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EE 311 Spring 2006 Solution to Midterm Exam  

 
Most of the answers have been compiled from the best answers provided by the 

students in the exam. 
 

Q.1. A microprocessor chip with area 1 cm2 is being manufactured in a 2D technology. It consumes 
100 W power. It is redesigned using a 3D technology with 2 active layers of devices with total chip 
footprint reduced to half. Clock frequency is kept the same. What will be the impact on total power, 
power density and chip temperature?       (10 points) 

 
 



 2 
Q.2. A microprocessor chip is being manufactured in a 60nm technology. About half the power 
consumption is attributed to interconnects and the other half to transistors. If the chip is redesigned in a 
30 nm technology will the relative power consumption of interconnects vs. transistors remain the 
same?             (10 points) 
 
 



 3 
Q.3. Your job is to develop transistors for a CMOS technology using metal gate/high-k dielectric 
technology. The high-k dielectric given to you is known to have strong pinning. From the slide no. 38 
in the notes on “Silicides & Metals Gate” which metal(s) will you choose for n- and p-channel 
MOSFETs? Assume that there is no problem in manufacturability of whatever you choose. 
            (10 points) 
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Q.4. There are 2 features in the C-V curves of an MOS capacitors which look unusual, hysteresis at all 
frequencies and a stretch out at 10 kHz. Explain the origins of these two features. What is the 
significance of the 10kHz curve as far as Dit distribution in the bandgap is concerned.   (10 points) 
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Q.5 (a) One way to tune the MOS gate workfunction is to use a metal bilayer composed of say metals 
M1 and M2. M1 has a workfunction of 4.1eV and M2 has a workfunction of 5.2eV. Draw the high 
frequency CV characteristics of the following NMOS (p-Si) capacitors. Please mark the VFB clearly on 
your plots.            (5 points) 
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Q.5 (b) An alloy of 50% M1 and 50% M2 was used to form the gate stack. The sample then went 
through a high temperature anneal which caused phase segregation between the two metals. Draw the 
HFCV characteristics before and after anneal.       (5 points) 
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Q.6.  Several silicides are being experimented to contact the source/drain regions in the MOSFET. 
Measurements indicate presence of metals in the junction. Ti, Co and Ni are candidates for silicide 
formation. Draw the ideal I-V characteristics of the n+p S/D junction and then draw the I-V of the 
silicided n+p junction in the three cases. Please state your assumptions clearly.  
             (10 points) 
Trap Levels in Silicon 
Ti : Ec-0.21 eV 
Co: Ec -0.53 eV, Ev-0.49eV, Ev-0.35eV 
Ni: Ec-0.35 eV, Ev-0.23 eV 
 

 
 
• The total diode current is given by I = IDIFF + IR-G  
• Presence of metal in Si increases IR-G. This increases diode current both in forward and 

reverse directions.  
• The trap levels close to the midgap are most effective in generation/recombination. 

Therefore the effect of the trap levels is worst for Co and least for Ti. 
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Q.7. The doping profiles in the deep S/D region of the MOSFET with two different anneals are shown 
below. Which will have higher specific contact resistivity and which one will have a lower sheet 
resistance? Please provide clear reasons.        (10 points) 

 

 


