Exam 2 Solutions EE 461G Spring 2000

Thisexamis closed book and closed notes. You may use only thistest booklet and your calculator. Any equations

or constants you might need are in an equations sheet at the end of the exam. Under no circumstances can you

speak to or exchange calculators, etc. with other studentsin the class.

Totd Points: 120

Time: 80 minutes (8am — 9:20am)

Write your name at the top of the exam and your initials at the top of each sheet.

Sign the honor pledge at the end of the exam.

Show all of your work. Try to use only the pages provided (write on back if necessary)

Give units in your answer.

Note the point value of each question and try to at least attempt each problem. Partial credit will be
given for all problems involving calculations.

Trueor False: For each of the following statements, circle T if itistrueand F if it is false.

| 2 pts. each.
T |F 1
T |F 2
T | F 3
T | F 4,
T |F 5
T |F 6.
T [F 7
T [F 8
T |F 9
T |F 10

The photolithography fabrication processinvolves transferring circuit patternsto a
photoresist layer.

Impurity diffusion and thermal oxidation are both done at very high temperatures.

Nonlinear elementsin SPICE require amodel statement while linear components do
not.

Thetransfer characteristic shows the relationship between the output voltage and the
input voltage for an electronics circuit.

Diodes can be used to clip (limit) the maximum swing of the output voltage.

The linear model for adiode with voltage lessthan Vf isaresistor and avoltage
source.

The common-emitter (BJT) and common-source (MOS) inverting amplifiers have a
large positive gain.

The effect of replacing the load resistor with apMOS transistor in an MOS C-S
amplifier isto increase the gain but reduce the max and min output voltage.

The small signal gain (dVout/dVin) of the BJT and MOS voltage follower are both
approximately unity, but the DC magnitude of Vout does not equal Vin.

The current gain of acommon-gate amplifier is approximately unity (1).

Multiple Choice: Circlethe answer that best fits the question or statement.

3 pts. eacl
11. Which of the following fabrication processes does NOT involve adding materid to the
wafer?
a) metalization b) doping
¢) thermal oxidation |d) reactiveion etchi ng|
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12. Which of the following materids canNOT be added to awafer using a deposition process?
a) metal |b) single crystal siIicon|

¢) polysilicon d) dielectrics (oxide, nitride, etc.)

13. Which parameter isNOT part of the SPICE modd for aBJT?
|a) VFBE (turn on voltage of BEj unction)| b) VAF (forward Early voltage)

¢) IS (saturation current) d) BF (forward gain factor, beta)

14. Which SPICE parameter models the effect of a source-to-body voltagein a MOSFET?
a LAMBDA b) GAMMA

o KP d) VTO

15. Which SPICE MOSFET parameter |S derived from known base parameters?
a) NSUB b) PHI

cuo d) TOX

16. Which of the following SPICE anadlysis methods is the best for plotting the transfer
characterigtic (Vout vs. Vin) of acircuit?

b) Operating Point
c)AC d) Transient

17. Which of the following IS a BJT amplifier configuration?

a) common-body b) common-gate

|c) common-coll ectoﬂ d) CMOS inverter

18. A common-drain MOS amplifier has
a) unity current gain b) negative voltage gain

|c) unity voltage gai n| d) nogain

19. Consider acommon-source NMOS amplifier with an nMOS load. Increasing the width (W)
of the input trangstor will NOT,

a) increase the gain b) decrease the minimum output voltage

¢) increase the size of the circuit |d) decrease the maximumoutput voltagel

20. Which of thefallowing isNOT truefor aBJT digitd inverter?
a) BJT in cutoff for Vin < Vf b) VoL =Vsat

c) Von <VCQ d) gainisnegative

Calculation: Solve the following problemsin the space provided and on the backs of these pages
if necessary. You may work on scrap paper, but you must show the major steps on these test
pages.
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21. In the diode limiting circuit shown below, resstance R1 is only 200\ and the diode
resistance, rd = 40W, cannot be ignored. Draw the transfer characterigtic for this circuit from
Vin=-5t05V and labe the trangtion voltage(s) as well as the max and min vaue of Vout

(@Vin=5and-5V). AssumeVf=0.7V.

(draw plot below)
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For Vin < -Vf, voltage (Vin + Vf) is divided across rd and rd+R1
Vout = -Vf + (Vin + Vf) rd / (R1 + rd)
for Vin = -5, Vout = -0.7 - 4.3(40)/(200+40) = -1.42V = Vout (-5)

For Vin = -Vf, the diode will turn on and Vout = Vin, so Vout (-0.7) = -0.7 V

For Vin > -Vf, the diode is on and Vout = Vin, so Vout (5) =5V

We can plot these 3 points and connect them with lines to plot the response of this circuit, as shown above.

22. Draw the transfer characteridtic of the following diode limiting circuit and label dl trangtion
pointslisted below. Flot fromVin=-10to0 10 V. Assumethat R1 is much greater than the

diode model resistance and Vf = 0.7 V.
(draw plot below)
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Voltage across D1 is V1 - Vin, so D1 is OFF when V1 - Vin < 0.7, or Vin > V1 - Vf = 1.3V
thus D1 is ON for Vin < 1.3 V and OFF for Vin > 1.3V.
voltage across D2 is Vin - V2, s0o D2 is OFF when Vin -V2 < 0.7, or Vin < V2 + Vf = 3.7V
thus D2 is OFF for Vin < 3.7V and ON for Vin > 3.7V
So, for Vin < 1.3V, Dlison and Voutis held to 1.3V, for 1.3<Vin<3.7 D1 and D2 are off and Vout = Vin,
for Vin > 3.7V, D2 is on and Vout is held to 3.7V.

What isVoutyg? 3.7V , Voutynin? 1.3V, Note, Vout-max/min is same voltage as Vin

What is the slope (Vout/Vin) between the max. and min. output voltage? 1 V/V (Vout = Vin)
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23. Hdf-Wave Rectifier

Congder the half-wave rectifier circuit shown below. If Vinisatriangle wave with a pesk
voltage of 2V, and the diode has Vf = 0.5V, sketch Vout as afunction of time on the plot of
Vin below. Labe the pesk voltage of Vouit.

Exam2-23-Transient Time (s)
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=2-05=15V.
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24. nMOS Common-Source Amplifier {10 points -+~VDD

(a) Draw an NMOS common-source =&
amplifier with aresdtive load, Ro. §out‘
¢

MOS

!,._

4

(b) Write the characteristic equations for Vout and Ip and then
express Vout as afunction of Vin.

(1) Vout = VDD - Rp Ip,
(2) Io = K(Ves - VTR)?2, Ves = Vin

- Vout = VDD - Rp K(Vin - V1r)2

(c) If Ro = 15kW and Kn = 3 mA/V2, what is the minimum output voltage for which the nMOS
tranggtor remains in saturaion? (Hint: you must write the gppropriate quadratic equation and
finditsroot). AssumeVDD =5V.

the transistor will remain in saturation until Vout falls below Vs - V1r = Vin - V1r
So, the question to answer is, when is Vout = Vin - V1r? To do this, substitute Vout for Vin-VTR in the
equation above
Vout = VDD - Rp K (Vout)2, for which we must find the root.
->|Rp K Vout? + Vout - VDD = 0 | > 0 = 45Vout? + Vout -5
(the root equation, which could also be written as Vout2 + Vout/RpK - VDD/RpK)

The solution to this equation is Vout = 0.32 V.
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25. BJT Voltage Follower |10 pointg

(a) Draw the circuit schematic for aBJT voltage

(b) Sketch the transfer characteristic

follower with resistive load. Labd Vin and Vout. of this circuit.
. o1 vCC () *+0.000e+000 +1.000 +2.000 +3.000 +4.000 +5.000 ”
1K +5.000
‘—'\/\/\,— — —|:: Vq%ut . P /
. e
+1.000 /
_L +0.000e+00 ] /

~—V(VOUT)

Vin - V(Rg) - Vfge = Vout, V(RB) = isRs

Assuming Vfge = 0.7 V
(c) Write an expression for the output voltage that is independent of the load resistance.

= Vout = Vin - Vfse —ig Rp or Vout = Vin - Vfge — ijoad R / (b + 1)

26. CMOS Digitd Inverter

(8 Draw the circuit schematic for aCMOS

(b) Sketch the trandfer characteristic

+5.000

digital inverter and label Vin and Vout. of thisdrcuit.
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(c) Derive an expression for the input crossover voltage, Vic. (Hint: Both the nMOS and the

pMOS device are in saturation (constant-current) at Vic).

At Vln = ViC, |Dp = |Dn 9 Kp (VSGp - VTRp)2 = Kn (VGSn - VTRn)z, VSGp = VDD - Vin, VGSn = Vln

Solving for Vic = Vin >

> Kn/ Kp = (VDD - Vin - | V1rp| )2/ (Vin - V1ra)2 at Vin = Vic

> (Kn / Kp)* (Vic - V1rn) = (VDD - Vic - | V1ro|)

> Vic + (Kn / Kp)*” Vic = VDD - |Vtrp| + (Kn / Kp)* V1rn
> Vic = [VDD - |Vtrpl + (Kn / Kp)”% Vtrn 1/ [ 1 + (Kn / Kp)* ]

or, Vic =[ (Kp/Kn)* (VDD - [Vtrp]) + Vtrn 1/ [ 1 + (Kp / Kn)* ]

(d) If VDD =6V and Vic = 2V, what isthe power consumption of the circuit?

Assume Vg = 1V and k, = 0.1 mA/N2.

Ibn = Kn (Vesn — V1rn)2 = 0.1 (2 - 1)2 = loomA -> Power =

VDD lpn =

(6)(loom) = 600 M.
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