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Section A
\><Question 1 [20 marks]

Calculate the fan-out of the DTL gate shown in Fig. 1, assuming Voo = 5 V, R, = 2.2 k€,
fo= 1L.2ZKD, Ry =22K0; By =132 k%), Vbon) = VBE(sat) = 0.7 V, Vop(eat)y = 0.2V, Br =
20, and g = 0.2.
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>< Question 2 [20 marks]

You have been asked to design a NOT gate in a 0.8 um CMOS process The process parameters
are: Vin = 0.7V, Vi = -0.9 V; pp, = 500 cm?/Vs, p, = 175 cm?/Vs; to; = 18 nm. The power
Supplies are: VDD =5 V, Vss =0 V.

(e &3\/ ¢ (a) Sketch the circuit diagram of your inverter, showing all four terminals for each transistor.

Using driving-point characteristics and load “lines” (or otherwise), explain the operation

of the circuit. f'i'_"_"_:_'__':' Correct d:aﬁ M /u /oS 2 SeDrA
:) Sketch the input-output voltage transfer characteristic, indicating the regions of operation
of each transistor. ALSG  [orrtl T 8 m Seoes

d \ﬂﬁ)\Derive an expression for the switching threshold V. CoRRECT

)ﬂ{" € (@ Using the result of (c), éelect the widths of minimum-length transistors such that Vj;, =
Vbp/2. LF # Lo 2 W T om’tj W{; needs e scaled Lf’.j

‘U (fzv) Sketch the circuit diagram of a NAND gate in the same CMOS process, indicating the
sizes of the transistors that give Vi, = Vpp /2. Show all four connections per transistor.
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]LQuestion 3 : | (20 marks]

Figure 3 shows a differential amplifier. Voo = Vg = 5 V, R, = Rg, = 5.6 k), Rrgr =
6.8 k2, Ry = Ry = 2.4 k{). You may assume that all transistors are identical, with VBE(ON) =
0.7V, V4 =100 V, and Sr = 250. Define V; = V;, — Vi, and V, =V, — V,,. Calculate:

t‘cs)\ The operating point; VLE

(b) The small-signal differential voltage gain vo, [vig; M
Q}.f\ 31”’\? AN i<
(¢) The small-signal common-mode voltage gain v, /vi,; \a& ’ At
o

{d) The CMRR, expressed in dB.
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Design Exp- Section B
Question 4 [20 marks]

You have been asked to design an analogue switch in a 0.25 ym CMOS process The process
parameters are: Vi, = 0.43 V, Vi = -0.62 V; ppCor = 267 uA/ V2, ppCoz = 93 ,uA/VQ. The
power supplies are: Vpp =25V, =Vsg =-25V,

(a) Sketch the circuit diagram of your analogue switch, showing all four terminals for all
transistors. Indicate clearly the logic control lines. Shm J‘b Foswilch g Conbol fiex

l —
j i /\%{‘J\ Explain the operation of your circuit. L

@ Derive an expression for the resistance Ron of your switch in the “closed” position.

-vafg‘ Lotk vp !

T @ Using the result of (c), determine the W/L ratios of the switch transistors such that
Roy < 50 Q at Viy = Vopr =0 V.

M Estimate the silicon area occupied by your switch (excluding the logic circuitry).
%{N : N — fres M noted — bt’b)«’«‘ﬂ on ale,
L3 1(.q .
o }Questlon 5 _ - [20 marks]

The CMOS amplifier shown in Fig. 5 has W/L = 7.2 um/0.36 pum for all transistors, pnCoz =
387 pA/ V2 ppCop = 86 pA/V2, IRgr = 50 pA, Van = 5V, |[Vay| = 6 V. Furthermore, the
parasitic capacitances of each transistor are given by Cgs = 20 fF, Cyq = 5 {F.

\ - _
O (w-,‘-: - T‘aj\ Sketch the V;-V, voltage transfer characteristic of the common-source amplifier circuit
shown in Fig. 5, indicating the regions of operation of the transistors.

(By_Calculate the small-signal voltage gain and output resistance when both transistors are
forward active. [, = (Fo : /{ ﬂg)——:’ Re = (o, Ay = 3_?»

\ﬁcl_ Assuming that the amplifier is driven by a real voltage source V; with series resistance R,
= 10 k2, and a load capacitance Cp, = 25 {F is connected across V,, sketch the frequency
response V,/V;, and calculate the -3/@1_3_ frequency fg.
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>KQuestion 6

[20 marks]
Consider the circuit in Fig. 6. with the following device geometries. [ 2©
Transistor | M1 M2 M3 M4 M5 =~ M6 M7 M8
W/L | 120/8 120/8 50710 50/10 150/10 100/10 W,/10 300/10 .
Let Irgr = 50 pA, Cc = 10 pF, |V;| = 1 V for all devices, ppnCor = 20 uA/V?, pCor = ¢
10 pA/V2, |V4| = 25 V for all devices, Vpp =5V, Vss=5 V. i w,
M Choose the value of W7 such that this circuit does not exhibit a systematic offset voltage. i)

o
Using the value of W7 in (a), evaluate Ip, |Vgs!, gm and r, for all devices. Hint: You may

“neglect the effect of V4 when calculating the bias currents.

-\tc)\Calcula,te the DC open-loop voltage gain of the amplifier. A, = A, A,
\(B{\Ca.icula.te the slew rate of the amplifier. L=

iy
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. A7 gl o, Il 10
Ye) Calculate the -3 dB frequency of the amplifier. ’ ‘)N rqu: Ao [/ i/
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