ELEC 5970-001/6970-001 Special Topics in Electrical Engineering
Low-Power Design of Electronic Circuits 
Fall 2005
Exam 2
Assigned 11/27/05, due 12/08/05

Attempt all three problems.





Total points 30
Problem 1: A combinational one-bit adder cell with a carry input is fully tested by five vectors 000, 111, 001, 010 and 101.





10 points
a. Give a procedure to re-sequence these vectors to minimize the peak power consumption during test.
b. How will you further reduce the average power consumption of the re-sequenced test vectors.

Solution:
a. The following graph shows the Hamming distances (bit changes) between vectors. To have a shortest distance tour, we should enter and exit a node through unit distance edges. That means the node should have two unit-distance edges. We notice that 111 has only one unit-distance edge. So we can make it a start (or end) node. A shortest distance tour, 111, 101, 001, 000, 010, which has a total of 4 transitions, is shown on the graph.

b. If we repeat the vectors, the average number of transitions per vector will decrease, reducing the power consumption. This has the same effect as slowing down the clock. If two consecutive vectors have several transitions, several vectors can be inserted between them such that transitions are made gradually. In all of these methods the test time increases. The procedure of duplicating vectors or clock slowing are applicable to sequential circuits as well.

Problem 2: A two-bit synchronous counter has two inputs, C and R, and one output Z. R is a synchronous reset such that when R=1 the clock forces the circuit to an initial state S0. When R=0 and C=1, the clock cycles the counter through states, S0→S1→S2→S3→S0 . . . When R=0 and C=0, the counter holds its state. The output Z=1 only when the counter is in state S3. Design the counter as follows:
a. Draw a state diagram and assign states for low-power consumption.

b. Implement the combinational logic and sketch a complete schematic.

c. Add clock gating logic to the counter designed in b.











10 points
Solution: 

a. State diagram and state assignment for the counter is shown below. A two-bit Gray code is used so that the normal counting and most reset transitions cause no more than a single-bit state change per clock. One reset transition that produces a two-bit state change is shown by dashed arrow.

b. The following truth table shows the state transitions.
	Primary inputs
	Present state
	Next state
	Output

	C
	R
	Q0
	Q1
	NQ0
	NQ1
	Z

	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	1
	0

	0
	0
	1
	0
	1
	0
	1

	0
	0
	1
	1
	1
	1
	0

	0
	1
	0
	0
	0
	0
	0

	0
	1
	0
	1
	0
	0
	0

	0
	1
	1
	0
	0
	0
	0

	0
	1
	1
	1
	0
	0
	0

	1
	0
	0
	0
	0
	1
	0

	1
	0
	0
	1
	1
	1
	0

	1
	0
	1
	0
	0
	0
	0

	1
	0
	1
	1
	1
	0
	1

	1
	1
	0
	0
	0
	0
	0

	1
	1
	0
	1
	0
	0
	0

	1
	1
	1
	0
	0
	0
	0

	1
	1
	1
	1
	0
	0
	0


An implementation of the counter circuit, shown below, is based on the following expressions derived from the truth table:


NQ0
=
C’.R’.Q0 + C.R’.Q1



NQ1
=
C’.R’.Q1 + C.R’.Q0



Z
=
NQ0.NQ1

This circuit diagram also includes the clock gating circuitry (three shaded gates) discussed in part c.

c. When C=R=0, or R=1, Q0=Q1=0, the counter will retain its state and output Z will be unchanged. Therefore, for these signal states the clock is gated using the following logic:


Clock disable
=
(C + R).(R’ + Q0 + Q1)


This can be implemented by four gates and a latch as shown in the circuit diagram in the shaded region. The latch in the clock gating circuit ensures that the gating signal changes only in the inactive phase of the clock. This avoids any race condition caused by the next state signals, NQ0 and NQ1, influencing the clock.

[image: image1]
Problem 3: A 200MHz multiplier core has a rated supply voltage of 5V and consumes 15W. The core is designed to work at reduced supply voltages. Its delay at a supply voltage VDD with respect to the rated operation is specified as:



Relative delay  =  20.25(VDD – 0.5) – 2
The multiplier core is to be integrated into a 200MHz data path chip but the allocated power budget for the multiplier is only 5W. Devise a multi-core architecture for the multiplier assuming 10% hardware overhead per duplicated core.
10 points

Solution: Power for a multi-core parallel architecture is given by:



PN



VN2



──
=
[1 + 0.1(N-1)]  ──



P1



  52
Where N is the degree of duplication and 0.1 is the hardware overhead for each duplicated core. P1 is given as 15W. The clock frequency for the duplicated cores is 200/N MHz. For better synchronization of clock phases, we may have N assume integer values that can divide 200, i.e, N = 2, 4, 5, 8, 10, 20, 25, 40, 50, 100. For N times increase in delay, the supply voltage is the VDD obtained from the given equation,



VN
=
0.5 + (20.25/N)1/2
The following table gives the supply voltages and power for different values of N.

	N
	Clock (MHz)
	Supply VN (Volts)
	Power (W)

	1
	200
	5.00
	15.0

	2
	100
	3.68
	8.94

	4
	50
	2.75
	5.90

	5
	40
	2.51
	5.29

	8
	25
	2.10
	4.50


Thus a design with 5 or 8 cores can be used. The architecture for a 5 core design is given below. An eight core design can be constructed similarly.

[image: image2]
Problem 4 (Bonus Question): (Material not covered in class) Which low-power design technique do you consider suitable for analog circuits? Give your ideas about why it is suitable and how it can be implemented. Be brief.

3 points
Solution: The technique most useful for analog circuits is the low-voltage design. Dual voltage operation, reduced supply sleep mode, and other power down techniques can be devised. Although not much is heard about low power analog circuits, there is much scope for novelty in the low power design of analog and radio frequency (RF) circuits. Digital memories present useful ideas. In the low power design of memories, the storage cells use much reduced voltage to save power and sense amplifies construct the signal for outside interfacing. The sense amplifies use the rated supply but can be powered down when not in use. A reference on analog circuits, which is a collection of papers, is
W. A. Serdijn (Editor), Low-Voltage Low-Power Analog Integrated Circuits, Boston: Kluwer Academic Publishers, 1995.
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