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Name Solution

Section

Question 1 (20 Points)

Question 2 (20 Points)

Question 3 (20 Points)

Question 4 (20 Points)

LMS Question 1s 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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Standard Resistor Values (=5%)

10 10 100 10K 10K 100K 10M
11 11 110 LIK 11K 10K 11M
12 12 120 12K 12K 120 12M
13 13 130 13K 13K 130K 13M
15 15 150 15K 15K 150K 15M
16 16 160 16K 16K 160K 16M

18 18 180 18K 18K 180K 18M
20 20 200 20K 20K 200K 2.0M
22 2 220 22K 2K 2208 20M
24 24 240 24K 24K 240K 24M
2.7 27 270 27K 27K 270K 27M
30 30 300 3.0K 30K 300K 3.0M
33 33 330 33K 3K 330K 33M
36 36 360 36K 36K 360K 3.6M
39 39 390 39K 39K 390K 39M
43 43 430 43K 43K 430K 43M
47 47 470 47K 41K 470K 47M
51 51 510 51K 51K SI0K__ 5.1M
56 56 560 56K 56K 560K 5.6M
62 62 620 62K 62K 620K 62M
68 68 680 68K 68K 680K 68M
75 75 750 75K 75K 750K 75M
8.2 82 820 8.2K 82K 820K 82M
91 o1 910 91K 91K 910K 9.1M

555 Timer Block Diagram
R R R
GND (D)——ww Wh— wiw—(8) Vee
p
) omp. Discharging Tr.

Tl‘lggf:l’ CZ - IT—H(7>Discharge

Output (3 )— %‘:;1;‘: F/F {(@Threshold

omp.
Reset (4 _CSDControl
Vref Voltage
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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=25°C Ta =150°C
Type Vz @ lzr'® Izt Zm @ lzr't Iz IR@VR=1V IR @ VR =1V
Number (Volts) (mA) () (mA) (HA) (LA}
1NT46A 33 20 28 110 10 30
1NTATA 3.6 20 24 100 10 30
1NT48A 39 20 23 95 10 30
1NT494 43 20 22 35 2 30
1NT50A 47 20 19 75 2 30
INTH1A 51 20 17 T0 1 20
1NTH2A 5.6 20 1 65 1 20
1NT53A 6.2 20 T 60 0.1 20
1NTH4A 6.8 20 ] k5 01 20
1NTH5A 7.5 20 ] 50 0.1 20
1NTHEA 82 20 8 45 01 20
INTSTA 9.1 20 10 40 0.1 20
1NTHBA 10 20 17 a5 01 20
1NT59A 12 20 30 30 0.1 20
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Question 1 (20 Points) Astable Multivibrator (An Iconic 555 Timer Application)

E F G
A H
§ Ra
B ol a. (4pts) A 555 timer, astable
Re , o | multivibrator is built as shown with
3 z ;TE'SGE%%UTPUT 3 y Ra = unknown, R = unknown,
C I M T = Rc =33kQ, C1 = 10uF, C2 =0.01uF,
DISCHARGE Re ] C3 =330uF, and V1 = 9V. Determine
L Lo T P the ratio of resistors Ra/Rs that will
produce a duty cycle of 60%.
D ' J
M - L K Duty Cycle =T1/T
0 (Ra+Rs)/(Ra+2RB) = 0.6
Ra+Rs =0.6RA + 1.2RB
0.4RA=0.2RB
Ra/Rp=1/2
b. (4pts) Using this ratio of Ra/Rs, calculate the values for Ra and Rs needed to yield a
frequency of 20Hz.
R =2Ra

f=1.44/(Ra + 2R5)C1
f=1.44/(Ra +2(2RB))C1
20 = 1.44/(5Ra)(10p)
Ra = 1.44kQ
Rz = 2.88kQ)
c. (3pts) Plot the output voltage (I) below, showing at least two full cycles, starting with the
output voltage at its maximum (assume = 9V). Label the horizontal and vertical scales.

NN

Trigger voltage (pin 2)

ov
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d. (3pts) Determine the maximum and minimum voltages at pins 6 (C). List the values and
add a trace to the plot for part c. above for this voltage. Assume that the circuit is in
steady state. You may want to look at the background information at the beginning of this
exam.

Trigger at 1/3' and 2/3™ of V1 (9V)
Vmin =3V and Vmax = 6V

e. (2pts) The capacitors used for this project are inexpensive and have a large tolerance
band of +10% and -5%. This means the actual capacitance can be 10% greater than the
labeled value or 5% less than that value. Determine the maximum and the minimum
period that this circuit might have given this tolerance band.

T=1/f=1/20 =50 ms
When C1 is 10% greater than labeled value, Tmax = 1.1 x 50 ms = 55 ms
When C1 is 5% less than labeled value, Tmin = 0.95 x 50 ms = 47.5 ms

f. (Ipt) List the answer you found for Ra and Rs in part b. on the previous page. The
background information provided list standard 5% resistor values. Now list the values
you would use for Ra and Rs to build the actual circuit, trying to stay as close to the
design timing. Use only one resistor for each of Ra and Rs .

Ra=1.44kQ = use Ry =1.5kQ
R =2.88 kQ = use Rg=3 kQ

g. (3pts) What is the on time (T1), off time (T2), and duty cycle of the circuit in part f. ?
T1=0.693(Ra + Rp)C1 = 0.693(4.5k)10p = 31.185 ms
T2 =0.693(Rp)C1 = 0.693(3k)10p = 20.79 ms

Period T=T1 + T2 =51.975 ms
Duty cycle = T1/T = 60%
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Question 2 (20 Points) Combinational & Sequential Logic Circuits

a. (8pts) The circuit below shows how a simple logic gates can be built out of transistors and
resistors. The circuit is inside the dashed box and has three inputs and two outputs. Voltages
above 2.5V are logic high and voltages below 2.5V are logic low.

: N g L

. 0

E R4 Q3

E R1 Qi MWV q

Vin10- E AN E 10k & Q2N2222

E 10k Q2N2222

E R5 Q4

: R2 Q2

Vinzo E '\%\( K Q2N2222
. E Q2N2222 10k
ererereeeeeeees e eeeeeeeeeeeeeseeeeeeeeeeeeeeeeneeeeeeeneeeeseeeeeeeeeeeeeeeennenen}
1. (6pts) Complete the table below using logic levels of 0 and 1, not the actual voltages.
Vinl Vin2 Vin3 A B
0 0 0 1 1
0 0 1 1 0
0 1 0 0 1
0 1 1 0 1
1 0 0 0 1
1 0 1 0 1
1 1 0 0 1
1 1 1 0 1
A =Vinl NOR Vin2 B = A NAND Vin3
11. (2pts) What type of logic gate does output A represent? What logic gate computes B
from A and Vin3?

A represents a NOR gate
NAND gate computes B from A and Vin3
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b. (2pts) A 4-bit counter had an initial state listed as the start state in the table below, and then
receives a string of clock pulses. What are QA, QB, QC and QD after 7 clock pulses? Clearly
indicate the state of each signal.

QD QC QB QA
Start state 1 1 0 1
State after 7 counts 0 1 0 0
1101 (binary) = 13 (decimal)
Counting sequence starting 13 is 14, 15,0, 1,2, 3,4 ... 4 (decimal) = 0100 (binary)

c. (4pts) Complete the truth table below for the following circuit. You need to complete the last
column but you must also support your answer by computing the logic levels at the four
intermediate points in circuit.

u1B
X © 4 6 B
5
U1A 7400 u1D
L1, , A 12 4 D U2A
2] i 13 3
7400 7400 ’ z
U1e 7400
) 8
y o 0 C
7400
X Y A B C D Z
0 0 1 1 1 0 1
0 1 1 1 0 1 0
1 0 1 0 1 1 0
1 1 0 1 1 0 1

d. (1pt) Given the input values of X and Y, and the corresponding intermediate output D, what
logic gate would give the same output (D)?

XOR
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e. (5pts) The following is a diagram of one flip flop. Remember that flip flops trigger on the
falling edge of the clock pulse. The timing diagram demonstrates the J, K, and clock pulses
given. Determine the output Q and write it on the timing diagram. Q starts out low.

OFFTIME = .5m
ONTIME = .5ms|8%
DELAY = .2us

STARTVAL =0
OPPVAL =1

OFFTIME = .8m
ONTIME = .8ms|5%\
DELAY =.3ms

STARTVAL =0
OPPVAL =1

OFFTIME = .1us DSTM3

CLK _

ONTIME = 1s
DELAY = fus L=
STARTVAL =0

OPPVAL = 1

A:CLRoar

UIA:GLK '

UlAZJ

UJAZK

UlA:Q

1.0ms

2.0ms

Time

3.0 4.0ms 5.0ms

U1A:CLRbar
UWA:CLK

UWA:J

UWAZK

UIA:Q

Os

1.0ms

2.0ms

Tine

3.01ms 4.0ms 5.0ms

First falling edge of clock pulse: J=1; K=1-> JK flip-flop in toggle state> Q toggles from 0 to 1
Second falling edge of clock pulse: J=0; K=1-> reset state=> Q becomes 0
Third falling edge of clock pulse: J=1; K=1-> toggle state> Q toggles from 0 to 1

E]

P. M. Schoch and M. A. Hameed




P
ENGR-2300 uiz 3 4& / Oy, 4 Spring 2017

Question 3 (20 Points) Schmitt Trigger

In this problem, we investigate the R2
same properties of Schmitt Triggers '\Q{\,
we did in Experiment 6. —‘M |‘_’4_“| "
The circuit of interest is shown to the - e
right. This version is using 9V 0-|”——-'\M — Va
batteries ~0 4 1k i u17
C Ik 215 o
I I I/d VOFF = 0 oUP>——4 ovout O~ -9
= VAMPL = 6 2 4
a. For this circuit determine the 2 R 7 e
possible values for the voltage at — o ks Vs

the point labeled Va. (2pts) el L[
il

G 2 (e (R
A »
b. The plot below has the input signal which consists of the signal at 100Hz and a
representation of the noise at 2kHz.

Draw Vout and Va on the plot. Assume Vout starts at the higher of the possible values. At

transition times, label the values of Vin and Vout. (6pts)
’J‘/n"‘ s .

‘ of V4 &N A "A
G e Ny A a7
<} (\\ ] i\ \/ \v \v ‘\/ \\ \'i \ P ' “""’"‘* 3 .
I X r-r - — >’ S A 1T
e o L g = "‘\‘\”;/7’\' Y /_4,' - ,/EM.J
G Sy AT
/ VRVAVA ANAVAYA

‘{' f_’moS s ims ans s 1ms
| 0 v(Ul:-)

Time

10V

AN A A
A AV A
N AU/ URVAWAWA A
URYRWA ]
e A Al N\

Time
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¢ Shown is a copy of the circuit from
I\QkN " parta. Now assume that the -9V battery
'TM Hh-o has failed is acts like a short to ground, V5
R1 oV is now OV. (Still labeled as -9V in the figure
0 |”_/\N\,_4n Va ‘g
M ‘c[ ui7 |, because the failed battery is still connected q 0
RN to the circuit.) Repeat parts a. and b. / 2 o
VOFF =0 oJ>——4—ovott Determine the possible voltages at Va. —_—
\F/Q'\élg"==1%o 2y . ) (2pts) Draw Vout and Va on the plot and _
AC =0 JA?“/ V- p P
— : 1«’;171 the voltages at the transmorflj (6pts)
VOFF =0 ? V .
oo o Mo o e
AC=0 — ————————— W— )
F o 9
: g ek £ y
[ A
\ = +2)
S o s [ i ++3
v , A [%
e 7 YRWA | \
drosit o / MV A N\ V
st IV A / ) v \ 7 \ [ f\ \'l V
loud =0 [V =0 vy —
s 2ns dms s 8ms 10ms
O Vv(Ul:-)

Time

d. For the circuit below, determine the possible values for Va. (4pts)
R2

AV 49
2k

V4
Vref - \\, Tg.\i/l“._'lll'o lk(/ﬂ
vl Law—q %

1k ut7 /}r
g LifllGed | 7904
VOFF =00 o> Vout -V
}/Q“égLﬂgo 2y . 0 /
A 'Jm/v' ( ‘i (2))4( 3 k V
Vnoise 2 V5 ) 11
VOFF =0
VAMPL = 3

FREQ = 2k

AC =0 = < jiV M\\\ gl\.} -9 -if?) L% H C/
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Question 4 (20 Points) Diode Circuits
~)

a. In the circuit shown: P

V1=10V, R1=200C; Rload=1kes
Dl is aAN755 Zener. . £ v
i etermine-the Zener current, [ in the _l_

diagram. Use the additional
information provided at the beginning T S
-

of this quiz. (2pts)

~ 0 .
I '“‘z'n""‘r &

ii.  The Zener data sheet also provides a maximum regulation current, Izmax. For this
circuit, what is the largest V1 that will keep the Zeneﬁurrent within this limit? (2pts)

j’}’w: E\&Mﬁ jﬂ“’ﬂ} - :) T , )'2; . ':??ﬁmx"% j:“ !

iii. ~ How much power is dissipated by the Zener when V1 is the-value of part ii.? (2pts)

P-v. L = (75‘“)(&0?} = D2C I S 1

—————
T
b. For the circuit shown, use the Von diode A b - e
model, and draw the voltage traces for ’ W/ & b \ )
both V1 and Vout. Label the axis. foRE=D, D"“”? B
/ D2
Mark key voltages. Include at least 1 e il 7 D1N414s D1N4148 D ,
full cycle. (5pts) \ 03/ e U
0, 7 X { = )V | DiNatas //O 3 e
Miaa Jie A —% L
/1
},, ) @ s e -
- e o |
| 7 s [ ﬁ
- - g ;ﬁ--r». *‘_ /I #\ - — —— «-‘\\
0 £ [ 7~ &K 76
P, ‘ ,/ N [ lf! \\‘_\ r /
0.1 AN | ol il "‘ : /
4P 44 NG eAL ! Y/
- 7’ . N — 1 P N o g
- ) g v IR L4 %
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¢. A diode was measured to have a 0.63V diode voltage with 10mA of current. Using the diode
equation, assume n=1, estimate Is the diode saturation current. Hint: assume that the -1
factor is insignificant to solve for Is. But then go back and show if it was appropriate to
make that assumption about the “-1"* term. (2pts)

oc) “
- . X /9
ID 3‘[ AV'r,u;b 00'57 5 e D168 o ,Tg 2».(7{

.66 Xro Ak 3 VX0

T} / 2 66 X9 /35/'/1 ‘;'" ¢ sufe o g )

d. Rectifier diodes w1¥h smoothing capacitor.

R2 is the load. The voltage across R2 is the \v
output voltage. The plot shows both the VorE =0, ,\52
input voltage and the output voltage. Ignore B
the initial charge up in the 1% half cycle.
=5 Note £..,, = 2 {(v1)
')f? v d » {’ ; —i—
2% « 40 10
'/ AN — AN —~ o= - e 6 ‘.Y
/ N [ R ¥ Anv/d N T
{ / \ “H
!
| AL : /
7 /
NERAP
; 3 \ y/
Z ‘10\/05 Sms 10ms 15ms 20ms 25ms 30ms 3ams 40ms 45ms 50ms
rlﬂ 0 V(R2:1,R2:2) © V(V2:+) Time
\ i.  The variation in the output is called the ripple. What is the frequ,ency of the ripple? (2pt)
. J

» MWJV 'ra’ 6;7

(/f*g' (»./3/)4@ ) o 6.5 =1

Ve

z:m,\(/ -+ &

ii.  What is the peak to peak value of the ripple voltage? Ignore the 1° half cycle. (2pt)

o

= 2.5 /,ﬁ 2

iii.  Itis desired to reduce the ripple voltage by changing the system. pt)

What will reduce the ripple? Circle one on each line.

Cl

1ncrease C

The frequency of the source:

62@{7/; s c/a( 7£¢9 l/d/.%aj—/

increase f

Ey P

/é’r» _\Sf

7@)

decrease C1 C1 has no significant effect

decrease R2  R2 has no significant effect

decrease f  fhas no significant effect

o 2 n /Ko 6«7 Lafogfr Cap (et w‘;’ef'l’é’
Aa-«k . i( /ﬁ;; 4urrﬂ-’/ /r'ss »f/
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