
ELEC516 Digital VLSI System Design and Design Automation (Spring, 2010)

Assignment 4: 

Due Date: 16 May 2010
1. (20 marks) Figure 1 shows a variant of the 1T-DRAM cell.
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Figure 1.   Pulse-plate 1T DRAM cell.

a. Fill in the timing diagrams for nodes BL and Y when writing a 0 and a 1 into the cell. For WL and PL, use the timing waveforms shown in the figure. Denote the voltage levels in terms of VDD and VT (ignore body effect). Ignore transient effects.

b. Describe briefly why this is an attractive approach.

c. Assume that the bit-line capacitance equals 500fF. The transistor threshold equals 0.75V (ignore body effect). The supply voltage equals 5V and the bit line is pre(dis)charged to 0V. Derive the symbolic equations needed to the derive the bit line voltages after reading a 0 and a 1. Ignore transient effects.

d. Using the results from 1c, derive the minimum cell capacitance so that the voltage difference on the bit line between reading a 0 and a 1 is larger than 250mV.

2. (20 marks) Figure 2 shows a DRAM with a divided bit line. Each side of the differential sense amplifier connects to 256 DRAM cells and 1 dummy cell. The input capacitance of the sense amp is 50fF at each input. The 
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 lines are in metal for which the resistive and capacitive contributions can be neglected. The lumped junction capacitance of each cell is 8fF. Ignore body effect.
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Figure 2.   DRAM with divided bit-line structure.

a. Compute the effective capacitance on each bit line, Cbit.

b. Draw the timing diagrams corresponding to reading a 0 and a 1 from cell 1. Draw the waveforms for 
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. Assume the sense amplifier refreshes values after reading them. Discuss the sizing of the capacitance Cd.
c. Compute the minimum values of Cc and Cd so that the sense amp sees a differential voltage of at least 60mV.
3. (20 marks) Design a column decoder to select one out of 16 bit lines based on address bits A3, A2, A1 and A0 and their complements. Minimize the total number of transistors while limiting the maximum number of cascaded pass transistors to three. Draw a transistor-level schematic of your design.

4. (20 marks) Use the following parameters for performance and power calculation for this question:

	Gate / Circuit
	Delay at 5V (ns)
	Switching capacitance (fF)

	8-bit adder
	2.8
	1200

	12-bit adder
	4.0
	2000

	1-bit register
	0.3 (clk-to-Q delay) 

0.1 (setup time)
	40

	Inverter
	0.2
	20

	EX-OR
	0.4
	30

	Other logic gates
	0.3
	40


Table 1.   Delay and switching capacitance parameters of digital units

a. Show how to use an 8-bit adder and inverters to perform two’s complement subtraction on two 8-bit unsigned numbers (e.g. X-Y). Show how to obtain the sign of the result of the subtraction.

b. In many video and image processing applications, the calculation of mean absolute difference is required: 
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Usually the calculation is done by an array type architecture with pipelining. In each pipeline stage the computation is carried out by a processing element (shown in Figure 3) where X and Y are 8-bit unsigned numbers and A is 11-bit unsigned number.
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Figure 3.   MSE Processing Element.

Design the processing element by using 1 8-bit adder, 1 12-bit adder, inverters and EX-OR gates. What is the delay of your design? What kind of frequency your design can run at? (Assume the delay for every circuit shown in Table 1 is fixed, i.e., the delay does not depend on the input pattern. Also assume the supply voltage equal 5V).

c. Given V is the supply voltage, f is the operating frequency, and SC is the effective switching capacitance of a digital CMOS module M, write down the equation of the average dynamic power consumption of M.

d. Describe how pipelining and parallel computation technique can be used to reduce the power consumption of digital CMOS VLSI applications with fixed performance requirement.

e. What is the total power consumption of the processing element you designed in part 4b if supply voltage is 5V?

f. Minimize the power consumption of the processing element using pipelining technique (i.e., add one pipeline stage for the processing element). What is the minimum cycle time if the supply voltage is 5V? What is the new supply voltage if you want to maintain the performance of the design? You can assume the delay of the circuit is scaling inverse linearly with the supply voltage. What is the power consumption of your design?

5. (20 marks) Design for Testability

a. For the following circuit, find the input vector that can detect the stuck-at-0 fault at node k.
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Figure 4.   Logic circuit for testing.

b. What other stuck-at faults at other nodes can be detected by the input vector found in part 5a?
6) (20 marks) (Low Power Design)

a. The following shows the parallel interface between two chips. The capacitance of each wire between the chips is 1pF. If we use transition-based bit encoding, calculate the number of switching and energy consumption if the following vectors are transmitted from chip A to chip B. Assume the voltage swing of the signal is 1V.
	Data vector

	0000100100

	1110101011

	0110010100

	0110100100

	0111010100

	1000101001

	0101000100

	1010011000

	1010010000



[image: image14]
b.   Repeat the above if we use active-high bit encoding instead.  
c. Assume we use active-high bit encoding, re-design the above data transmission using redundancy coding method to reduce the energy consumption of the data transmission. Design the circuit required for encoding and decoding. Calculate the percentage reduction in energy consumption in transmitting the same  data vector as that in part b)
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