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The function F = AB+AC shall be implemented in static CMOS logic. The complements to
A, B, C are not available.

a) Implement the function with at most eight transistors. (5p)

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

A pseudo-NMOS inverter designed in 0.25 pum CMOS technology is shown in Figure 1.
The supply voltage is 2.5 V and the output load is 100 fF. Channel length modulation may
be neglected.

9 WL =025 pm/0.25 pm

- Vout
Vip—| W/L=3.0 um/0.25 pm

Figure 1. Pseudo-NMOS inverter.
a) Calculate the output voltage levels Vo, and Vop. 5p)

b) Estimate t,. 5Gp)

The circuit in Figure 2 is supposed to realize the function F(A, B, C) = A + BC. However,
the circuit does not work as intended.

C
1
A
F
C
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B

Figure 2. A faulty logic circuit.

a) What type of logic has been used in this realization? (2p)
b) What is the problem with this circuit? (2p)
c) Redesign the gate so that the wanted function F(A, B, C) is realized correctly. 6p)
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4. Consider a static random-access memory (SRAM) with full-VDD 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. B p)
b) Describe a write operation of the SRAM cell. 2p)
c) Describe a read operation of the SRAM cell. 2p)
d) Briefly discuss considerations in sizing the cell’s MOSFETS. B p)
5. A pipelined datapath is shown in Figure 3. A register in the pipeline has the clock-to-output

delay tc.q = 0.7 ns, the set-up time ty, = 0.5 ns, and the hold time thoig = 0.4 ns.

At * At * At Clock
! y y !
Vv Vv Vv Vv
Input —»Reg—> Logic —>Reg—> Logic Reg Logic —Regl— Output
th1=3 ns tyo=4 ns th3=5ns

Figure 3. Pipelined datapath.

a) What is the advantage of pipelining and what is the limitation of dividing a datapath

into many pipelined stages?

3p)

b) What is the maximum throughput of the datapath if there is no clock skew, i.e. At = 0,

and no clock jitter?

@p)

¢) What is the minimum clock period of the datapath if there is a delay At= 0.3 ns

between the registers and a clock jitter of at most 0.1 ns? (4 p)
6. Describe the steps of the semicustom design flow below with one or two sentences per step.
a) Logic synthesis. 2p)
b) Floor planning. 2p)
c) Placement. 2p)
d) Routing. (2p)
e) Tape out. 2p)
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