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Model for general Amplifying Element

Cc1 and Cc2 are coupling capacitors (large)  µF

Cin and Cout are parasitic capacitors (small)  pF
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Midband Frequencies

- Coupling capacitors are short circuits

- Parasitic capacitors are open circuits
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Low Frequency Model
- Coupling capacitors are present
- Parasitic capacitors are open circuits
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Low Frequency Model
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Rout = 3 kΩ, Rg=200 Ω, Rin=12 kΩ, RL=10 kΩ
Cc1 = 5 µF and Cc2 = 1 µF
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High Frequency Model
- Assume coupling capacitors are short
- Account for parasitic capacitors
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Example: Rout = 3 kΩ, Rg=200 Ω, Rin=12 kΩ, RL=10 kΩ
Cin = 200 pF and Cout= 40 pF

1 10
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× × × 
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× × × 

64.05 10log 5.52 5
12.2
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 ×

= 
 



Summary: low-frequency < 12.2 Hz, High frequency > 1.72 MHz

Example
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Triode region:

Saturation region:

Cutoff:

1
2gs gd oxC C WLC= =

2
3gs oxC WLC= 0gdC =

0gd gsC C= =

gb oxC WLC=

MOSFET - Gate Capacitance Effect
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ov ov oxC WL C=Overlap capacitance (gate-to-source):
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MOSFET – Junction Capacitances
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MOSFET High-Frequency Model
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BJT Capacitances

Base: Diffusion Capacitance: Cde (small signal)

where Qn is the minority carrier charge in base

C F C
de F F m

BE T

di IC g
dv V

ττ τ= = =

where τF is the forward transit time (time spent crossing 
base)
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Base-emitter junction capacitance:
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Cjeo is Cje at 0 V. Voe is EBJ built in voltage ~ 0.9 V
m is the grading coefficient (typically, 0.2-0.5)

BJT Capacitances
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BJT Capacitances
In hybrid pi model, Cde+Cje=Cπ

Collector-base junction capacitance
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Cµo is Cµ at 0 V. Voc is CBJ built in voltage ~ 0.9 V

Cπ is around a few tens of pF
Cµ is around a few pF
m is the grading coefficient (typically, 0.2-0.5)
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High-Frequency Hybrid-π Model
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CS - Three Frequency Bands
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CE - Three Frequency Bands
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o m gs gd gsI g V sC V= −

Unity-Gain Frequency fT
fT is defined as the frequency at which the short-circuit current gain 
of the common source configuration becomes unity 

(neglect sCgdVgs since Cgd is small)
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For s=jω, magnitude of current gain becomes unity at

( )2
m m

T T
gs gd gs gd

g gf
C C C C

ω
π

= ⇒ =
+ +

fT ~ 100 MHz for 5-µm CMOS, fT ~ several GHz for 
0.13µm CMOS

Calculating  fT
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( )C mI g sC vµ π= −

BJT - Short-Circuit Current Gain
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Define hfe as short-circuit current gain
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at freq. of interestmg sCµ

BJT - Short-Circuit Current Gain
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BJT - Short-Circuit Current Gain
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Define hfe has a single pole (or STC) response. 
Unity gain bandwidth is for:
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In some cases, if Cµ is known, then
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From which we get
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BJT - Short-Circuit Current Gain
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