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Some Additional Background Information:

Standard Resistor Values (+5%)

1.0 10 100 1.0K 10K 100K 1.0M

1.1 11 110 1.1K 11K 110K 1.1M

1.2 12 120 1.2K 12K 120K 12M

1.3 13 130 1.3K 13K 130K 1.3M |
1.5 15 150 1.5K 15K 150K 1.5M i
1.6 16 160 1.6K 16K 160K 1.6M |
1.8 18 180 1.8K 18K 180K 1.8M

20 20 200 20K 20K 200K 2.0M

22 2. 220 22K 22K 220K 2.2M

24 24 240 24K 24K 240K 2.4M

27 27 270 2.7K 27K 270K 2.7M

3.0 30 300 3.0K 30K 300K 3.0M |
33 33 330 33K 33K 330K 3.3M J
3.6 36 360 3.6K 36K 360K 3.6M

39 39 390 39K 39K 390K 3.9M

43 43 430 43K 43K 430K 43M

4.7 47 470 47K 47K 470K 4. 7™M ? -
5.1 51 510 5.1K 51K 510K 5.1M

56 56 560 5.6K 56K 560K 5.6M

6.2 62 620 6.2K 62K 620K 6.2M

6.8 68 680 6.8K 68K 680K 6.8M

1.5 75 750 7.5K 75K 750K 7.5M

8.2 82 820 8.2K §2K 820K 8.2M

9.1 91 910 91K 91K 910K 9.1M

555 Timer Block Diagram

R ) R
GND (1) MWW AW 1 NW—(S) Vee
Eomp. Discharging Tr.

Trigger (2 = f.jz—k(?DDischarge
Output (3)—| Qb F/F _@:—()Threshold

Control
Reset
et (1 Vref - Voltage

[ o]

E I You must include units. P. Schoch and J. D. Rees
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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.

nn

Nominal Test Maximum Maximum Reverse Leakage Current

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

Type Vz @ Izr'® Izr Zmm @iz Iz IR@VR=1V IR @VR=1V
Number (Volts) (mA) () (mA) (HA) (uA)
TNT46A 33 20 28 110 10 30
IN7ATA 3.6 20 24 100 10 30
IN748A 39 20 23 95 10 30
IN749A 43 20 % 85 2 _ 30
1NT50A 47 20 19 75 2 30
AN751A 51 20 | 17 10 1 i 20

INT52A 5.6 20 11 65 ) 1 20
1N753A 6.2 20 7 60 LA 20
1N754A 68 20 5 ) 55 0.1 20
INT55A 75 20 | ] 50 0.1 20
1NT56A 8.2 20 8 45 01 20
INTETA 9.1 20 10 40 o1 20
INT58A 10 20 i { 35 0.1 20
1N759A 12 20 30 30 01 20

Relative Intensitv vs Wavelength (r)
’ & a@"" @*":@* <& & @
* Y Y ;3 &
5)
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TR LA

350 400 480 50D 550 GO0 G&0 700 750 800 850 300 a50 1000
Wavelengh [n)

E I You must include units. 3 P. Schoch and J. D. Rees
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Wavelength | Color Fwd Voltage Intensity | Viewing _
(nm) Name (VF@ 20ma) |5mmLEDs| Angle LS DRyehpaninl
GaAlAs {GaAs --
16mwW Gallium Aluminum
{-]
940 Infrared 1.5 @s50mA 15 Arsenide/Gallium
lArsenide
GaAlAs/GaAs --
i8mw Gallium Aluminum
o
£ag Infeeped & @50mA 15 iArsenide/Gallium
Arsenide
GaAlAs/GaAs --
26mw Gallium Aluminum
{-]
e Snfresed £ed @50mA L2 larsenide/Gallium
Aluminum Arsenide |
» GaAlAs/GaAs --
2000me; o Gallium Aluminum
660 Ultra Red 1.8 @SOmA 15 arsanide/Galliune
WAluminum Arsenide
High EFf. 200med GaAsP/GaP - Gallium
635 ied 2.0 2:: 150 Arsenic Phosphide /
@20m Gallium Phosphide
3500med InGaAIP - Indium
633 Super Red 2.2 zum; 15 Gallium Aluminum
@20m Phosphide
InGaAIP - Indium
S 4500med
620 Dr::ere 2.2 Szom; i50 Gallium Aluminum
g @20 Phosphide
InGsAIP - Indium
612 05’_:?1&; 2.2 6523::\:{ i5v iGallium Aluminum
g @ Phosphide
’ GaAsP/GaP - Gallium
605 Orange p.2% 5 16:;":: 150 lArsenic Phosphide /
820m Gallium Phosphide |
s S500med InGaAIP - Indium
595 Y:ﬁ:‘; D 20:; 150 Gallium Aluminum
@ Phasphide
Super InGaAIP - Indium
592 Pure 2.1 mggm:d 15 |Gallium Aluminum
Yellow @20m Phasphide
GaAsP/GaP - Gallium
585 Yellow 2.1 m;;::}‘: 150 lArsenic Phosphide /
o Gallium Phosphide
“Incan- SiC/GaN -- Silicon
4500K | descent” 3.6 2uggm;d 20°  [Carbide/Gallium
White @20m Nitride
pal 4000 SiC/GaN -- Silican
6500K it 3.6 zom:d 20°  |Carbide/Gallium
820m Nitride
Cool 6000 SiC/GaN - Silicon
8000K W:;e 3.6 zum:d 20°  |Carbide/ Gallium
@20m Nitride
Super InGaAIP - Indium
574 Lime 2.4 lﬂggm:d 15° Gallium Aluminum
Yellow B20m Phosphide
Super [nGaAIP - Indium
570 Lime 2.0 wggm;d i5¢ Gallium Aluminum
Green @20m Phosphide
High GaP/GaP - Gallium
565 Efficiency 2.1 20;0""“: 15°  [Phosphide/Gallium
Green @20m Phosphide
Super InGaAIP - Indium
560 Pure 24 3520;1:: 15® Gallium Aluminum
Green @20m Phosphide
GaP/GaP - Gallium
555 Gpr:r:n 2.1 Bg:’“‘i 15°  |phosphide/ Gallium
@20m. Phosphide
SiC/GaN - Silican
A i
525 s 3.5 10 02%”";"1 15°  [Carbide / Gallium
@z20m: Nitride
Bl SiC/GaN - Silicon
505 Gr:; 3.5 2023"‘;" 452 [Carbide / Gallium
@20m Nitride
SiC/GaN - Silican
S
470 o 2.6 3u:gm:d 15°  [Carbide / Gallium
@20m Nitride
5iC/GaN - Silicon
430 Ultra Blue 3.8 10:;::: 15¢  |Carbide / Gallium
@z20m Nitride

E I You must include units. 4 P. Schoch and J. D. Rees
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I. Astable Multivibrator

é RA
ol x1
2 Q
% Re 7| TRIGGER 3
s RESET OUTPUT t | Vi
51 CONTROL I sl
7| THRESHOLD 7 —
DISCHARGE Re d
(G
ooVl
Lo = e -
=0

a. (4 pts) The 555 astable multivibrator circuit shown above is to have a duty cycle of 75%.
What ratio of resistors R1/R2 will produce this duty cycle?

T1 = 0,493 (R, +R,)C, T =0813 (R« 2R4) C,

T - R, +2R, =07 —Q_‘— = 2

£

b. (4 pts) Using this ratio of R1/R2 and C1 = 100ukF, calculate the values for R1 and R2
required to yield a frequency of 1kHz.

fo == 1000 S
- = 1000 = :
(& +2k) ¢ (3R, +21;) (0

Q"L R4 N Ql = ) 2 S

EI You must include units. 5 P. Schoch and J. D. Rees
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¢. (4 pts) Determine the maximum and minimum voltages at pins 6 and 7. Assume that the
circuit is in steady state.

ik _q
\/A‘ mon — o \/(L' "'i /5\/ \é'm”ngz‘/((; % ;(V
\/7/ Mmn = O‘/ \/7, add S l/é, Mmax v VKL \/{23 ;(VLC '\/"""()cfi%ijgo

S b4l Ty 13 v
d. (6 pts) On the graph below, plot at least two cycled of the output voltage. starting with the
output voltage at its maximum (assume 9V). Also plot the voltages at pins 6 and 7. Label
each voltage trace as well as the horizontal and vertical scales.

poa/

1V v \r ha
e. (2 pts) Name two potential applications for an astable multiy ibrator circuit other than the

experiments we have done in class.

Tl‘\c L'u(_k o[ 12 (U,u,dn#(JV

The fltry‘ef N ‘;‘C‘(‘ “ ‘/ ¢ ““‘L (4 ")i’ ‘ .

<A"‘9V\/ft/j W\&iy/

VLW/ )

P Schoch and J. D. Rees

El You must include units. 6
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II. Combinational and Sequential Logic Circuits (20 points)

E
B ) F

C

a. (4 pts) Fill out the truth table below. Start by writing all possibile combinations of the inputs
A, B, and C. Then determine the corresponding outputs D, E, and F.

AT | A B C DgTE . F
. | o o o | o | O o
| o o o | I | O
n O | ( O O O O
7T | o ! | O | ke
o [ S
O l O | I | O 7_4:1,,*
s | | O o | ©O O
—_— ’%v,,/,’_f,j,k*,*
O | | o L 0O

EI You must include units. 7 P Schoch and J. D. Rees
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- o S
Circuit A L Circuit B l
< o
< R1 7 N R2
| . ’ 1 2 A/
=——Vout Q1 7/\/’/\\/“ -_”‘ @ @ \‘//k‘».«f__'oz
— \er *_f/
R2 e T
Q1 NVAV + ——Vout
AN <R3
| | 1
| N4
A%
Circuit C 2 |

" b. (9 pts) The three circuits above are logic gates
' composed of NPN transistors and resistors. The
- P inputs can be held at either 3.5V, which represents a

a1—N\/\—] Q1 | “logic high” or <17, or OV, representing a “logic
“ low” or “0”. Fill out a truth table below for each
| circuit containing all possible combinations of
R2 | ' ;
2 " these two input voltages and the corresponding
92 AN Q | p g , ponding
N | voltage at Vout. Then, state what type of logic gate
~ each circuit represents.
Vout ‘
R3

Circuit A

Type of logic gate represente(i Bythls uruut 7 /\/ OT | |

EI You must include units. 8 P. Schoch and J. D. Rees
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Circuit B
Q1 Q2 Vout
oV oV oV
oV Z8v SV
SRV OV %
35V s34 N
Type of logic gate represented by this circuit: OR. }
Circuit C \
|
Q1 Q2 Vout |
|
oV oV OV |
oV 3.5V OV |
395V Y% %
2 5v 2.5V 5/
Type of logic gate represented by this circuit: A N D

EI You must include units. 9

P. Schoch and J. D. Rees
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, UIA
1 3
—<P A QA .|
QB [
Crs
D
o] 74393 U2ZA
3
<bA QA |3
Qg 5 3K
B |1 3
0 O el
| T 74393 gg l
QD L
o] 74393

c. (3 pts) Above, a circuit is shown consisting of several counters combined. What is the largest
number that can be represented using this counter circuit?

d. (4 pts) On the chart below, draw 8 pulses of a periodic square wave pulse of duty cycle 0.5 and a
frequencyof 1 Hz at the clock input of counter UTA. Then draw the outputs at pins 3, 4 and 5 of UTA.
Let 5V represent a “high™ logic level and 0V represent a “low™ logic level. Label both axes.

Js

EI You must include units. 10 P.Schoch and J. D. Rees
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‘g_@ /--..._

IIL. Comparators and Schmitt Triggers (20 points) ==

In this problem, we want to detect how often an input signal crosses a threshold using the
properties of comparators and Schmitt Triggers. Assume the output of the o -amp“g.QS capable of
reaching the power supply voltages.

For the circuit shown, the intent is to

compare Vsignal to Vref, but the signal is . '
corrupted by noise, Vnoise. Va is the tran 0 2m 0 4u
combined Vsignal plus Vnoise. v =

a. (2pts) No noise: The plot below shows Va for the case with no noise. Add a trace for Vout.
Be sure to mark important voltages. (2pts)
V{va)
' B i 2]

b. (2pts) With noise: The plot below shows Va for the case with no noise. This is a digital type
of noise. Add a trace for Vout. Be sure to mark important voltages.

T H H % - el T ) T 7
t 8 - F == a L4 Zaaat o v I\
vl i:‘ N S W
; i f-' = “:' -/’/) ../l;-—;: #‘-r’;-“%_ ',-f'__,//...;,. e g'_.f..;gw-—-————-._, T !4/‘1;,
E I You must include units. {?‘ P. Schoch and J. D. Rees
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First for this circuit shown, assume that Vref,
Vout, Ra, and Rb have known values. Write an

ﬁ/‘/\

Fall 2021

(2pts) We will now look at using a Schmitt Trigger to eliminate the effect of the noise.

Vc

equation that gives Vc as a function of those +|__ Ra Rb
values. 4 o Foa Crilel.. £ = Vout
Ve = g_J I/Ut,ﬂ i v*- ) N
R f“ﬁ Vref'is a dc voltage so it is shown as a battery.
Vout h i 1 it is sh It
,:l Vi/'( ‘p So(ill:-ce.as various values so 1t 1S shown as a voltage
d. (4pts) Complete the table below &@"
Vref Ra(Ohms) Rb(Ohms) Ve
3V +6V 1k 3k 3.7¢ VvV
3V -6V 1k 3k 6,26 v
3V +6V 1k 7k L,12C v
3V -6V 1k Tk |, 826

(6pts) Results from part d. are useful for this
part. For the circuit shown again the input

Vsignal

—Vout
signal has unwanted noise. The sum of the e e
signal plus noise have been plotted. On the oot
4 1k 3k
plot draw both Vc and Vout. Label voltage s =
levels.
| O S T T P e |
A | & ) . I 1 14
| 5 B e 8 5. S ——— =V Y
7 — \ G o g . ' (0; = {
- s : ; T S [ESPIN RN b | J v
-y :,,)" - i
1 :/ : /J ‘:.)f..“r l/(‘ !‘;"{
1 = =~
17 , T
SOOTORIO S OSSO . SN J 5
o A - . e o
E I You must include units. A - P. Schoch and J. D. Rees
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§J / -\
Ve — e Vva) )
S GO S L] i
— ] s e, A i -
....................... ) : S Mo I
| ST . i B :
e il
1 --Extra-copy-of p‘et Use-iftt *‘m fesrammencus i
first plot bccomcs too messy = e 1
|

f.  Did the circuit in part d. eliminate all false transitions caused by noise? (2pts)

X

g. If the circuit used Ra=1k and Rb=7k (table in part c¢) would the comparator be (circle one)

(2pts)

S

You must include units.

e,

/;H,

More noise immune k\ Less noise immune

“‘.._“
\ Not change

P. Schoch and J. D. Rees



ENGR-2300

Quiz 2 S ol Fall 2021
IV - Diodes (20 points) X,
a. (6pts) In the circuit shown: Wi : . ) .
V1=8V Py
. I 1
R1:4OOQ % = ZD* Rload%% ¢ Vout

Rload — various values

D1 is a Zener. The desired result is to have
a Vout that doesn’t vary with the load
resistance. Determine Vout and the Iz (the current in the Zener) for each test case.
Use the “Some Additional Background” information at the beginning of this exam.

0

= i
=g

Zener part Rload Vout Iz I) K St [/d..r} = L/ﬁ}
number N - 0 '}!’ . ™ ) o
RV —  INM7A | 10000 bV P2 A |v) o7t =0 v,
C v IN751A 1000Q g“j | "L B I -1,
2.6V IN747A | 5000 VLY [ 9.5 "3) fg _
& 1 IN751A 500Q o H oy ) 2 ) ot
i ' &5 1T
27 y r{" Ve ¥ f'f‘ . _
%’4 'K’ " - (-’}J-ﬁ' 2 57/ ;T* " Ly #te Y L'i? -
y 3
W a + @.V&'wnf‘“‘*’_‘"\{l ‘émﬂ oy ! V'c’ C fg;. ‘;Jf\; l/?,kMr)L
-~ b. The circuit shown is a type of Limiter circuit but 7 -
it uses LEDs rather than diodes for the limiting, e
. i VAMPL = 5V Vout
i. (3ptS) Given: FREQ = 200Hz LED1 LED2
LEDI is an High Efficiency Red LED (635mn).:j 2V -,
LED2 is a Ultra Vlue LED (633 nm) 4, 4 1/ o
Sketch Vout below. V2 is already plotted. Use the background info given in this exam.
kL A T H .-) ] Fs
i \\‘ o 2i )L ~ ﬁ,
V.4 \\< §
77
2V A
' R £.
w\%‘ %
<7 7
_ o
SR ,/*/
_S'm'osvm:ﬂ 0.5ms 1.0ns 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ns 4.5
- . ? S‘ = L e - )
ii.  (1pt)What is the peak current through LED1? 7 = -E-Js* ~ )T, A_
iii.  (1pt)What is the peak current through LED2?
, —— ; .y
20¢

El

You must include units. P. Schoch and J. D. Rees



ENGR-2300 Quiz 2 = | Fall 2021

d.

1.

(3pts) Rectifier diodes: For the circuit shown, R1 is the load - e i
and the voltage across R1 is Vout. Use the Von diode model 5
with Vd=0.7V Sketch Vout. V1 is already plotted. Label |
imiortant voltages.

k)zg-2(07)= 1.6

The circuit in part C has been modified by adding a filter

cap (C1) across the load (R1). Vout is measured to have a

1V(p-p) ripple ignoring the initial charging of the capacitor.
(3pts) Sketch Vout for at least 1 cycle after the initial
charging of the capacitor, this will like be the period
of 20ms to 40ms. V1 is already plotted.

—p e

T l———

o
o

c.

; : \ ;
We only grade your sketch for the time
after the initial charging of the capacitor.
This will likely be the time window of
20ms to 40ms.

SO AESET
(2pts)On the plot, during one cycle indicate when D2 is on Mheﬁ pvxs'(e‘ff This
should be after the initial charging of the capacitor.

(Ipts) Do you expect to tal ~e‘j[ﬁi§opt-i~o}alff”1ﬁa,l,‘Q.ui6X? Your answer here is NON-
BINDING. Cirlccone{ Yes zr No - |

%___W.,.r;‘d
The optional final will: 1) cover all topics in the class, 2) generally be more difficult than the
quizzes, 3) Not have an LMS portion, and 4) replace your lowest quiz grade. You cannot

hurt you overall grade by attempting the final.

‘ -
E I You must include units. > 2 & P. Schoch and J. D. Rees





