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Question 1 (MRAM):

Explain why there is a discrepancy between the time required for a write and the time required for a read for the “toggle” implementation of MRAM.

Question 2 (MRAM):

In the context of the nF2 model, explain why spin torque MRAM can be denser than other implementations of MRAM.  (Hint:  a good answer will not just list two values of nF2, but will also talk about the underlying physics of storage + the memory array organization).

Question 3 (Flash):

Explain why flash memory can be denser than DRAM.  (Hint:  be specific.  Think carefully about flash implementations, footprints, etc.)

Question 4 (Phase Change):

Explain how binary state is stored in PCRAM.

Question 5 (Phase Change):

In the context of Figure 1 in “SET and RESET Pulse Characterization in BJT-Selected Phase-Change Memories,” describe/propose a sequence of signals to apply to the word and bit lines to perform a read and write operation.
Question 6 
Much of the work that we have discussed in class has focused on the performance of single or a handful of devices.  Ultimately, if an emerging technology is to have impact and enter the marketplace, large-scale manufacturing and reliability issues must be addressed.  This paper talks about such efforts performed by researchers from Freescale concerning an implementation of MRAM.  Read “Demonstrated Reliability of 4-Mb MRAM” by Nahas, et. al. and answer the following questions. 
A
Explain how (both physically and logically), time dependent dielectric breakdown can lead to less reliable MRAM devices.  Note that a good answer should also consider the frequency of MRAM bit “stresses”.

B
Explain how (both physically and logically), time dependent resistance drift can lead to less reliable MRAM devices.

C
The authors indicate that time dependent resistance drift, should not preclude an MRAM array from being reliable for > 10 years.  Obviously, a part was not continuously stressed/tested for 10 years.  How can they make this claim?  What experiments/testing were done to support this claim?

Bonus (GMR):

The document “Discovery of Giant Magnetoresistance” includes the statement “Since the density of states at the Fermi surface is quite different for the two spin states it follows that there is a significant difference in resistance for the spin up electrons and the spin down electrons.”  Reading further along in this document, in Section 3, it is obvious that this is an integral part of the GMR effect.  For this bonus question, explain why (in 300 words or less) this is the case.  (Hint:  frame your answer in the context of energy bands and Fermi energies.  Also, a potentially very helpful online resource can be found here and here – although you might want to follow some of the links on these pages as well…)



