Sat .

Soludten s |

Final exam Qolp

1. Find the maximum bias current I for which the transistor in the following circuit
operates in the saturation region. [10 marks]

Assume A =7=0, Vig=0.5 V, liCox = 1 mA/V?, (W/L)nmos = 10, Rp= 10Q.

\rG-D < Vih
—> Rp
Vep= Ro T

S

RD= 1002

Wiite your answer in this box

1= 50 mA




2. The magnitude {requency response of a unity-gain closed-loop amplifier shows a
peaking of 93% in the vicinity of the gain crossover frequency. What is the phase
margin? |10 marks] I
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3. Assuming that the following circuit is symmetrical and y= A = O:

. 8 . . . v Vﬂu.
1) Find the expression for the small-signal differential voltage gain (% 1_{,_ X ) of the

circuit at very low frequencies. [10 marks]
11} What 1s the gain of the circuit at very high frequencies? [5 marks]
i11) Repeat part (ii) assuming A # 0. [5 marks]

Note: In this question neglect all other capacitances that are not shown in the circuit,




For your convenience the circuit diagram is replicated here:




4. Neglecting all other capacitances and assuming A = 0, for the following circuit:

1) Calculate the input impedance. [8 marks]
i1) Calculate the output impedance. |8 marks]

iii) How would the input impedance change if C, s replaced with a resistor. [4 marks]

é_ -
y
Tx
Tx= 3, Vg5, —> Vos= 5,
Ix C!S ) C[S VK
Iy () = ) =
Ty = ¢S (VX’VBSI) = QS(V_::-*Q;‘I) — I+
Cy S
— ’1. _ _175_ _ ' -_g_’; ..-....-L o ""L'
n = - =
W C|S 9!’"” QS
Iy
iL o—A—€
V9$1 3”1‘)551
w7 ps

L= Lx - gm, Vg.q
T,. cps (We=Vasdh—> G Vgsy = Cas (V- Vys)) —

Ca S
— S{ Vs —© —-’7"—3 = — \/K

IK - 3’“"}33\: C‘Svgsl — IX = (3!&11" C"S) "/9$| - (jﬂu‘f Q\

C
.._.;pz-ﬂw[-: [E.- - .._( 1+C1)

[ =% C2 (Jm + CiS)

Vs, (€5 +Ca8 )

C
_r Vg

L
-

C
;) =V
Cva Co

Cad vx



For your convenience the circuit diagram is replicated here:




5. Design a two-stage op amp based on the topology shown below with the following design
specifications:

. VDDZS \%

= Total power consumption of 3 mW

*  Qutput swing of 2.6 V

» Total gain of 1000

= L =0.4um for all the device

Use the following assumptions for your design
=  Allocate equal overdrive voltages to Ms and Mg
= Agssume the bias currents of the first stage and the second stage are equal.
" Vsgi—=Vsos

The technology parameters are:
?t{NMGS) — ?\J(PMOS) =0.1 Vd]-,. Y= 0, Vpp=3V, VTH(NMGS)= IVTH{PMDS)l =05V, lJmCmF 1 mNVE,
M,Cox = 0.5 mA/V?,

Note: Use the parameter A only for calculating the r, of the trapsistors. Do not use A in any
other calculation including your bias currents.
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For your convenience the circuit diagram and transistor parameters are replicated here:

Aamos)= Arpmos) = 0.1 v, Y=0, Vpp=3 V, Vimos) = [Vraemos)| = 0.5 V, 1,Cox = 1 mA/V?,
W, Cox = 0.5 mA/V*
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