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1
a) Which MOSFET in Figure 1 has the highest threshold
voltage if Vo is positive? Motivate your answer. 2p) ij
M
b) What is an overlap capacitance? 2p) 4{ P
]
c) What is the main difference in function between a latch 4{ =M2
and a flip-flop circuit? 2p) 1

d) Sketch the voltage transfer characteristic of an ideal inver-

. . . Fi 1. MOSFETs.
ter. Indicate Vor, Vi, and Von and in the drawing. 4p) e :

2 Consider a PMOS implemented in a 0.25 um technology. The width-to-length ratio is
WI/L = 2 and the MOSFET is biased to Vgs =-1.5V, Vps =-1.0 V, and Vsg = -0.50 V.
How large is the relative error in Ip if A is assumed to be 0 instead of —0.10 V? (10 p)

3 A cross section of a static CMOS inverter implemented in a 45 nm n-well CMOS
technology is shown in Figure 2 below.
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Figure 2. Cross section of a static CMOS inverter.

a) Assign doping levels p+, n+, p—, and n- to the objects indicated by letters A-H. (3 p)

b) Assign the following names to the objects indicated by the numbers 1-14: field
oxide, gate oxide, p-well contact, n-well contact, PMOS gate, PMOS drain, PMOS
source, NMOS gate, NMOS source, NMOS drain contact, metal 1, metal 2, VIA.(7 p)
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4 A dynamic D flip-flop should be implemented using C*MOS latches. Both the clock @
and its complement @' are available.

a) Draw the transistor schematic of a negative edge-triggered flip-flop. (6 p)

b) Assuming sharp edges of the clock phases, show that the flip-flop still works as a
flip-flop even if there is clock skew delaying the complement of the clock. (6 p)

5 Arrealization of a logic function F(A, B, C) is shown in Figure 3.

Vbp
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@ c
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— =
Figure 3. Transistor schematic of a logic gate.
a) What logic style has been used? (2p)
b) What logic function F(A, B, C) has been implemented? (2p)
c) What is purpose of the clocked MOSFETS? 2p)
d) Can charge sharing occur in the circuit? Motivate your answer. (2p)
e) Can charge leakage be a problem in the circuit? Motivate your answer. (2p)

f)  Size the devices so that the output resistance is the same as that of an inverter with
an NMOS W/L = 2 and PMOS W/L = 3. (6 p)

6 Design a static CMOS gate that implements a Booelan function F(A, B, C, D). You
choose what function to implement, but it has to be a function of four variables.

a) What logic function have you implemented? (2p)
b) Draw the transistor schematic of your implementation. (6 p)

¢) What input pattern(s) would give the lowest and highest equivalent pull-up or
pull-down resistance? (4p)
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