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Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 4. 
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Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, top of page 24. 
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Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, bottom page 27. 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 28. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     50 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 29. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     51 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 31. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     52 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 34. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     53 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 36. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     54 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, top page 37. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     55 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, bottom page 40. 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 41. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     56 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 43. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     57 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 44. 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 45. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     58 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 46. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     59 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

 
Keysight Technologies Network Analyzer Basics, 5965-7917E.pdf, page 48. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     60 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

Microwave Laboratory Equipment and Practices 
You will discover that making microwave/RF circuit measurements is quite different than 
measurements at lower frequencies.  For example: 
 We will use a vector network analyzer (VNA) to make both magnitude and phase 

measurements of S parameters rather than other equipment used with DC and lower 
frequency circuits.  By its nature, a VNA makes frequency domain measurements. 

 We will take precautions against electrostatic electricity. 
 We will use precision connectors and special tightening tools (torque wrenches) in 

order to get accurate and repeatable measurements. 
 Calibrations will be done before taking measurements to remove systematic errors 

from data. 
For this class, we will use a Keysight E5063A ENA Series Network Analyzer (see below).  
This VNA has a possible measurement bandwidth from 100 kHz to 8.5 GHz. 

 
Note that the E5063A is a two port VNA with type N connectors.  However, we will 
typically use a Type N to SMA adaptor to match our cables.  For one port calibrations, we 
will use an Agilent 85033E 3.5 mm Calibration Kit. (below). 
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Types of Coaxial Connectors 
There are many types of coaxial connectors used to serve a variety of uses, i.e., frequency 
range, voltage, power handling capacity, PCB mounting, etcetera.  Some commercially used 
connectors include- 
 BNC (Bayonet Neill–Concelman, Bayonet Navy Connector, or British Naval 

Connector)-  1950s vintage.  These are usually made to match cables with 
characteristic impedances of either 50 Ω or 75 Ω.  They are usually used for frequencies 
lower than 4 GHz (<2 GHz in my experience) and voltages below 500 V. 

 TNC (Threaded Neill–Concelman or Threaded Navy Connector)-  1950s vintage.  
These are usually made to match cables with characteristic impedances of 50 Ω or 75 Ω.  
They are usually used for frequencies lower than 11 GHz (<8 GHz in my experience) 
and voltages below 500 V. 

 Type F (sometimes called RCA). 1950s vintage.  Typically used with 75 Ω RG-6 or 
RG-59 coaxial cables for television applications.  They are usually used for frequencies 
lower than 2 GHz and voltages below 500 V. 

 Type N. 1940s vintage.  Named after Paul Neill of Bell Labs.  Typically used with 50 Ω 
or 75 Ω coaxial cables.  Originally, they were usually used for frequencies lower than 
11 GHz, but now can go to 18 GHz.  They can handle voltages below 1000 Vrms and 
power levels up to 500 W at 2 GHz. 

 SMA (SubMiniature version A)- 1960s vintage.  Typically used with 50 Ω coaxial 
cables.  They were usually used for frequencies up to 18 GHz, but some can go to 26.5 
GHz.  They can handle voltages below 375 to 500 Vrms (depends on cable).  While SMA 
connectors use a Teflon or PTFE insulation, they are compatible with 3.5 mm 
connectors.  Probably, the most common/popular microwave connector. 

Some metrology-grade (i.e., high precision, lab settings) air-dielectric connectors include- 
 APC-7 (Amphenol Precision Connector-7 mm or 7 mm)-  Typically used with 50 Ω 

coaxial cables for frequencies up to 18 GHz.  Genderless. 
 APC-3.5 (Amphenol Precision Connector-3.5 mm or 3.5 mm, sometimes called K 

type)-  Typically used with 50 Ω coaxial cables for frequencies up to 26.5 GHz.  
Compatible with SMA connectors. 

 2.92 mm (sometimes called K type)-  Typically used with 50 Ω coaxial cables for 
frequencies up to 40 GHz.  Compatible with SMA connectors. 

 2.4 mm (sometimes called V type)-  Typically used with 50 Ω coaxial cables for 
frequencies up to 50 GHz.  Not compatible with SMA connectors. 

 1.85 mm (sometimes called V type)-  Typically used with 50 Ω coaxial cables for 
frequencies up to 67 GHz.  Not compatible with SMA connectors. 



ee481_581_Chapter_4_notes.docx                                                                                                                                     62 / 85 

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya 

The picture below shows a few of these connectors. 

 
Microwave Engineering (Fourth Edition), Pozar, Wiley, 2012, p. 134, ISBN 978-0-470-63155-3. 
 
When using threaded RF/microwave connectors, users will typically finger tighten the 
connector before using a torque wrench to finish tightening.  For example, the torque wrench 
(gold handle) from the Agilent 85033E 3.5 mm Calibration Kit is for a torque of 0.9 N⋅m or 8 
in-lbs.  Torque wrenches are used to get repeatable connections.  In many cases, open-ended 
box wrenches are used to provide mechanical support to the connector and resistance to the 
torque wrenches.  It is possible to over tighten a connector which can cause damage. 

 
 

Some considerations when making RF/microwave coaxial connections- 
 Be electrostatically grounded (i.e., wrist strap).  In addition, I like to tap the 

shield/exterior of the connectors together before making the connection. 
 Inspect connectors to ensure there is no debris inside.  If there is debris, remove using 

canned air (at an angle) or lint-free cleaning ‘Q tips’ with rubbing alcohol. 
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 Carefully line up the connectors (and cables) before beginning to finger tighten.  If you 
feel any resistance, back off, and try again.  Do NOT force the connection as you may 
cross thread the connector which destroys/ruins it! 

 Finger tighten the connectors.  Then, use the appropriate torque wrench as well as open-
ended wrench (if needed) to finish tightening the connection.  I.e., hold the torque 
wrench beyond the ring/groove and tighten until you feel it begin to ‘break’ at the knee 
or hear it click.  The open-ended wrench is used to hold the non-moving part of the 
connection. 

 Use the appropriate torque wrench as well as open-ended wrench (if needed) when 
disconnecting a connection to avoid inadvertently damaging the connector(s). 
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• Table 4.1 (below) gives the [ABCD] parameters for some common two-port 
networks. 

 

 
 
 

• Table 4.2 (following page) gives conversions between [S], [Z], [Y], and 
[ABCD] parameters for two-port networks. 
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