EE562 Homework 4 FOO0

Homework 4 Due: Thursday, 9/21/00

Remember to turn in clearly written and easy to follow homework!

1. AnnMOStransistor isformed in aSi substrate doped with No=2x10™ cmi®. If the deviceis biased for
operation in the inversion region, and has Vg = 0:

a) What isthe Fermi potential, 1, in the semiconductor, and what is the el ectrostatic potential at the oxide-
semiconductor interface (fsy)?

b) What isthe depletion layer thickness, x4?

¢) If weassume xg =0.6mm, f=0.3 V, how much charge isinthe depletion layer?

2. AnnMOStransistor has the following data: the oxide capacitance is 80nF/cn?, the work function
difference between the gate and the semiconductor is-01V,fF=03V, Q, = -25x10°® coulombs/cn?, and
Qss = 10 coulombs/cn.

a) Calculate the equilibrium threshold voltage, Vto,
b) If g=0.25V* what is the threshold voltage if Vg is1V?

3. Ann-channel transistor has a substrate concentration of Na = 1.4 x 10t cmi®, myCox = 188 nA/V?,
W=6mm, L=0.6 nm, and V;,=0.8V.

a) If thedeviceishiased at Vgs= 1.2V and Vps = Vet (Vg = Vos— Vin), Which region of operation (cutoff,
triode, saturation) isthe device operating in?

b) If weignore channel length modulation, what is the drain current?

¢) If Vpsincreasesby 0.5V, what isthe new drain current if | =0.01 Vi

4. AnnMOStransistor in the saturation region is measured to have the drain current of 20 mA when Vps
=Vgt. When Vpsisincreased by 0.5V, Ip increasesto 23 mA.

a) Calculate the channel length modulation factor, |, for this device.
b) What isthe output resistance, rq, of thistransistor?

5. Ann-channel enhancement mode MOSFET has parameters. Vi,=2V, K=0.4mAN? (K=Y2mCoxWIL)

a) If Ves=4.3V, how large must Vps be for constant current operation?
b) What value of I flowsfor Vgs=4.3v?

¢) What region of operationisthe devicein if Vpgsisreduced to 2V?
¢) What value of Ip flowsat Vps=2V?



