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1 of 13 RF Amplifier Output Voltage, Current, Power, and Impedance Relationship By: Applications Engineering How much Output voltage, current and power can RF amplifiers provide? This question is often asked by novice test engineers as well as seasoned RF professionals. Depending on the application, there is often an underlying desire to maximize one of the three parameters; power, voltage or current. While one would think that a simple application of Ohm s law is called for, this would only apply given ideal conditions, such as when an RF Amplifier with a typical 50 Output resistance is driving a 50 load.

impedance the output voltage is clamped near the specified minimum voltage rating. Applying ohm’s law: and o For load impedances lower than the amplifier output impedance the amplifier is protected by the current limit. Regardless of how small the load is, the output current will not exceed a value near the specified minimum current rating.
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    	1 1 of 13 RF Amplifier Output Voltage, Current, Power, and Impedance Relationship By: Applications Engineering How much Output voltage, current and power can RF amplifiers provide? This question is often asked by novice test engineers as well as seasoned RF professionals. Depending on the application, there is often an underlying desire to maximize one of the three parameters; power, voltage or current. While one would think that a simple application of Ohm s law is called for, this would only apply given ideal conditions, such as when an RF Amplifier with a typical 50 Output resistance is driving a 50 load.
2 In this rare case where the load Impedance perfectly matches the Amplifier Output Impedance , the power delivered to the load is simply the rated power of the Amplifier . There is absolutely no reflected power and thus, there is no need to limit or control the gain of the Amplifier to protect it from excessive reflected power. Unfortunately, such ideal conditions rarely apply in actual real world applications. Real amplifiers are required to drive varying load impedances. The mismatch between these real loads and the Amplifier s Output Impedance result in a percentage of the forward power being reflected back to the Amplifier .
3 In some cases, excessive reflected power can damage an Amplifier and precautions that may affect forward power are required. Given these realities, how does one go about determining Output voltage, current and power? Again Ohm s law comes to the rescue, but with the caveat that the actual power delivered to the load (net forward power after the application of any VSWR protection less reflected power) must be determined before applying Ohm s law. This Application note will highlight some of the major RF Amplifier characteristics that impact forward power as well as net power allowing the use of Ohm s law, even when conditions are far from ideal.
4 160 Schoolhouse Road, Souderton PA 18964-9990 of 13 Back to Basics: Ohm s Law Ohm s law states that the amount of current flowing between two points in an electrical circuit is directly proportional to the voltage impressed across the two points and inversely proportion to the resistance between the points. Thus, the equation I=E/R is the basic form of Ohm s law where the current I is in units of amperes (A), the Electro-motive Force (EMF) or difference of electrical potential E is in volts (V), and R is the circuit resistance given in ohms ( ). Applying the standard equation relating electrical power to voltage and current (P=V A), cross multiplying and rearranging each of the variables results in the equations shown in the Ohm s law pie chart (see Fig 1) showing the various combinations of the four variables, I, V, and W.
5 L et s use Ohm s pie chart to determine the Output voltage, current, and power of a 50 Amplifier operating under ideal conditions. Assume we have a 100 watt Amplifier with 50 Output Impedance driving a 50 load. This is an ideal situation in that 100% of the forward power will be absorbed in the load and therefore there is no reflected power in this example. The full 100 Watts will be delivered to the 50 load Selecting appropriate formulas from the Ohm s pie chart, one can easilycharacterize this ideal Amplifier . Substituting known values: = Vrms Thus, the Output voltage across the 50 load is Vrms Substituting known values:= Arms The Output load current is Arms As can be see n from the above example, when impedances match, power, voltage, and current are easily determined by the application of Ohm s law.
6 Now let s consider real life amplifiers and the effects they have on the determination of Output voltage, current and power. W =WattsVoltsW =50100 WVoltsW=WattsAmpsW=50100 WAmpsAAmpsVVoltsOhms WattsWWWVWWVW WAWW AAV2 AWWV2W2VW 2 AAV Figure 1: Ohm s Law pie chart160 Schoolhouse Road, Souderton PA 18964-9990 of 13 Impedance Mismatch: The danger of Impedance mismatch and methods used to protect amplifiers Maximum power is transferred to the load only when the load Impedance matches the Amplifier s Output Impedance . Unfortunately, this is rarely the case. In these typical situations, reflections occur at the load and the difference between the forward power and that delivered to the load is reflected back to the Amplifier .
7 A voltage standing wave is created by the phase addition and subtraction of the incident and reflected voltage waveforms. Power amplifiers must either be capable of absorbing this reflected power or they must employ some form of protection to prevent damage to the Amplifier . For example, an open or short circuit placed on the 100 watt power Amplifier discussed above would result in an infinite voltage standing wave ratio (VSWR). Since for ZO>ZL, and for ZL>ZO it can be seen that VSWR is always 1. With no active VSWR protection, an open circuit at the load would result in a doubling of the Output voltage to , while a short circuit would increase the Output current to In either of these worst case scenarios, the 100 watt power Amplifier must tolerate a maximum power of 200 watts (100 watts forward + 100 watts reverse).
8 Clearly this is cause for concern and Amplifier designers must deal with the very real possibility that the Amplifier s Output might either be accidentally shorted or the load could be removed. Consequently, all amplifiers should employ some form of protection when VSWR approaches dangerous levels. The following is a partial list (most desirable to least desirable) of some methods used: Overdesign:oAll Solid-state devices and power combiners are conservativelydesigned to provide sufficient ruggedness and heat dissipation toaccommodate infinite additional active VSWR protection circuitry is required with conservative approach is found on AR s low to mid poweramplifiers.
9 Active monitoring of VSWR resulting in a reduction in Amplifier gain when VSWR approaches dangerous levels:oWhen VSWR exceeds a safe level the forward power is reduced. Thistechnique is sometimes referred to as gain fold -back or just fold-back .oAR s high power solid-state amplifiers will fold-back when reflectedpower reaches 50% of the rated power corresponding to a VSWR of6:1and will withstand any amount of Schoolhouse Road, Souderton PA 18964-9990 of 13 Active monitoring of VSWR leading to a shut down when VSWR exceeds asafe leveloThis is considered a brute-force technique that can lead to undesirabletest does not use this technique in any of its amplifiers.
10 Active thermal monitoringoHigh VSWR will cause a buildup of heat. When a predeterminedtemperature threshold is exceeded, the Amplifier is shut to the nature of thermal time constants, this approach is relativelyslow. Extreme variations in VSWR may not immediately result in amplifiers employ some degree of thermal monitoring for circuitprotection but do not rely on this relatively slow method to protectagainst extreme VSWR. Active monitoring of both Output voltage and/or currentoLimits are set for both voltage and/or current similar to restrictionsplaced on DC power either of the two parameters is exceeded, the Amplifier is shut amplifiers are designed with little or no concern regarding load mismatch.
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			Chapter 5 – Impedance Matching and Tuning

			www.ittc.ku.edu
			turns out that (as you might have expected!) the output impedance out Z is equal to the complex conjugate of the load impedance. I.E.: ZZ out L = ∗ The source and load are again matched! Thus, we can look at the matching network in two equivalent ways: g 1. As a network attached to a load, one that “transforms” its impedance to Z
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			Antenna Impedance Matching – Simplified

			abracon.com
			it to the corresponding RF circuitry’s output impedance (Z O), which would be 50 Ω in most cases. A perfect match is obtained when Z L = Z O in Equation 2, which gives Γ a value of zero, and the SWR becomes unity in Equation 1. If the impedance of the line feeding the antenna and the antenna impedance do not match, then the source
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			E40M RC Circuits and Impedance

			web.stanford.edu
			• Impedance is the relationship between voltage and current –For a sinusoidal input –Z = V/I so for a capacitor, Z = 1/2πFC or 1/j*2πFC • Understand how to use impedance to analyze RC circuits –Compute the “voltage divider” ratio to find output voltage –Calculate series and parallel effective impedances

			   Output, Impedance

		

	


                
                
	
				
					

		
			1 MSPS, 12-Bit Impedance Converter, Network Analyzer Data ...

			www.analog.com
			the impedance is sampled by the on-board ADC and a discrete Fourier transform (DFT) is processed by an on-board DSP engine. The DFT algorithm returns a real (R) and imaginary (I) data-word at each output frequency. Once calibrated, the magnitude of the impedance and relative phase of the impedance at each frequency point along the sweep
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			Impedance Matching - QSL.net

			www.qsl.net
			output impedance of a low-current device), even small amount of parasitic inductance or capacitance can lead to high-Q making Impedance Matching a challenging task. • In parallel resonant circuits, high-value loading resistors lead to high-Q, …
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			12. Transformers, Impedance Matching and Maximum Power ...

			www.hunter.cuny.edu
			Impedance Matching and Maximum Power Transfer Introduction The transformer is a device that takes AC at one voltage and transforms it into another voltage either higher or lower than the original voltage. Alternatively, a transformer can be used to do the same thing with current.
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