
1

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

Lecture 19 

High Frequency Analysis of FET Circuits

In this lecture you will learn:

• High Frequency Analysis of FET Circuits
• Miller Effect and the Miller Capacitance
• The Transition Frequency and the Ultimate Performance limits of FET Devices
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Phasor Analysis: Complex Impedances
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Phasor Analysis: Calculations with Impedances
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One can compute the voltage phasors using the impedances:
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Phasor Analysis: Calculations with Impedances
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One can compute the voltage phasors using the impedances:
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Phasor Analysis: Bode Plots
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A transfer function with a pole at frequency 1/RC
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Phasor Analysis: Bode Plots
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NFET: Capacitances

P-Si Substrate (or Bulk)
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NFET: High Frequency Small Signal Model
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Capacitances
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NFET: Simplified High Frequency Small Signal Model
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The Common Source Amplifier: Open Circuit Voltage Gain

KCL at (1) gives:
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The Common Source Amplifier: Open Circuit Voltage Gain
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The Common Source Amplifier: Input Impedance
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The Common Source Amplifier: Input Impedance

Looking in from the input terminal the capacitance Cgd seems to be magnified by a 
factor proportional to the open circuit voltage gain of the amplifier!!
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Looking in from the input terminal the capacitance Cgd seems to be magnified by a 
factor proportional to the open circuit voltage gain of the amplifier!!
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The Common Source Amplifier: Total Gain
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The Common Source Amplifier: Poles and Zeros of the Total Gain
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A little tedious algebra can show that the transfer function above has two poles and a 
zero

1) Assuming gmRS >> 1, these poles are:
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This pole will likely determine the smallest frequency at which the total gain rolls over

2) Assuming gmRS << 1, these poles are:
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The Common Source Amplifier: The Miller Approximation
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If the poles and zeros in Av() are at a higher frequency than the poles and zeros 
associated with the transfer function                           (which would be the case if 
gmRS >> 1 ) then one may approximate the open circuit gain Av() by its low 
frequency value: 
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Looking in from the input terminal the capacitance Cgd seems to be magnified by a 
factor proportional to the low frequency open circuit voltage gain of the amplifier!!

And now the single pole is at:
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The Common Source Amplifier: Total Gain Under the Miller Approx
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The Common Source Amplifier: Input Impedance
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This approximate equivalent circuit will also work at not too high frequencies………



11

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

The Miller Effect and the Miller Capacitance
John A. Miller (1920)

Lets generalize a bit: Consider a voltage amplifier:
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Consider now a capacitor sitting at the input of an amplifier:
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Input voltage to the amplifier decreases and so 
does the output voltage of the amplifier at high 
frequencies (but not too bad…..)

|A| >> 1
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Consider now a capacitor straddling the input and the output of an amplifier:
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Input voltage to the amplifier decreases and so does the output voltage of  the 
amplifier at high frequencies
But the effective capacitance seen from the input side now is bigger (compared 
to the case on the previous slide) by a factor proportional to the gain of the 
amplifier 

The amplifier input voltage, and the output voltage, will now begin to drop-off at 
a much lower frequency!! 
This is the Miller effect and the capacitance positioned this way is called the 
Miller capacitance 

The Miller Effect and the Miller Capacitance

C |A| >> 1
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Short Circuit Current Gain and the Transition Frequency (fT or T)

For most transistors, the short circuit current gain falls of with frequency with a 
-20 dB/dec slope (at high enough frequencies)

The frequency at which the short circuit current gain equals unity is called the 
transition frequency (fT or T)

The transition frequency expresses the maximum useful frequency of operation 
of the transistor
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The Common Source Amplifier: The Transition Frequency
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The transition frequency is:
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The Common Source Amplifier: The Transition Frequency
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The FET transition frequency is:

This is the highest frequency at which the transistor is still useful
Q: What is its physical significance?
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Therefore, the electron transit time sets the maximum frequency of operation of the FET!!


