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1. Introduction 

Modern receiving systems must often process very weak 
signals, but the noise added by the system components tends 
toobscure those very weak signals. Sensitiity, SINAD, and 
noise figure are popular system parameters that characterize 
ability to process low level signals. Noise figure is a unique 
parameterin thatitis suitable not only for characterizing the 
entire system but also the system components such as the 
RF amplifier, mixer, and IF amplifier that make up the 
system. By controlling the noise figure and gain of system 
components, the manufacturer directly controls the noise 
figure of the overall system. Once the noise figure is known, 
system sensitivity and SINAD can be easily estimated from 
system bandwidth. Noise figure s 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 implics 
that highly repeatable and accurate measurements between 
vendors and their customers are very important. 

Accurate noise figure measurements are valuzble during 
design and manufacturing. Low signal level applications 
tequire 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 withan input SWR 
of 2,0, the root-sum-of-squares measurement uncertainty 
with this system, considering all effects, at most frequencies 
is only about £ 0.22 dBa 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 t0 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 accepied 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 mamual 

tabulation of data requiring correction charts and graphs. 
Permanent records are available for use by vendor and 
customer, labs and production, quality assutance and other 
functional areas. Simplified system operation with the 
required output format means that highly trained personnel 
are unnecessary for testing many components at  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 purposcs 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 cquipment. A third aspect of flexibility pertains 
<0 the software. The programs are written in sucha way that 
the measurement results, for example, may be printed on a 
special form or special measurcment 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 ta other capable 
computers. 

‘This application note describes the details o 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 d436A 
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 
1o individual applications. The major example eovered in 
this application note is the measurement of alow 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 measurementss to characterize the 

noise added to the signal by the unit under test (UUT), There 
are two popular definitions of noise figure that yield the  



  

same result even though they seem quite different at  from the source termination is kT,B where k is Boltzmann's 

  

  

  

the outset constant (1.38x10-230/K). T, is the souree temperature 
(290 K), and B is the bandwidth over which the available 

“The first definition describes noise figure as the degrada-  noise power is measured. When the input termination is 
tion in the signal-to-noise ratio between a signal sourceand  connected to the unit under test, it engenders available 
the UUT output. If, for example, the device isexcited witha  output noise KT,BG, where G, is the available gain of the 
generator that is measured to have an available signabto-  unit under test. The total available noise power output is 
noise ratio of 10 B, but the signak-to-noise ratio at the 
output of e device is 7 dB, the device is said to have a noise Nj =N, +kT,BG, -1 
figure of 3 dB. The standard definition of noise figure refers 
10 @ generator whose available noise power output s Noise figure is defined as the ratio of the total available noise 
identical to that of an input termination at atemperatureof  power output (N)) to the available noise power output 
290K. It should be realized that in progressing throughthe  engendered by the source (KToBGy). The ratio, however, is 
UUT the signal level increases (or decreases) due to device  usually expressed in dB. 

  

gain (or loss). Similarly, in progressing through the device, 
the input noise increases (ar 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. 1 i those components of noise that cause  { For perspective, note that if the total noise output i twice 
the degradation in the signal-to-noise ratio. ™= the amplified input noise, the noise figure of the UUT is 3 

Z 4B, Small noise added leads to small noise figures. 

Ny 
KT,8G, 

  

  F(dB) = 10 log -2 

  

Figure I-1(s) leads to the second definition ofnoise figare. 
The total output noise power (N 1) from a unit under test is f Measuring noise figure by directly measuring the ratio 
composed of two components. Oneis the noisc added bythe 2" has uncertainties on the order of 2 dB because the denomin- 
unit under test (N, ) and the second is the amplified noise o3 ator, KT,BG,, is so difficult to determine, A more accurate 
from the input termination when the termination is at the  measurement technique. used in almost all noise figure 
standard temperature of 290 K. The noise power available  measurements, is to measure not only the output noise power 

(N)) of Figure 1-1(a) but also the output noise power (N2) of 
Figure I-1(b) which includes extra input noise from a noise 
source. Figure 1-(b) shows the available output noise power 

— ———  when the input termination temperature is raised by the 
excess noise temperature Tey 10 Teg + T = Thar 

  

Nt N, -N, G . Eibos N2 =N, + kBGy(Tex +To) 3 

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

  

£ ENR - 10leg =11 

FaB)=10log 1= 10 log(N (-4) 
T N; 

   

Equation (1-4) is the foundation of noise figure measure- 
ment. The firstterm on the right side of (1-4) is  property of 
thenoisesource, This term is almost identical to the specified 

| excess noise ratio (ENR) of the noise souree.* The second 
term is found by measuring the ratio of the output powers 

  

  

  

      

ety | (N2/Ny) corresponding to the noise source at the input 
Noia N, being hot (turned ON) and to being cold (turned OFF). The 
e L] m it} ratio No/Ny is often called the ¥ factor. 

w o -     
    L *The temperatures in the first term on the right of (1-4) arc 

= SHIRTIPN ailable  associated with the power available from the source termination. 
Figure 1:1. Bar graphs representing the total available (L V% B0y e Paiiontcain a load that i the complex 

il pawee gutp fro w inkt ndes sescAnd st conn o ent conjugate of the source impedance. ENR, however, refers to the 
parts for(a) a Ty (290 K) source termination and(b)asource  power disipated in 4 reflctionies load (usually 5001 for coaxial 
with an cquivalent temperature of T systems) rather than the complex conjugate. 
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The Noise Figure Measurement System 

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

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

   

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

the noise source s connected direetly to the IF amplifier and 
calibration run data i taken at the IF frequency. Note that 
the broad frequency range on the 346B allows it to also bea 
calibrated noise souree for measuring IF amplifiers 

‘Thenext step s to insert the UUT 5o the system can make 
‘measurements at cach of the desired frequencies. n this case. 
the local oscillator i probably different from the HP §672A 
Signal Generator or 8620C/862908 Sweep Oscillator for 
‘which these programs were written. If 0. a small section of 
the computer program will have to be modified to properly 
set the local oscillator frequency. If the receiver is of the 
hand-tuned type, the computer software will continually 
output results as the LO is manually tuned. The software 
could also be modified to prompt the operator o tune to 
desired frequencies 

  

Ifthe UUTisamixeralone, the IF amplifier is again part 
of the system and the calibration process s the same as for 
the second case above. The 8672 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 346Bis highly recommended because it ields 
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 25 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 beall o or any 
part of the UUT/ Receiver portion of the block diagram. The 
remainder of the UUT/Rectiver block s then considered 

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

   



  

the HP 59501 A Power Supply Programmer are twoalterna- 
tives for driving the noise source, 

The output noise power is measured with the 84844 
Power Sensor and the 436A Power Meter. This combination 
can measure the output ON-to-OFF noise power output 
ratiotoan accuracy of +0.04dB. The 8496G Programmable 
Step Attenuator shown in front of the 8484A Power Sensor 
of Figure 1-2 adjusts the power level to be in the 20 to 
=50 dBm range where the 8484A/436A measures most 
quickly and accurately 

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

Besides the operation of equipment, the processing of 
data, and the presentation of results, the computer also 
correets for several effects that are so complicated in manual 
systems that they are usually accepted as measurement 
errors. First the computer corrects for noise source output 
variations with frequency. The computer memory contains 
measured values of the ENR for the particular 3468 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, 
butit could be as much as 0.5 dB. 

“The computer also corrects for the ambient temperature. 
Equation 1-2) only applies when the source-off temperature 
i5290 K (17°C). For temperatures different than 290 K the 
measurement must be corrected so the results are presented 
asif the source were at 290 K. For measured noise figures of 
about 3dB, this effect, if not accounted for, can cause esrors 
on the order of £ 0.1 dB. 

  

The third type of computer correction is the automatic 
correction for the system noise contributions. Figure 13 
shows how much correction is applied to the measured 
overall noise figure (Fiz) when calculating the UUT noise 
figure (Fy). To use the chart consider that the measurement 
system with a noise figure of 8 dB (Fa) measures the noise 
figure when the UUT is attached to the system and the result 
is 5dB (F ). Further, consider the UUT to have  gain (Gy) 
of 10 B that is also measured by the system. To find the 
corection to Fp, move along the horizontal axis to 
Fip + Gy = 15 dB. Then move vertically to intercept the 
Fa=8dBcurve. Read the correction of 0.8 4B offthe vertical 
axis. Thus the UUT noise figure (F()is 5—0.8=4.2dB, This 
entire process is done automatically by the computer. 
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Accuracy 
To evaluate the accuracy of this system, the errors are 

categorized into four groups: mismatch uncertainty, ENR 
uncertainty, instrumentation uncertainty including receiver 
erors, and variation of the UUT noise figure with the noise 
source impedance. 

Mismatch Uncertainty 
Mismatch uncertainty is caused by rereflections between 

the UUT and the noise source. The rereflections can cause 
the noise power emerging from the source to be different 
than it would be when facing a reflectionless load. The mis- 
match occurs under two conditions, one when the noise 
source is ON and again when it is OFF, and the rereflections 
could have opposite effects on those two occasions. Figure 
1-4shows 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 
ofanoisesource witha SWR of 11 and a UUT witha SWR 
0120, Figure 1-4(the graph for UUT's with a SWR of 2.0) 
showsthat a source SWR of LI yields a maximum measure- 
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Figure 13, The correction due Lo the system's contribution 
of noise to measured data. After the calibration run, the 
computer performs this correction at each measurement 
frequency. 
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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 s taken as 
typical of measurement systems that use the 346B, 

ENR Uncertainty 
‘The ENR of the noise source has a root-sum-of-squares 

(RSS) uncertainty of £ 0.1 dB for frequencies below 8 GHz. 
and increasing to £ 0.19 dB at 18 GHz. At the time of this 

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

  

  

*Prat, R.E..to be published 
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Figure 1-4. The worst case errors in the measured noise 
figure caused by rereflections between the noise source and 

UUT. Each graph is for a different UUT input SWR.



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

Instrumentation Uncertainty 
‘The Power Sensor/ Power Meter combination measures 

the ¥ factor, N3/ N, to an accuracy of £ 0.04 dB. including 
the non-linearities of the power sensor. This compares toan 
uncertainty of traditional noise figure meters of £0.15 dB or 
higher. Receiver errors include mixer and IF amplifier non- 
lineariies, .., different response for the noise source ON 
and OFF conditions. The estimated uncertainty from this 
cause is an additional + 0.05 dB. 

  

Noise Figure vs. Source Impedance 
“The noise figure of a UUT generally varies with source 

impedance in an undetermined way. This means that if the 
noise source impedance isdifferent than SO, the noise figure 
of the UUT is probably different than its value when con- 
nected to a 500 souree. This variation i very difficult to 
determine and is ot considered here. The effect is mini- 
mized. however, by using a noise source with a low SWR 

Overall Measurement Uncertainty 
AnRSS combination of the four remaining uncertainties 

(£ 0.15 B 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 s own exrors because of the measurement ecrors 
in system noise figure (F), overall noise figure (F\), and 
UUT gain(G)). Fora set of measurement data, the effect can 
be caleulated from Figure I-3. Consider, for example, that 
Fyis8+0.25 dB. F 3is 5025 dB, and Gy is 10 £0.25 dB. 
Usingthe 7.75, 5.25. and 10.25 dB extremes for F, F o, and 
Gy, thecorrection( ANF) from Figure 1-31s0.65 dB for an Fy 
0f4.6 B Using the 8, 5, and 10 dB values for Fy, F 3, and. 
Gy, the correction is 0.8 dB for an F; of4.2 dB. Thus 0.25 dB. 
of uncertainty in both noise figure and gain measurements 
could cause a0.4 dB peak change in the final noise figure. Itis 
usually best to minimize the correction by selecting system 
measurement components that yield a small system noise 
fgure. 

Demonstrated Performance 
‘The repeatabiliy of noise figure results from one measure- 

ment system to another is shown in Figure I-5. That figure 
shows three different swept noise figure measurements from 
21012 GHzat 100 MHz frequency increments. Each swept 
measurement used a different 3468 Noise Source, a different 
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84844 Power Sensor, and a different 436A Power Meter. 
Each of the three sets of equipment, furthermore, were from 
different production runs. Vet the measurement results at 
each frequency show a maximurm 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 ako demonstrates that the measuring equip- 
ment is stable with time. 

The actual accuracy of the system s sery difficult to 
demonstrate because present day raceability of excess noise: 

Noi
m 

Fig
re 

(48
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Figure I-5. Three plots of the noise figure of a broadband 
receiver measured by three different sts of measuring equip- 
ment are within 0.1 dB at most frequencies. 

  

  
  

  

amplifier, as measured by this system using two different 
Figure 1-6. The corrected noise figure and gain of an X-band ‘g i 

misers. shows good repeatabiliy    



  

ratio measurements to national standards s tenous 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 meastrements with a different type of system 
with completely different equipment yielded 3.01, 3.03 and 
3.14 4B noise figures at the same frequencies. 

    

Figure 16 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 includinga 
3 dB attenuator at the mixer input. This added loss would 
traditionally degrade accuracy by making the system noisc 
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 
98724 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 17 shows 
them to be different. Although it s beyond the scope of this 
note 1o study the intricacies of mixer operation, the 
conversion loss and noise figure each vary differently with 
Tocal 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 secands. 
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Figure 7. Corrected noise figure and insertion loss measure- 
ments of a double balanced mixer. 

The noise figure measurement sstem of this application 
note, although it mostly consists of general purpose equip- 
ment, can be easily tailored to specific requirements. The 
deskiop computer has the ability to easily and rapidly 
correet for many noise measurement cffects 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 4 few frequencics. 

  

   



II. 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 casy to adapt to other 
needs with minor modifications. Most of the equipment i of 
a general-purpose nature and likely o 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 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 st shows the equipment that has been 

extensively used 1o demonstrate the system capability 
and accuracy. 
Deskiop Computer HP 9825T 

(Other 9825's need 23K bytes memory, String- 
Advanced Programming ROM, 98724 Plotter—General 
1/0—Extended 1/0 ROM*) 

HP-IB Interface Card 
Thermal Printer 

(with interface t0 9825A Caleulator) 
Plotter 

HP 98034A 
HP 9866B Opt 025 

HP 9872A Opt 25 
HP-IB Cables (Im. 4 cach) HP 10631A 
Tape Cartridge for 9825A HPILTIOA 
Noise Source (with male APC-3.5 Connector)  HP 346B 
DC Power Supply HP 60024 Opt 001 
Power Sensor HP 8484A 
Power Meter with HP-IB 
Programmable Step Attenuator 

HP 436A Opt 022 
HP 8496G Opt 001 

Attenuator/ Switch Driver HP 117134 
Synthesized Signal Generator HP 86724 
Double Balanced Mixer HP HMXR-5001 
Dual Power Supply HP 6205B 
IF Amplifier RHG # ET3010 
5001 Coaxial Cable HP 115008 

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 98728 Plotter is not used. 

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

5002 Coaxial Cable HP 110014 
with one BNC (m) connector and one dual banana plug 

Adapters as required to insert unit under test and inter- 
connect mixer, local oscilator, etc. 

Figure 2 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 mixeris 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 characteristi 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 o the receiver. 
Other suppliers of broadband double-balanced mixers 
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Figure 2-1. Example block diagram of the signal path used 
showing interconnecting cables and likely adapters.



include RHG Electronics Laboratory and Watkins- 
Johnson Ca. 

The local oscillator shown for this system s 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, orfor certain gain saturation measurements to be made 
on the same system, the 86724 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 R Section (102.6. 
GHz), and the HP 86624 Synthesized Signal Generator (to 
1.28 GHz). The eritical properties of the local oscillator ate 
that it be programmable for automatic receiver tuning, that 
it have enough power to drive the mixer, and that its phase 
noise and other spurious signals offset by the IF frequency 
from the carrier be low. Some double-balanced mixers 
require +7 dBm local oscillator power to achieve a good 
noise figure. The noise and spurious output from the local 
oscillator, if it causes larger mixer output than engendered 
by thermal noise at the mixer input, will raise the system 
noise figure. The best way to tell whether a local oscillator s 
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. 

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

One advantage to the system described in this note is that 
the IF frequency can be anywhere in the 10 MHz to 18 GHz 
range of the powersensor. Furthermore, the IF bandwidthis 
also flexible. Most noise figure measurements are double 
sideband measurements, meaning that the noise figure is 
measured in two bands, one at fi o + fif and the other at 
f0~ i1 Asthe local oscillator frequency s 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 10 vary slowly with frequency., the 
running average is commanly accepted as the proper noise 
figure with litle ervor. For ess averaging effect, choosean TF 
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 climinate 
10 

one sideband ahead of the mixer. In both cases the noisc 
power at the receiver output due to thermal noise power in 
one of the sidebands is removed. Filier design is greatly 
simplified by using a high IF frequency so that the desired 
RF sideband is greatly separated from the image sideband to 
be rejected 

The bandwidth of the TF amplifier for noise figure 
measurements is usually in the 1 to 10 MHz range. If the 
bandwidih of the IF is excessive compared to the bandwidth 
of the receiver components ahead of i, 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 i 0 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 outpuL. 
Forthe HP 8484A Power Sensor the power output should be 
in the 49 t0 20 dBm range for fast and accurate power 
‘measurements. The power output while the noise source i 
OFF is given in dBm by 

Nogg = KTB(dBm) + G + F @ 

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

Noxmax=KTB+G +3+max (F.ENR)  (22) 

For thesystem being described, the IF bandwidth s 10 MHz. 
and the lowest noise figure of the test system is about 6 dB. 
‘That means the [F gain must be about S0 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 MH bandwidth, and 3 dB noise figure. 
‘The mixer hasabout 7 dB loss and 7 dB noise figure. With the 
aitenuator setto 10 dB and for the noise source ON, the mea- 
sured power levelisabout—20 dBm—just low enough for the 
power meter to read. If, however, beeause of high gain UUT's 
the signal becomes so large that more than 30 dB attenuation 
is nceded 10 keep the power meter reading lower than 
20 dBm, then the IF output level is above about +10 dBm 
and probably t0o close to gain saturation for accurate mea- 
surement, The limits of the attenuator settings for this 
‘program are therefore 10 1o 30 dB. If the program requires 
atienuation outside these imits to make proper power meter 
readings, an error message will occur and the program will 
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stop. Either lower the IF gain or change the minimum atten- 
uation (128 in INITIALIZATION part of the program) to 20 
dB and re-run the program. For UUTS with high gains, a 
fixed AGC voltage will often reduce the IF gain and reduce 
the likelihood of saturating the IF output. One effect of 
reducing IF gain with AGC voltages that the IF noise figure: 
often increases. This means the second stage noise contribu- 
tion will tend to increase so a minimum gain reduction 
should be applied. Slight increases in TF noise figure contri- 
bute little to the overall measured noise figure and accuracy 
for such high gain UUT's 

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

  

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

One might think that an alternative to the step attenutor 
to programa digital-to-analog converter to drive the AGC 

ircuitry of the IF amplifier from the desktop computer. This 
alternative is not recommended because the diserete values 
Of IF gain might not be repeatable and the LF amplifier noise 
figure often increases with AGC voltage and invalidates the 
calibration 

Although the HP 60024 DC Power Supply is recom- 
‘mended for this system, any HP-IB programmable power 
supply, that can furnish the 28 V at 60 mA peak, 30 mA 
average needed by the noise source, should work well with 
suitable changes to the program, 

One alternative is t0 use the HP 59501A D/A Power 
Supply Programmer. This instrument furnishes a reference 
voltage for another laboratory type power supply that 

  

Decimal  Octal  Binary 
Address  Address  Address 
Code  Code  Code 

96254 Desktop Camputer 2t s oo 
96724 Plotter 05 o5 oo 
86724 Synthesized 

Signal Generator A2 AL NIR 
4364 Power Moter 1 5 oo 
60024 DC Power Supply o7 o7 ooint 
1719 Altenuator/ e Oeer 2% M mm 

  

Figure 2-2, HP-IB addresses for the noise figure measure- 
‘ment system. 

  

supplies the 28 volts at 60 mA peak, 30 mA average. The 
reference voltage from the 59501 is programmed by the 
computer over the nterface bus for turning the noise source 
ON and OFF. The 59501A Operating and Service Manual 
has instructions for interconnecting and adjusting the 
59501 A with a laboratory power supply. It is possible to 
adjust the S9S01A to use exactly the same program 
commands as the 60024 DC Power Supply. 

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

Equipment Adjustments 
For the computer to separately command the system 

instruments and reccive data, cach item operating on the 
interface bus must have a different HP-IB address. The 
addresses of the equipment to operate the program are 
shown in Figure 2-2. With the exception of the 60024 DC 
Power Supply. each address is the address that s normally 
on the instrument when it is shipped from the factory. To 
change the 6002A address, merely push the back panel 
address switches so only the three leftmost switches are in 
the down position. This sets the three least significant bits o 
one. If the HP-IB address for any instrument must be 
adjusted, consult the *Qperating and Service Manual” for 
that instcument 

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

Before connectinga 146B Noise Source to the 60024 DC 
Pawer Supply, the proper operating mode must be set. The 
pushbuttons on the back should be set in the constant 
voltage (CV) mode. While set in this mode. the power 
supply can only be operated under computer control —the 
front-pane] VOLTAGE control is not active. The front-panc] 
CURRENT control must be rotated clockwise at least 
two turns. 

Operating the System 
The noise figure measurement system has been pro- 

grammed 10 be operated from the computer keyboard, 
especially from the special function keys which act as the 
main control panel of the system. The operator should be 
familiar with operating the computer from the keyboard in 
such general matters as loading a progeam from the data 
cartridge, running a program, Stopping a program, elc. 
Consult the *Operating and Programming Manual” for the 
computer to help achieve familiarity. 
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At certain times the program requires the operator to 
perform a function such as to conneet a new device to be 
measured. The program pauses with a prompt message i 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 1o be 
plotted on a graph. If the operator presses the CONTINUE 
key withoutentering 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 bution on the computer should only be used 
‘when starting the program for the frst time. Ifthe program is 
stopped, for whatever reason, the CONT O special function 
key should be used to restart the program. The reason for 
this is that RUN initializes all variables of the program to 
zero and such variables as calibration data and parameters 
for the plotier 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 
10 do, it displays AWAITING MEASUREMENT COM- 
MAND until the operator presses & new special function 
Key 

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

ENT §,5,5: Interrupts whatever measurements are being 
‘made and begins prompting the operator for new start,stop, 
and step frequencies for swept noise figure measurements 
Enter the new variables and press CONTINUE after each. 

  

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

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

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

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

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

NEW ENR: Interrupts whatever measurement is being 
made and prompts the operator for a new value of noise 
source ENR 0 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 S0 it needs a 
manually input value of ENR. If no special value of ENR s 
ever entered, the program uses the default value of 15.2 4B 

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: Thesystem measures the overall noise figure of the 
UUT combined with the system componens, 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 _3468/435A CORRECTED NOISE FIGURE 
  

  

  

  

S(ENTSSS | ENTCW | NEWENR | NF&G | NEWCAL | ZERoSET) 

Sweer T _cow _[extrRE] NFONLY | T conto ) 
s(PANT 1 _pLoT | 1 T 1 1 
  

  (NOPRINT T NoPLOT T | 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 itslf 

ZERO-SET: Interrupts whatever measurement s being 
made. Turns the noise source OFF, inserts maximum 
attenuation at the output of the IF, and zero-sets the pover 
meter. Resets the attenuator toits original value and returns 
10the AWAITING MEASUREMENT COMMAND state. 

CONT 0 For use in restarting the program once i is 
stopped for any reason. This key s used instead of RUN 
because RUN initializes all variables to zero, making it 
necessary to re-enter ENR data about the source, plotting 
parameters, calibration data, etc. 

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

NOPRINT: Aborts the printing of measurement results on 
the external printer of the system. Results are silldisplayed 
on the LED readout of the computer. 

PLOT: Plots the measurement results versus frequency on 
the 9872 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. 

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

Turn-on Procedure 
(1) Set up the measurement system as shown in Figure 1-2. 

Zero-set and set the CAL ADJ of the 436A/8484A 
accarding 10 the 436A Operating and Service Manual. 
Be sure to connect the 117084 Reference Attenuator to 
the 436A Power Reference Output when setting the 
CAL ADJ. Conneet the $484A 10 the system output as 
shown in Figure 1-2. 

(2) Before turning ON the 620SB 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 willlikely damage the IF amplifier. Connect 
the power supply output 

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

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

(5) Next the program asks for the ambient temperature in 
kelvins. If CONTINUE is pressed the system will use 
the default value of 290 K. This value tels 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 Noise Source. 
Press the NOISE ON special function key and check the 
6002A meter for +28 V from the noise source power 
supply. Then conneet the 346B to the power supply. 

(7) Press the ZERO SET key on the calculator, This should 
also be done every several minutes while the AWAITING 
MEASUREMENT COMMAND messageis displayed. 
Frequent zero-setting overcomes possible drift in the 
84844 

  

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

Using the Plotter 
‘The program assumes there is a plotter included in the 

system. I thereis no plotter, line 6 o the program must have 
the psc 708 changed to pse O for the program to run. Evenif 
thereis no plotter, the 98216A 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 Py and 
Py 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 Py and P to allow 
room for labels in the margin. The frequency scale is plotted 
along the botiom of the paper, the noise figure scale along 
the et 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 valuesare 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:



(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 noisc figure at cach 
frequency. A “Y” answer triggers questions about the 
existing axes parameters. If the plotting routine s being 
used for the first time, the paper is assumed (o be new 
and this question is skipped. 

  

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

  

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

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

Noise Source Data File 
Construction Program 

“This program s used to construct, modify, print, or copy 
the calibration datafile of the 3468 Noise Source. Operation 
of the program is as follows: 

(1) Load the program and press RUN. 

(2) Answer the prompt "OLD CALIBRATION FILE # 
=" with the data file number and press CONTINUE. If 
a completely new file is to be constructed simply press 
CONTINUE without entering any number. 
« Ifa 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)?" witha ¥ 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. 1f no 
change is to be made to the old data item, simply press 
CONTINUE 0 retain the old data item. The next data 

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

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

* The remainder of the prompts proceed through the 
array of calibration data, A [20,6), column by column 
from columns | through 6. Column 1 i for frequency 
in MHz Column2is 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, columnd for the angle of the 
ON reflection coefficient, column S for the magnitude 
of the OFF reflection coefficient, and column 6 for the 
‘angle of the OFF reflection coefficient. If a mistake is 
made, write it down and proceed as if there were 10 
mistake. There is an opportunity for corrections in 
step 5 below. 

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

(5) The next question is "ANY OTHER CHANGES (Y or 
N)7" £ Y™ is answered, the program goes back to the 
beginning of step 3 

(6) The last prompt is "FILE# TO STORE NEW DATA." 
The program will record data on whatever magnetic 
cartridge file i specified. 

‘The above discussion should be enough to construct and 
aperate 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 (usuafly | hour suffices). Connectors 
should be cleaned frequently—weekly is usually adequate. 
The most frequently used cleaner is isopropyl alcohol 
applied with a cotton swab. Make sure that all ibers 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 1o 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  cassette data il for storing the 
ENR calibration data for a paricular noise source. 
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11l. 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 & 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 ate 
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 sarme 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 cach frequency. The 
‘operator would not need to be asked the several questions 
about frequencies and plotting limits 

‘The purpose of this chapter i 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 deseription 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 lsting of 
the programs. 

Variables 
‘The variables here do not include p variables because 

their use differs in each subroutine. Each use ina subroutine 
is localized 10 S0 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, 
Wai time before proceeding after turning the noise 
source OFF. 
Receiver noise figure in dB. 
(1) File number of noise source data to be loaded into 
memory. (2) Overall noise figure in dB of UUT/ receiver. 
(3) A general variable used in measurement and 
calculation 

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

Z Corrected noise figure of the unit under test. 
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Flags 
Aflag value of | implics the condition stated below. Value 0 
implies the negative (opposite) of the stated condition. 
2 Calibration of the receiver at sweep frequencies s valid 
3 Calibration of the receiver at the CW frequencies 

is valid. 
4 The headings of the columns for printed data are 

already  printed. 
S The axes and labels for plotting nois 

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 ar to be printed on the strip printer for trouble- 
shooting. This flag is set to 1 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 wil ignore math errors, such asattempt- 
ing to take the logarithm of negative numbers or to 

i5 
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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 
10 ENR for external (manual) frequency tuning 
1 Ambient temperature of the noise source in K. 
12 Hot noise source temperature in K. 
13 Lef hand frequency of plotting scale in GHz. 
™ Right hand frequency of plotting scale in GHz. 
15 Tic intenval in GHz for frequency axi 
16 Number of tics per label on frequency axis. 
17 Bottom noise figure on plotting scale in dB. 
1§ Top noise figure on plotting scale in dB. 
© Tic interal in dB for noise figure axis 
110 Number of ties per label on the noise figure axis 
711 The number of frequencies at which the noise source is 

calibrated 
112 The X coordinate of the lower-left plotting limit, P1, of 

the 98724 plotter. 
113 The ¥ coordinate of the lowsr-left plotting limit, P1, of 

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

of the 98724 ploter. 
115 The Y coordinate of the upper-right plotting limit, P2, 

of the 98724 plotter. 
116 Bottom gain on plotting scale in dB. 
117 Top gain on plotting scale in dB. 
©18 Tic interval in dB for the gain axis. 
©I9 Number of tics per label on the gain axis. 
20 IF frequency in MHz (for mixer measurement programm.) 
€21 Character height as a percentage of the total height of 

the plotting area 
22 Number of character heights for cach margin 
£23 Character height in dB of noise figure units. 
24 Character height in dB of gain units 
25 Character height in GHz of frequency units. 
£26 Hot noise source temperature at the IF frequency (for 

mixer measurement program). 
£27 Device number of the line printer for outputting data. 
28 Minimum attenuation allowed for proper measure- 

  

ments. 
29 Maximum atienuation allowed for proper measure- 

ments 

Amays 
A[06]  Armayof noise source data. Each rowcorres- 

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 coeflicient when turned 
ON_ Columns Sand 6 contain the magnitude 
and phase of the noise source reflection 
coefficient when turned OFF. 
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C[01013)  Amay for storing calibration run data 
Column 1 contains the difference in watts 
between the noise output powers of the 
receiver for the noise source turned ON and 
OFF (Ny-Ny). Colurn 2 contains the effe 
tive input noise temperature of the recciver in 
Kelvins. Column 3 holds the value of P[A/ 10] 
that was in effect during the ealibration run 
at each frequency. Each row of data corres- 
‘ponds toa measurement frequency with rowd 
for the CW frequency, row | for the start 
frequency, row 2 for the second frequency in 
thesweep. etc. Thisarray is CT2] for the mixer 
measurement  program. 

  

GI0:101]  Areay for storing the difference between the 
noise output power in watts of the UUT, 
reeeiver for the noise source turned ON and 
OFF (Np-Ny). During the calculation of 
corrected noise figure data for display on the 
computer LED readout, this array is changed 
10 the gain of the UUT in dB. The elements 
correspond to the various frequencies of 
‘operation-—element 0 for CW. element | for 
the start frequency, element 2 for the second 
frequency, etc. 

  

P03] Anarray 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, clement 1 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. 

  

Strings 
as[] A string variable for storing "Y” or “N" 

entered from the keyboard in answer to 
computer prompts. 

CS[72] A string for reading the description of the 
noise source from the cassette data file. 

Program Structure 
Anexamination of the softwareat 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 suboutine to help perform 
that function or to perform the next function. Figure 3-1 
shows which routines call which subroutines. After inishing 
its task, the subrontine is programmed to either repeat 
thattask or return 10 the routine that called it Some routines 
frequently examine whether one of the special function keys 
has been pressed by testing flag 7. f flag 7 is et 10 one, the 
subroutine goes back to the routine entitled START. 

  

The program finds its way through the several desired 
tasks by examining the state word S. This s 16 bit integer 
number where each of the bits from 0 to 11 represents a 
specific task. The task is o be performed if the bitis | and is 
7ot 10 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, butalso 
assure that conflieting 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 § to see how 
1o proceed. 

Tnactualfact, 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 o 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 Qisto use a mask number, M, which indicates 
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Figure 3.1. Chart of the subroutine structure for the measurement programs. 

n



with I's which bits are to be set to 1 or 0, and to use & bit 
pattern, P, which contains the actual pattern of I's and 0's 
that are 10 be inserted into the bits indicated by M. Thus 
wherever M hasa I, the new value of  or Q wil contain the 
same bit value as P; wherever M has a z¢ro, the value of S or 
Q wil 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 resuls on the line printer. S 
therefore contains the number 000 010 000 001 (= 201g) and 
Qcontains the number 000000 000001 (= I5). 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 

/037) and P becomes 000 000 000 110 (= 65). After the 
ry operations of the special function program are 

  

     

performed, Qs changed t0 000000 000 110 (=65) and flag 7 
s set. The prograrm finishes the CW measurement in progress 
and prints the results because S hasn't changed yet, After the 
CW results arc printed the NF subroutine finds that flag 7is 
setand therefore returns to the START routine. In the first 
line of START, with the aid of subroutine FIX BITS, most 
ofthe bits of § are changed to be just ke the bits of Q. Bits 7 
and § of S, which indicate whether or not to plot results 
and/or print them on the line printer, are ot changed. 
Therefore S has the value 000 010 000 110 (= 2065). The 
START routine sees that bit #1 of S is 1 5o it calls the 
SWEEP subroutine. The SWEEP subroutine sees that bit 
#20fSis I s0i 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 (= 2025). Then the SWEEP subroutine executes, 
measuting and printing the noise figure at cach of the sweep 

  

  

  

TASK PERFORMED IF BIT 15 1 

  

  

g4t z P - g 285z 82 g 
L - c g3 9 H g 
R I i o 2 E s8a~5.8 : 2=z T B 5 z §EE sy Shg §3: =S3% 548 . Rt o £ E g MASK BIT 
g BEF i E1; paTTERN EEE REE LAE 5BE s ve 

sTwweR | 0 s s 7 6 s &5 210 ‘ 
spEcIAL FUNCTIONS Swee 000 xxx xoo o1 0 | wm 2 ow 000 xxx xoo oo 1 | 7w f S erea X0 0 xxx o011 oo | sm © 

N omey XXX x xx oxx xoo “ . 
CONTO (ALSORUN} | X 1 O X X 0 X 0 o 00 0 anar 2000 | No Pt [Femfaaonnt Gl e 200 o | 
NopoT X x x 9 ox K x x X x x x w0 o NoIGE N 051 X xx Xaoo o000 | my o NOSEOFE(STOR | 0 1 0 X X X X a0 o0 o | w0 
enrsss s o0 xxx x oo 11 7007 . e ow oo x X x xa oot | ww 5 ENT ExT EnR [9808 Xxx xo1 oa T o 
Nrag ox x X xx 1 xx xoo | e o New o O X X X X oxx ok xoxx | wm 7eR0 seT Fea xR Ahe dEs | o 
PRINT X X X RS RN % X x x | 200 200 For XXk xx o xxx o xxx | m 

Il 
  

Figure 3-2. Key for setting the various bits of the state number § and its preliminary storage number Q. Those bits shown s 
X are not changed by that special function operation and retain their old value. 
18



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 hoth sidebands, but signals from 
only one, the ability to process low-level signals is poorer 
and the noise figure should be higher. This situation often 
ocours with mixers and receivers that do not have some 
‘mechanism for rejecting noise in the undesired sideband. 

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

Fissn (dB) = Fipsp (dB) + 3 dB 

=Fy2(4B)~ 3 (dB) + 3 dB (2] 

Fissp and Fypgp are the single and double sideband noise 
figures of the mixer, Fy is the measured overall double 
sideband noise figure, and F is the noise figure of what 
follows the mixer, usually the IF amplificr. This treatment s 
often erroncous because the noise figure and loss of a mixer 
are generally not equal. 

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

T ~TeYea Tg= ¥ s @ 

(N2 = Np)lcar = kBGoxs (Th = To)lca 12 

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

N2 = KTu2BG(Gy + KT.2BG(Ga + KTgBG,  (3-13) 

Ny = KTc2BG Gy + KT2BG Gy + KTgBGy  (3-14) 

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

  

_ 2TuGy +2TGy + T Y G5 TG, + 21,0, + T ™ £ 

  

Ni[Meas 

=T~ TcVuew _ T (3-16) 
5 Yteas =1 2Gy 

N2 = ND)|Meas = K2BG Gauun(Ti ~ Tolmeas  (3-17) 

N2 ~Nilmess _Govur : (T = To) Meas 
N2=Nplear — Gans. Tu - Tollea 

  (318) 

The Ty during measurement and calibration s usually 
not the same because the noise Source output is generally 
different at the IF and signal frequencies. 1f the output 
impedance of the UUT is equal to the impedance of the 
noise source, Gas = GayyT. Salving equation (3-18) for 
conversion loss yields 

  2= Nlew (T~ Tl e M (3g) 
(N2 = Ni)lmteas (T = To)lcal 

  

In order to apply the double sideband noise figure of a 
UUT during single sidehand applications, a sight modifica- 
tion of the noise figure definition of equation 1-2)in Chaprer 
1is necessary. The aumerator of F, representing the total 
noise pawer output, should use the actual noise bandwidth 
of the UUT. The denominator of F, however, representing 
theideal noise power output, should use only the bandwidth 
over which signals will come into the UUT. Thus, expressing 
Fasa ratio rather than in dB, 

320 

  

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

Biowal = 2Baig @21 

Now equation (3-20) can be expressed as 

F(dB) =3 dB + |0Iug<¥ + 1) (3-22) 

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



  

— Annotated listing of Noise Figure and Gain Program. 

  

  

    

    

  

     

     

   

    

          

    

    

    
    

   

    

  

    

  

   

  

   
    

        

   

3458/436A AUTONATIC CORRECTED NOISE FIGURE & GAIN PROGRAN; S804 

    

     

       

INITIRLIZATION stine SO@@Scli 7iclr 7ilel 7 
oLd31373 10t d280+Fic 1l TFIH BITSY <) Fy8)5 550 ————— Iniialize system state 
if r@iate "START" —————————————Senges whether all variables nesd to be inilialized 
dey "tpa”s7i%) 10", P19 Tnst s 7O7) "t 1728 bl "+ 785 
Pzc 785icés 162127 ——————{fno plotter, change to “psc 4:"; device number of printer 
o 

  

 ASL11:CHLT2 1, Rl 28261, CLO 101,31y GLB: 10132 TL02 101 1:PLB:7 1320111 
0ise Source wait Limes”iS0s¥]Pa) ————————————— Power supply respanss times 

IF output atten linits":10r28} 38+r29i r2ash ————Change Iimits o suit IF amp 
Lok 11if r@=6315. 258 —— | cads special function keys from file &1; default ENR 
ent "FILE # OF ENR DRTA?")4ildf X+C#fl#] ————— Load ENR data 
298>riient “RMBIENT TEMF IN K"srl 

    

    
    

  

SSTRRT'ti¢ ¢ 1525017177 Mic 1 FIX BITS 8, SY3aho 7inen i bt S idin 1011 TEERD SETY i Bl Siain fo1 sueeer iFeli@iSiute io1 cow i Bit(Didie el Piell ekt FRear Bran " 1 el i1 e oritel 7 actordi 1o pockl oaTBBoIBaFic L TEIN BITS! (M, pas) Tunction i @ if bit(1@:8)icll *NS OFF’ilcl 7 St Cra200BaMBPizl1 I BITE: (50 dze RURTTING REASUREMENT CONTHAND: Sie “STRRT B 

  

ZERO SET“:rem 73cll TNS DFF?icll *ATT (1} 
283M3 65P3c1] TFIX BITS® CHeP, 

  

11 2 TEN; 

  

A 
Zero-sst completed 

  

SUEEP" 
if bitc2,5)icl] YENTER 35 
if B=Dicll ENTER S58) — 1ffreqs were never entered, go get ireas 
i BIL(S,8)311 f1a2=0i0tdiamon 57 1, Py 3 ) —— I Gal' Is necessary, sel bil & i ((EoBy o ] T BT T i tate number of freqs to be fested 

16 bit(61S)icll 1AL jatg 41— Gocalibrate if needed 
CONNEET DEVICE UNDER TEST'ilcl 7iste 

rem 7icll YSGFY(BMLBsLicil TBGLY(L)jell 'ATT (R) —— Initialize signal freq and level cll INFY Go measure noise figure at ail freqs 
23M369Pic11 TFI% BITS? (2P &)1 ret ————Measurements completed; return 10 nitiaize state 

Go get new freqs if desired 

  

      

   
  

  

NTER SSS"icta 13ient "START FREOCHHz)2')Biif fleiZ=nicfy 2 
ent STOF FREQCHHZ)?™+C3if f1la13=0} 

EQ STEPCHHZ)®" Diif flat 
S ATSaNi 11 KO 1011 atb ‘ENTER Sa6-———— Assure not oo many freqs for aray size 

43Mi83PSCLl *FIN BITS' CHiFa5) i rer ————————Freq entry completed 

  

     

Go get new freq if desired 
1t CW freq was never entered, go get fraq 

910t d1A0+MF3 L] PR BITS CHPas setbit6 

  

                      if BILGE)IF flade 
asil 
TL8 TELE B el CALY st~ Gocallrte i needed dsp "CONNECT DEVICE UNDER TEST'31:l 
Fen Ticll 'SGEYCLIT105LIc1l PSGLILyfell grT <Ay ———— Initalize signal froq and evel i o e TS Reheli nofse figura and repeat CW measurement 

  

      

    

  ENTER CH"icf9 13ient “CH FRED(HH 
4IMIBPICIL TF I BITST CHyPaS)iret 

  

1Gii4 flatasgicea 

  

Freq entry completed 

  

  

"EXT FREQ":ren 7 
§f bit(11:83ic1] HEW EXT ENRY ———Go get new ENR if desired 
€11 "TEST IF' (') ———————————Go adjust and measure.IF output for source ON and OFF 
If f1aSifat (2.8:2F7.23urt 16, 19105 Cile30) 161aacy 123, — If 8 8 print outputs in dBm 
“hot noize source temm’i(intlrB/10eiiZ805r2 
¥ factor iR/YSYinax s 1. 0033113) 
eauiv insur - 
“noize {isure 

  

  

  

Limit max NF 10 40 dB (Y to 0.14 dB) 

       
  

  
  

“outeuts’ifot "HF=",13,2, +#dL 1y @) g ——————— LED output 
e e It desired. print result 
if f1s7iots "STRRT" —————— Test for special function key interrupt 
ate "EXT FRER"————————————— Repeat extornal frequency measurement   
  

2



  

  

   a8 £ 

  

    

  

    

    

  

   
   

2 
7 
7 
7 
& 
H 
&, 
83t 
5 
& 
& 
g 
a 
t 
3 
H 
3 
3 
3. 
e 
3 

a 
5 

HEW EXT ENR:fnt "ENR (nous’sf5.2:"37"furt B rdfent **rl 
40003H38+F3c1] PFIX BITS? My Fag)} ret ———————————————ENR entry completed 

  

  CAL":dsp “RENOVE DUT (CONNECT HS TO RCVR)" 
<11 PZERQ SET'3if NeBicfa 3———— I CW freq, clear CW carn valid flag 
TF Micts a———— " * "It SWEEP, clear sweep cal'n valid flag; nextinitiaiize freq and level 
Bit(1,539Tiren 7icl] *SOF!CFREQ'(1))3185L5c11 Y5600 (L)icl] PHS (N 
for R=r28 ta r23 by 1Bicll *RTTY R)} 1 TPHY SK3PLA- 1o ] —Step atten and store power readings 

e 

  

     
    if A=r283if Wyle-5ibeenidse "HI GAIN OR L0 ATT: FROG STOPPEDI"izte 

1 f1a%id0n £2.9:718.33urt 161 18109 (X430 ——————— 1 flag 8 printoutput n dBim 
rext 
FEESAICLT TRTT! (A el THE! Go measure system noise contribution at each freq 
if NeBisfa 3 

  

  B Calbration is now valid; set flag it Nizfa 2 
StA188H; B3Ficl] PFIX BITS) (M2Py8)icll PFIN BITS (1,P.0)ibeent ret 

  

  Cal completed 

  

  

HE"ifor T=bit(1)8) to W3TFREQ®CI)3Ficl] ?3GF (F) ———————— St freq 
€11 'TEST IF* iy 1) ————————— Go adjust and measure IF output for source ON and OFF 
iF Fla9ifnt 43,6 207.20ure 16/, 18103¢K1e3)2 1010947 e3) — i flag 9, print output in dBm 
H-aGLIBcll *FINT ENR! CE 
“hot hoise source tenn”i(tnt(E1 

YV factoriRAVinoxe Vs 1.0935113 
“eauiu input noise taeeti(r2erl¥) CY-1ATSTI1] 
€11 *OuTPuTS! 

  

Store power output difference; o find proper ENR 
     152907,     Limit max NF t0 40 B (¥ t0 0.14 dB} 

  

  Output results 

  

  

F bit(Ey3)ICLIIC Ty 10§ ToC0 1y 2 1PLAZ LR 13CL 1 31— If naeded, store calibration data 
i flaima "STRRT — """ " Tectfor special function key interrupt 
next 1 Repeat at next freq 
ret Measurements completed   

    
EIND BN 

maxCs 12901 16 FCREJ 1 1i=Lodiato 401 4F J=A3A0 1,205 15 rer 
18 JSrA1iALds 21 lirer 

  

1 FORLIAI 0 s Jiate -2 
*interpoiate”s (F-ALJs 1) (AL 4152 1-AT 152 10/ AL J+1) L1-REJ, 11D 4RC 2 190 

“UTIL. 
“FREQ 
Brisl 
       

  

  Y SUBROUTIHES": 
if bit(B)52iGHp2iret 2 
3Dsp2iret n2 

FIX BITS"tir(bandCenep s pa) bandel n2) ) 53i ret 

      

QUTFUTS": 
LED outeut 
noise 13" 

  

    

    

Display 
during 

9B iury @:Fs18loaCT 2981 ret cal'n 
if bit(3iEiiate Different output display for noise figure and gain 
Fat £5.B " Rz & 
urt @Fskiare "Printer output” 

    

lay freq and NF;    see about printing result 
            LED NFEG"3s§9 143GLIICE 11310015 1 1/PCA/ 1A TSVS 10Lea (G0 1123729041090 

16las<c 3737230413521 161091 )2 YGL L Jicfa 18 
£t 1580 hHziNF= 2§58, 2 "dBIG="2 5.2, 
urt BiFs2eY Display freq, noise figurs, and gain   

“Printer outeut”iif Bit(7»5)=039ba "Flotler outrut’ -If no printing, go see about ploting 
i Telicfe d——— _ Atfirstireqget ready to print heading 
if BILCS:S)iatn "HFLG Printout’—— Different prinout for noise figure and gain 
if fisdiste “Print W' ifheading is already printed, skip 1o print result 
Sot “FreacMHz) HFCB3™s ure rarisrs é—— P P Bt heading 
“Pring WF*3fat 47,8, F18,25urt 1271k — Printfreq and noise figure 
sta "Check end of erin: 

  

  

  

         
  

HFLG Printout”:if fladiats “Print HFSG heading is already printed, print results 
HF(dB)  GCdB) Tou HE N sdurt r2zisia 4 Print heading 

AL 450y 40 BF8. 2 urt (2T FaT Tkl Printresults      
LM Sh e 8 orimgpt NI TPLOvar Sutst L gpug tank lnes o last req   
  

2  



  

  
  

Plotter outRut"sif bit¢1y@3=Biret— Noplots unless sweeping 
if bit(8.5)=h)ret 1f no plot is wanted, return 
if I=iicl] 'CHANGE PLOT PARANS?' 
e T 79 y——————— At ist freg check abou ploting axes 
SC1' r3or22rES rhevEBraSs rr-r2ered o R iR e BITERRAEEL_scale for naise figure v freq 

  

  

     
  

  

  

  

  

  

   
  

        

  

   
  

  

cenk 43line 3if bit(S)8)7ate "Plot cerrected W' —Plotsolid line 
S1t F/18001% Plot measured floise figure vs. freq 
It I=Nisen Alast freq raise pen 
ret Plot completed 

Flot corrected NF'tmlt F/180i2 ————————Plot corrected noise figure vs. freq 
if 1#Miret———— " "Rotum unless this is the last freq (al last freq maybe more plots) 
if §197i9t0 "START"— Testfor special function key Interrupt 

menicis 135ent "UNCORRECTED HF FLOT <Y ar H)?"4AS 
1 f1913 "NTaRE Default answer is “N 
if cam¢RE)=*N"fsta “Gain Plot?" 
1 can<REM"Y"isto -3 
penk 43line 21 Plot with dashed line 
for k=1 to H3)FREQ? (K)+F Find freq 
A1t F/1088) 10108 (TLK1/298+1 )} next K —————— Plot measured noise figure vs. freq 
£eniline Next plots wih solid line 
if fla7isve "START" ——— Testfor special function key nterrupt 

Gain Flot?"ichs L3jent "PLOT GRIN CY or HY?"4A$ 
i 919133V SRS Default answer is 
it capCR="N"jret 

  

if capCRER"T fatg -3 
*Flov Gain'sif f196=8icll 'Gain o there is no gain axis, go plot one 
Sl r3-r22r29) r4+r2zrassri6-r22rads ri7ezrie 
Derk 3 Lin r3ird ri6erize2res F—————scacrorgainw e 

        

  

  

  

For K=1 to Hi'FREQ? (K)oF Find freq 
B1t F/1080:GLKTinsxt K Plot gain vs freq 
Feniret Plotting completed   

“CHRNGE PLOT BRRANS?":if r21=833to "Default frea axis 
ofs I3fent "NEW FRPER CV ar W)7°2RS$ 

W RE Default answer is “N' 
2=t 55 e Siret 

i cap(RETT i arn -3 
cfs Sichs Biste “01d axes OK? 

  

     
Clear axes OK flag; go check on desired scales 

“lefault frea axis’:int(B/1808)+r3 
R CC/1RRAYr4T 18 Co BRGNS 1erdsrd 
LSArTE L pAeradTi.gees 

  

731350832391 S0r L0 
Default sain axis :@ori8i30r17315r18i54r19iato "Check sach axic 

    

    Old axes DK?"icfs 13jent "RRE OLD RXES OK <V or H)?".A$ 
if F1313177" A8 Default answer is “Y" 
1 CapdAFL1D="V"isto "Label axes 
iF cancRSL1D# N ista -3 

    

    

  Check gach axis! 
wrt B r3ient "tird 
fat "Hax frea in GHz Cnows"sfS5,2 
fat 
fa 
ot 

     
   

    

    

        

   

  

rt By rTient Tt T 

   
nt >lurt @rdient ard 
fat 199,207 12"urt Bargient 
fnt 377 5urs By ei@ient “Cirid 
£a1 “Min Gain in dB tno urt 9y riient "Trri6 
far *Mex Gain in 4B (na urt Byrizient “tari? 
fmt “Tic interval in dB 18537 ur 0yriBient el   

ot “dticsslabel <nol 

  

Surs @ r1gient “Tar1d      



  

  

  
  

“ired "Rl r12irl3irldirls 
+r2zil, 5aral 

ri-r?)-(1ga ral-raz) +r23 
P17-r16)/C100/r21-r22) 2r2d 

CIrifnay furt “pl"y 0 

    

Character heisht in HE units 
Character helsht in Gain units 
“Character heisht in Frea units 
Cra-r3)oraseres 

      
   

     
    

  

    

  

    
     

   

  

“Frea el r12:F14:r13:r1S3Lin rl2sri4sr13ir1S 
caiz r2ii2e(r1S-r13)/Crid4-r12)10 
Renf 2iplt (rld+r12)/2:ri3,1icelt -8,.55161 “Freauency (GHz) 
SC1 r3-r22raSpdera2ras, rier2arads reird 
Xox rTrrSsr3,rdsrE 

   

  

NF axis®iscl ri2:rldsri riSicsiz r2l2r¢riS-ridr (rid-ri2), 
Pend 4iplt ri2,(riStri3> 2, 13cely -3,-1,131b] "Naise Fisure (: 

1 ¢37r22r25, rA+r22rads ri-r2aras rearts 
Yax r3rr,r7irBrr10isis Siret 

  

  

“Gain axiz®isel ri2sri4rri3riSilin ri2sridse13ir1s 
csiz r21a2s (r18-ri3)/(r14-r12),98 
Pen Ziplt ridiiriS+riS) 2, 1icelt -5, .Silbl "Gain CdB3" 
2ol rB-r22riS,rdtr22res, rlg-razradsrivizeee 
yax rdsriBiri6ri? 
vox ré+3r25) r18y 16y r17-r19isfs Siret 

  

    

  

HSTRUNENT SUBROUTINES': 

  

  

      
  

    

  

  

   

F1-10p2353 
11 Tsutk? (03,535 uait 203 ret 

LR tp1epZi if P1)7ip1+4(p323) 403 
iF bit(e5,p3)in2enes18pTsRS] dnn 2 
2+pE+1Op4sRE 
RE+LaPEI i pECd}dnp —2 
I ediit eSiien A% 64,8 
Fmt AT PALBIEE RSiury “att”spSiret 
Fut BT E4LBRUPL Catt®spdiret 

     
   

aus* S edi ret       
     

  

HE ON“irem Tifer crziurt 2725687 Tunit U ret   

    S OFF": rem 

  

at ciziurt "nss“2089"iuait Virer   

STRIT:fat furt “tem”s "9R4T"3fay 3bred.Bired “"ton’splipZipdind 
£t Turt “tee”s"SATTIfnt 3k e9.0i red Tten'plip2iRdied 
if p2)73Tif pI=ESirst pd 
it pakESiate -3 
PAIRTIurt "tea’s T 
sto ~13if abs(i-pS/ed} 

    

   red “ten’1plipZipdind 
L8123 ret pd 

  

— Find comers of plot 

B0¢r14-r12) /121 Cr15-r13)-2r224125 

a8 
a8   

  

TEST IF*:1c11 NS ON'3 ' TPMY 49— Go measure ON noise power 
if p1¢le-Siijap 3 —————————— OKIf pl <~20 dBm, 50 go measure OFF power 
it A=r29ibeeridse "1-F SATURATED! PROGRAN STOPPED' lcl 7fend ———— Error 
A+1BsRIcll TATT? (A)igto "TEST IF" —————Raise atten and repeat measurement 
11 '3 OFF'i'TPH'3R2 ———————— Measure OFF noise power 
if B231.25Be-8iret — K if >-49 dBm 50 retum Lo calling subroutine 
if R=r2@iimp 3 — Do not lower atien bayond min allowed value 
AH1Bint (£18103¢p1+1632+22)18) 20 AHOIN LL 1B s (e Lo e I Lower atten and repeat measurements 
1f p2iSe-10ibeenidse "LOM GAIN! FROGRAM STOFFED"ilcl 7iend ———— Error 
fnt "SYSTEM GAIN MARGINAL AT)¢5.8) NHz" —— Warning 
urt BiFivsgeivait 1098 ——— Display freq of marginal gain 
ret Measurement complete 

ATT2int (p1)#p1 ——————————— Ganeral subroutine for Model 117134 
AIRCR1 1210901 n04<@1p 10961 
1AL (R 12 1B 3023 1 522127 11962 
Fxd Bicll Isut? (p2s1) —————————10 dB step atten connected to “X” output   

Subroutine for Model 6002A-001 

Subroutine for Model 6002A-001 
Read power 
subroutine 

  
 



  

  

  
  

   vens 7211 
“LeA"iRls62 

Zero-set power meter subroutine 
  

  

Assure reading is close 10 zero 
  

  

o0 s planz 
Sta ~23if p14843ret     

    

    

     

   
   
     

    
   
       
    

SGFTicll PBE7ER FRET (p1)Eret 

"SGL"tcll Y8672A LEY! (ploiret 

85260 FRE": (p1-2609)+10/ 1662 
HIB4Y"s £4.85 "E Surt "To"yeZiret   

    
    

£72 FRE" nintely 
fnt P avieliret 
B672R LEV"iint “K'y2b, "B7"3bi 1f £17131139p1 

i P1S-1283urt “10"+59:61: 431 ret 
if p1>3urt "lo"+48i61-pliSliret 
int(abs el 181)95: 

  

w06 3p1 

  

  8668 Device Subroutines 
a560C R 

“3660R FRE 
urt "lo"s 7 

    £t byf.Byziniscieip 
200, 7 Iny* (1e502s 1832 

  

     trirev 

plnd 

   223195 

fat f.Baziurt “1o%st Iy’ (1e6rls18), 
130045070502 

LEV" Eimt f.Bsziurt "lo"s? Inw (13-p15 305 

“lgtepiiran 
¢ “la"ipliret 

Program {0 read absolite watts 
Repeat reading until no longer i auto-zero 

Calls proper LO subroutine for freq 
Calls proper LO subrautine for level 

Model 8620C freq subroutine 

Model 86724 subrautines 
Freq sublouting 
Level subroutine 

L Loty p2edd) Si-1002-pls 491 et 

   
s ret ————B660C freq subroutine 

660A freq subroutine 

  

 ret ——————— 8660 level subroutine 

2iret £3 

  

  86624 fundamental freq subroutine 
86624 level subroutine 

     



  

  

    

    Printer outeut”:if bit(7:83=8i3v0 "Plotter autput” —If no printing, go ses about plotting 
if I=1icis 4 Atfirst freq gef ready 10 print heading 
1f bit(5:S)iate "NFAG_Printout’ ———— Different printout for noise figure and loss 
if flasiate "Print NF* —— I heading is already printed, skip {0 print result 
fnt Freadihz)  NF(4B)"sjurt r27ises 4 
“Print HF"ifmt $7.8:§10,25urt r27)Fsi ——— Print freq and noise figure 
sto “Check end of print” 
NFLG Printaut*:if fladiato "Print NFAG" —— I heading is already printed, print results 
fat "FrealMiz) NF(AE)  LCAB) Tot NF rcurlF tothF-royrNF+3de s - — Print heading 
wrt rz7isfa 4 
Print NFSG"ifat £3,0)4x03¢8. 23urt r27sFs2y=aky i §-He3 ———— Print results LG et B R e w1 i 
sk s e T T eovo ok st st e 
“Plotter output”iif bit1)3)=6jret —————No plots unless sweeping 
i b1LCE;S)=A) ret 1o plot is wanted, return 
e L S anians y——————— Atfirst freq cheok about plotting axes 
B W 

  

  

    

  

   

  

  

   

  

  

  

  

pent 4iline 3if bit(3:$)ievo "Plot corrected NF*————————— Plot solid line 
Blt F/1008:% Plot measured noise figure vs. freq 
if I=Hisen Atlast freq raise pen 
ret Plot completed 

“Plot corrected NF"ielt F/i888:2 ———— Plot corrected noise figure vs. freq 
if T#NEret ————Return unless this is the last freq (at last freq maybe more plots) 
if fla?isto "START" ——————————————————— Test for special function key Interrupt 

eenics 13ient "UNCORRECTED WF FLOT (Y or K)2":A$ 
it £13133 "N RS Default answer s * 
if cap(R$="N"}3to "Gain Plot?" 
i cap(R$IEY iato -3 

  

    

  

  

  

  

    

  

   
  

  

  

  

centt 4iline 2)1 Plot with dasned fine 
Tor k=1 to Ni'FREQ (K)3R Find freq 
P11 F/1008, 18103 (TLK1/298+1)3 next K ————— Plot measured noise figure vs. freq 
Faniline Next plots with solid line 
T Hla7iote START" — st forspecial funciion key interrupt 
“Gain Plot -, a8 
if fla13i” Defaut answer is "Y" 
it car(Rss 
if car(REITYIE 
“Plan Gainiif f196=35cll *Gain axis! ————— If there is no loss axis, go piot one 
scl r3-r22e2Si rdsrazras, rl6-r22r2d) r17+2r2e o 
Penk 3511 r3)rdri6rrizearad BeAlafoy loss v 
For K=1 ta NitFREG (K)3F Find freq 
Pl F 1868, -GLK1inext K Plot 0ss vs, red 
Peniret Plotling compieted 
"CHANGE PLOT PARANS?":1f r21=0% 
cf3 13jent "HEW PRPER (Y or H)? 
919135 N8 
if cap(REI="N'isfs 5iret 
i cap(REMTY i3to -3 
cfe Sicfs Eiato "0ld axe: 

     “Befault frea axis 
fis   

  

     

   oK 

Default frea axis”iint(B-1698>+rd 
int (CA18B8)5rai1f C/LB0BEr4 1+rderd 
LSrSIA rd-ra7i. 205 
] 
Defoult NF axis"133r7i 139r81 2919154710 
Tefault sain axis’13sri6}13+r173.25r1835+r1939t0 “Check ench o 

————————— Clear axes OK flag: go check on desired scales 

      

    
#3 13ient ARE OLD AXES DK (¥ ar N)7"+Ag    

  

  if f1ag3 ey 
if capCRELIIN="Y'iavo "Label axes 
if copdRELITMN Tate -3 

Default answer is " 

     



  

  

   
   
   
   

    

    

   
    

    

    

    

    
    

  

   

    

   
   

     

“Check each axis": 
wrt Birdiens “tyrd 
Fat Max frea in SHZ Chows="s15,2,7)2"3 
fat "Tic interval Les.z 
it 

  

AL Min frea in GHz (nows"f5.2:°)7 
  

Byrafent "rd 
wrt @ rSient "ter       bt 

227iurt @arEien "'irs 
   

   

       

  

   

fo 162,80 Wr Bae7iEmt Tt 
ot 1F2.82 0P hurt BirBient "ird 
fur “Tic interual in dB (now="y15.2:")2" furt Byrdient "1rd 
fat “#tics/label (nows")fS.2,")27iurt GrriBient "'1r10 
fnt “Min Loss in dB (now="3f2.0 "37"iurt @) rigient " srig 
Fmy “Hox Loss in dB (nous"s#2.0 "37"jurt Barizient “"sri? 
fnt “Tic interval in o8 Cnows'sf2.8y"37"5urt ByriBient “*sri8     fat “#ricaslabel Crod 

  

$F5.200% dure By ri9ient ©Ty 3   

  

“Label oxes“:tpclrifmt furt "ml%)"0P"3red "pl%sr12,ri3sr1dsriS — Find comers of plot 
“# of choracter heishts per marain”iSarzeii.Seral 
“Charocter heisht in HF univs”(rB-r7)/(1007r21-r2zy+r23 
“Character heisht in Gain units < 
“Cheracter height in Frea units 
(rd-r3>/resoras 

  

   
   

  

    
BE(r14-r12)/r21 Cri5mr13)-2razores 

  

rea ax cl riar1d)ri@ riSilin ri2sridsrl3irs 
2512 1212, (r15-ri8) (rid=riz) 0 
sen 2iplt (rideri2) 2 riZiiicelt -6,531b1 "Freauency (GHz)" 
Scl r3Ur22ra, p4+ra2ea5, ri-r2erds reErEn 
Yax rarTard s re 

      

1 riZrldsri® riSicsiz r21i2: (riS-r13)/ (ri4-ri2).0 
1t ri2) (r154r13>/2) dicelt =3,=1. 17161 "Hoise Fisure (df)" 

FE2YED) r4+r22r28, ro-r22reds ravares 
VO r3iry e B ridisie Siret 

     

  “Goin axis*iscl ri2;r14sri3riSilin ri2ertderidirs 
z 2102y Cri5-r1307Cr14-r12)298 

renh 3iplt r1d)(rigeri®) 2, 1icelt -5,.5i 1] "Losa ()" 
ol r3-r22r2Serétr22r2s, rl6-raarads rive2r2a 
ax rAsriBirigari? 
vax r4+3r25 r18:r16yri7s-r19iss 6 ret 

  

  

  

  

INSTRUMENT SUBROUTIHES": 

     

TEST IF":cl] *NS ON'3?TFH®3p) ———————————— Go measura ON naiss power 
if Pi¢le-Sidng 3 —————————— OKf pl <20 dBm 50 go measure OFF noise power 
if A=rz3ibeepidse “I-F SATURATED! PROGRAM STOPPED'S Lol P§end ————— Ermor 
A+1@3Ricl] TRTTI CRYIsta "TEST IF" ———————— Raise atten and repeat measurement 
€11 *Ng OFF* i’ TPH* #p2 —————————————— Measure OFF noise power 
If p2>1, 258881 ret ———————OK if > ~49 dBm s return to calling subroutine 
if A=r2fijmn 3 ————————Donot lower atten beyond min allowed value     

  

  

    
  

A+10int ((1B1oa(pl$163)+221/1032R it and raped! reaiiraiient 
naxCraB A RTCIL PATT! (Ryiato “TEST IF Lawer elten arid rapeat meesyeaients 
§¢ b2¢Be-10ibrenids LD GRINI FROGRAN STQPPED'S1cl 7jend —————— Error 
fot "SYSTER GAIK HARGINAL AT'>£5.0, " HHz" ———————————— Warning 
urt B;Fibeeniuait 1060 —————— —Display freq of marginal gain 
et MeasUrement complets 
ATT"ting (p1)opt ———————— General subrouine for Model 11713A 

AARCPLs 12103013 nax(Brpt ) 701 
ntCEL/1R)3623 ¢ ne=123110m2 {5 Bicll sutd? Ch2s 1 ———10.dB step atten connected to “X" output 

  

F1-10p2303 
11 TsutH (3 riuaie 208 ret 

SUUHT P13 1E p1)75m1r4(033000p3 
if Bit(pEsR3) ip2enet 1BRESRS] ine 2 
RE+PELDPAPE 
BE+LPE if PECAT Sap -2 
A P43 BSiEnt AT 4.8 BT s 4, Blurt a1 pSypdiret 
Frt TRYsF4L@304 Siury ‘artapSirer 
Fat "B f4.@iurt Rdiret       



  

  
  

    

   

        

     

  

    

  

    
   

    

    

          

    
    

   

"HS OH'irem 73fmv coziurt “ns”,"2560"iuait Ujret Subroutine for Model 60024-001   

   NS OFF"tren 7§fmb coziurt “ns®s"2000"iuait ¥iret   Subroutine for Model 60024-001 

    

  

   
    

  

    

  
  

  

      

STRHC AL jurt “toaty "SAST3{at 30,29.05 red “1en”s plyp2spded — Read power 
£at furt "tea” "IRT ifas 3bre9.Bired "toasplip2ipdied subroutine 
if 02)731if pu=6Siret B4 
if PEHESiate 
s49p5urt "ten®s “TUired "1pa"iR1se2)edind 
310 ~131F absi1-pS/e4)<. 8121 ret pd) 

TPMZ" 1 Jurt “tens 21" ————— Zoro-set power meter subroultine 
fmt by dxr £, Bired "tea”splyp2 
if p222iimp -2 Assure reading is closs to zero 
urt Tten”s"9RF Program to read absolute wats 
red “tpn”ipiip2 
ata ~33if p1¢E4Sret ————— Repeat reading until no longer in auto-zero 

SGF*icll '87ZA FRE' (115 ret ———Calls proper LO subroutine for freq 

“SGLtcll '8672A LEW! (p1)iret ————— Calls proper LO subroutine for level 

'GE2OC FRE": (p1-2090)#10/16%52 ——— Model 8620C freq subrouting 
fay HIB4YV"3$4.0) "E"Turt “lo”ie2iret 
     

      
"6672 Deuice Subroutines’s — —————_ Model 86724 subroutines 
8672H FRE” i nax(ply298B3>p13nin(at, 18868)>r] ——— Frequency subroutine 

it P*a123.3,°29 durt “latapiiret   

B672R LEV"iint "K"y2ks"D7"sbiif R151311390] — L ovel subroutine 
i P1C-{2@iurt “10559,61,481 ret 
i pl33iurt "lo"s 4 l-nl;51iret 
1t abs(rl/18))302IUrt "10"P2H48)51-1002-R1, 434 ret 

  

  

8668 Dewice Subroutine     
      

  

   

"BE6AC FRE™:far f.@rziwrt "los*Iny’ (1e6p1s103:" ("1 ret — 8660 freq subroutine 
6607 FREifnt byt 388+28) 3 452 —— BB6OA freq subroutine 

To"sP3-200 ' Inu* (16602, 180+ " (" ret 
660 LEV" ifat £.6 10" Tnut (13-R153)5 "C"§ ret —————— 8660 lovel subroutine    

  Inu":p1od 
33 +B 1Nt (54)/104p43 100H rocod) +p309p37 1f (PTH1#PS 

  

2ires e 

26620 Deuice Subroutines 
€520 FR FTa912,7; "nz" it “lo"seli ret ——8662A fundamental freq subroutine 

F13: “sge2A LEV ap" 6. L "dn S urt 10" 13 ret — 86624 level subroutine 
26679 

  

      

  

  

  

    

30 

 



(— Annotated listing of Data File Construction Program. 
  

“DATA FILE CONSTRUCTION FROGRAN': 
   

  

    

    

“INITIALIZATION": 
din BHL3 1204072 1AL, 6 15 269K3 6oL 
ent "OLD DATA FILE#=2"+% 
i¥ §191359to “NEWDAT) 
1df RaCErALE] 

   

  

K rows and L columns 

1 n0 0ld data, go get new data 
  

     
    ""3ggient "CHANGE DATR (¥ or 1)7%568 

i¢ cap(B$L13)="H"iato “PRINT" 
if cap(BSTiTH4 V" Fat0 -2 

i st HEMDATR® 

“NEMDATA" tent “DESCRIFTION 

    

o K 
fat 1 °ALT143.8 

    

    if capCBST1D="N"iato *HORE CHANGE" 
if capBSL1D#" Y st "PRINT 
wrt BiCSifat 1e3/iurt 6.1 
fat 1f18.4,z8Fm 2 

ent "PRINT CALIBRATION DATR €V or H3%*\B$ 

Load oid data 
Option to change data 

10 L Display existing data column by calumn and invite change 
1418.3iurt o510 ALL S TSent TSALL 

Ogption to print data. 

  

   

Row number 
  

  Line feed at end of row 

Yor 15116 K 
for Jl o L 
wrt . LACLAD Print each column in this row 
next § 
ure 6z 
hext 1   
MORE CHANGE *: "B 

ent “ANY OTHER CHRNGES (Y or 1)7 
if cap(BST17) STORE" 
it cap(B4L133= WIATA 
ato "MORE CHANGE" 

  

    

STORE"1ent "FILE # TO STORE NEW DATA" % 
iF flai3iato -1 
Tef RaCEiALEireu 
and 

  

  
Next row 

Option to further modity data 

Record data on cartridge data file 
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