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1. (a) [5 points] The source and drain of a NMOS transistor are doped with donors,
and the body is doped with acceptors. Explain why there is little current from the source
to the body, or the drain to the body under normal operating conditions. Give an example
of an abnormal condition which would give a larger current from the source to the body.

(b) [5 points] For a silicon PN junction at room temperature which has one side
P doped to a concentration of 10'® per cubic cm and the other side N doped to a
concentration of 10'® per cubic cm, find the depletion depth into both the P side and into
the N side.

(c) [S points] What applied voltage would give the flat band condition in a MOS
capacitor in which the material above the oxide is doped to 10'® per cubic cm with
acceptors, and the below the oxide is doped with donors to 107 per cubic cm? If the
voltage is positive for the upper contact, give it as a positive number, if the voltage is
negative for the upper contact; give it as a negative voltage.

s

(d) [5 points] In a silicon resistor made from N doped silicon doped to 10" per
cubic cm, with a cross section 1 micron by 0.1 micron, what is the maximum current
which can flow? What strength of E field will produce that current?



(e) [5 points] Explain why the small signal capacitance per unit area for a MOS
device is the same in inversion as it is in accumulation.

(f) [5 points] In the following circuit, what is the phase shift from the input
voltage to the output voltage at frequencies which are high compared to (R;C 1) and yet
low compared to R,Co), assuming R,>>R;? In that frequency range, what is the
relationship between Vout and Vin?
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2. IC resistors: Starting with a substrate which is doped with Boron to a
concentration of 1x10'" jons per cubic centimeter, a resistor is made by implanting a dose

of 4x10" arsenic ions per square centimeter into, and then the implanted ions are diffused
to a depth of 0.5 microns.

(a) [4 points] Find the number of electrons and holes in the part of the silicon
which forms the resistor.

(b) [4 points] Find the resistivity in ohms per square of the resulting layer

(c) [4 points] Find the resistance of the structure above, neglecting the resistance
of the end squares with the contacts.



(d) {4 points] If the diffusiontime was extended, so that the ions were driven in
to a depth of 1micron, would the resistance go up or down? What factors would be
important to consider?

(e) [3 points] What happens if the implanted dopants were diffused in to a depth
of 4 microns?

(f) [3 points] Recalculate the resistance of the channel with the implanted
dopants driven in to the 2 micron depth, taking into consideration the factors that you
mention in part d.

(g) [3 points] Explain what could happen to the resistor from part (e) if there is a
variation of +/- 10%in the implant dose.



3. Transfer functions:
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The capacitances C/ = 1pF, C2=0.1pF; resistances R/ = 100,000Q, R 2= 1000L.

(a) [10 points] Find an expression for the gain = Vout/ Vin, where the voltages are
phasors, and put it in standard form (gain, poles and zeros) numerator and denominator
both factored. '



(b) [5 points] Sketch the magnitude Bode plot for the gain G on the graph below
using straight-line approximations.
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(c) [5 points] Sketch the phase of the impedance Z (units: degrees) on the graph
below using straight-line approximations.
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(d) [S points] If the input is Vin(t):(lvolt)sin(lOS £)+(1 volt)sin(lO7 t), what is
the outout voltage (not in phasor notation)?



4, MOS transistors

(a) [S points] In a PMOS device, why is the body typically biased at Vdd rather
than ground?

(b) [5 points] If the gate oxide thickness of a PMOS device is doubled, explain
why the voltage that you must put on the gate to be at threshold goes down.

(c) [5 points] From the long channel large scale NMOS model given on the
attached page, determine the small-signal parameters of a NMOS transistor biased in the
triode region. What are the most important contributions to the parasitic capacitances for
the gate terminal?



(d) [5 points] If you desire to double the small signal transconductance of a long
channel NMOS transistor in saturation, what parameters could you vary to accomplish
that, and by how much would they need to change? Describe at least 3 different ways to
double the transconductance.
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(e) [5S points] Describe each of the process steps, and draw a mask set for a
PMOS transistor made on a p type substrate, and show the cross section through the
source, drain, contacts and channel. You don't need to get the names of the masks
correct, but label each part of your drawings.



Cutoff
VGS < VTN
VGS > VTP

Linear (triode)

Vee 2V, Vi <Vgs =V, %4 N a2
> < e oo e Mo, =uc, —[(VGS =V Vs _';'VISS}
Vos <Vips Vs > Vos = Vir L

=1,=0

Saturation
V.2V

GS = V1IN> VDS ->-VGS _VTN

%%
= ID ::-lflucox
VGS < VTP’ VDS < VGS —VTP

"Z (VGS - VT )2 (1 + /IVDS )
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Phasors, etc. EECS 105 Revised, Spring
2003

Phasor

Definition: a snapshot at time +O of counter-clockwise rotating arrow representing a sinusoidal signal.
Magnitude: the length of the phasor; also the peak value of the sinusoidal signal.
A=ty

Phase: angle of the phasor with respect to the x-axis in the counter-clockwise direction, at time 0.
¢ =tan’ (y/x) = tan" (sin¢/cos®)
Note: Be careful when using your calculator to compute tan” values! Verify the quadrant! <

Angular Frequency: number of radians the a.n'gw rotates through per second. (one full rotation =27 rad) \x

Notation: Time Domain Signal Phasor Notation
Acos(wt + ) Ae® or ALo
Complex Numbers
Z=a+bj Cartesian/Rectangular Form a =real, bj = imaginary
Z =M(cos¢ tjsing) Polar Form M = magnitude, ¢ = phase Acos(¢)
7 =Me* Exponential Form M = magnitude, ¢ = phase

Addition/Subtraction — easier with rectangular form
Multiplication/Division = easier with exponential form

Complex Impedances

Zz =R[RQ) Zc = 1joC [Q) Z. =joL [Q] (All are expressed in £2, but may be real or complex.)

Capacitors and Inductors can be treated as frequency-dependent resistors for linear circuit analysis using their equivalent
impedances. Resistors are treated as usual. In an inductor, voltage leads current, but in a capacitor, current leads voltage. Just
remember ELI the ICE-man! FE represents electric potential (voltage) and I represents current. L represents an inductor and C
represents a capacitor. (i.e. E comes before [ in £LI (L = inductor))

R Vo
Example SAA I -L O Example
(a) Find the transfer function, V/V; i) 1k C L R Sk s Hm)=-j5000(10+
jw/20) \.I/ SHFI <i’
(b) Determine the DC gain, A . é 4 2+ Jw/20k){4+
j0/200k) 1)
(c) Determine any poles and zeros. (a) Find Ay, poles, and
ZEros.
(d) Draw the magnitude and phase (b) Draw Bode plots.
Bode plots.
Bode Plot Basics
H Always draw magnitude plot above and aligned with phase plot.
@)} Use the straight-line approximations to get an idea of what the circuit is doing, but...
3 Actual transfer function does NOT have sharp comers. At single pole or zero location, there is a 3db difference
between actual transfer function magnitude and linear approximation.
@ Only use transfer function in proper form to pick out poles, zeros, and Ay. See examples above.
5) Draw complex Bode one multiplier at a time, then add the graphs together. (multiplication in T.F. =Bode
addition)
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Drawing Guidelines (all lines extend beyond the graphs)
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