Final Exam: Electronics 323
April 19, 2010

Formula sheet provided. In all questions give at least some explanation of what you are doing
to receive full value. You may answer some questions ON the question sheet so please return all
materials. Total 84 points. Individual values follow each question.

1.

2.

(a) Consider an n-channel enhancement MOSFET as shown in Fig. 1. Please label the
components and their compositions on the figure and explain how the MOSFET works.
(6)

(b) CMOS logic depends using pairs of n-channel and p-channel enhancement MOSFETSs.
The convention is that an n-channel enhancement MOSFET is designated by an arrow
pointed inward and the MOSFET is “ON” when Vg > 0. (Opposite convention for a
p-channel enhancement MOSFET.) With this in mind give the logical truth table for
the circuit in Fig. 2 for inputs A and B and output X with O representing low voltage
and 1 representing a finite positive voltage. Explain your reasoning. Again if you want
to answer directly below the figure to save re-drawing the circuit feel free. What kind
of logic gate is this? (8)

Consider the circuit in Fig. 3.

(a) What is the difference between combinatorial and sequential logic? (2)

(b) Explain what happens for different input conditions for the circuit in Fig. 3. What kind
of circuit is this? (Just the name; I don’t need specific stuff like “active high” or “edge
triggered”.) (5)

(¢) What is the “toggle” function when referring to a flip-flop? What kind of flip-flop has
this function? (3)

3. A junction gate field effect transistor or JFET can be used as a constant current source (or

drain) or as a voltage-controlled variable resistor. An n-channel JFET is operated by setting
Vs < 0 (i.e. reverse biasing the p-type gate relative to the n-type substrate) which restricts
the flow of current.

(a) Provide some sketches of the output characteristics of the n-channel JFET (Ip versus
Vps for different values of Vigg). T am not so concerned about a quantitative sketch here
but if you like you may consider that Ipss=8 mA and Vp = —5 V. (3)

(b) Now consider the circuit in Fig. 4 which is meant to act as a constant-current drain for
the load, Ry. Determine Ip using the values above and on the figure if Ry, = 2 k.
(Quadratic equation alert! You will want the solution for Vgg that is negative but is
higher than Vp.) If you have trouble with the equation draw a graph to show how you
find a solution for Ip. Why would this be called a constant current drain? (7)

. Why is an intrinsic semiconductor different from a normal metallic conductor? How do you

make a semiconductor “p-type” and “n-type”? Suppose that p and n type semiconductors
are in contact with each other. Make a sketch of the total carrier concentration across the
junction. What is the central region called? (8)

. Consider the transistor amplifier circuit shown in Fig. 5. The hy. of the transistor is 80.

hoe = 80 uS. It is a silicon-based transistor.



(a)
(b)
()

(d)

Stating your assumptions calculate the DC or quiescent current through the collector
resistor and also calculate V,. (4)

I assume one of the assumptions you used was that Iz was small compared to the current
through the voltage divider. Verify this assumption. (2)

Construct the small signal h-parameter model neglecting h,. and calculate the small
signal voltage gain (should agree with equation 32 on the formula sheet). Again state
your assumptions. (6)

This ciruit uses negative feedback and one benefit of negative feedback is to increase
input resistance. By employing the small signal model verify that equations 34 and 35
on the formula sheet are correct. (Hints: you need to find a relationship between v, and
iy so you are “looking into” the base. Use the hy.i; expression for the constant current
generator and assume that Rp carries this current plus the base current.) (6)

Where would you include a “coupling capacitor”? What is its purpose? Give a value for
C such that the lower frequency cutoff (a 3 dB point) for the input is 80 Hz assuming a
small source resistance. (4)

Where would you include a “decoupling” capacitor? What would be the benefit? (2)

Name a use for a diode in a ciruit and give an example circuit. (4)

Very briefly, how does a BJT work i.e. explain transistor action or why there is such a
quantity as hpg. (4)

Consider the op-amp ciruit in Fig. 6. Derive an expression for the gain and state your
assumptions. (6)

What is a “3 dB” point? Make a sketch to illustrate how you would find it from a graph.

(4)
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Vamplitude = \/5 VRMS
Vout
Vin

) _ Vout,OC

Ay =

n

Py . Vz
Gain (dB) = 10logy, Fz = 201og; VQ
1 1

Zr
Zc
Zy,

R
(jwC)~!

jwL

A
1+ AB
f3daB = (QWRC)_l = (27TT)_1
Ri+ R
Ry
Ry
"R

Gain (closed-loop) =

Gain (non-inverting) = , (R connected to the output)

, (Ry connected to the output)

Gain (inverting) =

1 t
Vot (t) = _@/0 dt' Vi (t') + constant

dVin(t)
Vout = —RC —————=
! dt
R’y
Vour = —(V1 + VQ)F , (R1 connected to the output)
2

R
Vour = (V1 — VQ)R—1 , (R1 connected to output and ground)
2

(Gain)(Bandwidth) ~ (unity gain bandwidth)
S Vi
Nratio = 20log,, (Vf/>
J=0E
o = e(npe + ppn)

kpT \* 5 E
—4( 2B . /2 9
" <2ﬁh2> (mems) eXp< kBT>

N = Pi
I =Cexp <€(‘Z)B—TV)> —Is=1Ig {exp <e(‘;€bB_TV)> — 1} ~ Igexp(40V)
Ic = hrelp
IC %IE
hte =~ hrg



dlc 1

m = ~40lc = —

g dVBE c Te
hie & L = hfe
40_[3 dm

or ol
dlc = (C) dlp + < < > dVop = hjedlp + hoe dVor
Ve Ip

) dVCE = hw dIB + hre dVCE
Ip

- Rg +r.

(feedback config)

(common emitter or decoup. cap.)

ri = Ry//Ra//my
7o = hije + (hfe + 1)Rp (common emitter)
ro = Re ( L+ ol >
1+ hoe(RE + Re)
fe = {27Cin(Rsource +7:)} " (coupling capacitor)
feo = {27Cr(RE//re)} " (decoupling capacitor)
fa ={27(Cye + Cpe)rye} " (high-f hybrid-m)
A0l

fr 401
= 27 Chyre

1

%_{1_5_ -<6_1)}‘1
v, wCR)? 7 \WCR ™~ (WCR)?
TG

(phase-shift oscillator)

1
Ay = T (feedback B of phase-shift oscillator)

1 — Ww2R2C2 -1
% — {3 —j (%)} (Wein-bridge oscillator)

GS ?
Ip=1 p_ Yes
D DSS( VP)



