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ECE 440 



Homework VI




Fall 2009

Please write your name and net ID on your homework.

For full credit please show all work leading to your answer.

Note some of the metal work functions given below may differ slightly from the textbook. This is intended to simplify the solutions.

1. MOS Band Diagrams. Consider four simple cases of the MOS capacitor, all combinations of low gate metal work function (e.g. Al qΦM ≈ 4.05 eV), high gate metal work function (e.g. Pt qΦM ≈ 5.15 eV), n+type silicon and p+type silicon substrate. Assume the substrate is highly doped, such that EF coincides with EC (n+) and EV (p+) respectively. The SiO2 thickness is 2 nm. Please assume silicon electron affinity is qXS = 4.05 eV and band gap is EG = 1.1 eV.

(a) Sketch the four band diagrams across all MOS structures in equilibrium (VG = 0 V).

(b) Sketch the four band diagrams exactly at threshold (VG = VT), as the surface is inverted. Is the threshold voltage VT >0 or <0 in each case?

2. MOS Capacitance vs. Voltage. Consider an MOS capacitor with Al gate (qΦM ≈ 4.05 eV) and HfO2 dielectric of thickness tOX = 10 nm, electron affinity qXOX = 2.8 eV, band gap EG = 5.8 eV and dielectric constant ϵOX/ϵ0 = 20 (relative to that of vacuum). The p-type substrate doping is NA = 1018 cm-3.

(a) 
What SiO2 thickness would yield the same oxide capacitance?


(in industry parlance this is known as the equivalent oxide thickness, or EOT).

(b) Given your answer in (a) why do you think the industry is shifting from SiO2 to HfO2 dielectrics?

(c) 
Find the flatband voltage (VFB) and the threshold voltage (VT).

(d) Sketch and label the low-frequency C-V curve for this device, including the maximum and minimum capacitance per unit area (CMAX, CMIN) that can be reached.

3. MOS Simulation. This part is a continuation of problem 3 from HW 5. Unless otherwise stated, use the same parameters as we did for HW 5 (VG = 0, NA = 1015 cm-3, and qΦM = 4.05 eV) and keep all other parameters to their nominal preset values. The link to the nanoHUB tool is: https://nanohub.org/resources/moscap
(a) Revisit the Energy band diagram (at VG = 0):

I. Suppose that we only had a Metal-Semiconductor junction (the oxide was not there). By simply examining the band diagram, what voltage polarity (+ or -) should we apply at the metal contact if we wanted to apply a forward bias (FB)? Reverse bias (RB)? This voltage is with respect to the semiconductor, which is assumed grounded.


II. We are interested in eliminating the inherent band bending (at VG = 0) from the energy band diagram. What voltage polarity (+ or -) should we apply at the metal contact in order to create flat bands? Vary the metal work function (by increasing or decreasing it while keeping VG = 0) until the band bending is flattened. Compare this flat band voltage you obtain from the simulation with your calculated value of the flat band voltage. What is the percentage of error?

(b) Equation 6-38 of Streetman reveals that for a given doped semiconductor, one way to shift VT is by changing the metal work function. Explore this by varying the gate work function (qΦM) of the MOS in part (a) to reflect the following metal contacts:

	Metal
	qΦM  (eV)

	Al
	≈ 4.05

	Cu
	≈ 4.50

	Pt
	≈  5.15


Plot the C-V curves. How does the change in the work function difference reflect itself on the low-frequency C-V curves? Hint: Set both the high frequency and low frequency value to less than 10 Hz to get the low-frequency C-V curves.

