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Common Gate Amplifier

Small Signal Analysis-DC

Consider the Common Gate Amplifier given in Fig. 1 for the following analysis. Assume that it is biased

properly. Fig. 2 is the small signal model at DC.
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Figure 1: Common Gate Amplifier
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Applying KCL at source node,
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Figure 2: Small signal model at DC
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Input I mpedance

The input impedance looking into the source,
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If we neglect g45 Ry, when compared to unity,
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Output Impedance

Here, we calculate the output impedance looking into the drain,
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Vo = + vs
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e Since output impedance is high, Common Gate amplifier acts as a good current source
e We also see that having a high source resistance in series with source gives a higher resistance.

e To further improve the output resistance of the current source, we can use a cascode configuration.
(Fig. 3)
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Figure 3: Cascode structure

For the cascode structure,
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Small Signal Analysis-AC

Fig. 4 shows the equivalent circuit. It can be redrawn as in Fig. 5

Here,
C, = C'gS + Chs

Cr = ng + Ca

Writing KCL at the source node,
(Uin - US)GS = USSCS + (gm + gmbs)vs + gds(vs - Uo)
Writing KCL at drain node,

(gm + gmbs)vs + gds(vs - UO) = UO(GL + SCL)
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Figure 4: Equivalent Circuit at high frequencies
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Figure 5: Equivalent Circuit at high frequencies-redrawn

Solving these two equations, we get

VinGs (GL 4 sCL + gas)(Gs + sCs)

Vo = (G +s00) + (gm + Gmbs + gas)
If G >> Jds
VinGs - (Gr 4 sCL)(9m + Imbs + gas + G + sC5)
Vo (9m + Gmbs + gds)
Vo (gm + Gmbs + 9as)Gs

~
~

a (GL + SCL)(gm + 9Imbs + 9ds + Gs + SCS)

We see that there are two poles in the transfer function, one low freq pole corresponding to the output side

and one high freq pole corresponding to the input side.



