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The FET High-Frequency Model
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The FET Unity-Gain Frequency (f7)

It 1s the frequency at which the magnitude of the short-
circuit current gain of the Common Source configuration
becomes unity

fr=_ 8n
! 27r(CgS+ng)

20 MHz < f.< 100 MHz for JFETS

100 MHz < /. <2 GHz for MOSFETSs

5 GHz </ < 15 GHz for GaAs MESFETs
10 GHz < /. < 200 GHz for SiGe MOSFETs
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The BJT High-Frequency Hybrid 7 Model

r C 1 Jéi V
Boniin, [da oC 8=, T, L=
T m C
C — "éﬂ Sn''r #’”o
I r.=h —r, r,=r, /h,
E

c,=C,=C, (Collector-Base capacitance)

C_=C, (Base-Emitter capacitance)
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Typical Behaviour of C,,
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Capacitancia de Difusion (repaso)

C, =1
d VT D
P
- pype - n-type —————= I
1, =1 l I, =1,>1,
:\ff_ Stored charge i
B .- T |
(C,>>C))
C7Z' — Ceb

Dr. J.E. Rayas Sanchez



Capacitancia de la Region de Desértica (repaso)
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Typical Behaviour of

| B
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The BJT Unity-Gain Bandwidth (7,)

It 1s the frequency at which the magnitude of the
short-circuit current gain of the common emitter
configuration becomes unity

_ Em
Jr 27(C.+C))

2 MHz < f.< 100 MHz for general purpose BJTs
1 GHz < f.< 10 GHz for high speed BJTs
1 GHz <f,< 50 GHz for HBTs and HEMTs
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Typical Behaviour of

meaX -1 - - - - - - — — =
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High-Frequency Response of FET Amplifiers

Common Source
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High-Frequency Response of FET Amplifiers

Common Gate "o
A VAVAVESS
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To calculate R, ,, assume r, >>rg, thenv, =0: R, =7, |7,

w, =~1/(R,C +R_C
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High-Frequency Response of FET Amplifiers

Common Drain ro C,
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High-Frequency Response of BJT Amplifiers

Common Emitter re o1 C,
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High-Frequency Response of BJT Amplifiers

Common Base

/ $ i
r, v,
O

It can be shown that
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High-Frequency Response of BJT Amplifiers

Common Collector

o
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Comparison of Low-Frequency FET Responses
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Comparison of Low-Frequency BJT Responses
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Comparison of High-Frequency FET Responses
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Comparison of High-Frequency BJT Responses

|l
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Miller’s Theorem
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Miller Eftect

Common Source
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The Cascode Configuration
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The Cascode Configuration (cont)

RS .
Q1 N 0 RCHRL
v, 00 % IR i
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The Cascode Amplifier at High Frequencies
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The Cascode Amplifier at High Frequencies
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The Cascode Configuration
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Frequency Response of a Differential Amplifier

+vd/2

R =(R,+1r)|r,

R, =R [1+(, [ R)(g, +1/R,)]

EE w, ~1/(R.C.+R,C))

Dr. J.E. Rayas Sanchez

28



Cascode Differential Amplifier
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Hybrid Microwave Integrated Circuits

Wilkinson Chip
Hybrid divider resistor

\ \ b

M. Pozar (1998), / A \

Microwave Engineering. \ / / \ \

Ambherst, MA: John Wiley

and Sons. Ground Chip FET Ceramic Choke
plane capacitor chip substrate  inductor
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Hybrid Microwave Integrated Circuits (cont)

M. Pozar (1998), Microwave Engineering. Amherst, MA: John Wiley and Sons.
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Monolithic Microwave Integrated Circuits

Air Microstrip MIM Inductor
bridge input line  capacitor /

Thin film
resistor

Ground Via GaAs Implanted GaAs
plane hole FET resistor substrate
metalization

M. Pozar (1998), Microwave Engineering. Amherst, MA: John Wiley and Sons.
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Active Device Models at Microwave Frequencies
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