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I.  The 555 Timer in Astable Multivibrator Configuration (20 points)

Shown below is a 555-Timer configured as an astable multivibrator, which generates a
train of voltage pulses.

Vee=5V
R1 FB L
R Vee Reset
7.

Discharge Output 3 Vout
R2 ® Hthreshold
R

Trigger

c1 2
0.01pF
Control Voltage  Gnd

5 1
c2

0.01pF
E

1. (4 pts) You are tasked with using the 555 timer to generate a train of voltage pulses
with a frequency of f = 100 kHz and a duty cycle of 75%. Calculate the total period of
one cycle of pulses (T), the amount of time per cycle that the voltage output is high
(Thigh) and the amount of time per cycle that the voltage output is low (Tiow).

e Calculationof :T=2=——=10 us (+1) Correct formula
f 100 kHz

(+1) No math mistake

e Calculation of Thigh: a duty cycle of 75% means that Vo is high for 75% of the period of
the pulse, SO Thigh =0.75T =0.75x 10 us=7.5pus (+1) Correct formula

e Calculation of Tiow: a duty cycle of 75% means that Vo is low for 25% of the period of
the pulse, so Tiow = 0.25T =0.25 x 10 us = 2.5 pus (+1) Correct formula

E I You must include units. 2 A. Patterson and J. D. Rees
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2. (6 pts) Sketch at least 3 cycles of the output voltage from the 555 timer vs. time. Label all
relevant voltages, the total period (T), the time per cycle that the output voltage is high (Thigh)
and the time per cycle that the output voltage is low (Tiow).C)

(+1) Vvs. & Sketch dirawn
(+) 3 oycles Lot

Voot (+) Tt Coceetty fabe lod
SV :\ fLou: 1 SHE U‘}’I’me@fﬁﬁ Gobpelad
B =
D) _sr 4
\]@Q,\W - T= 108>
(}j‘\c’Qp 'e’rhigh‘%
S F.Sus
ov — — — >t

‘ 10us 04 S 3ous
() figh tormeatly, Loblod

3. (4 pts) Calculate values for R1 and R> to the nearest Ohm that will generate the output
voltage you sketched in Q1.b.

2.5us

- . o _ Tiow _ —
e Calculating R2: Ty,,, = 0.693R,C; > R, = 06050, — 0693 m001iF 361Q
(+1) Correct formula; (+1) No math error
. 7.5uS
e Calculating Ri: Tpign = 0.693(R; + R,)C; > Ry = m — 3610 = 7210

(+1) Correct formula; (+1) No math error

4. (4 pts) If you were to use this output signal to drive an LED via pulse-width modulation
(PWM), what is the average voltage that is delivered to the LED over time?

e Vayg for a square wave can be calculated as follows:

_ Vloleow + VhighThigh - oV = 25#5 + 5V 75.“.5 15

V. = = =—V =3.75V
avg T 10uS 4
(+2) A correct approach to calculating Vayg
(+2) No math error
| W) I You must include units. 3 A. Patterson and J. D. Rees
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5. (2 pts) The astable multivibrator configuration of the 555 timer switches its output from high
to low when Vinreshold Crosses 2/3Vec and from low to high when Viigger crosses 1/3Vee, as
shown below:

V(vout) V(vc)

Vth reshold
y Vtrl'gger

WHhy is Thigh determined by (R1+R2)Cu, but Tiow is determined by R2C1?

e Thign is set by the time it takes for V¢=Virigger=V'threshold 10 charge from 1/3*V to
2/3*V<c, which is proportional to (R1+R2)Cy because the capacitor is being charged
via V¢ through Ry and Rz. (+1) Capacitor charging through R1 and R2

e Tiow is set by the time it takes for Vc=Virigger=V'threshold 10 discharge from 2/3*V. to
1/3*V, which is proportional to R2Cy because the capacitor is being discharged to
ground via the discharge pin of the 555 timer through Ra.
(+1) Capacitor discharging through R1

Thigh Trow
£R1 R1
discharge
ﬁ
Ic §R2 §R2
Ic
|3 c3
Te Te
v
~ <
| WY I You must include units. 4 A. Patterson and J. D. Rees
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Il.  Combinational and Sequential Digital Logic (20 points)
1. (6 pts) Write the truth table for the following logic circuit, including entries for Qag, Qc
and Q.
A Qg
B

L0

L == =l=1p>

R (P|IO|IO(Fk|Fk|Io|(Oo|@

=l =l =1 =]

OOOOOOHHQ
vy}

OI—‘OI—‘OHOH’Q
ol Ll Ll el el el L k=)@

(+2) Correct table of inputs (A, B, C)
(+1) Correct Qas (NOR gate truth table)
(+1) Correct Qc (NOT gate truth table)
(+2) Correct Q

2. (2 pts) Which fundamental 3-input logic gate is the circuit in Q2.1 equivalent to? Explain
your reasoning in one sentence.

The circuit in Q2.1 is equivalent to a 3-input OR gate, since its output (Q) is 1 when any of the
inputs (A, B or C) are 1; and the output is 0 only when all inputs are 0.
(+2) Some appropriate reasoning for determining what the gate is equivalent to, even if Q2.1 is
incorrect

You must include units. 5 A. Patterson and J. D. Rees
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3. (6 pts) JK Flip Flop: below is the timing diagram for a JK flip-flop with the inputs CLK,
J and K already given. Sketch Q and Q vs. time and fill out the table for Q and Q at the
given times.

Solution

=y

Time J K Q Q
t1
t2
t3
ts
J, N I
J K C @ G} ,
0 0 p nochange K. 1 |
0 1 p 0 1 e} O AL
1 0 p 1 0 . 3 ; |
1 1 »p toggle Q. el | I—“ ——J‘—
Gl—=r] f— e e
—
t, t, t, t,
You must include units. 6 A. Patterson and J. D. Rees
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According to the truth table for the JK flip-flop:
e Atfallingclockedge#1: J=1,K=0->Q=1,Qbar=0
e Atfallingclockedge#2: J=0,K=1->Q=0,Qbar=1
e Atfallingclockedge#3:J=1,K=0->Q=1,Qbar=0
e At falling clock edge #4: J =0, K=0-> Q = No Change, Qbar = No Change

(+1) Q and Qbar only change on a falling clock edge
(+1) Q and Qbar are always complements of each other

Time J K Q Q
t1 1 1 0
t2 0 1 1 0
ts 0 1 0 1
ts 0 0 1 0

(+1) All entries for time t; are correct
(+1) All entries for time t» are correct
(+1) All entries for time t3 are correct
(+1) All entries for time t4 are correct

4. (4 pts) The counter circuit below consists of two D flip-flops (Fa and Fb), with a clock
input CLK_A and two outputs Qa and Qb. The D flip-flop is a rising edge device with
the following truth table:

1] a
o o
Fa Fb
PRE PRE _
D Q D Q D CLK Q
AT CLR @/ albar o CLR %@ bar 0 F\;Iséljr(]eg 0 !
‘ 1 Rising 1 0
Clea edge
Vi
v
| WY I You must include units. 7 A. Patterson and J. D. Rees
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Complete the timing diagram below by sketching the outputs @, and Q, (Qb_bar).

A
cek A | L L[ LI 1
070 I I e I
ol L I LT
Q |
Q,

A

Solution: Qa_bar acts as the CLK input to flip-flop Fb and Qb_bar is the D input to Fb, so when
Qa_bar goes from low to high, Fb looks at its D input (Qb_bar), then sets Qb to whatever D is
(Qb_bar). The way the circuit is configured, Qb will toggle on every rising edge of Qa_bar. This
is a 2 bit counter.

A

clk A | 1L 1 |

Q, | o 1 0 1

QL —0 10
Q, Lo o | 1 1 | o
E—

N

Qs |

(+1) Qb and Qb_bar change only on rising edge of Qa_bar
(+1) Qb and Qb_bar are complements of each other
(+2) Correct Qb and Qb_bar

You must include units. 8 A. Patterson and J. D. Rees
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5. (2 pts) Ifa 3", 4" and 5" D flip-flop (Fc, Fd and Fe) were to be added to the counter
circuit in Q2.5 beyond Fb to provide additional outputs Qc, Qd and Q. to the circuit as
shown below, what is the highest number this counter could represent? Give your answer
in both binary (base 2) and decimal (base 10) representations.

o a o

Fa Fb Fc Fd Fe
PRE PRE PRE PRE PRE
D Q D Q D

CLK_A—CLK

d
e

Ql
Ql

batbar bCLK T bCLK Pgtar bCLK Poatar PCLK op—

CLR Qe_bar

CLR

—p
=

—

e
-

Clear—%

Vi

(jv
This circuit is a 5-bit counter, which could represent a largest number (in binary) of 11111. The

decimal representation of 11111 is 1%2° + 1*21+ 1%22+ 1*23+ 1*2 =1+ 2+ 4+ 8 +16 = 31

(+1) Correct binary form
(+1) Correct decimal form

E I You must include units. 9 A. Patterson and J. D. Rees
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III. Comparators and Schmitt Triggers (20 points)

The circuit shown is used for this problem. V1, V2 and R Va Re
V3 are DC voltage sources with the values shown. 2K 2K
V1=5V, V2=5V (resulting in -5V at the V- input) and V3 vi |
V3=1V. Assume the output of the op-amp is capable of N
reaching the power supply voltages; hence it is what is 1 5
called a rail-to-rail op amp. ~1Ul
e —R3| Vout
Vin V2 1K

a. (2pts) What are the two possible values of Vout? <_>

+5VvV, -SV 5

b. (4pts) What are the two possible values of Va, the voltage at the inverting node of the op

Va =110t =Dy V= 3v, -2y

amp?

= \ - /
Vo s le(s-y 7 = 3 o b= [4(5nte g

c.(8pts) Plot Vin vs Vout on the graph shown. Label critical voltages.

Nouk

E I You must include units. 1 A. Patterson and J. D. Rees
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d. (2pts) Explain how a Schmitt trigger circuit is different from a comparator circuit. (This
should be a structural description, not a description of the inputs/outputs (2pts)

a (waﬁ/ﬂ"l()r‘ will ewitch  bdetween

A ln,'j h G\Vlé (0w Ou‘(‘m‘l a" G Sf’e’f:{f( le‘lc-)('
reference thweghold.  \yhen 6 SohH 17 g 400-
"\‘oaﬁlrs between bhgh  a-d low o""{.f""f "+ alce

40 (1‘(’ \:e‘\’wecy\ low ond \”1’" redesence '”"“/PSLO]tlg
lealiy 4,

e. (2pts) Describe in your own words
from an input signal.

ge/ause A g(buw"l‘{ +Y-'45@’ L’é\C g VV"o\l;v'y
vefevente dhvecholl, norge rannot repealed] ,
'|/"5‘)f" a chanje between Ov'"/?w“ higl, OnnJ

oY -
%xactly ﬁow a Schmlg tr1gger circuit eliminates noise

ouk put low valvse e norse awpllche

IS very la:,/,l,. .
f. (2pts) Can you increase the noise reduction capability of the circuit shown on the previous

page by changing the value of one or more of the resistors? If so, state which resistor or
resistors you would change and whether you would increase or decrease their resistance.

.

Yes. S"‘Pﬂon’!‘ we rncressed 29, 4,

Va\ = l*(vwl-

-—l) i

[
\ + ) 3 QiHerence
(VOM+ ‘)—_ Alreg bhold "'ﬂS'

’ / increased Arom
Vo, = 1442 =34 5 -(-2) =S

1 S ‘_’o
Neo = \-(.3_ -2.¢

1-6% = 34-(-24) = 4

You must include units. 2 A. Patterson and J. D. Rees
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IV — Diodes (20 points)
a. (4pts) The graph shows V1(t) for the circuit shown. Draw

ne
Vout(t) on the graph using the Von Model with Vor=0.5V.
Label important voltages.

E% Draft1.raw

=@
V(vin)

b. (2pt) A diode is found to have Is=4x107"'A. Find Vp, the diode voltage when Ip=200mA at
room temperature and if n=1. Use the diode equation. Hint: assume that the -1 term is

insignificant when solving for Vp but then go back and show if it was appropriate to make
that assumption about the “-1” term.

vd
Ib = Is ﬂ‘—)>

vd
C O.24 - CT°N (8 Ut 7
V4 = qu "’{0- "
g _\_/_'J: 0.57
- e-V" - ezf"”,a.i,
(2pt) Calcul‘a/gé the 0.578& \/

>> (
power flowing through the diode in part b.

P = |V j = ‘ZOOV'-\A
Vp = 0.678

¢ =oNw

You must include units.

3 A. Patterson and J. D. Rees
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d. (3pts) Rectifier diodes: For the circuit shown, R1 is the load and the voltage across R1 is
Vout. Use the Von diode model with Vd=0.5V. Sketch Vout. V1 is already plotted.

L2 Draftt.raw :
F X
/
/
/. \
/ \
/
/- \
/ X
Fd b /
/ .../
/ \./
/

e. (2 pts) Describe in your own words how the behavior of Zener diodes is different from
that of other diodes.

Zewne, cl-'OJ@g Vhove a

Ve(‘\l,\/f’()/ low  vevrse
breclcbowr vollage .

f. (3 pts)
. o . D1 D2 D3
In the diagram at right, is there some voltage Vin that M KII Kl‘
will cause current to flow in R1? Explain why or why R1
not. 100

Ye¢. Vinp VI of DI + - T

VZ ol DZ +

\/EZ o{' Z)gh

_ I You must include units. 4 A. Patterson and J. D. Rees
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g. (2 pts) Suppose that another student has built the following circuit from Experiment 8.

V+ power

R2

w1 Be
470 1k

2+

5 IR LED X Q1
) IR photo transistor

0 2.

The student shows you an input and output waveform and claims that the output
waveform represents the phototransistor responding to the IR LED. Describe one way

you can verify that this is true without modifying the circuit.
l o Jhe 12 LED
e o optra *fvcen p
place e block b¢ anl gkaia'lmm(,g/a,'
h. (2 pts) In addition to being used to generate light, can light-emitting diodes also
to build rectifier circuits? Explain why or why not?

e used

Ues. Tu  taei (V chovecteriglicc

Ao § behane the  Some  ac LED. ooy
dow't ewmi /,71'\{‘

E I You must include units. 5 A. Patterson and J. D. Rees



