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Digital Circuits 2020-01-07 Exam

1 a) Whatis channel length modulation? 2p)
b) What are the advantages of using a static CMOS inverter instead of an NMOS

inverter? (2p)

c) What is a noise margin of a digital circuit? 2p)

d) Why is the wire resistance in a layout often characterized with the unit Ohm per
square? 2p)

2 An NMOS transistor is plugged into the test configuration shown in Figure 1. Determine
the operation region, Vp, and Vs for the two cases below. For simplicity, assume A =0 and
y=0.

Vypp=2.5V
R
VD
V,=2.0V —] Wm=§£ﬁ£i
VS
=50 uA

Figure 1. Test configuration for NMOSFET.
a) R=10kQ. (5p)
b) R=30kQ. (5p)

3 The function F(A,B)= AB+AB shall be implemented with complementary pass transistor
logic. Assume that complements to 4 and B are available.

a) Implement F(4, B) using at most four NMOSFETSs and two inverters. (6 p)

b) Suggest a method that reduces the short-circuit currents of the inverters. 4p)
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4 A NAND gate shown to the left in Figure 2. To the right in Figure 2, there is a plot showing
the output responses of the circuit due to different input transitions.

Vvin’ Vout (V)
t v v
3.01 A=1-0, B=1—0 out
2.51 \/ = —
2.0 7
151 /7~ A=1,B=1—0
1.0 H gm0, 51
0571 //
1 .0 ¥ .
0 100 200 300 400
Figure 2. NAND gate and its output response due to different input patterns.
a) Draw an equivalent RC switch model for this circuit that includes internal node
capacitances. (4 p)
b) Explain why case 4 = 150, B = 1—0 has the smallest delay. G p
c) Explain why case 4 = 1—0, B =1 is slower than case 4 = 1, B = 1—0. (€R))]

5 A static latch and a dynamic latch is shown in Figure 3.

CLK

[o—— 0 L

CLK
a) b)
Figure 3. Two latches.
a) Which latch is dynamic and which is static? 2p)
b) Discuss the storage mechanisms concept behind the latches. Describe their function
in different clock phases. (6 p)
c) How are problems with metastability avoided in a latch? 2p)
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Digital Circuits 2020-01-07 Exam

6 A domino logic circuit realizing the function F(4, B, C) is shown in Figure 4. The parasitic
capacitances Cy, C,, Cg, and Cr have been indicated in the schematic.

Figure 4. Transistor schematic of a domino logic circuit.

a) What logic function F(4, B, C) has been implemented? 2p)
b) What is the purpose of the MOSFETs clocked with &? 2p)
c) Can charge sharing occur in the circuit? Motivate your answer. 2p)
d) Can charge leakage be a problem in the circuit? Motivate your answer. 2p)

e) Size the devices so that the worst-case output resistance of node G is the same as that
of an inverter with an NMOS W/L =3 and PMOS W/L = 5. 4p)
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