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INTRODUCTION 

This application note describes several systems which 

can be built around the Hewlett-Packard Interface Bus 
(HP-IB) compatible 436A Power Meter. Five systems 
deemed to be of general interest are described in detail, 

and ideas for many specialized applications, with refer- 

ences, are also included. 
The Hewlett-Packard Interface Bus (HP-IB) is an in- 

strumentation interface standard which defines the elec- 
trical, mechanical, and functional aspects of an instru- 
mentation interface. By standardizing these character- 
istics, the HP-IB allows automatic test systems to be 
assembled with a minimum amount of effort and at a 
reasonable cost. 

Section 1 is a short review of the sources of error in 
power measurements, with specific emphasis on the 

advantages of using low SWR sensors, such as those 
available for use with the 436A Power Meter. 

Section 2 describes both the general benefits of auto- 
mating measurements and the features of the 436A that 

make it well suited for automatic power measurements. 
Sections 3 -7 are the heart of this application note. 

Five automatic test systems built around the 436A Pow- 
er Meter are described in detail. Each section includes 
a brief description, equipment list, measurement proce- 
dure, measurement evaluation, ideas for additions to 
the basic measurement, and, where appropriate, a 9830A 

Calculator program listing. 
Section 8 completes this application note by provid- 

ing a list of several possible automated power measure- 

ments which are beyond the scope of this note.



SECTION 1 

Determining Power Measurement Accuracy 

Power measurement accuracy is largely a function of 
the reflection coefficients of the various components in 
a measurement set-up: The larger these reflection coeffi- 
cients, the less accurate the measurement. 

As the following paragraphs will show, the low SWR 
(small reflection coefficient) of the HP 8480 Series of 

power sensors can dramatically improve power meas- 
urement accuracy. In addition, the calibration factor 

data supplied with each sensor allows measurement ac- 
curacy to be stated in terms of standards defined by the 

National Bureau of Standards (NBS). 

Power transfer equations 
For the simple power measuring system shown in 

Figure 1, the relationship between the maximum power 
available from the source, Puax, and the power actually 
indicated by the “perfect” power meter, Py, is: 

O EAE px—[—u_r—wz———].mu 11 
where 

7. = power sensor effective efficiency 
I'q = generator complex reflection coefficient at 

plane A 
Ty, = power sensor complex reflection coefficient at 

plane A. 

Similarly, the relationship between the power a gen- 
erator will deliver to a perfectly matched load, Py, and 
the power indicated by the power meter is: 

—[d@-|Tu]?) P,—[ (1Tl 2 ].qu 1-2 

The first equation shows that the power indicated by 
the power meter will not be an accurate representation 

Of Puax unless 7. = 1 and unless either I'y, = I'c = 0 or 

   

  

T, = I'g*, (Ng* is the complex conjugate of I'g.) Simi- 

larly, Py will not equal Py, unless . = 1 and I, = 0. 

Plane A 
| 
| Power     

  

  

  

raln O L Y L 
          

      

Figure 1. Simple power measurement. 

In other than these ideal cases, these equations can be 

used to compute Py, and Py, from the indicated power 
if the terms in the equations are known. To this end, 

Hewlett-Packard measures the term [ (n.) (1-|Ty|?) ] 
at 17 frequencies and supplies this information as a cali- 
bration factor curve which is affixed to each sensor. In 

addition, HP also measures the magnitude and phase of 

T, at 17 frequencies and supplies this data on a com- 
puter printout with its 8481A, 8481H and 8484A Power 

Sensors, as shown in Figure 2. Thus, if the user can de- 
fine the magnitude and phase of the generator’s reflec- 
tion coefficient, ', at plane A in Figure 1, equations 1-1 
and 1-2 can be used to compute Py, and Pz, exactly. 
  

SERIAL NUMBER 481. 

MHZ EE7 CF=2 RHO ANG 

2000 9%.4 98.4 .020 -81.6 
3000 9%.1 98.1 .P18 1493 
4000 98,0 97.9 .022 14.0 
50080 97.8 97.8 .021 =-95.% 
6000 97.5 97.5 .018 125.2 
7000 96.4 96.4 .01° -50.0 
8000 95.8 95.7 .029 -169.7 
9008 96.1 96.0 .P40 67.9 

10000 95.6 95.4 .051 -42.3 
11000 95.2 95.1 .044 -141.7 
12400 95.2 95.1 .035 43.8 
13000 94.5 94.3 .045 -18.7 
14000 54,4 94,1 ,059 -93.0 
15080 94,5 94.2 ,053 -173.8 
16000 93.8 93.7 .0I18 25.0 
17000 94,5 94.0 .070 -115.6 
17999 95,9 95.0 .095 150.2       

Figure 2. Computer printout supplied with each 8481A, 8481H and 
8484A Power Sensor. Printout shows effective efficiency (EE) calibra- 
(ion“ladnr (CF), and magnitude (RHO) and phase (ANG) of reflection 
coefficient. 

However, in general, only the magnitude of T is 
known, and therefore, the vector expression |1-T',Tg|* 
can only be evaluated at two extreme limits, (1 + 

|Tw|| To)? and (1 — | T || T [)%. This means that with- 
out knowing the phase relationship between the inci- 

dent and reflected waves, it is impossible to predict 
whether they will tend to cancel or tend to reinforce one 

another. 

Mismatch uncertainty 

This ambiguity caused by lack of phase information 
is called mismatch uncertainty and is generally the 
largest single source of error in power measurements. 

The only way to reduce its effects, other than to meas- 
ure the magnitude and phase of both I'; and T, is to 
reduce generator and sensor mismatch by tuning, pad- 
ding, or leveling. 

In addition, mismatch can also be reduced by build- 

ing a sensor with lower SWR. Therefore, Hewlett-Pack- 
ard manufactures a series of thermocouple and diode 
power sensors which offer excellent match over a 100



kHz to 18 GHz frequency range. For instance, the HP 
8481A Thermocouple Power Sensor's SWR is guaran- 

teed to be less than 1.10 (| Ty, | <0.048) to 2 GHz, less 
than 1.18 (| Ty, | <0.082) to 12.4 GHz, and less than 1.28 
(| Tw.| <0.128) to 18 GHz. 

Example — Accuracy Improvement Using Low SWR 

Sensor 

Using a sensor having a SWR of 1.5 (T, = 0.20) at 2 
GHz to measure a generator having a SWR which is 

also 1.5, the measurement error due to mismatch un- 
certainty alone could be as much as 

1.0816 o [1 % (0.20) (0201 = (g, o 

N +8.16% 
or in percentage, _, g40, 

However, using an 8481A sensor with a SWR guaran- 

teed to be less than 1.10 (T, <0.048) at 2 GHz, the un- 
certainty is reduced to 

. _ 10191 
[1 % (0.048) (020)]2 = oo 

s +1.91% 
or in percentage, _; gq0, 

Total measurement uncertainty 

A statement of uncertainty allows the results of any 

measurement to be compared with primary standards. 
It is therefore important to know all the sources of 

error in any measurement. Table 1 lists all errors en- 
countered in making the simple measurement shown in 
Figure 1 when using a 436A Power Meter. 

Measurement uncertainties must be expressed as per- 

centages if they are to be added to obtain total worst 
case measurement uncertainty for a single measure- 

ment, If several measurements are to be multiplied to- 
gether to obtain a final result, the errors must also be 
multiplied, or equivalently, the errors must be ex- 
pressed in dB and added. The following equations con- 
vert dB error into % error and vice versa. 

% error 
dB error = 1 —_— Tor 0Log (1+ 100 

% error =100 (10 1° —1) 

  

  

  

  

  

  

  

  

  

  

  

Typical value 
with 436A and| Can be Method of 

Source of error 8480 sensor |reduced to|  reducing errors 

Mismatch 1-8% <0.1% |Tuning at each 
frequency 

Calibration factor 15-55% | <2.7% |Special calibration 
uncertainty by standards lab 

Reference oscillator 1.2% <0.7% |Special calibration 
uncertainty by standards lab 

11708A calibrator 11% <0.5% |Special calibration 
pad (8484A only) by standards lab 

Instrumentation* 05% <0.5% |Use external DVM 
uncertainty with more than 4 

digits of resolution 
to measure recorder 
output voltage 

=1 count 0.2% <02% " 

Zero set 0.2% <02% - 

Zero carryover 0.2% 0% Zero on same range 
as measurement 

Noise 0.2% <0.1% |Average several 
readings 

Mismatch uncertainty 0.2% <0.1% |Tuning 
in measuring reference 
oscillator power         
*Add +1.5, —1.0% on top range only, when using a thermocouple 
sensor, to account for sensor non-linearity.       

Table 1. Sources of error in absolute power measurements when using 
the 436A Power Meter.



SECTION 2 

Advantages of Automating Measurements 

Why automate? 

The primary reason for automating any measurement 
is speed. By substituting a calculator or computer for 
the human operator, measurement speed can often be 
increased several orders of magnitude. In addition, au- 
tomated test systems offer many other benefits: final 
results can be automatically calculated from raw meas- 
urement data; calibration information can be measured 
and stored, and then used during the actual test to re- 
duce systematic errors; hard copy output such as 

graphs, charts, and tables can easily be generated. 

The 436A Power Meter 
The Hewlett-Packard 436A Digital Power Meter pro- 

vides many outstanding features which make it an ex- 
cellent choice for programmable power meter applica- 
tions. The most important of these is its ability to inter- 
face directly into HP Interface Bus (HP-IB) systems. 
The HP-IB concept permits systems of low to moderate 
complexity to be assembled at a reasonable cost, with 
very little effort. In addition, because the HP-IB is 
identical to IEEE Standard 488-1975, a wide variety of 
compatible, off-the-shelf instrumentation is available. 

The 436A offers complete programmability of mode 
(watts, dBm, dB reference, or dB relative to a previously 
set reference value), range, and zero. Also, the 436A 
can be used with any 8480 Series power sensor. These 

sensors offer measurement capability from 100 pW 
(—70 dBm) to 3 W (+35 dBm), at frequencies up to 18 
GHz.



SECTION 3 

Data Logging Using the HP 5150A Thermal Printer 

Description 

The system shown in Figure 3 measures power at 

regular time intervals and produces a hard copy output 
of these measurements The time between measure- 
ments is selected by the sliding switches on the front 
panel of the 5150A. Time-of-day information can also 
be printed. 

Addition’s to the basic measurement 

The 5150A Printer is also available with a scanner 
option (Option 003) which allows the user to sequential- 
ly address and accept data from up to 13 instruments on 

the HP Interface Bus. Using this option and several 
power meters, power from several sources can be con- 
tinuously monitored. 

  

  

10631878/ 
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Figure 3. System for taking power readings at regular intervals using the 
5150A Thermal Printer. 

Equipment list 

* 436A (Option 022) Power Meter 
* 8480 Series Power Sensor 
* 5150A (Option 001; Option 004) Thermal Printer 
* 10631A/B/C Interface Cable. 

Procedure 

1) Connect the interface cable to the rear panel con- 
nectors on the power meter and on the printer. 

2) Set the normal-talk only switch on the rear panel of 
the power meter to talk only. 

3) On the rear panel of the printer, set the L only switch 
to 0. The listening LED below the address switches 

should light. Set the BCD CMD switch to 0. Set the 
PRT CMD switch to LF. 

4) Zero and calibrate the power sensor to the power 
meter's reference oscillator according to the instruc- 

tions in the 436A Operating and Service Manual. 
Connect the power sensor to the power source to be 

monitored and use the front panel switches on the 
power meter to select watts, dBm, or dB (rel) mode. 

6) Set the clock on the printer and select the desired 
print interval. Refer to the 5150A Operating and 
Service Manual for front panel operation details. 

5 

The printer will now trigger the power meter and take 
a reading at the end of each print interval. Figure 4 

shows a typical printer output. 

  

      
Figure 4. Printout from 5150A Thermal Printer showing power measure- 
ments. The three leading characters give information about the status, 
range, and mode of the 436A. See 436A Operating and Service Manual 
for an explanation of these characters.



SECTION 4 

50 dB Dynamic Range Logarithmic Recorder Output 

Description 

The set-up shown in Figure 5 uses a D/A converter 
to generate a voltage proportional to the power reading 
in dB, thus simulating a logarithmic recorder output 
with a 50 dB dynamic range. This voltage can be used 
to drive an X-Y recorder or storage oscilloscope for 
sweep frequency testing. 
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Figure 5. System for seneraling a voltage proportional to power reading, 
in dB, over a 50 dB dynamic range using the 59303A D/A converter. 

  
a36A 
Power Meter 
(Option 022) 

    

  

  
| 5480 Series 

< Power Sensor 

  

    
  

Equipment list 

* 436A (Option 022) Power Meter 
* 8481A Power Sensor 
* 59303A D/A Converter 
* 8495B (Option 001) Step Attenuator 
* 8620A Sweep Generator 
* 7035B X-Y Recorder 
* 10631A/B/C Interface Cable 

Procedure 

The following procedure describes how to make a 
swept measurement using the previously listed equip- 
ment. 

1) Connect the equipment as shown in Figure 5. 
2) Set the normal—talk only switch on the rear panel 

of the power meter to talk only. 
Set the addressable/listen only switch on the rear 
panel of the A/D converter to listen only 

4) Set frequency limits for desired sweep on 8620A. 
Using either internal or external leveling, adjust 
power level vernier for maximum leveled power. 
Set sweep mode to auto, trigger to ext., and time to 
100. Turn time vernier fully counterclockwise. 
Set A/D converter front panel switches as follows: 

digits converted: 000HHHO 
output mode: —9.99 V to +9.99 V 

(Plus/Minus). 

Connect 8481A Power Sensor directly to 8495B At- 
tenuator. Set attenuator for 0 dB attenuation. Push 
dB (ref) button on power meter. 

7) Turn X range and Y range switches on 7035A to 10 
V/in. Turn X-Y recorder servo on. Use Y-zero 
control to set pen to desired zero position. Set 30 
dB on attenuator. Adjust Y range switch and range 
vernier control to place pen to —30 dB position. 

3] 

5 

6] 

8) Temporarily set sweeper’s sweep mode to manual. 
Set manual sweep vernier counterclockwise for 
minimum frequency and adjust X zero control on 
X-Y recorder to position pen to left side of paper. 
Turn sweep vernier clockwise for maximum fre- 
quency and adjust X range switch and Range ver- 
nier to position pen to desired end position on pa- 
per. Return sweep mode to auto. 
Make single sweeps for 0, 10, and 20 dB settings on 
attenuator in order to obtain calibration lines. 
Set attenuator to 0 dB and insert unknown device 
as shown in Figure 5. Make a sweep of the un- 
known device’s characteristics. 

Figure 6 shows the response of a low-pass filter ob- 
tained using the technique outlined above. 

9] 
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Figure 6. X-Y recorder plot of low-pass filter is made by using the 
system shown in Figure 5. 

Measurement evaluation 

Although this technique can produce a 50 dB dynamic 
range plot, the 436A Power Meter's 10-second settling 
time on the bottom 10 dB range requires a slower sweep 
than most sweep generators are capable of producing. 
Thus, this technique is limited in most cases to 30-40 
dB dynamic range. Even on the power meter's upper 
ranges, a slow sweep speed is necessary to achieve high 
accuracy. 

Also, the 59303A D/A converter can process only 3 
digits of information, thus limiting resolution to 0.1 dB. 
However, this is generally quite adequate for plots 
made over a 30 to 40 dB range. 

Finally, the small discontinuity in the plot at about 
3.67 GHz is due to the power meter's autorange circuit 
which operates more slowly on the bottom two ranges. 

Additions to the basic measurement 

The digits converted switch on the D/A converter 
can be changed to 0000HHH to obtain 0.01 dB resolution 
over any 20 dB range. Follow the previous procedure 
except set the attenuator for 10 dB attenuation in step 
6, and 20 dB attenuation in step 7. 

A different power and frequency range can be meas- 
ured using one of the other 8480 Series Power Sensors.



SECTION 5 

Signal Generator Calibration 

Description 

The accuracy of a signal generator's frequency, pow- 
er, and modulation settings directly affects measure- 

ment accuracy. It is, therefore, of the utmost importance 
to verify generator performance on a periodic basis. 

If this verification must be done often, or if a large 
number of units are involved, automation can greatly 

reduce costs. 
The procedure presented in the following paragraphs 

shows how a signal generator’s frequency, output pow- 

er, output attenuator, and AM accuracies can be veri- 
fied using only a power meter and frequency counter 

under calculator control. References to other applica- 
tion notes which describe the use of a programmable 

frequency counter to measure fractional frequency de- 
viation and FM peak-to-peak deviation are given under 
the heading Additions to the basic measurement. 

The calculator program listed at the end of this sec- 
tion illustrates how to implement the above procedure 
for testing the HP Model 8654B Signal Generator. This 
program can be easily modified to calibrate any other 
signal generator. 

Equipment 

* 436A (Option 022) Power Meter 

8480 Series Power Sensor 
5340A (Option 003) Frequency Counter 
9830A Calculator 
9866A Thermal Printer 
8761B (Option 001) Coaxial Switch 
59306A Relay Actuator 
24 V Power Supply 
11631A/B/C Interface Cables 

Procedure 

Connect the equipment as shown in Figure 7. The 

inset to this figure shows the connection details of the 
8761B switch. The procedure for each individual test 
is as follows: 

Output level accuracy 

A signal generator is usually specified to have an 
output power which deviates from the reading on the 
dial by no more than =X dB. To check this, take meas- 
urements as rapidly as the power meter will allow as 
the signal generator is tuned across each band. Correct 

each reading using the sensor's calibration factor data. 
(Interpolation can be used to generate calibration factor 

at frequencies other than those at which it is measured.) 
Compare the corrected readings to the output level set- 
ting and print an error message if the difference is 
more than the specified value. 

Frequency accuracy 

The frequency produced by a signal generator is 
usually specified to be within £X% of the dial setting. 

To check this, measure the frequency output of the sig- 
nal generator and compare it to the dial setting. If 
the difference between the two values is greater than 

the specified value, print out an error message. 

Step attenuator accuracy 

The step attenuator on a signal generator is some- 

times specified to have a certain incremental attenua- 
tion accuracy. To check this, take a reference reading 
at some power level using the dB[ref] feature on the 
436A Power Meter. Change the attenuator setting and 
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Figure 7. System for testing signal generator output level, frequency, step attenuator, and AM accuracies. 
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read the relative power change. If this power change 

differs from the attenuator change by more than a spe- 
cified amount, print out an error message. 

AM accuracy 

AM modulation index can be measured using a power 
meter if the modulating waveform is a reasonably pure 

sinewave, and if the distortion introduced by the gen- 
erator's modulator is reasonably low. The derivation 
in Appendix A shows that if these conditions are met, 
the modulation index is 

where: Pr = total power of modulated waveform 
P. = power in unmodulated waveform (carrier). 

Thus, to measure the accuracy of the AM meter, 
measure the signal generator power output both with 

and without modulation, and compute modulation index 
using equation 5-1. Print out an error message if the 

measured and set values differ by more than a specified 
amount. 

Measurement evaluation 

The accuracy of the output level measurement de- 
pends on all the factors shown in Table 1. However, 
because the 8761B Coaxial Switch is placed between 
the power sensor and the signal generator, it introduces 

both a loss and an additional mismatch uncertainty. The 
loss can be measured using the techniques described in 

Section 6, and can therefore be calibrated out, but the 
error resulting from mismatch cannot be eliminated. 
However, worst case limits for multiple mismatch er- 
ror can be calculated using the multiple mismatch equa- 
tion in Appendix B. 

The accuracy of the frequency measurement is %1 
count = time base error. 

The accuracy of the step attenuator measurement is 
better than output level accuracy because the value 

measured is relative power, not absolute. Therefore, 
only mismatch uncertainty (caused by the change in 
reflection coefficient with a change in attenuation) and 
instrumentation uncertainty are significant. 

The accuracy in measuring modulation index depends 

on the absence of large unwanted sidebands in both the 
modulated and unmodulated signal. For most lab quality 
signal generators, this constraint is easily met. However, 
some generators have a broadband noise floor which 
tends to increase the power of both the modulated and 
unmodulated signals. This in turn has the effect of mak- 

ing the power ratio in equation 5-1 closer to 1, there- 
fore, making the modulation index appear smaller than 
what it really is. The solution is to use a low-pass or 
band-pass filter on the output of the signal generator 
if this is a problem. No such filter is needed when 
measuring AM accuracy of the 8654B. 

Also, because only a small increase in power occurs 
for small modulation indices, this technique is limited 
to measuring indices of 0.2 or greater. Even for these 

large modulation indices, accuracy of the modulation 
index can be no better than the accuracy of the power 
ratio Py 

P’ 

Additions to the basic measurement 

FM characteristics of signal sources can be measured 
with a calculator controlled frequency counter using 
the procedures outlined in Application Notes 174-7, 
Measuring Fractional Frequency Deviation (Short Term 
Stability of Oscillators), and AN 174-8, Measuring FM 

Peak-to-Peak Deviation. These techniques are written 

around the 5345A (Option 011) Frequency Counter. 
A somewhat simpler set-up can be put together by 

replacing the 8716B switch with a 3-resistor power split- 
ter. As with the switch, the loss and mismatch of the 
power splitter must be taken into account. The draw- 
back to this technique is that the signal cannot automa- 

tically be shut off for remotely zeroing the power 
meter. 

9830A Calculator program 

The following is a 9830A Calculator program which 

shows how the above procedures can be used to test 
the 8654B Signal Generator. The operator instructions 

and the pass/fail type of output is typical of programs 
written for production line testing. 

Modification of this program for use with other signal 
generators could easily be done by changing the data 
statements in lines 1210-1300. 

For simplicity, only one calibration factor is used in 
the flatness test. However, if calibration factor is avail- 
able at several points in the signal generator's frequency 
band, this information could be added to the program, 
and calibration factor interpolated between frequencies. 

Each segment of this program can be loaded into a 
special function key on the 9830A Calculator to make it 
easier to repeat one section of the program in the event 

of operator error.



  

  —— Signal Generator Calibration Program for 9830A Calculator 

  ~-SIGHAL GENERATOR CALIBRATION- 

  

    30 REW FOER JETER LISTEN *o TRL W 
30 REM COUNTER LISTEN -2- TALK "R~ 
33 BEN SHITOR nETURTOR LISTEN “1° 
&0 RE} 
70 REN ZERQ POWER METER AND INITIRLIZE COUNTER 
80 GOSUB 1318 

REN 
100 ken CHECK FREQUENCY FLATHESS 
110 REN 
120 DISP “TURN HODULATION OFF* 
140 BisP_"seT ourpuT LEVEL TO @ DEN" 
130 REN'SET ERROR FLAG. 150 = 

  

2 
“SET §FLE7TO"ABSF2 

SET SHITCH T0 NERSURE FONER. A 

2 BRI 

  

30 TCH T0 READ FREOUENCY. 
399 CHD “2U1* 400 REN READ FREQUENCY. 
418 gosle 130 
20 €= 

350 Brinr JFLaTuESs our oF srec ATy 
449 prilT ¢ §7ERROR="1P/¥3 “DEN" 

GOTO 1 
b 
478 REN SET SHITCH 10 READ FREQUENCI 

0 12- 
EEh penD FREGUENCY. 
GOSUB 1538 
REN CHECK Fi 
IF FesaiF) 
s 

FEN 

  

  

  

07 END OF BAND. 
F2 THEN 190 

1 CHECK DIAL ACCURACY 
FERD F1 
1F Fi=0 THEN 720 
DISP SET TOFFLi HHZ" 

8 STOP. 
0 REH READ FREQUENCY. 

UE 1538 620 
630 REM CONPRRE RGRINST 7% SPEC. 
&40 IF ABSC(F-F1)/F17<0.63 THEN 570 
S50 PRINT CFREQ RCCURACY OUT OF SPEC A1°1F11“MH2"H 
£70 FRINT, - " ERSURED FREQ"iF )" 
€80 GOTI 
& een 
70 REN MERSURE AN 
720 e nsn SIORE REFERENCE YALUE MITH A OFF. 
740 nsn UALT FOR FONER NETER T0 SETTLE. 
730 WAIT 2000 
760 CHD_"2Ui="5 94T, “o5" 
770 ENTER (13,3200 1 
780 FOR 120 To 50 Ser 
751 " DEETHI ¢ r,mwux: WITH SPEC, 

  

0 REN SE' 
B SLel i 
i 171 -oHs" 

(TER (13,320)7 
HeSOR (o P12 

  

100 
ONPARE WITH 5% OF KERDING + 5% SPEC. 

T RBSHT 3¢5+ T50-ds THEN 3 
T “AN OUT OF SPEC AT"11} 

1 
FRIN 1 ) 
FRINT “NERSURED YALUE="§Hi "% 
NEAT 1 

  

310 REN 
920 &N 

RER 
340 DISP "SET STEF ATTENUATOR 10, +10 eN~ 
338 win SET HEFEREICE ViLUE. 
389 FEN mz HERDINGS RELATIVE 10 KEFEKEILCE. 
998 oI} 
1990 FoR 1510'10 36 e 
m;: Dige “peckEnse A bnton oue step- 

EMD “2U="1"1", “Hs* 
1545 ENTER ¢13,320'F 
1B30 IF ABSCIOPIC0.5 TN 1090 

E=| 
1020 mat “ATTENUATOR OUT OF SPEC AT-113"BEN"3 

MERSURED ATTENURT I0N=" 3 -P3 “D8 

CHEUK STEP RTTENUKTOR 

   

  

  

  

   ~END OF TESTS-- 
1130 REN POMER SENSOP CRL FRCTOR AND BAND LINITS 
1200 REN FOR FLATNESS TEST. 

  

1358 Ren FREQUENCY SETTINGS FOF FREQUENCY SCALE TEST. 
1300 AT 15,20,50. {60: 205, 460, 

POMER: NETER ZERO_AND 
1338 REN COUNTER INLTIALIZE SUBROUTINE. 
1338 REN 
1350 FORNA; 
1368 OUTPUT (13,13507681 

REN SET_SITCH T0 TURN OFF POMER. 

  

9 C 
FORMAT 241E12.0 1550 1510 ENTER <13, 15005F 1320 RevoRu 

1530 REN 1346 fen COUNTER READ SUBROUTINE 
o tin 

  

  
 



SECTION 6 

Gain and Attenuation Measurements 

Description 

The programmable features and low mismatch of the 
436A Power Meter and its associated sensors allows 
gain and loss measurements to be made at hundreds of 
frequencies in less than one minute with accuracies ap- 

proaching *=0.6 dB. By using a second 436A Power 
Meter and a 11667A Power Splitter, source SWR can 
be dramatically reduced, improving typical accuracies 

to better than +0.2 dB*. 
The procedure and sample program presented in the 

following paragraphs show how to make highly ac- 
curate measurements of attenuation. Extension to meas- 

urements of gain is straightforward. Although capable 
of measuring up to 50 dB of attenuation in theory, this 

method is best suited for measurements of 30 dB or 
less. To measure up to 70 dB of attenuation, read the 
paragraphs in this section titled Additions to the basic 
measurement. 

Equipment 

Two 436A (Option 022) Power Meters 
‘Two 8481A Series Power Sensors (Other 8480 pow- 
er sensors can be used depending on frequency and 
power range of interest) 

One 11667A Power Splitter 
One 8660A (Option 005) or 8660C (Option 005) Syn- 

thesized Signal Generator (110 kHz to 2.6 GHz de- 
pending on RF plug-in) 
One 9830A Calculator 

* One 9866A Thermal Printer 
* One 59405A (Option 030) HP-IB Calculator Interface 

Optional 

For measurements above 2600 MHz, replace 
8660A/C with 8620C (Option 011) Sweep Generator 
(3 MHz to 18 GHz, depending on RF plug-in). 

Procedure 

1) Rewire power meter number 2 for talk address “L" 
and listen address “," as shown in Figure 8. (Refer 
to 436A Operating and Service Manual for more 

complete details). 
2) Connect equipment as shown in Figure 9. Set signal 

generator for maximum power output. 

3) Connect power meter number 1 directly to power 
splitter. 

4) Measure the power level (in dBm) at each power 
meter and record the difference (in dB). 

5) Repeat step 4 at each frequency of interest. The sys- 
tem frequency response has now been recorded. 

6) Connect the device to be tested, as shown in Figure 
9. 

7) Repeat step 4 at each frequency of interest. 

tter to reduce source SWR, see Ap- 
Measurements, Appendix A. 

  * For a discussion on the use of a power s 
plication Note 163, High Frequency Swe 

  

10 

8) Compute the attenuation of the device under test. 

A=(P;—Py) — (P —P) 
where 
P, = calibration reading on power meter number 1, 

in dBm 
P, = calibration reading on power meter number 2, 

in dBm 
P,’ = test reading on power meter number 1, in dBm 
P,/ = test reading on power meter number 2, in dBm. 

The program listed at the end of this section uses this 
procedure to measure attenuation. 

  

  

  

9866A 
Thermai Printer 

  

  

*0r BG20C (0pt O11) Swoep Generator       
Figure 9. System for measuring attenuation over a 0 to 30 dB range. 

Measurement Evaluation 

This is a very accurate measurement technique be- 
cause almost all major errors, except mismatch, are cal- 

ibrated out in steps 4 and 5. Mismatch can be calculated 
using the multiple mismatch equation or the calculator 
program given in Appendix B. Typical mismatch un- 
certainty for a source SWR = 1.10, a sensor SWR = 
1.10, a pad SWR = 1.30, and a pad attenuation of 10 dB 
is #=0.11 dB. Instrumentation will typically add *0.02 
dB to the total error. On the top range only, sensor non- 

linearity adds +0.06 dB.



Additions to the basic measurement 

As previously discussed, this technique is best suited 
for attenuation measurements of 30 dB or less. How- 
ever, measurements of attenuation levels from 30 to 70 
dB can be made by taking advantage of the 8484A 
Power Sensor's high sensitivity. The procedure is the 
same as before, except that the 8484A is connected to 

power meter number 1 in Figure 9 and the calibration 
run, outlined in steps 4 and 5, is done at a power level 
of —22 dBm, i.e., somewhere in the top end of the —20 
to —30 dBm power range that the 8481A and 8484A 

have in common. 

During the actual test, the source power is increased 
back to maximum power output. This power change 
does not affect measurement accuracy because both 
arms of the power splitter “see” the same power 
change. Once the power is increased, up to 70 dB of 
attenuation can be inserted at the test port of the power 
splitter without exceeding the range of the 8484A. 

For “continuous” measurements of attenuation from 
0 to 70 dB (e.g., sweep testing filters), a switch may be 
added as shown in Figure 10. For this set-up, two cali- 

bration runs are required, one for each switch position. 

During the measurement phase of the cycle, the 
8484A sensor is switched into the circuit when the 
power falls below about —23 dBm and the 8481A sensor 
is switched into the circuit when the power goes above 
approximately —21 dBm. 

The loss of the switch is automatically calibrated out 

during the calibration run. However, mismatch seen 

looking back into port 3 of the switch is slightly worse 
than with the sensor alone. 

The equivalent reflection coefficient at port 3 of the 
switch, when port 1 is connected is 

T Ty 
Tgq=T3+———F 
R T 0 ) 

where: 
T3 = reflection coefficient at port 3 with port 1 termi- 

nated in a perfect load 
= reflection coefficient at port 1 with port 3 termi- 

nated in a perfect load 
reflection coefficient of sensor connected to 
port1 

T, = ratio of power entering port 3 to power leaving 

port 1, or vice versa. 

L= 

The equivalent reflection coefficient at port 3, when 

port 2 is connected can be found from the above equa- 
tion by substituting the subscript 2 for the subscript 1. 

9830A Calculator program 

The following is a 9830A Calculator program for 
measuring attenuation in the 0 to 30 dB range. This 
program follows the procedure outlined in the previous 

paragraphs. 
Although this program is written for the 8660C (Op- 

tion 005) Synthesized Signal Generator, it could easily 
be used with an 8620C (Option 011) Sweep Generator 

to generate frequencies up to 18 GHz. The frequency 
control subroutine would, of course, need to be changed. 

  

  

  

      

  

    

*8660A/C (0pt 006) 
Synthesized 
Signal Generator 

            

  

*or 8620C (Opt 011) Sweep Generator 
     Ca 

4364 (0pt 022) 
Power Meter 

        

Figure 10. System for measuring attenuation over a 0 to 70 dB range using the 8481A and 8484A Power Sensors. See inset on Figure 7 for de- 
tails of 87618 switch connection. 
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—— Attenuation Measurement Program for 9830A Calculator 

10 REH-----~ ATTENUATLON NERSURENENT PROGRAN -— 
20 REN 
30 REN SIGNAL GENERRTOR LISTEN “3° 
40 REN TEST FOMER METER LISTEN “-* TALK “n° 
50 REN PEFERENCE POWER NETER LISTEN *v° TALK “L° 

      

  

0 € _AND NUNBER OF POINTS. 
'va FRECUENCY. (MES 1 
e 1 

| S10P FREQUENCY (hH2) 
S Dice “WUMBER OF POINTS S 

IHPUT 

  

  

i 
Een SYETEN CALIBRRTION 

o Fi 
PEN 2RO, THE EOMER NETER! 

SIGNAL CENERATOR QUTPUT LEVEL. 
:sr: TNiTiLIZE RRy SUBSCRIPT <10, 

0 FOR FeF1 10 F2 STEP (F2-F1)/(H-1) 
REM CHANGE FREQUENCY. 

280 GOSUB 520 
REN MERSUKE FOMER. 

0 GOSUE 1070 
FEI STORE KESULTS. 
PCLIF 
1=i4) 
HEXT F 

350 
369 REN NERSURE RTTENUATION 

N CONNECT DEVICE T0 BE TESTED, 
:n g;sr “CON, DEVICE: PRESS CONTIENECUTE"} 
400 $TOP 
410 REN INITIALIZE ARRAY SUBSCRIPT. 
350 ren | KECZERO POMER NETER. 
440 Gosus 
bt} an FeF1 10 F2 STEP (F2-F1)/4)i=1) 
478 REW CHANGE. FREOUENCY. AHD NERSURE. POUER. 
438 
500 REN USE PREVIOUS POMER RERDING TO CORRECT 
$10 REN FREQUENCY RESPONSE ERRORS. 

  

4 
FIAED 4 

530 PRINT “FREQUENCY="1F1 
< FLED & 

  
  

  

POMER METER ZEF0_AND 
L SET SUBROUTINE 

     

   

    

    

   
   
   

  

0 QUTFUT (13,670)7681 
BEN'TURI GENERATOR QUTPUT POMER “OFF" (136 D6, 

00 CH “70: ic- 
o kel 2ER0 "““;‘;,"”“ 0N HOST SENSITIVE RANGE. 

39 rmv 4540 
Elfer (13,7502 
s 

  

  

  

  

Fen 1r police nete I3, ot NEAR Z£Ry 
REN TRKE ANOTHER MERS! 

800 IF hBsz) ok U;asng;mmgn 720 

T — 
e 
e 5 

050 FEN FOMER HETER KERD SUEROUT 
1099 REN FETURN RATIO lnnrrs-m: n| 10 oF 
1109 kEn TEST POWER T0 REFERENCE P 
1120 REM TRIGGER BOTH METERS SINULTANEOUSLY, 
1130 REW 0 [S FLAG 70 SIGNIFY PONER READING 

40 REN oW BoTION KAGE. 
D *2U=y"e"T" s cnp 

80 FORNAT 13181 10 E12.0 
90 ENTER (1311180)R:P1 

cHp_“oL5" 

    

£ 
1220 If A7 D Bz ou 0:1 Thew 1280 
1230 REN IF_PONER BOTTON RANGE, 
xza REN THEN ALY A HD 1 TONAL 20 SECONDS: 
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SECTION 7 

Power Sensor Calibration 

Description 

The accuracy of a power sensor’s calibration factor 
directly affects power measurement accuracy. It is 

therefore good practice to periodically check cal factor 
to verify that it has not changed due to sensor damage 
or aging. 

The following procedure is a very simple, yet effec- 
tive, way of transferring the calibration factor of a 
standard power sensor to a particular unit under test. 
This technique relies on a broadband resistive power 
splitter and a second power meter to cancel out power 
variations in the source and, more importantly, reduce 

source mismatch to a very low value. By alternately 
connecting the standard power sensor and the sensor 

under test to this leveled source, the calibration factor 
of the standard can be transferred to the test unit. 

The calculator program listed at the end of this sec- 
tion shows how to automatically perform this calibra- 
tion for an 8481A, 8482A or 8483A Power Sensor. Ex- 

tension of this technique to other 8480 sensors only re- 
quires a change in power levels. 

The paragraphs on Additions to the basic measure- 
ment outline a technique that could be used to cali- 

brate power sensors for power meters other than the 
436A. 

Equipment 

* Two 436A (Option 022) Power Meters 
* Two 8480 Series Power Sensors (one of these 

should preferably be calibrated by a standards lab) 

* One 11667A Power Splitter 

* One 8660A (Option 005) or 8660C (Option 005) Syn- 

thesized Signal Generator (110 kHz to 2.6 GHz de- 
pending on RF plug-in) 

* One 9830A Calculator 

* One 9866A Thermal Printer 

* One 59405A (Option 030) HP-IB Calculator Inter- 
face. 

Optional 

For measurements above 2600 MHz, replace 

8660A/C with 8620C (Option 011) Sweep Generator 
(3 MHz to 18 GHz depending on plug-in). 

Procedure 

1) Rewire power meter number 2 for talk address “L" 
and listen address “,” as shown in Figure 8 (refer to 

436A Operating and Service Manual for more com- 
plete details). 

Connect equipment as shown in Figure 11. 

Connect standard 8480 Series Power Sensor to pow- 
er meter number 2 reference oscillator and vary cal 
adj for a stable 1.000 mW reading. 

Take readings from both power meters at the fre- 
quencies of interest. Store the ratio [power number 2 

(watts)]/[power number 1 (watts)]. Call this ratio P1. 
Repeat steps 3 and 4 above, except substitute the 
8480 Series sensor to be tested for the 8480 standard. 
Call the ratio in step 4 P2. 

2] 

3 

4, 

5 

  

  

  

*8660A/C (Opt 006) 
Synthesized 
Signal Gonerator    *or 8620C (Opt 011) Sweep Generator 

  

     

  

   
436A (Opt 022) 
Power Meter 

    
    
Figure 11. System for transferring calibration factor from one 8480 Series power sensor to another.



6) Compute the calibration factor of the unknown sen- 

P2 
sor at each frequency: K, = Ky n 7-1 

where: 
K. = unknown's calibration factor 

  

standard’s calibration factor. 

Measurement evaluation 

The accuracy of this measurement depends on four 
factors: 

Standard'’s calibration factor uncertainty 

The calibration factor uncertainty of the standard sen- 
sor is specified by the user’s standards lab. If a produc- 
tion 8480 Series power sensor is used, this uncertainty 

is specified in the data sheet. 

Mismatch uncertainty 

Measurement mismatch uncertainty is given by 
(1 %|Tg||To|) (@ %|Tu||Ta|) 7-2 
where: I's = generator's equivalent reflection coeffi- 

cient 
T's = standard's reflection coefficient 
I, = unknown'’s reflection coefficient. 

Plus and minus one count error 

Plus and minus 1 count error is the error caused by a 1 

count change in the least significant digit of the reading. 

Power meter reference oscillator mismatch uncertainty 

Reference oscillator mismatch uncertainty is given by 

(1 =|Tu||Ts]) (1 = | Tw|| T]) 7-3 
where: I'n = reference oscillator's reflection coeffi- 

cient. 

I'y,I', are defined above. 
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Total uncertainty can be computed using the rules 
outlined in the last paragraph in Section 1, i.e., first find 
total uncertainty for each power measurement, and then 

multiply these uncertainties (or convert to dBm and 
add) to obtain the uncertainty in the final result. 

Additions to the basic measurement 

This same technique can be used with other power 
meters besides the 436A. However, because most other 
power meters are not programmable, an HP-IB compati- 
ble digital voltmeter such as the HP 3490A or HP 5306A 
must be connected to the power meter's recorder output. 

The measurement is the same as the one outlined pre- 
viously for the 436A, except that the power meter's 
range must be set manually, and the calculator must 
convert the voltage reading into a power reading. 

9830A Calculator program 

The following is a 9830A Calculator program for cali- 
brating 8481A, 8482A and 8483A Power Sensors. Cali- 
bration of other 8480 Series power sensors is possible 
if the source power level is changed appropriately. 

Although this program is written for the 8660C (Op- 
tion 005) Synthesized Signal Generator, it could easily 
be used with an 8620C (Option 011) Sweep Generator 
to generate frequencies up to 18 GHz. The frequency 
control subroutine would, of course, need to be changed. 

The program also computes total uncertainty based 

on mismatch, plus and minus one count ambiguity, and 
the uncertainty of the standard.



  Power Sensor Calibration Program for 9830A Calculator 

    18 REH—--<POUER NETER,WOUNT CALLBRAVAON = 
28 KEN vee pukee ETER SET FOR LISTEN *\° TALK L. 
30 BEM TEST POWER HETER SET FOR LISTEN TALK " 

  

50 REU.<IGnL GEIERTOR SET FOR LISTEI *3° 
0 FORNAT & 

50 FOEHAT 4064001002 
T IR L0 he b 28 0h0 co S22 34 M20,2 210201 
a0 REN ZER0 PONER METER. 
100 GOSUB_ 1310 
110 FEN SET/8650 PONER LEVEL. 

45 
130 GOSUB 1120 
1o FEN 

i HPUT DATA 

  

EN 170 PEH ENTER WEXT FREQUENCY: STANDAEL'S CAL FACTOR: 
130 REN CAL FACTOR UNCERTRINTY AND SOURCE'S SUP. 
190 REN END INPUT SEQUENCE WITH A NEGATIVE FREGUENCY. 

Nz 

  

230 IF FL110 THEN 350 
230 Dise “STANIARDS CAL FACTOR' 
250 INPUT KLTD 5P "CAL FACTOR UICERTAINTY 73 

uct 

318 INPUT SC1,2) 
320 x‘n(z mnrum;n S WORST CRSE SHE“ 

SYSTEN CALIBRATION 
370 REN S30 e READ POMER RATIO T EACH TESY FREGUENCY. 

= 
400 FOR (=1 T0 11 
410 FEN CHRNGE FRESUENCY. 
420 GOSUE 1050 
430 KEN WALT FOR MGUNT TO SETTLE LAST 1%, 
440 WALT 20 
450 KEN STOPE RATIO UF STANDARD 10 REF 1N PCD). 480 FLLISFNPCLY 
370 BEN DCtoty ANO T 20 WILL CONTAIN TOTAL 
480 REW +- | COUNT EFROR. 
490 DELoLDeTt 

HERSURE CAL FRCTOF 
€1 SENSOF 10 BE TESTED, 

MO PRESS CONT+ EXECUTE 

  

570 o s auww C13:60) 10241 
200 FEN zepo polek HETER. 

10 

  

3 
D FOR 1=1 T0 11 

£20 ben ChANGE FREQUENCY. 
690 GOSUB 1056 
709 FE WAIT"FOR 0T T SETILE LS 

  

740 REM CONPUTE CFi FRCTUR FOR THIS FREQUENCY 
0 ka1 18Pz 

  

a10 
920 REN TOTAL ERROR 

    
  

  

  
  

930 BEN (31D UKC,0a 201 
30 REN EEF 0SC EREOF 1S T7PILE 
355 KN DOk 70 PEF buc AND PALE SENGORS? Suks 
50 FEN AND += 1 COUN' EFROR. 

970 FEN 9B0 PRINT CCUF L1/500+1)0 61001 1051, 0U5E -1 1 o160 
Q90 PRINT CL-CT I 000+ E24D2 0000300 1 o100 
1000 Y 1 

010 560 
D i 

  

T   

  

1040 REN 
1850 REN €650 FREQUENCY CONTROL SUBROUTINE 
1850 REM 
1878 FORNGT £1000.0) (" 
i QUTPUT 143, 10701 FILCFE116403) 
1188 RETU 
fiie Fen 
20 FEN 2660 LEVEL CONTROL. 

uan REN 
9 FORNAT =" 1F1000.0, ¢ 

“oy3- 50 wmn T30 1140 UFNC(L1-13) 1END2 ) 

G660 DICIT INVERSION SUBROUTINE 

113 
1158 
1 
1 
1 
it 
2 

  

1ot en POMER NETFE ZERD SUERDUTIIIE 
1338 Soteur_c13,50,7501   1340 REN TURN POWER OFF* <170 08N 

  

) 
1410 ENTER (13,7607 
1420 REN IF POMER METER 1S NOT NEWE [EKU 
1330 PEN TRKE ANOTHER NERSUREVENT. 
1440 IF (RBSZ)2) OF (WBSZLIZ: THEN 1070 

D “7U= "0 "94R1" 
1450 CHD_~7H5" 
1470 ENTER (12.6008 

cHp_“7Ls” 
1450 ENTER (12,6005 
15 

  
  

  

00 REN IF POUER FETEE 15 NOT AT END OF ZERO. 
1510 REM CHECK RGAIN. 
1520 IF R 0% 64 24 THEN 1450 
1530 RETURN 
1540 REN 1550 REN FONER HETER RERD FUNCTION. 
1550 FEN FETRUM RHT10 OF TEST T0 KEF FONER, 
1570 REN 
1380 DEF FHPCi) 
1590 REW TRIGGER BOTH NETERS SINULTANEQUSLY. 
500 CHD ~7U=y "y 1" 

  

1500 
1610 CHD “2ms’ 
1S20 FEN BERD naNTISS i ESONENT 
1630 REN €0 THRT +~ | COUT CRROPS 
1540 ENTER (17070 )F+G1 

0 CHD_~7L. 
1650 ENTER (13,7000 

FEN COMPUTE += | COUNT ERFOR. 3 

EPRRRTEL Y chil 6 CONPL     

    

1710 ZaPe10T(G13 R 1014G2) 
1720 RETURN 2 
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SECTION 8 

Other Automated Power Measurements 

This section presents a list of ideas for other auto- 
mated systems which could be built using the 436A 
Power Meter, a 9820A or 9830A Calculator, and a small 
number of other instruments. These applications are 
either too complex or too specialized to be covered in 

detail in this application note. 

Reflection/transmission measurements 

Use two 436A Power Meters, a 8660A/C Synthesized 
Signal Generator (or a 8620C Sweep Generator), and 

two directional couplers to make automatic, high resolu- 
tion, reflection and transmission measurements. The 
ability of the power meter to read true power regardless 
of waveform makes this a good technique to use if the 
stimulus signal is amplitude modulated. 

Power output vs. applied voltage 

Use the HP 59303A D/A Converter and a 436A Pow- 
er Meter both under calculator control, to measure pow- 
er out as a function of voltage in. This could be useful 

for measuring amplifier a.g.c. loop gain, or for testing 
TWT amplifiers or signal generator AM modulators. 

Power drift with time 

Use the HP 59308A Timing Generator or the HP 

59309A ASCII Digital Calendar/Clock along with the 
436A Power Meter to make highly accurate measure- 
ments of power drift with time. 

Remote power measurements 

Use the HP 59403A HP-IB/Common Carrier Interface, 
a modem, and the 436A Power Meter under calculator 
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control to transmit power measurements over the tele- 

phone lines. 

Noise figure measurement 

Use the 8660A/C Synthesized Signal Generator (or a 
8620C Sweep Generator) and a 436A Power Meter to 

make noise figure measurements. 
To measure noise figure, first measure the power gain 

vs. frequency of the device under test using the proce- 
dure outlined in Section 6. Next, use the calculator to 
integrate this response curve to obtain the device's gain- 
bandwidth product (GB). Finally, terminate the de- 
vice's input with its characteristic impedance and use 
the power meter to measure total noise power output 

(N,). Noise figure is then computed as: 

F = N,/kT, GB 
where N; and GB are defined above and 

F = noise figure 
k = Boltzman'’s constant, 1.374 X 10> joule/°K 
T, = absolute temperature of device’s input, °K. 

Application Note 57, Noise Figure Primer, contains 
more information on noise measurements.



APPENDIX A 

Measuring AM Modulation Index With a Power Meter 

The power in the carrier of an AM modulated wave- 
form remains constant regardless of the modulation 
index. Therefore, the increase in sideband amplitude 
due to an increase in modulation index is reflected di- 
rectly in a power increase of the total signal. 

For a sinewave modulated waveform, 

Pr =P + 2P A4 
where: 

Pr = total power of modulated waveform (in watts) 

P. = power in carrier (in watts) 
P, = power in each of the two sidebands (in watts) 

Rearranging equation A-1 yields: 
ik 

=1   

  

derivation of this equation sce Application Note 150-1, Spectrum Analy- 
mplitude and Frequency Modulation, pages 2-3. 

  

Next, the relationship between the AM modulation 

index and the sideband and carrier amplitudes is:* 

Eq 
m=2 E A-3 

where: E, = voltage of each sideband 
E. = voltage of carrier 

Therefore, 

A-5 

  

APPENDIX 8 

Mulitiple Mismatch 

The mismatch uncertainty equation for the measure- 
ment set-up shown in Figure 12 is:* 

(1 £pspr) B1 
(1 =pspr) (1%p2p1) = (psT1T2pr) 

where: 

ps and py, represent the source and sensor reflection 

coefficients, respectively 
p1 and p2 represent the input and output reflection co- 

efficients of the DUT, respectively 

Ty and T; are the forward and reverse transmission 
coefficients of the DUT, respectively. 

The numerator is the error encountered during calibra- 
tion and the denominator is the error encountered dur- 
ing the actual test. 

The following program can be used to evaluate the 
above equation. The program asks for mismatch in 
terms of SWR instead of reflection coefficient. Also the 
program assumes that the DUT is bilateral (T; = Ta) 
and that py = pa. 

*See Application Note 163, High Frequency Swept Measurements, P. 44-46. 

  

CALIBRATION 

  

  

  

            

  

  

  

  

  

                

  

“putetty i priit 
i 
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v s Power 

fand ‘ajr o2l Goernar |afo our || 
| | 
=       

Figure 12. Definition of reflection and transmission coefficients for at- 
tenuation measurements using a power meter. Mismatch errors occur 
at three different measurement planes. Equation B-1 gives the total 
mismatch uncertainty for this measurement. 
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  Multiple Mismatch Program for 9830A Calculator 

  

~-MULTIELE WnArCH PRocRan-—   
20 FE RSSUNES BILATERAL DEV 
3 ren Rin Eoun SFUT T OUTPUT SuE 
5 nx:p SOURCE SHe 7 
£0 1N 
20 Dite -Cinsor suRs 
£0 INPUT B1 

0 DISP “PAD SHR"§ 
100 INFUT C1 
118 DIse “ATTENUATIONS 
120 INPUT 
130 FEN :owzwv SHF TU REFLECTION CORFFICIENT, 

ot 
170 FEN CONVERT anr\klmm( HERSURE (D83 TO RATIO, 
188 Dulofnivio 
200 Flien 2 
216 CosUE 340 
220 FRINT “SOURCE SWP="3R11“LOAD SHF=4 

FAD S iC1 R TIEN="101 
Linits =il 

  

MISHATEN EQUAT ION 

380 F-ze-LGkax14»:~k3<znx<)) 
330 RETUS 
o B 
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