Mode 1.8 (contd)
(Special Function 1.8)

Example g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
{cont'd) Test Set Fine Tuning calibration, set up the equipment as shown below.
SYSTEM
LOCAL OSCILLATOR

HP 88718 NOISE
FIGURE TEST SEY

UUTPUT L0 RF 13
INPUT INPUT OUTPUY
HP BS70B
NOISE FIGURE METER
e BE|
cewmgmEz, o5 K
o nnnngggg” gg -]
NOISE SOURCE ENPUT
DRIVE OUTPUT
NO I SE «PREAMPLIF HER
SOURCE P\\
L L~

«if THE PREAMPLIFIER 15 USED DURING THE MEASUREMENT,
IT MUST BE USED DURING CALIBRATION,

NOTES

For a single sideband measurement, the external filter is not included

during calibration. During calibration the Noise Figure Meter only
‘accounts for loss after the device under test, Since the filter is before the
"deuvice under test, the loss of the filter is not accounted for properly.

To account for the filter’s conversion loss, enter the filter’s loss (in dB)
into the Noise Figure Meter using Special Function 34.2 (loss between
the noise source and device under test). Also, enter the room temperature
of the filter using Special Function 34.3. To turn loss compensation on,
use Special Function 34.1.

h. Calibrate and fine tune in Measurement Mode 1.8 by pressing the CALIBRATE

key twice. PRESET enabled a fine tune (Special Function 36.0) to be done each time a
calibration is done.
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Measurement Mode 1.8 (contd)
{Special Function 1.8)

Example i. To make the measurement, set up the equipment as shown below.

’ SYSTEM
(contd) LOCAL "OSCILLATOR \p 83718 NOISE
m FIGURE Y£ST 3ET

< )

‘OUTPUT Lo RF F
INPUT INPUT CUTPUT

HP B9708
NOISE FIGURE METER USER CONTROLLED PREAMPLIF 1ER
B = LOCAL OSCILLATOR (1F NEEDED) S
gﬂ%ﬂgggggn C’.’Jtmﬂ <:—

BELOBERE o= §

NOSE SOURCE INPLT iF

PRIVE QUTPUT : R ouTtEUT Lo

MIXEBUgR RF
ILTER
NOISE SOURCE oFILTE 'SE?CE?WEF!)J
!
.

#1F A SINGLE SIDEBAND MEASUREMENT IS BEING MADE, A FILTER MUST BE USED.

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

j. Press CORRECTED NOISE FIGURE AND GAIN.
k. Whilein trigger hold mode (Special Function 30.1), press SWEEP SINGLE. Sweep

the user controlied local oscillator from 34000 MHz to 49000 MHzin 200 MHz steps and
trigger a measurement at each frequency of interest.

Program The HP-IB code for Measurement Mode 1.8 is E8 (or 1.8SP). Refer to Comments for
Codes - additional information on using HP-IB program codes in Measurement Mode 1.8.
Indications The left display shows each frequency at which a measurement is made and the EXT

MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at

the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

Comments An externsl] controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the Noise Figure Meter’s HP-IB connector.

b. HP-IB code H1 must be active,

¢. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.
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Measurement Mode 1.8 (conta)
(Special Function 1.8} '

d. Special Function 30.0 (free run) should be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-1B codes.

f. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

g. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

k. Inseri the DUT into the measurement system.
i. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

j. Setthe Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO sweep
on {HP-1B code is W1).

k. Setthe user controlled local oscillator to the desired frequency, depending on the
sideband selection. If double sideband was selected, the oscillator should be set to the
measurement frequency. If lower sideband was selected, the oscillator should be set to
the measurement frequency plus the IF. If upper sideband was selected, the oscillator
should be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled local oscillator’s operating manual for the
required HP-IB codes. Allow sufficient time for the output of the user controlled local
oscillator to stabilize,

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps k, ! and m. A method for determining when the
measurements are complete must be programmed into the exiernal contreoller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection

HP-IB Addresses

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

System Interface Bus Control

Trigger Selection
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Description

Requirements

Operation

Measurement Mode 1.9
(Special Function 1.9)

NOTE

The HP 89718 Noise Figure Test Set, a system local oscillator and a user
controlled local oscillator are needed for Measurement Mode 1.9.

Measurement Mode 1.9 uses two stages of frequency conversion. The
user controlled local oscillator and the device under test provide the first
stage of conversion, The user controlled local oscillator is not controlled
by the Noise Figure Meter; the user controlled local oscillator must be
controlled by the user. The second stage of conversion is provided by the
system local oscillator and the Noise Figure Test Set. The Noise Figure
Meter does control the system local oscillator and the Noise Figure Test
Set.

Measurement Mode 1.9 provides the means of increasing the frequency range of the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) from 18000 to 99999 MHz. This mode provides for using a
fixed-frequency user controlled local oscillator and a variable IF. Frequency conver-
sion is allowed for in the device under test (DUT). Although the signal measured at the
Noise Figure Measurement System INPUT is always in the range of 10 to 18000 MHz,
the Noise Figure Meter uses the Excess Noise Ratio (ENR) of the noise source at the
measurement frequency. However, the correct 10 to 18000 MHz ENR is used during
calibration. A typical DUT is a mixer or receiver. All of the Measurement Modes can be
set up to use many of the other capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE
FIGURE AND GAIN measurements. Or, the measurement results for each mode can
be displayed on an oscilloscope or output to a recorder or plotter. For an explanation
and comparison of the ten Measurement Modes and instructions on how to choose the
appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Measurement
System and the user controlied local oscillator to operate in Measurement Mode 1.9.

a. Thesystem local oscillator and the Noise Figure Test Set must be connected tothe
Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).

¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 ( Noise Figure Test Set enabled always)
must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.
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Measurement Mode 1.9 (contq)
{Special Function 1.9)

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0is the default setting, after using Special Function
0.9).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

s HP B671B/8672A Syn.thesized Signal Generator; Special Function 41.2

¢ HP 8673B/C (Standard) Synthesized Signal Generator; Special Function 41.3
¢ HP 8340B/8341B Sweep Oscillator; Special Function 41.4

e Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF
(10 to 18000 MHz).

i. If a free-running (non-synthesized) source is being used as the system local oscil-
lator, a Noise Figure Test Set Coarse Tuning Calibration should have been done when
the Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator) was put together. The coarse tuning is ONLY required when a
free-running source is the system local oscillator or repairs have been made to the Noise
Figure Test Set. For more information on a Noise Figure Test Set Coarse Tuning, refer
to the Noise Figure Test Set YIG Filter Calibration Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement
uncertainty, when measuring low gain devices. A low noise preampli-
Fier, betiween the device under test and the measurement system, can
lower system noise figure and therefore reduce the measurement un-
certainty. For more information on determining if a preamplifier is
needed and selection of the preamplifier, refer to the Preamplifier Selec-
tion Detailed Operating Instruction.
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HDP QQ70R

Vperauon

Measurement Mode 1.9 (contaq)
(Special Function 1.9)

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.9 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.9.

d. Set frequency parameters (including the fixed frequency for the user controlled
local oscillator, Special Function 3.1).

e. Enter ENR tables for calibration and measurement (use Special Functions 5.7 and
5.8).

f. Select sideband operation desired (Special Function 2 and 17).

g. Setup the user controlled local oscillator to produce the desired output, as specified
by Special Function 3.1.

h. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Calibrate the Noise Figure Measurement System in Mode 1.9 (thisis only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). If a preamplifier is
required for the measurement, the preamplifier must be used in the calibration.

j. Insert DUT into the measurement system and make a noise figure or noise figure
and gain measurement,

NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure
Measurement System and the user controlled local oscillator. For more
information on using an external controller, refer to Comments at the
end of this instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement over an IF of 10 to 12 GHz using 100 MHz steps with a fixed user controlled
local oscillator frequency of 5 GHz.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.

NOTE

Measurement Mode 1.9 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.9 SPECIAL FUNCTION (or send HP-IB code ES) to activate Measure-
ment Mode 1.9.
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Measurement Mode 1.9 (conta)
{Special Function 1.9)

c. Set the frequency parameters for both the calibration and measurement.

LOCAL
{keystrokes)

- Code - Function P Data w. Function
DOE (o)

GO0 (o)

W (W) (om)
@ W) @
- EBICBCBRCD
CBIEBIED RatTon EBCBICBICIRCD

(program codes) Code

E9B1LF5000MZFA10000MZFB1 2000M2SS100M2

code—I ] ] LFunct%on
Code Date
Code

Data <o Function
Function b Data
Code Code

Data . Function

d. Enter the ENR tables for calibration (Special Function 5.7) and the measurement
(Special Function 5.8), if this hasn't already been done. Refer to the ENR Table Entry

Detailed Operating Instruction for more information.

e. Press 2.1 SPECIALFUNCTION to select a lower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency

conversion, using the user controlled local oscillator and the device under test.

NOTE

When a single sideband measurement is being made, the user must
place a filter between the noise source and the device under test to
eliminate the unwanted sideband.

f. To calibrate the Noise Figure Measurement System and perform a Noise Figure

Test Set Fine Tuning Calibration, set up the equipment as shown below.

v -y
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Measurement Mode 1.9 (contd)
{Special Function 1.9)

Exampie NOTES

(cont'd) For a single sideband measurement, the external filter is not included
during calibration. During calibration the Noise Figure Meter only
accounts for loss after the device under test. Since the filter is before the
deuvice under test, the loss of the filter is not accounted for properly.

To account for the filter’s conversion loss, enter the filter’s loss fin dB)
into the Noise Figure Meter using Special Function 34.2 (loss between
the noise source and device under test). Also, enter the room temperature
of the filter using Special Funciion 34.3. To turn loss compensation on,
use Special Function 34.1.

SYSTEM
LOCAL OSCILLATOR
HP BG718 NOISE
FiIGURE TESY SET
fouteur Lo RF iF
FRPUT INPUT CUTPUT
HP B970B
NOISE FIGURE METER
E EE)
cemwmams = K
° goeceBEiE’ 55 § |
NO{SE SOURCE tNPUT
DRIVE QUTPUT
S%JIRSCEE *PREAMPL IF IER
P N

L~

wiF THE PREAMPLIFIER IS USED DURING THE MECASUREMENT,
1T MUST BE LSED DURING CAL IBRATION.

g. Calibrate the Noise Figure Measurement System and fine tune the Noise Figure
Test Set in Mode 1.9 by pressing CALIBRATE twice (or sending HP-IB code CA).
PRESET enabled a fine tuning calibration (Special Function 36.0) each time the Noise
Figure Measurement system is calibrated.

h. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR
HP B9718 NOISE
FIGURE TEST SET
OUTPUT LO RF {F
INPUT INPUT DUTPUT
HP B9708
NCISE FIGURE METER USER CONTROLLED PREAMPL IF IER
LOCAL OSCILLATOR (IF NEEDED) :5
(e BE] :
[~ B - R e B o] ] ] =
© eoomoBBBE” 55 ¢
NOISE SOURCE ENPUT I¥
DRIVE QUTPUT ] L ouTPUT LD
Mnxaguéa RF
NOISE SOURCE *FALTER §ECE*VER)
LS s
o

*IF A SINGLE SIDEBAND MEASUREMENT 15 BEING MADE, A FILTER WUST BE USED.
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Measurement Mode 1.9 (contd)
{Special Function 1.9}

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ@ and
STEPSIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

This example assumes that the user controlled local oscillator is tuned
to the specified frequency (5 GHz).

i. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-1B code M2).

j. Press SINGLE (or send HP-IB code W2), The Noise Figure Measurement System
will sweep from 10to 12 GHz in 100 MHz steps. After the single sweep is completed, the
system halts.

The HP-IB code for Measurement Mode 1.9 is E9 (or 1.95P). The Comments section
contains additional HP-IB codes, when using an external controller.

The left display shows each IF frequency at which ameasurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillatorin Measurement Mode 1.9. The following general
conditions must be observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

¢. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

d. Special Function 30.0 (free run) should be active (HP-1B code is TO).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled loeal oscillator to the appropriate frequency. Refer to the
local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time
for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and & Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).
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Comments
{cont'd)

Related
Sections

Operation

Measurement Mode 1.9 (contd)
(Special Function 1.9)

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-1B code is W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.28P for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

Calibrate

Controller Capability of the Noise Figure Meter
ENR Table Entry

Fixed IF or LO Frequency Selection

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

System Interface Bus Control
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Noise Figure Test Set YIG Filter Calibration

(Speclal Functions 36 and 64)

When the Noise Figure Meter, Noise Figure Test Set and system local oscillator are
configured to form the Noise Figure Measurement System, the passbands of the Noise
Figure Meter and the Noise Figure Test Set must be aligned.

The alignment process involves a Coarse Tuning Calibration (Special Function 64) and
a Fine Tuning Calibration (Special Function 36).

Coarse Tuning Calibration (Special Function 64). The Coarse Tuning Calibration will be
done at the factory and needs to be done when the Noise Figure Measurement System is
first configured and the system local oscillator is a freerunning source or repairs are
done to the Noise Figure Test Set.

NOTE

Sweepers are not recommended as the system local oscillator when the
Noise Figure Test Set is operating in band SSB3. High local oscillator
accuracy is needed by the Noise Figure Measurement System in this
band. A better choice is a local oscillator that is a synthesizer,

The Coarse Tuning Calibration will align the passbands of the Noise Figure Meter and
Noise Figure Test Set at the following frequencies: 2401 MHz, 3000 MHz, and every 500
MHz from 3500 MHz to 18000 MHz. At each of these frequencies, the Noise Figure Test
Set preselector YIG filter is peaked at the frequency being calibrated. The entire
calibration procedure will take about 15 minutes. The Coarse Tuning Calibration is not
needed each time the Noise Figure Measurement System is powered up. Normally, the
Coarse Tuning Calibration will only need to be done once or twice in the lifetime of a
Noise Figure Test Set. The results of the Coarse Tuning Calibration will be saved in
memory, in the Noise Figure Test Set.

Special Function 64.0 is used to enable a Coarse Tuning Calibration. The upper fre-
quency limit of the Noise Figure Test Set can be changed using Special Function 64.1.
The allowable range for Special Function 64.1 is 2400 to 30000 MHz. Special Function
64.1 is useful if the system local oscillator doesn’t go to 18000 MHz. With Special
Function 64.1, the Noise Figure Test Set can be calibrated to the nearest 500 MHz of the
upper frequency limit desired.

NOTE

If the system local oscillator doesn’t go to 18000 MHz, Special Function
64.1 MUST be used. If Special Function 64.1 isn’t used, error code EI19
{Noise Figure Test Set Calibration Failed) will be generated.

Fine Tuning Calibration (Special Function 36). Fine tuning calibration is used to align
the passbands of the Noise Figure Meter and Noise Figure Test Set, at the measurement
frequencies defined by START FREQ, STOP FREQ and STEP SIZE. Fine Tuning
Calibration is required when the Noise Figure Test Set is in single sideband operation
(Special Function 17.0) and the measurement frequency is greater than 2400 MHz
(SSB3). Thereis no limit to the number of times that a Fine Tuning Calibration may be
performed. The Noise Figure Measurement System will perform better the more fre-
quently a Fine Tuning Calibration is done. However, once the Fine Tuning Calibration
is done, a new Fine Tuning Calibration should not be required unless the Noise Figure

WP a7nn
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Operation

Noise Figure Test Set YIG Filter Calibration (contq)

Description
{cont'd)

(Special Functions 36 and 64)

Test Set is turned off, the ambient air temperature around the Noise Figure Test Set
changes by more than £5° C since the last Fine Tuning Calibration or the START
FREQ, STOP FREQ or STEP SIZE have been changed.

Fine Tuning Calibration is controlled by Special Functions 36.0 through 36.4.

The progress of the Coarse and Fine Tuning Calibrations may be viewed on an
analog oscilloscope, using Special Functions 97.1 and 97.2. These special functions
can be used to diagnose any measurement system setup problems. Special Functions
97.1 and 97.2 are described in the Example section of this instruction. Refer to
Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope.

The following discussion will help to give a better understanding of Special Functions
36.0 through 36.4, 64.0 and 64.1:

Special Function 36.0 will enable a Fine Tuning Calibration to be done just before the
Noise Figure Measurement System is calibrated, when a CORRECTED NOQISE FIG-
URE AND GAIN measurement is to be made. Also, error twenty-eight (E28) is

. enabled. Possible causes for error twenty-eight are given in the Comments section, at

the end of this instruction. Error twenty-eight (E28) is a warning to the user and is not
necessarily an indication of any hardware problem.

Special Function 36.1 will disable a Fine Tuning Calibration each time the Noise
Figure Measurement System is calibrated. The user can perform a Fine Tuning Cali-
bration using Special Function 36.3.

Special Function 36.2 disables a Fine Tuning Calibration each time the Noise Figure
Measurement System is calibrated and also disables the error twenty-eight warning.
The user can perform a Fine Tuning Calibration using Special Function 36.3. This
special function is useful if the user is not concerned with absolute accuracy and
understands the accuracy problems associated with not having the Noise Figure Test
Set fine tuned. Possible causes of error twenty-eight are found in the Comments
section at the end of this instruction. Even though the error is not displayed, a
warning indication still exists in the Noise Figure Meter's extended status byte.
Normally, using Special Function 36.2 is not a good idea because it removes the
safeguard of the Noise Figure Measurement System checking to see if a Fine Tune
Calibration is needed.

Special Function 36.3 will perform a Fine Tuning Calibration of the Noise Figure Test
Set, immediately. Special Function 36.1 is enabled, since the Fine Tuning Calibration
has been completed using Special Function 36.3. Additional Fine Tuning Calibrations
are not needed unless the temperature inside the Noise Figure Test Set drifts five
degrees centigrade or new frequency points are to be measured.

Special Function 36.4 allows the user to define additional Fine Tuning Calibration
frequencies, between the frequencies set by START FREQ, STOP FREQ and STEP
SIZE. The passbands are aligned for the frequency point added by Special Function
36.4, but the point added is not a calibrated point of the Noise Figure Measurement
System. In other words, any noise contributed by the Noise Figure Measurement
System has not been factored out at the frequency point added. Special Function 36.4
may be useful for an uncorrected noise figure measurement or as & way of re-fine
tuning a single frequency point.
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Noise Figure Test Set YIG Filter Calibration (contq)
{Special Functions 36 and 64)

Procedure To select Special Functions 36.0 through 36.3 and 64.0, key in the special function code
desired and press the SPECIAL FUNCTION key. To select Special Function 64.1, press
64.1 SPECIAL FUNCTION, select the frequency desired and press ENTER. To use
Special Function 36.4, press the FREQUENCY key and select the frequency desired.
Press ENTER. Then, press 36.4 SPECIAL FUNCTION.

Special Function Program
Gode

Jescription Code m

Enable Fine Tuning | 36.0 T
Calibration before
Noise Figure Meas-
urement System
Calibration is done.
Error E28 is enabled.

Digable Fine Tuning | 36.1 FD N Y Y Off Off Off
Calibration before
Noise Figure Meas-
urement System
Calibration is done.

Disable Fine Tuning | 36.2 FW Y Y Y Off Off Off
Calibration before
Noise Figure Meas-
urement System
Calibration is done.
Also, error twenty-
eight is disabled.

Perform a Fine Tun- | 36.3 PF N N N Off Off Off
ing Calibration from
START FREQ to
STOP FREQ and
enable Special
Function 36.1.

Enable a Fine Tun- 36.4 FF N N N Off | Off | Off
ing Calibration at
the current frequency.

Ensable & Coarse Tun-| 64.0 CpP N N N Off off Off
ing Calibration.

Set the upper fre- 64.1 CU N N N NC | 18000 | 18000
quency limit of the
Noise Figure Test
Set.

Lights Special!
Function Key
Stored in Con-
{inuous Memory
Can be Stered
and Recalled
Special Function
4.9 Conditions
Preset {and HP-I1B
Clear) Conditions
Speclaf Function
0.9 Cenditions

Z
g
re
=
5

o
g

Q

1Table categories are expiained in the Special Functions Detailed Operating Instruction.

3-192
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Noise Figure Test Set YIG Filter Calibration (contd)
{Special Functions 36 and 64)

Example To select a coarse tuning calibration:

LOCAL s ((()(f SR—, oomn 1 OO N S,

(keystrokes) [ Py ] { Py ) [ . ] m B peonL
> e

{program codes]

The following examples will describe how to perform a Coarse Tuning Calibration,
Fine Tuning Calibration and how to view a Coarse or Fine Tuning Calibration on an
oscilloscope.

Coarse Tuning Calibration. The following discussion will describe how to perform a
Coarse Tuning Calibration:

NOTE

A Coarse Tuning Calibration should only be done when the Noise
Figure Measurement System is first configured end a freerunning
source is being used as the system local oscillator or repairs have been
made to the Noise Figure Test Set,

The Excess Noise Ratio (ENR) of the noise source should be 12 to 13dB
or more from 2401 to 18000 MHz or a preamplifier may be required.

a. Connect the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR
HP B971B NOISE
FIiGURE TEST SET
kouTPuT Lo RF iF
ineut § iNPUT DUTPUT

HP B9708

NOISE FIGURE METER

[ BE|

b end S BRSE = A\JZ“:"‘
BE g oo
=)

NOISE SOURCE INPUT
DRIVE DUTPUT

NOI1SE
SOURCE

oty

b. Turn the equipment on and allow a twenty (20) minute warm up period, before
performing the Coarse Tuning Calibration.

¢. If the upper frequency limit of the Noise Figure Test Set is to be less than 18000
MHz, enter the upper limit using Special Function 64.1.
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Noise Figure Test Set YIG Filter Calibration (conra)
(Special Functions 36 and 64)

Example d. After the equipment has warmed up for twenty minutes, press 64.0 SPECIAL
{cont'd) FUNCTION. The Coarse Tuning Calibration will take about fifteen (15) minutes.
NOTE

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Coarse Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information on this HP-IB code, refer to the Error Messages
and Recovery Detailed Operating Instruction.

e. To view the Coarse Tuning Calibration, refer to Viewing a Coarse or Fine Tuning
Calibration on an Oscilloscope, at the end of the Example section.

Fine Tuning Calibration. The following discussion will describe how to perform a Fine
Tuning Calibration:

NOTE

Fine Tuning Calibration is only required when single sideband opera-
tion (Special Function 17.0) has been selected on the Noise Figure Test
Set and the measurement frequency is greater than 2400 MHz (SSB3).

There is no limit on the number of times that a Fine Tuning Calibration
may be performed. But, a Fine Tuning Calibration is not needed each
time a measurement is made.

a. Connect the equipment as shown below. The noise source should have a minimum
ENR (Excess Noise Ratio) of 13 dB. The noise source should be placed as close as
possible to the RF INPUT of the Noise Figure Test Set. If a preamplifier will be used in
the measurement, the preamplifier may be placed between the noise source and the RF
INPUT during the Fine Tuning Calibration. For Measurement Modes 1.6 and 1.7, when
there is quite a bit of loss in the measurement setup, it is possible to do the Fine Tune
Calibration by connecting the noise source directly to the Noise Figure Test Set RF
INPUT. This will ensure that 13 dB of ENR is available for the Fine Tuning Calibra-
tion. In this case, the Fine Tuning Calibration can be performed using Special Function
36.3. In Measurement Modes 1.6 and 1.7, it is also possible to do a Fine Tuning
Calibration with the external mixer in place and a preamplifier in the measurement
system, to increase the available noise power at the Noise Figure Test Set RF INPUT.
The preamplifier should be low noise or it may affect the Fine Tuning Calibration.

NOTE

Allow the equipment to warm up for twenty (20) minutes, before per-
forming the Fine Tuning Calibration.
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Example

{cont'd)

Operation

Noise Figure Test Set YIG Filter Calibration (contq)
{Special Functions 36 and 64)

SYSTEM
LOCAL CSCILLATOR
HP B9718 NOISE
FIGURE TEST SET
Routeur o RF i
INPUT INPUY QUTPUY
HP 83708
NOISE FIGURE METER
i= BE]
cow B g, o5 K
© gooonBEEEY BF ¢
NG ISE SOURCE INPUT
DRIVE QUTPUT
NO I SE
SOQURCE
iy

' o

»

b. Select the start, stop and step size frequencies, using the START FREQ, STOP
FREQ and STEP SIZE keys. Refer to the Sweep Detailed Operating Instruction for an
expianation of START FREQ, STOP FREQ and STEP SIZE.

c. The Noise Figure Measurement System is now ready to perform a Fine Tuning
Calibration. The Fine Tuning Calibration will be performed each time the Noise Figure
Measurement System is calibrated, if Special Functior: 36.0 has been selected. Or,
Special Function 36.3 can be selected to perform a Fine Tuning Calibration from the
START FREQ to the STOP FREQ, immediately. The calibration will take from fiveto
ten seconds per frequency point.

NOTE

When a Fine Tuning Calibration has been enabled and the decimal
pointis flashing in the NOISE FIGURE display, the Noise Figure Test
Set is not at operating temperature. The calibration cannot be com-
pleted until the instrument is up to temperature. The Noise Figure Meter
is waiting for the YIG filter temperature control loop, in the Noise
Figure Test Set, to lock. The flashing decimal can also be caused by a
power loss to the Noise Figure Test Set. The time needed for the temper-
ature control loop to lock could be fifteen minutes, if the Noise Figure
Test Set was cold or four to five minutes if the Noise Figure Test Set was
warmed-up before it lost power. When the loop locks, the Fine Tuning
Calibration will be completed.

Itis normal for the system local ascillator to change frequency a number
of times at each frequency point. This is part of the calibration process.

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Fine Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information about this HP-IB code, refer to the Error Mes-
sages and Recovery Detailed Operating Instruction.
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Noise Figure Test Set YIG Filter Calibration (conta)
(Special Functions 36 and 64)

Example Measurement accuracy is dependent on the temperature inside the

{cont'd) Noise Figure Test Set. If the temperature drifts approximately five
degrees centigrade, since the last Fine Tuning Calibration, error twenty-
eight (E28) will be generated. The Fine Tuning Calibration must be
repeaied using Special Function 36.3.

d. If a frequency not selected by START FREQ, STOP FREQ or STEP SIZE is
desired, use Special Function 36.4. To select this frequency, press the FREQUENCY
key and key in the frequency desired. Press ENTER. Then, press 36.4 SPECIAL
FUNCTION, to start the Fine Tuning Calibration at the selected frequency.

NOTE

The passbands of the Noise Figure Meter and Noise Figure Test Set are
aligned for the frequency fine tuned with Special Function 36.4. When
the Noise Figure Measurement System is calibrated, fora CORRECTED
NOQISE FIGURE AND GAIN measurement, the noise contributed by
the Noise Figure Measurement System is not factored out, at the fre-
quency fine tuned by Special Function 36.4. Unless, the frequency fine
tuned is a calibrated frequency point of the Noise Figure Measurement
System.

e. To view the progress of the Fine Tuning Calibration, refer to Viewing a Coarse or
Fine Tuning Calibration, at the end of the Example section.

Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope. The following discus-
gion will describe how to view a Coarse or Fine Tuning Calibration on an analog
oscilloscope:

NOTE

An analog oscilloscope must be used with the Noise Figure Meter. A
digital oscilloscope won’t work with the Noise Figure Meter.

a. Connect the X-AXIS, Y-AXIS and Z-AXIS outputs on the rear panel of the Noise
Figure Meter to the A, B and Z (or horizontal, vertical and Z) inputs of the oscilloscope.
Select DC mode for all oscilloscope inputs.

b. Press 7.1 SPECIAL FUNCTION (or send HP-IB code Al) to display the test
pattern on the oscilloscope screen.

¢. Using the oscilloscope’s position and gain controls, position the test pattern where
desired.

d. Press 97.1 SPECIAL FUNCTION (or send HP-IB code Y9). The oscilloscope will
now display the peaking (maximum power) at each frequency point for a Coarse or Fine
Tuning Calibration, when enabled by Special Function 36 or 64.

NOTES

If a preamplifier is being used, the maximum and minimum oscilloscope
display limits will need to be changed to view the noise peak at optimum
scale. Special Function 97.1 sets the maximum limit to 500 and the
minimum limit to 120.
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Example
{cont'd)

Program
Codes

indications

Comments

Related
Sections

HP gavnh

A AP LR AN

Noise Figure Test Set YIG Filter Calibration (cgnrd)

(Special Functions 36 and 64)

To change the maximum limit and minimum limit, use the front panel
keys of GAIN MAX (Special Function 8.4) and GAIN MIN (Special
Function 8.3). The limits are entered by pressing the appropriate key,
keying in the data and pressing ENTER.

e. When finished viewing the Coarse or Fine Tuning Calibration, press 97.2 SPE-
CIAL FUNCTION {(or send HP-IB code Y8). Special Function 97.2 disables the oscillo-
scope from displaying the Coarse or Fine Tuning Calibration and restores the GAIN
MIN and GAIN MAX settings to where they were before Special Function 97.1 was
enabled.

For HP-IB codes, refer to the Procedure above.

For a Coarse and Fine Tuning Calibration, the left display shows each Noise Figure
Test Set input frequency at which a calibration is made. The INSERTION GAIN
display shows “8971.” The NOISE FIGURE display shows “CAL.”

When viewing a Coarse Tuning Calibration, a noise peak will be drawn on the oscillo-
scope for each frequency point being coarse tuned.

When viewing a Fine Tuning Calibration, a first pass at finding the noise peak is
drawn and then a reference power line is drawn. Finally, a dot is placed where the
actual noise peak was found. These steps are repeated for each frequency point to be
fine tuned.

For a Coarse or Fine Tuning Calibration, three attempts will be made at each frequency
point, to find the noise peak. After three attempts, error code £19 will be generated.

The causes that generate an error twenty-eight (E28) are given below:

a. The YIG filter,in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used. The measurement may not be valid.

b. The current frequency of the Noise Figure Test Set YIG filter has been interpo-
lated from the Fine Tuning Calibration data. The measurement may not be valid.

¢. The Noise Figure Test Set has been fine tuned, but the temperature has drifted
more than five degrees centigrade, since the last Fine Tuning Calibration. The YIG
heater loop must be reset and new fine tuning data gathered. Use Special Funetion 36.3
to reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning Calibra-
tion using Special Function 36.3.

Calibrate
Measurement Modes 1.0 through 1.9
Sweep
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Noise Figure (Uncorrected) and Noise Figure

Description

Procedure

Example

Program
Codes

Indications

3-198
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and Gain (Corrected)

UNCORRECTED NOISE FIGURE measures the combined noise figure of the device
under test and the measurement system (including the effect of the Noise Figure Test
Set, local oscillator, mixer, cables, connectors and adapters).

CORRECTED NOISE FIGURE AND GAIN removes the measurement system noise
contribution and allows only the noise figure and gain of the device under test to be
displayed. The Noise Figure Meter must be calibrated in the measurement frequency

range and measurement mode before a corrected noise figure and gain measurement
can be made.

To measure uncorrected noise figure, press the NOISE FIGURE key.

To measure corrected noise figure and gain, press the NOISE FIGURE AND GAIN
key. If the Noise Figure Meter is not correctly calibrated, error code E20 will be
displayed.

3 =z | ¢
¢ | g | £2 | £
== | 25 | EF | 2%
Pragram Code T 8 2 E BT ]
Front Panel Key L HP-15 3 2 E SE Es g
NOISE FIGURE M1 N N Active | Active
(UNCORRECTED)
NOISE FIGURE AND GAIN M2 N Off Off
{CORRECTED)
'Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.

To measure corrected noise figure and gain:

Measurement
LOCAL @ CORRECTER
(keystrokes)
AND GAlM
| HP-IB 2 M2
(program codes)

For HP-IB program codes, refer to Procedure above.

When the instrument is making uncorrected noise figure measurements, the UNCOR-
RECTED LED above the NOISE FIGURE key is illuminated. The measurement result

is displayed in the NOISE FIGURE display. In addition, the INSERTION GAIN
display is blank.



HP 8370B

indications
(cont’d)

Comments

Related
Sections

Operation

Noise Figure (Uncorrected) and Noise Figure

and Gain (Corrected) (contd)

When the instrument is making noise figure and gain measurements, the COR-
RECTED LED above the NOISE FIGURE AND GAIN key isilluminated. The gain of
the device under test (DUT) appears in the INSERTION GAIN display and the noise
figure of the DUT appears in the NOISE FIGURE display.

For CORRECTED NOISE FIGURE AND GAIN measurements, it is necessary to
calibrate theinstrument each time thereis a change in measurement modes, equipment
(except the DUT), or frequency parameters (if the new frequency parameters are
outside of the calibrated range).

UNCORRECTED NOISE FIGURE and CORRECTED NOISE FIGURE AND GAIN
measurements are always corrected for Teo1q and ENR.

Measured noise can be expressed in a variety of units: F,F dB, Y, Y dB,and Te K. Refer to
the Display Units Selection Detailed Operating Instruction for additional information.

The noise figure measurement range is 0 to 30 dB. The gain measurement range (for
total noise figures less than 30 dB)is —20 to at least +40 dB, for the Noise Figure Meter.
High measurement system noise figure leads to high measurement uncertainty when
measuring low gain devices. A low noise preamplifier, between the device under test
and the measurement system, can lower system noise figure, and therefore reduce the
measurement uncertainty. For more information, refer to the Preamplifier Selection
Detailed Operating Instruction.

Calibrate

Display Units Selection
Preset Conditions and Power-Up Sequence
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Procedure

Example
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Power Measurements
{Special Function 9)

Special Function 9 measures noise power density in dB relative to —174 dBm/Hz with
the noise source on or off. Either an approximate or a calibrated measurement can be
made. The value ~174 dBm/Hz was chosen because thisis the thermal noise at 290K in
a 1 Hz bandwidth. This special function can be used to make absolute power density
measurements or simply to verify that the measurement system setup is operating and
the signal path is complete. To exit from Special Function 9, press either UNCOR-
RECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN.

To select a power density measurement, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

Special Functions 8.3 and 9.4 require that a calibration be performed prior to activating
the special function. If the calibration has not been performed, error E20 (not cali-
brated) is displayed and the special function is not activated.

Since the power measurements can be performed from any Measurement Mode, refer to
the applicable Detailed Operating Instruction for the correct calibration procedures.

- E R
T.|ek Bz |TE & T8
g2 ©os ' s=2 | EE 8 | ES
‘ 2=z EE S8 &5 E8  wE
Specia! Function Program » § vE BE|EE % g % E
Code SE|EE | 5|82 B8 25
escription Code D mE | ®E e e Re ve
SOURCE Off 91 | Nbor$4.15P N Y Y Off | Off | Off
{uncalibrated)
SOURCE On 9.2 | N6or9.28P N Y Y Off | Off | Off
(uncalibrated)
SOURCE Off 9.3 | N7or9.35P N Y Y Off | Off | Off
{calibrated)
SOURCE On 9.4 | N8or5.45pP N Y Y Off | Off | Off
{calibrated)
1Table categories are explained in the Spetial Functions Detailed Operating Instruction.

To select an uncalibrated power measurement with the noise source on:

LOCAL P R L, Function
leystoke) OO (s
L HP-IB 2 N6

{pragram codes)

HP 89708
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Program
Codes

Indications

Comments

Related
Sections

XYY ON™mNATY

uperation

Power Measurements (contd)
{Special Function 9)

For HP-IB codes, refer to Procedure above.

The NOISE FIGURE display shows the selected power measurement result in dB.

Special Functions 9.3 and 9.4 measure the power density delivered from the DUT. The
rest of the measurement system setup is corrected for by the calibration (second stage
correction).

The units shown in the NOISE FIGURE display are dB referenced to 290K (—174
dBm/Hz). The equation is:
unknown power density dB

290

Power displayed = 10 log

Special Functions 9.1 and 9.2 are similar to 9.3 and 9.4 execpt that they are not
calibrated and they use nominal values for noise figure. These Special Functions are
primarily used to verify that the measurement system is operating.

Special Functions 9.1 and 9.2 do not correct for the RF attenuators, There can be an
error for very low power when the lowest RF attenuation is selected.

Calibrate _
Measurement Modes 1.1 through 1.9
Special Functions
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Procedure
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Onperation

Preamplifier Selection

Measurement system noise figure directly affects measurement uncertainty (as the
measurement system noise figure increases, measurement uncertainty increases—see

figure). The measurement system is de:
fined as those components that are i

“‘hciuded when the measurement system is
m‘h__caizbrabed When the measurement sys-
tem noise figure is reduced to a specific

level, its effect on measurement uncer-
tainty is minimal.

The effect of measurement system noise
figure on measurement uncertainty can
be reduced to this specific level with a
preamplifier. The preamplifier is placed
between the device under test (DUT) and
the measurement system. The preampli-
fier is part of the measurement system
when it is calibrated.

When measuring low noise figure/gain
devices, it may not be possible to mini-
mize the inaccuracy effect of the meas-
urement system. In these cases, it is best
to reduce measurement system noise fig-
ure as much as possible (2 or 3 dB is pos-
sible), and thus, reduce its effect on
measurement uncertainty.

This discussion will cover the following
topics:

L2
w O

g 7 7

3 87 72 Y A S 5
: 77 o/f
: A AR Y AR AR L
77 717
R / // [ ¥y X A e

P

MNOISE FIGURE MEASUREMENT UNCERTAINTY {dB1]

.1
0.0 5.0 0.0 5.0 20.0 25.0 30.0
MEASUREMENT SYSTEM NOISE FIGURE [dB]

Noise Figure Measurement Uncertainty
versus Measurement System Noise Figure

This is a graph of overall noise figure measurement
uncertainty versus measurement system noise fig-
ure. "DUT F+ G”is the device under lest noise figure
plus gain in dB. The curves are based on typical
values of noise figure instrumentation uncertainty
(0.1 dB), gain instrumentation uncertainty (0.15 dBj,
noise source ENE uncertainty (0.1 dB), measure.
ment gystem SWER (1.7), noise source SWR (1.15),
DUT input SWR (1.5} and DUT output SWE (1.9).

¢ Determining the measurement system noise figure that minimizes measurement

uncertainty.

¢ Selecting the preamplifier

Determining Measurement System Noise Figure

The first step is to determine the measurement system noise figure that minimizes
measurement uncertainty. First, add the DUT noise figure and gain dB values. If that
numberis greater than 17 dB, use the following equation to determine the measurement
system noise figure that minimizes measurement uncertainty:

NFm_Nqut"f‘Gdu 15 dB

NOTE

If the noise figure and gain of the DUT is less than 17 dB, you will only
be able to reduce the measurement system noise figure effect on uncer-
tainty, not minimize it. By reducing measurement system noise figure to
2 or 3 dB using a preamplifier, you will significantly reduce its effect on
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Procedure
(cont'd)

Operation

Preamplifier Selection (conta)

measurement uncertainty. For DUTs with noise figure and gain less
than 17dB, use 2or 3dB, for Fom p/sys in the “Selecting the Preampli-
fier” section.

¢ NFpninisthe measurement system noise figure that minimizes measurement uncer-
tainty. NFni, is in dB.

® NFau is the estimated noise figure of the device under test. NFay is in dB.
® Gau is the estimated gain of the device under test. Gay is in dB.

¢ 15 dB is a fixed amount that is subtracted from the total of NFq. and Gu.. The
value of 15 dB was derived from a number of measurement uncertainty versus
measurement system noise figure curves. The points at which the curves flattened
out were observed. The flattened portion of the curve is when changing measure-
ment system noise figure no longer affects measurement uncertainty.

Selecting the Preamplitier

Once the measurement system noise figure [NFui] is determined, the preamplifier is
selected. The noise figure of the preamplifier must be less than NF ...

From the cascade gain equation, the following equation is used to determine the
preamplifier needed:

NOTE

The terms of the equation were in dB and have been converted to linear
terms (ratios). There are no units associated with the linear terms
{ratios).

Fno amp/eys 1

Gpreamp = "
F, amp/sys F&mp

® Gpreamp is the gain of the preamplifier (in linear terms) needed to produce NFmin.

® Froampays is the noise figure of the measurement system, before the preamplifier is
added.

® Fonpas is the noise figure of the preamplifier and the measurement system.
Funpiys i8 the linear ratio of NFy,.

® Fux; is the noise figure of the preamplifier. F,., must be less than Fampisys-

The equation will determine the gain of the preamplifier (in linear terms) needed to
produce NF(min). To convert the linear gain of the preamplifiertoa gainindB, usethe
following equation:

10logio(preamplifier linear gain) = gain in dB
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Preamplifier Selection (contq)

Example In the following example the measurement system noise figure that will minimize
measurement uncertainty will be determined and the gain of the preamplifier will be
calculated.

NOTE
1t is assumed that NF g is 15 dB and Gaue is 10 dB.

Using the equation, a measurement system noise figure is arrived at:

NFumin = NFgu + Gae — 15 db

NFnin =15dB + 10dB — 15dB

NFuin = 10dB
Using the second equation, the gain of the preamplifier (in linear terms) is arrived at:
NFumi» must be converted to linear terms. NFmin is then substituted in the equation below
88 Fampays. Fempays 18 then 10. The value used for Fu,ampeys i8 & typical measurement

system value of 20dB (100 linear). If we use a preamplifier with anoise figure of 6 dB (4
linear), the minimum gain of the preamplifier can be calculated using the following

equation:
Gy = ;no mp,f:is; 1
amp/ays ™ Famp

Greamp = 16.5 (linear)
= 24348

A preamplifier with 24.3 dB or greater of gain and 6 dB or less of noise figure will be
needed to reduce the measurement system noise figure to a level where it minimizes
measurement uncertainty.
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Description

Uperation

Preset Conditions and Power-Up Sequence

{Includes Special Functions 0.0 and 0.9)

Power-Up. When first turned on, the Noise Figure Meter performs a sequence ofinternal
checks after which the instrument is ready to make measurements. During the power-
up sequence, all front panel indicators light for approximately two seconds to allow the
operator to determine if any are defective. Then, “Ctr]” appears in the INSERTION
GAIN display and “on” or “OFF" appears in the NOISE FIGURE display. If the Noise
Figure Meter is the System Interface Bus controller (Special Function 48.0) “on” will be
displayed. If the Noise Figure Meter is not the System Interface Bus controller (Special
Function 48.1) “OFF" will be displayed. Next, “Fr” appears in the INSERTION GAIN
display and “CAL” appears in the NOISE FIGURE display for approximately five
seconds while the Noise Figure Meter performs a frequency calibration. When the
frequency calibration is completed, the Noise Figure Meter restores the same configura-
tion it had before the power was removed. Except that:

a. Sweep is always off.

b. The measurement is always UNCORRECTED NOISE FIGURE.

¢. The instrument always turns on in local mode (instead of HP-1B remote).
d. Calibration data is not retained when power is removed.

e. Special Functions 25, 30 through 32, 35.1, 43, 44, 49.2 through 49.4 and 60 through
72 are not remembered when power is removed.

Preset Functions. The Noise Figure Meter has three levels of preset: Special Function 0.9,
PRESET and Special Function 0