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1.  Cascade multiple tunnel junctions together, to increase the sensitivity d{ln(i)}/dV, or to 
increase the current at which d{ln(i)}/dV is steep.   
Please note that the reciprocal of d{ln(i)}/dV, at a reasonable conductivity, is the main figure of 
merit in this course. 
 
In tunneling, there is wave function mis-match at the tunneling interface.  The general boundary 
condition in quantum mechanics is that the wave function, and its derivative have to be 
continuous. 
2.  Considering only the wave-vector difference on both sides of a tunnel contact, on page 67, we 
showed that the resistance switches on unfortunately rather smoothly.  What is a reasonable 
expectation for the shape of d{ln(i)}/dV near threshold? 
 
3.  Consider that the real wave-function are very complex as shown in the lower half of page 67, 
what is a reasonable expectation for the shape of d{ln(i)}/dV near threshold?  What is the best 
possible expectation of the current drive capability? 
 
4.  Is there a possibility to solve the energy/bit function problem in circuits, by using some form 
of reversible logic? 
 
5.  Much of the communication function in chips is clock distribution.  Can inductive elements 
be used to recover some of the energy used in clock distribution? 
 
6.  What is the best source/drain bias point for the TFET?  Should it be forward-biased, reverse-
biased, or negligible bias? 
 
7.  A smaller bandgap results in a much higher tunneling current.  However consider all the other 
aspects that have to be optimized, is a small bandgap the right way to go? 
 
8.  What is the best dimensionality of a gated tunneling device:   
A 2-d interface, a 1-d wire, or 0-d tunneling between quantum dots, or islands? 
 
9.  If the tunnel barrier is very thin, then the tunneling probability could be very high, but there 
could still be a question of wave function mismatch causing reflections and low current density.  
In the forbidden region of quantum mechanical tunneling, is the wave-function mismatch 
irrelevant since the wave-functions are simply evanescent decaying?  What changes need to be 
made to the 2-band tunneling model to accommodate the very different wave functions in 
conduction and valence band? 
 
10.  What is the best achievable On/Off ratio in the negative resistance region of an Esaki diode?  
What about a gated Esaki diode? 
 



11.  Would a gated majority carrier resonant tunneling diode, (RTD) be a better device than a 
conventional minority carrier tunnel diode?  What limits the On/Off ratio for an RTD?  Would it 
satisfy many of the other requirements? 
 
12.  In Field-Effect-Transistors we need a high voltage to keep the speed up.  With further 
miniaturization will this problem go away, allowing us to operate low voltage devices at today’s 
speeds? 
 
13.  Is it possible to eliminate the penalty associated with static power dissipation by aggressive 
power management using high-voltage (1 Volt) devices, i.e. conventional devices, but switching 
them slowly? 
 
14.  What are the architectural issues with 1 milli-volt powering?  Would it be possible to supply 
power at such a low voltage?  Wouldn’t the power supply currents be way too large for any 
reasonable conductors?  What circuits could make this possible, and is there precedent for this in 
today’s chip technology? 
 
15.  In photo-detectors, how does a p-Ge/n-Si avalanche photodiode compare with a highly 
integrated p-Ge/n-Si detector pre-amp transistor combination, employing transistor gain rather 
than avalanche gain?  How much of an improvement will there be, if future chip technology 
allows small islands of direct gap semiconductors to be grown on Silicon, and to act as photo-
diodes, as opposed to Ge which is indirect? 
 
16.  If optical communications is added to micro-processor chips, single layer SOI optical wave-
guide, can carry many different wavelengths by WDM, wavelength division multiplexing.  Then 
the on-chip communications capacity can become the equivalent of 10-1000 layers of metal 
wiring.  This would open up Rent’s rule to allow a much higher Rent exponent.  Is it likely that 
there will emerge a computer architecture that would benefit from so much more 
communications capacity? 
 
17.  When we analyzed the shot noise and Johnson noise in a bipolar transistor, on page 30C of 
the notes, the Johnson noise was twice as high as the shot noise.  Which is correct and why?  
Notice that the high frequency Johnson noise in a resistor on page 76 of the notes is two 
quanta/bit of information, whereas on page 73 is one energy quantum per bit of information.  
Why?  Is this related to the bipolar transistor question? 
 
18.  In the energy analysis of the Josephson switch, the current overcomes shot noise, on page 73 
of the notes.  That doesn’t require all that much current.  But in real Josephson circuits, about 
100 micro-amps are used, leading to what seems a huge signal-to-noise ratio, and thus an 
inherent inefficiency.  Why is such a large bias current used, in practice? 
 
19.  The overall energy efficiency of the Josephson circuits needs to be analyzed, including the 
practical aspects of using it in circuits, where does the bias current come from so that it doesn’t 
dissipate energy, the energy cost of refrigeration at low temperatures, communication costs, etc.  
Do a complete practical energy budget for superconducting Josephson circuits. 
 



20.  Even the best magneto-resistive switches, don’t have a high On/Off ratio.  Is there an 
architecture that permits them to be used with aggressive power management?  Perhaps the sweet 
spot is long-distance interconnects.  How would you set up the architecture to make this 
practical?.  (This is similar to topic 13, but as applied to magneto-resistive switches.)   
 
21.  The spin-torque effect, and the electro-chemical switch both rely on the transfer of an 
integrated amount of charge to effect the switching.  Can this ever be made into a practical 
power-efficient scheme?  Are there other examples of switches that respond to integrated charge, 
that might work better? 
 
22.  There was a new type of nano-mechanical device for displays sold by Iridigm to Qualcomm 
for a lot of money.  It’s an optical switch rather than an electrical switch.  This type of device 
makes direct contact, yet there seem to be no stiction problems.  A display only switches 
30 times/second for video.  Can that type of structure be adapted for electrical switching, and 
would it have any special benefits. 
 
23.  Would a capacitive switch MEM’s switch be good enough for intra-chip inter-connects?  
Would it be low energy?  Would it demand a latching-type receive circuit  
 
24.  What are the tradeoffs between ac signaling, like light or rf, versus dc signaling?  Today on 
chip signalling goes all the way to baseband.  Is this necessary for short links?  Is this necessary 
for long links?   
Impedance transformers, like all transformers, only work at ac.  Is this acceptable.  What types of 
interconnects would be compatible with this? 
 
25.  Prof. Kenneth L. Shepard of Columbia University claims that proper transmission lines 
don’t have the same RC limitation as ordinary wires.  He has a presentation “On-chip 
transmission-line links for repeaterless, greater-than-1-cm, 10-Gbps communication”.  Can he 
really defeat the RC limit? 
 
26.  In the class notes we came up with a voltage requirement that scaled with the pull-in voltage, 
but there are probably other ways to operate a MEM’s switch that might have a lower switching 
voltage.  Come up with other MEM’s schemes that operate at lower voltage.  
 
27.  Is there anything scientific that can be said about MEM’s switch reliability?  Is there 
evidence in the literature that the failure mode scales with current × switching time × number of 
switching events?  i.e. the total charge transferred during the rise times, or the fall times.  What 
would this predict about the intra-chip communications application? 
 



FCRP IFC/MSD Sponsored Workshop on 
Power Efficient Devices and Interconnects 

 Organizers: Dimitri Antoniadis (MSD) and Anantha Chandrakasan (IFC)  
December 8th, 2007 at MIT (34-401, Grier Room) 

 
7:30AM-8:30AM   Breakfast 
8:30AM-9:30AM  SESSION 1: Industry Perspective: State-of-the-Art and Applications 
Chair: Anantha Chandrakasan (IFC) 
  Ram Krishnamurthy (Intel), “Power Challenges in Microprocessors"  

Uming Ko (TI), “Innovation to Low Power Technology: from Theory to Reality” 
  
9:30AM- 11:50PM  SESSION 2: Power Efficient Devices and Interconnects 
Chair: Dimitri Antoniadis (MSD) 

Krishna Saraswat, (IFC/MSD) “Delay, Energy, and Bandwidth Comparisons between 
Copper, Carbon  Nanotube, and Optical Interconnects for On and Off-chip 
Wiring  Applications” 
Chenming Hu (MSD),  “Tunneling Devices” 

10:10AM -10:30AM BREAK 
Eli Yablonovitch, "The Need for a Milli-Volt Switch to Drive Interconnects" 
Philip Wong (C2S2/FENA/IFC/MSD), “CNT Devices, Interconnects and Circuits” 
Azad Naeemi (IFC), “Low power Carbon Nanotube and Graphene Nanoribbon 
Interconnects” 
David Miller (IFC), “Power-efficient optical interconnects” 

 
11:50PM-1PM   LUNCH 
 
1PM -3:00PM  SESSION 3: Power Distribution and Interconnects Circuits 
Chair:  Vladimir Stojanovic (IFC) 

Vladimir Stojanovic (IFC), "Silicon Photonics: Unifying on-chip and off-chip 
interconnect networks in many core processors" 
Kenneth L. Shepard (C2S2), “On-chip transmission-line links for repeaterless, greater-
than-1-cm, 10-Gbps communication” 
Azita Emami (C2S2), “Low-power Synchronization and Signaling Techniques for Chip-
to-Chip Interconnects” 
Radu Marculescu (GSRC), "Energy-efficient, Reliable and Scalable Communication 
Fabrics" 
David Perreault (IFC), "Architectures, Topologies and Devices for Microprocessor 
Power Delivery" 
Rajeevan Amirtharajah (IFC), “Micro-power Power Delivery” 

 
3:00PM-3:30 PM   Discussion 


