Overview:

This “Radio Frequency Fundamentals” program approaches RF technology as an extension of basic electronics. It is aimed at people who are not RF engineers but who work around RF and have a good general knowledge of electricity. Plasma discharge applications will be highlighted. It is the aim of this discussion to remove the “black magic” from RF and replace it with knowledge. The approach will be to discuss the “RF delivery system” which in many ways applies to every RF circuit. Mathematics is kept to a minimum but it is impossible to study any aspect of science without some arithmetic. We acknowledge here the contributions of those physicists and mathematicians who developed the formulae that we will use. We will not attempt to duplicate their work. This may be considered an intuitive approach rather than an academic approach.

Electronic phenomenon that can be ignored when studying DC or low frequency electronics must be taken into account when studying RF. Every component including “conductors” has undesirable resistance, capacitance and inductance. Depending on frequency these “stray” effects, called parasitics, can have huge effects on a circuit. Furthermore the habit of thinking of inductors and capacitors as either short circuits or open circuits must be replaced with an understanding of capacitive and inductive reactances. The effects of frequency will be discussed, as will different approaches to problem solving for different frequency regimes. 

The basic “RF Delivery System” consists of four primary components:
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The load may be taken as a given. Our challenge is not to alter the load, but rather to deliver RF energy to it. The RF generator is also, to a large degree, taken as a given. The frequency and power level are chosen for reasons other than making it easy to get the energy into the load. But, it is important that we understand the characteristics of the load and of the black box we call an RF generator. The generator is specifically designed to deliver energy at a given frequency or frequency range, control power level, and drive a specific load impedance. These parameters are what we are concerned with any time we try to deliver RF energy from any source to any load. 

The transmission line is more than just a conductor that takes the energy from the RF source to the matching network. Transmission line effects, while predictable, are too often ignored.

There are many impedance matching circuits within the generator, but only RF engineers have to deal with them. The matching network is probably the most misunderstood of the four components. This is especially true when the load is a dynamic one such as a plasma discharge.

The RF generator:

Block Diagram:
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The block diagram above is basically valid for any solid state RF generator. A variable or crystal controlled oscillator generates a low level signal at the frequency desired. The amplitude is adjusted in order to control the final output level of the generator. The driver or exciter is simply an amplifier (usually multistage), which boosts the power level more or less linearly. If the generator is required to make more than a few hundred watts, more than one power amplifier is required so the output of the driver goes through a splitter to provide multiple drive signals. In the example shown, each power amplifier provides ¼ of the required power and these outputs are summed together in the combiner. The splitter is a transformer with one primary winding and multiple, equal secondaries. The combiner is a transformer with multiple, equal primaries and one secondary. It is critical that the RF energy arrives at each primary of the combiner in phase. The directional coupler measures both forward and reflected power before it reaches the output and representative dc signals are sent back to the power control circuits to “close the loop.” 


The power level and frequency of an RF generator are pretty much self explanatory, but the concept of characteristic impedance may not be. The assumed impedance for the RF generators we will discuss is 50 ohms. But what does this mean? Simply that the generator is designed to deliver energy into a load that is 50 ohms resistive. No matter what the output power level, the output voltage divided by the output current wants to be 50 ohms. For instance, if we want to deliver 1000 watts, the generator would like to provide 224 volts rms and 4.47 amps rms. ( 224v x 4.47a = 1000w and 224v / 4.47a = 50 ( )

What the RF generator is responsible for:

The generators of concern to us produce a “CW” or constant wave output, meaning there should be neither amplitude nor frequency modulation. Put simply, these generators should put out a pure sine wave at the specified frequency. Variations in the heights of the peaks are unwanted amplitude modulation. Side to side jitter in the waveform when observed on an oscilloscope indicates unwanted frequency modulation. Distortion of the shape of the sine waves indicates excessive harmonic content. Note that harmonic distortion observed with a plasma load comes from the plasma, not from the generator. Generator harmonics can only be evaluated into a 50( load. (See Page 13 for more on harmonics.) 





Power measurement and control: 

The generator is responsible for measuring and controlling it’s output power within specified tolerances to whatever level is commanded by the user or system control. Note that the power measuring circuits inside RF generators are usually more accurate then external power meters because the generator’s directional coupler is designed for a very narrow band of frequencies while external meters try to cover a broad range. Accurate measurement using the industry standard “Bird” meter is possible only into 50( and then only if harmonic distortion is very low.

The generator and reflected power:

RF generators do not make reflected power. Reflected power is the result of the load being something other than 50(. From the generators viewpoint, everything outside the RF output connector constitutes the load. The generator can only measure and report reflected power, and protect itself from excessive heating, current or voltage that results. An RF generator that does not put out full power while reflected power is high is probably not malfunctioning, it’s probably in reflected foldback. (More on reflected power later.)


One exception to the generator’s lack of reflected power responsibility may be an RF generator that is designed to help in the impedance matching task by varying it’s output frequency over a limited range to minimize reflected power. Another is a generator that does not provide a clean sinusoidal output into a plasma load, causing the matching network to malfunction.
Troubleshooting Tip: There are typically circuits in the generator power control loop that limit forward power if reflected power gets too high. If a generator doesn’t make full power, it may be in “reflected foldback”. Generators do not make reflected power, so if reflected is excessive, the problem probably lies outside the generator. 








Two lines connecting the peaks of the sine wave define the “RF envelope.” Zero amplitude modulation means that the RF envelope should be flat. The dynamic nature of a plasma load can cause erratic amplitude modulation in generators not well designed for such loads.





Troubleshooting Tip: High reflected power might be caused by bad connections in the coax or “post match” or by a poor “ground return” path from the plasma chamber to the matching network or a malfunctioning matching network.








