EE1002 Principles of Electronic Engineering: Part 1 Practice Examples Paper 4

Question 1

Sketch the cross-section of an enhancement-type n-channel MOSFET (NMOS). Label the terminals. Indicate
the channel length (L). Indicate the half-pitch that corresponds to a technology node.

Do the same for the p-channel MOSFET (PMOS).

Explain why we may justifiably assume that the gate current of a MOSFET is always zero.

Question 2

Write down the conditions for the three operating modes of an NMOS with respect to Vs and Vep.

Question 3
Refer to the following circuit for this question. Given: Vi = 0.8V, K = 1.2mA/V?, Vpp = 5V and Rp = 2kQ.
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a) Determine the state of the MOSFET when R; = 9R; and find Ves, Ip and Vps.
b) Determine the state of the MOSFET when 3R; = 7Rz and find Vgs, Ip and Vps.
c) Determine the state of the MOSFET when 4R; = R, and find Ves, Ip and Vps.

Question 4
An NMOS has the following parameters: W/L =5, tox = 10nm, Vi, = 0.35V.

a) Determine the oxide capacitance per unit area, Cox.
b) Determine the conductance parameter, Kn.

c) Sketch the transfer characteristic (Io vs Ves) by determining the respective values of Io when Vs is
increased from 0 to 0.9V in steps of 0.1V. Assume the NMOS does not change between triode and
saturation modes.

d) Sketch the drain characteristic (Io vs Vps) for Vgs of 0.7V and 0.9V by determining the respective
values of Ip when Vps is increased from 0 to 0.9V in steps of 0.1V.

Assume the values of carrier mobility provided in the reference sheet.
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Question 5

A PMOS has the same parameters as the NMOS described in the previous question and Vi, is of the same
magnitude.
a) Determine the conductance parameter, K.

b) Sketch the transfer characteristic (Io vs Ves) by determining the respective values of Ip when Vgs is
decreased from 0 to -0.9V in steps of 0.1V. Assume the NMOS does not change between triode and
saturation modes.

c) Sketch the drain characteristic (Io vs Vps) for Vgs of -0.7V and -0.9V by determining the respective
values of Ip when Vps is decreased from 0 to -0.9V in steps of 0.1V.

d) Account for the difference in the magnitude of I observed in the transfer and drain characteristeristics
between the NMOS and PMOS.

Assume the values of carrier mobility provided in the reference sheet.

Question 6

A matched pair of NMOS and PMOS have K, = K, = 1.2mA/V? and Vi, = 0.4V, and are used to implement a
CMOS inverter that requires a supply voltage of Vpp = 1.8V. The NMOS has L = 0.18um.

a) Find the gate capacitance (Cgate) for the NMOS.

b) Find the maximum value of Ip. See answers for hints if you are stuck.
c) Hence, find an estimate of the switching time delay ().

d) Find the total power dissipated in the CMOS inverter.

Question 7

Assuming constant field scaling, derive the scaling factors for Cgae, Cox, K, and Ip. Hence, derive the scaling
factors for the switching delay time and power dissipated per transistor. Use your results on scaling factors to
explain the performance benefits of CMOS downscaling.

Question 8

Explain why the static power dissipation in a CMOS inverter is zero.
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Numerical Answers

Question 3:
a) Cut-off mode, Vgs = 0.5V, Ip = 0A, Vps =5V
b) Saturation mode, Vgs = 1.5V, Ip = 0.588mA, Vps = 3.824V (Note: Vgp < 0)
c) Triode mode, Vgs = 4V, Vps = 0.32V, Ip = 2.34mA (Note: Vep > Vi)

Note: For the triode mode solution, you need to solve a quadratic equation.

Question 4: Cox = 3.453x102 F/m, K, = 1.04mA/V?

Vos (V) 0 01 | 02 03 | 04 | 05 | 06 0.7 0.8 0.9
b |Ves= | 0 | 0062 | 0.106 | 0.124 | 0.127 | 0.127 | 0.127 | 0.127 | 0.127 | 0.127
(mA) | 0.7V
Ves= | 0 | 0.104 | 0.186 | 0.249 | 0.290 | 0.311 | 0.313 | 0.313 | 0.313 | 0.313
0.9V

Question 5: Ky = 0.345mA/V?

Values of Ip will reduce to a third of the values relative to the NMOS.

Question 6:

a) Cyae = 0.648fF

b) Hint: I reaches its maximum in a matched CMOS inverter when Vin = Vs (nwos) = Vop/2 = 0.9V.
Hence maximum Ip = 0.3mA

c) Switching time delay = 3.9ps

d) Power dissipated in CMOS inverter = 0.54mW



