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Question 1 (20 Points)
Question 2 (20 Points)

Question 3 (20 Points)

Question 4 (20 Points)

LMS Question is worth an additional 20pts

Total (80 points)

On all questions: SHOW ALL WORK. BEGIN WITH FORMULAS, THEN
SUBSTITUTE VALUES AND UNITS. No credit will be given for answers that
appear without justification. Read the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.
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Some Additional Background plus

555 Timer Block Diagram
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Zener Diodes: From Wikipedia: A Zener diode is a diode which allows current to flow in the
forward direction in the same manner as an ideal diode, but also permits it to flow in the reverse
direction when the voltage is above a certain value known as the breakdown voltage, "zener knee
voltage", "zener voltage", "avalanche point", or "peak inverse voltage".

The device was named after Clarence Zener, who discovered this electrical property. Many
diodes described as "zener" diodes rely instead on avalanche breakdown as the mechanism. Both
types are used. Common applications include providing a reference voltage for voltage
regulators, or to protect other semiconductor devices from momentary voltage pulses.

Nominal Test Maximum Maximum Reverse Leakage Current

Zener Voltage | Current | Maximum Zener Impedance Regulator Current Ta=25C Ta=150°C

Type Vz @ Izr® Fag Zzr @ Iz Fa e R@VR=1V R@VR=1V
Number {Voits) (mA) ) {mA) (uA) (LAY
INT46A 33 20 28 110 10 30
INT4TA 36 20 24 100 10 30
1NT48A 39 20 23 95 10 30
1NT49A 43 20 22 85 2 30
1N750A 47 20 19 75 2 30
IN751A 5.1 20 17 70 1 20
1N752A 5.6 20 1 65 1 20
1N753A 6.2 20 7 60 0.1 20
1N754A 6.8 20 5 55 0.1 20
1N755A 75 20 6 50 0.1 20
1N756A 82 20 8 45 0.1 20
INT57A 9.1 20 10 40 0.1 20
1N758A 10 20 17 35 01 20
1NT53A 12 20 30 30 0.1 20
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Question 1 (20 Points) Astable Multivibrator (An Iconic 555 Timer Application)

a. (4pt) The 555 timer circuit shown is to have a

duty cycle of 80%. For a given C1, what ratio of '
resistors R1/R2 will produce this duty cycle. R1 %
°l X1
! Q
T1=0693(R1 + R2)Cl 2ol vrale ;
vl o, R2 RE?QE]‘;SETPUT
T = 0693(R1+2R2)Cl o 8 | FiRESHOLD
i DISCH z GE
T1_ 0693(R1+R2)CI _ RI+R2 _ 1 1 T g
T~ 0693(R1*2R2)Cl RI+2R2 = 1 = ] W
R _ ~o
R2

b. (4pt) Using this ratio of R1/R2 and C1 = 10pF, calculate the values for R1 and R2 needed to
yield a frequency of 20Hz.

1.44 20 144

S = Rir2rna - 0" (3R2+2R2)10°S

R2 =144k and R1=432k

¢. (2pt) For an ideal 555, what are the maximum and minimum voltages on pin 2 above during
normal operation?

Max = 6V, Min = 3 because of the internal divider of the 555

d. (4pt) For an ideal 555, what are the maximum and minimum voltages on pin 7 above during
normal operation?

Min = 0 since on pin 7 the transistor connects to zero
Max = 6V plus the voltage across R2 or 6 + (0.25)3=6.75V|

On the next page, the freq must be 20 Hz so the period must be 1/20=50ms so the 3" plot is out.
The 2™ plot has the correct frequency. The first plot does not have an 80% duty cycle, so it has

to be the middle plot. The individual curves must satisfy the voltages listed above so they are as
labeled.
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e. (6pts) Which of the sets of plots below shows the voltages on pins 2, 3, 6 and 7 for the case
considered here? Label which plot is which in the correct figure.

I LT NEREAE)
PN
= o P. * . P y A dllP dHP
1 '4 r‘ " 2 w o i .. >
. F. y. . A . A
Pd / f v d A / A
L \ \ \l A
g : \ ‘
g. i
‘ 7 [P LA il A i & Al d g g
’.« A (; |y, // v m 7 -
A y: A A
AW/ ¥ § ]\ / y, 7 , / / 14
i / y / / / | Il
/ 4 \ 7 £ 4 \Ii Al
i / :

E l 4 P. M. Schoch and M. A. Hameed



ENGR-2300 Quiz 3 Fall 2018

Question 2 (20 Points) Combinational & Sequential Logic Circuits

DELAY =0 - . / ; U3A -
COFFTIME = .5mS STMIY UzA d 3 ﬁ
ONTIME = 5mS F‘m _ 1 2 12 Q

74

OPPVAL = 1 o - s PCLK 3 L2
STARTVAL = 0 i s K |§
e —— \ i {&]
7404 v a0
N e
> s
. u A3 /. ) o -
A QAT 7 )_ \.3
QB I3 7 2 )
B g / use =
@D 7437 8 )
| 74393 ) o !
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£l 8 1 Q
K |§
T404 / (5]
DELAY =0 - o7 14107
OFFTIME = 15 ESEM i) "I
ONTIME = 0.02ms
OPPVAL = 1 \ g T404 \ 7
STARTVAL = 0

In the circuit pictured above, clock DSTM1 provides a clock signal to a counter and two flip
flops. The flip flops are clocked one half cycle after the counter to allow for propagation of the
signals through the gates. (The counter changes on the negative edge of DSMT1 and the flop
flops change on the negative edge of U2A:Y.) DSTM2 provides an initial reset pulse to both
chips. This is required by PSpice to ensure that all sequential devices start in a known state.

a.The timing diagram below shows the reset pulses and the clock signals. Sketch the following
signals in the space provided: the output from the counter (U1A:QA, U1A:QB, & U1A:QC);
the output from the combinational logic (U2C:Y=U3A:J, U4A:Y=U3A:K=U3B:J, &
U2D:Y=U3B:K); and the output from the flip flops (U3A:Q & U4A:Q). (2pt per trace = 16pt)

U2RY b BT 7 L SRR el ] G T
LT3 N NN N S S N N N S O O
b2B:y e T [ 1 R
UlA:QA | T ) I S 15 SO
UlA:QB - T 1 L -
U1A:QC R R o Lo e
U3A s | ] e
My e e e b
wEE. T T
CE RN e R ENEE R
U3B:Q R e e e e N A N S S
[§ 9 1.6ms 2.0ms 3.0ms L, Bms

Time
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b. (2 pts) A 4-bit counter is cleared and then receives a string of clock pulses. What are QA,
QB, QC and QD after 16 clock pulses? Clearly indicate the state of each signal.

(s —= |||
|6 —»| 000D
D C B A S
. i g Q 4 _Lit
Cou.mii)\,
0 0 @) 0 war:uf

(2 pts) Consider the circuit below consisting of two NPN transistors Q1 and Q2. Voutl is
the collector terminal of Q1 and Vout2 is the collector terminal of Q2. For a given
voltage V1, fill the table below indicating the status of Q1, Q2 (open/closed) and voltage
level of Voutl and Vout2 (High/low). Note: Transistor Q1 is open means Q1 is off and
no current flows through it.

é R2
1k

R3

L] ov2
5Vde=—

1k T
g @ Vout2 —
Q1‘ 1k Q2N2222
R1 I\/
MWV
vi=3 éﬁ " ™ canezz
V2=0
TD=0
TR=0 [
TF=0 |
PW=5ms |
PER = 10ms
=
V1 Q1 Voutl Q2 Vout2
(open/closed) | (High/Low) | (open/closed) | (High/Low)
oV Open High Closed | Low
3V Closed Low Dpes Hfjk
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Question 3 (20 Points) Comparator and Schmitt Trigger

In this problem, we investigate the same Vet —,|I
properties of Schmitt Triggers we did in

Experiment 6. Assume the output of the op-amps
is capable of reaching the power supply voltages.

2v

Kl

x Vout
a. For the circuit shown the input signal, Vsignal V=3
is compared to Vref. For this part there isn’t  1r - 1

. . » . PW = 100
any noise. Vnoise amplitude is 0V. The plot  per = 2000

Vs
. - . 0
below has the Vsignal (without noise). . _»LIJ-_‘“
On this plot. draw Vout. Label the plot as you 3%, — ;/’*-"“—"-«. o
would for an experiment report. (4pts) P = q et _,f‘]
PER = 1m e
g S g i T T T T—"7
4 T / \\ I e / _ r ( )\(a.;. nee ded
z.qr b s :“_..4‘_ = \\
v =
PSS S=ES ==
¥ :
=, ! { bg u’}
A hs ’._/; = - = — P T )
] \-. _ =

o

.I"f'g'rAuc.‘tl-J«r' ﬂ"-‘! 21/’ g -8 Vs W

b. Same circuit but now a digital type noise has corrupted the signal. Again plot Vout. Label as

is done for report. (4pts) / i
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> ] = | i ! S N ]
pES e IS e
AR 1/‘ | B - . - ;5
FA = il > » 7 i
Y e L IN
=y B T
‘.El'- ‘ ' }- — )
= s e o ]
=
. - = —
E | T ! = ——
s 0.5m $ \ 1.5ms PUCE N
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c. Itis desired to remove transitions of the output due to the noise. The output should look
similar to part a. but the timing will be changed. In other words, there should only be one
output pulse per cycle of the signal. Use the schematic below. This can be done using trial
and error.

i.  Rais set at [kQ. Determine a value for Rb which will have the desired effect.
There is a range of possible value. (2pts)

ii.  For your value of Rb, determine the possible values for the voltage at the point
labeled as Vc. (2pts)

iii.  Plot Vout and Vc on the plot below for your values of Rb. (4pts)
A A ﬁ “’)’ u"'\ in ¢ i ¢
g R — [ <« |
eref —‘M |.—“|'0 Rb= &
. +5V
- Y = |
T \g 7 m(rﬂwm) tged
=.TO el ou : Vout Vc(mm) . ? /\;"“" 2 Sé
G o eil Sas % &« 7 2 2,90 OS
Tros i UAT41 i _ s)?
EE‘,; =1203;u Vs 0 1;‘ ¢ g_J O
Vsignal 7|||H|I-0 J%’ﬁbj c V- & ? : {‘S ( '
-5V ’ 'O , - /7 ‘
- 2 .27
15 2z 1% - 6

; ﬁJ‘ Plot V¢ and
11 Vout. Be sure to
label significant

voltages.

(5. 4l
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d. Now consider real op-amps but continue to use your values for Rb. The output voltage of the
real op-amp won’t match the power supply voltage. If Vout can only reach to 1V away from

the power supply (Vout max is 4V and Vout min is -4V) what ’%ill now be your values for )
Ve (use the same analysis as you used for part c.ii.) (2pts) b} VL e 2) eGrn

| : -
b 2&’? 2.5 g rav
Qﬂf?ﬁxcj; €~ %5 .- -2 23w Jwowv
e ,—-—————) /o}- 2109 | vV
[ SIn 12 16 Y

e. Will your design still work to eliminate the false transitions caused by the noise? Support
~_youranswer by giving your analysis. You don’tne lot the results. (2pts)
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Question 4 (20 Points) Diode Circuits

d.

i

i.  The voltage across the diod

u

(4 Pts) We wish to regulate a 12V DC power supply

V

is Vp.=
The voltage across the diode(is Vp = I2y
The current through the diode iST5=<0A

What Zener part number would be used for this application? IN 255

Fall 2018

-
—

sing a Zener Diode from the table at

in the _ T nth, o Region
inthe (e tese Region
inthe AL -~ Region

~

Zener Voltage Regulator

Py j/y)qﬂ
I
0 e #
<€ | & > | >
t |
|
| =
Ir VE -¥
Izr

For the circui “the Zener is a

R1

IN753A. Use the “Some Additional
Background” information at the beginning
of this exam. (3pts)

i.  What is the Zener voltage for

this diode? ‘ P, ‘/

What is maximum Zener current
recommended by the
manufacturer? This is also
referred to as the Maximum
Regulator Current.

iii.  If operated at the maximum
Zener current, how much power
will be dissipated by the Zener.

10

J:T v b : l % % f\a’out
- D1 Rload
[ 11 3
=0
I(max) = 6 ()h‘ /4

rdiz= VT = 3 TEnW

{_“}‘/(/_" g 3?2 A
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¢. For the circuit shown, the input and the
output voltages are shown in the plot
below. Ignore the 1*' % cycle. (3pts)

AMPL =
. . FREQ = 60
1. Determine the values of?: o

Vripple ) WV 7 The peak to peak ,;/4“'
value of the ripple on the output 5%’ - 25¢ éJ /e d;}

Ignore the 15 4 cycle. / _ :I N

- , ]
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Itis desired to reduce the magnitude of the ripple by a factor of approximately 2. LlSt
something that can be changed for this circuit to achieve this, and list how much it would need

to be changed (and if it would need to be i mcrease or decreas 4
') an\, ble L1 €1 < /d.u ij Pa“., fo +L. Q/r-,...(’ f"*

+ = noHs
7‘) Df.?u{(f ‘?L va o P)atd _‘V“'/L ﬂ{,“ (J - e fre d m.a’l

» 7 Do you expect to take the optional ﬁnal‘? Your answer here 1sNON BINDING (1 pt) C’W 1wl deig <
p The optional final will:

 cover all topics in the class, / ot '-"" l 'fz’
e generally be more difficult than the quizzes / a+ [ co- ’
e Not have an LMS portion. ' ¢ Aff ‘-:5

¢ replace your lowest quiz grade, which includes the LMS portion, \ i

L]

NOT replace your lowest quiz grade, IF the final grade is the lowest. i.e. you cannot hurt
you overall grade by attempting the final.

\ Yes No
Y] «lspo

/
Wy
{,}!{.\ v Pl Cos ’V éu}- ,d no 7 4") = ' 47
EI 12

Ra |
/P M. Schoch andM A. Hameed /f e

O~ . 4 «{/w 7




