ECSE-2210 Microelectronics Technology
Fall 2005
Class Activity 25

1. Following are five figures showing charge density plots in ideal metal-oxide Si (p-type)
structures. ldentify whether the voltages applied to the metal gate are Vg < 0 or Vg << 0 or
Ve =0 or Vg (= V1) > 0 or Vg >> 0 for each case. Identify which one is accumulation or
depletion or flat-band or start of inversion or strong inversion. Qualitatively draw the band
diagram for each case.
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See text for band diagrams.

2. An MOS capacitor is made from Si. When Vg is applied to the gate of the capacitor, the band
diagram looks as shown below. Oxide and metal parts are not shown. Answer the questions.
(see next page).
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a. Isthe applied voltage Vg positive or negative? Explain.



b. Is the semiconductor p-type or n-type? What is the doping concentration?

c. Calculate the number of electrons and holes in the bulk of the semiconductor.

d. Calculate the number of electrons and holes near the surface of the semiconductor.

e. Is the semiconductor under depletion, inversion or in flat-band condition?

f. If we define the electrostatic potential, ¢ (x) = (1/q) [Ei(bulk) — Ei(X)], plot ¢ (x) versus x.
What is the potential difference between the surface and the bulk?
(Note that this potential is similar to Vy;, from which we can calculate the depletion layer
width).

g. Plot the charge density as a function of x. Identify in your plot which are mobile charges
and which are ionized donors or acceptors.



