1. Consider the following differential amplifier where the small-signal input is applied to the bulk of M, and M.

For Vuiss1=1.4V, and assuming that Vi is properly chosen so that all transistors are operating in their saturation

region, calculate the small-signal differential gain of the amplifier.]

Recall that gunw=ngm.

Assume, A = 0, 1=0.2, [Vruemos)|= 0.6V (the threshold value is in the presence of body effect), pu,Cox=100 pA/V?,
Ro=1k€, (W/L)o= 40, (W/L);=(W/L),= 20, and Vpp=3V.
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2. In the following circuit all transistors have a W/L of 7um/0.35um and M: and M are to operate in deep triode
region with an on-resistance of 2k Q. Assume: [s=40 pA and L=7=0, Vop=3 V, Viunmos)= 0.5 V, Viuemos)=
0.6 V, 1Cox=200 pA/V?, 1,Co=100 pA/V>.
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a) Calculate the dc level of the input (input common-mode level) that yields such on-resistance.

b) Calculate the small-signal differential gain, i.e., (Vour—Vouz)/(Viai—Vin2), of the circuit when the input common-
mode level is equal to value calculated in part a.
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Ves1= Vi, #Ver, 2 0 5V+0. IV = 0.6V
Vi(common mode) = VGQ|+V$| = 0.6V+2.1SV= 2.78V

b) Av=-9m,-Ro = 2:20x0°° 2} () = 0.8V,
o.|




3. Consider the following wide-swing cascode current source. Assume that all NMOS transistors have the same size
and I, = I = L« = 1 mA. Furthermore, assume that the minimum voltage headroom required at the output node is
0.5 V (ie., for output voltage as low as 0.5 V both transistors(M; and M; are in saturation). The technology
parameters are:

Amos) = Aemosy = 0 V', v = 0, Voo = 1.8 V, Vo = 1.25 V, Vmpwmos) = [Vmuemos| = 035 V,
HaCox=1 MA/V?, 1,Co=0.5 mA/V?,
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channel is pinched off.
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Find the aspect ratio of the PMOS transistor and the NMOS transistors as well as the value of R and R,. Q%
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