Note: this is in rough form.   Let me know if you’re interested in any of this information and I would be glad to help you with the measurements and applications.
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	In order to get designs out quickly and accurately we depend on computers for circuit and system modeling. The success of a “computer aided design” is largely determined by two things: 


the accuracy of the device models used in the simulation 


the ability to measure a prototype circuit and compare the responses to that of the computer model. 





Quick S-parameter overview





	Scattering parameters (S-parameters) are the most widely used method for characterizing RF networks.  S-parameters can be used to fully characterize a linear two port network.  The most common use of s-parameters is to characterize transistors, manufacturers usually provide two port s-parameter data files ( file.s2p) for various bias points. S-parameters are usually measured in 50 ohm systems using network analyzers.





Two port S-parameters contain the following data, one entry per frequency:


S11 magnitude and angle ( input port reflection coefficient)  = “ input match”


S21 magnitude and angle ( forward transfer function “forward gain”) = “gain/loss”


S12 magnitude and angle ( reverse transfer function “reverse gain”) = “reverse isolation”


S22 magnitude and angle ( output port reflection coefficient) = “output match”


S2P files can also contain Noise parameters ( that give required information for analyzing Noise Figure; Note: we can’t measure these in-house).





From just the S-parameters of a network/device one can determine or calculate the following things (some aren’t necessarily obvious):


Gain and phase shift (i.e. group delay can be calculated with the angle of forward transmission).


Input /output Return Loss or VSWR.


Input and Output impedance (hence how to provide an impedance match to this device in and out).


Stability (i.e. what combinations of impedance at each port may cause the two port to oscillate).


“Unilateral-ness”, I.E. how the network at the input/output of this device will affect the impedance at output/input of the device. (In an ideal “unilateral” transistor, the reverse isolation is infinite).  “Reciprocal” networks such as filters have the property that S21 = S12, thus they are not at all unilateral.





Some useful things we could use this for more often:


Generating detailed data on off the shelf filters 


IF SAW and crystal filters (use narrow span on the analyzer). For delay distortion purposes in system and circuit simulations


surface mount LPF & BPF devices.


duplexers & cavities (for the purpose of having compact records and comparing designs... other than holding two graphs against one another).


Measuring devices that we can’t get good characterization data on such as 


RF integrated circuits 


semiconductors (transistors, diodes)


Lumped elements























How to get the data out of  the HP8753D and how to convert it into “.s2p” format





	In order to get meaningful data out of the network analyzer using this technique, the following steps need to be performed:


Find a HP 8753D network analyzer (with a 3.5 “ disk drive)


Setup the network analyzer (start and stop frequencies, port drive power level, number of points, etc.).


Calibrate the analyzer ( choose FULL 2 PORT under the cal menu) using calibration standards that best match your application.  I choose to use open and short standards that I’ve built using standard SMA connectors so that the reference plane for the measurement is at the edge of the connector (i.e. the electrical length of the connector is calibrated out, and I can then use similar connectors in the test fixture).


Make sure and set the electrical delay in the “SCALE REF” menu.  This needs to be done at both ports.  Set the network analyzer on dual display  with smith charts of S11 and S22. Next put an open or short on the port and tune the electrical delay until the measurement shows a dot at the short or open position on the chart.  If you’re doing very low frequency or narrow sweep measurements this may not be needed, but for wide frequency sweeps, the electrical delay needs to be trimmed for accurate measurements.


After verifying that the calibration was correct, connect your network and look at the s-parameters on the screen to see if they make sense.


Next, when you want to save the data, stick a formatted disk in the drive.


go to the SAVE/RECALL menu -> “SELECT DISK” and select “INTERNAL DRIVE”.


 then go to “DEFINE DISK SAVE” and pick DATA ONLY. Also make sure and select “SAVE AS ASCII”. This will speed things up and keep the calibration, raw data, and instrument state information from being written to the disk.  What you will have when you’re done is a file that has the post calibration data from which all the graphs and measurements can be derived.


Next, hit “SAVE STATE”.   You should see “WAITING FOR CLEAN SWEEP” as it gathers the data.  Then once it is done it should say “done writing DATA00.D1”.  The data are now on the disk.





Note: as you put more and more measurements  on the disk it will save to incremental file names (DATA01.D1, DATA02.D1, etc.).





Using nwa2s2p.pl


“network analyzer to s2p”





	Unfortunately, these files are NOT s-parameter files, their format is significantly less useful.  What I’ve done is written a program (nwa2s2p.pl) using the PERL programming language ( very cool) that translates the network analyzer data.  Perl is an interpreted scripting language, so to run this program you’ll need the perl5 interpreter (a compiler is in the works, but that’s not an option now).  You can get the interpreter for windows95 at http://www.activestate.com








The DATAxx.Dx files start with a header describing the frequency sweep and the measurements made.  The four s-parameters are in four different blocks and in Real and Imaginary (rectangular) format.  My program does the following:


Prompts the user for a one line description of the data (for instance: what device you’re measuring and the conditions)


Checks to see if the header looks right (I don’t have a reference on the file format, I am winging it.  Therefore I look for a match to the files I’ve looked at manually).  As portions of the header are read, they are “commented out” and written to the header of the S2P file.


Reads the frequency sweep information (start, stop, and number of points) and calcuates the frequency step (the data are in arrays  and the frequency corresponding to each line needs to be calculated).  An array containing each frequency in the range is created.


Reads each of the four arrays(lists) and stores them in data arrays to be written out later. As each line is read, the data are converted from rectangular to polar form.


Lastly, the s-parameter file is written in standard s2p format.





 





To ARRL Radio Designer users





	Another program I wrote this weekend can be used to translate S2P files into something more useful for the ARRL radio designer program.  You still have to include the data directly into the ARD circuit file, but my program takes some of the drudgery out of converting the s2p format.  ARD needs the data in a certain block, with references to the block, and with the frequency units appended to each frequency in 
