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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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Monostable 555 Timer (From http://www.electronics-tutorials.ws/)
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When a negative (0V ) pulse is applied to the trigger input (pin 2) of the Monostable configured 555 Timer
oscillator, the internal comparator, (comparator Nol) detects this input and “sets” the state of the flip-flop,
changing the output from a “LOW?” state to a “HIGH” state. This action in turn turns “OFF” the discharge
transistor connected to pin 7, thereby removing the short circuit across the external timing capacitor, C1.

This action allows the timing capacitor to start to charge up through resistor R1 until the voltage across the
capacitor reaches the threshold (pin 6) voltage of 2/3Vcc set up by the internal voltage divider network. At this
point the comparators output goes “HIGH” and “resets” the flip-flop back to its original state which in turn
turns “ON” the transistor and discharges the capacitor through pin 7 to ground. This causes the output to
change its state back to the original stable “LOW”
value awaiting another trigger pulse to start the
Ground a
Trigget E

timing process over again. Then, the Monostable
Multivibrator has only “ONE” stable state.

+Vce Supply

5

UT Discharge

The Monostable 555 Timer circuit triggers on a
negative-going pulse applied to pin 2 and this
trigger pulse must be much shorter than the output
pulse width allowing time for the timing capacitor
to charge and then discharge fully. Once triggered,
the 555 Monostable will remain in this “HIGH”

Output |E‘

unstable output state until the time period set up by | Flip-flop [Q_ Threshold
the R, x C, network has elapsed. The amount of Output
time that the output voltage remains “HIGH” or at UL [¢] P
a 10§ic “1” level, is getem;_i/r;edfby the time it takes ~ Reset EfL 5 | Vz;é;’e
to charge capacitor C1 to 2/3 of Vce. :

e | NESSS Timer

|
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Some Typical LED Operating Info:
Wavelength Color Fwd Valtage Intensity | WViewing
LED Material
(nm) Name (Vf@ 20ma) | Smm LEDs Angle By Matessa
GaAlAs/GalAs --
16mw Gallium Aluminum
]
940 Infrared 1.5 @50mA 15 Arsenide/Gallium
lArsenide
GaAlls/Gals --
18mw Gallium Aluminum
(]
eeo Infrared 1.7 @50mA 15 arsenide/Gallium
|Arsenide
GahlhAs/Gals --
2emW Gallium Aluminum
o
850 Infrared [ @50mA 15 s rsanide/Gallinm
Aluminum Arsenide
GaAlfs/GaAs --
2000mcd Gallium Aluminum
o
660 Ultra Red 1.8 @50mA 15 irsenidijciiling
Sluminum Arsenide
. GabfsP/GaP - Gallium
h Eff. 200 d
635 H'i d 2.0 ZCZHEA i15¢ Arsenic Phosphide /
= @20m Gallium Phosphide
InGaAlP - Indium
2500mcd
633 Super Fed 2.2 Zom;:\ i5® Gallium Aluminum
@20m Phosphide
InGaAIP - Indium
4500 d
620 OS”Per 2.2 zom; 15  |Gallium Aluminum
raiige G2 Phosphide
InGaAlP - Indium
e300 d
612 C;.Eiuper 2.2 20m; 15¢ Gallium Aluminum
range s Phosphide
GafsP/GaP - Gallium
160 d
605 Orange B4 EJ"CA 15¢  |arsenic Phosphide /
@20m Gallium Phesphide
InGaAlIP - Indium
S 5500mcd
595 Yuﬁer 2.2 20”‘: i5¢ Gallium Aluminum
SR @20m Phosphide
Super InGaAlIP - Indium
F000
*592 Pure 2.3 ZOm:\d i5¢ Gallium Aluminum
ellow Q20m Phosphide
GabfsP/GaP - Gallium
100 d
585 Yellow 2.1 zc;-ncA 15° Arsenic Phosphide /
@20m Gallium Phosphide
"Incan- SiC/GaN -- Silicon
2000mcd
4500K | descent” 2.6 20'“; 20°  |Carbide/Gallium
White i Nitride
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SiC/GaN -- Silican
= 4000
6500K W:IE 3.6 2om,:d 20°  |carbide/Gallium
HES @20m Nitride
SiC/GaN - Silican
Cool 6000mcd
*BDOOK W:‘I 3.6 20"‘; 20°  |Carbide / Gallium
ite @20m Nitride
Super InGaAIP - Indium
574 Lime 2.4 Ioggm;\d i5¢ Gallium Aluminum
Yellow . Phosphide
Super InGaAlIP - Indium
570 Lime 2.0 Ioggm;d 15  |Gallium Aluminum
Green @ I Phosphlde
High GaP/GaP - Gallium
s65 Efficiency 9.1 20200?":: 15°  |Phosphide/Gallium
Green R Phosphide
Super InGaAlP - Indium
560 Pure 2.1 BS;Dmci 15¢  |Gallium Aluminum
Grean @ m phDSPhldE
GaP/GaP - Gallium
555 c:’“re 2.1 ag?ci 15¢  |Phosphide/ Gallium
- @20m Phosphide
SiC/GaM - Silicon
A 10,000med
525 una 3.5 20 T 15¢  |Carbide / Gallium
reen @20m Nitride
SiC/GaM - Silicon
505 GBIUE 3.5 2oggm;d 45°  |Carbide / Gallium
e @20m Mitride
SiC/GaM - Silican
470 SE:per 3.6 3023"‘? 15°  |Carbide / Gallium
ue @20m Nitride
SiC/GaM - Silican
100med
430 Ultra Blue 3.8 EC:“CA 15¢  |Carbide / Gallium
@20m Nitride
Relative Intensitv vs Wavelength (P)
P @é\ o{"

1.0p

&
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T

D) © {B)_cA)

Y
|

f’"‘oéi‘”‘%

[g)[sj m [Bi IM (3”,,

550  &00

680 700 750
Wavelengh [rnim)

K. A. Connor & P.M. Schoch

1000




ENGR-2300 Quiz 3 Spring 2016

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".

Nominal Test Maximum Maximum Reverse Leakage Current
Zener Voltage Current Maximum Zener Impedance Regulator Current Ta=25°C Ta =150°C
Type vz @ Iz Iz ZzT @ Iz Izw® IR@VR=1V IR@VR=1V
Number (Volts) (mA) (Q) (mA) (uA) (uA)
iN746A | 33 20 - 28 N 110 10 30
CIN7ATA 36 20 24 - 100 ) 10 30
1N748A -39 20 (23 I 10 30
IN749A 43 | 20 2 -85 2 - 30
1N750A 47 20 19 75 2 30
iN751A 51 20 17 70 1 20
IN752A | 5.6 - e | | 65 T | 20
1N753A - 62 20 T B -~ 60 | 01 | 20
IN754A 6.8 20 5 - 55 0.1 20
iN755A | 75 ] 20 | & s 50 01 - 20 )
1N756A 82 20 8 . 0.1 20
IN757A 9.1 20 10 i 40 0.1 20
1N758A 10 20 17 35 0.1 20
1N759A 12 20 30 30 0.1 20
Standard Resistor Values (=5%0)
1.0 10 100 1.0K 10K 100K 1.0ON
1.1 11 110 11K 11K 110K 1.1M
1.2 12 120 12K 12K 120K 1.2M
13 13 130 13K 13K 130K 138
1.5 15 150 15K 15K 150K 1.5M
1.6 16 160 1. 6K 16K 160K 1. 6N
1.8 18 180 1 8K 18K 180K 1.8M
2.0 20 200 2 0K 20K 200K 2_0M
2.2 22 220 22K 22K 220K 2 2N
2.4 24 240 24K 24K 240K 2 4N
2.7 27 270 2 TK 2T 270K 2. TM
3.0 30 300 3.0K 30K 300K 3_0M
33 33 330 33K 33K 330K 3.3M
3.6 36 360 3.6K 36K 360K 3.6
39 39 390 3 9K 39K 390K 3_9MN
4.3 43 430 4 3K 43K 430K 4 3N
4.7 47 470 4. TE 4TE 470K 4. TN
5.1 51 510 51K S1K 510K 5. 1N
56 56 560 5. 6K 56K 560K 5_6N
6.2 62 620 6. 2K 62K 620K 62N
6.8 68 680 68K 68K 680K 6_ 8N
7.5 75 750 75K T5K T50K 7 5N
82 82 820 82K 82K 220K 8 2N
g1 91 910 91K 91K Q10K 9. 1M
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MC14584B
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)
- 55°C 25°C 125°C
Voo
Characteristic Symbol | Vde | Min | Max | Min | Typ® | Max | Min | Max | unit
Output Voltage “0" Level VoL 50 = 0.05 = 0 0.05 = 0.05 Vdc
Vin= Voo 10 - 0.05 - 0 0.05 - 0.05
15 = 0.05 - 0 0.05 - 0.05
Vin=0 “1" Level | Voy 50 495 - 495 50 - 4.95 - Vde
10 995 = 995 10 - 9.95 -
15 14.95 = 14.95 15 = 14.95 =
QOutput Drive Current lam mAdc
(Vo = 2.5 Vdc) Source 50 -30 - -24 -42 = -1.7 -
(Von = 4.6 Vdc) 50 -0.64 - -0.51 -0.88 - -0.35 -
(Von = 9.5 Vdc) 10 -16 = -13 -225 - -09 -
(Von = 13.5 Vde) 15 —-42 - -34 -88 - -24 -
(VoL = 0.4 Vdc) Sink loL 50 064 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vde) 10 16 - 13 225 - 09 =
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Input Current lin 15 = 0.1 = +0.00001 | +0.1 - 11.0 | pAde
Input Capacitance Cin - - - = 5.0 15 - . pF
(Min=0)
Quiescent Current lop 50 - 0.25 - 0.0005 0.25 - 75 pAde
(Per Package) 10 - 0.5 . 0.0010 0.5 = 15
15 = 1.0 = 0.0015 1.0 - 30
Total Supply Current ) (4) Iy 50 Iy = (1.8 pAKHZ) f + Ipp whde
(Dynamic plus Quiescent, 10 Iy = (3.6 pA/kHz) f + Ipp
Per Package) 15 It = (5.4 pAfkHz) f + Ipp
(C_ = 50 pF on all outputs, all
buffers switching)
Hysteresis Voltage Vy 3 50 027 1.0 0.25 0.6 1.0 0.21 1.0 Vde
10 0386 13 0.3 0.7 12 025 1.2
15 077 17 0.6 1.1 1.5 0.50 14
Threshold Voltage Vis Vdc
Positive-Going 50 1.9 35 18 27 34 17 34
10 34 7.0 33 53 69 32 6.9
15 52 10.6 52 8.0 10.5 52 105
Negative=-Going Vi 50 16 33 16 21 3.2 15 3.2 Vdc
10 30 6.7 3.0 46 6.7 30 6.7
15 45 97 46 6.9 98 47 99
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Question 1 (20 Points) A Little Thevenin, Voltage Divider, System Design, etc.

a. (6 Pts) This problem helps to define the context for other questions. Identify at least 4
devices and functions located in the same cell in each table by circling the cells and
numbering them from 2 to 5. An example is shown for the NOT GATE in column 2, row
6 as is its function ‘Change True to False or False to True’ and it is numbered 1.

7

Conditions are True

DEVICE
{_ VOLTAGE DIVIDER / HIGH-PASS FILTER INVERTING-AMPLIFIER
DC CE NON-INVERTING ( CAPACITOR Y 3’
— . AMPLIFIER J -
—~ ( FUNCTION GENERATOR)| BAND-PASS FILTER (_ INDUCTOR || °
RESISTOR OP-AMP _ORGATE .
PHOTOTRANSISTOR FULL-WAVE RECTIFIER 555 TIMER
BAND REJECT FILTER | NOT GATE 1 AND GATE
—NAND GATE _ TRANSFORMER _ NOR GATE
(__ TRANSFORMER ) < OSCILLOSCOPE ) LOW-PASS FILTER
DIODE TRANSISTOR SWITCH HALEBE-WAVERECTIFIER
PHOTODIODE (_ LED ) g ( PHOTOCELL %
- » w
TT— Function
Make Voltage Smaller/“' Convert AC Voltages to DC Match Impedance
Voltages - —
Block Current in One Store Energy lock DC with a Single )
— Direction Only C ent ]
|_Output an Electrical Signal ON-OFF Switch CStore Energy )
~Increase Voltage, Power Deciding a Process is True BlockMHRange of
and Current while if Any Monitored Frequencies but Pass
reversing Polarities Conditions are False Others
Increase Voltage without an | Convert Light Energy into Block High Frequencies
External Power Supply Electrical Energy with a Single Components
Deciding a Process is True Change True to False or, Deciding a Process is True
Only if All Monitored L False to True if Any Monitored

1

Conditions are False

Pass a Small Range of
Frequencies but Block

Increase Voltage, Power
and Current while keeping

Deciding a Process is True
if Any Monitored

6 ¢

between Two Inputs

_______Others __Polarities-the Same Conditions are True
[ Increase Current Without. @urc Voltage vs Tim‘é\l“) Convert Electrical Energy
-_an External Power Supply~’ / into Heat
Produce an Output Voltage Produce a Sequence of Make the Output Voltage
at least Thousands of Time Square Voltage Pulses Larger than the Input
Larger than the Difference Voltage

U

Produce a Single Square

Pulse

Convert Electrical Energy
into Light

(fonvert Light Energy i?ﬁ\ﬁf

Eg

Q

Electrical Energy
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The following configuration behaves like parts of circuits encountered in Experiments 6 and 7.

b. (6 Pts) Consider the very basic circuit — the voltage divider — in one of its slightly more
complicated forms. Determine the Thevenin Voltage Vry and Resistance Ry for this

configuration. v
- \
Vour = G + ,5(‘1 ¢)
?(;0 — (o 2%‘ L =48 l/
= Vi
12vde | |, B Ry = Do \\ W
T _ (s500)((eot)
R —— SN -
g fe _ doee _ o,
eva«:J;—v2 =3 355 &

=
“0

c. (4 Pts) Plot Ivs ¥ voltage for the Thevenin equivalent source determined in part b. Pay
close attention to the polarities indicated in the figure, and fully label your plot. Hint:
Plot a representative set of points for loads from a short circuit to an open circuit and
then connect the dots. | AN e N

535 sk (f &
I R A 4 X (')/L g
e TH v
®
= 4
B -
@ 7= \\ ; LRJ

L N

\\ s\l
d

\4% =
(O V

- i}
“Vrw

E I 7 K. A. Connor & P.M. Schoch
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d. (4 Pts) A capacitor C is charged to a voltage V, through a resistor R. Assuming the
capacitor is originally uncharged, write the mathematical expression for the capacitor
voltage as a function of time. Vc(t) = ? Hint: It involves an exponential function of time
and a time constant and, when plotted, looks like the Capacitor Voltage plot for the

Monostable circuit shown on page 2.

‘ o B f/’c
\,’(t) = “:/!,J (( = J

Spring 2016

E 8 K. A. Connor & P.M. Schoch
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Question 2 (20 Points) 555 Timer

E F G

Quiz 3

BT‘ o oy
; ik

o550

[.

y

K

A 555 timer,

with:

R1 = 1kQ
R2 = 5kQ
R3 =2kQ

_V1I=15V

C3=50uF
C2=0.1uF

C1 to be determined ﬁ:‘.ii“i} C / €2 v

Spring 2016

astable multivibrator is built

a. (6pt) The measured frequency of the astable multivibrator is 320Hz. Determine the value

of C1, determine the Duty Cycle and determine the period:

[ ¥4 o

N
(247187 )

T O, 61

o ity <“«*.—:i-l-v$-¢w¢~~.-
[ A PP W3
VgL (i

b. (2pt) What are the minimum and maximum values for the voltage at point C? At t=0 it is
found that the measured voltage at point C is 5V, and at

voltage at point B?

4 . 3
(VAR
¥

c. (6pts) On

[2 R BN

v

W

F B
~. W ( e

o,

the plot below, sketch and label the voltages at points C, B and I. Start with
at point C=5V at t=0. Label important voltages and times. o= 0w ¢

A g
&P N e

n Yy 620
[ Sl

point Ljt
[k

i

CQ ) 4;‘\:‘“"3 ‘{ )

Duty Cycle =

.
"

Period = u

is the
pa

ij w0

}s V)l 5V. What

P

V min at C

VvV
)
it
- ot
B Py >’

23

> &2
b
N 4 N\
. ¥ ‘a\ - LY
i ks V oo
¥ Wk
g 5 Za L i I o
¥ 8 :
4,0ms 7.0ms 8.0ms
i CZ).Q":{(J’\ f e

K. A. Connor & P.M. Schoch
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Question 2 continued:

d. (4pts) It is desired to keep the frequency of the circuit in part a. the same (320Hz) but
now a 60% duty cycle is needed. Leave the value of C1 the same and determine new

values of R2 and R3 that meet these requirements. = f/:} y b b o 0.4
. 4 . o ;( 2 }ﬂé;;f § - ad
N= TL s +at)s Rt 0L
- R e . Ry i g L& -
§ ¢ 22 & 3 8 Nl . . -
— - nra } /= /. T
g { ) (> G 1 i 717 y M ; ’g T 0 e } - '?
Pa T4 -y = é ' ."_4. 5 ,‘, ANAp—
£ ¢4 d 7 £ { b <
< ){ 5_,;'. ) 4 ‘.":) 52 / & / ()J ]
e. (2pts) Your partner wants to build an astable multivibrator that runs at 20Hz and has an
output duty cycle of 40%. Can the circuit in this problem do this by only changing
resistor and/or capacitor values?
If you answer yes, give the new values:
If you answer no, state what component that you used in the labs that could be added to
the circuit to achieve the requirements. (You don’t need to draw the circuit )
£ V4 " . " ; é Mg Ay A
71 ) DN S AV T TS a4 A
s W (.4 {‘; IS gt A Temad oo § ) i §
j;I
I} 4 1 iﬁ? #
( )
}‘; 4 bnt Sea /
{
) 4 gt # o H
¥ |
\ !

11 K. A. Connor & P.M. Schoch
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Question 3 (20 Points) Combinational & Sequential Logic Circuits s

Quiz 3

Spring 2016

u:‘} /‘

Ef e

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. A and B are inputs. C and D are

- i. Complete the table below
: using logic levels of 0 and 1,

: not the actual voltages.
¢ Suggestion: Do C first then
¢ complete column D. (6pts)

outputs.
3 vii
L SVdc=="
< R1 < R2 = |
T 0.5k & 4.7k ; :‘
» QL 0C
10k 1 Q2N2222 .
R3
R5 Q2 )
o —ANA— t
S+ o L 20k T Qonzzze
10K ﬁ Q2N2222 =
=
2w L‘.':\;%’iii‘ti“L,~L-'S£)3hnx,:;‘\',,‘v,‘;:’;“n;éh?f:fﬁ';’:':. ? e
o Wad ol b o
o |
A B C
0 0 Fz
0 T :
1 0 ! >
1 L P :‘

‘\’ W N o} 4
oy @ . % e T R
V4 $ ot Y ,'/ . ?
e et Ll

ii. What type of logic gate does output C represent? What type of logic gate does output
D represent? (2pts)

the state of each signal. (2pts)

A 4-bit counter had and initial sté’té shown in the

oy

0

2 o
6y £ }
§
&
<>

/
w and then received a string of 5
clock pulses. What are QA, QB, QC and QD after 5 additional clock pulses? Clearly indicate

=

O 4o
QD Qc QB A | gy
Start state 0 1 0 0 &
State after 5 counts ¢ ') c) /
! % # s > { ) 3 *
LK | & x
12 K. 4. Connor & P.M. Schoch
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¢. The following circuit is configured using NAND and NOR gates. A and B are inputs, C, D,
E and F are outputs. Fill in columns C and F in the truth table for this circuit. Columns D,
E, and are for your convenience. (4 Pts)

_uiB o
4, ™ 7402
) 6
5, TG
B © t . o
7400

A | B | C|D]|E]| OutputF
—uzs 0 |0 |} [ [ | [
P [0 1 |1 | [0 1
~ 402 | 0 & 1 | ! :
LT (il Lo

S

d.  For this problem, plot the output Q for the timeline shown. The J-K flip-flop function table
is listed on the crib sheet but a slightly different version is also shown here. This one
emphasizes that the output transitions occur when the clock pulse transitions from high to
low. Both the crib sheet table and this one are valid. (6pts)

DSTMZ
[ ‘LS107A
g1, FUNCTION TABLE
DSTMA sl 2] a INPUTS OUTPUTS
(aEes- 9 CR clk 4 K| a @
t L X X X | L w
DSTM3 - H ' L L 0y Gg s } y ( ) .
K ¢ W “v.. Mo L ,. " L‘ ; '
H ' LoH HY ) y
{DSTM1 H & B H | TOGGLE Yod o At }
“ ) H Ho X x| ag G + i
{jﬁ.f‘ ()
™
Clear ({7
J H 1
K I
CLK fl [l [l M fl__ [l [l I
bt ; ¥ 5
"% :E 0 P \ ‘ - ]
Os J - ;5 '}-5:«. 5 dms L A } o 8ms p
¥ b3 : : . @ L A
! g - . & i s g wid A ey
Al S Y s vl ;Z'i.) 24 ot v §
3 i 5 *
2
2.5V 1
......... /
OVe.: B e = 5
Os 4ms 8ms

Plot Q, use 0V for logic low and 5V for logic high.

Ey

13
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Parts of solution for Q3

555 timer problem:

15V -
Y
(2.4230m, 11.425)
I (3.1367m,7.8027) ]
/ /
10V / %/ /
5V
(0)%
0s 2.0ms 4.0ms 6.0ms 8.0ms
O V(X1:THRESHOLD) o V(2k:1) v V(X1:0UTPUT)
Time
Clear |J
J | 1
K e
CLK fl. Il | Il || I | (———— « Re— T
[ TR | i) SN e 1 §
Os 2ms 4ms 6ms 8ms 10ms

Time
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Question 4 (20 Points) Schmitt Trigger

In this problem, we investigate a Schmitt Trigger made from a 741 op-amp. Note that the op-amp
has only a single DC power supply of V+=12V. The negative power supply connection V- is
connected to ground. The reference voltage Vref is unspecified. Make any reasonable
assumptions when answering the questions below.

R1 R2
AN NN
10k 0 100k
L | et
)
C
A Rs
YW § Rload
1k
1k
Vs
= o

What are the two possible output voltages at point C in this circuit? So we can refer to
them without confusion, call the two values V¢! and V'O, for the higher (maximum)
and lower (minimum) values, respectively. (2 Pts)

/ 2
Hi- |2V , ’ 8 TN
VC x’\/é\lv'\ (LQ'\N\L’\ &\’\‘(\1\/&“ L/L\\-/VM/\) )
Vlo = OV ‘

®

b. The voltage at point B is a function of both the output voltage at point C and Vref.
Determine the value of Vref for which the voltage at B will be 5V when the output
voltage is at its lower value Vc©. @Pts)

S= gea, (O Ved) *\wg
;L’“ +1) \/“3 = yw‘%: g5V

E I 13 K. A. Connor & P.M. Schoch
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c. Using your answer Vref from part b, determine the voltage at B when the output voltage
is at its higher value V', (4 Pts)

Vg - S‘T (‘1/613") +5.8
= L. W

d. On the following plots, the input at point A is shown.
On both plots, mark the upper and lower thresholds of the hysteresis (2 pts), and
Sketch and label the voltage at point B on the first plot for the input shown. (4 pts)
Sketch and label the voltage at point C on the second plot for the input shown (4 Pts)
Be sure to clearly label the plots so they can be easily recognized by the grader. Indicate
key values for each voltage signal. The vertical scale is 1V/div. The values 0V, 4V, and
8V are labeled. The horizontal scale goes from 0 to 10ms.

vy T T 7 B A i S
[ R Lo

i P
i T
| |
|

]
|
|
1

o [n 1T E | }
G, d——— T Ll b L . JI:
Low— S ] 1“#*‘ | ‘ 'wmi N 1
0 1 i |
‘ Il (NN RN i IR T
A8 8 08, R A A IR (0 AR (AR AR RO O
(NOSV(UI:—) Ims 2 E I 418 s [ 'k.rs &IBE! ars 10rs
s RunnR rANRANE (R : f a
— \‘:CL
8v r—
3 | | \‘ [ ; IL% e
r |
1 -_7 ( 1] ' I
Ly R AR AR A AR
GVOEs'v(ml) Ins erf s . ars 1 s 7n.S : BI'S s 10m8
oV
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a. (3 Pts) We wish to regulate a 12V DC power supply using a Zener Diode from the table
at the beginning of this quiz. Like all Zeners, this diode has three voltage ranges shown in
its I-V curve below: the Breakdown Region, The Forward Bias Region and the Reverse
Bias Region. Assuming ideal conditions for this diode, complete the foll win o

i.  The voltage across the diode is Vp = 0.7V in the
ii.  The voltage across the diode is Vp = 12V in the
iii.  The current through the diode is Ip = 0A in the

=0 O e " Region

Riceddown—~  Region

v Qaen  Region

: %
| € > ‘{ >
| :
vi v, | .
—E?_:LZ IRV =V
zT

Zener Voltage Regulator

b. (3 Pts) What is the current through the LED below, if we use the specified yellow LED?
(Choose the closest answer.)

resistor
470 Q
(yellow, violet,
brown)
Super
> Pure
| Yellow
LED 592nm
any color /I\ l
|
Ve
15

1 7 mA
1 9 mA
1 11 mA
}L)B“mAQ\
L. 15mAT

1. 17mA

9 2.1
470

== /L‘L ( m A

wnnor & P.M. Schoch



ENGR-2300 Quiz 3 Spring 2016

¢. (4 Pts) This problem is similar to the full wave rectifier task from Experiment 8 with a
triangular wave input voltage, except that infrared (IR) LEDs were used in place of
standard diodes (see first figure below). The voltage source is connected to the top and
bottom nodes and monitored with a scope. The output voltage across the load resistor is
also measured with a scope. Both signals are shown in the second figure. The vertical

Full-wave rectifier circuit
(bridge design)

N\ A

L th A=

©I"AC
voltage /\D

source tepe
l
=t l
-
v Ready €2 8000 samples at 40 kiiz | 2016-05-02 23:37:34.970 By
5 .Hy,.‘u’um"m..y..“.,.’..yw.-m..‘.‘[H‘.YHH.m.um‘“.‘.,‘.Mnu‘.,uu R
E / | X: 25ms &
: : C1: 4.008V
G f’*VA—“’ i =

C I FRTT T PIPPUR PO PSR TORTL PP FTRTI PUTTY TPINS PR TOO B , -
[x[+]-100 ms s0ms 60 ms 40ms 20 ms oms 20ms 40ms 60ms 8oms 100 ms

scale is 1V/div and the horizontal scale is 20ms/div. Answer the following questions.
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i) (3 Pts) Using the information in the plot, determine an approximate value for the
forward voltage of this LED. . \/

- , R e ey e
e CQ\:\ Q&Q§ e Own ()1- v (\;\o L{' (. D 2.5
= UF = &= =gV W (g

Conmsi's \-Q«vsr N} 1IN \\(\Q \(Q)\J\A\.L/\B Lo, \\\( -k—@\h\,@\

ii) (1 Pt) Since the diodes are LEDs, what pattern of light would you see if you
observed this circuit in action?

M N\Q. — CCL’Wm‘){‘ S X (2_
Also O SR A

d. (5 Pts) We now want to use multiple LEDs in several long
strings of holiday lights. For this purpose, we will use four
different color LEDs: Red, Green, Yellow and White. We will
use the four LEDs marked with a tin the table above. The
figure at the right shows only white LEDs, but you should
assume all four colors are used and that there are 15 of each for
a total of 60 lights in each string.

Assuming that you have a 180V DC ( ]
supply to power the LEDs, what resistor Q “31‘ ‘ Q
do you need in series with the 60 LEDs

to achieve a desired operating current of
50mAY Oy 20 ve \ . E M Dl

\f; % 2.2, 2] ) 3.6 35
;\L&V\\ == ]\‘(‘k(/
é@,hﬂ\m > 15 KX Y =\

[80 -1 = & S

L0
& < O (—f")‘z} )\‘\—« —

S L
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e. (5 Pts) Shown below is a Zener diode working to regulate the voltage across one resistor
in a voltage divider. The voltage source is a 1kHz sine wave with amplitude 6V and

offset 4V.

R1

IN ouT -

D1 o
~ Tz T

EDZV7_5B [P

V1 100

L W= G

/\)“ 5 V’”{ The voltage scale (on the left) is 1V/div while the current scale (on the right is) is 3mA/div. Zero
is indicated for both scales. Four signals are plotted: Vin, Vour, Ip for the Zener, and Ir for the
1k resistor. Identify and label each signal and also annotaté any 'é—i‘gniﬁcanmages or currents.
In particular, label the forward voltage V- and the Zener vol_ta_lwthe Zener diode. Hint:
Remember the general shape of the Zener I-V characteristic as shown in part a above. Also, the
name of the diode might offer a clue as to its properties. Make any reasonable assumptions.

Ve = 75 V Ve =2V

Ja -
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