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The function F = AB + CD shall be implemented. Complements to the inputs are not
available.

a) Implement the function with a static CMOS gate and static CMOS inverters. 5p)

b) Size all transistors so that the worst-case output resistance of the gate and inverters is
the same as that of an inverter with an NMOS W/L = 3 and PMOS W/L =5. 5p)

Given the data in Fig. 1 for a short channel NMOS transistor with Vpsar = 0.58 V and
k' = 122 pA/V?, calculate the parameters below.

a) Vro (3p) Dataset | Ves(V) | Vbs(V) | Ves(V) | Ip(HA)
1 2.5 1.8 0 1812
b) vy (3p)
2 2 1.8 0 1297
C) 2|¢r| 3p) 3 2 25 0 1361
d) WL (31) 4 2 1.8 -1 1146
5 2 1.8 -2 1039

Figure 1. Measured NMOS transistor data.

A precharged 2-input NAND gate shall be designed.

a) Draw the transistor schematic of the gate. (4 p)
b) Explain the operation of the gate. (4 p)
c) Explain how charge sharing may occur. (4 p)

Consider a static random-access memory (SRAM) with full-VVDD precharge of the bit-lines
and sense amplifiers connected to the bit-lines.

a) Draw the transistor schematic of a six-transistor CMOS SRAM cell. 3Bp)
b) Describe a write operation of the SRAM cell. 2p)
c) Describe a read operation of the SRAM cell. (2 p)
d) Briefly discuss considerations in sizing the cell’s MOSFETSs. 3Bp)
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A chip floorplan with a metal wire connecting the five fixed nodes A-E is shown in Fig. 2.
The wire characteristics are Carea = 0.060 fF/um2 and Rsheet = 0.25 Q/square. Assume a
uniform wire width Wyire = 4.0 um and neglect inductance.

w
o
10 mm

10 mm

Figure 2. Chip floorplan with a metal wire connecting five nodes

a) Calculate the resistance and capacitance of the segments A-C, B-C, C-D, and C-E. (2 p)
b) Model the entire interconnect using simple n-models of the segments. 2p)
c) Model the entire interconnect using simple T-models of the segments. 2p

d) How much do the results differ between the two different models in b) and c¢) if the
Elmore delay model is used to calculate the propagation delay from node A to E? (2 p)

Describe the steps of the semicustom design flow below with one or two sentences per step.

a) Logic synthesis. (2p)
b) Placement. (2p)
c) Routing. (2p)
d) Tape out. (2p)
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