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Overview: 
The use of S-Parameters for design and simulation of RF/microwave amplifiers and 
systems has become so ubiquitous that virtually everyone uses them and they are a 
major foundation of modern electronics. Unfortunately, S-Parameters are no longer 
valid when the amplifying device becomes nonlinear, which is essentially synonymous 
with high power appliers. Without an accurate model for design of nonlinear amplifiers, 
there are always many unknowns about their performance, and virtually no possibility of 
integrating the amplifier into a system model for overall performance evaluation. 

Today, most high power microwave amplifiers are designed and built on somewhat 
shaky foundations and few know what will happen as components or devices within the 
system change their nature. Some designers use Loadpull as a partial foundation for 
design, but even in that area, most Loadpull systems do not have vector or harmonic 
capability and are limited in scope. 

The type of system that is needed for effective support of microwave amplifier design 
can be extremely expensive, both in terms of core equipment and in terms of setup time 
and cost of skilled personnel. Also, it is not at all a simple matter to even determine 
what type of system is needed to do the required measurements. 



Each person in this course will have hands-on experience using a state-of-the-art 
nonlinear measurement system, and will learn the essential foundations of knowledge 
regarding the system, how to purchase it, set it up, and take measurements: 

1. What equipment and accessories are needed for a specific measurement and 
how much they will cost, including time and accessories. [Cost for various levels 
can vary 4 to 1 or more.] 

2. How long it will take to design, order parts, and set up the system? 
3. How long it will take for a specific measurement?  
4. What skills will be needed for measurement and analysis?  
5. What measurement capabilities the system will have? [S-Function model 

generation, DC I/V, Waveform Engineering, Vector LoadPull, custom RF 
analysis, and others.] 

6. What will be needed in terms of fixtures and calibration standards? 

Workshop Details: 
Dates:  

1. Wednesday May 29 8:30 am to 5:45 pm  
2. Thursday May 30, 8:30 am to 2:00pm,  with option to use equipment after 2:00 pm 

Course fee: 

1. Number of seats is strictly limited to maintain personal experience 
2. $100 early deposit to reserve seat, and total fee of $1,100. Please pay complete fee by May 1, 

2013. Deposit is non-refundable, but you will receive the textbook if unable to attend. 

Pay through IPFW Continuing Studies https://learn.ipfw.edu/CourseStatus.awp?&course=13UBUS124 

Location:  

IPFW Wireless Technology Center in the ETCS building. We will use the main conference room [ET206] 
for meals and snacks, lab ET226 for software training, and Lab ET349 for nonlinear measurements. 

What is included? 

1. All classes and use of equipment/materials for nonlinear measurements 
2. Detailed text book on use of equipment and software 
3. Continuing Education Certificate 
4. Some nonlinear software and data files for home use 
5. Lunch on both days plus reception on Wednesday 
6. Continental breakfast both days 
7. Coffee breaks and snacks 

Housing and transportation: 

Recommended hotel is the Holiday Inn that is on-campus. Transportation to and from workshop site is provided by 
Holiday Inn. Fee for course participants is $90 plus 14% tax = $102.60 per night. The hotel has an internal restaurant if 



dinner is needed. 
 
Airport transportation is approximately $40 plus tip, one way. We will post information and exact fees later. 
 

Workshop Schedule: 
Wednesday, May 29, 2013 

0) 8:30 am to 9 am, coffee and snacks 
1) 9:00 am to 10:15 am  

A) Background: Basics of Microwave Amplifier Design and Measurements. S-
Parameters for linear and S-Functions to include both linear and nonlinear properties of 
devices and systems. 

2) 10:15-10:30 coffee and snack break 
3) 10:30 am to 12:00 pm  

B) What to Expect: Different types of nonlinear measurement systems; what is 
needed for each and approximate cost: main equipment and specifications, accessory 
equipment and parts, dollars, time for setup and parts acquisition, time for learning and 
time for measurements; “unexpected” needs, such as specific test fixtures and 
calibration fixtures. 

4) 12:00 to 12:45 Lunch (provided) 
5) 12:45 to 2:15 Using the software:  

C) ICE for Vector Loadpull and RF data analysis. Each individual participant 
will learn how to set up the system for real time vector load pull and will analyze load pull 
data already taken. The system stores extensive RF data at each point [can be 
thousands of points] of loadpull and users will learn how to view and use this data, 
including waveform analysis. 

6) 2:15 to 2:25: snacks 
7) 2:25 to 3:25 Using the Software:  

D) RF Measurements and Setting up for S-Function Extraction. Since 
there are thousands of things that could be measured and some of them will have 
destructive results or create a file that is too large to use in a simulator, datasets need to 
be chosen carefully. Before deciding which parameters to create S Functions for, DC 
and RF initial measurements need to be taken as the basis for safe and effective data 
point selection. 

8) 3:30 to 5:00, in the lab.  
E) Preparing Your Microwave Device for Test: Setting up system in 
preparation for VNA calibration in ICE, especially the frequency grid; [Tuners take too 
long for calibration, so they will be calibrated in advance of workshop.] Calibration of 
VNA in ICE;  Testing system to make sure bias is correct; Connecting device to be 
tested; Making sure device DC characteristics are OK; Initial RF testing to determine 
conditions for S Function Extraction; Saving setup. 



9) 5:00 to 5:45 pm: Reception and snacks 

Thursday, May 30, 2013: 

0) 8:30 am to 9 am, coffee and snacks 
1) 9:00 am to 10:15 am  

D) RF Measurements [manually adjusted]: It is important make sure device is 
working properly and to verify limits of measurement that will give needed data but not 
damage the device. [For example, “probe” your system for potential instabilities.] 

2) 10:15-10:30am coffee and snack break 
3) 10:30 am to 11:30 am  

E) Simple Automated Measurements: The loadpull software module allows 
automated vector measurements and recording/storage of all RF data for later use. It is 
also a quick way “preview” the type of measurements you would do for S function 
extraction.  

4) 11:30am to 1:00pm  

F) S Function Extraction: Both “Loadpull” and “S-Function Extraction” are 
applications within the ICE software and are set up in a similar way as a sweep of 
selected settings. Much of the resultant data is the same or similar except in how it is 
presented. The loadpull information is “indexed” by points on the Smith Chart and the S-
Function data can be saved as S-Functions. The internal graphical data from S-
Functions can be shown as plots quite similar to S-Parameters, but with many more 
options, and can also be used for simulation and modeling within other software, such as 
Agilent ADS. For example, using DC bias and 3 harmonics, the familiar set of 4 S-
Parameters expends to a set of 96 S-Functions. 

5) 1:00 to 1:45 Lunch (provided) 
6) 2:00 and beyond. Lab and equipment will be available for continued use for those who 

can stay longer. 

 

 

 


