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I. Introduction

Modern receiving systems must often process very weak
signals, but the noise added by the system components tends
to obscure those very weak signals. Sensitivity, SINAD, and
noise figure are popular system parameters that characterize
ability to process low level signals. Noise figure is a unique
parameter in that it is suitable not only for characterizing the
entire system but also the system components such as the
RF amplifier, mixer, and IF amplifier that make up the
system. By controlling the noise figure and gain of system
components, the manufacturer directly controls the noise
figure of the overall system. Once the noise figure is known,
system sensitivity and SINAD can be easily estimated from
system bandwidth. Noise figure is often the key parameter
that differentiates one system from another, one amplifier
from another, and one transistor from another. Such
widespread application of noise figure specifications implies
that highly repeatable and accurate measurements between
vendors and their customers are very important.

Accurate noise figure measurements are valuable during
design and manufacturing. Low signal level applications
require accurate selection of the best noise performance
components and accurate tuning adjustments during both
design and fabrication. The system described here, although
assembled from standard instruments, is very accurate.
When measuring devices or components with an input SWR
of 2.0, the root-sum-of-squares measurement uncertainty
with this system, considering all effects, at most frequencies
is only about = 0.22 dB—a factor of two better than
traditional systems assembled with standard noise figure
meters. Measurements described toward the end of this
chapter indicate that the repeatability of noise figure mea-
surements from one system to another is within + 0.1 dB.

This system uses a desktop computer to automate
measurements, process data, and account for many small
effects that, in manual noise measurement systems, are very
bothersome to correct and are often accepted as measure-
ment errors. The total error from the many small effects can
easily be very significant. Such effects include ambient
temperature variations, the variation with frequency of the
excess noise output from the noise source, and correction
for noise contributions by the receiver components of the
measurement system. Correction for these effects is now so
routine and simple that noise figure measurements will
likely become an often-used tool to replace old, seriously
questioned, often postponed manual routines. These rou-
tines were usually dreaded, especially by the occasional user
who felt he had to reeducate himself at each new encounter
with those many small effects.

The computer also provides data in the form desired. It
can list and plot the results without tedious manual

tabulation of data requiring correction charts and graphs.
Permanent records are available for use by vendor and
customer, labs and production, quality assurance and other
functional areas. Simplified system operation with the
required output format means that highly trained personnel
are unnecessary for testing many components at a fast rate.

This noise figure measurement system is very flexible in
several different aspects. First, the IF frequency can be
anywhere in the 10 MHz to 18 GHz frequency range and the
measurement bandwidth can be chosen to suit the applica-
tion. Second, most of the equipment in the system is of a
general purpose nature, likely to be available in many
facilities and useful for other purposes besides measuring
noise figure. This general purpose property also means that
other equipment can often be substituted for the suggested
equipment. This application note cites several such cases of
alternative equipment. A third aspect of flexibility pertains
to the software. The programs are written in such a way that
the measurement results, for example, may be printed on a
special form or special measurement sequences may
be programmed. The modular construction of the pro-
grams and the detailed description in chapter three of the
application note, allows easy translation to other capable
computers,

This application note describes the details of this accurate
and automatic system. The high accuracy arises from the
HP 346B Noise Source, which has low SWR and a stable,
calibrated excess noise ratio (ENR), and the HP 436A
Power Meter, which can read noise power ratios to an
accuracy of * 0.04 dB. This first chapter describes the
features of the system, discusses its accuracy. and presents
results of measurements. Chapter two describes the equip-
ment required, how to assemble the equipment to form a
system, and how to operate the system. The third chapter
discusses the computer programs so that they can be tailored
to individual applications. The major example covered in
this application note is the measurement of a low or medium
gain preamplifier at a large number of frequencies. This
preamp measurement requirement is felt to be very general
and to require many special program features. Thus mea-
surements of other kinds of components or other parts of a
receiver system are of lesser complexity and may require
some modification or simplification of the software. A
second program to show noise measurement of mixers is
also listed.

Noise Figure Principles

The purpose of noise measurements is to characterize the
noise added to the signal by the unit under test (UUT). There
are two popular definitions of noise figure that yield the
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same result even though they seem quite different at
the outset.

The first definition describes noise figure as the degrada-
tion in the signal-to-noise ratio between a signal source and
the UUT output. If, for example, the device is excited with a
generator that is measured to have an available signal-to-
noise ratio of 10 dB, but the signal-to-noise ratio at the
output of the device is 7 dB, the device is said to have a noise
figure of 3 dB. The standard definition of noise figure refers
to a generator whose available noise power output is
identical to that of an input termination at a temperature of
290 K. [t should be realized that in progressing through the
UUT the signal level increases (or decreases) due to device
gain (or loss). Similarly, in progressing through the device,
the input noise increases (or decreases) due to device gain
(or loss). The noise output, however, also has components
that are due to noise generation mechanisms that exist
within the device. It is those components of noise that cause
the degradation in the signal-to-noise ratio.

dfe

from the source termination is kT,B where k is Boltzmann’s
constant (1.38x10723)/K). T, is the source temperature
(290 K), and B is the bandwidth over which the available
noise power is measured. When the input termination is
connected to the unit under test, it engenders available
output noise kT, BG, where G, is the available gain of the
unit under test. The total available noise power output is

N, =N, + kT,BG, (1-1)

Noise figure is defined as the ratio of the total available noise
power output (N|) to the available noise power output
engendered by the source (kT,BG,). The ratio, however, is
usually expressed in dB.

N
F(dB) = 10 log W (1-2)
(e} a

4 For perspective, note that if the total noise output is twice

the amplified input noise, the noise figure of the UUT is 3

S dB. Small noise added leads to small noise figures.

Figure 1-1(a) leads to the second definition of noise figure. §\
The total output noise power (N ) from a unit under test is Measuring noise figure by directly measuring the ratio
composed of two components. One is the noise added by the <™ has uncertainties on the order of 2 dB because the denomin-
unit under test (N, ) and the second is the amplified noise oq  ator, kT,BG,, is so difficult to determine. A more accurate

from the input termination when the termination is at the
standard temperature of 290 K. The noise power available
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Figure 1-1. Bar graphs representing the total available
noise power output from a unit under test and its component
parts for (a) a T, (290 K) source termination and (b) a source
with an equivalent temperature of Ty.

2

measurement technique, used in almost all noise figure
measurements, is to measure not only the output noise power
(N ) of Figure 1-1(a) but also the output noise power (N») of
Figure 1-1(b) which includes extra input noise from a noise
source. Figure 1-1(b) shows the available output noise power
when the input termination temperature is raised by the
excess noise temperature Tey t0 Toy + Tg = Thor

N3 =N, + kBG(Tex + To) (1-3)

If equations (1-1) and (1-3) are appropriately substituted into
(1-2), the result is

F(dB) = 10 log Tx _yg log (& -1 (1-4)
To Nl

Equation (1-4) is the foundation of noise figure measure-
ment. The first term on the right side of (1-4) is a property of
the noise source. This term is almost identical to the specified
excess noise ratio (ENR) of the noise source.* The second
term is found by measuring the ratio of the output powers
{(N2/N) corresponding to the noise source at the input
being hot (turned ON) and to being cold (turned OFF). The
ratio N>/ N is often called the Y factor.

*The temperatures in the first term on the right of (1-4) are
associated with the power available from the source termination,
that is, the power dissipated in a load that is the complex
conjugate of the source impedance. ENR, however, refers to the
power dissipated in a reflectionless load (usually 50() for coaxial
systems) rather than the complex conjugate.
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The Noise Figure Measurement System

Figure 1-2 is a block diagram for a general-purpose noise
figure measurement system that is the subject of this applica-
tion note. The unit under test (UUT) can be all of or any part
of the large block shown as the UUT/ receiver.

Consider first the case where the UUT is the preamplifier
alone and the mixer, local oscillator (LO), and IF amplifier
are part of the measurement system. The first part of the
measurement process, called the calibration run, is to
measure the noise characteristics of the mixer, LO, and IF
amplifier at each measurement frequency and store the
results in the computer memory. During the calibration run
the preamplifier (UUT) is removed and the noise source is
connected directly to the mixer. After the calibration run the
UUT is inserted between the noise source and mixer, and the
system measures the noise contribution of the entire
UUT/receiver at each frequency. At each frequency the
desktop computer calculates the noise figure of the UUT
alone by removing the noise contribution of the measure-
ment system from the overall measured data. The computer
does this at almost no increase in measurement time. The
corrected measurement also yields the gain of the UUT. This
application of characterizing a preamplifier by itself is quite
simple with this system but very difficult with most other
systems. A program for this case is listed at the end of this
application note.

Consider a second case where the UUT is the RF front end
consisting of mixer, local oscillator, and perhaps a pre-
amplifier. In this case the IF amplifier is part of the system
and its noise characteristics must be determined. To do this

the noise source is connected directly to the IF amplifier and
calibration run data is taken at the IF frequency. Note that
the broad frequency range on the 346B allows it to also be a
calibrated noise source for measuring IF amplifiers.

The nextstep is to insert the UUT so the system can make
measurements at each of the desired frequencies. In this case
the local oscillator is probably different from the HP 8672A
Signal Generator or 8620C/86290B Sweep Oscillator for
which these programs were written. If so, a small section of
the computer program will have to be modified to properly
set the local oscillator frequency. If the receiver is of the
hand-tuned type, the computer software will continually
output results as the LO is manually tuned. The software
could also be modified to prompt the operator to tune to
desired frequencies.

If the UUT is a mixer alone, the IF amplifier is again part
of the system and the calibration process is the same as for
the second case above. The 8672A or 8620C/86290B can still
be used as the local oscillator with no change made to the
frequency programming part of the software. Software for
this mixer application is also listed at the end of this
application note.

Although other noise sources can be used with this
system, the HP 346B is highly recommended because it yields
such accurate measurements and covers such a broad
frequency range. The power supply that biases the noise
source ON and OFF must be capable of supplying 28 volts
and of being turned ON and OFF by the computer. The HP
6002A Power Supply or the HP 6205B Power Supply with

UUT/Receiver
0-110dB, 10 dB
Preamp . IF Amp Step Attenuator
Mixer 8496G
| Noise Source Power Sensor
| 3468 8484A
[ X-Channel
Local Oscillator
11713A
P?;/gézsxpoprly {80724 a1 Atten/ Switch 436A
8620C/862908B) Dri
59501A/62058) river Power Meter

1t -

7T 7T

Desktop Computer
(9825A or
9835A ete.)

<z

(9872A Plotter)

Figure 1-2. Block diagram of the general purpose noise figure
measurement system. The unit under test can beall of or any
part of the UUT/ Receiver portion of the block diagram. The
remainder of the UUT/Receiver block is then considered

part of the measurement system and its noise contribution
can be calibrated out of the measurement results by
the computer.




the HP 59501 A Power Supply Programmer are two alterna-
tives for driving the noise source.

The output noise power is measured with the 8484A
Power Sensor and the 436 A Power Meter. This combination
can measure the output ON-to-OFF noise power output
ratio to anaccuracy of + 0.04 dB. The 8496G Programmable
Step Attenuator shown in front of the 8484 A Power Sensor
of Figure 1-2 adjusts the power level to be in the -20 to
—50 dBm range where the 8484A/436A measures most
quickly and accurately.

The desktop computer coordinates and controls the
operation of the measurement equipment. It sends out
commands on the interface bus (HP-IB) to turn the noise
source ON and OFF, set the local oscillator frequency, vary
the attenuator to adjust the range of the powers to be
measured, and to read the power from the power meter. The
computer processes the measurement data and sends the
results to a printer and/ or plotter.

Besides the operation of equipment, the processing of
data, and the presentation of results, the computer also
corrects for several effects that are so complicated in manual
systems that they are usually accepted as measurement
errors. First the computer corrects for noise source output
variations with frequency. The computer memory contains
measured values of the ENR for the particular 346B Noise
Source being used at 20 frequencies in the 10 MHz to 18
GHz range. For each measurement frequency the computer
interpolates the stored data to find the proper ENR. This
process alone usually reduces uncertainty by about 0.2 dB,
but it could be as much as 0.5 dB.

The computer also corrects for the ambient temperature.
Equation (1-2) only applies when the source-off temperature
is 290 K (17°C). For temperatures different than 290 K the
measurement must be corrected so the results are presented
as if the source were at 290 K. For measured noise figures of
about 3 dB, this effect, if not accounted for, can cause errors
on the order of £ 0.1 dB.

The third type of computer correction is the automatic
correction for the system noise contributions. Figure 1-3
shows how much correction is applied to the measured
overall noise figure (F|2) when calculating the UUT noise
figure (F). To use the chart consider that the measurement
system with a noise figure of 8 dB (F7) measures the noise
figure when the UUT is attached to the system and the result
is 5dB(F|2). Further, consider the UUT to have a gain (G))
of 10 dB that is also measured by the system. To find the
correction to Fj», move along the horizontal axis to
Fi3 + G| = 15 dB. Then move vertically to intercept the
F>=8dBcurve. Read the correction of 0.8 d B off the vertical
axis. Thus the UUT noise figure (F)is 5—0.8 =4.2dB. This
entire process is done automatically by the computer.
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Accuracy

To evaluate the accuracy of this system, the errors are
categorized into four groups: mismatch uncertainty, ENR
uncertainty, instrumentation uncertainty including receiver
errors, and variation of the UUT noise figure with the noise
source impedance.

Mismatch Uncertainty

Mismatch uncertainty is caused by rereflections between
the UUT and the noise source. The rereflections can cause
the noise power emerging from the source to be different
than it would be when facing a reflectionless load. The mis-
match occurs under two conditions, one when the noise
source is ON and again when it is OFF, and the rereflections
could have opposite effects on those two occasions. Figure
1-4 shows the maximum possible error in the measured noise
figure due to mismatch. Each of the four graphs is for a
different value of SWR for the UUT. Consider the example
of a noise source witha SWR of 1.1 and a UUT witha SWR
of 2.0. Figure 1-4 (the graph for UUT’s with a SWR of 2.0)
shows that a source SWR of 1.1 yields a maximum measure-
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Figure 1-3. The correction due to the system’s contribution
of noise to measured data. After the calibration run, the
computer performs this correction at each measurement
frequency.



ment error of about + 0.15 dB for measured noise figures

- larger than 10 dB. For purposes of calculating an overall

uncertainty, a mismatch uncertainty of +0.15 dB is taken as
typical of measurement systems that use the 346B.

ENR Uncertainty

The ENR of the noise source has a root-sum-of-squares
(RSS) uncertainty of = 0.1 dB for frequencies below 8 GHz
and increasing to ¥ 0.19 dB at 18 GHz. At the time of this

writing the 346B ENR calibration is traceable to the U.S.
National Bureau of Standards (NBS) through waveguide
gas discharge type noise sources measured at NBS from 9 to
18 GHz and at 3 GHz. At other {requencies the 346B
calibration is referenced to a hot termination (390 K) and a
cold termination (78 K) in Hewlett-Packard’s standards
laboratory. Justification of the 346B ENR calibration
accuracy is the subject of a paper by Pratt.*

*Pratt, R.E., to be published.
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The RSS method of calculating the uncertainty is based
on the fact that the many sources of error are independent of
each other and, even though they might be systematic,
combine like random variables. The overall RSS uncertainty
of the ENR, including an allowance for interpolation at
arbitrary frequencies, is typically = 0.15 dB.

Instrumentation Uncertainty

The Power Sensor/ Power Meter combination measures
the Y factor, Ny/Ny, to an accuracy of + 0.04 dB, including
the non-linearities of the power sensor. This compares to an
uncertainty of traditional noise figure meters of +0.15 dB or
higher. Receiver errors include mixer and IF amplifier non-
linearities, i.e., different response for the noise source ON
and OFF conditions. The estimated uncertainty from this
cause is an additional * 0.05 dB.

Noise Figure vs. Source Impedance

The noise figure of a UUT generally varies with source
impedance in an undetermined way. This means that if the
noise source impedance is different than 50(), the noise figure
of the UUT is probably different than its value when con-
nected to a 50() source. This variation is very difficult to
determine and is not considered here. The effect is mini-
mized, however, by using a noise source with a low SWR.

Overall Measurement Uncertainty

An RSS combination of the four remaining uncertainties
(% 0.15 dB for mismatch uncertainty, = 0.15 dB for ENR
uncertainty, = 0.05 dB for receiver nonlinearity, and * 0.04
dB for power meter instrumentation) yields an overall un-
certainty of *+ 0.22 dB.

The correction for system noise contribution (Figure 1-3)
could have its own errors because of the measurement errors
in system noise figure (F,), overall noise figure (F7), and
UUT gain(G)). For a set of measurement data, the effect can
be calculated from Figure 1-3. Consider, for example, that
F,is8£0.25dB,F;is5+0.25dB,and G, is 10+ 0.25 dB.
Using the 7.75, 5.25, and 10.25 dB extremes for F,, F >, and
G, the correction (ANF) from Figure 1-3is 0.65 dB foran F
of 4.6 dB. Using the 8, 5, and 10 dB values for F5, F5, and
G|, the correctionis 0.8 dB foran Fj 0f4.2dB. Thus 0.25dB
of uncertainty in both noise figure and gain measurements
could cause a 0.4 dB peak change in the final noise figure. It is
usually best to minimize the correction by selecting system
measurement components that yield a small system noise
figure.

Demonstrated Performance

The repeatability of noise figure results from one measure-
ment system to another is shown in Figure 1-5. That figure
shows three different swept noise figure measurements from
2 to 12 GHz at 100 M Hz frequency increments. Each swept
measurement used a different 346B Noise Source, a different
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8484 A Power Sensor, and a different 436 A Power Meter,
Each of the three sets of equipment, furthermore, were from
different production runs. Yet the measurement results at
each frequency show a maximum variation of +0.1 dB. The
excellent repeatability of results when all the measuring
instruments are changed means that now data measured at
one location can be verified at a different location. This
repeatability also demonstrates that the measuring equip-
ment is stable with time.

The actual accuracy of the system is very difficult to
demonstrate because present day traceability of excess noise
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Figure 1-5. Three plots of the noise figure of a broadband
receiver measured by three different sets of measuring equip-
ment are within 0.1 dB at most frequencies.

Figure 1-6. The corrected noise figure and gain of an X-band
amplifier. as measured by this system using two different
mixers, shows good repeatability.
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ratio measurements to national standards is tenuous with
many possible sources of error. This system measured the
noise figure of an amplifier (corrected for the receiver noise
contribution) to be 3.14, 3.04 and 3.01 dB at 9.55, 9.75, and
9.95 GHz respectively. Careful, exacting, and more time-
consuming measurements with a different type of system
with completely different equipment yielded 3.01, 3.03 and
3.14 dB noise figures at the same frequencies.

Figure 1-6 shows plots of the corrected noise figure and
gain of an amplifier with two different mixers. Rereflection
between the mixer and UUT were minimized by including a
3 dB attenuator at the mixer input. This added loss would
traditionally degrade accuracy by making the system noise
contribution higher. With this system, however, the system
noise contribution is automatically removed from the final
result, leading to the good repeatability of Figure 1-6. The
9872A Plotter actually makes the noise figure and gain plots
in different colors.

The noise figure and conversion loss of mixers are often
assumed to be the same, but the plot in Figure 1-7 shows
them to be different. Although it is beyond the scope of this
note to study the intricacies of mixer operation, the
conversion loss and noise figure each vary differently with
local oscillator drive power, the match on the various ports,
etc. Such measurements, easy to do with this system, enable
optimization of the local oscillator and mixer combination.
The measurement and plotting time for the 101 frequencies
and two curves of Figure 1-7 were about 70 seconds.
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Figure 1-7. Corrected noise figure and insertion loss measure-
ments of a double balanced mixer.

The noise figure measurement system of this application
note, although it mostly consists of general purpose equip-
ment, can be easily tailored to specific requirements. The
desktop computer has the ability to easily and rapidly
correct for many noise measurement effects that were
previously often considered as errors. This ability, when
combined with the accurate noise source and power meter of
this system, gives measurement accuracy and repeatability
that were previously possible only with great effort by highly
skilled people and usually at only a few frequencies.




Il. Assembly and Operation

This chapter serves as a guide for assembling and
operating the noise figure measurement system discussed in
the first chapter. The goals for selecting equipment are that
the system be accurate, be convenient to use, require a
minimum of special wiring, and be easy to adapt to other
needs with minor modifications. Most of the equipment is of
a general-purpose nature and likely to be available in many
organizations, allowing this system to be assembled for trial
use at minimum expense. Although the equipment used in
the system is listed under “Suggested Measurement Equip-
ment”, many alternative components may be chosen from
available supplies. The 346 B Noise Source, the 8484 A Power
Sensor, and the 436A Power Meter are the principal
accuracy-determining elements of the system. This applica-
tion note emphasizes testing RF preamplifiers because this
application demonstrates most of the features of the system
and is of interest to a large number of readers. Testing other
receiver components will generally require less measurement
equipment and perhaps minor modification to the software.
This chapter, on constructing the system, and the next, on
describing the software, should facilitate tailoring the
measurement system to other applications.

Suggested Measurement Equipment
The following list shows the equipment that has been

extensively used to demonstrate the system capability

and accuracy.

Desktop Computer HP 9825T
(Other 9825's need 23K bytes memory, String-
Advanced Programming ROM, 9872A Plotter—General
1/ O—Extended I/ O ROM*)

HP-IB Interface Card

Thermal Printer
(with interface to 9825A Calculator)

HP 98034A
HP 9866B Opt 025

Plotter HP 9872A Opt 25
HP-IB Cables (1m, 4 each) HP 10631A
Tape Cartridge for 9825A HPI11719A

Noise Source (with male APC-3.5 Connector) HP 346B
DC Power Supply HP 6002A Opt 001
Power Sensor HP 8484A
Power Meter with HP-IB HP 436A Opt 022
Programmable Step Attenuator HP 8496G Opt 001
Attenuator/ Switch Driver HP 11713A
Synthesized Signal Generator HP 8672A
Double Balanced Mixer HP HMXR-5001
Dual Power Supply HP 6205B
[F Amplifier RHG # ET3010
500} Coaxial Cable HP 11500B

with Type N (m) connectors (24 in. long)

*Note that this ROM is necessary with the software described
in this Application Note even if the 9872B Plotter is not used.

500 Coaxial Cable HP 10503A
with BNC (m) connector (48 in. long)
500 Coaxial Cable HP 11001A

with one BNC (m) connector and one dual banana plug
Adapters as required to insert unit under test and inter-
connect mixer, local oscillator, etc.

Figure 2-1 is an example diagram showing the various
adapters and cables for interconnecting components. A
similar diagram should be prepared for each application to
help pinpoint critical, long-delivery cables and adapters.

Alternative Equipment

The equipment listed above is suggested for the system.
Except for only a few items, other equipment may be sub-
stituted. The items that are important for maintaining the
accuracy of the system are the 346B Noise Source and the
436A Power Meter with the 8484 A Power Sensor. Some of
the alternatives for the rest of the equipment will now be
discussed.

The most important requirement of a mixer is that it cover
the proper frequency range. The one mentioned above is
designed for the 2 to 12.4 GHz frequency range. A second
desirable characteristic is that the mixer be of the balanced
or double-balanced type. Double-balanced and balanced
mixers help prevent phase noise from the receiver local oscil-
lator from increasing the noise power output of the receiver.
Other suppliers of broadband double-balanced mixers
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Nim] to ‘
Additional BNC({f)
SMA(m) to SMA(m) E o
for UUT ; with BNC
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110014 Cable
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Figure 2-1. Example block diagram of the signal path used
showing interconnecting cables and likely adapters.




include RHG Electronics Laboratory and Watkins-
Johnson Co.

The local oscillator shown for this system is the 8672A
Synthesized Signal Generator covering the 2-18 GHz fre-
quency range. The HP 8620C/86290B Sweep Oscillator
covers the same frequency range and works quite well for
most applications. For applications such as mixer character-
ization of conversion loss and noise figure versus LO drive
level, or for certain gain saturation measurements to be made
on the same system, the 8672A is preferred because of its
programmable output level. Programmable local oscillators
for other frequency ranges include the HP 8660C Synthe-
sized Signal Generator with the 86603A RF Section (to0 2.6
GHz), and the HP 8662A Synthesized Signal Generator (to
1.28 GHz). The critical properties of the local oscillator are
that it be programmable for automatic receiver tuning, that
it have enough power to drive the mixer, and that its phase
noise and other spurious signals offset by the IF frequency
from the carrier be low. Some double-balanced mixers
require +7 dBm local oscillator power to achieve a good
noise figure. The noise and spurious output from the local
oscillator, if it causes larger mixer output than engendered
by thermal noise at the mixer input, will raise the system
noise figure. The best way to tell whether a local oscillator is
free enough of noise is to try it. YIG-tuned oscillators and
high Q cavity type oscillators, when used with balanced and
double-balanced mixers, tend to have low enough noise.

In some cases, such as testing a television tuner, the unit
under test consists of an RF preamplifier, the mixer, and a
local oscillator. If the tuner is electronically tuned, an HP
59501 A Power Supply Programmer can likely tune through
the many VHF and UHF channels under program control.

One advantage to the system described in this note is that
the IF frequency can be anywhere inthe 10 MHz to 18 GHz
range of the power sensor. Furthermore, the IF bandwidth is
also flexible. Most noise figure measurements are double
sideband measurements, meaning that the noise figure is
measured in two bands, one at fj o + fijr and the other at
f.o—fiF. Asthelocal oscillator frequency is tuned across the
operating frequency range, the measured noise figure is a
type of running average of the noise figure in each band. For
broadband components like preamplifiers, where the noise
figure and gain tend to vary slowly with frequency, the
running average is commonly accepted as the proper noise
figure with little error. For less averaging effect, choose an IF
frequency that is small compared to the expected variations
of the UUT noise figure and gain with frequency. As the IF
frequency is reduced, however, local oscillator noise might
significantly raise the system noise contribution.

Single sideband noise figure measurements with receivers
require either image rejection mixers or filters to eliminate
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one sideband ahead of the mixer. In both cases the noise
power at the receiver output due to thermal noise power in
one of the sidebands is removed. Filter design is greatly
simplified by using a high IF frequency so that the desired
RF sideband is greatly separated from the image sideband to
be rejected.

The bandwidth of the IF amplifier for noise figure
measurements is usually in the 1 to 10 MHz range. If the
bandwidth of the IF is excessive compared to the bandwidth
of the receiver components ahead of it, noise power contri-
buted by the IF amplifier over the excessive bandwidth may
obscure the measured noise figure of the unit under test. The
safest practice is to have progressively narrower bandwidths
from the receiver input to the IF output.

The gain and bandwidth of the IF amplifier must be
sufficient so the amplified input noise lies within the dynamic
range of the power measurement equipment at the output.
For the HP 8484 A Power Sensor the power output should be
in the -49 to 20 dBm range for fast and accurate power
measurements. The power output while the noise source is
OFF is given in dBm by

Norr = kTB(dBm) + G + F (2-1)

where F is the overall noise figure in dB, G is the overall gain
in dB from the input of the receiver to IF output, and kTB is
the input noise power (=114 dBm for a 1| MHz bandwidth and
—-104 dBm for a 10 MHz bandwidth for single sideband
measurement while —111 and —101 dBm apply for double
sideband measurements). The maximum power output while
the noise source is ON is limited by

Non Max =kTB + G + 3 + max (F, ENR) (2-2)

For the system being described, the IF bandwidth is 10 MHz
and the lowest noise figure of the test system is about 6 dB.
That means the IF gain must be about 50 dB to ensure a noise
power output at the sensor of 49 dBm.

The IF amplifier on the “Suggested Equipment List” has
about 80 dB gain, 10 MHz bandwidth, and 3 dB noise figure.
The mixer has about 7 dB loss and 7 dB noise figure. With the
attenuator set to 10 dB and for the noise source ON, the mea-
sured power level is about —20 dBm—just low enough for the
power meter to read. If, however, because of high gain UUT’s
the signal becomes so large that more than 30 dB attenuation
is needed to keep the power meter reading lower than
—20 dBm, then the IF output level is above about +10 dBm
and probably too close to gain saturation for accurate mea-
surement. The limits of the attenuator settings for this
program are therefore 10 to 30 dB. If the program requires
attenuation outside these limits to make proper power meter
readings, an error message will occur and the program will



stop. Either lower the [ F gain or change the minimum atten-
uation(r28 in INITIALIZATION part of the program) to 20
dB and re-run the program. For UUT’s with high gains, a
fixed AGC voltage will often reduce the IF gain and reduce
the likelihood of saturating the IF output. One effect of
reducing IF gain with AGC voltage is that the IF noise figure
often increases. This means the second stage noise contribu-
tion will tend to increase so a minimum gain reduction
should be applied. Slight increases in IF noise figure contri-
bute little to the overall measured noise figure and accuracy
for such high gain UUT's,

Many IF amplifiers have automatic gain control (AGC)
circuitry to keep the output power level constant. Since the
variation in output power level is the quantity to be mea-
sured, AGC circuitry must be disconnected.

Often the attenuator will be programmed to a different
value during measurement of the UUT than during the
calibration run. For this reason the system measures and
stores the step-to-step values of attenuation at the IF
frequency during the calibration run.

One might think that an alternative to the step attenuator
is to program a digital-to-analog converter to drive the AGC
circuitry of the IF amplifier from the desktop computer. This
alternative is not recommended because the discrete values
of IF gain might not be repeatable and the [F amplifier noise
figure often increases with AGC voltage and invalidates the
calibration.

Although the HP 6002A DC Power Supply is recom-
mended for this system, any HP-1B programmable power
supply, that can furnish the 28 V at 60 mA peak, 30 mA
average needed by the noise source, should work well with
suitable changes to the program.

One alternative is to use the HP 59501A D/A Power

Supply Programmer. This instrument furnishes a reference
voltage for another laboratory type power supply that

Decimal Octal Binary
Address Address Address
T Code Code Code
9825A Desktop Computer 21 25 10101
9872A Plotter 05 05 00101
8672A Synthesized
Signal Generator 18 4 10a1

436A Power Meter 13 18 01101
6002A DC Power Supply 07 07 00111
11713A Attenuator/ 28 34 11100

Switch Driver

Figure 2-2. HP-1B addresses for the noise figure measure-
ment system.

supplies the 28 volts at 60 mA peak, 30 mA average. The
reference voltage from the 59501 A is programmed by the
computer over the interface bus for turning the noise source
ON and OFF. The 59501 A Operating and Service Manual
has instructions for interconnecting and adjusting the
59501 A with a laboratory power supply. It is possible to
adjust the 59501A to use exactly the same program
commands as the 6002A DC Power Supply.

Alternative computers are also possible. Excellent candi-
dates currently or soon to be available are the HP 9835A
and 9845A Desktop Computers as well as the Model 85A
Personal Computer. The modular construction of the
program, and the information in the next chapter should
facilitate adapting the software to alternative computers.

Equipment Adjustments

For the computer to separately command the system
instruments and receive data, each item operating on the
interface bus must have a different HP-IB address. The
addresses of the equipment to operate the program are
shown in Figure 2-2. With the exception of the 6002A DC
Power Supply, each address is the address that is normally
on the instrument when it is shipped from the factory. To
change the 6002A address, merely push the back panel
address switches so only the three leftmost switches are in
the down position. This sets the three least significant bits to
one. If the HP-IB address for any instrument must be
adjusted, consult the “Operating and Service Manual” for
that instrument.

The 6205B Dual Power Supply is a manually-operated
power supply. One half can be used for biasing the IF
amplifier and the other half for biasing the UUT.

Before connecting a 346B Noise Source to the 6002A DC
Power Supply, the proper operating mode must be set. The
pushbuttons on the back should be set in the constant
voltage (CV) mode. While set in this mode, the power
supply can only be operated under computer control—the
front-panel VOLTAGE control is not active. The front-panel
CURRENT control must be rotated clockwise at least
two turns.

Operating the System

The noise figure measurement systern has been pro-
grammed to be operated from the computer keyboard,
especially from the special function keys which act as the
main control panel of the system. The operator should be
familiar with operating the computer from the keyboard in
such general matters as loading a program from the data
cartridge, running a program, stopping a program, etc.
Consult the “Operating and Programming Manual” for the
computer to help achieve familiarity.
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At certain times the program requires the operator to
perform a function such as to connect a new device to be
measured. The program pauses with a prompt message in the
computer display for the operator. After performing the
required operation, press the CONTINUE key.

For certain functions, the program prompts the operator
to key in new values of some variable. Examples of such
numbers are the measurement frequencies or the limits to be
plotted on a graph. If the operator presses the CONTINUE
key without entering a new value with the keyboard, the pro-
gram will retain the old value for that variable. To enter a new
value, the operator enters the value and then presses the
CONTINUE key.

The RUN button on the computer should only be used
when starting the program for the first time. If the program is
stopped, for whatever reason, the CONT O special function
key should be used to restart the program. The reason for
this is that RUN initializes all variables of the program to
zero and such variables as calibration data and parameters
for the plotter must be re-entered into the computer. The
CONT O key starts the program again but retains the old
variables.

When the program is finished doing what it was ordered
to do, it displays AWAITING MEASUREMENT COM-
MAND until the operator presses a new special function
key.

The special function keys, pictured in Figure 2-3, operate
as follows:

ENT S,S,S: Interrupts whatever measurements are being
made and begins prompting the operator for new start, stop,
and step frequencies for swept noise figure measurements.
Enter the new variables and press CONTINUE after each.

SWEEP: Interrupts whatever measurements are being
made. Begins making noise figure measurements in the
swept mode according to the start, stop, and step frequen-

cies in effect. If no frequencies are yet in effect, the program
first prompts entry of start, stop, and step frequencies.

ENT CW: Interrupts whatever measurements are being
made to prompt for a new fixed frequency of measurement.
Enter the new frequency and press CONTINUE.

CW: Interrupts whatever measurements are being made
and measures noise figure at the CW frequency in effect. The
program continues making that measurement over and over
until interrupted by pressing some special function key.
Plotting is disabled in CW operation.

EXT FREQ: Interrupts whatever measurement is being
made and places the local oscillator in the manual mode of
operation. The program continuously makes noise figure
measurements while the operator is free to tune the receiver
manually. Using this command also has the effect of pressing
the NF ONLY key. This is because of lack of calibration
data at the frequency that is manually tuned.

NEW ENR: Interrupts whatever measurement is being
made and prompts the operator for a new value of noise
source ENR to be used during EXT FREQ operation. Since
the computer has no way of knowing the receiver frequency,
it cannot use its stored table of ENR data so it needs a
manually input value of ENR. If no special value of ENR is
ever entered, the program uses the default value of 15.2 dB.

NF ONLY: The system measures and displays the total
noise figure of the equipment between the 346B Noise
Source and the 8484A Power Sensor.

NF & G: The system measures the overall noise figure of the
UUT combined with the system components, but corrects
the measured data to display the noise figure and gain of the
UUT by itself, without the system noise contribution. To
perform this correction, the system must first make calibra-
tion noise measurements on the system without the UUT.

NEW CAL: The system initializes new noise calibration

SPECIAL FUNCTIONS _346B/436A CORRECTED NOISE FIGURE

S/ ENTSSS | ENTCW | NEWENR | NF&G | NEWCAL | ZERO SET |

| sweee | cw

| EXT FREQ | NFONLY |

o
| conto )

SI PRINT | pLOT |

I | 1

o

| NOPRINT | NOPLOT |

.,
| NOISE ON |NOISE OFF)

Figure 2-3. Overlay for the special function keys of the computer. These are used as controls for operating the system.
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measurements for use in future corrected measurements
that display the noise figure and gain of the UUT by itself.

ZERO-SET: Interrupts whatever measurement is being
made. Turns the noise source OFF, inserts maximum
attenuation at the output of the IF, and zero-sets the power
meter. Resets the attenuator to its original value and returns
tothe AWAITING MEASUREMENT COMMAND state.

CONT O: For use in restarting the program once it is
stopped for any reason. This key is used instead of RUN
because RUN initializes all variables to zero, making it
necessary to re-enter ENR data about the source, plotting
parameters, calibration data, etc.

PRINT: Prints the measurement results on the external
printer of the system. Results are always displayed on the
LED readout of the computer.

NO PRINT: Aborts the printing of measurement results on
the external printer of the system. Results are still displayed
on the LED readout of the computer.

PLOT: Plots the measurement results versus frequency on
the 9872 A Plotter for swept measurements. CW measure-
ments are not plotted. Just before plotting the measurement
result at the start frequency, the computer prompts the
operator about printing the axes for plotting.

NOISE ON: Interrupts the measurement being made, turns
ON the noise source power supply, and places other system
instruments in manual operation.

NOISE OFF: Interrupts the measurement being made,
turns OFF the noise source power supply, and places other
system instruments in manual operation. This control is
very useful for stopping a measurement and getting back to
the AWAITING MEASUREMENT COMMAND state of
the system.

Turn-on Procedure

(1) Set up the measurement system as shown in Figure 1-2.
Zero-set and set the CAL ADJ of the 436A/8484A
according to the 436A Operating and Service Manual.
Be sure to connect the 11708 A Reference Attenuator to
the 436 A Power Reference Output when setting the
CAL ADJ. Connect the 8484A to the system output as
shown in Figure 1-2.

(2) Before turning ON the 6205B Power Supply, remove
the power output leads. Check the voltage output before
reconnecting to insure that no changes have been made
since the last time the system was operated. Significant
overvoltage will likely damage the IF amplifier. Connect
the power supply output.

(3) Insert the data cartridge into the computer, load the
noise measurement program, and press RUN. The
program loads the special function keys.

(4) The program then asks for the file number where the
ENR data for the 346B Noise Source is stored. Type in
the file number and press CONTINUE.

(5) Next the program asks for the ambient temperature in
kelvins, If CONTINUE is pressed the system will use
the default value of 290 K. This value tells the computer
the true OFF noise power output from the 346B. If the
346B ambient temperature is more than 10 K different
than 290 K, enter the new value to avoid significant
erTors.

(6) The program displays its AWAITING MEASURE-
MENT COMMAND message. Remove the lead from
the 6002A Power Supply to the 346B Noise Source.
Press the NOISE ON special function key and check the
6002A meter for +28 V from the noise source power
supply. Then connect the 346B to the power supply.

(7) Pressthe ZERO SET key on the calculator. This should
also be done every several minutes while the AWAITING
MEASUREMENT COMMAND message is displaved.
Frequent zero-setting overcomes possible drift in the
8484 A.

(8) Begin measurement by using the special function keys.

Using the Plotter

The program assumes there is a plotter included in the
system. If there is no plotter, line 6 of the program must have
the psc 705 changed to psc 0 for the program to run. Even if
there is no plotter, the 98216 A ROM for the plotter must still
be installed in the computer.

The prompt messages that pertain to the plotter are
concerned with printing the scales. Before running the
program the plotter should be adjusted so that the P; and
P, buttons move the plotter pen holder to the lower-left and
upper-right corners of the plotting area to be used. The
graphical area is somewhat smaller than P and P; to allow
room for labels in the margin. The frequency scale is plotted
along the bottom of the paper, the noise figure scale along
the left edge and the gain scale along the right edge.

When the plotting routine is entered for the first time,
default min and max values are chosen by the program for
each axis. Default values are also chosen for spacing between
tic marks for each scale and for the number labels that are
printed near cardinal tic marks.

The plotting routine works as follows:
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(1) After measurements are made at the start frequency, the
program pauses for an answer to “NEW PAPER (Y OR
N)?”. The default answer, achieved by pressing CON-
TINUE without entering Y or N, is “N™. For an “N”
answer, the computer assumes the axes are already
printed and plots the measured noise figure at each
frequency. A “Y™ answer triggers questions about the
existing axes parameters. If the plotting routine is being
used for the first time, the paper is assumed to be new
and this question is skipped.

(2) Ifthe paper is new, the program asks, “ARETHE OLD
AXES OK (Y OR N)?”. The default answer is “Y™ and
the axes are replotted just as they were on the previous
occasion. Initial operation of the plotting routine skips
this question.

(3) The computer asks about the minimum and maximum
value of each scale, the interval between tic marks, and
how often the tic marks should be labeled. As each
question is asked, the LED readout also displays the
current value that answers the question. If that value is
still desired, press CONTINUE; if not, enter the new
value before pressing CONTINUE.

(4) After a plot of the corrected noise figure the computer
asks whether overall noise figure should also be plotted
(default answer is “N™), and whether the gain should be
plotted (default answer is “Y™).

Noise Source Data File

Construction Program

This program is used to construct, modify, print, or copy
the calibration data file of the 346B Noise Source. Operation
of the program is as follows:

(1) Load the program and press RUN.

(2) Answer the prompt “OLD CALIBRATION FILE #
=7"with the data file number and press CONTINUE. If
a completely new file is to be constructed simply press
CONTINUE without entering any number.

* If a totally new file is being constructed, the program
loads all variables with value zero.

¢ If a totally new file is not being constructed, the
program loads the old data. Then answer the prompt
“CHANGE DATA (Y or N)?” with a Y for yes or N
for no and press CONTINUE. If “N” is entered,
proceed to step 4 below.

(3) As the program prompts the operator through the
various pieces of data the old data is displayed. If no
change is to be made to the old data item, simply press
CONTINUE to retain the old data item. The next data

item is then prompted for entry. If a new value is to be
entered, type in the value and press CONTINUE.

* The first item is an alphanumeric description of the
noise source of up to 72 characters. Serial number and
the date of the calibration data are likely entries.

¢ The remainder of the prompts proceed through the
array of calibration data, A [20,6], column by column
from columns [ through 6. Column | is for frequency
in MHz. Column 2 is for ENR. Columns 3 through 6,
for reflection coefficient data, are optional because the
current noise measurement program does not use the
data. Column 3 is normally for the magnitude of the
ON reflection coefficient, column 4 for the angle of the
ON reflection coefficient, column 5 for the magnitude
of the OFF reflection coefficient, and column 6 for the
angle of the OFF reflection coefficient. If a mistake is
made, write it down and proceed as if there were no
mistake. There is an opportunity for corrections in
step 5 below.

(4) The next question is “PRINT CALIBRATION DATA
(Y or N)?” If “Y™ is answered, all the data items
are printed.

(5) The next question is “ANY OTHER CHANGES (Y or
N)?" If “Y™ is answered, the program goes back to the
beginning of step 3.

(6) Thelast promptis“FILE# TOSTORE NEW DATA."
The program will record data on whatever magnetic
cartridge file is specified.

The above discussion should be enough to construct and
operate this noise figure measurement system. Operators
should realize, however, that accurate, repeatable results
require good general measurement technique. Be sure to
allow enough warm-up time for the measurement equipment
and the units under test (usually 1 hour suffices). Connectors
should be cleaned frequently—weekly is usually adequate.
The most frequently used cleaner is isopropyl alcohol
applied with a cotton swab. Make sure that all fibers from
the swab are removed. It is good practice to frequently test
connections by gently wiggling them while observing the
signal level.

This chapter suggested which equipment to use to build a
broadband microwave noise figure measurement system.
Other equipment, however, may be used in most parts of the
system because of different frequency ranges or because the
other equipment is readily available. Assembling the equip-
ment into a system was also discussed along with operating
the system by using the special function keys. The text also
described how to construct a cassette data file for storing the
ENR calibration data for a particular noise source.
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lll. Software Description

The programs listed at the end of this chapter were con-
structed to demonstrate the flexibility of the system. With
them the operator can select, for example, whether to sweep
frequency or to measure at only a single frequency or
whether to make a hard copy of the measurement results or
not. The special function keys of the computer give the
required flexibility by directing the main program through
one or several modular subroutines that accomplish the
desired tasks.

Many users of this system will find it best to modify
the program. Consider, for example, a production test
application where only a few measurement situations are
encountered. In such a case the program could be changed,
for example, so that it automatically loads the noise source
calibration data into the computer memory without forcing
the operator to answer with the file number where the data is
stored. The various scales for plotting results can also be
written into the program so the operator doesn't have to
answer the same computer prompts over and over. Further-
more, the tasks performed by the special function keys may
also be changed. Several of the keys, for example, might
each direct the program to a specific CW measurement
frequency for making tuning adjustments while observing
the computer output of noise figure. Another key might be
programmed to make a final broadband sweep at pre-
programmed frequencies while both plotting the results and
printing the measurement results at each frequency. The
operator would not need to be asked the several questions
about frequencies and plotting limits.

The purpose of this chapter is to describe the noise figure
measurement software written for the 9825 Desktop Com-
puter so that changes can be made for such special
applications as described above or for different equipment.
The first section explains the meaning of each of the
variables used in the programs. Next comes a description of
the subroutine interrelationships and then of the mechanism
for directing measurements with the special function keys.
The principal equations used to process the measured data
are described. These are followed by an annotated listing of
the programs.

Variables

The variables here do not include p variables because
their use differs in each subroutine. Each use in a subroutine
is localized to so few steps, that the local use can be
deciphered from the program code at the end of this chapter.

Global Variables
A Programmed level of attenuation in dB.
B Start frequency in MHz.

Stop frequency in MHz.

Size of frequency steps in MHz.

Current value of noise source ENR in dB.

Current frequency in MHz.

CW frequency in MHz.

Counter for the frequency number being measured.

Row index for ENR data being accessed.

Counter for the frequency number being plotted.

Desired local oscillator level in dBm.

Mask word used to change bits of the state word.

The number of frequencies being tested (0 for CW

tests).

Bit pattern used to change bits of the state word.

Desired state of the system.

State of the system being executed.

Effective input noise temperature in K.

Wait time before proceeding after turning the noise

source ON.

Wait time before proceeding after turning the noise

source OFF.

Receiver noise figure in dB.

(1) File number of noise source data to be loaded into

memory. (2) Overall noise figure in dB of UUT/ receiver.

(3) A general variable used in measurement and

calculation.

Y (1)Y factor just measured. (2) Gain of the unit under
test (usually in dB). (3) A general variable used in
measurement and calculation.

Z Corrected noise figure of the unit under test.

ZZCOR="O0OMmMOO
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Flags

A flag value of | implies the condition stated below. Value 0

implies the negative (opposite) of the stated condition.

2 Calibration of the receiver at sweep frequencies is valid.

3 Calibration of the receiver at the CW frequencies
is valid.

4 The headings of the columns for printed data are
already printed.

5 The axes and labels for plotting noise figure versus
frequency have been plotted.

6 The axes and labels for plotting gain versus frequency
have been plotted.

7 A special function key that requires interrupting the
present state of the system has been pressed.

9 Noise source ON and OFF power meter readings in
dBm are to be printed on the strip printer for trouble-
shooting. This flag is set to | and back to zero by the
live keyboard.

13 The CONTINUE key has been pressed without entering
new data on the keyboard. This retains the old value of
the data or uses a default answer.

14 The computer will ignore math errors, such as attempt-
ing to take the logarithm of negative numbers or to
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divide by zero, and use the closest value it can without
stopping the program.
A math error has occurred even if flag 14 was set.

r Variables

r0
rl
12
r3
rd
3
r6
ri
r8
9
rl0
rll

rl2

ri3

ri4

rl5

rlé
rl?7
rl8
ri9
r20
r2l

122
r23
r24
r25
r26

r27
r28

r29

ENR for external (manual) frequency tuning.
Ambient temperature of the noise source in K.
Hot noise source temperature in K.

Left hand frequency of plotting scale in GHz.
Right hand frequency of plotting scale in GHz.
Tic interval in GHz for frequency axis.
Number of tics per label on frequency axis.
Bottom noise figure on plotting scale in dB.
Top noise figure on plotting scale in dB.

Tic interval in dB for noise figure axis.
Number of tics per label on the noise figure axis.
The number of frequencies at which the noise source is
calibrated.

The X coordinate of the lower-left plotting limit, P1, of
the 9872A plotter.

The Y coordinate of the lower-left plotting limit, P1, of
the 9872A plotter.

The X coordinate of the upper-right plotting limit, P2,
of the 9872A plotter.

The Y coordinate of the upper-right plotting limit, P2,
of the 9872A plotter.

Bottom gain on plotting scale in dB.

Top gain on plotting scale in dB.

Tic interval in dB for the gain axis.

Number of tics per label on the gain axis.

IF frequency in MHz (for mixer measurement program.)
Character height as a percentage of the total height of
the plotting area.

Number of character heights for each margin.
Character height in dB of noise figure units.
Character height in dB of gain units.

Character height in GHz of frequency units.
Hot noise source temperature at the IF frequency (for
mixer measurement program).

Device number of the line printer for outputting data.
Minimum attenuation allowed for proper measure-
ments.

Maximum attenuation allowed for proper measure-
ments.

Arrays
A [20,6] Array of noise source data. Each row corres-

ponds to a frequency. Column 1 contains the
frequency in MHz. Column 2 contains the
excess noise ratio in dB. Columns 3 and 4
contain the magnitude and phase of the noise
source reflection coefficient when turned
ON. Columns 5 and 6 contain the magnitude
and phase of the noise source reflection
coefficient when turned OFE

C[0:101.3] Array for storing calibration run data.
Column 1 contains the difference in watts
between the noise output powers of the
receiver for the noise source turned ON and
OFF (N»-N)). Column 2 contains the effec-
tive input noise temperature of the receiver in
Kelvins. Column 3 holds the value of P[A/ 10]
that was in effect during the calibration run
at each frequency. Each row of data corres-
ponds to a measurement frequency with row 0
for the CW frequency, row 1 for the start
frequency, row 2 for the second frequency in
the sweep, etc. This array is C[2] for the mixer
measurement program.

G [0:101] Array for storing the difference between the
noise output power in watts of the UUT)
receiver for the noise source turned ON and
OFF (N3-N}). During the calculation of
corrected noise figure data for display on the
computer LED readout, this array is changed
to the gain of the UUT in dB. The elements
correspond to the various frequencies of
operation—element 0 for CW, element | for
the start frequency, element 2 for the second
frequency, etc.

P [0:8] An array for storing the noise power output
in watts from the receiver for the allowed
attenuator settings at the beginning of the
calibration run. This effectively calibrates the
attenuator at the IF frequency. Element 0
corresponds to the 0 dB setting, element | to
10 dB, element 2 to 20 dB, etc. P[8], used
during mixer measurement, holds the value
of P[A/10] that was in effect during the
calibration run.

T[0:101] Array for storing the effective input noise
temperature in Kelvins of the UUT/ receiver,
Te. Element 0 is for the CW frequency,
element | for the start frequency, element 2
for the second frequency, etc.

Strings

AS[1] A string variable for storing “Y” or “N”
entered from the keyboard in answer to
computer prompts.

C$(72) A string for reading the description of the

noise source from the cassette data file.

Program Structure
An examination of the software at the end of this chapter
shows that the programs are highly modularized into



subroutines that are usually shorter than ten lines of
program code. Each subroutine performs at least one
function, but it may call another subroutine to help perform
that function or to perform the next function. Figure 3-1
shows which routines call which subroutines. After finishing
its task, the subroutine is programmed to either repeat
that task or return to the routine that called it. Some routines
frequently examine whether one of the special function keys
has been pressed by testing flag 7. If flag 7 is set to one, the
subroutine goes back to the routine entitled START.

The program finds its way through the several desired
tasks by examining the state word S. This is a 16 bit integer
number where each of the bits from 0 to 11 represents a
specific task. The task is to be performed if the bit is 1 and is
not to be performed if the bit is 0. Figure 3-2 shows the
meaning of each bit and the effect each special function key

has on each of the bits of S. The special function keys not
only initialize tasks by setting the required bits to 1, but also
assure that conflicting tasks are not performed by setting
certain other bits to zero. The various parts of the program
then only need to examine various bits of S to see how
to proceed.

Inactual fact, most of the special function keys operate on
the 16 bit number Q as an intermediate variable to save the
desired state until the program completes its current task.
Then the program transfers the bits from Q to S. Otherwise,
pressing a special function key might change the bits of S in
the middle of a task and the program would get confused
about what it was doing.

The method used to change only certain bits of the
number S or Q is to use a mask number, M, which indicates
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Figure 3-1. Chart of the subroutine structure for the measurement programs.
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with 1's which bits are to be set to 1 or 0, and to use a bit
pattern, P, which contains the actual pattern of 1’s and 0’s
that are to be inserted into the bits indicated by M. Thus
wherever M has a 1, the new value of S or Q will contain the
same bit value as P; wherever M has a zero, the value of S or
Q will retain its old value.

While following the listing at the end of this chapter,
consider the case that the program has been measuring at
the CW frequency and printing results on the line printer. S
therefore contains the number 000 010 000 001 (= 201g) and
Q contains the number 000 000 000 001 (= Ig). The program
keeps circulating through the CW and NF subroutines.
Now consider that the operator pushes the special function
labeled ENTER SSS. Then M becomes 111 000 011 111
(= 7037g) and P becomes 000 000 000 110 (= 6g). After the
binary operations of the special function program are

performed, Q is changed to 000 000 000 110 (= 6g) and flag 7
is set. The program finishes the CW measurement in progress
and prints the results because S hasn’t changed yet. After the
CW results are printed the NF subroutine finds that flag 7 is
set and therefore returns to the START routine. In the first
line of START, with the aid of subroutine FIX BITS, most
of the bits of S are changed to be just like the bits of Q. Bits 7
and 8 of S, which indicate whether or not to plot results
and/or print them on the line printer, are not changed.
Therefore S has the value 000 010 000 110 (= 206g). The
START routine sees that bit #1 of S is | so it calls the
SWEEP subroutine. The SWEEP subroutine sees that bit
#2 of Sis | so it calls the ENT SSS subroutine. At the end of
subroutine ENT SSS, new values of M and P along with
subroutine FIX BITS operate on S to change S to be 000 010
000 010 (= 202g). Then the SWEEP subroutine executes,
measuring and printing the noise figure at each of the sweep

TASK PERFORMED IF BIT IS 1
a - 2 =
o e O £
88 5 =
- o«
[0 4 o« -t
233 5 ¢
5§38 2 2
w = = i 6 Q
e ke e ey
Z - - <
E e aEiai=l
E 22 S§¢&
=z (/5] w o a Z
BIT NUMBER 1 10 9 8 7 6
SPECIAL FUNCTIONS
SWEEP 8 ‘0 o X X X
cwW g8l g X X X
EXT FREQ %) i X X X
NF ONLY o X X X
CONT O (ALSO RUN) X 1 0 X X 0
NO PRINT | X N X X 0 X
NO PLOT | x x x 0 X X
NOISE ON o ¢ 1 X X X
NOISE OFF (STOP) N RE XX X
ENT SSS @ o o X X X
ENT CW 6 0 0 X X X
ENT EXT ENR L4 -9 @ X X X
NF & G 0 X X O T
NEW CAL B X X Wi
ZERO SET X 0 0 X X X
PRINT X X X X 1 X
PLOT X X X T

=)
g «,
o g
u &
z w
) 2
— w
=g &
® 9 T € o MASK BIT |
A B S PATTERN
Z N W u » O Mg Pg |
B 3 3! e |
|
X 0 0 8 1 ¢ 7037 2 I
X 0 0 I R 7037 1 |
g 0 1 gl oy 3077 10
6 X X T O 43 0
X 0 0 8.0 0 3137 2000
X X X b D 200 0 |
X % X X 400 0
X 0 0 g 8 0 7037 1000
X 0 0 0 0 0 7037 2000
X a 6 1 1 o 7037 6
X 0 0 R s 7037 5 '
%1 o’ -0 7037 4010
5 %X X 0 0 4043 40
> b X X X 4100 100
X 1 0 %0 o 3083 20
A X X N o g | 200 200
X X X Yo o @ | 400 400
|

Figure 3-2. Key for setting the various bits of the state number S and its preliminary storage number Q. Those bits shown as
X are not changed by that special function operation and retain their old value.
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figure is not the proper one whenever the final application of
the device allows (1) desired signals in only one sideband and
(2) amplified input noise in both sidebands. Since input
noise is processed from both sidebands, but signals from
only one, the ability to process low-level signals is poorer
and the noise figure should be higher. This situation often
occurs with mixers and receivers that do not have some
mechanism for rejecting noise in the undesired sideband.

A traditional treatment for characterizing mixers has
been to assume that the noise figure and loss of a mixer are
equal and that the single sideband noise figure of the mixer is
3 dB poorer than the double sideband noise figure. If these
assumptions are used in equation (3-6), the result is

Fissp (dB) = Fipsg (dB) + 3 dB

(3-10)
=F)2(dB)-F; (dB) + 3 dB

F)ssp and Fpgp are the single and double sideband noise
figures of the mixer, F; is the measured overall double
sideband noise figure, and F; is the noise figure of what
follows the mixer, usually the IF amplifier. This treatment is
often erroneous because the noise figure and loss of a mixer
are generally not equal.

With this noise figure measurement system the noise
figure and loss of the mixer may be measured independently.
In this case, a slight modification is made to the program
because (1) the calibration of the system takes place at one
frequency only (the IF frequency) and (2) the final noise
figure and loss (rather than gain) calculations are slightly
different. During calibration the following measurements
are stored (see equations (3-3) and (3-5))

Ty = TeYea
el LS e 311
2= @)
(N2 = N)lcal = kBGans (Ty — Te)|cal (3-12)

During measurement let G, be the available gain of UUT
in a single sideband and T, the effective input noise tempera-
ture of the UUT. The measurement is double sideband so
that the following apply:

N; = kTy2BG|G; + kT2BG G, + kTeoBG,  (3-13)
N; =KkTc2BG G, + kT:2BG Gy + kToBG,  (3-14)

where G; refers to the available gain of the IF for the UUT
as its source impedance. Therefore,

N_z _ZTHGl +2AT.Gy + T g
N, Meas ZTCGI + 2T.G + Te2

YMeas (3-15)

T, =11 " Tc¥Meas _ T (3-16)
Y YMas-1 2G|

(N2 = N1)|meas = k2BG1Gouut{T = To)lMeas  (3-17)

(TH = TC)IMeas

(N2 = NiIMeas _Gouur :
(Ta = To)lcal

(N2-Nplca  Gons

(3-18)

The Ty during measurement and calibration is usually
not the same because the noise source output is generally
different at the IF and signal frequencies. If the output
impedance of the UUT is equal to the impedance of the
noise source, Gons = GayyT. Solving equation (3-18) for
conversion loss yields

O (1‘{2 ~“Nolcat  (Tu = To)|meas (3-19)
Gy  (N2=NpIMeas (Ta ~To)lcal

In order to apply the double sideband noise figure of a
UUT during single sideband applications, a slight modifica-
tion of the noise figure definition of equation (1-2) in Chapter
I is necessary. The numerator of F, representing the total
noise power output, should use the actual noise bandwidth
of the UUT. The denominator of F, however. representing
the ideal noise power output, should use only the bandwidth
over which signals will come into the UUT. Thus, expressing
F as a ratio rather than in dB,

=kTeBtotalGa 1 kToBtotalGa
kToBsigGa

=(t[£ 41 Btotal
To Bsig

For this case of a mixer the total bandwidth includes both
sidebands and the signal bandwidth includes only one.
This means

F (3-20)

Biotal = 2Bsig (3-21)

Now equation (3-20) can be expressed as
T.
F(dB) = 3 dB + 10log T =1 (3-22)
(8]

These are the equations used for mixers in the accompanying
program.




— Annotated listing of Noise Figure and Gain Program.

“INITIALIZATION"
ot d3137+MI ot d2afasP
if r@iato "STRART®

"346B/436A AUTOMATIC

ftime S0@85cli

CORRECTED HOISE FIGURE & GAIM PROGRAM: S@O0425":

filgl 7
(MaPs 50150 Initialize system state

Piclr

icll 'FLH BITS?

dey "tpm"aTLZy " 10"
rsc FES3cfa §6+r27

719 "ns",

Senses whether all variables need to be initialized
TPy "att " s 728 "Rl ", 7HS

dim ASLI 12CELTP2 15 AL

znt “FILE # OF EHNR
29@+rlient

"START " if fladi
P it bitd4:5)5dsp Sc

if bitdlsS2idsp ic
if bitc@:8)idse 3¢
if bitdZ:8ridsp

b et s et e i e e A 00 ) T L0 B 0 Tl e S0

08 I SRETU R SV I s B
o we .

L
0 03

otdifaEsMia+Picll

4: atg "START"

56 end

[

7 "ZERD SET":irem Pic
21 20+M58+Pic]l] *FIN
o

Bi "SHEEP":

if biv{2s53
if B=Aicll

DO OV R R O A O A O el

icll

RN RN el Ly i
e =s == mE s

345 intCCC-BX/Di+14M

otd?Tlv?

: flc]l 7icll
Poif bitd%9:828cl] *HS ON'ilcl 7

13 if bit(1@s5)icl]l *HE OFF*;
28 otd2egesMiasPicll

dzp "AWAITING MEASUREMENT COMMAMD®

BITSY (MaPs S5 TRM? 255 ret

'EMTER 3557
'EMTER 835°
331 if bit(S:5111f f1e2=0;

If no plotter, change to “psc ¢;"; device number of printer

CEyeLOLA 11,3 1aGLB: 181 1, TIA: 101 s PLAST 120411

"noise source woit times":iS@+ViAlU Power supply response times
“IF output otten limits"i1@+r283364r293 r28+R Change limits to suit IF amp
ldk 13if r@=0315.2+r@ Loads special function keys from file #1; default ENR

DATA " 1 B3 Ldf HaCEaAl =]

Load ENR data

"AMEBIEMT TEMF IH K"srl

FaMicll *FIX BITS (Ma:Siicfa Tipen )
13 -“‘EFI’} SET?®

11 *SWEEPR?

11 YCh?

*ExT FREQ® Branch to subroutines
L according to special

'FIE BITS? (HsP:S) function key command

lel ¥
PETH BlT‘-’aH-l--S‘

-

11 *HS OFF®3cl) *RTT?C11@2icll *TPHMZ?icl) 'ATT! A

Zero-set completed

Go get new fregs if desired
If freqs were never entered, go get freqs
BITS* (MsFaB) If cal’'n is necessary, set bit 6
Calculate number of fregs to be tested

2M+Picl]l *FIN

3T Ato +23if bit(6aSiicll 'CAL’igta +1 Go calibrate if needed
36: dsp “"COMNECT DEYICE UMDER TEST'ilel Tiste
37% rem Picll PSGF*(B3i1@+Licl]l *SGLY(LYicll *ATT CAD Initialize signal freq and level

381 cl1 ?NF
39 23Mi@»Picll 'FI% B
41t "ENTER 558"icfa 13
42t ent "STOF FREQ(MHz
431 ent "FREQ STEF(MHz

44: int{CC-BrsD+LaMIiF Hr10139ta
'FI4 BIT

4"-: 4+Mi@*Picll

4?: B
48t if G=8icll
S58: B+H
&l R
928 dzp
93 rem 7icll

+2Vif bit{g:5)

YEGFY ()

if bit(Z:S)ic
YEMTER ©W*
49: if bitdSrE0iif flad=AiotdlAA+MsPicl]l *Flx

"CONMECT DEVICE UHMDER TEST“ilcl

Go measure noise figure at all freqs
ITE  CMaFsSiret Measurements completed; return to initialize state
vent "START FREGCMHz»?"
IPNCEiF flal3=@icfa 2
DS flel3=Rjcéa 2

“EMTER "53"
SYCMaPs S0 et

sBYLF flal3=Qicfe 2

X}

Assure not too many freqs for array size
Freq entry completed

11 *ENMTER CW* Go get new freq if desired
If CW freq was never entered, go get freq

BITS? (MsPesd If cal'n is necessary, set bit 6

icll *CAL*: Go calibrate if needed

ato +1
Tistp
PEGLY L]

ylesbicll LETT? RO Initialize signal freq and level

94t cll *HFY§qtn “CH"

258

J6t "EMTER CH"icfa 13ient
97 4:MiB+Picl]l 'FIX B
358

59 "EXT FRE@"irem 7

BEY 1f hit(ll.53icll

*HEW EXT EHR?

Measure noise figure and repeat CW measurement

“CW FREQ{MHz)"
ITS* (MaPaShiret

1Giif flali3=@icya 3

Freq entry completed

Go get new ENR if desired

513 cll *TEST IF*(¥sY> Go adjust and measure.lF output for source ON and OFF
621 if fla%ifat $2.0:2¢7.2iurt 1r¢ﬂ,1w1Ujr*1e ’s18laat v1e3y— It flag 9, print outputs in dBm
&3: "hot ruc-1:e saurce temp”i{tnt(ras 1ﬁ1+1 W29

43 "% foctor"tHsYsYimaxdYel.8833113 Limit max NF to 40 dB (Y to 0.14 dB)
551 "eauly input r'n:-iw— tenp” il r2—r'l"f‘12- fx‘ﬁ‘f—ll:;-‘:T :

EE! "noise flaure”t1BloadT 290+ 145

671 "outruts”ifnt HF—',+J 22" EMR="s§d.1inrt Bsisr@ LED output
68: if bitiVaSiturt r27sEyra If desired, print result
62 if flsVisto "STRRT” Test for special function key interrupt
7Bt ato "ERT FRER" Repeat external frequency measurement
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“NEW EXT EMR":fmt "EHR (nows= "-fJ 2237 iwrt BarBient "y r@
48@85MiB+Picl]l PFIX BITS' (MaFy3)iret ENR entry completed

"CAL":tdse "REMOME LUT <COHMMECT WS T0O RCWR»“iste )

cll *2EROD SET*iif H=@3cias 3 If CW freq, clear CW cal’'n valid flag

if Hicfa 2 If SWEEP, clear sweep cal'n valid flag; next initialize freq and level

bitClseSo+lipren Ficll *SGF OPFRER* (I0381@+L3cll *SCLYCLY3cll *HE OM®

for A=r28 to r29 by 185cll ATTYCAME*TPM? sX+PLA~- 161 —Step atten and store power readings

if A=r28iif KMile-Sibeeridsre "HI GRINW OR LO ATT! PROG JTLIFF‘E'II R

if flafifmt F2.8:718.20wrt 1Ay 1Bloadk)+30 if flag 9, pnntoutputmdBm

rext A

reg+Aicll 'ATT? (A25cll *HE?
; !

Go measure system noise contribution at each freq
Calibration is now valid, set flag

ot-JlU;d+I1-l1*P~n 11 *FIE BITS' cMePa52icll *FIX BITS'iMyPs@2ibeerd rat Cal completed
"HF"ifor I=sbitdls5) to HI'FREQD*(I3+Ficll *SGFY(F Set freq
cll *TEST IF*cMaY2 Go adjust and measure IF output for source ON and OFF

if flagifmt §2,0:2F7.25%wrt 18R 18loaddiadr 18090 el)
B-y2GLI125cll *FIND EHR’(E?
"hot noisze source tene" it TCE-1B2+1 32298312
"¥ foctor i¥s l*\inﬂ%klﬂl FRIITLIreY
“eauiy input nodse temp ilr2-rlY o010 TET0I]
cll *OUTPUTS?
if bitC@eS3IGLI1+CLIs 1 MITACL IS 2 IPLA-IBIT+C0 T3]

If flag 9, print output in dBm
Store power output difference; go find proper ENR

Limit max NF to 40 dB (Y to 0.14 dB)

Output results
If needed, store calibration data

if flaPiato “START® Test for special function key interrupt
next I Repeat at next freq
ret Measurements completed

"FIND EMRE":

moslda 12081 FLRD sl ]--J*-i%._l;*at-:- +AF1F J=33AL 1 2 1vpisret

if JdsrllsAl s 2 1+pidire

i E2 H[J+1:1]:J+1+Jsat0 =g

"intereolate " tF-AL ds 1 CAL J+ 12 1-AL b 2357 CRLJ41 3 1 3-A0L Js 1 10 4+AL Js 2 Jopd
ret

"UTILITY SUBRQUTIHES™:
"FREG":if bit(ByS2iG+p2iret pl
B+ipl-12l+pdiret p2

"FI# BITS"iiarchandicnpelsp3dsbondiplsp2i 23038 ret

e

QUTRUTS " :

LED outmput ™ Display
"hoize fig":il@leadT-29@+]1 034 during
1f bit{Bs30ifmt F5.8:" MHZIHF=">f6.2s" dB"iwrt G:sF218las(T 29041 38 ret cal'n
1 bit. {SySriato "LED HF&G® Different output display for noise figure and gain
fit £5.8x" MHz HF="sf&.2:" dB"
Wit B F, iato "Frinter output” ———H0o+——Display freq and NF; go see about printing result
“LED MFEG"szfa 143 GLIMCL T30l Tl J@PIASIBI+Y318LaudCl I+ 2 17298 +1 0+l
191030 (T-CL1s2 ey o 290+1 0423 18 oadyY 332Gl J5aye 14
fot fS,8: "MHziNF="+f3.2: "dBIG="s{5.2+"dB"
urt BaFsl«Y Display freq, noise figure, and gain

"Frinter output”iif bit(?sSi=Bigto "Flotter outeut” -If no printing, go see about plotting
it I=licfa 4 At first freq get ready to print heading
it bit(3:88at0 "HFLE Printout” Different printout for noise figure and gain
if fladiate "Print NF® If heading is already printed, skip to print result

frat "FreatMHz HFCAB2 " s St rEFizfa 4 Print heading
"Print HF"ifmt #7.8:Ff18.25urt r27sFs ¥ Print freq and noise figure
ata "Check end of print”

"MFEG Primtout"tif fladiato "Print WFRGE" ———If heading is already printed, print results
fat "FreacMHzy HF QB Gided Tot HF  rourHF"s<iuwrt r2¥isfa 4 Print heading
"Print HF&G"ifmt §3.8:4:0:8F8,.25wrt r27sFaZrWatald Print results

“Check end of print"2if I#Histo “Plotter output” 3
if T#03fmt 35wrt P27 Leave blank lines at last freq
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142
14"'
144
1~L--
148
14’*"
14-"--
1449:
15a:
151
152s
153
15
15
15
157
158:
159:
16618
161:
1e2:
1e3:
164:

43
L
[
]

(ST
Ty
0~ €1

g =f Ty Ty T L
ax &% EE EE Em BE 8 a3 e S w8 8% @8 B w3 & RS SE 23 BT Er =B S5 S% w4 AG WG &N S8 G2 A3 EE Ex SE EE S8 S 8¢ Se 56 SA 48 NE EB &x

.

el el el RN Rt et B

wJ Py O de G0 el e (50 D 00 = T 0 B D0 Tl o S0 00— T U1 B ol Pl e XD 00 00 ] T LR b D00 Tl e T oD

OO O

ol Tol Tl Tt b b i bt b ke ke ok ok ot Pk Pk omh v fb b b b ek ek pebe e gk fke ok ek e b ek ke b et b
o 0 O O D D o gl oD e A oD gl OO 00 0D 00 00 OO 00

o
I

Fod Fad Pl it Tl Pl Pl
[ A N W o o
s

=

“Plotter output™iif bitdl:50=8iret No plots unless sweeping

o~

if bit(23:80=41ret If no plot is wanted, return

it I=13icll *CHAMGE PLOT PARAMS?® y :
if f135=@Bicll *CHAMGE PLOT PARAMSH? At first freq check about plotting axes

scl ra-r22r25y rd+r22r25 r7-ra22rad, rg+2r23

lim r3srdsr7s r8+2r23 Scale for noise figure vs. freq

pren# 4iline 41f bitdSs8iiato "Plotr corrected HF" Plot solid line
plt FOolBaEs x Plot measured noise figure vs. freq
if I=Hipen At last freq raise pen
ret Plot completed
"Flot corrected MF"iplt Frl@@as2 Piot corrected noise figure vs. freq
if T#Miret Return unless this is the last freq (at last freq maybe more plots)
if fladisto "STRRT" Test for special function key interrupt

pericfa 13jent “"UMCORRECTED WF PLOT <% or HX?"sA$

if flal3i"N"+A$ Default answer is “N”
if car(A$I="N"}3to "Gain Plot?"
if coplA$84"Y"iato -3

pen# 4iline 2i1 Plot with dashed line
for K=1 to Hi*FRER® (K1sF Find freq
plt FALEBEE8y 10109CTIK 3-290+1 b inext K Plot measured noise figure vs. freq
peniline Next plots with solid line
if flaFiata "STRRET" Test for special function key interrupt

"Gain Plar?"icfa 13ient “PLOT GAIM Y aor HY?":R§

if tlal31"Y"+A% Default answer is “Y"
if capri{AFI="H"iret

if cordA$#"Y " jato -2

"Plot Gain":if fled=Bicll *Goin axis?
scl F3-r22r23: rd+r22r2Ss rl6-r22r24s r17+2r2d |__

If there is no gain axis, go plot one

per¥ 33lim r3srdsri6 ri7+2r24 s Seale T6r galn yn. fren
for K=1 to Hi'FREG* (K)sF Find freq
el FA888sGLE linext K Plot gain vs freq
rendret Plotting completed

"CHAHGE PLOT PARANS?"1if r2l=0i3to "Defoult frea oxis”

cf9 13ient “"MEW FRAPERE (Y or HI?":A%

if flal3i"N"+RH$ Default answer is “N”
i¥ copiA$r="H"izfa Siret

if copdAf "V isto -
cfa S3cfa Gisto "Old axe:

i
L
]

Ln

2
e
s
]

Clear axes OK flag; go check on desired scales

......

"Default frea axis“iintCBolB80080+r3
it tCo180R)+rd48if ColO888rdi 1+ rdsrd
A if rd-r3<71.24r5

1/rS+ré
"Defoult HF axiz":3 by
"Hefoult aoin av;,“:ﬂ*r16136%r1r-1». 34

prl9iato "Check eoach axis”

"Old axes OK?"icfs 135ent "ARE QLD HEES QK <Y or HI)?"sA$

if flal3s ¥ "+A% Default answer is “Y"
if capdAFLL I1="Y"itato "Label axes"

if capcASL L I# "N"sato -3

"Check gach axis"ifmt "Min frea in GHz {(nows"§5,2, " 07"

Wwrt Bar3ient ""ir3

fmt "Max frea in GHzZ (now="fS5. 2" 37" urt Bardient ““srd

ft "Tic interval in GHZ trow="§5.2: 37" urt B:rSient "“srS
fit "H#ticzsslobel (nows"sf2,.8:"07"wrt Baréient "Uare

fot "Min Hoise Fisure in dB (hnows"s7f2.8:"22"3urt Berfient - ""s¢?
fmt "Max Holse Fiaure in dB (now="sf2.8: "3 "5urt Barfient "“ard
fot “Tic intervol in dB (row=s"y»f5.2 " 27 furt Bar%ient "“sr9

fmt "#ticsqlobel (now="sfS5.2:"37"5wri BrrlB@ient "Uarif

fat "Min Goin in dB ‘now=" 2.8 " 21?"jurt Berl€ient ""srié

fat "Max Gain in dB (now="s F2.8: " 37" swrt DerlFfient “"arl?

fit, "Tic interval in dB {nows"sf2.8: 737" ure BarlSient ""arid
fot "#ticzolaobel tnows"afS5.25 0" Swrt Barl9ient UUaril?
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“Lobel oxes"tpclrifmt jurt "pl"»"0P"ired "ml"srl2sri13:rldsrl1S — Find corners of plot
"# of character heishts per marain”iS3r2231.5+r21

"Character heisht in NF units"iir8-r? ) /108 r21-r2203r23

"Character height in Gain units iCri¥-rlEs {188 r21-r223+r24

"Character heiaht in Frea units":188{rid-ri22 r21(riS-ri13)-2¢r22+r25
Lrd=radsr23Frid

“Frea gxis"iscl ri2srldsrl3sri3ilim ri2srldsr13aris

csiz r@la2vCr18=-ri3x#{rid-riz2s8

pend 2irlt (rld+rl12372sr13s1licplt ~8:.5i1k]1 "Freauency (GHz»"
zcl r3-r22r25rd4r22ra2S: r7-r22r23, r8+2r23

HOX FTarSsr3srdsri

"HF axis"tacl]l rl2srldarl3eriSicsiz r2ls2sCr1S—-ri33-0rld=r12X,90
pen# 43plt rl2yirliS+ri2ds2slicplt -9y-1.131b]l “Hoise Fisure <dBI"
sl r3-r22r259s rd+r22r2SrV-r22r23sr8+2r23

yax r3sr@%rdsr8sriBista Siret

T

"Gain axis"iscl r12:ridsrl3srl13ilim rl2sridsr13:ris
csiz r21s2y(r1S-ri1327¢rlid-riz2?,36

Iplt rldsriS+r130s2alicplt ~S50,851b1 “Gain (dB"
FA=r22r2Ss rd+r22r2Ssrla-r22r24s r17+2r24

wad rdsriBsrigsri?

vax ré4+3r2SirlSr1fsrl?e-ri?isfa Siret

“IHSTRUMENT SUBROUTIMES":
"TEST IF"icll *HS QH*i*TPM?+pl Go measure ON noise power

if pli{le-Siinp 3 OK if pl <-20 dBm, so go measure OFF power
if A=r2%9ibeeridsre "I-F SATURATED! PROGRAM STOPPED"ilcl Piend Error
A+1@+Aicl]l *ATT'dRAY»iato “"TEST IF" Raise atten and repeat measurement
¢ll *HE DEF?ITPM?+p2 Measure OFF noise power
if pr2>1.258e-8iret OK if > -49 dBm so return to calling subroutine
if A=r228iime 2 Do not lower atten beyond min allowed value

R+1Bint ((18loalpl#1e3i+22) /107 +A i
masxi r28yA1+Ascl]l TATT?¢AdSato "TEST IF" RN STRH BG TP I
if p2iSe-1@ibeeridse "LOM GRIN! PROGRAM STOPFED®ilcl 73end Error
fut "SYSTEM GAIN MARGINAL AT s§5.8 "MHz" Warning

Wit ByFibeepiuait 1004 Display freq of marginal gain
ret Measurement complete
"ATT"iintipli2pl General subroutine for Model 11713A

mintely12i4elima=(Biplasnl

intiplsl@02p25if p2=12i113p2

fud Bicll ‘zwtd’(p2s10 10 dB step atten connected to “X" output
rl-10p2+p3

cll fzut#{p3Siiwait 28iret

"swti"iplepliif

if bit(pasp3l;
p2+po+ifpd+pd
pEt+l+pEs if pEddiinp -2
if pd4iif pSifet "A"sf4. B "B s fd.Biurt "ottt spSipdiret
fot "A"s¥4,051f RpSiurt "ottt spSiret

for "BUsf4.8%urt "att"spdiret

NERD

pS+Rp3idne 2

"HE OH"irem 73fmt ceziurt "ns"s"2588"i1wait LS ret ——— Subroutine for Model 6002A-001

"HS OFF"irem 73¢mt Caziurt "ns"s "

Ta

AEE"swait Yiret Subroutine for Model 6002A-001

TRt fme Suwrt Pty "IRTTEfwt 3bsed.Bired "tPn"splip2iplipd ————Read power

fot Jwrt “tpms "SA+Tifat 3baeD,.8ired "tpa"splap2ipdind subroutine

if R227331f p3=E5ir

if p2#ESiato -3

pd+p3iurt "tpm"s"T"ired "
=

ten iplip2inispd
ato ~1§if absil-pS/pdld, @012

reet RY
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"TPHEZ"ifmt fwrt "tepm"y 211"
fint br3ustd.Bired "ten"splipd

Zero-set power meter subroutine

if pE2r28idnp -2 Assure reading is close to zero
wrt "tesm"s"9R/+]" Program to read absolute watts
red "tpm"splypd

ato ~28if rpldiSd4iret Repeat reading until no longer in auto-zero

Calis proper LO subroutine for freq

"EEL"icl) '8&VEA LEV'(p1l)iret Calls proper LO subroutine for level

"g6280 FRE":(pl-20083%18- 1642 Model 8620C freq subroutine
fot "MIB4Y"sfd, B "E"furt "la".p2iret

"BEVZA Device Subroutines": Model 8672A subroutines
"BE6T2R FRE"imox(plsy20000+plininipl: 13806 +p] Freq subroutine
for "P"ef29.3:"E9"5urt "lo"sellret

"B67EA LEV"ifmt "K' 2by "B sbiif e12133134k1 Level subroutine

if RI<-128%uwrt "10"+59:€61s48iret

if p1X35wrt "lo":48:81~pla81iret

intdabs(rl 182042 wrt "1lo"1p2+448:51-18p2-rl1: 498 rat,

"8668 Device Subroutines”:

"GEGHC FRE":fmt f.8rziwrt “"lo"s?inuv’dledpis182,"("i ret ——8660C freq subroutine
"EEEBA FRE":fmt bsf.Bezipl Ci+ipls=13004p@03p2 8660A freq subroutine
Wt "lo" s 73-2rB*Invt {1leBR2a 10" (" iret

2668 LEV"tfmt f.Bsziwrt "lo s Inw?{13-p1s30."C"E ret ———————— 8660 level subroutine
"Tnu"itplerpd

Ito +B3int (P4 18+p4i 10f rodpdi+p3d 3Rt if (pS+1+pSii=pliret p3

"8E62A Device Subroutines"i
"BEEG2R FRE":fmt "fr " «+f12.7s"az"swrt "lo"splirst 8662A fundamental freq subroutine
"EE662H LEY"ifat “ap"sfE.l"de"iurt “lo"srpliret 8662A level subroutine
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S 5
L0 fd = 2

"Printer outrput”iif bit(¥s5=@59t0 "Plotter outkut” —If no printing, go see about plotting
if I=licfa 4 At first freq get ready to print heading
if bitiSsSiiato "HF&G Printout” Different printout for noise figure and loss
if fladisato "FPrint MF” If heading is already printed, skip to print result
fmt "FreaiMHz MFC(HB " s #Swrt v273isfa 4
"Print HF"ifmt f7.85f10.25wrt r27:Fs}
atao “Check end of erint”

"NF&G Printout”iif flad4isto "Print HF&G" —— If heading is already printed, print results
fmt “Frea(MHz) HFC(dBD LidE> Tot HF  rocurHF totNF-rourNF+3dB™ s« — Print heading
wrt r2fisfa 4

i
F

Print freq and noise figure

"Print NF&GE"ifmt £5.9:4:8Ff8.25urt r27sFaZy-YaXa Wy ¥-H+3 Print results
"Check end of print”iif I#Miato "Flotter outeut” "

if 1883fmt 3/3wrt r27 }-———-— Leave blank lines at last freq
“Flotter ocutput”iif bitil,S5)=Biret No plots unless sweeping
if bit{2:5)=23ret If no plot is wanted, return
if I=13cll *CHAMGE PLOT PARAMES?? 1 ’ ’

it $195=@3cll *CHANGE PLOT PRRAMS?? £ At first freq check about plotting axes
acl r3-r22vr25: rd+r22r2Ns ri-r22r23: r8+2r23 L o T

1im r3srdsrrs rB+2r23 I Scale for noise figure vs. freq
pen# 4iline fif bit(S:8)iato "Plot corrected NF" Plot solid line
rlt FolBO8s s Plot measured noise figure vs. freq
if I=Hipen At last freq raise pen
ret Plot completed
“Plot corrected HF"iplt F/1008,2 Plot corrected noise figure vs. freq
if I#Niret Return unless this is the last freq (at last freq maybe more plots)
if flafigto “STRRET® Test for special function key interrupt

pendcfa 13%ent "UHCORRECTED HF PLOT % or MI?"sA%

if flal3i"N"+A$ Default answer is “N”
if capCA$)="H"i3to "Gain Plot?"

if capcA$I#"Y"iato -3

renft 4ilineg 2.1 Plot with dashed line
for K=1 to Ni*'FREQ*(Ki+h Find freq
rlt Fr1@a8:,18lo9(TIK 1 298+]inext K Plot measured noise figure vs. freq
rent line Next plots with solid line
if t1a7Fisto "START" Test for special function key interrupt

"Gain Plot?"tcfa 135ent "FLOT LOSS Y or NI)?"RE$

if flal3i"Y"+R% Default answer is “Y"
if copiAfI="N"iret

if cop(A$I#"Y"ista -3
"Plot Gain":if flead=63cll 'Goin axis? If there is no loss axis, go plot one
scl r3-r22r2S: rd+r22r2Ssr16-r22r24, r17+2r24
pen# 3ilim r3srdsrlGarlv+2rad

Scale for loss vs. freq

for KE=1 to Hi'FREG? (K)»F Find freq
rlt Folaaa, -GLK Jinext K Plot loss vs. freq
reEniret Plotting completed

"CHAWGE FLOT PARAMS?":1if r2l=@3ato "Defoult frea oxis”

cfe 13%ent “"HEW PRPERE <Y or HI?"2HE

i¥ 13138 "N"+A$ Default answer is “N”
it car(RA$I="N"§izfa Siret

if cap(REIH"Y Vet -3

cfe Sicfa Giato "0ld oxes QK2

Clear axes OK flag; go check on desired scales

"Default frea axiz"i1intiB-1
iRt (021880 rdiif C/1008#r4)
DSV IF rd-r3{73i.24r5
1ora+rg

"Default HF axis"i3%r7

i 23.23r955+r10
"Default aain axiz"i13+r 17

1.2+r18i%+r19ia9to “"Check each axisz"

“N01d axes QK?"icfa 13ient “"ARE OLD RAXES OK (¥ or NX?"sA%F

if flal3i Y A% Default answer is “Y"
if cap(A$C1lo="Y"1ato "Label axes"

if copcA$C 1 I0#"N"igta -3

28
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"Check gach axiz"ifmt "Min freqa in GHz (how=":f5,2:" 27"

wrt Brr3ient "“sr3

fmt "Max frea in GHz Chows"sf5,2:"37"lurt Bardient “""srd

fit "Tic interval in GHz (how=s"s§5.2:"27"3urt BarSient “"srS
fint, "#ticsslabel (now="s§f2.8:")2"3wrt Barient "“sre

fot “"Min Hoise Fisure in dB Crow="s§fZ2.08: " 217" furt H~rrs»nf e e
fit “Max Moise Figure in dB (nows"s F2.8:“32"lurt BarSient “"srd
fmt "Tic intervol in dB (now="sf5.2:"32"twrt By r2ient ""ar9

fmt “"#ticzslaobel ian='~fJ.-!“‘V'=urf Barifitent "“sri0

frt "Min Loss in dB (row="sf2.8:"32"1wrt Barlsient ""aril6

fut “"Max Losz in dB ingw~‘si_.95“)”“§wrt BerlTient ""arl?

frt "Tic interval in dB Cnows"sf2.08:"32"lwrt By ri8ient ""srl3
fat "#ticsslabel (now="1FS5, 2 37" urt Byrl1Pient " r1

R R s W R PR B Sl i Y s e RN £ RS LB

“Label oxes"irmclrifmt Jwrt "pl"»"0FP"ired "pl"»rl&yri3:rldsrl1S — Find corners of plot
"# of choracter heighis per marain”iS+r22i1.5+r21

"Charocter height in MF units" i (r8-r72 0100/ r21~-r2223r23

"Character height in Goin units"t(prl?P=-rlB) C1BB-r21-r2202+r2d

"Character height in Frea units"11080rld-rl120/r21 ri1S-rl12)-2r22+r2s

(rd~r3d r252r25

Pod == 220

e w8 W% S8 S8 S AF SN EE DN EE EY N8 %4 EE 4m AR 48 E& X SE UE EE ® 8D S8 B ue

"Frea oxis"iscl ri2:rldsri3sri1Silim ri2sridsrl3aris
ceiz rgls2srlS-ri13rs(rld-ri23,:0

pen# Zielt (rid+rizi-s2srldslicplt -8:.58 11 "Freausncy (GHz "
sl r3-r22r28s rd+r22r25s kT -r22r23 s rE42r23

Ha® FrsrSar3srdare

D263 T B PO B 0 T Pl Po ol T s b bt b et bt et et et e (5 O D D D

= a0 o Ty O e

"MF axis"iscl riZsrid4srl13sriSicsiz r2y2:{rlS=-r130-{rid-ri2r,9a@
ren#t 4iplt rlZ2y(riS+r13272:ffcplt -S:~1.181b1 “"Hoise Figure <(dB)"
el r’=~r¢£r25sr4+n..'.r¢'5:r.-r.__r'Ei?.sr8+Er313

w3 [ B T T PO T T Pl P T3 PO T B T ol Pl P P T 3 T Pl 1 108 Tl I s e T oD Tl P o T T 0 T DD Do 1)

343 vax rdsrSyrdsr8.rl@isfa Siret
351
36 "Goin oxiz"iscl ri2sr14sr13ar1Silim ri2srlidsrl13srin
37t cziz r28la 2 irlS-ri30-{rld-r12,908
388 pend 3Jirplt rldy(rl1S5+r132-2y1licplt -5,.531b1 "Loss (dB»"
391 scl r3-r22r2S rd+r22r29srlE-r22r2d, r1r+_r_4
488 wvax rdsri1Bsrlgsri?d
418 vax rd4+3r28srl8srlérriVy-r19isfa Biret
42
Gl e e e e e e e e 1 e e e
244
2451 "IMSTRUMENT SUBROUTIHES™:
246 "TEST IF"icl]l *HS OH*3*TPM? el Go measure ON noise power
2473 if eldle-Sidme 3 OK if pl <-20 dBm so go measure OFF noise power
24 it R=r2%ibeepidsr "I-F SATURATED! PROGRAM STOPPEDR":lcl 7iend ———— Error
2 A+18+A8cll *RYT*CAMiatoe "TEST IFC Raise atten and repeat measurement
cll *HS OFF*3i*TPM! 3p2 Measure OFF noise power
if p231.258e~-85ret OK if >-49 dBm so return to calling subroutine
if A=r28iime 2 Do not lower atten beyond min allowed value

A+1Bint (i 1Bloalpl#1el20+222,1833A

oo = . Lower atten and repeat measurements
MoKt r28s H22RIcll ? HTT' (A»3ata “TEST IF” e

if pa<Se~10ibeepidsp "LOW GAIH! FROGREAM STOPPED"ilcl 7iend Error
fmt "GYSTEM FHIH MARGIMAL AT":f5.8¢ "MHz" Warning
wrt BaFibespiwait 15886 Display freq of marginal gain
ret Measurement complete
"HTT"tintipli+pl General subroutine for Model 11713A
mintpls 121 09p1imaxny :

intipls1834p2iifd pE=123114p2

fud 85cl]l *swtdcp2ald 10 dB step atten connected to “X” output
rl-18p2+p3

cll *aut#? (p3aSriwnit 28iret

"ewt#"iplrp3iif r1‘>rsp1+4'p_r‘”3-¢_’

if bit(pEsp3)ip2+rs+iBpS+pSiinp 2

pI+pa+l@pddpd

pEtlepgiif 1:-662245.51"1:3 =3

if rdfIf RSfat "AY 4,8 "B 2 fd.Biwrt "ottt arSypdirst
fmt "A"sfd.B85if g -smrt "1t " pSiret

fot “Bsfd4.85urt "att"sediret
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"HS OH"irem FPifmt coziwrt "ns"» TZ0EE"iwoit U5 ret

Fafmt coziuwrt "z’ "20BA"Twoit

"HE {:IFF_" frem Vi et
H.G~rﬁd
ed “tEpm"

"TRH":fmt Swit "tes s "IA+Ti{mt 3bs “ten"
fat dwrt "tpats TIALTYIFat 3b5c9 Bir
if RE>733if RI=65iret pd

if p3#eSigte -3

rd+pSiurt "tens " T'ired "tera"splep2spdind
ato ~13if absi{l-p3pd42{,B8l2irct nd

splsp2iplipd
splip2ipipd

——— Subroutine for Model 6002A-001

Subroutine for Model 6002A-001

Read power
subroutine

Zero-set power meter subroutine

Assure reading is close to zero

"TPMZ"sfmt Swrt “tepm s "d11°
fat ba3xsfd.Bired “ten"iplip?
if Pg(2;1mp 2

Wrt, “tems "IA+]"

red “tpm"iplip?

3to ~21if pli84iret

“SGF":cll *8672A FRE'<rlliret

“SGL"icll *E86F2A LEY'(piliret

Program to read absolute watts

Repeat reading until no longer in auto-zero

Calls proper LO subroutine for freq

Calls proper LO subroutine for level

"BRZB0 FRE":i(pl-2RQR %108/ 164p2
fmt "MIB4¥"s§4.8: "E"fuwrt “"lo":p2iret

‘Be7 ._FI Device Subroutines"s

Model 8620C freq subroutine

Maodel 8672A subroutines

Frequency subroutine

"BETZA FEE“"tmoxiple200@0+plimintaply 188EE ) +pl
tmt "F‘"!’r""a.'-'h”29"5Ut‘t "lu"!DlarHt

"BETZA LEV"ifmt "EY12be"87"sbiif plx1351i32p1
if Pli~1281urt "10":59:61:485 ret

Sliret
sRZ2+453:51-18r2

sel-rpl:
surt "lu

if RI>35uwrt “lo":48
intfobsipl 183030235

feplsdFiret

Level subroutine

"EE6H Device Subroutines”:

“S8E580 FRE":fmt f.8sziurt "lo"s*Irnv? {iedrls 182" "iret 8660C freq subroutine
"HEGAA FFE" ifmt baf. . Bsziplsail+ipl >=132804pE) 1 +p2 8660A freq subroutine
wrt “la” s P3-2r@ " Inwt ’lebr:-L.- 183s "¢"iret

"aesd LE '+|-|t- f.@sziwrt "la"s*Ilnu? (13-pls3)a"C iret 8660 level subroutine

“Inw"iplepd

atag +Eiint (pdd 184pdi 1B roded ) R0 +p38 i

CRIO+1FRDIF=pIiret Rp3

8662A fundamental freq subroutine

"RESZA Dewvice Subroutinss":
"EeE2R FRE"ifmt "fr¥:fl2.V«"mz"turt "lo"spliret
"EEEZA LEVMYitwmt "ar sfells "deMiwrt "lo"seliret

8662A level subroutine




— Annotated listing of Data File Construction Program.

@: "DATA FILE COMSTRUCTION PROGRAM™:

.

“IMITIALIZATION":
dim BFL31:CHL72 1AL 2656 15 262K e+l

ent “OLD DATA FILE#=2",¥
if f131333to "HEWDATR"

K rows and L columns

1df HsC4sRC%1]

If no old data, go get new data

“"sBFient "CHAWGE DATA (Y or MHX?7":B#

Load old data

if captB$L13d="H"iata "PRIMT"
if cordiB$[1104%"Y"iato -2
ato “HEWDATAR"

el PR v RS Wu g I SR ey

[ (D) == aa =
o ke @

“HEWDATA": ent “DESCRIPTION"SC$

“PRINT":1""+B#

3 ot =
= ) 0

13: for J=1 to L

14: far I=1 to K

158 fmt 1+ "AC "+ #3.8y "+ " £3.0: " Jinow="s118. 35 urt
16t ne=t 1

178 next J

1a:

Option to change data

Display existing data column by column and invite change

el AL I JJient "YsR[ 1]

Option to print data

Row number

Line feed at end of row

"STORE"tent “FILE # TD
if fl913f3atg -1

rof HaCEaR[* 18 rew

end

f R N SN SR 7L [ R R S
L0 o0 v O oD 00

]
L4
s
on

Next row

p erit "PRIMT CALIBRATION DRATA (¥ or HX?":B#
2 if copdB$L110="N"iato "MORE CHAWGE"
22: if cop(BS[110#"Y¥"iato "PRIHT"
3 wrt GaCEifmt 1:375wrt A,1
24 fmr lef1B.dezvfut 2
25¢ for I=1 to K
282 far J=1 1o L ‘|_ | e
27% wrt 6.1sR[ 1241 Print each column in this row
288 neut J I
295 wrt 6.2
38: next 1
31:
32: "MORE CHAHGE":""+EB$
33t ent “AMY OTHER CHAHGES (Y or HI?" B# Option to further modify data
34 if capiB#L113="N"iato “"STORE"
352 if capdB$CI1d="%Y"iato “"HEWDATA"
36¢ ato "MORE CHAMGE®

STORE HEW DATR"s¥

Record data on cartridge data file
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