DTU 02206 Design of Integrated Circuits Page 4 of 9 pages

Problem 12: Conductor Resistances and Capacitances

Calculate the resistance and the capacitance of a conductor of minimum width and 100 μm long, ie. fill in the blanks in the table below:

Conductor: l = 100μm, w = min Poly Metal1 Metal2 Metal3 Metal4 Metal5 Metal6 R [Ω] C [fF ]

Problem 13: Conductor Delay Times

Calculate the length of a minimum width conductor in the 0.18 μm CMOS process^1 in poly-Si, Metal1, Metal2, Metal3, Metal4, Metal5 and Metal6, respectively, which, due to distributed RC effects, has a delay time of 25 ps.

Problem 14: Inverter Characteristics

1.a: CMOS inverter 1.b: CMOS NOR gate

In this problem, the 0.18 μm CMOS process^1 is considered for complementary CMOS logic operating at low supply voltages, V_{DD} . The reason for this is the possible reduction of power consumption.

a) Draw the transfer characteristics of the inverter in Figure 1.a, when the supply voltage is V_{DD} = V_{tn} � V_{tp} and specify the region of operation (cut-off, saturated, or linear) of each transistor. Explain, how the inverter operates at lower supply voltages, (V_{DD} < V_{tn} � V_{tp}), and indicate the lowest useful supply voltage, V_{DD,min}.

Explain, why the power consumption is lower.

b) Consider the CMOS NOR gate shown in Figure 1.b and indicate the lowest useful supply voltage, V_{DD,min}, for the NOR gate.

Discuss, how the delay time t_{dr} may be calculated, when V_{DD} < V_{tn} � V_{tp}.

Supplementary Problems 19 February 2002