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Problem 1:

An N-channel MOSFET with N+-poly gate is fabricated on a 15(-cm P-type Si wafer with oxide fixed charge density = q(8(1010cm-2, W = 50µm, L = 2µm, Tox = 5nm.

(a) Determine the flat band voltage, Vfb.

(b) What is the threshold voltage, Vt?

(c) A circuit designer requested N-MOSFET with Vt = 0.5V from a device engineer. It was not allowed to change the gate oxide thickness.  If you are the device engineer, what can you do?  Give specific answers including what type of equipment to use.  

Problem 2: 

An N-MOSFET and a P-MOSFET are fabricated with substrate doping concentration of 6(1017cm-3  (P-type substrate for N-MOSFET and N-type substrate for P-MOSFET).  The gate oxide thickness is 5nm.
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(a) Find Vt of the N-MOSFET when N+ poly-Si is used to fabricate the gate electrode.




(b) Find Vt of the P-MOSFET when N+ poly-Si is used to fabricate the gate electrode.







(c) Find Vt of the P-MOSFET when P+ poly-Si is used to fabricate the gate electrode.

(d) Assume that the only two voltages available on the chip are the supply voltage Vdd = 2.5V and ground, 0V.  What voltages should be applied to each of the terminals (body, source, drain and gate) to maximize the source-to-drain current of the N-MOSFET?

(e) Repeat part (d) for P-MOSFET.

(f) Which of the two transistor (b) or (c) is going to have a higher saturation current.  Assuming that the supply voltage is 2.5V, find the ratio of the saturation current of transistor (c) to that of transistor (b).

(g) What is the ratio of the saturation current of transistor (c) to that of transistor (a)?  Use the mobility values from Fig.6-9. 

Problem 3: 

CV and Id – Vg characteristics of a hypothetical MOSFET with channel length        L = 1µm are given below.

(a) Was the CV characteristic obtained at high frequency or low frequency? Or, is it impossible to determine?  Explain.

(b) Is this a PMOSFET or a NMOSFET?

(c) Find the threshold voltage of this transistor.

(d) Determine the mobility of the carriers in the channel of the transistor.

(e) Plot Id – Vd curves at Vg =1V and Vg = 2.5V.  







    1








     Vg


Problem 4:

The following figure is the I-V characteristics of an NMOSFET with Tox =10nm, W=10(m, and L=2(m.  (Assume m=1 and do not consider velocity saturation.)
(a) Estimate Vt from the plot.

(b) Estimate (ns in the inversion layer.

(c) Add the I-V curve corresponding to Vgs = 3V in the plot above.  
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