ELEC5970-003/6970-003
Homework 2, assigned 11/02/04, due 11/30/04
Problem 1: ISA for Low Power

Contributed by Hillary Grimes, grimehh@auburn.edu
When designing an instruction set architecture, describe how reducing instruction word length could improve energy efficiency.  How could a reduced instruction word length have a negligible impact on energy efficiency? 

Reference: 
T. D. Burd and R. A. Brodersen, Energy Efficient Microprocessor Design, Boston:  Kluwer Academic Publishers, 2002.

Problem 2: Spectral BIST

Contributed by Ayoush Dixit, dixitam@auburn.edu
Spectral BIST algorithms came about when it was realized that random testing resulted in poor fault coverage in circuits with random-pattern resistant faults. How well can the spectral BIST algorithm discussed in the literature (see references [1] and [2]) handle the non-randomness in the test vectors without losing the fault coverage considerably? 

References:


[1] A. Giani, S. Sheng, M. S. Hsiao, and V. D. Agrawal, “Efficient Spectral Techniques for Sequential ATPG,” Proc. Design, Automation and Test in Europe (DATE) Conf., March 2001, pp. 204-208.

[2]   A. Giani, S. Sheng, M. S. Hsiao, and V. D. Agrawal, “Novel Spectral methods for Built-In Self-Test in a System-on-a-Chip Environment,” Proc. 19th IEEE VLSI Test Symp., April 2001, pp. 163-168
Problem 3: Leakage Power

Contributed by Yuanlin Lu, luyuanl@auburn.edu
Read the following paper, specifically paying attention to the transistor stacking effect. Then decide which among the four input vectors {00, 01,10, 11} will lead to the maximum and minimum leakage currents in a two-input CMOS NOR gate in the standby mode. Without any hand calculation, estimate the values by intuition. You can also verify your result by SPICE simulation. Assume that each nMOS and pMOS transistor has already been properly sized to have the same subthreshold current. 

Reference:
Richard X. Gu, et al., “Power Dissipation Analysis and Optimization of Deep Submicron CMOS Digital Circuits,” IEEE J. Solid-State Circuits, vol. 31, no. 5, pp. 707-713, May 1996.

Problem 4: Transition Density and Power Estimation

Contributed by Fei Hu, hufei01@auburn.edu
Defination 1: Signal probability Ps(x) at a node x is defined as the probability that the steady state logic value of x is HIGH (1) for one clock period.

Defination 2: Transition density Dx is defined as the average number of logic transitions happened within one clock period. 

Defination 3: Spatial independence means the input signal of a gate has no spatial correlations.

Defination 4: Temporal independence means the logic value of a signal in one clock period is independent of the value for the next clock period.

Example: Assuming the spatial and temporal independence, for the circuit shown below where the input signal probability is 0.5, the output signal probability is Ps(z)=Ps(x)*Ps(y)=0.5. The transition density Dz= Ps(z)*(1-Ps(z))*2=0.5 (0->1 and 1->0)

[image: image1]Question: Assuming the spatial and temporal independence, what is the transition density of the node z if y is delayed by a buffer (as figure below assuming the AND gate has zero delay)? 

Hint: there are cases the output z have 0 transition, 1 transition or 2 transitions. The arrows in the figure represent the possible transition and its corresponding time.


[image: image2]
References:

[1] F. N. Najm, “A Survey of Power Estimation Techniques in VLSI Circuits,” Transactions on Very Large Scale Integration (VLSI) Systems, vol. 2, no. 4, pp. 446-455, Dec. 1994.

[2] F. N. Najm, “Transition Density: A New Measure of Activity in Digital Circuits,” IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, vol. 12 , no. 2, pp. 310-323,  Feb. 1993. 

Problem 5: Spectral Test

Contributed by Alok Doshi, doshias@auburn.edu
and Anand Mudlapur, mudlaas@auburn.edu 
(a) Given a circuit with four primary inputs (PI0, PI1, PI2, PI3), starting with the vectors shown below, obtain a set of eight more vectors using the Hadamard transform.
PI0
PI1
PI2
PI3

0
1
1
1

1
0
1
0

1
1
0
0

1
0
0
1

0
0
0
1

0
0
1
0

1
1
1
0

1
0
1
0


1   1    1   1     1   1   1   1

1  -1   1  -1     1  -1   1  -1

1   1  -1  -1     1   1  -1  -1

H(3)
=
1  -1  -1   1     1  -1  -1   1

1   1    1   1   -1  -1  -1  -1

1  -1   1  -1   -1   1   -1   1

1   1  -1  -1   -1  -1    1   1

1  -1  -1   1   -1   1    1  -1


(b) What are the salient features of Hadamard transform over fast Fourier transforms (FFT), that makes it ideal to test digital circuits?

References:

See Problem 2.

Problem 6: BIST

Contributed by John Sunwoo, sunwojo@auburn.edu 
CDMA (Code Division Multiple Access) technology is one of the popular solutions in cell phone industry. The market trend is to change from the previous developed network such as TDMA (Time Division Multiple Access) to CDMA network to support CDMA devices. Answer questions (a), (b) and (c) in brief paragraphs. For question (d), a high level suggestion would be sufficient. 

a) What is the main difference between 2G (2nd-Generation) network and 3G (3rd-Generation) networks in terms of how to test the network?

b) One critical difference between 2G and 3G is the data services that 3G enables. How could it affect the testing challenge on 3G network and 3G technology phone (such as CDMA device or circuitry with CDMA technology?)

c) Name two major companies that make generic RF test equipment and briefly describe how their test equipment tests the RF devices (in terms of test methodology.)

d) The diagram shown on the following page is the MSM5100, where MSM stands for Mobile Station Modem, from QUALCOMM, with a 3G CDMA solution [1]. For real application, this part is used in most digital PCS phones (for example, Samsung I-500.) From the diagram, point out the critical part to be tested according to previous questions. Suggest a BIST approach to test the part you choose.

Reference
[1] 
Qualcomm CDMA Technologies – MSM5100 Chipset Solution, http://www.cdmatech.com/solutions/products/msm5100_chipset_solution.jsp
[2] http://www.johnsunwoo.com/3gbist.html 
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Figure for Problem 6(d): MSM5100 Functional Block Diagram
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