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Extra credit problems:

Transients:
1. An experimental electronic valve timing system for an automobile engine uses
pneumatic (compressed air) actuators to lift the valves, actuated by electromagnetically
operated pneumatic valves (Gould, 1991). The engine valve must open within 2 ms after
being commanded to open by the engine control computer.
The pneumatic valve will begin to open when the current in the valve solenoid coil

, exceeds 300mA, its guaranteed “on” current. The valve will

o-=28e  begin to close when the solenoid coil current drops below 225

mA, its guaranteed “off” current. To ensure that the engine valve
opens on time, only 1 ms has been allowed for the current in the
solenoid to reach its on current after the applied voltage changes
from 0 to 12 volts, and 0.2 ms is allowed for the current to decay
below its off current after the supply voltage is removed and the
coil is shorted (the applied voltage chnages from 12 to 0 volts).
o Either response may be faster. The solenoid coil can be modeled
r as an inductance of 3 mH with a series resistance that is
determined by the diameter (gauge) of wire chosen for the coil.
Smaller-gauge wire will cause higher resistance, lower power dissipation, and allow a
smaller solenoid package. What is the maximum value of solenoid resistance that will meet
both timing specifications? With this resistance, what is the maximum current in the
solenoid coil? Assume that the solenoid is to be energized 25% of the time. What is the
approximate average power dissipation in this solenoid coil? What simplifying
assumptions did you make?

In practice, a solenoid is not directly shorted to turn it off, but is shorted through a
diode with a voltage drop of 0.7 volts across it, as this is easier to implement. Why would
you not simply open-circuit the coil to achieve zero current? Hint: Check Horowitz and Hill
for this one, e.g. Section 1.31.

+
— 12 volts
_

Laplace transform:

2. A digital-to-analog converter (DAC) uses the op-amp circuit shown below (Garnett,

1992) which filters the pulse output from the DAC and produces a smoother analog

voltage. Although a number of different types of such circuits (low-pass filters) can be

used, the one necessary requirement is that the input impedance of the filter must be greater
than 100,000 ohms; otherwise, the linearity of

R3 the DAC will degrade. Determine the transfer
—AAN— function of the filter, Vo(s)/V(s). Select an
_I_ appropriate op-amp (your choices are the
C2 uA741, LF411 and AD847) to achieve the input

|, the AD847 is included in the file AD847.CIR in
° the folder SPICEDIYV in the public folder on
snowhite. WARNING: This model may cause
convergence problems in PSpice — it is very
complex!

R R . . b
1 Ry T > impedance requirement. The circuit model for

3. Fuses are used to open a circuit when

excessive current flows (Wright, 1990). One
fuse is designed to open when the power absorbed by R exceeds 10 watts for 0.5 seconds.
The source represents the turn on condition for the load where vg=A[u(t)-u(t-0.75)].
Assume that i (07)=0. The goal is to achieve the maximum current while not opening the
fuse. Determine an appropriate value of A and sketch the current waveform. The circuit is
shown below.



Extra credit problems:

\O

[ J
Qq 4. An RL circuit as shown below is used to provide an actuating pulse for a laser. The
circuit is at steady state at t=0- and i(0-)=0. The voltage source vs=Ve bt volts is connected
att=0. Select V, and b so that the peak magnitude of the current pulse is greater than 0.6
A. Determine i(t) and plot the current pulse.

v

t=0 2H
v ——-P

l
sV 4Q
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EXTRA CREDIT (2)

VS
R1
R2
R3
Cl
V1
v2

X1

.LIB EVAL.LIB

.TRAN

.END
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EXTRA CREDIT (2)

Date/Time run: 03/24/93 20:20:03 . Temperature: 27 .0
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EXTRA CREDIT (2)
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EXTRA CREDIT (2)
Vs
R1

E

R3™
C1
Vi
v2

OUTLEBNN -

.SUBCKT AD847
*

PULSE (0 10
1K

100K

10K

5E-7

DC 15

DC -15

OCOWiWNO

1 299 50 30

* INPUT STAGE & POLE AT 300 MHZ
*

R1 2 3 5El11l

R2 1 3 5E11

R3 5 99 443

R4 6 99 443

CIN 1 2 1.5E-12

c2 5 6 0.599E-12

Il 4 50 2.22E-3

I0s 1 2 25E-9

EOS 9 1 POLY(1) 19 23 O0.5E-3 1
Q1 5 210 QX

Q2 6 9 11 QX

R5 10 4 419.8

R6 11 4 419.8

*

EREF 98 0 23 0 1

*

: AIN STAGE & DOMINANT POLE AT 8.8 KHZ
R 12 98 2.44E6

C3 12 98 7.4E-12

Gl 98 12 5 6 2.25E-3

v2Z 99 13 0.8

V3 14 50 0.8

D3 12 13 DX

D4 14 12 DX

*

* ZERO/POLE PAIR AT 70MHz/200MHz

*

R8 15 16 1E6

R9 16 98 1.86E6

L1 16 98 1.48E-3

G2 98 15 12 23 1E-6
%

* POLE AT 300 MHZ

*

R41 41 98 1E6

C41 41 98 531E-18

G41 98 41 15 23 1E-6
*

* POLE AT 300 MHZ

*

R42 42 98 1E6

r " 42 98 531E-18

o2 98 42 41 23 1E-6

0

Im

1m

1

2)



*
'OLE AT 400 MHZ
*

R43 43 98 1E6
C43 43 98 398E-18
G43 98 43 42 23 1E-6

*

* COMMON-MODE GAIN NETWORK WITH ZERO AT 40 kHZ

*

R11 18 19 1E6

cé6 18 19 3.98E-12
R12 19 98 1

E2 18 98 3 23 17.8

*

* POLE AT 400 MHZ
*

R15 22 98 1E6
c8 22 98 398E-18
G3 98 22 43 23 1E-6

*
* OUTPUT STAGE
*

RF 30 60 500
CF 60 12 12.5p
R16 23 99 100k
R17 23 50 100k
ISY 99 50 2.95E-3
25 99 90
RTI9 25 50 90
L2 25 30 3E-8
G4 28 50 22 25 11.11E-3
G5 29 50 25 22 11.11E-3
G6 25 99 99 22 11.11E-3
G7 50 25 22 50 11.11E-3
V4 26 25 0.8
v5 25 27 0.8
D5 22 26 DX
D6 27 22 DX
D7 99 28 DX
D8 99 29 DX
D9 50 28 DY
D10 50 29 DY

*
# MODELS USED

*

.MODEL QX NPN(BF=336)

.MODEL DX D(IS=1E-15)
.MODEL DY D(IS=1E-15 BV=50)
.ENDS AD847

X1 0 3 5
. TRAN 4 4
D -

AD847



EXTRA CREDIT (2)
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EXTRA CREDIT (3)

Date/Time run: 03/20/93 21:13:38 , Temperature: 27.0
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EXTRA CREDIT (4)
Date/Time run: 03/20/93 20:53:19 . Temperature: 27.0
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Extra credit #3:  Due: April 2

4.6. Calculate by hand what the derivative of the sawtooth voltage source shown is
(Hint: a pulsed source). Calculate the current response of the circuit to the pulsed source.
Then use PSpice and Probe to demonstrate that the response to the derivative of the
sawtooth source is equal to the derivative of the response to the sawtooth source. Use a

small enough end_time in the .tran statement to show the matter clearly.

Vs

470Q

+0.017T
l////ﬁ\\\\\ t (ms)

1 3\/5 Vs (’D
-0.01 L

T W

Solution:

Problem 4-6: sawtooth source

vi0 1 0 pwl 1m,0 2m,10m 4m,-10m 5m,0
R12 1 2 470

Cc20 2 0 1u

.tran 10m 10m O 100u

.probe

.end

Problem 4-6: pulse source

vi0 1 0 pwl 1m,0 1.001m,10 2m,10 2.001m,-10 4m,-10
5m,10 5.001m,0

R12 1 2 470

Cc20 2 0 1lu

.tran 10m 10m O 100u

.probe

.end

4.001m, 10
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Extra credit #4:  Due: April 19th

1. The circuit shown below represents an oscilloscope probe connected to an oscilloscope.
Components Ry and C represent the input circuitry of the oscilloscope, and Ry and C;
represent the probe. Use Ry=10M€Q and Cy=8pF for your analysis.

I
A

° AA'A", I

Vi(s) Cy A~ R2§ Vout(®)

(a) Determine the transfer function H(s)=V gui(s)/Vi(s).
(b) Determine Voy(t) if R1=2.5MQ and Cy=2pF.

(c¢) Determine the required relationship (i.e., the values of R and Cj) so that the step
response (the output Voy(t)) is equal to the step input to within a gain constant. Is
this physically possible?

2. All new homes are required to install a device called a ground fault circuit
interrupter (GFCI) that will provide protection from shock. By monitoring the current

going to and returning from a receptacle, a GFCI senses when normal flow is interrupted
and switches off the power is 1/40-th of a second. This is particularly important if you are
holding an applicance shorted through your body to ground. A circuit model of the GFCI
acting to interrupt a short is shown below. Find the current flowing through the person,
i(t), for 0 when the short is initiated at t=0. Assume v(t)=160cos400t and the capacitor is
initially uncharged.

1Q i
/ MA —

t=1/40 sec

>
v(t)
I ImF 100Q2

the person and the applicance
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Extra credit #5:  Due: April 26

1. Frequently, audio systems contain two or more loudspeakers that are intended to handle
different parts of the audio-frequency spectrum. In a three-way setup, one speaker, called
a woofer, handles low frequencies. A second, the tweeter, handles high frequencies, while
a third, the midrange, handles the middle range of the audio spectrum.

A three-way filter, called a crossover network, is used to split the audio signal into three
bands of frequencies suitable for each speaker. There are many and varied designs. A
simple one is based on series LR, CR, and resonant RLC circuits as shown in the Figure
below. All speaker impedances are assumed to be resistive. The conditions are (1)
woofer, at the crossover frequency: X1 1=Rw; (2) tweeter, at the crossover frequency
Xc3=RT; (3) midrange, components Cp, Ly and Ryr form a series resonant circuit with
upper and lower cutoff frequencies fyy and fi , respectively. The resonant frequency =

(fufL)1/2.

3482uF

| I

S

/1

2 =

- é%m

Ry
fer mld range tweeter
8Q

When all speaker resistances are 82, determine the frequency response and determine the
cutoff frequencies. Plot the Bode diagram for the three speakers. Determine the bandwidth
of the midrange speaker section.

Amplifier

82

Notes: (1) X means reactance, i.e. an impedance that is entirely imaginary.
(2) You should do a Bode diagram for the voltage output across each speaker.
(3) This problem does not have to be done using PSpice.

2. Use PSpice to obtain the frequency response of the crossover network of problem 1
when all the speaker impedances are 82, L1=2.5mH, L7=364uH, Cy=13.76uF, and
C3=5uF. Verify that the three speakers handle different parts of the audio-spectrum
bandwidth. NOTE: This problem is almost the same as problem 1 but MUST be done
with PSpice.

3. The model of an amplifier for a phonograph (an obsolete mode for stereo recordings)
stereo is shown below. Plot the dB magnitude portion of the Bode diagram for Vo/V for
20 Hz to 20 kHz.



Phono-cartridge

1.35kQ n‘ﬁ% 1Q
NN MNV
+
0213Q 0.?5; mF
- +
; v 3.53 mF 4,

4. The frequency response of an actual op amp is dependent upon a gain A(jw) which is a
function of frequency. One model of a frequency dependent op amp circuit is shown in the
figure below, where R and Ry are used to establish an inverting amplifier with Ry=10R.
Assume that the op amp has Ri=1IMQ, Ry=100%, and A=106 with R and C establishing
the bandwidth of the op amp itself. The op-amp has a gain bandwidth product equal to
Af=10° where f is the 3-dB bandwidth in Hz. Select the appropriate R and C to fit the
model and use PSpice to obtain the Bode diagram for the circuit. Use a param statement to
vary R2 to plot your results as shown below.
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Extra credit #6: PSpice Due: May 4

1. For the 2N244 N-channel enhancement MOSFET in the circuit shown below plot the
output characteristics if Vpg is varied from 0 to 15 volts in steps of 0.1 volt and Vs is
varied from 0 to 6 volts in steps of 1 volt. Use Ry.=0 for this analysis so that you obtain
the characteristics of the MOSFET only. You may change the plotting parameters, i.e.
larger step sizes if you have difficulty plotting your results on a single graph.

Ip

MOSFET, do a load line analysis to
dtermine an appropriate Ry for using the
{4- above circuit as an amplifier. Plot the
}___

g Using your characteristic curves for the
Ry

+H transfer characteristics of the circuit, i.e.

— V.. IDVsVGsand Vps vs. VGs, for this
VGS ppe—— Ds value of RL.

2. A MOSFET amplifier using the
2N245 N-channel enhancement MOSFET is shown below. Plot the magnitudes of the
output voltage and the input current. The frequency is varied from 10 Hz to 100 MHz with
a decade increment and 10 points per decade. The peak input voltage is 200 mV. Print the
details of the bias point and the small-signal parameters of the MOSFET.

4
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MWA———s—
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NOTES:

1. Do not use a .LIB command to reference your transistors. These are dummy transistors
defined especially for this problem. Add the command

.MODEL M2N244 NMOS (L=10u W=20U VTO=2.5 KP=6.5E-3 RD=5
+ RS=2 RB=0 RG=0 RDS=1MEG)

to your program and refer to the transistor as M2N244

2. Similarily, for problem 2 add the following command and use the M2N245 in your
PSpice commands.
.MODEL M2N245 NMOS (VTO=2.5 KP=4.5E-2 CBD=5PF CBS=2PF
+ RD=5 RS=2 RB=0 RG=0 RDS=1MEG CGSO=1PF CGDO=1PF
+ CGBRO=1PF).

3. See your EVAL.LIB file for details. A MOSFET PSpice model has four electrical
connections which are in order:

DRAIN GATE SOURCE BULK (SUBSTRATE)
4. A simple example of a MOSFET feedback amplifier analysis is:
* Input voltage of 100 mV peak for frequency response
VIN 1 7 AC 100mv

VDD 8 0 15v

RS 1 2 250

Cc1l 2 3 1UF

R1 8 3 1.4MEG

R2 3 0 1MEG

RD 8 4 15K

RS1 5 9 100

RS2 9 0 15K

Ccs 9 0 20uF

c2 4 6 0.1UF

R3 6 7 15K

R4 7 0 5K

RL 6 0 10K

* MOSFET M1 with model MQ is connected to 4 (drain),
* 3 (gate), 5 (source) and 5 (substrate)

M1 4 3 5 5 MQ

* MODEL FOR MQ

.MODEL MQ NMOS (VTO=1 KP=6.5E-2 CBD=5PF CBS=2PF
+ RD=5 RS=2 RB=0 RG=0 RDS=1MEG CGSO=1PF CGDO=1PF
+ CGBO=1PF).

* AC analysis for 10Hz to 100 MHz with a decade increment
* and 10 points per decade

.AC DEC 10 10HZ 100MHZ

* Plot the results of ac analysis: voltage at node 6
.PLOT AC VM(6)

* DC Transfer characteristics

.TF V(6) VIN

* Plot the details of DC operating point

.OP

.PROBE

.END



