
Home Work Assignment #4

ELE 447

University of Rhode Island, Kingston, RI 02881-0805, U.S.A.

Physical Constants:

q = 1.6x10−19C ǫo = 8.85x10−14F/cm

ǫox = 3.9ǫo = 3.45x10−13F/cm ǫSi = 11.7ǫo = 1.04x10−12F/cm

ni = 1.45x1010cm−3 φT = 26mV

Parameters:

λ = 0.3µm tox = 13.9nm

nMOS & pMOS

µn=600cm2/[V − sec] µp=300cm2/[V − sec]

VTn=0.75 V VTp = −0.75V

Cj−sw = 0.34fF/µm Cj−sw = 0.23fF/µm

Cj−A = 0.41fF/µm2 Cj−A = 0.72fF/µm2

1) Using your layout of the 4 input nand gate (from lab magic Part A):
a) Draw the RC equivalent circuit; include ALL source/drain capacitors.
b) Find the dimensions of each capacitor.
c) Compute the capacitance of ALL capacitors.
d) If Rp = 12kΩ and Rn = 6kΩ, for all transistors, find the rise time (worst

case) and the fall time. Note: for both rise time and fall time measure-

ments, assume that 3 of the inputs are tied to VDD and one input is

chaning from HL and LH

2) Assume that an nMOS transistor has the parameters provided below:
VFB = −0.95V NA = 3x1016cm−3 tox=20nm VT0 = 0.8V .

a) Find Cox.
b) Find φF .
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c) Find Find the body factor, γ.
d) Find QB0

Cox
& QB0.

e) Find the native threshold voltage, VTnative.
f) Find the implant charge, QI and the implant surface density Nim (Hint:

QI = qNim).
g) Compute the change in the threshold voltage ∆VT , the threshold voltage

VT , and VDD−VT for VSB = 0, 1, 2, 3, 4 & 5 Volts. (assume VDD = 5V ).

3) The nMOS transistoris configured as shown in figure 1. The initial value of
node Vx = 0V and node VG = 0V . Then, VG = VDD. Answer the following
questions:

a) Derrive an expression which relates Vx to VTHp
(assume only strong

inversion; in other words if VGS < VT then the transistor will be OFF).
b) Use the previous part of this problem to find the highest value of Vx.

(Hint: you have already computed this answer in the previous problem).
c) Try the same problem with a pMOS transistor; replace the voltage

source with a short to ground and assume that Vx = VDD; VG is switched
from High to Low.
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Figure 1. Schematic for problem #3.
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Figure 2. Schematic for problem #4.

4) For the transistor shown in figure 2 the following information is given:
(W/L) = (6µm/2µm);(I = 420 µA).

a) Show that M1 will always remain in saturation (assuming it is ”on”).
b) Compute βn.
c) Compute IDS.
d) Write the equations (and only those) needed to find the value of Vo.
e) Compute Vo.
f) What happens to Vo if IDS is reduced by 50 % ?? Repeat IDS if doubles.
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5) The following information is given for the inverter shown in figure 3: Vb =
Gnd, (W/L)n=(8µm/2µm) & (W/L)p=(4µm/2µm)

a) Compute βn & βp; Compute
(

βn

βp

)

.

b) For what values of Vb will M1 be ON ?
c) Does this inverter pull up to VDD ? Does it pull down to Gnd ?
d) Assuming that M1 goes into saturation when Vout = VOL, find VOH &

VOL ?
e) Sketch the DC transfer characteristic, e.g., Vout vs. Vin. Find the exact

values where each transistor’s region of operation changes; label these
values on the plot.

f) Perform DC analysis in HSPICE using the level 1 model parameters
provided; does the HSPICE plot agree with your sketch ?
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Figure 3. Schematic for problem #2, 3.

6) The following information is given for the inverter shown in figure 3: Vb =
2.5 V, (W/L)n=(4µm/2µm) & (W/L)p=(8µm/2µm)

a) Compute βn & βp; Compute
(

βn

βp

)

.

b) Does this inverter pull up to VDD ? Does it pull down to Gnd ?
c) Sketch the DC transfer characteristic, e.g., Vout vs. Vin. Find the exact

values where each transistor’s region of operation changes; label these
values on the plot.

d) Perform DC analysis in HSPICE using the level 1 model parameters
provided; does the HSPICE plot agree with your sketch ?
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