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MEASUREMENT CAPABILITIES OF THE AUTOMATIC NETWORK ANALYZER 

USING STANDARD SOFTWARE 

  

INTRODUCTION 

This measurement note includes examples of meas- 
urements taken with a Hewlett-Packard 8540-series 
Automatic Network Analyzer operating in the 1 to 
2GHz range. The system is one of the simpler single- 
Land versions and sells for approximately $70, 000. 
The examples included are not all of the programs 
that are currently supplied with the system; however, 
they do show the overall system capabilities. Each of 
the programs has evolved because of specific applica- 
tion needs. A brief description of the programs 15 
included below. 

AGPR1 

This program isthe calibration portion of the BGPRI, 
CGPR1, and DGPRI programs. Its self-check section 
allows a user to quickly check the calibration of his 
system by loading the program tape and checking a 
standard offset short circuit (a short circuit located a 
precise distance down a precision air line). 

  

This program provides two-port measurements by 
reflection tests. A sliding load may be used to term- 
inate the device 5o that its inpat impedance can be 
measured exactly, This makes the program useful 
for low-loss two-port devices such as cables and 
adapters. 

CGPRL   

This program is the most extensive of the reflection 
programs. Up to125 measurement points maybe dis- 
played on an oscilloscope at one time. Manipulation 
of data 18 possible through different switch settings on 
the computer. 

DGPRI   

This program provides high-precision real-time re- 
flection measurements. As 2 device 1s inserted or 
adjusted, the results canbe seen within a few seconds. 
This program provides the most usable means for ad- 
justing or changing hardware and simultancously ob- 
serving the affects. 

REFLL 

This program provides simplified versions of the 
same functioris provided by programs AGPRI and 
CGPRI. Calibration and measurements are included 
in the same software package. 

TRANZ   

‘This program provides real-time transmission meas- 
urements of group delay, insertion loss in dB and 
phase/gain data. 

TRANS   

More extensive measurements of fofal phase shitt, 
deviation from Tinear phase shift and deviation from 
linear gain/loss through two-port devices arencluded 
in this program. 

CALIBRATION FOR GENERAL-PURPOSE 
REFLECTION PROGRAMS 

CALIBRATION PROGRAM USED: AGPR1 

MEASUREMENT DATA OBTAINED: None 

TYPE OF MEASUREMENT: Calibration for BGPRI, 
CGPR1, DGPRI programs 

MEASUREMENT RESULTS: AGPRI isthe calibration 
program for the system and must be used beforeusing 
the general - purpose reflection programs BGPRI, 
CGPRI or DGPRI. 

The program begins by asking the question: 

SELF CHECK ONLY? 

This question is used to check the calibration of the 
system. The lirst time the question is asked, the re- 
sponse is NO. The program then proceeds through 
calibration of the system using a 50-ohm load (pre- 
ferably a sliding type), a short circuit, and several 
different offset shorts (short circuits at the end of a 
precision air line of known length). 

Any time after the initial calibration, return can be 
madeto the calibration portion of the program and the 
question 

SELF CHECK ONLY? 

Avswered YES: the system tells the operator to in- 
serta standard offset short circuit different from the 
one used for calibration into the system and quickly 
checks the system calibration. The system then 1s 
ready to use any of the BGPR1, CGPR1 or DGPR1 
general -purpose reflection programs.    
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REFLECTION MEASUREMENT 

  

MEASUREMENT OF AN RF COAXIAL CABLE 

MEASUREMENT PROGRAM USED: BGPR1 

MEASUREMENT DATA OBTAINED: 

Teletype Printout 

11 
VSWR 
Reflection Coefficient 

S22 
VSWR 
Reflection Coelficient 

1397 8y 
Loss in dB (One Direction) 
Two times Phase Shift (both directions) 

TYPE OF MEASUREMENT: Passive two-port 

MEASUREMENT RESULTS: The test device in this 
example is 33 feet of RF coaxial cable which is term- 
inated with a standard load, a standard short, and an 
offset short circuit. 

Teletype Printout 
Figure 1 i5 a printout of the data obtained character- 
izing the cable. Frequency steps of 50 MHz were 
chosen for measurement although smaller steps could 
have been used. 

MEASUREMENT OF A DEFECTIVE 20-d8 
ATTENUATOR 

MEASUREMENT PROGRAM USED: CGPR1 

MEASUREMENT DATA OBTAINED: 

Oscilloscope Display 
Magnitude and Phase Angle of Reflection Co- 
efficient Reflection Coefficient |p!| versus 
Frequency 

Teletype Printout 
Magnitade and Phase Angle of Reflection Co- 
efficient 
VSWR 
Return Loss in 4B 
Impedance 
Admittance 

TYPE OF MEASUREMENT: Reflection 
MEASUREMENT RESULTS: Program AGPRI is first 
used to calibrate the system and then program CGPR1 
is used. The test device 15 2 20-dB attenuator which 
has a defective section in its network. 

Oscilloscope Display 
Magnitude and Phase Angle of Reflection Co- 
efficient 

Figure 2 shows the magnitude and phase angle of the 
reflection coefficient looking into the good end of the 
attenuator. The frequency increases in a clockwise 
direction from 1000 MHz o 2000 MHz. Figure 3 
shows the same information looking into the defective 
end of the attenuator. Figure 4 shows the same in- 
formation looking into the defective end of the attenu- 
ator with the phase reference shifted to the plane of 
thediscontinuity. This measurement program is cap- 
able of mathematically rotating the Smith Chart ref- 
erence plane assuming & lossless airline whose char- 
acteristic Impedance i5 equal {o that of the system, or 
a simulated lossless waveguide section whose cutoff 
frequency is equal to that of the system. 

Reflection Coefficient | o | versus Frequency 
Figure 5 displays the absolute value of the reflection 
coetficient | | versus frequency Looking into the good 
end of the attemator. Figure 6 shows the same in- 
formation looking into the defective end. In each case 
the value displayed (.05, 1.0) is the full scale magni- tude. The base line represents the minimum value 
Thelop graticule represents the full scale value. The 
X-axis represents frequency, (1000 to 2000 MHz, left 
to right). 

Telotype Printout 
Reflection Coefficient 
VSWR and Return Loss 
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Figure 2. Reflection Coefficient Data Showing Good Figure 3. Reflection Coefficient Data Showing 
End of a 20-dB Attenuator Detective End of a 20-dB Attenuator
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Figure 4. Reflection Coefficient Data Showing 
Defective End of 2 20-4B Attenuator with the 
Phase Reference Plane Shifted {o the Plane 

of the Discontinulty 

  

        
      
      

  
Figure 5. Absolute Value of the Reflection Coefficient 

Versus Frequency of the Good End of a 
20-dB Attenvator 
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Figure 6. Absolute Value of the Reflection Coefficient 
Versus Frequency of the Defective End of a 

20-dB Attenuator 

Figure 7 shows the reflection coeificient data, VSWR 
and return 1oss in dB obtained looking into the good 
end of the attenuator. 
Figure 8 shows the same information looking Into the 
defective end of the attenvator. 

Tmpedance 
Figure 9 shows the real and imaginary parts of the 
impedance, and the magnitude and phase angle vector 
quantities of the impedance looking into the good end 
of the attenuator 

‘Figure 10 shows the impedance looking into thedefec- 
tive end of the attenuator. 

Admittance 
Figure 11 shows the real and imaginary parts of the 
admittance, and the magnitude and phase angle vector 
quantities of the admittance looking into the good end 
of the attenuator. 
Figure 12 shows the admittance looking into the de- 
fective end of the attenuator.  
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Figure 7. Teletype Printout Looking into the Good End of a Defective Attenuator 
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Figure 8. Teletype Printout Looking into the Bad End of a Defective Attenuator 
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Figure 9. Impedance of a Defective Attenuator Looking into 
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Figure 10. Impedance of a Defective Attenuator Looking into the Good End 
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Figure 11, Admittance of a Defective Attenuator Looking into the Good End 
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Figure 12. Admittance of a Defective Attenuator Looking into the Bad End
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REFLECTION MEASUREMENT 

Figure 13. Reflection Coefficient of Biased 
Thermistor 

MEASUREMENT OF A BIASED AND UNBIASED 
THERMISTOR MOUNT 

MEASUREMENT PROGRAM USED: DGPRI 

'MEASUREMENT DATA OBTAINED: 
Oscilloscope Display 

Magnitude and Phase of Reflection Coefficient 

Teletype Printout 
Impedance (Real and Imaginary Parts) 
Reflection Coefficient (Magnitude and Phase 
Angle) 

TYPE OF MEASUREMENT: Real -time reflection 
MEASUREMENT RESULTS: Program AGPRI is first 
used to calibrate the system and then program DGPRL 
is used. 
All measurement data s obtainedon a real-timebasis 
at full system accuracy. As a test device is inserted   

Tigure 14. Reflection Coefficient of Unbiased 
Thermistor 

into the system, its affect on measurement data. is 
immediately displayed. This permits easy adjustment 
or manipulation of test devices. 

Oscilloscope Display 
Magnitude and Phase of Reflection Coefficient 

Figure 13 shows the Tesults obtained with a 50-ohm 
normalized polar display (Smith Chart). The system 
automatically selects the full scale reflection coeffi- 
cient for best resolution. In this cxample, the scale 
chosen was . 05 reflection at the outer graticule ring. 

In Figure 14, the thermistor was left unbiased and a 
different reflection coelficient value was displayed. 

Figure 15 is a display of the biased thermistor mount 
on 2 Smith Chart normalized to 75 ohms. 

Teletype Printout 
Tmpedance (Real and Imaginary Parts) 
Reflection Coefficient (Magnitude and Phase 
Angle)
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Figure 15. Reflection Coefftcient of Biased 
Thermistor (Display Normalized to 75 ohms) 

Figure 16 is a printout of the impedance and reflec- 
ton coefficient of the biased thermistor for a 50-ohm 
Smith Chart. 

Figure 17 is a printout of measurement data when the 
Smith Chart was normalized to 75 ohms. Note that 
the impedance stays the same but the reflection co- 
efficient changes according to the normalizing im- 
pedance 

Figure 18 15 a printout of the impedance and reflec- 
tion coefficient of the unbiased thermistor mount with 
a 50-0hm normalized Smith Chart. 

MEASUREMENT OF A 3-dB ATTENUATOR 

MEASUREMENT PROGRAM USED: REFL1 

MEASUREMENT DATA OBTAINED: 

Oseilloscope Display 
Magnitude and Phase Reflection Coefficient 

      
   
   

          

   

  

SATTH CHART NORWALT 
Faga Lide DA 

1298.0 50.9 
S1ls 
S5 
5107 
s1l9 

   
    
  

Figure 16, Smith Chart Normalized to 50 ohms. 
‘Showing Impedance and Reflection Coefficient 

Data (Biased Thermistor Mount) 

Teletype Printout 
Magiitude and Phase of Reflection Coefficient 
VSWR 
Return Loss 1n dB 

TYPE OF MEASUREMENT: Reflection 

MEASUREMENT RESULTS: The program begins by 
calibrating the system. First the frequency range is 
asked for with the frequency intervals in MHz. A 50- 
ohm load (preferably a sliding type), a short, and 
several different offset shorts are used for charac- 
terizing the system errors. 

Oscilloscope Display 
Reflection Coefficient 

Figure 16 1s a display of the magnitude and phase 
of the reflection coefficient of a 3-dB attenuator
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Figure 17. Smith Chart Normalized to 75 ohms 
‘Showing Impedance and Reflection Coefficient 

Data (Biased Thermistor Mount) 

terminated in the system's characteristic Impedance 
{Zo). The full scale value of the magnitode is dis- 
playedon the polar display. The system automatically 
Selects a value of full scale reflection for best reso- 
lution. The frequency range (1000 to 2000 MHz) is 
read clockwise. 
Figure 20 shows the same 3-dB attenuator without a 
termination (open circuit). This Is illustrated to show 
the automatic range-changing capabilityof the system 
The change in the position of the dots is caused by the 
change in reflection coefficient at the measurement 
port as seen by the system. 

Teletype Printout 
Figure 21 shows the printouts obtained by terminat- 
ing the attenvator with the system's characteristic 

Figure 18, Smith Chart Normalized to 50 ohms 
Showing Impedance and Reflection Coefficient 

Data (Unbiased Thermistor Mount) 

impedance. The additional information of VSWR and 
return loss in dB is also printed. 

MEASUREMENT OF A LOW-PASS FILTER 

MEASUREMENT PROGRAM USED: TRAN2 

MEASUREMENT DATA OBTAINED: 

Oscilloscope Displays 
Insertion Loss/Gain in dB 

Phase Shift in Degrees 

Group Delay in Nanoseconds
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Figure 19. Reflection Coefficicat of Attenuator Figure 20. Reflection Coefficient of Attenuator 
(Termirated with Z) (not Terminated) 
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Figure 21. Teletype Printout of Reflection Coefficient Data Characterizing a 3-dB Attenuator
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L) 
Teletype Printout 

Insertion Loss/Gain in dB 

Phase Shift in Degrees 

TYPE OF MEASUREMENT: Transmission 

MEASUREMENT RESULTS: The program begins by 
calibrating the system. First, the frequency range is 
asked for with the frequency intervals in MHz. 

FREQ START, STOP, STEP (MHZ)? 

Next, the system uses a standard load to determine 
the isolation between the reference and test channels 
of the networkanalyzer subsystem. The system stores 
this data in its memory for later correction of data 
obtained from a test device. Then, the two ports of 
the transmission/Teflection unit are connected to- 
gether and the tracking of both channels is measured. 
Thisdata is also stored inthe system's memory. The 
system is now calibrated. 

The test device is then inserted in the system. For 
demonstration purposes, a low-pass filter vith a cut- 
off frequency (Fe) of 1200 Mz is connected between 
the two ports of fhe transmission/reflection test wnit. 

Oscilloscope Display 

Group Delay 

Figure 22 shows the group delay of signals through the 
filter. The horizontal axis represents frequency, 
(1000 to 2000 MHz) and the vertical axis shows the 
group delay in nanoseconds, The peak near 1200 MHz 
where the filter begins to roll off is typical. 

Group delay data is not highly validat insertionlosses 
below -80 dB because of noise at these low levels and 
alsobecause of the rapidly changing phase shift of the 
low-pass filter used in this example. (Note the dif- 
ference between Figure 25 and 26 and thedata printout 
of Figure 27.) Averaging of data would have provided 
greater agreement of values hetween the oscilloscope 
and teletype outputs. 
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Figure 22. Group Delay (Nanoseconds) 

Insertion Loss/Gain 

Figure 2 shows the 1oss in the dB of the filter with 
frequency again plotted on the horizontal axis and dB 
being plotted on the vertical axis. The zero dB line 
is also plotted. 

Figure 24 is the same display as shown in Figure 23 
except the 0dB line is removed to facilitate reading 
of data near the 0 dB line. 

Tnsertion Loss/Gain, Phase Shitt 
‘Three descrete frequencies in the passband of the fil- 
ter are shown in Figure 25 

Figure 26 shows three descrete frequencies out of the 
passband 

Teletype Printout 

Figure 27 is an example of a teletype printout of the 
filter
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Figure 23. Insertion Loss (dB) with Zero Line Figure 25. Gain (dB) /Phase (Degrees) 

  

  

    
                  

  
Figure 24. Insertion Loss (dB) without Zero Line Figure 26. Gain (dB) /Phase (Degrees)
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’ TRANSMISSION MEASUREMENT 
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Figure 27. Attenuation in dB and Phase Shift through 

a Low-Pass Filter 

MEASUREMENT OF A 10-dB ATTENUATOR 

MEASUREMENT PROGRAM USED: TRAN3 

MEASUREMENT DATA OBTAINED: 

Oscilloscope Displays 

Insertion Loss/Gain in dB 
Total Phase Shift in Degrees 
Deviation from Linear Insertion Gain/Loss in 
dB 
Deviation from Linear Phase Shift in Degrees 
Group Delay in Nanoseconds 

Teletype Printout 
Insertion Loss/Galn in dB 
Total Phase Shit in Degrees 

Deviation from Linear Insertion Gain/Loss in 
dB 
Deviation from Linear Phase Shift in Degrees 
Group Delay in Nanoseconds. 

TYPE OF MEASUREMENT: Transmission 

MEASUREMENT RESULTS: The program begins by 
calibrating the system. First, the frequency range is 
asked for with the frequency intervals in MHz. 

FREQ START, STOP, STEP (MHZ)? 

Next, the system uses standard loadsto determine the 
isolation between the test and reference channels of 
the network analyzer system. The system stores this 
data in its memory for later correction of data ob- 
tained from a test device (a 10-dB attenvator). 

Then, the twoports of the transmission/reflection unit 
are comnected together and tre tracking of both chan- 
nels is measured. The system Is then callbrated. 

The 10-dB attenuator is now Inserted nto the system 
‘The teletype will then respond with the electrical length 
of the device In cm. 

ELEC LNG = 7.83 CM 

  

Oscilloscope Display 

Insertion Loss/Gain 

Figure 28 shows the insertion 10ss of the attenuator 
over the 1000 to 2000 MHz frequency range. The num- 
bers in the bottom portion of the display, from left to 
right are the task numbers (an arbitrary code number 
to dentify the insertion 10ss plot), base line value 
(value of bottom graticule line), and graticule division 
values (scale). In Figure 26, the program is operat- 
1ng In task 4, with a -13 dB base line with 14B per 
division increments. Figure 29 shows an expanded 
displayof the insertionloss over the 1200 to 1600 Mz 
frequency range with a -10.2 dB base line and .1 dB 
per division. 

Figure 30 shows the insertion loss over 1300 to 1400 
MHz when the base line is set to -10.2 dB and each 
division is .1 dB.
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Figure 28. Insertion Loss (dB) 

Total Phase Shit 

Figure 31 shows the total phase shilt of the attenuator 
over its frequency range. In this example, the pro- 
gram {5 operating In ask 5 with a base line of -200 
degrees with 20 degrees per division increments. 

Deviation from Linear Gain/Loss 

Figure 32 shows the deviation from linear gain/loss 
of the attenuator including the zero line. The bottom 
graticuleline is -4 dB and each division is 1 dB. Fig- 
ure 33 shows the same information without the zero 
line 

Deviation from Linear Phase Shift 

Figure 34 shows the deviation from linear phase shift 
of the attenuator. The bottom graticule line is -4 de- 
grees and each division is 1 degree. 
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Figure 29. Insertion Loss (dB), Narrow Band, 
Increased Resolution 

Group Delay 

Figure 35 shows the group delay of the attenuator fn 
ranoseconds. The bottom graticule line is ~4 nano- 
seconds and each division is 1 nanosecond. 

Figure 36 shows the samedisplay as Figure 35 except 
the zero base line is removed. 

In Figure 37, the scale has been changed 5o that the 
base line is 1 nanosecond with -23 nanosecond per 
division as increments. 

Teletype Printouts 

Figure 38 displays all the printouts that were obtained 
on the oscilloscope displays of the 10-dB attenuator. 

Figure 39 shows the results of specifying a nominal 
value (10 dB) and deviation (tolerance) of +.15 dB. 
Only those values exceeding the specification were 
therefore printed.
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Deviation from Linear Gain/Loss (dB) Figure 32. 

with Zero Line 
Figure 30. Insertion Loes (dB), Narrow Band, 

Increased Resolution 

  

    

  

  
    

  

  
    

  

  
        
  

  

          

  

  

  
Figure 33. Deviation irom Linear Gain/Loss (dB) 

Figure 1. Total Phase Shift (Degrees) without Zero Line
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Figure 36. Group Delay (Nanoseconds) without 
Figure 34. Deviation (rom Linear Phase (Degrees) Zero Line 

   
Figure 37. Group Delay (Nanoseconds) 

Figure 35. Group Delay (Nanoseconds)with Zero Line Increased Resolution  
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Figure 39, Teletype Printout Characterizing a 10-dB Attenuator 
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Figure 39. Teletype Printout Characterizing a 10-4B Attenuator with Deviation from Nominal Specified  
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