[ In the following circuit, assuming that the transistor is operating in the saturation

region:

a) Find the required Vy,ss for which the dc value of the V. is 1.5 V. [10 marks]
b) Is the assumption that the transistor is in the saturation region correct? [4 marks]

¢) Find the small-signal gain Vou/Vsiy. {6 marks)

Assume A = 0, y = 1V, 20=0.64V, Vo= 0.5V, tCox = 1 mA/VE, (W/L)umos = 48,

RD: ] kQ, and VDD: 3.0V,
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2. In the follwing circuit assume that:
Aenningy = }\-(PMUS} =0V y=0, Vpp =3V, V= 23 V, VTH(NMGS} = |Vrgemos)l = 0.5V,

Ul ox = 1 mA/V? , Wplox = 0.25 mA/V’.

+ . 4 :
Furthermore, assume that I,=1,, and all transistors have the same size ( s =40}, Find the

vate f R that results in the minimal voltage headroom required at node Vour. [20 marks]




3. Assumibng that all transistors are in saturation, { E) NEa ,and A=y =0
‘ 3

L)y L),

1) Find an expression for I, in terms of R, transistor parameters (e.g., u and C,y), and
transistor sizes [10 marks].
1) What would be the percentage change in low if Vpp is increased by 10%. {5 marks]

iy w would the expression for 1., derived in part (1) change if y # 0 and why? {5 marks]
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4. Design a symmetric differential amplifier based on the topology shown below with the
folfowing design specifications:

. VDDZS.U V

* Total power consumption of 3.0 mW

= Output DClevelof 1.5V

* Differential gaimn of 40 V/V

1 =0.4 um for all devices

Assume that the minimum required voitage at the drain of My to keep it in saturation is 0.2 V.

The technology parameters are:

hnmosy=0 v, K(13*1~~»14t:}5;)=0V'!:= y=0, Vop=3.0 V, Vineaos) = Vraemos)=0.5V, unCox=1mA/V*
11,Cox=0.25 mA/V’,

3

a) Find Vg1, and all the transistor widths (i.e., Wo, Wy, W1, W3, and Wy). [14 marks]
b) Find the minimum and maximum allowable input common-mode (input DC) levels [6 marks].
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For your convenience the circuit diagram and transistor parameters are replicated here:
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