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INTI INTERNATIONAL COLLEGE PENANG
DIPL.OMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEE/T)

EEE2101: INTRODUCTION TO DIGITAL ELECTRONICS
' FINAL EXAMINATION: JAN2014 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1

(a) Perform the following number system transformation. Show all workmgs clearly.

1) 1010.101 1, to hexadecimal equivalent.

(3 marks)
i) 134.25'10 to binary equivalent.

(3 marks)
iii) CA.FE; to decimal equivalent.

(3 marks)

(b) What is the result of 1010.1011, + CA.FE s — 134. 2519'? Express the answer in octal
equivalent number.

(6 marks)
(c) Determine the input condition needed to produce Z = 0 in Figure 1(c) below.
(5 marks)
+5Y
T~
A2 wnaed J
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(d) What is the 2’s complement number of -6.625; in signed numbering system? Show the
calculation working clearly.
(5 marks)
Question 2

(a) Use Boolean algebra to:

i) Simplify the expression, x = (4 + B)}(A + B + D)D to the simplest form.
(4 marks)

if) Simplify the expression, y = AC(ABD) + ABCD + ABC to the simplest form.
(4 marks)

iii) Simplify the logic circuit shown in Figure 2(a)(iii) below to the simplest form.

Figure 2(a)(iii)

(5 marks)

iv)  Simplify the output, S as shown below in Table 2(a)(iv) to the simplest form.

6010 0
0101 1
01110 |
01111 0
11010 1
1 1011 0
11110 0
1 1111 1

- Table 2(a)(iv)

. ¢maks)
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(b) Determine the input conditions needed to cause the output in Figure 2(b) to go to its
active state, X = 1.

Figure 2(b)

(4 marks)

(c) A jet aircraft employs a system for monitoring the rpm, pressure, and temperature values
of its engines using sensors that operate as follows:

RPM sensor output=0 only when speed < 4800 rpm
P sensors output = 0 only when pressure < 220 psi
T sensor output = 0 only when temperature < 200°F

Figure 2(c) shows the logic circuit that controls a cockpit warning light for certain

combinations of engine conditions. Assume that a HIGH at output, W activates the
warning light.

i) Determine what engine conditions will give a warning to the pilot.

ii) Change this circuit to one using only SN7400N (2-input NAND gates) with
minimum number of gate count.

Temp sensor |

Pressur@ sensor Q . Waming “ght

. RPM sensor @
BEER Figure 2(c) = =

| _ _(4_mar_ks)_-_'
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Question 3

(a) With the aid of diagram, differentiate between:
i) latch and flip-flop?

(2 marks)
it) Mealy and Moore state machine?

(3 marks)

{b) Use Karnaugh map method to obtain the minimum

i) SOP expression for the function, F (K L MN ) = H(2,6,8,9,1 0,1 1,14) .

(4 marks)
ii) POS expression for the function, F (W, X,7,Z) = Z (4,5,6,7,12).

(4 marks)

i) SOP expression for the function, F = A4-B-D+A-C-D+A4-C-D with don’t

(4 marks)

(c) Figure 3(c) shows four switches that are part of the control circuitry in a copy machine.
The switches are at various points along the path of the.copy paper as the paper passes
through the machine. Each switch is normally open, and as the paper passes over a
switch, the switch closes. It is impossible for switches SW1 and SW4 to be closed at the
same time. Design the logic circuit to produce a HIGH output whenever two or more
switches are closed at the same time. Use Karnaugh mapping and take advantage of the
don’t care conditions.

(8 marks)
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+5Y,
. . . . M HIGH whenever two
LOQIC Circuit [ or more switches
TkQ . ' are closed”
SW3
© ° *SW1 and SW4 will never
ey be closed at the same time
1R A
_ SW4
"
Figure 3(c)
Question 4

(a) Design a synchronous 3-bit up/down counter using positive edge-triggered T flip-flop for
MSB, D flip-flop for second bit and JK flip-flop for LSB. Assume all unused states as
don’t care. Input Z will be used as the up/down control. The counter will count from 0 =
[=22<3542 5262 7= (0 forcountup when input, Z=0and 7= 6= 52423 =
2= 1 = 0 =7 for counting down when input, Z = 1. Provide proper labelling for the
designed logic circuit. Show all workings clearly including all excitation tables used.
Also, provide the state diagram with up/down conditions.

(17 marks)
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(b) Table 4(b) shows a portion of quadruple 2-input NAND gates (SN74ALS00A) datasheet.
Determine the following parameters from this datasheet, show all working clearly:

i) Fan-out, a gate can safely drive.
(3 marks)
i) Average Power dissipation, Ppavg) for one gate on a 74ALS00 IC.
(3 marks)
iit) Propagation delay, tpp.
(2 marks)
recommended operating conditions
ENSAALSO0A SNT4ALSUOA UNIT
MIN  NOM  MAX| MIN NOM  MAX
Voo Supply voltage 4.5 5 5.5 435 B 55 v
VK High-level input voltage 2 2 3
vV Lowdevel input volt 081 08 v
rEav o
i owdevel input vollage S
lom High-level ouiput current -0.4 ~041 mh
lop Low-level oulput clrrerd 4 &1 mA
Ta Operating freg-alr tampemture -85 25 0 0 T

¥ Applies over tlemperelure-range - 55°C 1o T0°C
§ Applies over temperalure range 70°C 1o 12570

electrical characteristics over recommended operating free-air temperature range unless
otherwise noted

SNESSALSOOA SNT4ALSO0A
PARAMETER TEST CONDITIONS . UNIT
MIN  TYPT  MAX ] MIN TYPT  maX
Vir Yoo =45 W lg=-18 mh -1.Z -56] ¥
YR Voo 4.5V 55 V. Iy = ~0.4 mA Ver -2 Voo -2 v
IoL = 4 mA 0.25 04 ¢.25 0.4
Yol Ve =45V Y
lop = 8 mA 0.33 0.8
i Voo =55Y, V=7V 0.1 01 mA
[TE! Voo =55V, V=27V 20 ped) HE
e Voo =55V, Vi=04V -0.1 =01 mA
o Voo =55V, Yoy =225V ~-20 ~112] =30 =112 mA
ICCH Voo = 5.5V, Vi 0 0.8 085 05 085 rma
ool Yoo =85V, Vi= 45V 1.5 3 15 3 mA

T Al typleal values are at Voo = 5 W Ty = 25°C.
1 The output conditions have been chosen fo produce & current that dosely approximates one half of the true short-cirsuit output current, 1og.

switching characteristics (see Figure 1)

¥oo=45Vie 55V,
Ci = 50 pF,
EROM _ : o Ry = 500 £,
m_RAMﬁ_TEg . (INPUT) (OUTPUT : Ta = MIN 1o MAXE UNIT
. : o | SNS4ALS0GA | SNTAALSO0A
RN OMAX T OMIN  MAX
4 c - - IR L3 TS ISR
- PLH_ Ao T Y PR T - iy [T
: ‘PHL T P S FURRUER: SRR . ERREI B 2 K1) 2 SR A

§ For conditions shown as MIN or MAX, use the 3ppropriale vaE;kga's_pepiﬁ@d_un_der_ recommended eperating conditions.

o Tabled(d) -
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Question 5

(a) An 10-bit DAC produces an output current in proportion to its digital input. For a digital
input of 0000101000, an output current of 20mA is produced.

i) What will the output current be if the digital input is 10001111017

(3 marks)
i) What is the maximum output current produced by this DAC?

(3 marks)
iii) What should the digital input be if a 205mA output current is required?

(3 marks)

(b) Table 5(b) show a typical TTL series characteristics. Determine the noise margins when a
74LS device is driving a 74ALS input and when a 74ALS device is driving a 74LS input.

(4 marks)
What will be the overall noise margin of a logic circuit that uses 741.S and 74ALS
circuits?

(2 marks)
A logic circuit has Vi (max) = 450mV. Which TTL series can be used?

(2 marks)

Performance ratings

Propagation delay (ns) 9 3 95 1.7 4 3
Power dissipation (mW) 10 20 2 8 1.2 5]
Max. clock rate (MHz) 35 125 45 200 70 100
Fan-out (same series) 10 20 20 40 20 33
Volitage parameters '
Von(min) 2.4 2.7 2.7 2.7 2.7 2.7
Vo {max) 0.4 0.5 0.5 0.5 0.5 0.5
Viu(min) 2.0 2.0 2.0 2.0 2.0 2.0
Vi(Max) 0.8 0.8 0.8 0.8 0.8 0.8
Table 5(b)

(¢) Given a waveform shown in Figure Q5(c). If the waveform is apphed toa samphng
- circuit and it 1s Sampled every 3ms determlne the followmg
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Figure Q5(c)
i) Draw the output of the sampling circuit. Assume a one-to-one voltage
correspondence between the input and output.
' (4 marks)
i1) If the output in part (i) is applied to a hold circuit, draw the output of the hold
circuit,
(4 marks)
Question 6
a) Implement F(x,y,z) = £(1,2,6,7) using the following in the simplest form:
1) SNT7408N (2-input AND gate), SN74ALS32N (2-input OR gate) and
SN74ALSO04BN (NOT gate).
(4 marks)
ii) SN7402N (2-input NOR gate) only.

(4 marks)_

i) . SN74157N (2-to-1 Multiplexer) with x as select line and other logic gate(s). . o
RN e e TN T ”_.(4marks) _
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iv) SN74LS138N (3-to-8 Decoder) and other logic gate(s).

Bk

0 X X X 1 | 1 | 1 1 1 1
1 0 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 0 1 1 1 1 1 1
1 0 1 0 1 1 0 1 1 1 1 1
1 0 1 1 1 1 1 0 1 1 1 1
1 1 0 0 1 i 1 1 0 1 | 1
1 1 0 1 1 1 1 1 1 0 1 i
1 1 1 0 | 1 1 1 1 1 0 1
1 1 1 1 I 1 1 1 1 1 1 0
(4 marks)

b) Refer to Figure 6(b) where an analog-to-digital converter is monitoring the dc voltage of
a 15V storage battery on an orbiting spaceship. The converter’s output is a 4-bit binary
number, RSTU, corresponding to the battery voltage in steps of 1V, with R as the MSB.
The converter’s binary outputs are fed to a logic circuit that is to produce a HIGH output
as long as the binary value is greater than 0110, = 6,¢; that is, the battery voltage greater
than 6V. Design this logic circuit using only SN7400N (2-input NAND gates) with
minimum number of gate count. Also, provide a truth table. Show all working steps.

MsSB
Analog- R > R
W to- S S Logit |feep 7
] digital T 1 T circuit
Vi o= converter U 1 U

H
—
_
(2]
1}

—1

Figure 6(b) © mask
marks)

—THE END -
EEE2101(F)/Janl4/Steven Khoo/11/12/13




