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Question IT (20 Points)
Question IIT (20 Points)
Question IV (20 Points)
Question V (20 Points)

Total (100 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. Also, if there is a small flaw in your reasoning, we
will not know and not be able to give you credit for what you have correct if you
do not provide information on how you solved the problem. 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

555 Timer Block Diagram

L R R R
GND (Il/ AW I MW [ 8)Vce
+
Comp.>———  Discharging Tr.

Trigger (2 7)Discharge

Output Czp— %‘g};‘: F/F GQThreshoid

S Control

Reset (4
( Vref 17" Voltage

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 Maximurs Reverse Leakage Current
Zener Voltsge | Current Maximumn Zensr npedancs Regulator Currerd Ta=25°C | Ta = 156°C
Type V2 @1zr r Zzy @ lart® | 2™ R@VR=1¥ | R@VR=1V
Number {Voits) (mA} )] {mi} A ‘ {pA}
ANT46R, 33 a0 28 110 10 | 30
INFATA 38 20 24 100 19 30
N748A 39 20 23 95 . 10 30
1MTAGA 43 29 22 g5 2 30
INTEOA 4.7 b1} 19 75 2 ' a0
INT51A, 5.1 20 17 78 1 » 20
1HTEIA 56 20 11 85 1 20
H753A 8.2 20 7 : &0 01 20
1MTEAA 5.8 20 5 55 - , ot - 20
1MTE5A 75 20 8 50 , 0.1 ‘ 20
1N756A 8.2 24 ; 8 ' 45 0.1 4 20
MFSTA 8.1 29 10 48 oo 20
1MFEEA 10 . 24 17 35 0.1 20
TNTSOA 12 20 30 35 o1 20
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Question 1 (20 Points) Mixture of questions: 5 & / A\

a. Transistor Circuits: For the circuit below, complete the table. (4pts)

Vin Vout
0 G.7
ut 2V O
TN dov
1 ot7 s C.67v
Lk

AL o -3 oy

b. The 555 timer can be configured in the monostable mode. Give 2 practical examples
where this mode would be useful. (4 points)

') 09 daance a %D Hon = e?"'"e:ﬁ?mm?{” &u?ﬁ“}’@“\ j"‘?’w"”g’gwf
>) Ochounce an yptiéad  sewso-

—p Counyi Jeople o~ @i} ads  fhot

43S Sy & SPasd~

’5) /4,\), 5€u 30~ %:ﬁudl MS@C_{ {}aw (0#\]»9[1*:7

¢. Op-amps can be configured as comparators. Often positive feedback is used with the op-
amp when it is used for the purpose. What is this circuit called and give one example
where it is useful to conﬁgure the op amp comparator with positive feedback. (4 points)

» Sc Amﬁ Vj)t"’v

¢ Seuce "]Lmﬂb\f'!’/'uw (91() %~;nwj 1@'0»’\ |
Joo, fo hiyd (or bsh o fou) m ot
OFT no'se

OR ' giet ‘“*"’“’”"fﬁ ,f.'é Jedoccfo

. » A\ -
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d. For the circuit below, determine the current through the diode using both the Ideal Diode
model and the Von Diode model. (4 points)

D7 V4 Ideal Von
D1N4148 ' model | model
50 - 5V ! @m/( A »»_/}

c( +W~—.E=— =400 -5V Cwit ﬂmﬂ’
el T L 9. 2164

i-} '_W'j_:«% O 7V 43 y . A
. —= sV - . — 2 G
Voo Dote T2 dee R EC

e. For the circuit below, determine the Iz the current through the Zener diode. (4pts)

V5 .. Zener 1z
al6 IN750 ). Su-A
b |2 IN750 | g
= ¢ [2 IN750 | =], Bur (;//ow + pv ~
6 1IN748
pyoso 4o < 2 Lol

IN?2¢8 =) 3.9¢

ot b A

4v_ Al [t % L
U __‘J,'-f

~2 4,7~
AR

[BRETYW.
/ f;”t ?f"’f

P. Schoch




ENGR-~2300 Quiz 3 Fall 2015

Question 2 (20 Points) Astable Multivibrator (An Iconic 555 Timer Application)

Astable Multivibrator (An Iconic 555 Timer Application)

E F G
A H
B ®|  xi
R )
Ql ’ 21 RicesR 3 '
. 5 RESET QUTPUT J J Vi
CONTROL L e i
C 7 THRESHOLD r =
DISCHARGE Re -
o
N felsle)
.( c1 T c2 -
, , J
M

IIIL
—
=

) ﬂ’ /ﬁ?wz ‘5‘&‘0/

a. A 555 timer, astable multivibrator is built as above with RA = 10kQ, Rs =9.1kQ, Rc =
40kQ, C1=0.1pF, C2=0.01pF, C3 =330pF, and V1 = 9V. Determine the on time (T1)
and the off time (T2) for this circuit. (4 Points)

2 0.693(K Tve 0653 L40C o
= {32 M"W) RIS v

T a7y X AT 28

b. 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. (4Pts)

7

,0 = - I-... aes ':- f :

e
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¢. Determine the maximum and minimum voltages at pins 6 (C) and 7 (B). Assume that the
circuit is in steady state. You may want to look at the background information at the LA @
beginning of this exam.(4 Points)

Pin6 gudh betre %% 7 of pome- ol 6?/%\

9 oV Qv vha

= JAn N | 1ok {2‘\7#”) :6} 5,'/ ‘?
N m/f\, (b o nase, @ <1 A r g

d. Plot at least two cycles of the voltage at pins 6 & 7. Label the vertical and horizo tal e~ 7 Lf V

scales. (4 Points) N ' a é 4 i et '
p 7 QL S Jl 7 f ? \§)

3 [

"
/l )

L
B,
4

iEmpRRrEOd >
e HR T
e = ~ M‘w .
'S 2 =l |6 g“" e &4
dk \‘M« w Jss s Y
P Miw N g o V . 7 n
: 7
0 *" i \ !. 7 o
) | 2\ 2w T —
SNy A
E F G ~ This is the same figure as part a.
A H e. Modify the circuit to achieve a
90% duty cycle. You are only allowed
Ra to change only one resistor and no
B o other components. The frequency is
e , o l allowed to change. Which resistor do
Cn ploc 3 ] v you change and what is the new
2 | .
7

C %?s?'g?%m ¥ o8 = value? (4pts)
J DISCHERGE Re T uesf a. were: Ra = 10kQ,
c J_ c2 - Rs=38. 9kQ, C = 40kQ Cl=0. I}J.F
T I = ,C3= 330p,F and V1 =

= 0 <f¢,/

Cﬂarjf %ﬁ)} y;? /6913 -ﬁ’ e . ‘
Koop Ry =10 =05 7 K o+ 2, = d.ﬁ%yre—h@f(}_

) ’7‘}\5»\ ,?f ‘ 7.«5—'}" | 0w IK y» gi.?& k.=8k

P:}f@ ‘“@e K/Z' q. /%‘ z 7, Z\\ @‘,* 57’?&;
s, ,@ 72,84 ¢ :

DI
e reeerm,
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Question 3 (20 Points) Combinational & Sequential Logic Circuits

a. The circuit below shows how a simple logic gate can be built out of transistors and resistors.

The circuit is inside the dashed box and has two inputs and two outputs. Voltages above
2.5V are logic high and voltages below 2.5V are logic low.

V3
R3 é RS —==-5Vdc

47kl

OA

OB

--\\\\ . R4 Q3 '
ﬁ \". g :
Q2 ' NV "'_E : ) . _} V .
Q2N2222 . 10k QoN2222 : ,][) € Aph » e /
Q2N2222 _"M,,_,.wéw—w':’)i' /e V’.\ 2 awt

= S Buwd
: =5 ﬁﬁ, Heof Fo Gt

Lo Low

Vin20—2

A
i. Complete the table below using logic levels of 0 and 1, not the actual voltages d Hlew 1ol h 4
Suggestion: Do A first then complete column B. (6pts) T @ ~y };‘ / 4
Vin2 Vinl A B ,M@ - fg X ﬁ%ﬁ’m
1 0 9 a Lot A
1 I O | 0 ’/l w } 9

i. What type of logic gate does output A represent? What type of logic gate does output
B represent? (2pts) A ¢ /@/d ({ 5 ﬂg
P /

b. The following circuit is configured using only NAND gates. Fill in columns C and G in the
truth table for this circuit. Columns D, E, and F are for your conve ale%ce (6 Pts) /;

Tt~

. UIA A\/(—/
e i ) 7 J 4
i >°8—§ von A|B|C|D]|E]J[F] OuputG
oo el e b s . o o (T T & {
7200 P Lo 7400 0 1 ) p ’ ' . k
= ot Lor 1 0 O 1l 5 2
7400 1 1 O (9 Y 0 '
o 4
1ph) 1S
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c. A 4-bit counter had and 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 14 clock pulses?
Clearly indicate the state of each signal. (2pts)

u 2 '
QD QC QB | QA R
Start state 0 1 0 1 & &:}%om ot 04@%
State after 14 counts O 2 { - e
» b1l conmtr =20

O G yq =19 .
— b L O Pl

3

( b3 e =) g

d. Determine the truth table for the following circuit. (4 Pts) Note that you have to do two cases,
one where Q begins at 0 and one where it begins at 1.

~
X O 4
© -——0Q

s

Q Before X Y Work space Q After
0 0. 0 I O »
0 0. 1 ) N , ~
0 I 0 Y e (e 03 X2
0 1 1 0. /2D Daecn & ool
1. 0 0 2 - &f o &
1 0 1. /7. { “
1 1 0 N ¢
1 1 1 — P
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Question 4 (20 Points) Schmitt Trigger

an

this problem, we investigate the same properties of Schmitt Triggers we did in Experiment 6.

a. Before beginning this problem, consider the circuit below which includes only a dc
voltage source V7 = 2V, resistors R9 = 2.5kQ & R10 = 10kQ, and an unspecified voltage
source V8. Determine the voltage at node A (between the two resistors) in terms of V8
and the given values of V7, R9 & R10. Note — this is an example of simplifying a problem

by focusi key sub-circuit. (4 Points)
Y focusing on a key s‘u circui oints {/ . %7 L %T ((/ o ~ V7)
< 2y + s
?—( 2
. F /-Z"';‘ ‘ (/6)) /2. 3’

2'V l\ﬂ 2.5k R9 | VS) 10k R8 L\/s
l .
Vi 2.4 + ()

Kl

The circuit below has the same values as the one for part a. Use your part a. results for
the remainder of this problem. (4pts)

ANAN ) ANN—
2.5k R9 :

+OVout

- Rload
1k

b. What are the two-possible values-for Vout?“R‘Ssume the op-amp is ideal. (2pts)

4 &/ v, =SV e

e T

c. Agam asSUumiig ideal-op=anips; What are the 2 possible values for the voltage Va? (4pts)

¢ Forld = 2.6 o€ U4
M
F1V —

0 —IV

)
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d. Plot the input voltage Vin, the output voltage Vout, and the compare voltage Va. Mark
critical values. Mark which trace is which. (8 pomts) Assume an ideal op-amp.

2N 4

Vv\-\ /7 500 F72' /U\/fhf 7’- 2~\5 ""'"9' /
6.0V g T ; R
— ot e SR

4

4.0 V4 PRV i e < ‘\
a I | .

3.0v — LY a é 7 ,/ ) » LY
| S 'y ~

ol 2o ~ !
'0/”4 O‘g{‘ ; y ‘/j 2 : i_#‘ N

Y2 h )
7 Sk 71
2.00 7 2. = ¥
Y a.0v v i ALY
N B S I . \ -
4.0V g
——— ~5.0V1 ——=_'_~‘ L , H :
-6.0V i
0Os 1.0rs 2.0rs 3.0ms 4.0ms 5.0rs
a.v(0)

V 'S“/Amfﬁ%ﬁczéf Mgeé -
o (FO Un < =) Uy f =450 ~_--ff

A second graph is prov1ded below in case the 1 one becomes crowded or too messy

6.0V
5.0V
4.0V
3.0V
2,0V
1.0V

-1.0v
fZ,OV
=3.0v
~-4.0v -
~5,0V
~6.0V

1.0ns 2.0 3.0ms 4.0ms 5.0

Os
o vi(0) o
ime

e. The reason to create a Schmitt Trigger circuit is typically to count events or cycles given
that there is always some noise in the signal. For this circuit, how large can the noise
voltage be in vp-p before there Would be false counts (or false transistions)? (2pts)

at?“‘ "PaeA 7[/*ov~>‘ s cm) 1/4(‘ ;Aﬁ~7’f 21// /od/
“7{9 €a uaSP A)E\!S’f’ "fﬂéa&a-eos TP b, aaa%‘”/ T H

2V of neisy s L
N M*é'e? el $C
} (/h . L 2% {‘

Nns €
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Question S (20 Points) Diode Circuits

a. (3 Pts) The voltage across a forward-biased diode in a half-wave D6
rectifier circuit (such as the one shown here) is
i.  Near the source voltage ' Vin r1
ii. - Near twice the source voltage @

iii. _ Near half the source voltage
_Near 0.6 to 0.7 volts
v.  Near zero volts

b. (6 Pts) Zener diodes are used to keep a constant voltage across a load even if the source
voltage varies with time, this is regulation. Shown below is a IN758 Zener diode
working to regulate the voltage across Rload. Determine the current in the Zener diode
for 3 different values of V2: V2= A

/ 5\ V4 Ra /:)t/ j V2 Izene:
» %\/\ + % 'Q\,w/ Q 15V , gm@‘@
13V .,i,.
‘-—-D Dzener 5 : f;\
E__:___V2 T 2. DIN758 :fad e 11V Cﬁg
- —\\ Look at additional background for d
1 ook at a 1t1ona ackground tor data on
) the IN758. =2 |V Fri- oo

4) a5 .3"’,51,2;40 [0V 2ren a—) S »él-wﬂ“mé
27 '«3@»}0“; .
Ftnns 42 10md T

g““m—mg‘mﬁ
/Va‘ ﬁa?sué’ ¢
5)222’&}:«3&?:.“*%; T, = 6-0~5A %,,g,@«f 1‘_&_:&(}2

. (2pts) For the circuit in part d. above: At what voltage for V2 does the circuit stop
f)
offering regulation? i{O o 4 ,)L V} e < / / j 0V
7Y AN 2 2#’_‘ e o
22~ 10up

i{lﬁ» = Jﬁ&.&md " /0
V’L, i "Lﬂa. ’ 6\

- (1om#)(ern) 419
— )2V
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d. (6 Pts) This problem is similar to a task from Experiment 8 with a triangular wave input
voltage. The input voltage is plotted below with the vertical scale going from -4V to +4V.
Plot the voltage that results across the load resistor R2 and carefully label key values.
Use the Von model with the “on” voltage listed on the crib sheet. Assume the positive
probe is located to the left of R2 and the negative probe to the right.

2. cgmée cjﬁ’é/ﬁ? =N U-Y

AN
| I 200 %Zm Z,S b3
R2 D1N4148
T f V1 =4V % AN
% V2 = -4V v
e i‘“’éy a4 + ]r-g:? D4 D2
" %Tw b '/é?‘ TF = ms D1N4148 ¥ D1N4148
j L PW =0
ez i \7’5/ PER =2ms —l
pparmmrmm oo ""::j ’;9 L s e f \é { ?&m» - T%M
o~ i b s 14 ¢
Vo ) Gy 2 s e
4.0
N 7 7
A% /N /
\ / i /£
Y ; 74 i Tl
AR 4 8P 4B XA N TN V8
S NN 7/ y%_g/ L\ \;% 74 £
h &, Y-
o i N % THi \\\ //{
AN / A\ /
-4, 0V /
0.5ns 1.0ms 1.,5ms 2.0ms 2.5ms 3.0ms 3,51 4.0ms

[N

( @/;xc./»f’ 1 4

~ “””’"ﬁﬁ, oA

e. (3 Pts) For part b. What is the approximate voltage across D3 at the following times?
Mark the schematic to indicate the polarity you used for these answers. (5pts)

i. t=0ms VD3=&M Q? 'S ﬂ"pf Vg? :pr/ + l/:eém
.  t=0.5ms VD3=£ ﬁ{( gjgi‘yjé\yp,» =dJ nJ 17 + p=

iii. t=1msvus=ﬁ7 ok —0.) zpff”*é‘ 7 ,9/;'@’7{;/
D2cs oW those 1o Vo3
t
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