
Lecture 10:
HEMT AC properties

Lecture 10, Slide # 1EECS277B © P.J. Burke, Winter 2010 Last modified 2/5/2010 10:45 PM



AC equivalent circuit:
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0d m di g v    
This is the common-source Y-matrix. You can get all the matrices from it.



What about capacitances?

Book sticks to long channel 
devices, well below transit time 

frequency. 
Modern devices are short and fT is

the transit time frequency.q y
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AC equivalent circuit:
tieiIi  dDD eiIi 
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Hybrid  model:
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Cgs dominates.
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fT
Hybrid  model:

gv
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dv

di

y

gsmvgCgs

When current flowing through capacitor is equal togsmvg

then the frequency is fT.
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In HW#6, you will prove for the long-channel device:
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So book model is only good for frequencies much less than fT.



Current
J is 2d n is 2d (Discuss)

WxExnewidthJI )()()( 

EneJ s  
J is 2d, ns is 2d. (Discuss).
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Continuity equation
How many electrons in green box 

txAJ )(1)( xxJ 
x

A enter

after a time t?
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Current
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Quasi-static vs full soln.
( , ) ( , )( , ) cs cs

cs
u x t u x tu x t

x x t
          x x t   

This differential equation in general must be solved by a computer.

Quasi-static: Apply dc solution, only VGS and VDC changes with time.
This gives you y-parameters at frequencies well below transit frequency.

Full solution: Assume dc plus small ac voltages/currents. “Linearize” the
differential equation: Taylor expand everything under the sun in terms of
the ac voltages, currents. (Discuss on board.)g , ( )
Solve the simplified, linearized differential equations.
Easy in principle but very tedious in practice. Book does it for 
constant mobility case. But modern FETs are in saturated velocity regime.
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I don’t know of any analytical solutions in that regime, only numerical.



Quasi-static AC equivalent circuit:
tieiIi  dDD eiIi 
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Hybrid  model:
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Non-quasi static model:

Hybrid  model:
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Non-quasi static model in saturation:

Hybrid  model:
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Parasitics: Gate resistance:
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Fingers:
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Parasitics: Source/Draina resistance:
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fmax helped by fingers. 
fT not helped by fingers.
fMax sometimes larger, sometimes smaller than fT.
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RF CMOS
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F. Schwierz and J. J. Liou, "RF Transistors: Recent Developments and Roadmap toward Terahertz 
Applications", Solid-State Electronics, 51, 1079-1091, (2007).



Cutoff frequency (fT)
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III-V fMax
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fT vs fMax
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