Low-Power VLSI Circuit Design

Midterm Test, Fall 2006
1. Fig. 1 shows an inverter driving a capacitance load C. Assume that C is a lumped capacitance containing all capacitance elements driven by the inverter output. Give the power consumption of this circuit when the clock and input waveforms are applied. Represent the power consumption by Vdd, C, T.
Fig. 1

2. Fig. 2 shows the (rising) input and (falling) output relationship for an inverter. Assume the maximum short circuit current during this transition is Imax. Give an equation to represent the energy consumption introduced by the short circuit current flow. You have to represent the energy consumption using Vdd, Vtp, Vtn, Tr, and Imax where Vdd is the supply voltage, Vtp (Vtn) is the threshold voltage of P-transistor (N-transistor), and Tr is the rising time of this transition.
Fig. 2.
3. Fig. 3(a) shows the set-up for measuring power consumption using spice where Vdd/T=K/C. Based on this, the voltage measured at node X in time T equals the average power consumption from time 0 to T. The power curve is shown in Fig. 3(b). Can you estimate the average power consumption from time T1 to time T2 in Fig. 3(b) without changing the experiment set-up? If yes, give the method. If no, give the reason.
Fig. 3.
4. Consider the different implementations of a 6-input AND gate (implemented using static CMOS technology) driving a 0.1pF load as shown in Fig. 4(a) and Fig. 4(b). Also, the characteristics of the cell library are shown below. Estimate the power dissipation using switching capacitance for each implementation by assuming that all inputs are uncorrelated and random (i.e., each input has P(input=1)=0.5) (14%).

   0.8 um CMOS library

Gate type  Area  Output Cap. (fF)  Input Cap. Cap. (fF)  Average delay (ns)

 INV      2        85               48           0.22+1.00C0

NAND6    7       200               48           0.65+2.3C0

NAND3    4       132               48           0.37+1.5C0

NOR2      3       101               48           0.27+1.5C0

Fig. 4.
5.
Technology mapping contains the processes of technology decomposition and technology binding. (I) Assume the probabilities of inputs in Fig. 5(a) are P(A=1)=P(B=1)=0.2, and P(C=1)=P(C=2)=0.5. Show the best technology decomposition of the 4-input ANG gate to several 2-input AND gates such that power consumption can be minimized. (II) Assume node N in Fig. 5(b) is a very high switching node, and the circuit in Fig. 5(b) is to be bound to be either Fig. 5(c) or Fig. 5(d). Which one is better in terms of low-power design? Why?
Fig. 5.

6. Fig. 6 shows a single-input four-state machine that can recognize bits 1111. Assume that state probabilities are P(S1)=9/16, P(S2)=1/4), P(S3)=1/8, and P(S4)=1/16. Further, the probability that the input has a logic 1 (0) is 50%. Find the best state assignment such that the power consumption between state transitions can be minimized.
Fig. 6.
