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Power BJTs 

 Power transistors are large-area devices. 

Because of difference in geometry and 

doping concentrations, their properties 

tend to vary from those of the small-signal 

devices. 

 The current gain of power BJTs is 

generally smaller in the range of 20 to 100, 

and may be a strong function of collector 

current and temperature. 

 At high current levels, the current gain 

tends to drop off significantly, and parasitic 

resistances in the base and collector 

regions may become significant, affecting 

the transistor terminal characteristics. 

 The maximum rated collector current 

 The avalanche breakdown voltage (when 

the base is open) 

 The minimum voltage sustaining the 

transistor in breakdown  

 Second breakdown: permanent failure 
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Safe Operating Area of BJTs 

 The instantaneous and average power 

dissipation 

 

 

 

 

 

 DC maximum rated power 

 

 

 

 Safe Operating Area (SOA): The region 

where the transistor can be operated 

safely. 

 SOA is bounded by 
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Power MOSFETs 

 The superior performance characteristics of power MOSFETs 

 Faster switching times 

 No second breakdown 

 Stable gain and response over a wide temperature range 

 

 A MOSFET is a high impedance, voltage-controlled device, the drive circuitry is simpler. 

 The gate of a 10A power MOSFET may be driven by the output of a standard logic 

circuit. 

 In contrast, if the current gain of a 10A BJT is            , then a base current of 1A is 

required for a collector current of 10A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10



中央大學 通訊系 張大中 Electronics II, 2010 6 

Heat Sinks 

 The power dissipated in a transistor increases its internal temperature above the 

ambient temperature. 

 If the device or junction temperature becomes too high, the transistor may suffer 

permanent damage. 

 Special precautions must be taken in packaging power transistors and in providing heat 

sinks so that heat can be conducted from the transistor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



中央大學 通訊系 張大中 Electronics II, 2010 7 

Thermal Resistance 

 The temperature difference across an element with a thermal resistance     is 

 

 

 

 Electrical equivalent circuit for heat flow from the device to the ambient 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PTT  12



P: thermal power through the element 

When a heat sink is used: 

When a heat sink is not used: 

)( amb-sinksink-casecase-devambdev   DPTT
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Classes of Power Amplifiers 

 Power amplifiers are classified according to the percent of time the output transistors are 

conducting (turned on). 

 Four principal classifications: class-A, class-B, class-AB, class-C 
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Class-A Operation 

 Standard Class-A Amplifier 
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Class-B Operation 

 Complementary Push-Pull Output Stage 
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Power Efficiency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For idealized class-B output stage, 
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Power Efficiency 

 Maximum average power dissipation 

setting the derivative of        with  

respect to Vp equal to zero, 

 

 

 

 

 Power conversion efficiency 
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Maximum Conversion Efficiency 

 Maximum Conversion Efficiency 

 

 

 

 

 

 Actual Conversion Efficiency: less than 78.5% 

 Circuit losses 

 Peak output voltage less than Vcc to avoid transistor saturation 

 

 Conversion Efficiency when the maximum transistor power dissipation occurs 
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Class-AB Operation 

 Class-AB output stage: applying a small quiescent bias on each output transistor to 

eliminate crossover distortion. 
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Class-AB Operation 
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Advantage of Class-AB Output Stages 

 For a zero input signal, quiescent collector currents exist in the output transistors, the 

average power supplied by each source and the average power dissipated in each 

transistor are larger than for a class-B configuration. 

 Power conversion efficiency is less than for an idealized class-B circuit.  

 

 The quiescent collector currents are usually small compared to the peak current, this 

increase in power dissipation is not great. 

 

 The advantage of eliminating crossover distortion in the class-AB output stage greatly 

outweighs the slight disadvantage of reduced conversion efficiency and increased power 

dissipation. 
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Class-C Operation 

 For class-C operation, the transistor has a reverse-biased BE voltage at the Q-point. 

 The collector current is not negative, but is zero at the quiescent point. 

 The transistor conducts for less than a half-cycle, which defines class-C operation. 

 Conversion efficiency is large than 78.5% and usually used for RF circuits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


