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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,
systemn 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
15 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 ona
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 vield the



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 generalor whose available noise power output is
identical to that of an input termination at a temperature of
290 K. It 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 1s those components of noise that cause
the degradation in the signal-to-noise ratio.

Figure 1-1(a) leads to the second definition of noise figure.
The total output noise power (N ) from a unit under test 1s
composed of two components. One is the noise added by the
unit under test (N, ) and the second is the amplified noise
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.
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from the source termination is kT, B where k is Boltzmann’s
constant (1.38x10723J/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 1s

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

Noisc 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.

I

Ny
_— -2
kT,BG, (I-2)

F(dB) = 10 log
For perspective, note that if the total noise output is twice

the amplified input noise, the noise figure of the UUT is 3
dB. Small noise added leads to small noise figures.

Measuring noise figure by directly measuring the ratio
has uncertainties on the order of 2 dB because the denomin-
ator, kT,BG,, 1s so difficult to determine. A more accurate
measurement technique, used in almost all noise figure
measurements, is to measure not only the output noise power
(N ) of Figure I-1(a) but also the output noise power (N2) 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 Tgy to Tey + T = Thar

Ny =N, + kBGy(Tex + To) (1-3)

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

F(dB) = 10 log T 10 log (E —) (1-4)
To

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/Ny) corresponding to the noise source at the input
being hot (turned ON) and to being cold (turned OFF). The
ratio N5/ 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 1s, 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 501} for coaxial
systems) rather than the complex conjugate.



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, 1s 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 1s
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. 1The computer
does this at almost no increase in measurement time. The
corrected measurement also yields the gain of the UUT. Thus
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 wherethe UU'l 1sthe 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 itto also be a
calibrated noise source for measuring IF amplifiers.

The next step 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 1s 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 isa 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 s 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
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Figure 1-2. Block diagram of the general purpose noise figure
measurement system. The unit under test can be all 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 an accuracy 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-1B) 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
systemns 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 0.2dB,
but 1t could be as much as 0.5 dB.

The computer also corrects for the ambient temperature.
Cquation ( 1-2) only applics 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 3dB, 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 (F;) measures the noise
figure when the UUT is attached to the system and the result
is 5dB (F3). Further, consider the UUT to have a gain (Gy)
of 10 dB that is also measured by the system. To find the
correction to Fjs, move along the horizontal axis to
Fi2 + Gy = 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.

4

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 muis-
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 withaSWR of 1.1 anda 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 + (.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
I8 GHz and at 3 GHz. At other frequencies 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 1s 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, 1s typically = 0.15 dB.

Instrumentation Uncertainty

The Power Sensor/ Power Meter combination measures
the Y factor, Na/Ny, to an accuracy of £ (.04 dB, including
the non-linearities of the power sensor. This compares to an
uncertainty of traditional noise figure meters of £0.15dB or
higher. Receiver errors include mixer and IF amplifier non-
linearities, i.e., different response for the noise source ON
and QFF conditions. The estimated uncertainty tfrom this
cause is an additional £ 0.05 dB.

Moise 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 501, 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 1s 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 (F5), and
UUT gain(G,). For a set of measurement data, the effect can
be calculated from Figure [-3. Consider, for example, that
Fois8+£0.25dB,F21s5+0.25dB,and G i1s 10+ 0.25dB.
Usingthe 7.75, 5.25, and 10.25 dB extremes for F,, F,, and
Gy, the correction( ANF) from Figure -3 150.65 dBforanF,
of 4.6 dB. Using the 8, 5, and 10 dB values tor F», F >, and
G, the correctionis 0.8 dB foran F| of4.2dB. Thus 0.25 dB
of uncertainty in both noisc figurc and gain mecasurcments
could cause a 0.4 dB peak change in the final noise figure. It 1s
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
2to 12 GHz at 100 MHz frequency increments. Each swept
measurement used a different 346B Noise Source, a different
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8484 A Power Sensor, and a different 436A 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.
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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.



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
0872 A 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. M ost 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 346B 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
[/ O—Extended [/ 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-1B Cables (1m, 4 each) HP 10631A
Tape Cartridge for 9825A HPL17TI9A
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
IF Amplifier RHG # ET3010
501) 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 1s not used.

5002 Coaxial Cable HP 10503A
with BNC (m) connector (48 in. long)
500} Coaxial Cable HP 11001 A

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 8484A 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

B4A9EG Attenuator

- Nim) to
Additiomal BNCIT)
SMAIm) to SMA(m)

for UUT Coax Cable

with BMC
Connectors

E 105034
j

3468 )
Noise Source E i

110014 Cable
with BNC({m)

& dual banana plug
connectors

SMA(m) to BNC{m)
SMA(m) to Mim)

Local Oscillator
(BETZA)

Moisa Source
Power Supply
G00ZA Opt 001

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 B672A 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 (to 2.6
GHz), and the HP 8662 A Svnthesized 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 offsct 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, 1f 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 1s that
the IF frequency can be anywhere in the 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 + fjF and the other at
fi o—f1F. 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 1s 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 | 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 1s
OFF is given in dBm by

Nopr = kKTB(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 I F output, and kTB is
the input noise power (—114 dBm for a | MHz handwidth 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 1s ON is limited by

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

For the system being described, the IF bandwidthis 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 1F 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



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. 1f 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 imtializes 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

kev.

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 [igure 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 noisc 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 1t 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 |

-

SWEEP | cw

| EXT FREQ | NF ONLY |

| CONTO |

S PRINT | pLOT |

I )

|

N

| 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
paramecters, 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 9872A 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 15

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 B484A
according to the 436A Operating and Service Manual,
Be sure to connect the 11708A Reference Attenuator to
the 436 A Power Reference Output when setting the
CAL ADJ. Connect the 8484 A 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 1F 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
errors.

(6) The program displays its AWAITING MEASURE-
MENT COMMAND message. Remove the lead from
the 6002A Power Supply to the 346B Nowise 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 ZEROSET key on the calculator. This should
also be done every several minutes while the AWAITING
MEASUREMENT COMMAND message is displayed.
Frequent zero-setting overcomes possible dnift in the
BAR4A.

(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 psec 705 changed to pse 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) If the paper is new, the program asks, “ARE THE OLD
AXES OK (Y OR N)?”. The default answer 1s 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 1.ET) readout also displays the
current value that answers the question. If that value 1s
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 346 B Noise Source. Operation
of the program 1s 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)?7 witha 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. Senal 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 1 through 6. Column 1 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 1s
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™ 15 answered, all the data items

are printed.

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

(6) Thelast promptis“FILEZ 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 15 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.



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 vanables here do not include p vanables 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 varable 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.

ZZOoR=“—"Qammgn

o= WNo 9

-«

* E

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
1s vald,

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.

15 A math error has occurred even if flag 14 was set.

r Variables

r0 ENR for external (manual) frequency tuning.

rl Ambient temperature of the noise source in K.

r2 Hot noise source temperature in K.

r3 Left hand frequency of plotting scale in GHz.

r4 Right hand frequency of plotting scale in GHz.

r5 Tic interval in GHz for frequency axis.

r6 Number of tics per label on frequency axis.

r7 Bottom noise figure on plotting scale in dB.

r8 Top noise figure on plotting scale in dB.

@ Tic interval in dB for noise figure axis.

rl0 Number of tics per label on the noise figure axis,

ril The number of frequencies at which the noise source is
calibrated.

r12 The X coordinate of the lower-left plotting limit, P1, of
the 9872A plotter.

r13 The Y coordinate of the lower-left plotting limit, P1, of
the 9872A plotter.

rl4 The X coordinate of the upper-right plotting limit, P2,
of the 9872A plotter.

rl5 The Y coordinate of the upper-right plotting limit, P2,
of the 9872A plotter.

rlé Bottom gain on plotting scale in dB.

rl7 Top gain on plotting scale in dB.

rl8 Tic interval in dB for the gain axis.

rl9 Number of tics per label on the gain axis.

r20 IF frequency in M Hz (for mixer measurement program.)

r2l Character height as a percentage of the total height of
the plotting area.

r22 Number of character heights for each margn.

r23 Character height in dB of nowise figure units.

r24 Character height in dB of gain umnts.

r25 Character height in GHz of frequency units.

r26 Hot noise source temperature at the IF frequency (for
miXer measurement program).

r27 Device number of the hine printer for outputting data.

r28 Minimum attenuation allowed for proper measure-
ments.

r29 Maximum attenuation allowed for proper measure-
ments.

Arrays

A [20,6] Array of noise source data. Each row corres-
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ponds toa frequency. Column | 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 OFF.

C[0:101.3]  Array for storing calibration run data,
Column | contains the difference in watts
between the noise output powers of the
receiver for the noise source turned ON and
OFF (N5-Ny). 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 | for the start
frequency, row 2 for the second frequency in
the sweep, etc. This array is (2] [or 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 (N2=Nj). 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 1 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,
T.. Element 0 is for the CW frequency,
element 1 for the start frequency, element 2

for the second frequency, etc.

L]

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

computer prompts.

A string for reading the description of the
noise source from the cassette data file.

C$[72]

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 1s 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 5. 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 | 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 S5 to see how

to proceed.

In actual 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.




with 1's which bits are to be set to | or 0, and to use a bit
pattern, P, which contains the actual pattern of 1's and (s
that are to be inserted into the bits indicated by M. Thus
wherever M hasa 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 (= 1g). 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 | soit 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

o T = - = =)

4 6 6 & ¢ =

2T 2 0

X & o = O Q

123 §¢g & :

E o 0 2 2 s L

L I I - 0 < =

x E E 2 = 2 = 5 o 4

< g g = = < — oy &J L

i > > - o o JEF =4 MASK BIT

z 2 © o £ = =oE e E L = PATTERN

Z w w a o 2 Z N W w w O Mg Pg

BIT NUMBER 11 10 9 B 7 6 5 4 3 2 1 0
SPECIAL FUNCTIONS

SWEEP 0 0 X X X 0 0 0 1 7037 2
CW 0 0 0O X X X X 0 0 o 0 1 7037 1
EXT FREQ X 0 0 X X X o 0 1 0 0 3077 10
MF OMLY X X X X X X D X X X 0 0 43 0
CONT O (ALSO RUN) X 1 0 x X 0 X 0 0O o 0 0 337 2000
NO PRINT X X X X 0 X X X X X X X 200 0
NO PLOT X X X 0 X X x X X X X X 400 0
NOISE ON 0 0 1 X X X x 0 0 0 0 0 7037 1000
NOISE OFF (STOP) 0 1 0 X X X X 0 0 o 0 0O 7037 2000
ENT 53535 o 0 0O X X X X 0 0 1 1 0 l 1037 6
ENT CW 0 0 0 X X X X 0 0 1 1 71037 5
ENT EXT ENR 1 0 0 X X X X 0 1 0O 0 0O 7037 4010
MF & G o X X X X X 1 X X X 0 0 4043 40
NEW CAL 0 X X X X 1 x X X X X X 4100 100
ZERO SET X 0 0 X X X X 1 0 X 0 0 3033 20
PRINT X X X 1 X X X X X X X 200 200
PLOT X X X i X X X X X X X X 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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frequencies. After the sweep, M, P, and subroutine FIX
BITS change S to be 000 010 000 000 (= 200g). Subroutine
SWEEP then returns to the START routine. START
examines certain bits of S but finds all of those bits are zero
so that START displays the AWAITING MEASURE-
MENT COMMAND message on the computer.

Mathematical Relations

This section describes the equations used in the programs
of this application note. The hot (turned ON) temperature of
the noise source in kelvins, Ty, can be expressed in terms of
its excess noise ratio ENR, in dB by

ENR
Ty =(10 ' +1)290 (3-1)

The Y factor is the ratio of the measured noise power
output for the hot noise source, N>, to the noise power
output for the cold noise source, Nj.

. (3-2)

The effective input noise temperature, T, 1s calculated
from the Y factor, hot noise source temperature, Ty,
and cold (turned OFF) noise source temperature, T¢
according to:

Ty -TeY
Te=—'—:,_ IL (3-3)

where all temperatures are in kelvins.

The following relates the noise figure, F, in dB to the
effective input noise temperature

T
F=101 .+ 3-4
0 log ( 590 ) (34)

Correcting the measured noise figure for the noise contri-
buted by the measurement system involves measuring the
system noise contribution and the gain of the unit under test.
The effective input noise temperature of the measurement
system is measured the same way as when the unit under test
is connected. Thus the equations above also apply during the
calibration run, but more relationships are needed. The T, of
the unit under test, denoted as Ty, is related to the overall
T., denoted by T, 2, and the T, of the measurement system,
denoted by T.s, by

T-.:l :Tv:l T {3‘5}

where G| is the available gain of the unit under test expressed
asaratio(notindB). In terms of noise figure expressed as a

ratio, equation (3-5) becomes

Fy— 1

Fi=Fp- G

(3-6)

Gain 1s found by measuring the difference between the
noise source ON and noise source OFF noise power outputs.
During calibration this difference is

(N2 = N )| cal = kBGans (Ty - Te) | cal (3-7)

where k is Boltzmann’s constant, B is the measurement
bandwidth, Gong is the available gain of the measurement
equipment up to the power detecting apparatus, and Ty and
Te correspond to the hot and cold noise source temperatures
respectively. Gang refers to the available gain for a source
impedance corresponding to the noise source impedance.
The noise added by the measurement equipment disappears
in the process of taking the difference of the noise powers.
The difference in noise powers is measured again for the umt
under test (UUT) with the measurement equipment. Now

(N2 = N1)|Meas = kBG| Goyut (TH — Te)|Meas  (3-8)

where G is the available gain of the UUT for a source
impedance corresponding to the noise source impedance
and GopypTt is the available gain of the measurement
equipment for a source impedance corresponding to the
output impedance of the UUT.

Taking the ratio of the two noise power differences yields

[NE - NI}|Meas _ G]GIUUT [TH - T{‘.”Meas
(N2 = Ny)|cal Gans  (Tu — To)|ca (3-9)

Wherever the calibration run and measurement frequency
are the same, such as for a preamplifier, the numerator and
denominator values of Ty and T¢ are the same so they
cancel. Furthermore, the program assumes that both the
noise source and the output impedance of the UUT are
identical (usually 50 ohms). This means Gy 15 equal to
Gyng and they cancel. The ratio of the power differences
indicated on the left side of equation (3-9) then yields the
available gain G; of the unit under test. That value of G
can then be used in equation (3-5) to give the effective input
noise temperature of the UUT alone.

The noise figure measurements discussed so far are all
double sideband measurements. The measured result is an
average of the noise figure at two frequencies given by the
plus and minus in

f=f)o X fif

where f), is the local oscillator frequency and i 15 the
frequency of the IF amplifier. The double sideband noise
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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 1s 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 mxers 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

Fisgg (dB) = Fipsg (dB) + 3 dB

. (3-10)
= F5 (dB) - F> (dB) + 3 dB

Fissg and Fypgp are the single and double sideband noise
figures of the mixer, F|; is the measured overall double
sideband noise figure, and F3 is the noise figure of what
follows the mixer, usually the IF amplifier. This treatment 1s
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 shghtly
different. During calibration the following measurements
are stored (see equations (3-3) and (3-5))

Ty - TcY
T,:1=H C ICal

e (3-11)

(N2 = N)cal = kBGaxs(Th ~ To)|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; + kT.2BG Gy + kTe2BG» (3-13)
N; = kTc2BGGs + kTe.2BG Gy + kT2BGs (3-14)

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

N2 2TGy + 2T.Gy + Tea
— = = YMeas (3-15)
NilMeas 2TcGy +2T.Gy + Te
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Ty —TcYMeas  Te2 (3-16)

¢ Yieas — 1 26y

(N2 - Ni]iMeai = IIEEH'G]‘(-q".’.LJlJ'l'{Fl_H - T[_,‘HMeas (3-17)

(Ty — TEHM.:&&

(NE - N]]lh‘leas _GELIU'I'
- 2G,
(Ty — To)lcal

(N2 = Nylcal Gons

(3-18)

The Ty during measurement and calibration is usually
not the same because the noise source output is generally
different at the 1F and signal frequencies. If the output
impedance of the UUT is equal to the impedance of the
noise source, Gang = Gayyt. Solving equation (3-18) for
conversion loss yields

L, = i: 2 (Nl =Nylcal (T ~ Tc)IMeas (3-19)
G (N2 =NpIMeas (T —Te)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
| 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,

sz:Bmla]Ga + kTuBmLal{ja
kT,Bq; EGa

— _E+] H‘lma]
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)

Bmtal - EBSig (3-21)

Now equation (3-20) can be expressed as

-
FF(dB) =3 dB + Il]lc:rg(?e + 1) (3-22)
(8]

These are the equations used for mixers in the accompanying
program.
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___ Annotated listing of Noise Figure and Gain Program.

"34eBs4ZeR AUTOMATIC CORRECTED HOISE FIGURE % GRIN FPROGERMs @065

"IMITIRLIZATION ttime 2BBBsC11 FAsclr 7slcl 7
atd31373M ot d200@3Picll *FIX BITS (MaPsS)i540 Initialize system state
i¥ r@sisto "STARET® Senses whether all variables need to be initialized
dew "tpn"s 713" 1-3" I = T o R T W v A At W= = 3 T = Ml W b
pzc 7ASIcfa ;f:+r' If no plotter, change to "psc &;"; device number of printer

dim AF[L I:CEVEZEDLAR[ZAse L CIEI 1812 Gl 101 1. TlAs 101 1Pl In 26+ L1

MOLSE sSource walt times": SL:H“' EEIN Power supply response times

“IF outeut atten limits"i10+r288i30r29ir228+H Change limits to suit IF amp
ldk 131f r@=8315.2+r@ Loads special function keys from file #1; default ENR
=nt “FILE # OF EHFE DATAZ?"s:=ildf W CHEsAL*1] Load ENR data

298+rlsent "AMBIENT TEMP IM KE'ar

"START":if ilnr-uutz:i“*'if.‘ *Micll *FI¥ BITS* (Ms@aSoicfa Timen )

if bitddsS03idzsp 31l *ZERO SET?

1f bit{ls525dse 5cll *SHEEP®

1f brtiBsSiadse scll *CW?

1: El“q q]!'ﬂﬁ fhglﬁﬂiﬂ}-l]"ﬁiﬂiT FREE® Branch to subroutines

i RS- RN ) = UM*s lcl v according to special
= W . i " ':h_._

otdl@pasMsa+Prcll "FIX BITS " CMaPaS) function key command

14 bitCl@.50sc1]l *HS OFF?1cl 7

ctdZBagaMiasfPicll ’FIH BITS* {MsPa3:

dzp "HWAITIMG MERSUREMEMT COMMAHDT

atg "START™

erd ~

"ZERD SET"trem Yicll "HS OFF':fcll *RTTSwitgoscil "TRMZYscll "RITYoH

cH*MyEsFacl] FIX BITSY (MabFa5 03 TRHY +Hs rat Zero-set completed

"SWEEP" if dasi

if bit{®+S33cll "'_HTEL- S56? Go get new freqs if desired

if B=@5cll TEMTER §53 H freqs were never entered, go get frgqs

if bit{S:50511F flez=0iotdloBsn+Picll *FLx BITS® (HFsi) If cal'n is necessary, set bit 6

iFt (CC=B9 <D+ 1 aH Calculatenumberﬂffreqsm be tested

ato +73iF bitiEeS9:icll "CHLSata +1 Go calibrate if needed

dzp "CONMECT DEVICE UHDER TEST"§lcl Pizstr o

Fem Ficll YSGFYCBIf1@+Licll *SCL<L23cll "RATT"(A: Initialize signal freq and level

=11 *MHF* Go measure noise figure at all freqs

ZaMiA+Picl]l "FI¥ BITS CMiPasSH) ret Measurements completed, return to initialize state

"ENTER S$SS"1cfa 13ient "START FREQ(MHZ)?™»Biif flal3=Ricfe 2

ent "STOF FREGCMHz:»?"Ci1f flal3=dscfas 2

snt "FRER STEFCMHzZ 2" D17 $1913=65c+3 2 .
int ((C-Br~D3+1+H31f Hr1B133to "EHTER S55° Assure not too many freqs for array size
d+Mia+Picll *FIY BITS? (M=F 555 ret Freq entry completed
"CWTELY bitd2sS03cl]l YEHTER CHW? Go get new freq if desired
if G=A3cll *EHTER CW? If CW freq was never entered, go get freq
¥ BiT(S:503if flad=@iotdla@smsPicll "FIY BITS' (HaFoso If cal'n is necessary, set bit 6
sEd? . :

to +2iif bit(EsSricl]l *CAL" 3 atp +1 Go calibrate if needed
der "COHHECT DEWICE UWMDER TEST"slal Viste o )

rem 7icll 'EGF*(GI1@3L3cll *SGLYiLYic1l 'ATTY CAD Initialize signal freq and level
cll "HE*igto “CH° Measure noise figure and repeat CW measurement
"EMTEE CH"icta 1zsent "CW FEEDIMHzZ)"sLi1t+ flali=dicta o

4aMi@=Ficl]l "FIX¥ EBITE  (MsPaSiiret Freq entry completed
EXT FRER":rewm 7 .
if bit(11s833c11 'HEW EXT ENR’ Go get new ENR if desired
c11l 'TEST IF*dKaY) Gc} adjust and measure |IF output for source ON and OFF

it Flafifut £2.0 20T 000t 16+ Hs10lasiuiesss 1laary ey — Ifflag9, print outputs in dBEm
"hot nolise source tempiltntiras 1;1_41}:-3“.”.3

CofactortiRsYAYEanx Y 1L 0B3ELI3 Y Limit max NF to 40 dB (Y to 0.14 dB)
Tequiny "“F".-lt- H:L.'ll e temp s =i o =1s27
“rioilze filayrpe'ilBloacTs qu:'fix‘-'.-x

"ULEULE i fnt "NF="sf5.2s"  ENR="sfd.1iurt @k, o — LED output
if BitoPsSiiurt r27 2 HarA If desired, print result
if fladfizto "STRART® Test for special function key interrupt
ato "EXT FRE®™ Repeat external frequency measurement
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"HEW ERT EHR"ifmt "EHRE Cnou="s§f5.2:" 22" "5wrt B r@ient """y ra

dEEE+MsB+Picl]l *FIX¥ BITSY (MsFPaShiret ENR entry completed
"CAL"fdse "REMOVE DUT CCOMMECT WE TO RCYE)"jzte . _

cll * "EEU -HET! 1if N=HAicfa 3 If CW freq, clear CW cal'n valid flag
if MHicfa 2 If SWEEP, clear sweep cal'n valid flag; next initialize freq and level

bBitclssi=+Iires 7ycll "SGR CYFRE*CIDos1@+Lscll *SOLY<Liscll "Hz OH? )
for B=r28 to r2% by 195c1l "ATT*CADI*TFM® +5+PL A~ 181 —Step atten and store power readings
if A=r28fiif Hrle-Sibeeridse "HI GAIN OR LO ATT! PROG STOPPED!"istr

if Fla9ifmt F2.0:F10.25urt 161A, 18]l 02X +320 It flag 9, print output in dBm
rext H o

r2g+Hicll "ATT* (RSl *HFE? Go measure system noise contribution at each freq
if H=@igfa 3 Calibration is now valid; set flag

11 Hﬁifa - _
otdlad+Ms8=+Pscll FIX BITSE * (MePaSoicll *FIx BITSFiM.Fildibesr: ret

Cal completed

"HF"ifaor I= bitCls5y to M3'FRER*CI32Ficl]l *SGF?CF) Set freq
£11 *TEST IFYCHa¥D Go adjust and measure IF output for source ON and OFF
1# fla9sfmt f2.0:s2F7.25wrt 16sAs1Bloaddle3rs1AloslYLe3) If flag 9, print output in dBm
M=Y+GLI11icl]l *FIND EMR*CED Store power output difference; go find proper ENR
"ot nolse source temp"iCtntTCE- 13W~1JE9@rr:

Y o factort i RS s maxl s 1 HEAE31 130" Limit max NF to 40 dB (Y to 0.14 dB)
"equly 1hrut nolse temprtrlr2-rlY o0 =-102T2TLI ]

=11 *NUTPUTS! Cutput results
1f bie (e S GL T IBCL I i 18T 0 121 PLA-IEICL T3] If needed, store calibration data
i§f flafiato "START" Test for special function key interrupt
et Repeat at next freg
Fet Measurements completed

"FIND EHE":

Mot Je133+081F FAREJs1 13 d=1+dvate +G3if J=03A01+2 1 pliret

1f Jd=rl1lyAl dv 2 ]¥pisret

if FAROJ+1s1 15 041+ J53to ~-2

"interpalate "t CF=Al e LA CAL de e 2 ]-AL de g i cAl Jd¥l s L J=AL e 1 10 +A0 4y 2 o]
ret

"UTILITY SUEBRQUTIHES ™
"FEEL" 1 blti@5Sosls#*pZsret B
E+(pl-12D+p2iret p2

"FI<Z BITS"ti1arihondlomprl vbondiplsp2 i idpdaret

e e e B . I i

"OUTPUTS"

"LED outeut Display

"hiolse fia"sldlosc V- 29@+1 i+n ‘ during

if bit{gs! ~'Hfm 2.8 " MhzsHF="sfe.2y" dBE"5wert Bapr: l@load T /%A1 09 et cal'n

1f bit{S:s31iatn "LED HFLG Different output display for noise figure and gain

Pt |"5.=.1_- " MMz HF="sf&.2: " B’

wrt BaFsHiato "Frinter outeui” Display freq and NF; go see about printing result
“"LED HWFEG 1=t a 1:'..|;[ LICLI+3 1L Ial)-FlAslal+Ysl1alaa(Cl I«2 ) 20041 03

18losd(T-CLIs2 ) Y0 290+] -*E " 1i~'_11r1-'~1.".'11-'+'1'-*|’_'1L [Jrcta 14

fot 5.0 ='I‘1H::§r~l.*_==“1 Fo.2: "dBsG="15,2»"db"

Wwrt BEsFsds Y Display freq, noise figure, and gain

"Frinter outeut”i1f bitidszr=8sata "Flotter outeput” =If no printing, go see about plotting

if I=lscta 4 At first freq get ready to print heading

if bit(Sy503ato "HFLL Primtout” Different printout for noise figure and gain

if fladsato "Print HF' If heading is already printed, skip to print result

fmt "FreadiMHz? HEF B "a/dwrty r273sfa 4 Print heading

"Print HF"ifmt §7.8:F18.25urt r27sFs¥ Print freg and noise figure

ata "Check end of rrint”

"HFEG Primtout™iif fladiato “"FPript HF&G" —If haadlng |s already printed, print results

tfmt "FreadiMHz) HFCJBED GedBEr Tot HF  sourHF s sswrt p2dazta 4 Print heading

"Primt HFLG"i+mt fE.Bads BFE. 200t r2dsFala Vel Print results
"Check end of print”iif I[#Nisto "Flotter outrut” ]
if I#85fmt I5%wrt r2v I

Leave blank lines at last freq




" mm ma

B R gl g L s

"Plotter outprut"tif bitd{l.S0=03rst No plots uniess sweeping

1f bit(8:50=H3ret 3 If no plot is wanted, return
if I=1scll *CHAHGE FLOT FARAMS?? . .

if §l1a95=@icll *CHANGE FLOT FARAMS?® O At first freq check about plotting axes
scl F3-r22r2Ss rad+r22r2Syr7-r22r23sr8+2r23 L

1im r3srds F7s rB+2r23 Scale for noise figure vs. freq
pen# 43line 11f bitiSySsato "Plot corrected HF® Plot solid line
plt Frola88, s Plot measured noise figure vs. freq
if [=Hiren At last freq raise pen
Fet Plot completed
"Flot corrected HF":plt Foloou.Z Plot corrected noise figure vs. freq
if I#Hsiret Return unless this is the last freq (at last freq maybe more plots)
if flaViato "STRET" Test for special function key interrupt

pepscfa {23ent "UHCORERECTED HMF PLOT <% or MHI?"sH$

11 flal3:s"H"+HF Default answer is "N”
if capl(AfI="H"iata "LGain Plot®"

if corCA$> #"“"?atn:- -3

ren® 45 line 291 Plot with dashed line
tor K=1 to HI'FRER' CKI+F Find freq
plt FA1EEHx 18loscTlE 172908+ ]1 rinext K Plot measured noise figure vs. freq
Ferns 1 ine Next plots with solid line
if flaViato "STRETT Test for special function key interrupt

"Gain Plot?"icfa 13ient “PLOT GAIM 2% ar HX?" A%

if flatas™y "'Hi Default answer is “Y"
if coaprtAFI="H"iret

if' ||1|:~'Fliﬁ#"""'s-a'r--:: -3

"Plot Gain"tif fle6=@icll *Gain axis’ ) If there is no gain axis, go plot one
sc]l ra3=-rZZr2dyrd+r22rZisrle=rZ2rZd.riv :

pen#t 23 lim r3crdarlBa 1T+ R4 I Scale for gain vs. freq
for K=1 to Hi-‘FF‘.Ei.-'!-"iI{HF Find freq
plt Fola88.Glk Iinext K Plot gain vs freq
REFY FET Plotting completed
"CHAHMGE PLOT PRARAMEZ":if r21:--_1.=--4-'.l:- “fiefoult frea axis"

cfa 13ient "HEW FAFER <Y or M%7 sHE

if Flatzi“M" -}FI-F . i Default answer is "N”

if cor(Af)»="H"3z+ra Saret
if cop{AF R "Y"ista -3
cfa Sicf=s 63sto "0ld axes QET Clear axes OK flag; go check on desired scales

"Default frea axis"iintiB/lBBEY>r3
it (188802 rd48 14 Corlodifirds 1+pd2v4
COFrSi it rd-r34Vr 23D
1-°r5+rE

"Tefoult HF auxis"12+p¢7512 B

"Tefault |ain axis"td+rlo: J*r1~-| ato CiCheck eoch axiz”

"Old axes OKT":cfa 13%ent "ARE CGLD HA=ES QK oY ar M»?"«A[#

if £1la131"Y"+A$ Default answer is "Y"
if capcRFLl1="Y"ig9to "Laobel axes"”

if capcAFL1 108" "H yato -3

"TCheck each axiz"tfmt "Min frea in GHz Crow="sf5.2s 7307

WEL Barp3sent "Yar3

fmt "Max frea in GHz (now="«§f5, s iwrt Byrdient T Tard

fmt "Tic 1nterual 1m GHz (rows"sFf5.2: "07"5wrt Ber3icnt " Ta D
fmt "#ticsslabel trows"af 2 B 00wt Beraient e rg

fmt "Min Moise Figure 10 dB (hous '!T._-Lflw SNt Ber7rent

fmt “Max Moilise Fiaure in dB {nows "-'r‘ Ba " 3?"5wrt Bardient "V
fmt "Tic intervwal in dBE Cnow="st5 ='$"'-’"a=.-nr't By rS3ient " "ard

-
ol

fint, "#tic=slobel (nowsYatD,2 "0 Ewri. BarlBsent "“srif

fit “Min Goair in dB dnow="sf 2, E-'Z‘-f-'-":iur'z HAarlEsent ""arle
frit “Mox Gairn in A48 dhow="s1t 2.8 7 ‘u”"iurt derldvent "Varly
fmt “Tic intervol i dBE -;r.._._._'.Jr”r;:, AT WET Harldient "Tarli

frt "#ricsslobel (nows"efS5 237" awmrt Brri19ient "Vsrl19
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" omm

“"Label axes"tpclrifmt Swrt "pl"s"0OFP"ired "pl"srlZsrl3srid:rli — Find corners of plot
"# of charocter heights per marain":9+r2231.53+r21

2t a2

Charocter heiaht in HF unitzs"sirf-rV o 0188 r2l-r2223r23

"Character height in Gain units"tirl?-rlél 188 -r2l-r222+r24
"Character height in Freda units 2 108Crl14-rl20 - r2l1irla-rl130-2r22+r25
Crd=r32 r2o+rss

"Frea axis"i1sc]l rl2srlderi3eriSelim rlderldsrl3eria
i

Ce2lz r&ls2airiS-rizy {rld-rizisg

ren$ 2iplt (rld+rl2i 2srl12s1icrlt =8+.58 1] "Freqauency (GHz»"
szl r3-r22r25:rd4+r22r25- 7P -r22r23s rB8+2r23

SOH FrsFroar3srdsre

"HF axis"tscl riZsrldesriZ3erlSiceiz r2les 2y Crl1S=ri13r-/irld-riz2o-398
pent dirlt Fl2irl1S+rl1a3isZslscrplt =9y=1.1531b1 "Hoise Fiaure (B "
sC]l r3-r22r2Srd+r22r20srV-r22r23re+2ra3

vax FasrFsrrsrB8sriBszfa Saret

"Gain axis"isc]l r1Zaridarl3eriSelim riZ2erldsr1i3arih
iz r2l s 22 Cp1S5-r13370pld=-ri12s: 20

pren# Siplt rids(riS+ri1Z0-2s1icplt =5:.581b1 "Gain (dB2"
2]l Fa-r22r25:rd4+r22r28arle=-r22r2d4yr1vi+2r24

vax rdsrlcyricgyri?

yax rd+3r2Sarl8srl1fsr1idr=r19isfs miret

— S = e e e e e e s e e s s e e e e s e e e s e R | S s " | | e s e e e s e s e e e ) = i { i s - e e = e e s e s

"THSTRUMEHT SUBROUTIMES™:

"TEST IF":cll *HS OM'i*TPHM**rl Go measure ON noise power
if pladle-5%anmp 3 OK if pl =-20 dBm, so go measure OFF power
if A=r29ibeepridsr “"1-F SATURATED! PROGRAM STOFPED"3s icl 7iend Error
A+18+Acl]l *ATT'CRM»iato "TEST IF Raise atten and repeat measurement
cll *HS OFF*S*TRH® +p2 Measure OFF noise power
it r2rl.258e-Cirer OK if = -49 dBm so return to calling subroutine
if R=r2diime 2 1 Do not lower atten beyond min allowed value
A+l1finL s C1l0luadwlisleldr+ZE8 01002 +A

nasl FREs B3R el CATT? CAYS9te “TEST IF- I Lower atten and repeat measurements
1f p2¢Se—-1B3beeridsr "LOW GAIM! PROGRAM STOFFPED"Y1cl Tiend Error
Fot "SYSTEM CAIM MARGIMAL AT '« 45. 8. "HHzZ" Warning
rt BaFiheerpiunit 1HAA Display freq of marginal gain
ret Measurement complete
"ATT"iintiplis+pl General subroutine for Model 11713A
mintrelyiZl p el lmoa Bl 2wl

intiplslAispZsif p2=12311l3me

fxd B3cll *swt#*ip2Zs1d 10 dB step atten connected to "X" output

pl-1ldpd+pa
Cl] "swit#? CpEaSriwalt ZHsret

"pl+d{pIrIi+ns
1Apo+mS dnp

"t R 1RiepIiif RLET
1f bitipgsplripIZtRet
pltPotlind+pd
pE+l*RES LF pEC4Tanp ~2

if pd43if PSIfmt "A"f4.8: "B 54,850t Tttt s nSapd ret
fimt "H"»+f4.8514 poiwrt "att T apSiret

frt "BEUsfd.B3wrt "ottt Tapdiret

L1

"HE OMTirem TifmT CoeoTIiWFT CRETe 28R waitl Us ret ———— Subrouline for Model 6002 A-001

L1 LTI L nmme

"HS OFF"irem Tifmt caziwrt "ne™s "FARA"Sait YW ret ———Subroutine for Model 6002 A-001

“TPH "t fmt awrt “ten s "IR+T " imt Zhae9.B83red “tensplipZapispd ———Read power
Fomt Suwrt "tem sy "HHET i fut Shse9.8 red "temnTsplepZinZind subroutine
if p2>73vi1if p3=ES:iret pd

if PI#ESsato -3

pd+eZiwrt "teay "Tired Tten T aplapZiptied
gt =11if absil-pS-pd42<.81258 et B4




CTPME" s mt s et *F'H"."":].I“
fot By3xafd.Bired "temnaplapd

1f p222330p =2

Zero-set power meter subroutine

et Ctemts VSR

Assure reading is close to zero

L T = 5 a0 OO

Fed "tEpm splapd
ato =211if mli84;5 ret

Program to read absolute watts

TEGETscll YEeVEH FERT Opd

rrret

Repeat reading until no longer in auto-zero

CEGLT Il fEeYER LEVT IRl bEret

Calls proper LO subroutine for freq

"ERZHC FRE"I(pl-ZERulEldsleeps

Calls proper LO subroutine for level

P Tod Fad Pl Pl Pl Tl Tl Tt Pl B Pl P Pl e e

fut "MIB4Y"2f4,.8, "E"Twrt TloMapdiret

Model 8620C freq subroutine

0 e A0 D D 00 00 e 00 Q0 0 K008 00 00 0 Tl

= i O e Ol P o= Sl 00 T O

Model BE72A subroutines
Freq subroutine

|38 12+l Level subroutine

flearlslB2s "0 s et
lej*r SR =0

8660C freq subroutine

"BE72A Dlewvice Subroutinez":
2 "EE?:H FPE tvaxipl 2080 +pilimintel, 12000 4 p]
249 Fn TEUa 9,229 St ot apliret
2 S672H LE““'+m1 KT sZhe "BV " abi1f RL:
29 it rli-12 U-urt "lo"s 5% eladimiret
2981 if pl>3iwrt "lo " d8sB8l-pla51lsret
299: ipntiobz(plsl@irisp2iurt "lo"yp2+48.:.51i-10p2-pl:s 498 ret
SEE
2Alr "286A Device Subroutines i
A2 "A56ed0 FRE"itfmt f.Bazswrt "1o s 1y’
e "EEEEH FRE":fmt bsf.8vziplsil+ip]l =

1.
2042 wrt "lo"aT3-Zr@sf Inwt dlegpZ 1800 S
"EeEl LEYTifmt fFoBsziwrt Tlaos P It d

Jae: "Inw"iplend
387V ato

eltbt

389 "geeZA Device Subroutines

2188 "Be6dH FRE":fmt "fri«fl2. Py "miz"suwrt
211 "266ZA LEY"ifnmt "op ste.ls"dmiuwrt
*#23135

+Asintirpd rA18spds 1B rolpd i +p 2o 2*n3s it

8660A freq subroutine

ae=plezls O v et

8660 level subroutine

CpS+l+pSir=pliretl poo

8662 A fundamental freq subroutine
8662A level subroutine

25




___ Annotated listing of Mixer Noise Figure and Loss Program.

[

"IMTTLHquFTIDH ttime SE@Urc]l Jaclr Tilold

“24EB-426A AUTOMATIC DSE MIAEE HOISE FIGUEE

L LI5S PROGEHAMsZ@@d41s":

=

"molse source Woit times":0B+YsHaL

r ot 31 rAH,”[d BEE*FIcll *FIY BITS! cMaPsS0i520 Initialize system state

: if r@isto "STRRT® Senses whether all variables need to be initialized

odew fteata7l3 " 1lo" s F1F TR TV Tant T V28 TR]]

: psc 7ESscfa §eHradV If no plntter changetu ‘psc ¢, device number of printer
dim ASL11sCHIP2ToA0 20610 EL 21 GE B: 181 1 TL@: 10l HP[B:s1s2asrll

Power supply response times

"IF outrput otten limits" 1182 r28s30+r23 rds+H Change limits to suit IF amp

Loads special functions from file #1; default ENR

Load ENR data

L EVIcfs Tiren )

Branch to subroutines
»~—according to special
function key command

Zero-set completed

Go get new freqs if desired

K]

1

=

4

5

i

g

91

16: 1dk 15if rO=0315.2+r0

11t ent "FILE # OF EME DATA® ' sxildf msCFsAl=]
12: 296srlient "AMBIEWT TEMP IH E"srl

132

14: "START" -if flafiotd?1?7+Micll *FlIs BITS'OH
15: if bit(4:533dsp 311l *ZERD SET?

16: if bitdlsSiidse scll *SHEEF?

17t 14 biti@sSisdap scll *CW

18 if Bit(2aSeidep slcl Ficll YERT FREQ?

19: if Biti9«eSascll *HE OM'slcl o

28 otdlad@asmMifaPicll "Flx BITSY cHaPs S

212 if bitel8:523cl]l 'HE OFF*s 1ol ?

223 otdZeaasMiasFicll *Fls BITS  cM.Pa5)

234 d=p "AWAITIHG MEASUREMEHT LDMMiHD'

241 ato "START®

29 end

Y

27: “ZERD SET":trem FPicll "HS OFF*scll ®"ATT (118331l *TRAZ scll *RTT (A
281 ZO+Mig+Picl]l 'FIX BITS'CMaP» S TFMI #hiret
Py |

2m: "SLHEERPT s

F1: if bit(2s525cll *EHTER S=25°

1
if B=@scl]l YEHTER 5557
338 if bit(Sa50s

it fla2=05otdlaa+M2Picl] *FIH BITS iM:F.32

If freqs were never entered, go get freqs

If cal'n is necessary, set bit6

- R A B = N I E S ]
A5: ato +231if bitigsSricll *CHLYratao +1

Calculate number of fregs to be tested
Go calibrate if needed

! dep "COMHMECT DEVICE UHDER TEET '3lcl Jizte

SEt cll *HF?

Fem ricll *SGF* (B 13+Lscl]l "SGLY«Lxacll *RTTFLA, Initialize signal freq and level

Go measure noise figure at all fregs

39: 2+MyB+Picl]l *FIX BITS CMaFsS2iret

41t "ENTER S55":ci=a i13ient "START FRED(MHZ 7",

42: ent "STOF FREGCMHzZ 2 "al
43: ent "FREG STEFCMHz»? s 1
447 int{(C-Br-Di+1-+H3 _' H*1813sto "EHTER 5557
45= 4+MiB+Picl]l 'FIX BITS'CMaPySosret

Measurements completed; return to initial state

(m

Assure not too many freqs for array size

Freg entry completed

Go get new freq if desired

47t "CH"tif bitC2,533icll '"ENTER CW?*

45 if G=wicll *EWTER CW®

49: 1f bitiSsSrsif flad=@iotdlA@=m-Frcll *FIX
ols HeH

51= gto +251f bit(&s5iicl]l *CHLY'sato +1

If CW freg was never entered, go get freq
BITS* CMsPs50 If cal'n is necessary set bit 6

Go calibrate if needed

92+ dsp "CONHMECT DEVICE UMDER TE=ST"Slcl vVazir
5;:: Fefm cacll "SGFY(Gai13+Licll "SGLYcLrscll
S4: cll *HF'ssta "CWS

==k
596 "ENTER CH"icfs 13fent "CW FREGCMHzZ"s0

i

SHTT' CAD Initialize signal freq and level

Measure noise figure and repeat CW measurement

S7: 4+Mi@AsPicll "FIx BITS dMaFaSiiret

59: "EXT FRER":rem V¥
6A: if bitd11s:533c11 *HEM EXT EHR?

Freq entry completed

Go get new ENR if desired

Bl: cll *TEST IF*cns¥2 Go adjust and measure IF output for source ON and OFF
B2t 1if fla9ifnmt 1'.:.|Els_+f.2 wrt 16rFsiflosd¥ielyiBlaac1e3r —If flag 9, print outputs in dBm
£3: "hot nolse source temp iitntird 18 +1:298+r2

6d4: Y foctor®iBoYeYsmaxcyal.88353L130Y

65! "equiv input holse temp tir2-riYr Aoy =121
66 "holse flaure“i11B8loscT 298+1 i35

71 CoutRuts ifit HF=",§5,2:"  EHR=".fd.13urt

BE: 1f bitd7Vs52iwrt r2vsssrd

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

B s ri

B3 if flafisto "START”

If desired, print result

var ato "ExXT FEER"

Test for special function key interrupt

Repeat external frequency measurement
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EE EE ®EEF ®EF WE =S8 @E &8

e mE mE EE
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i i
= =)
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et b i i e et = s i el e ek b R b S b b b ek e
Cod o o G Do [l Pad P [l Pl Pl Todd Pk B0 Tl == = = 2 b el et ==

"HEW EXT EHR":fmt "EHRE (now="»f35,.2»"3?"5uwrt BarBsent ""sri
daa+Ms@a+Ficl]l *FIx BITS* cMaFsSoiret ENR entry completed

"CAL":dse "REMOYE DUT CCOMMECT MS TO RCMEX"sste

"enter IF frea"iif rZ28=0:338+rz8 Default value 15 30 MHz
cfa9 133fmt “"IF FRED Chnow="sf7.2s" 107" 3urt BsprZ@sent "7 rZH
cfa 2ycfa 3srem FalzZa+Lscl]l *SCGLYCL2scll YZERO SET'icll 'HS ON?

for A=r28 to r29 by 1@83cll "ATTY (A PTRMY +H+PLA- 1G] — Step atten and store power readings
if A=r28iif Xrle-Sibeepidsrp "HI GAIW OR LO ATT! PROG STOPFED!"i:zte

if fla9ifmt f2.0:110.2%wrt lesRs181lagdHi+30 If flag 9, print output in dBm
hext H

r23+Rscll *ATT* (H>

FEB4Ficll *FIND EHR'(ED Go find proper ENR

<1l YTEST IF* ¢ asm-Y+CLLISPLAS1B]2FLS] Store power difference and atten ref power level
“hot noise source temp i (LRt ESA1A)+1329@+r23r 20

"Yofactart i oYY InarcYe 1L BASE1I 13 Y Limit max NF to 40 dB (Y to 0.14 dB)
"eayiv input nolze temp iirZ2-riYaosoY-122C0213T

fmt £5.8»" MHzZSIF Ampe HF="sfo.2:" dBE"jwrt BsrZ@s.1@loscT-290+1 ) ~Display IF noise figure

W lt ZEBEBs=+9 Zisf3 O Set calibration valid flags
if flaFiato "STHRT® Test for special function key interrupt
otdlB@asMaa+Pacll *FIs BITS ciMaPaSiacl] *FIA BITS Y CMaFs G2 iret Cal completed
"HF"ifor I=shitdlssy to My 'FEEO" (L #Ficll *'SGFPOFS Set freq
cll *TEST IF* CHa'¥D Go adjust and measure IF output for source ON and OFF
if flagifar F2.002F7.25wry 1G6aFy tBlosddledislBloaiy el —|f flag 9, print output in dBm
A=TY2GLT1icl]l *FIMHD ENE?(E! Store power difference; go find proper ENR
“hot holse source temp iitnT(E-/1B8:+12298 2

"V ofactor RS A s mox (Y. 1. 88331 1305Y Limit max NF to 40 dB (Y to 0.14 dB)

"equUiy 1nput nolse tempiorZ2-rlY o0 =10+T2T01 1
cll *OUTPUTS?

Output results

if flafiato "STHET® Test for special function key interrupt
hext I Repeat at next freq
et Measurements completed

"FIMD EHE":

moxt Jelred8id FaALJe1 15 d=1+dbato +B31Ff J=@sAL1s2 13l rret

if J=rllsAC A2 1»mlirat

if FrALJ+1s1l 13 d+l=daata —-2

“interpolate " tF-Al Ly 1 10<Al J+ 12 1-AL Ja 210 AL J+ 1o L 1-AL J2 1 Ja4HL Je 2 15m
et

e e e e e e e e s =) e s e ] e =] s

CUTILITY SUBEOUTIHES™:
"FREG" 2 if bitC@SasG+p2rret pd
E+ipl=11D+p2iret p2

"FI# BITS"t1ori{baondicrmprrlspZirbandiprl 2 i+r3s ret

e e . M R R D B R Rl G B S S S R S

"OQUTRUTS " :

"LED codtput i

"nolse f19"1181oadT-290+] 44

if bitcSsSrsata "LED HF&G Different output display for noise figure and loss
fat +5.8«" MHz MF="-fE.2:" dB"

wrt BsFa¥iata "Printer output” Display freq and NF; go see about printing result
"LED MF&G"s1zfa 14yGLIIPLE I r26-vrlo ClL I-FPLA-1B 1 ra-rilasl

18109l 2 17298+1 >+l

18109 (T=-CL2 /Y2 290+10+3+2y 101oacY -3+ 2GL I Jrcra 14
fint F5,.8: "MHzINF="+¢5.2: "dBsL="s15.2:"dB"

Wwrt BsFsls=Y

Display freq, noise figure, and loss
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"Printer output"tif bitd7s52=@i3to "Plotter output” —If no printing, go see about plotting

if I=lscra 4 At first freq get ready to print heading
it bitcSaSriato "HMFLGLG Printout” Different printout for noise figure and loss
it fladiato "Fript HF® If heading is already printed, skip to print result
tmt "FreatMHz:» HEFCAE) " s “wrt r27isf3 4

"Print HF"ifmt §7.8:F180.25urt rZ7sFs i Print freq and noise figure

ato "Check end of print”

"HFLG FPrintout"iif fladiata "Frint HF&G" If heading is already printed, print results
tmt "FreaiMHz> HFEOABED LidBy Tot HF  rouwrHF totHF-rovrHF+3dE s - — Print heading
Wrt rafisfa 4

“Print NFEG"ifmt f5.0:4:=28F8,25urt r27sFa 2=k lsn=H+3 Print results
"Check end of print"tif I#Hsato "Plotter outrut”™ ) -

if I8B3fat 373wrt p27 e Leave blank lines at last freg
"Plotter output":i1f bitils3Si=Biret Mo plots unless sweeping
if khit(850=Airet If no plot is wanted, return
if I=1icll ’CHANGE PLOT FARAMS?' - -

i §1a5=@ic11 *CHAMGE PLOT PRREANSTY S At first freq check about plotting axes
sl F3=r22r2Syrd+r22r29sr7=r22r23r8+2r23 1 - :

1im F3srdsrrs rB+2r23 Ie Scale for noise figure vs. freq
ren# 43line F1f BitiS:5S2iato "Plotv corrected HMF® Plot solid line
rlt Fo10668, 5 Plot measured noise figure vs. freg
if I=Hiren - At last freq raise pen
ret Flot completed
"Flat corrected HF"iplt FolOB@, 2 Plot corrected noise figure vs. freq
it IT#Hsret Return unless this is the last freq (at last freq maybe more plots)
if flavsiato "STRET” Test for special function key interrupt

reritcfa 13%ent TLUHCOGRRECTED KF FLOT <% or Ha?"1H¥

if flal3s"H"+A% Default answer is "N”
if cap{A$)="H"s3ato "Gain Plot?"

it cap(AF &"Y"sato -3

ren® 43 line Za Plot with dashed line
for K=1 to HI'FREO CKI+F Find freg
rlt Fo1888s18lo9dTIk ]1-298+] Finext K Plot measured noise figure vs. freq
pens line Next plots with solid line
if flafiato "STRET" Test for special function key interrupt

"Goin Flot?"icfa l3sent "FLOT LOSS OV or NI?"A¥F

if flal3i "y +As Default answer is "Y"
1f cap(AE)="H"sret

if cap(HEJH"Y"§atn -3

“Flot Gain"iif flaea=8icl]l "Loiln axas? If there is no loss axis, go plot one
sl rE-r2ErlSard+r22r25 FlE-r22r24, r 1742724 | Scale for loss vs. fre

pren# 331im r3sardsrlesrl?+2rid J -1req
for K=1 1o Ni*FREQ CK)+F Find freq
prlt FA1B888,-GLE linext K Plot loss vs. freq
FERiret Plotting completed

"CHAMCE PLOT PARAMS?Ttif r2l=@jato "Default treq axis”

cfa 13sent "HEW PAFER <Y or HIT":HF

if {1913y "N"+R$ Default answer is “N"
if cop(AEI="H"§izt3 Siret

if cor(A$FIE"Y"iato -3

cfa Sicfs giato "01ld axesz 0K Clear axes OK flag; go check on desired scales

“Default fFrea oxis"tint (B 188080+ r3
int (0 1808 Y3 rdi 1f CAO10AUHrds 1+rd=rd
O rSi1f rd-r2iVa,2¥r5

1/r3+ré

"Default HF axis" i3y 7y 138y  22r3iSar1n
"Default 90in axis"id32ricil3s+rlidr.22rigsSerligiaio "Check each axiz"

"Old oxes OE?":icfa 13sent "ARE OLD ARAES OK Y or HIXY":A%

if flal3s"Y"+*A% Default answer is “Y"
if cor{A$L1l 1 ="Y"33to "Label axez"

if copCH$FL1 ]2 "H " »ato -3
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"Check esach axiz"

Wrt H:r3ient
fmt "Max frea 1n
ftmt "Tic 1nmterva
fmt "#tics=slabel
fmtr "Min Hoise F
tmt "Max Haoise F
fmt "Tic 1nteruya
fmt "#ticsslabel
fmt "Min Loss in
fmt "Max Loss in
fmt "Tic imnterua
fint "#tic=-slabel

"Laobel axes"ipcl
‘# of choracter
"Character heigh
"Character heigh
"Chaoracter helah
(rd=r3h - r25+r25

"Frea o<izs"1z20

Cs1ZT r2ls2syirlS-
rend Ziplt (rld+
sl r3-rZ22r25rd
¥ilE FrarSsrZsrda

"HF axiz"tscl ri
rer® 4iplt rlZsd
gcl r3-r22rz29srd
viadE PRarPsris rEs
"Gain oxis"iscl
c3lz ra2ly» 22 CriS-
ren# Zirlt rids
¢l r3-r22r25:rd

yax rdrriSsrigsrid

yax rd4+3r29sr18,

“IHQTHUHEHT SLBR
"TEST IF":icll 'H
1f rldile-S3amp 3
if A=rz9ibeepids
H+iH=H:c1l]l *RARTT?®
cll *HS OFF':*TP
if pr2>1.258e-2)re

ttmt "Min trea in GHz dhnow=" 5,2, 532"

s b
GHz (how="sfS5.2: " 32" urt Bsrdient ““srd
1 1m GHz dnows"s S5, 2" 02" fwrt ByrSient ""arS
Chow="sf 2. Bs" ,”"urt BsrEient ""asr&
laure 1n dB dnow=" ;Fb.ﬁn“ﬁﬁ“'mrt HerPeaent “"sary
19urse 1n dBE chnow="s 2.8 " ‘surt Bar8ient "Verd
1 1n dB Lnnm=“:F5.E-“'?”'mrr By rSsent “""ard
ChoW="a 5. 22" 2% " fyrt Barl@ient "".ri@
dE Chnow="f2. 8" 37" 3wrt Barleient ""srle
dB (how="sf2.8:« 22" urt By rifient ""arl7
1 in dB (how="sf2,8:"22"5wrt BsriSient ""srlE
CRoW="2f5. 22" 0T wrt Barl9sent "Tyrl3
rafmt swrt “pl"s"0P"ired "pl"sr1Ziri3aridsr1S — Find corners of plot
heights per marain"iS52+r2231.52r21
t in HF unitzs"i{r&- rf;;klﬂﬂ-ril—r_xﬁwrlﬁ
t 1h Galn untts"tcrli?-riar (188 -r21-r22)+rz2d
t in Frea unite " s 1B rld=rl22 r2liplS=-pl30=2r223r 25
rl2erlder12er1Sslim rl1Zsridari3sris
5'13‘ Trld-prlzZ2oaH
1202y rlZelscplt =85 .58 1bl "Freauency (GHz»"
+r22r2SsrV=r22r23s rE8+2r23
e
ZyrldsrlZsriSicesiz r21024rl1S-ri30drid=r123,9A
rio+rli3d-Eriscplt -59:-1.131lbl "Hoisze Fiaure (dB»"
+ 2D r=rZ2r23s r842r23
riBisfa Siret

Fl2arldsrl3eidlSrlin Frl2rrldarlizrls
F130A0rld=-r12as 906

Fi15+ri3is2sl3cplt =5+.951bl "Loss {dB3"
+r2ir2Sarig=r22r24,ri7+2r24

i/

FlérrlVs—ri19isfa Eiret

OUTIHES":

S ON*3i*TRM  sp1l Go measure ON noise power
OK if pl =-20 dBm so go measure OFF noise power

U I=F SATURETED!Y PROGEAM STOFPPED"s 1ol Fiend Error

dARYrata "TEST TFC Raise atten and repeat measurement

M1 ap2 Measure OFF noise power

&t OK if = -49 dBm so return to calling subroutine

1f A=rZ283yimp 2
A+lAintsdl@laalp
maxir2SsHI*H ol ]
if p2{Se~-10ikheer
tmt "SYSTEM GHIH

Wrt HsFibheeriwni

Do not lower atten beyond min allowed value
l¥le2d+22 0 100 +H
YATT? CAX3ato “TEST IF*J

—Lower atten and repeat measurements

sdep CLOW GARIM! FPROGEAM STOFFED"ilcl Tiend Error
MAEGIHAL AT" 45,6 "HHz' Warning
188 Display freq of marginal gain

Fet

"ATT"fintipl+pl

mintela 1210218 ma

intiplsl8+p2y 1§

Fwd Bacll ’;‘;.h]'[.#-'[FJIE

rl-l8p2+p3
cl]l "zut#'{pI5D

"zt RT IRl RSYLF
1f bit(pGap3ispd+
protpetlBpdrnd
FE+l+pEY1f REC4S
1f rdaif pIafmr
frt "H std,B:1¢
fot "BEUstd,850rt

'I-I

Measurement complete

General subroutine for Model 11713A
3 LL'hln-lI. }I'\-'l.

il 10 dB step atten connected to "X output

tWalt 2Es ret

plxipl+d(pIr2ispl
pe+ldpS+eSt inp 2
appe =2

A" 4.8 "B s 4. @iwrt "ait"srSipdirst
PRIwrt “atttapSret
Attt apdr pet

29



RS OH":rem Fifmt coZiurt "ns, "FIEA"iwait Ul rei ———— Subroutine for Model 6002A-001
"HE IFF I rem F1fmt CaZiwurt "ns"e "ZAEE"Twait Y ret ——— Subroutine for Model 6002A-001

e3.Bired "tpa spliR2IRSI Y ——— Read power

"TRM s fmt Surt "'t-q:m -lrh Tsimt 3k
sred "tes"iplaeZipdied subroutine

Fat swrt “tpe s
if R2riavif ﬁ3=EuJ;E-E't- F-“--;I-
if rE#ESiato -

pr44rSTwrt "tea"s T ired "teataplipdipdipd
gt =181f abs{l-pSrpdid . 012 ret md

Con e B Bt Il Bt [ Bt

Oy 00 S i o 00 w0 00— O L0 e

Fun e PO T Pl P T Tl P Tl Tl Tl Tl T

0 0 0 0 00 O

-
gt

"HEZAC FRE":ipl-ZARB 10 1g4p2 Model 8620C freq subroutine
fot "MIB4Y " ¢+4,.8-"E"2irt "1lao"

"TPMZ"tfmt Swrt “temts 2110 Zero-set power meter subroutine
r +'|"1T, he3xstd.Bired "tpn"splipd . .

228t if p2>2iinp -2 Assure reading is close to zero
2898 wrt "teeTs T9RTIC Program to read absolute watts
294 Ed “temaplapd .
2918 9to —-28if pldedsret Repeat reading until no longer in auto-zero
29
2931 "SGF":icll *2672A FRE? (piliret Calls proper LO subroutine for freg
254
235: "SGL":cll *8672A LEY'iplliret Calls proper LO subroutine for level
296
2
£

L e B T s R Y e YN RN Nl N n Y

[ = D o 0

mm mE @E EE B EF =F =m §E E&i EE @§F 2 FE

"BRTZA Deuvice Subroutines i Maodel 8672A subroutines

3 "SETZA FRE"imaxd{pisZ200080+rlinintpl, 13088 +pl Frequency subroutine
2 Frt "F'".F:r_':'.E!."'.E'.f'- sirt "lo"apliret
IAI: YHEETEA LEY"ifmt “K¥e2b."87"sbiif plr135132%p1 Level subroutine

4 1t Fj'].'i_l:?li";h.il"f TioTe DYkl 4 ret

5 if elr3suwrt “"lo " «d48:81-plas5lsret

E intiabsipl 1@ 03p2wrt "1 s r2448: 5 1 rlsd495Fet

¢

E.

pEl Device Subroutines"!

"EEEEC FRE"tfmt f.Bszsurt Yio st Inwtileermlsifys "0 rern —————B660C freq subroutine
GEAA FRE“ifmt hef.Bazipl dl+0pl »=12083p00 2R 8660A freq subroutine

Wrt "lo e TE3-2p0. It dleep2s 180 0" ret

'ahbH LEY “ifmt f.Bszsuwrt "lo s Inucl3-rls32s’
Thw"ipls ed

atn +Alintipd s 108%pds lBCF ro(pdl+p2iap2iif (pS+1+pS0i=pdiret P

m

il
M

8660 level subroutine

ad Pl =D

X BF == == &8 RS EX AN EW m=E

-
—

2e62h Device Subroutines @

SEE2A FRE™ifmt "friefl12.7:"mz"tuwrt "lo splrret —— B662A fundamental freq subroutine
SEE2A LEY"tfmt "ap sfE.ls"dn"iurt “lo"iaplsret 8662A level subroutine

h_hq—nn—kl—tul—-hh!—hl—-l—hl"f:lﬂilli:lﬁ:"lﬂlﬁl'ﬁi
Ll

WG L Calr Ol el el D0 D CaD el el )y e D

T 00 =0 O 2N

ra=)

-




__ Listing of special function keys for noise figure programs.

f8: +"SHEEF"fowd feas #"MO PREINT s
iFEIF I *Ms 2+Pyio otd (ZOB1+Mid+F3
ribondicmrMs&ils ioripandicmalls =
Fialirsfay TsFPi+Ssctad

1l #"CH"fovdiVa fves #"HD FLOT i 0
a7 iT+MILlPsiorib td (4881 +MyB2F3 1
andicapMs @) sPI2 oribanalicnpMs 5]
dicf a7 =Fl+Sycfabrpen

i *"ExRT FREED": Foro#fmt TS5 45
(2771 +My ot d LHy Y BETa D80
I+Fiioriband WET 1BacdtoSscotg
= IERE I

e

£14d: SE DM
i3 «"MF OHLY" 1 s

Y
N iy 3T
= b G

« 5 (L

= 178 il

e L

T
L LI O S

. .

T+MeB@+Fa 1
dlcmpMs 1
=¥ay

o B =R BT
T .

T I e R
=1 = i

f31 *cont @ f11: *"HOISE CFF
sotdiVBET ) 0o
td(Zaaai+Fiior!
d (cmpMa Bl o F
124

Jo I w
o |
alli

-] =

i3: #"EMT CH"ig
1t (TAST) *MIS+P
ioribandicmeMs g
Rl IR

rdgi@l+Psi1oriba
ﬁdiﬂmﬁﬂlg}ip]&ﬁ
=3

51 F"HF & G'ro
didd3i+Mrotdid
1+Fiioribandic
a1 Pl205c¥3

CARL™:
+Miotd
ar (ban
PPl

e
r

e
T
" omm

o L
170
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_ Annotated listing of Data File Construction Program.

K rows and L columns

If no old data, go get new data

Load old data

"PRINTT: "7 +E% _
ent "PRINT CALIBRATION DATA <% or M7 :BF

Option to change data

At "DATA FILE COHSTRUCTION PROGERAMF":
1:
2: "THITIALIZATION: ) )
2t dim BEL21CS[72 IR0 2006 15 2@K 6L
4: ent "0OLD DATA FILE#=7"s4
51 it flalzsato "HEWDATAHS
B ldf meCFyAL+]
7y ""aBfient "CHRMGE DRTH Y or MOTT.HE
@t if caopdBELiJa="H"s32to "PRIHT"
At if cap(BFLLI)»#"Y"iatao -2
ig: ato "HEWDATAR”
113
iZ2: "HEWDATA":fent "DESCRIFTION"LCF
13: ;r i‘:ji = II: Display existing data column by column and invite change
14 tor I=1 to K
15 #mt 1s"AL s F3. 0 e 23,8 " Jirnow="sf 1@, 35urt .1:Is Al Isdvent " sFAC L 11
16 next 1
7 onext J
&

if capdiBFL1])="H"53to "MURE LUHHHLES
if copcBEf110&"Y " "Tatn "PRINT®
Wt BsCEIfimt 1375 uwrt m.1

fat 1sflB,.dezitmt 2

tor I=1 ta K

EE TEF TWEF =%

Option to print data

Row number

Line feed at end of row

H = .1

: IFET %I.LIIH'[-IL:_J}T“ Print each column in this row
st J ‘Ir

Pt B, 2

= next L

el LR s e SRy I ) T

el G PO Pl P Tl Tl fadr Pl Bl ol Tl et e

"MORE CHAHGE :""*Es%

MNext row

Cen g
B

S

et "HHY OTHER CHHHG
2 it capdBEL1]i="H" a9t

a5 1f copdBELL]="Y 13t

A6t 3to "MORE CHAMGE®

S

38 "STORE":zent "FILE # T STORE HEMW DHTH"Hﬂlh

3%: if flai3iagto -1

Lo
e

CETUERE S

ES (Y ar H:2?"B¥
i
o "HEWDRTA"

Ga1 pod HeCEaALE 1 reu J'
341: ernd
FA2E15

QOption to further modify data

Record data on cartridge data file

32




/A Eackaro

5952-8218 Printed in U.5.A.
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