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Abstract 

 
This paper will report on an interlaboratory comparison (ILC) of measurements performed on 
Vector Network Analyzers (VNAs).  The ILC was conducted with the three primary standards 
laboratories of the U.S. Department of Defense and the National Institute of Standards and 
Technology (NIST).  This provided an appraisal of the capabilities and degree of equivalence of 
the participant laboratories to perform coaxial Type N 1-port VNA measurements accurately and 
consistently. This also demonstrated proficiency of VNA operators in the context that they can 
produce measurement results consistent with other comparable laboratories. 

 
1.  Introduction 
 
In accordance with the guideline provided by NCSLI RP-15, Guide to Laboratory 
Intercomparisons [2], and ISO/CASCO 331, Proficiency Testing by Interlaboratory 
Comparisons [3], the objective of this interlaboratory comparison is to provide an appraisal of 
the capabilities and degree of equivalence of the participant laboratories to perform coaxial Type 
N 1-port Vector Network Analyzer (VNA) measurements accurately and consistently. A 
secondary objective of this ILC is to demonstrate proficiency of VNA operators in the context 
that they can produce measurement results consistent with other comparable laboratories, some 
of which may be accredited in this measurement parameter. 
 
2.  Participants 
 
The participants of this ILC included the Electronics and Electrical Engineering Laboratory of 
NIST and the three primary standards laboratories of the United States Department of Defense 
(DoD).  They are the Air Force Primary Standards Laboratory (AFPSL), the Navy Primary 
Standards Laboratory (NPSL), and the Army Primary Standards Laboratory (APSL).  The APSL 
coordinated the ILC and performed the analysis. 
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3.  ILC Measurement Parameters and Artifacts 
 
The participating laboratories measured a set of coaxial Type N 1-port devices at the following 
23 frequencies:  50, 200, 400, 600, and 800 MHz, and 1.0 to 18.0 GHz in 1 GHz increments.  
The devices1 consisted of the Maury Microwave model 2561A, 2561G, 2562A and 2562G series 
male and female precision Type N mismatch standards.  The manufacturer’s specifications for 
these devices are as follows: 
 

Type N Mismatches Standards  
Model Accuracy Nominal  

VSWR Female Male DC - 8.0 
GHz 

8.0 - 12.4 
GHz 

12.4 - 18.0 
GHz 

1.05:1 2561A 2562A ±0.05 ±0.05 ±0.08 
2.00:1 2561G 2562G ±0.12 ±0.12 ±0.22 

 
4.  Procedures 
 
The APSL served as the pivot laboratory and ILC Coordinator.  The APSL also provided the 
artifacts to be measured, analyzed the data, and reported the results.  The four coaxial Type N 1-
port devices were new from the manufacturer. 
 
4.1.  The pivot laboratory performed the initial measurements of the artifacts. 
 
4.2.  The devices then were sent to the remaining laboratories in a circular (serial) fashion, in 
order to minimize disruption of the  participants’ normal work schedule. 
 
4.3.  Measurement Details.  The complex S11 (magnitude and phase) of each device was 
measured on 3 separate occasions by each laboratory.  Each occasion consisted of 3 
measurements of each device, with the devices disconnected and reconnected at approximate 
120o axial rotations. The participants were free to determine the details of how those 
measurements were made (e.g., VNA averaging, etc.), according to their normal measurement 
procedures.  However, the VNA should have been recalibrated for each of the 3 occasions, 
preferably on 3 different days. 
 
4.4.  Data Submission.  When the participating laboratories completed their portion of the 
measurements their results were sent to the Coordinator in either Microsoft Excel spreadsheet or 
text file format (comma- or tab-delimited).  The VNA data were submitted in polar form, with 
magnitudes expressed to at least 4 decimal places and phases in degrees to at least 3 decimal 
places. 
 

                                                 
1 Reference to commercial products, their sources, or their use in connection with material reported herein is not to 
be construed as either an actual or implied endorsement of such products by the participating laboratories. 
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4.5.  The pivot laboratory performed the final measurement of the artifacts:  Measurements were 
taken before and after the devices were cleaned.  Then these measurements were compared with 
the initial dataset to check for stability and drift. 
 
4.6.  The data processor analyzed the data from all participants using suitable statistical 
techniques.  The data processor prepared a draft ILC final report and distributed it to all 
participants for comment or concurrence.  After a suitable review period, the resulting data were 
issued in a final ILC report to all participants.  A courtesy concurrence of all participants was 
obtained to release the results to the public. 
 
5.  Analysis and Results 
 
A-Measurements were made on an HP Model 8510C VNA using the sliding load calibration 
technique.  B-Measurements were also made on an HP Model 8510C VNA.  The VNA was 
calibrated with an HP Model 85054B calibration kit, and the calibration was verified with a 
NIST-calibrated HP Model 2561L verification kit.  C-Measurements were made on an HP model 
8510C VNA.  The VNA was calibrated with a set of 5 air line standards, shorts and 50 ohm 
terminations using the NIST-developed multical software.  D-Measurements were made on an 
HP Model 8510C VNA with an 85054B cal kit.  The data submitted by participants were 
displayed on Excel spreadsheets by model and participants.  The examples included in 5.1 to 5.6 
are the best and worst case as a group.  
 
5.1.  A secondary objective of this ILC is to demonstrate proficiency of VNA operators in the 
context that the participants can produce measurement results consistent with other comparable 
laboratories.  As such, 4 NEW devices were not calibrated by NIST before the APSL performed 
the measurements.  See Tables 1 and 2. 
 
5.2.  ILC Ending Check Measurements.  After the pivot lab received the devices from the last 
participant, the devices were measured before cleaning and then again after cleaning.  See Tables 
3 and 4 and Charts 1, 2, 3, and 4. 
 
5.3.  The manufacturer’s specifications for the magnitude of S11 of these four devices are used as 
the respective devices’ baseline.  The manufacturer’s specifications do not include specifications 
for phase. 
 
5.4.  All the magnitude measurements are within the manufacturer’s specifications.  The 
examples included here are the best and worst case as a group.  See S11 Magnitude 
Measurements, Charts 5 and 6. 
 
5.5.  Almost all of the (S11 Magnitude – Group Mean S11 Magnitude) are within two standard 
deviations of the participants’ measurements.  See (S11- Mean S11) Magnitude Charts, Charts 7 
and 8. 
 
5.6.  The phase measurements are not as well behaved as those of the magnitudes.  There were 
some outliers.  See S11 Phase Measurements Charts and (S11 Phase - Mean S11 Phase) Charts, 
Charts 9, 10, 11 and 12. 
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5.7.  It is worth mentioning that the magnitude and phase measurements of the pivot laboratory 
on the 1.05:1 VSWR model 2561A and 2562A devices demonstrated some significant shifts 
between the starting measurements and ending measurements.  See Tables 3 and 4 and Charts 1, 
2, 3, and 4. 
 
6.  Conclusion and Recommendations 
 
In general, both magnitude and phase measurements among all participants were consistent and 
the magnitudes were within the manufacturer’s specifications.  We also noted that the differences 
between the two ending measurements were negligible (i.e., before and after cleaning).  This is 
evidence that the four devices were very well kept by all participants.  Although the shifts on the 
1.05:1 VSWR model 2561A and 2562A devices were not unexpected, we were not able to 
determine when the shifts occurred.  Additional analysis may determine the source of these 
significant drifts. 
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