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Amplifier Frequency Response 

 Amplifier Gain Versus Frequency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Audio Amplifiers and Speakers: Signal frequencies in the range of 20 Hz < f <20 kHz 

need to be amplified equally so as to reproduce the sound as accurately as possible. 

The frequency       must be designed to be less than 20 Hz and         must be designed 

to be greater than 20 kHz. 
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S-Domain Analysis 

 Transfer Function 
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 Magnitude and Phase of the Transfer Function 
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Time Constant for a Simple Transfer Function 

 Time Constant  
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Series Coupling Capacitor Circuits 

 Series Coupling Capacitor Circuit 
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Capacitor Circuits 

 Parallel Load Capacitor Circuit  
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Bode Plots for the Series Coupling Capacitor Circuit  

 Amplitude Frequency Response 
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Bode Plots for the Series Coupling Capacitor Circuit  

 Amplitude Frequency Response 

 Break-point frequency, corner frequency, -3dB frequency: 
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Bode Plots for the Series Coupling Capacitor Circuit  

 Phase Frequency Response 
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Bode Plots for the Parallel Load Capacitor Circuit 

 Amplitude Frequency Response 
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Bode Plots for the Parallel Load Capacitor Circuit 

 Phase Frequency Response 
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Short-Circuit and Open-Circuit Time Constants 

 Circuit with both a series coupling and a parallel load capacitor 
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Coupling Capacitor Effects 

 Input Coupling Capacitor: Common-Emitter Circuit 
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Coupling Capacitor Effects 

 Output Coupling Capacitor: Common-Source Circuit 

 Maximum Small-Signal Gain ( Assume that        is short) 
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Coupling Capacitor Effects 

 Output Coupling Capacitor: Emitter-Follower Circuit 
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Load Capacitor Effects 

 The model of the load circuit input impedance is 

generally a capacitance in parallel with a resistance. 

 There is a parasitic capacitance between ground 

and the line that connects the amplifier output to the 

load circuit. 
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Coupling and Load Capacitors 

 The values of the coupling capacitance and load capacitance differ by orders of 

magnitude (                ).  

 The lower corner frequency      is dominated by       and is given by                        . 

 The upper corner frequency       is dominated by        and is given by                        . 
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Bypass Capacitor Effects 

 The emitter bypass capacitor is often included so that the emitter resistor can be used to 

stabilize the Q-point without sacrificing the small-signal gain. 
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Bypass Capacitor Effects 
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Expanded Hybrid-    Equivalent Circuit for Frequency Response of BJTs 

 Common-Emitter NPN BJT 
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Expanded Hybrid-    Equivalent Circuit for Frequency Response of BJTs 

 Equivalent Circuit with Parasitic Capacitors 

 

 



:,, cexb rrr the series resistance between the external terminal and internal region 

:r forward-biased junction diffusion resistance 

:r reverse-biased junction diffusion resistance, on the order of MegaOhms and 

can be neglected 

:C forward-biased junction capacitance 

:C reverse-biased junction capacitance,  
 CC 

:SC collector-substrate junction capacitance 
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Short-Circuit Current Gain 

 Small-Signal Current Gain for Frequency Effects  
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Short-Circuit Current Gain 

 For typical parameter values,  

 

 

 

 

 Beta cut-off frequency:  
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Miller Effect 

 Consider that the frequency is sufficiently high for 

the coupling and bypass capacitors to act as short 

circuit. 
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Miller Capacitance 

 Miller Capacitance 

 

 

 

 Miller Effect: the multiplication effect of 
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FET High Frequency Equivalent Circuit 

 N-channel Common Source MOSFET 
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Unity-Gain Bandwidth 
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The unity-gain frequency      is defined as the frequency at which the magnitude 
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Miller Effect and Miller Capacitance 
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Cutoff Frequency with Load Resistor 
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Common-Emitter Amplifier 

 High-Frequency Equivalent Model 
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Common-Base Amplifier 

 Equivalent Input Circuit 
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Cascode Circuit 

 Input Impedance to the emitter of Q2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

2
2

1
//

1 



 sC

r
Zie






中央大學 通訊系 張大中 Electronics II, 2010 46 

Cascode Circuit 
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Emitter-Follower Circuit 

 The arranged high-frequency equivalent model 
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Emitter-Follower Circuit 
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