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PREFACE

This document is prepared to serve as a laboratory manual for EE 200 Digital Logic Circuit
Design course for electrical engineering students. The manual consists of a set of experiments
which are designed to allow students to understand, develop and verify digital circuits and
systems practices.

This set of experiments cover relevant topics prescribed in the syllabus and are designed to
reinforce the theoretical concepts taught in the classroom with practical experience in the lab. By
the end of the course, students are expected to have a good understanding of digital logic design
and implementation with SSI and MSI devices.



LABORATORY REGULATIONS AND SAFETY RULES

The following Regulations and Safety Rules must be observed in all concerned laboratory
location.

1. It is the duty of all concerned who use any electrical laboratory to take all reasonable steps to
safeguard the HEALTH and SAFETY of themselves and all other users and visitors.

2. Be sure that all equipment is properly working before using them for laboratory exercises. Any
defective equipment must be reported immediately to the Lab. Instructors or Lab. Technical Staff.
3. Students are allowed to use only the equipment provided in the experiment manual or
equipment used for senior project laboratory.

4. Power supply terminals connected to any circuit are only energized with the presence of the
Instructor or Lab. Staff.

5. Students should keep a safe distance from the circuit breakers, electric circuits or any moving
parts during the experiment.

6. Avoid any part of your body to be connected to the energized circuit and ground.

7. Switch off the equipment and disconnect the power supplies from the circuit before leaving the
laboratory.

8. Observe cleanliness and proper laboratory house keeping of the equipment and other related
accessories.

9. Wear proper clothes and safety gloves or goggles required in working areas that involves
fabrications of printed circuit boards, chemicals process control system, antenna communication
equipment and laser facility laboratories.

10. Double check your circuit connections specifically in handling electrical power machines, AC
motors and generators before switching “ON” the power supply.

11. Make sure that the last connection to be made in your circuit is the power supply and first
thing to be disconnected is also the power supply.

12. Equipment should not be removed, transferred to any location without permission from the
laboratory staff.

13. Software installation in any computer laboratory is not allowed without the permission from
the Laboratory Staff.

14. Computer games are strictly prohibited in the computer laboratory.

15. Students are not allowed to use any equipment without proper orientation and actual hands on

equipment operation.



16. Smoking and drinking in the laboratory are not permitted. All these rules and regulations are
necessary precaution in Electrical Laboratory to safeguard the students, laboratory staff, the

equipment and other laboratory users.



EE-200 DIGITAL LOGIC CIRCUIT DESIGN

INTRODUCTION

LAB GUIDELINES

PRE-LAB

Each student will do his own pre-lab. It is intended in this course to increase the student’s
utilization of PC; therefore, the pre-lab write up must be typed. This same write up should be
modified to be submitted as the Lab report. Starting from Lab 3, all pre-lab must be done using
Logic Works simulation package. During the Lab, each student may be asked about the
simulation results. All circuit parts with pin numbers should be included in the pre-lab so that you
will be ready to start connecting the hardware in the lab. Try to investigate all possible changes
on the circuit to acquire full knowledge about your design. All questions in the Lab handout
should be answered based on the Logic Works results. The pre-lab will make 35% of the total
grade of the Lab experiment.

THE LAB

During the lab, the students will work in groups. The Pre-Lab results from each student in the
group will be compared and the circuit producing the best results will be implemented using
hardware parts. Elaborate on your conclusion about the observations simulation and results
obtained. Punctuality of attendance to the Lab is mandatory; the active participation in the
experiments will count as 30% of the total grade. Equal marks are allocated to report and final
Lab Examination. Delayed reports fetch lower marks as compared to the reports submitted on
time. Each experimental report must be submitted before the following week.

THE LAB REPORT

Each group should submit his own report. The lab reports are intended to serve two equally
important purposes. First, they indicate your technical comprehension of the topics addressed in
the labs, and second, they indicate your ability to present and discuss your results in a clear and
concise manner. You will be graded on both aspects of your report. The suggested format for
your lab report is given below.

1. Objectives: State clearly what you set out to achieve in this lab. If this differs from what you
finally achieved, explain it in the "Conclusions" section. Please do not copy the objectives
verbatim from the lab handout. Think about it, interpret it, and explain it the best you can, in your
own words.

2. Parts: List all parts which you used in the design.

3. Design and Test Procedure: For each subsection of the lab, explain the following:

(a) Step-by-step description of what you did. Include as many details as possible, and once again,
write it in your own words.

(b) All necessary calculations as well as all pin-to-pin circuit diagrams of your design. Please
make sure your figures are consistent, legible and well labeled.

(c) Your testing procedure. Explain how you went about testing your design. Did you try testing
critical individual blocks first?



4. Results and Answers to Questions: For each subsection of the lab, present your results in a
clear and concise manner (label graph axes, include all units of measurement). Note down all
your observations, even if you were not specifically asked for them in the handout. Interpret your
results and discuss the accuracy of your measurements. Additionally, answer all questions listed
in the lab handout.

5. Conclusions: In this section you should attempt to answer the questions: What did you learn
from this lab? What did you do wrong (or what went wrong)? How could you have improved
upon your design and test procedures? Were your results as expected or did you find something
unusual. Try not to include information that you have included in previous sections. Present
significance of your results conceptually, if applicable, (e.g. The CAD tool does not capture the
glitching behavior accurately.) The Lab Report will count as 50% of the grade and is due at the
beginning of the subsequent lab experiment.



EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #1, INTRODUCTION TO LAB EQUIPMENT

OBJECTIVE

* To get acquaint with the breadboard, function generators and the oscilloscope etc.

APPARATUS

- Dual —trace oscilloscope
- Digital Proto-Board
-Function generators

THEORY

See sections 1-2, and 1-6 in the book.

PB-503-C Analog/Digital Proto-Board:

The PB-503-C Analog/Digital Proto-Board is a self-contained digital logic laboratory. It includes
a +5 volt power supply that provides operation power to the circuits under test, and also serves a
“1”” logic level for TTL (transistor-transistor logic) integrated circuits. The “’0’ logic level is
represented by connection ground. Located on the front panel (see Fig 1) is a Breadboarding
Socket that contains over 2500 tie points. These tie points are divided into 384 sets of five
electrically interconnected solderless tie points, 8 sets of 25 interconnected solderless tie points
along the right and left edges, and 4 sets of 50 interconnected solderless tie points on the top of
the board. Tie points are spaced 0.1 inch apart and will accommodate the pins of DIP {dual-in-
line package) integrated circuits, as well as a wide variety of other circuit components. The four
groups of tie points (50 tie points each) at the top of the breadboarding are connected to +5V, an
adjustable (+5, 15V), an adjustable (-5, -15V), and a ground connection, respectively. In the
EE200 Lab experiments, we will only use the +5V row and the ground row of tie points. The
eight larger groups of tie points (25 tie points each) are handy where large number of connections
are to be made to a common circuit point, e.g., extending the ground, +5volt, etc.

Other useful features of the PB-503 include

- Function Generator: The multi-waveform function generator provides continuously variable
frequency signals from 0.1Hz to 100KHz. The frequency is selected in three ranges, with each
range covering two-decades. The generator produces, sine, triangle, and square waveforms.

- Logic Indicators: A bank of eight LEDs is provided for use as built-in logic indicators. The
LEDs are active high (they light) to indicate a “logic one” condition.

- De-bounced Pushbuttons (Pulsers): two manual, bounceless (digitally conditioned) pulser
buttons PB1 and PB2.



- Switches: An eight-pole DIP switch provides a convenient source of digital outputs. All eight
switches have one side connected to a common lead, which may be switched to either +5 volts or
ground. The remaining sides of all eight switches are separate, available, and uncommitted. This
arrangement makes connecting special digital circuitry such as an eight-bit input port quick and
easy. In addition to the eight-pole switch, there are two single pole, double throw (SPDT)
switches provided for general switching functions.

- Potentiometers: Two potentiometers are provided on the PB-503. The resistance values chosen
(1 Kand 10 K ohms) may be used in common circuit applications.

- BNC Connectors: The PB-503 may be connected to other pieces of equipment via two BNC
connectors BNC J1 and BNC J2. These allow the use of shielded cable to minimize noise and

interference.

Fig.1 PB-503 Panel layout.



IC PIN CONNECTIONS:

The IC type 7493 is in a 14-pin dual in-line case. The base pins progress in a counterclockwise
direction as seen from the side away from the pins, as shown Fig 2. Pin 1 is located by an
identifying symbol, or the location of pins 1 and 14 are identified by an index notch at the end of

the case where pins 1 and 14 are located.

14 13 12 1110 9 B
Index Top view

notch D away from pins
1 2 3 p 5 6 7

Fig.2 IC pin location, 14 pin dual-in-line (TO-116) case

PROCEDURE:
THE IDL-800
1. Connect the PB-503 line cord into the AC power supply and turn on the power switch.

2. Connect the LOGIC INDICATORS (lamp monitor) (1, 2, ...,8) to +5 volts. The lamps
monitors should light when connected +5 volts and this “ON” lamp condition will represent a “1”

logic level in your experiments.

3. Now connect the lamp monitors to ground. They should all be off at this time. This “OFF”:

lamp condition will represent a “0” logic level in your experiments.

4. Connect one side of a resistor (20 ohms, to 100 K) to ground and the other side to DIP switch
S1-1 and switch the 5 V/GND switch to 5 volts position (These steps are already done for you).
Connect S1-1 to LED-1. Now, when the S1-1 is pushed up to the closed position LED-1 will
light, and when the S1-1 is brought back to the open position the LED will be off. Repeat these

steps for S1-2 through S1-8 and observe the resultant condition of the lamp monitors.

Switch position lamp logic level

Switch position lamp logic level
CLOSED ON 1
OPEN OFF 0

10



The switches can, thus, be used to supply logic level inputs to experimental circuits.

5. PULSER BUTTONS. Connect one side of a resistor (20 ohms, to 100 K) to +5 volts and the
other side to PB1-1, the NC point. Then connect PB1-1 (the other lead of NC point) to LED-1.
The LED should light when PB1 is pressed and extinguish when PB1 is released. Next, move the
connections from PB1-1 to PB1-2, the NO point. Now the LED should be lit when PB1 is not
pressed and go off when PBL1 is pressed. Repeat these steps for PB2. These buttons will be used

to enter momentary pulses of “O” and “1” logic levels.

6. Single Pole, Double Throw (SPDT) switches. Connect one side of a resistor (20 ohms, to 100
K) to +5 volts and the other side to lead 1 of S2. Then connect lead 2 to LED-1 and Lead 3 to
LED-2. When the switch is brought to the up position then LED-1 and LED-2 will be ON and
when the switch is brought down, the two LED’s will be off. Repeat these steps on S3. These
switches are provided for general switching functions.

7. CLOCK output. Connect the FUNCTION GENERATOR output TTL to LED- 1. Set the
function generator to “times 17 position and move the frequency control all the way to the top.
Set the frequency selector to Hz. LED-1 should flash on and off, alternately at about 1 cycle per
second. Move the function generator to “times 10” position (setting the frequency to 10 Hz). The
lamp monitors should flash on and off at a faster rate, too high to count. Higher frequency
settings “times 100 should cause the lamps to appear to be on continuously, at about half-normal

brilliance.

8. Connect the FUNCTION GENERATOR output TTL to an oscilloscope. You should observe a

square wave having fairly steep sides and a peak-to-peak.

9. Amplitude of 4 to 5 volts. Change the selection to Square, triangle, Sine and observe the waves
on the oscilloscope.

11
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #2, DIGITAL LOGIC GATES

OBJECTIVES

* To study the basic logic gates: AND, OR, INVERT, NAND, and NOR.

» To study the representation of these functions by truth tables, logic diagrams and Boolean
algebra.

* To observe the pulse response of logic gates.

» To measure the propagation delay of logic gates.

APPARATUS

- IC Type 7400 Quadruple 2-input NAND gates
— IC Type 7402 Quadruple 2-input NOR gates
— IC Type 7404 Hex Inverters

- IC Type 7408 Quadruple 2-input AND gates
— I1C Type 7432 Quadruple 2-input OR gates

— I1C Type 7486 Quadruple 2-input XOR gate

— Digi-Designer Logic Board

- Dual-trace oscilloscope

THEORY

AND A multi-input circuit in which the output is 1 only if all inputs are 1.The symbolic
representation of the AND gate is shown in Fig. 1a.

A

Figure la.

OR A multi-input circuit in which the output is 1 when any input is 1. The symbolic

representation of the OR gate is shown in Fig. 1b.

13
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Figure 1b.

INVERTOR The output is 0 when the input is 1, and the output is 1 when the input is 0. The

symbolic representation of an inverter is shown in Fig. 1c.

A | : : Y
Figure 1c

NAND AND followed by INVERT. The symbolic representation of the NAND gate is shown in
Fig 1d.

A
Y
B
Figure 1d.

NOR OR followed by INVERT as shown in Fig 1e.

)



EX-OR The output of the Exclusive —OR gate, is 0 when it’s two inputs are the same and it’s

output is 1 when its two inputs are different.

A
Y

Truth Table Representation of the output logic levels of a logic circuit for every possible
combination of levels of the inputs. This is best done by means of a systematic tabulation.

a. Two input AND gate b. Two input OR gate c. Inverter

d. Two input NAND gate e. Two input NOR gate f. Two input XOR gate

Part 1: Loqgic Functions

1. AND, OR, NAND, and NOR gates and XOR gates. Look on the data sheets for each gate,

connect the circuit on Breadboard and test the gates to fill up the truth tables for each.

2. Using logic switches S1-1 and S-2, apply the logic levels 0 and 1 to gate inputs , in the
sequence shown in table 1. Record the output logic levels (see lamp LED-1) in table 1. Repeat the

recordings for each gate mentioned above

.Remember: Lamp ON = Logic 1, (High)
Lamp OFF = Logic 0 (Low)

Truth Table 1.

S l=l=1hS
=11 =1ss]

3. Use an inverter gate from IC, use data sheet and complete the table below.

AlY
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Part-2: Response of Logic Gates:
Connect the circuits of figures 2 and 3 and develop the corresponding truth tables

Figure 2.

My
e

1

Figure 3

Part 3: Review Questions:
1. Write a truth table for each circuit. Derive Boolean expressions for all outputs.

2. Calculate propagation delay for circuits 4a and confirm delay for circuit 4b.

By
r:-—-—>0—l‘7

Figure 4a.

16



4 ns

5ns
B

Total 9 ns

Ol

5ns

Total 14 n,s_.

Ol

Figure 4b.

2. A burglar alarm for a car has a normally low switch on each of four doors. If any door is
opened the output of that switch goes HIGH. The alarm is set off with an active-LOW output
signal. What type of gate will provide this logic? Support your answer with an explanation

17
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FAIRCHILD Revisad March 2000

I
SEMICONDUCTOR ™M

DM74LS00
Quad 2-Input NAND Gate

General Description

This device contalns Tour |'1IjEFI!FIjE'I|. Jaies each of which
parioms the logl: NAND function.

Ordering Code:
Ordar Humber | Package Humbar Packags Dazcripfion
DM7T4LE00M 1144 14-Lead Zmall Cutline Integrated Clrcult (S0IC), JEDEC M5-120, 0.150 Karrow
DM7TALE00S) 14142 14-Lead Zmall Cutline Package {302}, EIAJ TYRE I, 5.2mm Wide
CMTLLE00K K144 14-Lead Plastic Dua-In-Line Package (PDIP), JEDEC MS5-101, 0.300 Wide
Dhareiois iy v Bl in Tapa and Real Spasdy by apeending Sie sufe ieller 757 1 e cnden g coada
Connection Diagram Function Table
Wi B Al (! 1] £l LE. ¥-AE
y P |.J II Inpute CuAput

T =
I~ T r|m
— I r T

H

H= HGH Lagie Lisal
Low LAY Ligie Laval

al K ¥l ar B "l b

2000 Farchild 3emiconguctor Corporation. 03008438 winw falrchilzsamicom

18

23D ANYN Indul-Z pend 00STFLING



DM74LS00

Absolute Maximum Ratingspes 1)
Supply Vakage
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Slorage Temparature Range -E5°C o +150°C
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T
FAIRCHILD
I
SEMICONOUCTORM

DM74LS02
Quad 2-Input NOR Gate

General Description

Thls device containg four Independent gates each of which
partoms the loglc KOR funchon,

Ordering Code:
Order Number | Package Rumb=r Fackaga Dascriplion
DM7TALZ0ZM M1d4A 14-Lead Zmal Cutline Integrated Clrgult {SC4C), JEDEC ME-120, 0,130 Kammow
DM7TALE025) 1142 14-Lead Emal Culline Fackage (30°), ElAJ TYRE I, 5.3mm Wide
DM7TALE0ZN N14& 14-Lead Piastiz Dua-inLine Package (PDIF), JEDEC M5-001, 0.300 Wids
et i vt in Tapa and Real. Spacdy by apeend rg e sl eller "2 i the Snde g coda
Connection Diagram Function Table
¥y W L] i i il LTl m m
SN N N T U Inpuls Oufput
& B Y
L L H
L H L
H L L
H H L
Hm HIGH Ly Lisal
Low LAY Lizgie Laval
1 |= | i i I. |. |.
T n L1 LH [} " 1113
2000 Farchild Semicond Jﬂl:l"uﬁ..l:l'FlCl'E'.El'l DE00a441 wirw farchilgsemicom
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DMT4LS02
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August 1255
Reyisad March 2000

I
FAIRCHILD
I
SEMICOMOUCTOR ™M

DM74L504
Hex Inverting Gates

General Description

This gevice confalns s |"II:|!|:EI'IZIE'I|. ;3|.Ef5- aach af which
pertorms the logic INVERT functian

Ordering Code:
Order Humber | Package Humbsr Packaga Descriplion
DMTALSI4M Mida 14-Lead Small Culline Integrated Clrzult {SCAC), JEDEC ME-120, 0.150 Karraw
DM74L5045) M140 14-Lead Small Culline Fackage (300), EAJ TYRE 11, 5.3mm Widz
DMTALED4N W44 14-Lead Fiastic Dua-In-LIne Paciags (POIF), JECEC MS-001, 0.300 Wide
Dhire i il sl b i T el R Spacdly by wpeending T sl eller 57 b W cnde g cada
Connection Diagram Function Tahle
[T ] ] ih itk i 1] F=a
ll'. 1] ||: n l 1 |1 |l |l'lp'|]1 |:|||.|t|:||.||'t
& Y
L H
H L
Hw HIGH Lasge Lisal
L= LCAY Lagle Laeal
1 ] 1 i " i 1
L1} " ap Wl il ¥l EAD
2000 Fairchid Jemiconguctor Corporation. 03006342 wivnTarchildsemi.com
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DMTA4LS 09
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Tha “Rece=rmsdind Opatng Cosdlisa” Sbls wi delng the ol bens
| #cum S Opaiaion

5'!|'I'I1 bl Paramatar Min Nom Max Units
Ve SUpply Vorage 475 5 ¥ ]
Vi FIGH Level Inpul Vorage z v
Vi LW Level Input Vallage ] ]
lan FIGH Level Culpdt CUrent ] A
Iy LA Leved Cufput Current g
T Free Ar Operaling Temperalure 0 7l i

Electrical Characteristics
over peoommanded operating fras AT emparators range (unass oinersise noted)

Iymial Paramstar Candtiang Mdir IN:II:: 1) Max Unitz
] gt Clamp Vollage Vo= M, = =18 mA =15 ¥
Vi HIGH Ly W= NN, gy = Mo, 17 14 v

Cupet Woltage Wy = Max
Vew Lo Laved V= MIN, g, = Max, Qi o
Culpas Wellage Wiy =ME ¥
oy, = A Ve m Bl = 24
1 npuk Cument & Max W= M, V= TV ad mh
nput Vokage
" HIGH Level Input Cument W= Max, V= 27V F.l uA
w LO Leve] Input Cumem V= e, V) = DAY -13E mA
g ‘Ehort Clzult Cutout Curmenl W= Max {Noie 3) i =100 mA
o] ‘Supply Cunnemt with Culputs HIGH V= M 12 2 mA
oL Supply Cunremt with Culous LOW Vi = Max 1 B mA
Mot 2 1 sl i il Vi, = 5V, Ty = 2800
Mt 3 Mot e than o%e culpol abould b abeiled ol a e asd D diatien shoud 5o icced coa seoosd
Switching Characteristics
Wi = 5V and Ty w2570
R =2k
dymisal Paramater G, =16pF Cp=&0 pF Unhe
Min Max M¥in Max
toy Fropagation Ceiay Time : " . . e
LCA-to-HIGH Level Suiput
tog, Fropagation Delay Time : " s " -
HIGH--LOW Level Sulput
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ALgust 1936
Reyisad March 2000

I
FAIRCHILD
|
SEMICONDUCTOR M

DM74LS08
Quad 2-Input AND Gates

General Description

Thig devlce containg Tour Independent gates each of which
partarms the logis AND funclion,

Ordering Code:
rdar NUMber | Package NUmber Packags Descriphon
DMTALS0EM 144 14-L2ad Smal Culline Integrated Cincult {S20C), JEDEC ME-120, 0.150 Karraw
DM7ALS065) 14140 14-Lead Smal Culline Fackage (302), EAJ TYRE I, 5.3mm Wids
DMTALE0EN N1dA 14-Lead Fiastl Dua-In-LIne Paciags (POIF), JECEC MS-001, 0.300 Wids
[hireioes wlso avidiable in Taps and R Spaciy by apeending S sl inlier “0° i e ondening cade
Connection Diagram Function Table
Y =AB
Yo s i Wi n 1 ¥
] 1} ||:' i |'l.l |'.l || Inpm 0 Utpu‘t
A =] ¥
L L L
L H L
H L L
H H H
H= HIGH Lasie Lisal
L= LCAY Lagle Larval
] 1 | i y A T
il Ei L At L5} il [AT]
£ 2000 Fairchild Semicond Jﬂl:l"cl:l'l:lﬂ'i'.l:l'| 02006347 waw farchilgsamicom
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DM7T4LS 08

Absolute Maximum Ratingscs 1)

Mt 10 Thi “Alsolube M= Ralngs” ase hosa viloes bapond which

SLF'N" 'n"C"-EEIE W e sl & P divich cancol b guarineid The disice atould 2of ba

- oy e al e s Tha pasaratic value delnsd n S Bzl
|FFIJ|:".'CI||.aJ;E : Cramachadalics lablas aia nol guiaranteed ol B abeolole macimanm isisgi
CIpE'aIJrg Frae Alr TENFEHUJ'E H]n;E [POO+0C  The ‘Recesmasdi Oparating Cosdioes” wbls wil defing the cendlicns
Siorage Temperatura Range Bl pEgep S s

Recommended Operating Conditions

Symbod Paramstar Min Hom May Units
Ve Supply Vofiage 475 5 5 v
Vi FIGH Level Inpul Vorage 7 v
L LOW Level Input Voliage G v
lon FIGH Lave Oulput Cument -4 A
o LOW Level Oulpus Cument B
Th Free Alr Dperatlng Temperalure ] Tl ¥
Electrical Characteristics
oyer mrommended operating free T fEmparators range |unest oinaralse noled)

ymial Paramatar Congtiong Min IH:: y | M units
m gt Clamp votage Wpg =N, = —TEMA E
Vo AIGH L=e Vg = AN, iy = M Iy )

Culput Veilage gy =M
Vot LoWLeval Vg = AN, iy, =X = s
Cutort Yoliage Wy, = Max Y
=% A, Vg = M 1= 74
I mput Cument @ Maxinput valage Vo= Max, V=7V a1 A
i AIGH L=ve) Inpa camers Vg = A, Wy = 270 Py m
i LOW Lewe mput Cument Vipe = M, V= D&Y -03E mA
o Sror CIruR St CuTEnl Vg = W (Nate 3 0 T A
oo Supply Cuprent with Culputs HIGH Vi = Max 24 L mA
- SLpRy RN W CUlgum LOW | Vg = e FF] EE A
Switching Characteristics
al Vi m 5 and Ty = 2570
Ry = 2h0
Byminal Paramatar G, =16 pF T, =60F Units
Min Max Min [T
" Fropagation el Time
™ O+ Level Dulpis ) E E e e
e Fropagation el Time ; B : ‘5 e
S HA-LOW Lavel Culput

Mol 2 A1 tyjools i il Vi = 5V, Ty = 250
Mot 3 Mot e n oo sulpol should b abeibed @ a e asd U Sdiaten should sof acemad osa seosd
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| Eli ]

June 1365
FAIRCHILD Revisad March 2000
SEMICONDICTOR™M

DM74LS32
Quad 2-Input OR Gate

(General Description

This deslce containg Tour Independent gates each of which
partoms fhe logls OF funclion,

Ordering Code:
Order NUMBEr | Package NUmbar Packaga Dascripton
DMTALS3ZM I14A 14-Lead Small Cutline Integrated Clrcult (SC0Z), JEDEC ME-120, 0.120 Kamow
DM74L5325) 140 14-Lead Small Culline Fackage (30@), EAJ TYRE I, 3.3mm Wids
DMTALEIZN ER] 14-Lead Piastle Dua-in-Ling Paciags (POIF), JEDEC MS-001, 0.300 Wide
Dhire o ilicn sl i Taps and Ren Spsactly by apeendig S suf leller 7 b lhs saleng coda
Connection Diagram Function Table
Yoo M M Y4 BI A3 W Y-4+B
[14 Ja ]2 In |0 |s o Inputz Outp
A B ¥
L L L
L H ¥
- L -
- H -
H = HGH Lasjie Lisal
L= LEAY Lagle Laveal
I PO E R C O

OB Y Al @ Y@ GND

2000 Fairchld 3emiconguctor Corporation. 03006341 wirn Talrchildsamicom
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DMTALS 32

Absolute Maximum Ratingsues 1)

Supply \oltage

Input Vallage

Operaling Free Alr Temperatire Range
Slorage Temperaturs Range

"t 470°C
-5 Cto+15°C

Recommended Operating Conditions

Mot 10 Tl “Absolubn Maxmi= Ralngs" ase B vilom Sapomd whish
L sately o 1ow dareion canco? b guarantesd. Tha devce dhoud so ba
ool al ain birds The sasanalic v delined in he Elsctizl
Crasirtnd sl bk aid nol guanantesd &l B alasdole e ie%ega
Tha ‘Fece=masdnd Opavating Cosdloss” wble will dalng e ool b
I wcum 2 Cpiaion

Sy Paramstar Min Ham Max Units
Vor SUpply Wokags 473 3 .25 W
Wik HIGH Level Input akage 2 WV
Wi LOW Leved Input Valiage 0.8 Y
m FIGH Level Qutput Cument -04 mA
ley LW Leved Dufput Cumen? &

Ti Free &lr t):e-’aﬂ'lg _E'I'IFE[]U.I"E 0 T '
Electrical Characteristics
oy rerommardad oparating fras AT mparaiors range (uniass gnaradse noled)
Tep
ymidal Paramatar Condtiong ¥r Max Unite
e {Mobe 2
m gt Clamp vatage Vo= N, |=—1EMA i
Vo HIGH Leve Vo= WM, Iy = MEX - ] .
i 4 ¥
Culput Vollags = Min
Vi LOW Leval Vo= WM, Iy = M s :
Cuiput Voltage: Wy, = M ¥
oy = 4 A, Y = BN 1l 14
! nput Curent g Mau impul votage [ vipg = Ma, V=TV 21 4
i HIGH Level Inpifl Cumert Vo= W2, V= 270 iy m
L LOW Lewve] Input Cumam Vg = Ma, V= D&V =13k mA
™ Efart Ciult Gutzut Curenl Vg = Wit Mo 3] T —ioo mA
oo Eupply Current with Culputs HIGH Vi = M ER| 52 md
oL upply Current with Sulguts LOW Vi = M 4% 38 md
Mot 2 W s e il Vi = 5 Ty = 2500
Mote 8 Mot oo han oo culpol should s skeied o @ Sre, asd the uisien shoull S0 axomed oo seeed
Switching Characteristics
Vo m BV N3 Ty = 250
R, =2k
Symbol Paramstar G =18pF C, =0 pF Units
Min Mak Wr Max
Loy Fropagation D=y Time
Pl 3 1 4 1z s
LOWHc-HIGH Leswel Qufput
oy Fropagation D=y Time
" e ! ! i 4 1 "
HIGH-Az-LCW Lavel Qutpul
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ALgust 1936
Reyisad March 2000

I
FAIRCHILD
]
SEMICONDUCTOR M

DM74L586
Quad 2-Input Exclusive-OR Gate

General Description

This device comalre four Independent gates each of which
pertormes the logh exclushe-CR funciian

Ordering Code:
Ordar Number | Package Numbar Packaga Descripfion
CMTELS3EM lA14A 14-Lead Zmal Cutling Integrated Clrcult {SCIC), JEDEC MS-120, 0.150 Karow
DMTEL5365) 1143 14-Lead Zmal Culline Package (302, EAJ TYPE 11, 5.3mm Wids
DMTELS3EN 144 14-Lead Piastlc Dua-In-LIne Paciage (POIR, JEDEC M3-001, 0,300 Wids
Chirwiois i sl babdin i T indd R, Spacdy by wpeanding e silfi letler 7 b e onden g cada
Connection Diagram Function Table
vor B A e B3 A1 W Y-ABB-ADB+AD
[ [0 Jz |0 |w o | Inputs dufpuf
& B i
L L L
D L H 4
H L H
H H L
H= HIGH Lasge: Lisal
L= L3 Legie Lial
[ e [+ ¢ |5 |¢ |7
M8 M m om ¥
2000 Falrchid Semiconouctor Coporation  DS006330 winw fairchildsemi.com
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DMTA4LSBE

Absolute Maximum Ratingspos 1)

Supply Viotage i
Input Vollage N
Oparating Free Alr Temperature Range  0°C t0470°C
Storage Temperatue Range FESC to +150°C

Recommended Operating Conditions

Moot 12 Thw “Alricdule Madmus Ralings® anm o vahie Sy which
e sty of 1oa darvicn canco? Ba guacanseed. The desice sheud =0 ba
owalmd @l ase brds The sasanatic vae delned 0 S Elechisl
Cramardns sl bl ara nol guarantssd ol Be almolole macimom edega
Tha “Rece=rmsdind Opatng Cosdlisa” Sbls wi delng the ol bens
| #um S Cpanaion

Sy Paramatar Min Ham M Unita
Vee Bupply Vokage 175 5 T3 v
Vin HIGH Leved Input Yarags 2 W
Vi, LW Level Input Valiage ] ]
lan FIGH Level Culput Cument -04 T
o LW Level CUfpUs Cument B
Ta Free & ":'EE'&“"IQ _E'I'IFEHU.I"E 0 T i
Electrical Characteristics
over peoommended cperating fras AT emparators range (unass oineraise noled)

ymival Faramabar Condilong Wir IH:: 2 M Units
] rput Clamp Vaolkage Vo= M, = =18 mA =15 L
Vi HIGH Lz Vo= NN, gy = Max, . R
Culpt Voitage Wy, = MR, Yy = WD u '“1
Lo Laved W= WD, |y, = Mg,
B Dutout Viltage -.-';:_c- v I::- M = +
o =4 mA, Ve = Min a1z= 14
1 nput Cument @ Max Input Volage Vg = M, V=TV 22 mA
" HIGH Level Input Cument W= M, V= 27V 4] uA
i LOW Leved Imput Cument Vo= Mag, ) = 0.8 e md
g ‘Shart Clult Qutout Curmenl W= Max {Noie 3) -l -1t mA
o] ‘Supply Current with Culpuss HIGH Vo= Max {Noizd) 81 10 mA
oL Supply Current with Sulous LOW Wi = M2 {Noie ) E [E A
Mot 2 K1yl i il Vi, = 5V, Ty = 280
Mote & Mot o han oo cupol should b sheied ol a tre asd e duiaten shoull 50! accesd coa seoesd
Mt & oo B isascied w1 6l otz OPEN, ol npll ol aec® gk ol 4 5 and e clted inpus greusded
Mol B |ppy b mamiuned wih al oclps OPEN asd al inguls grousded
Switching Characteristics
Vg =5V and Ty = 25°C
Ry =2k0
Symbod Saramaber Conditions Cy=1EpF Gy =B pF Unkc
Wi Max Mini Max
teunt Prapapatize Deday Time Cher 1 1 -
LOWFo-HIGH Level Duiput nput
ten Prepagation Delyy Tme Low - ” "
HIGHHo-LOW Level Dulout
e Propagation Cely Time Cher 1 " -
LCHin-HIG Leve Duiput nput
tesl, Propagation Delyy Time =ign 2 " o
RiGE-o-LOW Level Culput
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #3, BINARY AND DECIMAL NUMBERS

OBJECTIVE

* To demonstrate the count sequence of binary number and the binary-codeddecimal (BCD)
representation.

APPARATUS
* IC type 7493 4-bit ripple counter

BINARY COUNT

1. Turn off the power switch.

2. Connect the IC type 7493 as shown in Fig. 3 Pin 14 is connected to push button (PB1).

3. Turn the power on and observe the four indicator lamps. The 4-bit number in theout is
incremented by one for every pulse generated by pushing the pulsar buttonPB1.

4. Disconnect the input of the counter at pin 14 from PB1 and connect it to the FUNCTION
GENERATOR (lead TTL).

5. Set frequency selector to “time 17 (1 Hz). This will provide an automatic binarycount.

THE BCD COUNT

1. Turn off the power switch.

2. Connect the IC type 7493 as shown in Fig.4 Pin 14 is connected to PB1.

3. Turn the power on and observe the four indicator lamps. The 4-bit number inthe lambs is
incremented by one for every pulse generated by pushing thepulser button PB1 following the
sequence 0, 1,2,3,4,5,6,7,8,9,1,2,3, ....

4. Disconnect the input of the counter at pin 14 from PB1 and connect it to TTL.Set frequency

selector to “time 1” (1 Hz). This will provide an automatic binarycount
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SH34/T4L590 » SN54/T4L592 « SN54/T4L593
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SMN54/T4LS90 « SN54/T4L592 « SHN54/T74L593

FURETIONAL DEECRIPTION

Thee L5320, L5352, and LES3 are £-0F rippls bype Decade,
Clelde-Sy-Twsive, and Einasy Counlers respechesiy Each
device corsisis of four mesisrislyde flo-Tops which ans
Irfermeally connacied 1o provide & divice-to-teo section and a
dhsdie—ty-Tre (LS9}, dlvide—oy-she (LS92}, or diside-ty-=iphl
(L553] s=clion. Each sacfon has a semaraie ciock input which
Iribates stake changes of the counler om fhe HIGH-to-LOAN
Clock iransBon. Sixe changes of the 2 oupuets donot oocur
smulansously because of inkemal fpple delays. Thensfore,
demded ouiput sigrals are sublect o decoding spls=s 2nd
snculd not b used for clocks or sTobes. The Qi ouput of
each device Is deslpned 2nd soscHed 1o drise the rated
fan-out plus the TFy Input of the devios

& galed AND ssyrohronous Masher Resat (MR = MR 18
provided on all counfers which osenridies and cocks and
regeds (chears) all the Tp-loos. & padsd AMD asynchronous
Masker Set 54 # M52 I provided on the LES0 which
owerrkdes the chocks and e MR Inouts and sels e culpuis bo
nire (HLLH)L

Snce the oulput from he devide-by-two seclion s riol
IrRermeally commiecied fo the succesding stages, the devices
may be operabed In vadous counling modes

LEBD

&, BC0 Cecade (24211 Counter —The CF Inpast muss = eg-
femally correcisd o the Qg culput. Tha TP Inputreceies
the Incoming count and a BCD count sscuence B oro
e,

B. Symmetical El-quirary Civide-Sy-Ten Counter— The 33
oulput must be exisnnally conmecied o the TF input. The
Ingeek covurk [s: hien ap:ﬂeclrmzﬂﬁln:-.t-ardadh-hzz-l:-:.-
ben square waye Is obiaired &t oulput Qg

. Civid=ESy-Tan and Divide-Sy-Fhie Couner — Mo axiennal
Imtepzonnschions ars required. Thefrstip-fop s used x5 a
bdreary shamant for the dhide-by-wo function (TFp as the
Inpest and G as e cutpuf], The 5P gt |5 used bo oblain
Blrary divide-by-ive cperation & e Qg oot

LEa2
A, Moduo 12, Dlild=2y-Taske Sounber — The THy Input
mustbe extemally connecied tofhe Qg output. The UFjy In-

put mecetves the Incoming count and G produces & Sym-
mietical clelde-oy-tave e squans wanss oulput

B. Civide=Zy-Two and Divide-3y-Elx Dounler —fo exisnnal
Imerconnachions aps required. Thefrstipfiopisused s a
bireary =iement Tor e divide-by-tao funcbor. The CP4 In-
putl 15 used 1o ootaln dhide-by-inree aperadon ot the G
and 32 culputs and divide-by-six operafon atkthe Q3 oul-
pul.

L&Bs

A, 420 Rlpole Counker — The culput Qg must be exlemaly
ioonnehad b I"q:-l.ll:t'F'1 . TheInpud coundpulses are applisd
fo Input GPg. SmuSaneos dlsisions of 2, 4, 5, and 15 ane
pefomed at ihe S, G4, Gz, and Gz oupels as shown in
the frulsi Bable

B. 3420 Ripples Coumer— The Inpui count pulzes ars applied
e Iﬁ1t¥1 Emullansous frequency divislons of 2 4 and
£ ane avallable althe O, 32, and &3 owioeis . Independent
e ot e dirst fip-Nop Is asalable T the reset furclion ooin-
cidies: wiif reset of the 3-bik Apple-through cousber.

FAST BMD L3 TTL DATA

39



SN54/74L590 « SN54/74L.592 « SN54/74L593

LS540 L5592 AND L5932
MODE SELECTION MODE SELECTIOM
RESET/SET INFUTS OUTPUTS Iillz:ill-zr'g OUTPUTS
MR | MRz | M5 | M52 || Qg Gy GO G
T H L x L L L L MRq |MRz || Gp @y Gz O3
H H X L L L L L H H L L L L
X X H H H L L H L H Count
L X L X Count H L Cizuni
X L X L Couni L L Ciount
L X A L Lot H = HIZH Yol = Lyl
X L1 X Count L= LW m.:f- Level
H = HIGH vollage Lays X = Don't Care
L= LW Viltage Ly
X = Don't Care
L5550 L5592 L5932
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TAELE
COUTPUT QUTPUT QUTPUT
COUNT COUNT COUNT
Gy Gy Gz G3 dp Gy Q7 G Qp Gy Gz g
0 L L L L ] L L L L ] L L L L
1 H L L L 1 H L L L 1 H L L L
2 L H L L 2 L H L L 2 L H L L
3 H H L L 3 H H L L 3 H H L L
4 L L H L 4 L L H L 4 L L H L
il H L H L ] H L H L ] H L H L
i L H H L i L L L H i L H H L
7 H H H L T H L L H T H H H L
8 L L L H B L H L H ] L L L H
2 H L L H B H H L H g H L L H
— - . " 10 L L H H 10 L H L H
g_E:I':‘:;_;;:;u:t:‘:Etr: cormecizd bo Input ” H L H H 1 H . L H
HOTE: Cutput @5 I3 connected o Input 12 - L H H
o=, 13 H L H H
14 L H H H
15 H H H H

HOTE: Output 2y Is conneci=d fo Input
CFy.

FAST AMD LS TTL DATA
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GUARANTEED OPERATIMG RAMGES

Symbol Parameter Min Typ Max Unit
Voo Supply Voltage 54 &5 5.0 ] W
74 475 5.0 525
Ta Cperating Ambeent Termperature Range 54 -558 25 125 “C
4 0 25 70
loH Cutput Cument — High 54,74 04 mé,
oL Ciutput Cument — Low 54 4.0 mé,
74 2.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RAMGE (unless ctherwise specified)
Limits
Symbol Parameter Min Typ | Max | Unit Test Conditions
. ey - . Guarantesd Input H'GH Voltage for
VIH Imput HIGH Viokage 20 Ellﬂpms P e
v inpest LOW Vo 5 oy .. | Gusrantead Input LOW Viokage for
IL npes apge T4 02 v All Inputs
VK Input Clamp Ciode Volage -0.88 | -1.5 Vo= MN, Iy=-18mA
o4 23 3.5 Ve = MM lray = MAXK W =4
. Vit CC =M oy “ YW T FIH
Vo Cutput HIGH Voltage 74 27 aE or Y| per Truth Tabls
B4 T4 025 | o4 oL =40 mA Voo = Voo MIN,
sl Output LOW Voltage Wiy = Vi or iy
74 035 | 05 oL =50 m4 per Truth Table
a1 W Voo = MAX, V=27V
ItH impest HEGH Cumrent p—
0.1 i Voo = MAX, V=70V
Imiput LOAY Current
M3, MR -4
L T g =24 | m& | Voo=MAX Vig=04Y
TFqiLSe0, LEa2) -32
Ty iLSE3) -18
lns Short Cancuit Current (Note 1) =20 -100 i WVie = MAXK
o Fower Supply Cument i e Wire = MAK

Sobe 1- Aot more tham one gufput should be shori=d at a fime, mor for more thar 1 second.

FAST AND LS TTL DATA
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AC CHARACTERISTICS (Ta = 25°C, Voo = 5.0V, CL = 15 pF)

Limits
L5540 L5%2 L5593

Syrmbiol Parameter Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
faax TFQ Input Clock Fregquency 32 32 a2 IMHz
faaa TF4 Input Clock Frequency 1d id 16 MMHz
teLH Propagation Delay il id 0 16 10 18

tPHL TFp Input fo Qg Output 12 | = 1z | 1 1z | 2 n=

B | oreencs o AENBEEREEE

B | i cioms AHEBEHEEHEE

CTI - AHBEBEEBEBEE

2| oy oo AHEBERBEL

teLH M= Input o Cig and Gy, Cutputs 2 30 ns

tPHL MS Input to Q4 and G Cutputs 20 40 ns

tPHL MR Input to Any Cutput 20 40 26 40 26 47 ns

AC SETUP REQUIREMENTS (Tg = 25C, Ve =5.0V)
Lirnits
L5350 L5492 L5933

Symbol Parameter Min Max Min Max Min Max Unit
b TP Pulse Widsh 15 15 15 ns

b TF4 Pulse Widgth 30 30 a0 ns

bw M5 Pulse Width 15 ns

by MR Pulsa Width 15 15 15 ns

trec Recovery Time M= to TF 25 25 ] ns

RECOVERY TIME () Is defined as the minimum time reguired bebween the &nd of the reset pulse and the clock trarsibon from HIGH-0-LOW In crder fo recognize
and transier HIGH data fo the @ outputs

AC WAVEFORMS

Figure 1

“The rumber of Clock Fulses requined betasen the tpy and fp) o measurements can be def=rmined from e appropriate Trufls Tables.

WRENS  qayg Yy v ﬂ”
}__1_%._.4*1_33.1 l— iy |m-|
(v 2 13V = | 13V

Qpey
T w7 A N
Figure 2 Figure 3

FAST AMND LS TTL DATA
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #4, BOOLEAN ALGEBRA

OBJECTIVES

* To verify the rules and properties of Boolean Algebra

* To simplify and modify Boolean logic functions by means of Demorgan’s
Theorem.

* To design and implement a logic circuit using Boolean Algebra.

APPARATUS

PB-50/1DL 800

7400 Quadruple 2 input NAND gates.
7402 Quadruple 2 input NOR gates
7408 Quadruple 2 input AND gates
7432 Quadruple 2 input OR gates
7404 Hex inverters

7411 Triple 3-input AND gate

THEORY (See chapter 2 of the textbook)

AH0=A
CA+L=1
.A.0=0
AL=A
CATA=A

CAFAC =
AA=A
AA=0
9.(A’y=A

10. A+AB=A

11. A+A’B=A+B
12. (A+B)(A+C) = A+BC
13.A>. B’ = (A+B)’
14. A’+B’ = (A.BY’

CO~NOOOT A~ WN B

Procedure 1:
a. Prove rule 1 using LogicWorks. Follow the procedure given below

I Open a new design window

l. Choose “ALL LIBRARY” in the Parts Palette

1l. Put “OR” in the Filter window

V. Select and double click on OR-2

V. Move the cursor back into the circuit window. The cursor on the screen will be

replaced by a moving image of an OR gate.
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V1.

VIL.

VIII.

Xl.

XII.

Position the OR gate near the center of the circuit window and click the mouse
button.

Press the spacebar to return to point mode.

Move again to the Parts Palette and type on the Filter “switch” or part of the word
switch e.g. “sw”.

Select Binary switch and connect it to an input of the OR gate in the design
window. (If you want to move the binary switch around, press the shift key while
moving it).

Move again to the Parts Palette and select ground to be connected to the other
input of the OR gate.

Using the same method get a Binary Probe and connect it to the output of the OR
gate.

Click on the binary switch to change it between 0 and 1 and notice how the rule

A+0 = A is satisfied.

In the lab connect the circuit as shown in the figure using the switch S1-1 and LED-1 to

verify the rule.

Fig.1 Verifying Rule 1

b. Connect the circuit of Fig.2 Using LogicWorks. Which rule does this circuit illustrate?

1
1 — 3 Vo
0 ——”
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In the lab connect the circuit as shown in the figure using switch S1-1 and LED-1 to verify the
rule.

c. Design a circuit that illustrates rule 10. Use clock generator of PB-503 for A and one of the

logic switches of S1 for B. Copy the circuit from LogicWorks and paste it in your lab
report.

d. Rule 6 illustrates that A+A’ could be replaced with a wire to Vce. What does rule 8
illustrate?

e. Rule 11 states that A+A’B = A+B. Using LogicWorks design a circuit
that illustrates each of these expressions.
A+A’B
A+B

Prove that these two circuits perform equivalent logic. (Connect two circuits and show that their
output are same).

Procedure 2: Demorgan’s Theorem

Proof of equation (1)

Using LogicWorks construct the two circuits given in Figs.3 and 4 corresponding to the functions
A’. B’and (A+B)’ respectively.

Show that for all combinations of A and B, the two circuits give identical results.

1 A -l A
N 10
0= 12— ) 3 8 13 11
1 1 AB AB'
— r'y 6
éJ_I L |
B ) B
Fig.3
A
1- 2
3 (A+B)'
1_
0 3
B
Fig.4
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Proof of equation (2)

Using LogicWorks construct two circuits given in Figs. 5 and 6, corresponding to the
functions A’+B’ and (A.B)’ A.B, respectively.

Show that, for all combinations of A and B, the two circuits give identical results.

In the lab connect these circuits and verify their operations.

Fig. 5
A
é— 1
L (AB)
1 ) 3
1_
0~ B 2
Fig. 6

I1. Design of a Digital Circuit
Consider the following problem:-

Four chairs A, B, C, and D are placed in a row. Each chair may be occupied (“1”’) or empty (“07).
A Boolean function F is “1” if and only if there are two or more adjacent chairs that are empty.

1. Develop the truth table defining Boolean function F.

2. Express F as a minterm expansion (Standard Sum of Product)

3. Express F as a MAXTERM expansion (Standard Product of Sum)

4. Using postulates and theorems of Boolean algebra, simplify the minterm expansion of F to a
form with as few occurrences of each as possible.

5. Implement on LogicWorks for the pre-lab and then on PB-503/IDL 800, the simplified
Boolean function with logic gates and check the operation of the circuit.

Notes:

— In LogicWorks use Binary Switches to represent the four chairs and connect the output of the
circuit to a Binary Probe. Check that the Probe is “1” if and only if there are two or more adjacent
chairs that are empty.

- For the hardware circuit in the lab, use logic switches S1-1, S1-2, S1-3and S1-4 to represent the
chairs and connect the output of the circuit to LED-1

Result:
Show all truth tables, circuits (using LogicWorks), etc. used in completing this.
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“54/7411 07/ 07

CONMNECTION DIAGRAMS

FINOUT A

cO4H/TAH11 - == .
.548/74811 ¢/ ¢ == o
g .t - - 2 13
54LS/74LS11 I E: Ej'—g
3
TRIPLE 3-INPUT AND GATE - -
& [70]
(=] 3]
aho 7] |
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG PINOUT B
PEKGS Vies = +560 WV £5%, Voo = +5.0 V £10%,
OUT|  r c0*Cro+70°C | Ta=-85°C1o+125°C | TYPE
Flastic A |T411PC. TAH11PC BA
DIF iR T4S11PC, T4LS11PC 0 m
Caramic A |7411DC. TaH11DC [5411DM, 54H11DM A = 7]
DIP (Db T4S11DC, TLS11DC S4511DM, 54L511DM = o
12
Flatpak A | T4S11FC, TALSI1FC S4S11FM, S54LS11FM a
iEl 'tr.r,E 1] G
B |7419FC, TAHNIFG 5411FM, S4HT1FM & o
= I L
INPUT LOADIMG/FAN-OUT: See Section 3 for U.L definitions 7 7]
PINS 5474 (U.L.) S4/TAH (ULL.) | 54/745 (UL.) | S4/T4LS (L)
HIGH/LOW HIGH/LOW HIGHALOW HIGH/L oW
InpLts 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 2010 1251258 257125 10/5.0
(2.5
DC AND AC CHARACTERISTICS: Sea Section 3°
SYMBOL PARAMETER SA/TA | SATAH | S4/T4S | SATALS ||l CONDITIONS
Min  Max | Min Max | Min Max | Min Max
lccH Power Supply 15 3o 24 36| . Vi = Open Voo = Max
leee Current 24 45 A2 8.8 Vin = Gnd
tPLH . 27 12 |25 TO 12 ,
tPHL Propagation Delay 19 12 [25 75 11| M | Figs.3-1,3-5

“OC Hmits apply oves operaling lemporaiure rangs: AC limits appiy Bt Ta = +25° C gnd Yoo = #50
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #5, SIMPLIFICATION OF BOOLEAN FUNCTIONS USING
K-MAP TECHNIQUE

OBJECTIVE
« Todevelop the truth table for a combinational logic problem
« Touse Karnaugh map to simplify Boolean expressions.
« Todraw and simplify sum of products expressions.
« Todraw logic diagrams using NAND gates.
APPARATUS
- PB-503/IDL 800
- 7400 Quadruple 2 input NAND gates.
— 7404 Hex inverters
— 7410 Triple 3-input NAND gates
— 7420 Dual 4-input NAND gates
THEORY
See chapter 3 of text book,” simplification of Boolean functions”.

Procedure

Part 1: BCD invalid code detector

BCD is a 4-bit binary code representing the decimal numbers O through 9. The binary numbers

1010 through 1111 are not used in BCD.

a) Construct a truth table containing all possible inputs and desired output. Assume that the

desired output for a valid code is a 0, and for an invalid code is 1. Complete the truth table as

shown in Table 1. A is the most significant bit, and D is the least significant bit.
b) Draw the Karnaugh map, and write the simplified Boolean expression for invalid codes as sum
of products.

c) Draw the circuit for the above simplified Boolean expression.

d) Using the universal property of the NAND gate connect an equivalent circuit for these codes
that uses only NAND gates.
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wlo|olo|olo|o|e|o|k

] Py ) P Y P =1 = O S e e =1 E= =1 =

[ ] B2 e e B0 ] ) s = = e e =D = ]
L 1 L ) G B L ) L D = e ] G =]

Table 1.

Part 2: Boolean Functions (1)

1. Simplify the following two Boolean functions by means of Karnaugh maps.
F1(A, B,C, D)= 2m (0,2,5,7,8,12,13,15)

F2(A, B, C, D)= 2m (1,3,4,6,9,11,12,14)

2. Draw the logic diagrams for outputs F1and F2 in terms of the inputs A, B, C, and D.

3. Implement and draw the two functions F1and F2 together by using minimum number of NAND
gates.

4. Connect the circuit and verify it’s operation by preparing a truth table for outputs F1 and F2
similar to Table 1.

Part 3: Boolean Functions (2)

1. Derive a truth table for the following Boolean Functions.

F=A4"D+B’D+BC+AB’D

2. Draw a Karnaugh map.

3. Appropriately group 1’s to obtain the simplified function for F.

4. Appropriately group 0’s to obtain the simplified function for F".

5. Using logicWorks, implement both F and F’ using NAND gates and connect two circuits to the
same input switches but to separate output LED’s. Prove that both circuits are complement of
each other. In the lab implement and verify the operations of the circuit.

6. Draw both the circuits.

Part 4: A Majority

A nine member legislative committee requires a 2/3 vote to spend a billion dollars. The vote is
tabulated and converted to BCD code. If 2/3 of the committee is in favour, the vote will be the
BCD representation of 6, 7, 8, or 9.

1. Derive a truth table for the problem.
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2. Derive a minimum sum of products expression from the map. {Enter the invalid BCD codes on
the map as don’t cares (x)}.
3. Using LogicWorks, design a circuit that lights an LED if a majority has voted in favor of

spending the billion dollars. Implement this circuit and verify its operation in the lab using

hardware.
SMN5410, SMN54L510, SN54510.
SN7410, SNT4LS10, SNT451C
TRIPLE 3-INPUT POSITIVE-MNAND GATES
SOLE0E5A = DECERMEER 1953 = AEVISED APRIL 2003
& Package Options Include Plastic " Small BNSA10 . . . J PACKAGE
COutline”” Packages. Ceramic Chip Carriers SNSALS 10, SNEAS1O - h:g:*:Epmm
and Flat Packages. and Plastic and Ceramic IH?-'II.‘E1:H;:;23-I-G-. .. D OR N PACKAGE
DiPs ITOP VIEW]
& Dependable Texas Instruments Quality and 14 1 vl Voo
Reliability 1 1c
O 1w
descriptiomn [ ac

These devices contain three independant 3-input
rMAMND gates.

The SNE410, SNS4LS10, and SNEASTO are
characterized for operation ower the full military ... W PACKAGE
temperature range of —S56°C to 125°C, The
SMNT410, SNT4LS10, and SKN74570 are

u
charactarized for operation from O°C ta FO°C. a ;3
FUMNCTION TABLE {sach gatel apes
L GhD
INPUTS OUTPUT ap
A B c ¥ (1 3a
H H H L 1 z2c
L = » H
” N » - SNSALE10, SNE4S10 . . . FK PACKAGE
x  x L - ITOP VIEW}
=]
maF oU
logic symbol®
Sy Ll B
18 —12t wULES
o131
2 3
1 [~ 06} .
sC 51
34 a1
an o [ d8h ay B - M inperral porerection
(1
e logic diagram (positive logic)

TThes aymbol i in sccordanoe with ANSIEEEE Sud. $71- 1984 and _—

IEC Publication 617-12, b ED:__ v
Pin numbers shown ame lor O, J, and N packages, ac
B
positive logic o
_— —_ 3

Y -R B Cor¥-A+BE se— o
ac

-]
al

DATA informmtcrn s cumest =

P:‘t_"_- Copsyrighd B 21T, Toxas. Fesiroamamis nconmonates:

e TEXAS
INSTRUMENTS

FOST OFFIGE BOx assoon & Ol A% TEXAS Taoas
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SN5420, SND4LSZ0, SN54320,
SN7420. SN74L520, SN74520

sOLs07s DUAL 4-INPUT POSITIVE-NAND GATES
DECHASIN 1303 - NEVIEDT MAALTH 1300
e e i S ]
* Package Options Imrclude Plaatio “Small EMNE420 . . . J PAGKAGE
Dutline™ Packages, Ceramic Chip Carriers SNSALS20, SHS4520 . . . 1 OR W PACKADE

SNTHE0 . .. N FACKAGE
and Fiat Packages, and Plagtle and Ceramle ENTALEID, SNTASTY .. . O OR M PACKAGE

DIPs [TaF VIEW]

w Dependable Texas instruments Quality and
Rufiahifity

description

Thess devicea cantoin twe indopendornt 4 input BAND
getaE.

The EMBELI0, SNEILEI0, snd SMNEASIO ara
characterized fof GOEFELIGN A¥ar IRe Tull military range

of =850 1o 125°C. The SNT420, SNT4LE5E0. mnd SNBATT . .. W PACKAGE
SM 74520 aem charactenzed for spartian fram 090 o {TO8 VIEW]
TORC,

FUMCTION TABLE (sach qate]

INPFUTE oUTPUT

A B G D ¥
H H H H L
L ¥ X X H
P L X K H
¥ X L ¥ 1
ox X L) ¢ {TOP vIEw|
logic symbaol ¥
i | Y
Bt
™ I8
T
o .
o = % 101117 11
48] '
- 12 = oy = g Zhan
e
1131
PR T p—

IThis sy b8 = aonedencs with ANBVELE Sed. 099002 snd
B¢ Pubilcatian 987-12,
Pin pigrvibigery ghowen mee dor 1 0 W, and W pAckapei

legie disgram

1 ————
=D
ig

A

]
L :Dn— zv
20

posiiive logic Y s ARG B Y = & + B+ Ca [

R ——
cerrant 13w mablicpion ain Prided 1.t 18
Ty P o Texas W
ascaumanly inz | taating BF :| Fll'l-z"'i INETR‘_JM"_N s

BCE" OFFICH BOK E958312 » DaLLAS. TEXAS TEIES
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #6, DESIGN OF CODE CONVERTERS

OBJECTIVE

1. Design and build gray code to binary converter.
2. Design and build BCD-to-7 segment converter.

APPARATUS

Seven segment display.

SN 7400 quad 2-input NAND gates (1)
SN 7410 triple 3-input NAND gates (4)
SN 7420 dual 4-input NAND gates (4)
SN 7404 HEX inverter (1)

SN 7446 BCD-to-seven segment decoder.

THEORY

The conversion from one code to another is common in digital systems. Sometimes the output of
a system is used as the input to the other system. A conversion circuit is necessary between 2
systems if each system uses different codes for the same information. In this experiment you will
design and construct 3-combinational circuit converters:-

See section 4-5 in your book for further information.

Procedure
1. Gray code to Binary converter

Gray code is one of the codes used in digital systems. It has the advantage over binary numbers
that only one bit in the code word changes when going from one number to the next. (See Table
1).

Design a combinational circuit with 4 inputs and 4 outputs that converts a four bit gray code
number into an equivalent four-bit Binary number. Use Karnaugh map technique for
simplification. Use LogicWorks for pre-lab demonstrations.

Select the library “7400dev.clf” in the Parts Palette and then select the XOR chip 74-86. This
would give you a set of 4 XOR’s as shown in Fig. 1, just like the hardware chip 74-86. You could
use as many as needed from these XOR gates in your design. Get back to ALL LIBRARIES and
select switches for the inputs and Binary Probes as indicators of the outputs. Verify your design

in the

pre-Lab. During the Lab construct the circuit and verify its operations.
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Decimal l&ﬁ}* Binary

0 0000 | 0000

m I 0001 | 000l

J E— ] 0011 | 0010
i) O+ 3| o010 | ool
1 D110 | 0100

A b 3 D111 | 0lol
) D g D101 | 0110
7 100 | 01l

3 ‘-.‘_"“u, b g 1100 | 1000
) g 1101 | 1001
- 10 1111 | 1010
m an 11 1110 | 1011
ab)) O 12 | 1010 | 1100
. i E 1011 | 1101
Fizure. | XOK clup74-86 11 001 110
15 000 | 1111

Table 1

2. BCD-to-seven Segment converter:
A light emitting Diode (LED) is a PN junction diode. When the diode is forward biased, a current

flows through the junction and the light is emitted.See Fig.2.

fiy 270
———AAA
5
L
Fizure 2

A seven segment LED display contains 7 LEDs. Each LED is called a segment and they are
identified as (a, b, c, d, €, f, g) segments. Figure 3.

A L a 4_m
i; I;\; @_'ﬁzhc’TQh?ﬁng::niﬁi}fiﬁﬁ},
E, !r @:]d !r :,.- UBd!u

Fizure 2. Dimts represented by the 7 segments

The display has 7 inputs each connected to an LED segment. All anodes of LEDs are tied

together and joined to 5 volts (this type is called common anode type). A limiting resistance
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network must be used at the inputs to protect the 7-segment from overloading. BCD inputs are

converted into 7-segment inputs (a, b, c, d, e, f, g) by using a decoder, as shown in Fig.4.

YA s il
A— N REED N
i IAAATTIN h
O 5
P 44T . y “-_-_ T d ::""-.@ﬂ
5 Decoder Y Iy
{- | | ) LY -'\-' = E I:
N . r
!t b m— '.H'\I"III u
o] ERVWSFEKe »

Fiowre. 4

A decoder is a combinational circuit that converts binary information from n input lines to a
maximum of 2noutput lines. The input to the decoder is a BCD code and the outputs of the
systems are the seven segments a, b, c, d, e, f, and g. For further information and pin connections,

consult the specification sheet for decoder and 7-segment units.

First design a combinational circuit which would simulate the decoder function for only the

segment “a”, of the display. This can be done in the following steps:-

a) Write down the truth table with 4 inputs and 7 outputs (Table 2).

b) For only the output “a”, obtain a minimum logic function. Realize this function using NAND
gates and inverters only. For example if decimal 9 is to be displayed a, b, c, d, f, g must be 0 and
the others

must be 1 (For common anode type display units), if decimal 5 is to be displayed then a, f, g, c, d

must be 0 and the others must be 1.

c¢) Connect the output “a” of your circuit to appropriate input of 7-segment display unit. By

applying BCD codes verify the displayeddecimal digits for that segment for “a” of the display.

d) Replace your circuit by a decoder IC 7447 for all of the seven segments. Observe the display

and record the segments that will light up for invalid inputs sequence.
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e) Comment on the design if you don’t want to see any digit for invalid input sequence.

Table 2
Dec. BCD Oatputs
A|B(C|D|a|b|e|d]|e|f]|=
0 glo]o]a0
1 Olo]o]l
2 ololo]ao
3 Ol )1]Q1
4 0l1]0]0
3 gl1]ofl
& 0[1]1]0
7 Ol1]1]1
8 AR
9 1o jofl
+5V
18 I
% 47 Chm
4 47 dot _T
B 1 7] CA
—o| giRBD |4 _
“o| RE i 13 _|° 14
LT Fle 10 1
o o ST S
e | S < w—
switches il Iy h 13 11, 4
1ls

BCD-to-Seven Segment Decoder and T-segment display
Mote: In an actual T-segment dsplay the dot is on the efi
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SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SOLS111 = MARCH 1974 -~ REVISED MARCH 198

‘46A, '47A, 1547 48, LS4 ‘LS4
feature feature feature
* Open-Collector Outputs * Internal Pull-Ups Eliminate * Open-Collector Outputs
Drive Indicators Directly Need for External Resistors « Blanking Input
* Lamp-Test Provision * Lamp-Test Provision
* Leading/Trailing Zero * Leading/Trailing Zero
Suppression Suppression
SNS446A. SNSL4TA, SNSALSA?, SN5448, SN54LS47, SNSALS4S . . . FX PACKAGE
SNS4LS48 . . . J PACKAGE (TOP VIEW)
SN7446A, SN7447A,
SN7448 . . . N PACKAGE S
SN74L547, SN74L548 , ., D OR N PACKAGE va2 5.
(TOP VIEW) 32 V2010
[N w(lg
BI/RBO 17la
NC 16} NC
R8I 5L
c

[} 14
S 10111213
<og v o
SN54LS49 . . . J OR W PACKAGE SN54LS4S ., . FK PACKAGE
SN74LS49 . . . D OR N PACKAGE (TOP VIEW]
(TOP VIEW) o
g9
BC vcc o® > -
cd '
81 C 9
o a
AC b
o [ ¢
GND[_" d

9 10 111213

IThE

NC — No indernal conmaction

Copyright © 1988, Texas Instruments Incorpocated

e S S, o
g “'P TeEXAS
INSTRUMENTS
POST OFFICE BOX 855303 ® DALLAS, TEXAS 15288 1
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SN5446A, "4TA, '48, SN54LS47, 'L548, 'LS49
SN7446A, "47A, '48, SNTALS4T, 'L548, 'L549
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SOLET = MARCH 1974 = REVISED MARCH 1388

= AJl Cireuit Types Feature Lamp Intensity Modulation Capability

DRIVER QUTPUTS TYPICAL
TYPE ACTIVE QUTPUT BINE Max POWER FACKAGES
LEVEL CONFIGURATION | CURRENT | VOLTAGE | DISSIPATION
SNS446A4 loowy apen-callecior A0 mi owv 320 mW J, W
SNE4ATA I apan-callgcior 40 mA 168V 320 mW J W
SNEdaB high 2-k0 pull-up 6.4 mA 5.5V 266 mW J W
SNE4LS4T by apan-callpeiar 12 mA 15 W 35 mW JW
SHE4LS4A high 24k0 pull-up 2 ms 5.5 125 mW JW
SNE4L540 high opan-collector & mA BEY 40 mw J, W
SNT44EA by opan-collacior A0 muk ao v 320 mW J, M
ENTA4TA o apsd-gallecter A0 A 1BV 320 mW JN
ShTa48 high 2-k0 puill-up 6.4 fd 5.5V 266 mW J, N
SHNTALS4T low open-collsoior 24 ms 15 35 mw JN
SNT4LS48 high 2-kl] pull-up B ma BEY 125 mW J, M
SNTAL548 high apan-collscior B mi & W 40 mn J M

logic symbolst

‘6A, '4TA, LS47
BNSES D

1 van PRETTE A=) M

L i LRI ] - 17l 1 bl 113
1 e 20.2% :-—ulL;. in i g AHI—.t
Em 2 d 20210 e 00 I i 4 el U8
c 4 gk ¥, S & NG o,
plfl g T be] - plil g o200 &,
§ MGk, AN § 20218 LT

‘L5489
T
CTPLECIN =S B,
;,_13_._: iﬂﬁ'i'
-
gty ey
Pl fe) (I
c—dEl{y oL,
{7 L
p—ta_{ e I

"These symibols are in accosdance with ANSUIEEE Std 81-1964 and IEC Pubbcation 817-11
Fin numbers shown are for O, J, M. and W pacieges.

ﬁ’ TEXAS

INSTRUMENTS
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SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SOLS111 - MARCH 1874 - REVISED MARCH 1968

description

The “40A, "47A, and "LS47 featurs active-low cutputs designed for driving common-snode LEDs or incandescent
Indicators directly. The ‘48, 'LS48, and 'L549 feature active-high outputs for driving lamp buffers or common-cathade
LEDs, All of the circuits except ‘L5489 have full ripple-blanking input/output cantrols and a lamp test input. The "L549
circult Incorporates a direct blanking Input, Segment identification and resultant displays are shown below, Display
patterns for BCD input counts above 8 are unique symbols to authenticate input conditions,

The '46A, ‘47A, ‘48, 'LS47, and 'LS48 cirouits incorporate automatic leading and/or @ roro-blanking control
(B! and BBO). Lamp test (LT) of these types may be performed at any time when the node is st 8 high level.
All types (including the ‘49 and ‘LS49) contain an overriding blanking input (BI), which can be used 1o control the
lamp intensity by pulsing of 1o Inhibit the outputs. Inputs and outputs ire entirely compatible for use with TTL logic
outputs.

The SNS4248/SN742486 and "247 and the SNSALS247/SNT4L5247 and L5248 compose the 5 and the T with
talls and were designed to offer the designer a choice batween two Indicator fonts.

- . —
| = E2 I NIt
| b HEEEE N = =
-l |c © 1 2 3 & 5 8 7 8 8 W0 11 17 13 i
o NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS
SEGMENT
IDENTIFICATION
WOA, ‘4TA, LS47 FUNCTION TABLE (T1)
DECImaL
on INPUTS BRSS! QUTPUTS NOTE
FUNCTION | ET |RBI| 0 € @& A . b ¢ d . f 4

4] M " L L L L " ON |ON |ON | ON | ON | ON | OFF

1 - X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF

2 M x L L & L L ON | ON |OFF | ON | ON |OFF | ON

b - x L ! - - " ON | On | ON | ON | OFF |OFF | ON

Kl 2] x L " L L H OFF |ON | ON |OFF JOFF | ON | ON

5 L x L " L M " ON |OFF |ON | ON |OFF | ON | ON

L) H X L " " L “ OFF |OFF |ON | ON | ON | ON | ON

? M X L " " M H ON | ON | ON | OFF | OFF | OFF | OFF \
L] H x " . L L H ON |ON |ON | ON | ON | ON | ON

L H x H 8 L L H ON | ON | ON |OFF |OFF | ON | ON

10 H x " L H L H OFF | OFF |[OFF | ON | ON |OFF | ON

" " X H L " H H OFF JOFF |ON | ON |OFF JOFF ! ON

” H x " " L L " OFF | ON |OFF |OFF | OFF | ON | ON

5 ] " x L " L H H ON |OFF |OFF | ON [OFF | ON | ON

" " x " " " L " OFF |OFF |OFF | ON | ON | ON | ON

s M X " - " " L] OFF |OFF [OFF [OFF | OFF |OFF | OFF

L L x x X x x x L OFF | OFF |OFF |OFF | OFF |OFF | OFF 7
A " L L L L . L OFF |OFF |OFF |OFF | OFF [ OFF | QFF 3
LT L X x X X X M ON |ON LON | ON | ON | ON | ON -

Moo= nigh vel, L = low level, X = irrelevant
NOTES 1, The bianking irput (B1) must e open or hetd a1 » high loge luvel when output functions 0 through 1h we devired, The

ropie ttanking input BT must b open 0f High it Blanking 0f & decinal 1ere is not desised.

? wuonnb«mhnl-wcmwulnmmmm.mwmovuwo"u.ﬂcuuﬂwnbnloﬂnv
SIhet ingut.

3 m-wn.mImlmm&'.c.-Ounam“—mmwuammawm
9% 011 and The rigpie Sianking eutpwt (NHO) goes 10 & low level Irespanse Laniition),

4 When the bisnking inpul/rigohs Manking Sutout (BURDBO! & spen o Mid hgh end o low & Jppied 10 the kg test Input, =8
tegrent Culpuls Me 00

VEI/IBD i wire AND jagic serving 43 blank ing lngut [TT] sndior ripoie-blanking auigw (WHS)

{9 TEXAS
INSTRUMENTS
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #7, ADDERS, SUBTRACTORS AND MAGNITUDE
COMPARATORS

Objectives:
« To construct and test various adders and subtractor circuits.
- To construct and test a magnitude comparator circuit.

Apparatus:

- IC type 7486 quad 2-input XOR gates

- IC type 7408 quad 2-input AND gates

- IC type 7404 HEX inverter

— IC type 7483 4-bit binary adder

— IC type 7485 4-bit magnitude comparator.

Theory:
See Sections 1-5,4-3,5-2,5-4 of your textbook.

a) Addition:

IC type 7483 is a 4-bit binary adder with fast carry. The pin assignment is shown in Fig 1. The
two 4-bit input binary numbers are A1 through A4 and Bi through Bas. The 4-bit sum is obtained
from Si through Sa. Ci is the input carry and Co the out carry. This IC can be used as an adder-

subtractor as a magnitude comparator.
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1 |a, Ve | 14
3 1A S, 15
8 | A, o
10 A 7483 >3
16 | B, S, 6
4 |B; < 9
— B2 b =
11 | B,
Ci GND
13 12

Fig.1 IC type 7483 4-bit adder

b) Subtraction: ¥

The subtraction of two binary numbers can be done by taking the 2’s complement of the
subtrahend and adding it to the minued. The 2’s complement can be obtained by taking the 1’s
complement and adding 1. To perform A - B, we complement the four bits of B, add them to the
four bits of A, and add 1 to the input carry. This is done as shown in Fig 2. Four XOR gates
complement the bits of B when the mode select M = 1 ( because x @ 1=x’) and leave the bits of
B unchanged when M = 0 (because x @ 0=x) thus, when the mode select M is equal to 1, the
input carry Ciis equal to 1 and the sum output is A plus the 2’s complement of B. When M is
equal to 0, the input carry is equal to 0 and the sum generates A + B.

c) Magnitude comparison
The comparison of two numbers is an operation that determines whether one
number is greater than, equal to, or less than the other number.
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1;'~"?|:-:
1 1A, c, |14
_ 3 | As 1 15
Input A 4 8 | a Sy b——
) 2
10 —
[ —™M 7483 7 )
T 16 B_ -
_)Idl __) - | (:IJ
—)) 4 |B; 0
E s [
Input B ) >—2> B,
— T, 11 B
A C; GND
13 2

M = 0 for add and M = 1 for subtract

Fig. 2 4-bit adder/subtractor

The IC 7485 is a 4 bit magnitude comparator. It compares two 4-Bit binary numbers (labeled as
A&B) generates an output of 1 at one of three outputs labeled A > B, A < B, A = B. Three inputs
are available for cascading comparators. See Fig.3.
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1 A.l ‘\. cc ‘,.'EL - B
3 | A;
8 A,
10 1A 7485 A=B
16 | B
4 | B; A<B
11 | B,
GND

Fig. 3 4-bit magnitude comparator

Procedure:
a) Design using LogicWorks a half adder circuit using only XOR gates and NAND gates.

Then during the Lab construct the circuit and verify its operation.
b) b) Design using LogicWorks a full adder circuit using only XOR gates and NAND gates.
Then during the Lab construct the circuit and verify its operation.
c) Use IC 7483 to add the two 4-bit numbers A and B shown in Tablel. In LogicWorks,
select the chip 74-83 and use Binary switches for the bits of the two numbers and the input

carry and use Binary Probe for the sum and carry out.

Table 1.
A3 | A2 | A1 | A0 |B3 | B2 Bl | B0 Sum Carry
out
| 0 |0 1 0 1 0
0 1 1 0 1 1
1 1 0 |0 1 0 1 0

Input carry Ci is taken as logic 0. Show that if the input carry is 1, it adds 1 tothe output sum.
In the Lab use switches S1-1 to S1-8 for the two numbers and use the SPDT S2 for the input

carry Ci. For sum and carry out, use LED-1 to LED-5.
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d) Connect the adder-subtractor circuit as shown in Fig 2. Perform the following operations and

record the values of the output sum and the output carry Co.

Table 2.
Decimal Output sum Carry

A B Out C,

9+5
9-5
9+ 13
9-9
10+6
6-10

« Show that Co =1 when sum exceeds 15.
« Comment on sum and Co for the subtraction operations when A > B and A < B.

e) Use 1C7485 to compare the following two 4 bit numbers A and B. Record the outputs in table
3. Note that in LogicWorks you need to connect (A = B) input to logic 1 (as an indication that
previous stages are equal in multi-digit numbers) for correct results while this is not necessary for

the hardware.

Table 3.
A B Outputs
1001 0110
1100 1110
0011 0101
0101 0101

f) A magnitude comparator can be constructed by using a subtractor as in Fig 2. and an additional
combinational circuit. This is done with a combinational circuit which has 5 inputs S1, S2, Ss, S4,
and Co, and three outputs X, Y, Z see Fig.4

X =1if A=B Where S =0000
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Y=1if A<B WhereCo=0
Z=1if A>B Where Co=1 S #0000
Design and construct this logic circuit with minimum number of gates. Check the comparator

action using Part (e). In the Lab verify your Logic Works simulation.

‘ 5
3
Iy e 14
Ay ”
3 | Az : - o
Input A S, 15 D651.gn tlkus
8 | A, Combinational
o - .
10 | ¢ S = Circuit
— M 7483 : ]
— 16 | B
ﬁ)____-;' 4 Sz
Input B _j_f")'__ >4 1B " 9
e
—_— T 11 | B
oo 1
A G, GND
Mode Select M
Vee = 12

(M =1 for subtract)

Fig.4 A magnitude comparator using a subtractor
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@ MOTOROLA

4-BIT BINARY FULL ADDER
WITH FAST CARRY

The SN54/T4L583A iz a high-speed 4-Bit binary Full Adder with internal
camy lookahead. It sccepts two 4-bit binary words (Aq-A4, B4—Bg)and a
Carmy Input {Cg). 1t generates the binary Sum outpats ¥1— X4 ) and the Camy
Output (C4) from the most significant bit. The LS83A operates with edther
active HIGH or active LOW operands (positive or negetive logic) The
SM54/ T4L5283 is recommended for new designa since it is identical in
function with this device and features standard cormer power pins.

CONMECTION DIAGRAM DIP (TOP VIEW)
By % Gy Cp GND B

IFIIFIITII_II_II_II_II_I

HOTE:

) The Flatpak wersion has the
Ciagram) as the Dual In-Line
Fackage.

njagnjnajagagn
Ay B Mg

PIN NAMES LOADING {Nale a)
HIGH LOW
Ag=iy Operand A lnpuls 1.0UL 05 LUL.
By-B4 Operand B Inpuls 1.0UL Q5 LUL.
Cp Carry Inpul OEUL | 025UL
Eq=Iy Sum Oulpuls {Note b UL [s(@S UL
Cy Carry Oulpul (Mot b UL [&(25 UL
MOTES:

&)1 TTL Unit Load {U.L.) = £0 b HIGH S ma LOW.
B The Dutput LOW drive factor s 2.5 UL for Miltary (54) and & UL for Commescial (T4)
Temperaiure Rarges.

LGGIC DIAGMM
Cg Ay By Vg =PING

SN54/74LS83A

4-BIT BINARY FULL ADDER
WITH FAST CARRY

LOW POWER SCHOTTKY

J BUFFIX
CERAMIC

CASE 82009
18

N SUFFIX
PLASTIC
15 CASE B4.8-08

@ O SUFFIX
. S0IC

CASE T518-03

ORDERING INFORMATION

SN54LENX]  Ceramic
SNTALSIOIN  Plastic
SNTALEXXD  20IC

@ D @ @ @' E]' EI' '3“'3' PR 12
ﬁ! (O =PI NUMEBERS
kv

LOGIC SYMBOL

?.'—_.

I
By
15— oy

[
%

= —
-
B —
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FUNCTIOMAL DESCRIPTION

The L5834 adds twia 4-bit binary words (A plus B) plus the incaming carry. The binary sum Bppears on the surm sutputs (£4-14)

and outgaing carry (4] outputs.

Co + (A1+B1 pr2{Az+Bz)*4iAg+Ba)vB(Ay +Ba) = 1+ 2L L3+8E4+16C

‘Where: (+) = pluz

Dwe to the symmeiry of the binary add function the L5834 can be wsed with edther all inputs and outputs active HIGH (positive
Iogic) or with 2ll inputs and outputs active LOW (negative logic). Note that with sctive HIGH Inputs, Carry Input can not be leftopen,

but must be held LOW when no camy in is intended.

Example:
Co A A2 Ag Ag By By By By %y I3 I3 Li| G4
Logic Levels L H L H|JH L L H|H H L L H
Active HIGH oJjoe v o 141 0 0O 1)1 1 0 0 1
Ative LOW iyt o 1 oo 1 1 Q)0 0 1 0

(1040 = 18]
[earry B = 12)

Interchanging inputs of equal weight does not affect the operation, thus Cp. A4, B4, can be arbitrarily ssskgned to pins 10, 11,

13, et
FUMCTIOMAL TRUTH TABLE
Cin=1} Ay Bq Ia Cn
L L L L L
L L H H L
L H L H L
L H H L H
H L L H L
H L H L H
H H L L H
H H H H H
Cy = C3 are gencrated inlemally
Cg—Is an exernal input
C4— Is an oulpat generaied iniemaly
GUARANTEED OPERATING RANGES
Symbal Parameter Min Typ Max Unit
Yoo Supply Valtage 54 45 5.0 5.5 )
T4 476 5.0 5.25
Ta Operating Ambient Temperature Rangs 54 =fi§ 25 125 b H
T4 i 25 10
loH Outpud Currant = High 54, 74 =04 ik
log Outpud Curran =— Law 54 410 ik
T4 8.0
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SN54/74LS83A

DEC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniless oiherwise specified)

Limits.
Bymibol Pararmeter Min Typ Max init Test Conditions
Guararieed nput HIGH Volage for
YK Iroust HIGH Viltage 20 L e -
v ot LOW Vet B4 nr v | Guarantesd put LOW Veltage for
L Pt o All Irputs
74 0B
Wik Irud Clarry Diede Voltage =085 | =15 | V| Voo = MIN, Iy = =18 mA
£4 25 a5 v Vo = MIM, lngy = MAX, Viy=Viy
II'IIEH HIGHMF 74 27 %5 W par Truth Table
54,74 p2s | 04 Vv | g =d4oma | Yoo = Voo MIN,
Yo, Oristpust LOW Vakage Wiy VLo Vi
T4 035 | 05 | V| lo =80mA | per Truth Table
Irgoust HIGH Current
Cy 20 ph | Voo = MAX, Wiy = 2TV
AorB 40
IH
0
iﬂm B 0z mh | Voo = MAX, Vi =70V
Irgoust LW Curreni
hiL Cy =04 | mA | Voo = MAX Vig=04Y
AorB =08
Ing Outut Short Circuit Current (Note 1) | =20 =100 | mA | Voo = MAX
oo Power Sugply Curnant
All Irguts Grounded K
Al Ingus 3 4.5 V, Except B 3 | ™A | Voo =Max
Al lrguts #4.5Y M

Motz 1: Mot mone: than ane cutput should be shored ot & Sme, nor for mone than 1 second.

AC CHARACTERISTICS (Ty = 25°C)

Limits

Symbal Parameter Min Typ | Max | Unit Test Conditions
IPLH Propagation Detay, Cy Inpul 16 4 &
IPHL ta any £ Outpul 16 24
iPLH Propagation Detay, Ary A or 16 24 1]
PHL B Ingut 1o £ Dulpubs 18 4 ‘-E:Lc: = ::F‘v'

=1
PLH Propagation Detay, Cg lnput 1 7 s Figures 1 and 2
IPHL tar Gy Output 18 2
IPLH Propagation Detay, Ary A or 1 7 1]
IPHL B Ingut 1o Cy Outpul 12 7
AL WAVEFORMS

" 13V 13V ™ 13V 13V
I" Il H_ IPLH L—"— B L—“— =71
Vour v 13V Vour 13V 1V

Flgure 1 Figure 2
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #8, DESIGN WITH MULTIPLEXERS

Objectives

To design a combinational circuit and implement it with multiplexers. To use a demultiplexer to

implement a multiple output combinational circuit from the same input variables.

Apparatus

« IC type 7404 HEX inverter

« IC type 7408 quad 2-input AND gate

« IC type 74151 8x1 multiplexer (1)

« IC type 74153 dual 4x1 multiplexer (2)

« IC type 7446 BCD-to-Seven-Segment decoder (1)
« Resistance network (1)

« Seven-Segment Display (1)

Theory
See section 5.6 of your text.

IC Description

74151 is a 8 line-to-1 line multiplexer. It has the schematic representation shown in Fig 1.
Selection lines Sz, S1and So select the particular input to be multiplexed and applied to the output.
Strobe S acts as an enable signal. If strobe =1, the chip 74151 is disabled and output y = 0. If
strobe = 0 then the chip 74151 is enabled and functions as a multiplexer. Table 1 shows the

multiplex function of 74151 in terms of select lines.

Table 1. 16| | 8
Strobe Select Lines Output Strobe S Wee GND
S S, S, So Y D
1 e X X 0 3 v | 5 ¥
0 0 0 0 DO > g
0 0 0 1 D1 N Df —4151
0 0 1 o D2 Input data < 15 W °
0 0 1 1 D3 —==1 Ds
0 1 0 0 D4 14 | D5
0 1 0 1 Ds _ 13 | Dy
0 1 1 0 D6 12 | D,
0 1 1 1 D7 \ S:  S1 So
o] ]
——

Fig.1 IC type 74151 Multiplexer 81
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74153 is a dual 4 line-to-1 line multiplexer. It has the schematic representation shown in Fig 2.
Selection lines S1 and SO select the particular input to be multiplexed and applied to the output
IY{1=1, 2}

Each of the strobe signals I1G {I = 1, 2} acts as an enable signal for the corresponding multiplexer.
Table 2. shows the multiplex function of 74153 in terms of select lines. Note that each

of the on-chip multiplexers act independently from the other, while sharing the same

select lines S1and So.

Table 2
Multiplexer 1 Multiplexer 2
Strobe | Select lines | Output Strobe | Select lines | Output
1G Si So 1Y 2G St So 2Y
1 X X 0 | X X 0
0 0 0 1Dy 0 0 0 2Dy
0 0 1 1Dy 0 0 1 2Dy
0 1 0 1D> 0 1 0 2D,
0 1 1 1Ds 0 1 1 2Ds
16| 8 16‘ 8
Ve GND 15| Ve GND
Strobe G Strobe 2 |, G
p
% lip, MUXI 10 hip,  MUX2
> 11D, g 1, 2y | —
Input data < Input data <
4 12
— Dy — D»
3 | 1Ds 13 | 1D;
) 51 So b St So
2 14‘ 2

]4‘

Fig.2 Chip 74153
IC 7446 is a BCD to seven segment decoder driver. It is used to convert the combinational circuit
outputs in BCD forms into 7 segment digits for the 7 segment LED display units. See experiment
#5.
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Procedure:

Part I: Parity Checker:

a) Design a parity Checker by using a 74151 multiplexer. Parity is an extra bit attached to a code
to check that the code has been received correctly. Odd parity bit means that the number of 1’s in
the code including the parity bit is an odd number. Fill the output column of the truth table in
Table 2 for a 5-bit code in which four of the bits (A,B,C,D) represents the information to be sent
and fifth bit (x), represents the parity bit. The required parity is an odd parity. The inputs B,C and
D correspond to the select inputs of 74151. Complete the truth table in Table 3 by filling in the

last column with 0,1,A or A’.

b) Simulate the circuit using LogicWorks, use 74-151 multiplexer and Binary switches for inputs
and Binary Probes for outputs. The 74151 has one output for Y and another inverted output W.
Use A and A’ for providing values for inputs 0-7. The internal values “A, B, C” are used for
selection inputs B,C, and D. Simulate the circuit and test each input combination filling in the
table shown

below. In the Lab connect the circuit and verify the operations. Connect an LED to the
multiplexer output so that it represents the parity bit which lights any time when the four bits

input have even parity.

Inputs Outputs Connect data to

A B C D X
0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

Part 2: Vote Counter:

A committee is composed of a chairman (C), a senior member (S), and a member (M). The rules

of the committee state that:
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« The vote of the member (M) will be counted as 2 votes

« The vote of the senior member will be counted as 3 votes.

« The vote of the chairman will be counted as 5 votes.

Each of these persons has a switch to close (“I”’) when voting yes and to open (“0’) when voting
no.

It is necessary to design a circuit that displays the total number of votes for each issue.

Use a seven segment display and a decoder to display the required number.

If all members vote no for an issue the display should be blank. (Recall from Experiment #5, that
a binary input 15 into the 7446 blanks all seven segments).

If all members vote yes for an issue, the display should be 0. Otherwise the display shows a
decimal number equal to the number of 'yes' votes. Use two 74153 units, which include four
multiplexers to design the combinational circuit that converts the inputs from the members’
switch to the BCD digit for the 7446.

In LogicWorks use +5V for Logic 1 and ground for Logic 0 and use switches for C, S, and M.
Use two chips 74153 and one decoder 7446 verify your design and get a copy of your circuit with

the pin numbers to Lab so that you could connect the hardware in exactly the same way.
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BEDLEmGE

3N54150, SN54151A, SN54L8151, SN545151,
SN74150, SN74161A, SN74L5151, SN745151

DATA SELECTORS/MULTIPLEXERS

CECEWBER 1073 - REVEED MARCH 1083

150 Selects One-of-Sixteen Data Sources
Others Select One-of-Eight Data Sources
All Perform Parailel-tn-Serial Conversion

All Parmir Muitiplexing from N Lines 10 Ong
Line

Alxn For Use ax Bonolean Fmetinon Ganararor

5 & = 8

& Inpur-Clamping Dindas Simplity System
Design

# Fully Compatible with Most TTL Clreuirs

TYPICAL AVERAGE I TPILEL
TYPE FROPAGATION DELAY TIME POWER
DATA INPUT TO W OUTPUT  DISEIPATION
180 13 ni 00 mhy
1ElA B nz 165 M
19158 13 na 30 mW
'E1E1 4.k ag 225 m'W
desurigtion

Thesa monadithic Qata seleCTONSMUITIRIENErS CONtaIn
full on=chip enacy decoding 1o sebect e desired daia
aourge, The 't B0 sedects one-of-sxizen dete sources;
tha 1814, L5151, and "S$151 gelect one-of-aight
data snurcas. The 180, 1814 L5181, and "'S151
have a strobe input which must be at a low beglc level
to onable thoao devices. A high lovel ot the strabe
farces the W autput high. and the ¥ output (ag
appiicatdel v,

The “ 180 has anly an dmesrrad Wonotpen: the T TETA
‘LE151, and "S151 feature comolamentary W and
pUTpAtE.

Thie "1514 and "1 524 incerporan oddress buffara that
have symmatnes| propagation daley e theaugh the
complamanrary paths. This reduces me possibllity of
trangients occurring at the autoutlsl due to changes
miade at the calect inputs, aven when the "1E14
outputs are enabled fig., strobg low)

ENE41ED . . . J OB W PACKAGE
SNT4150 . .. N FACKALE

[TOP WEEW)
E7} Voo
ER &)
ES E9
E4 ElD
E2 EN
B2 [E12
E1 E1F
Eof E14
G ElS
w A
o B
GND| e [
SHRATRIA. SNRALS161, SNESS151 . 1 DR W PACKAGE
SNTAIETA . . N FACHAGE
SHTALE1E1, GNT45181 0 M N PACKAGE

(TOR WIEW]

SNl S1R1, SNRAS1ET . . FK PAGKAGE
[TOF VIEW)

L)
8w
HEZ.’.’G

E<BETD

9 il

[ =Ty
=

W - B inlenal connection

PRADBCTION OATA dnumaEmy CoTcain |nfarmeia
eurres 5o ol pubfeatien detn. Praduets canform »
appridiontines gar the tarme of Tarse ingtmess
alandard veisimiy. PiondisiCan pracaismy decs wd
racitianly irchds neting o o paramatnie

OFET FIREIE MIYE REEMD T @ (1811 &%
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SN54150, SN54151A, SN54L3151, SN545151,
SN74160, SN74161A, SN74LS161, SN745161
DATA SELEGTORS/MULTIPLEXERS

logie symbols!
16D "151A, L5167, "§167
[ m x
PRI P g =
PR il
1181 a L 52
183 G o P f
1 (L]
oo L
E: 13 : an 1 1 B
£ ] 1 oz ;: ! o 1y
- 18 3 bF = 1
EA -I:h—-l i o+ rs
i L 10 L1l
E F Fa W i e
L % e — &
g A2 [ or 14 s
E7 :'m 7
L1} 1
o jEei] 3
En :;;: B
(431 1"
pip 1™ 13
Ela s L]
i (k] .
1
I il AL}

TThess symbol ars i accordence with ANSVIEEE Std. 91-1904 and IEC Putlication 817-12.
Fin numbers shown are O, J, N, and W pickeges.

el “TH1A, "LEIBT, "B1E1
FUNCTION TABLE - FUNCTION TABLE
INPUTE cu'rrur] INPUTS QUTFUTS
EELECT ETROBE " EELECT TI'H.PEE - o
D C B A i L B al @
" EE H H TR 7] L H
R T L Ed LoLL L L @
L L L H L ] L H k ur
L LH L L 4] L H L L [+
L L HH L ES L H H L o3 03
L H L L L ) H L L L o4 oA
L H L H L 33 H L H L nE 5
L H H L L E5 H H L L oE 0B
I W OH M L E7 H H H L o? o7
B L oL L L 8
H L L H L E5
BFoLoH L L £
W L H H L F11
H oM L L L gz
H oM oLl L £
H 4 H L L (3L
L] L] M 2] I LU Y

M = high laval, L = Iow igvel, & 3 irraigvant
EILET. . E75 = the complement of the laval of the reepestive § input
00, B1 ... 07 = e level of the D respestive input

Texas ¢

INSTRUMENTS

FUSI UFHLE HUR BASUTT @ LALLAL TEEAY Jhibhb
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #9, FLIP-FLOPS

Objectives

1. To become familiar with flip-flops.
2. To implement and observe the operation of different flip-flops.

Apparatus

- IC type 7400 quad 2-input NAND gate

- IC type 7410 triple 3- input NAND gate

- IC type 7476 dual JK master-slave flip-flops.

- IC type 7474 dual D positive-edge-trigged flip-flops.
- Dual trace oscilloscope.

Theory

See sections 6-2 and 6-3 of your text.

Procedure

1. Inthe pre-lab using LogicWorks construct the circuit shown in Fig.1

o \NN\— <

Y

Y

A

Ve

W

— AN

=
+5

Where we could use generic NAND gates or 74-00 and Binary Probes to simulate LEDs. Finally,

we use SPDT for the bouncing switch. Using the simulated circuit fill in the truth table.
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S
1
|
0
1
0

In the Lab, Build the RS latch shown in fig.2. Use SPDT switch S2 as a bouncing switch. Q and
Q’ Outputs are connected to LED’S of the PB-503. Verify the truth table experimentally.

— <1KO

2. Modify the basic R-S into a D latch by adding the steering gates and the inverter shown in Fig
3. Connect the D input to the pulse generator of the digi designer and set it at 1 Hz. Connect the
enable input to a high through 1k resistor. Observe the output; obtain the truth table
experimentally then change the enable to a low. Is the enable an active high or an active? Leave
the enable low and place a momentary short to ground first on one output and then on the other.

What happens?
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Pulse
Generator

A4
3300

_51\."

3. The 7476 is a dual JK master-slave flip-flops with preset and clear inputs. The function table

given in table 1 defines the operation of the flip-flop. The +ve transition of the CLOCK (CP)

pulse changes the master flip-flop, and the (-ve) transition changes the slave flip-flop as well as

the output of the circuit. In LogicWorks the chip 7476 is not available, however, the generic JK

flip-flop behave in exactly the same way as the 7476. The “S” represents the Preset, the “R”

represents the Clear, and C represents the clock pulse (CP). Verify the table by connecting Binary
switches to R, S, J, K, and C. Notice that only the negative edge of the clock affects the outputs

(Q, and Q’).
Table 1
Input Output
Preset Clear Clock J K Q Q’
0 1 X X X 1 0
1 0 X X X 0 1
0 0 X X X 1 1
1 1 2 0 0 No change
1 1 TV 0 1 0 1
1 1 ¥ | 0 1 0
1 1 R2 1 1 Toggle
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cL il
R

1y Q—>0 KA
3300
+5V
_OD 8 =
K el
1 CLR Q DC; k- AAN—
T ' 3300
Fig. 4

In the Lab, Construct the circuit of Fig 4. Look at the data sheet for the 7476 and determine the
inactive logic required at the PRE and CLR inputs.

Connect the 7476 for the SET mode by connecting J =1, K = 0. With CLOCK (CP) = 0; test the
effect of PRE, CLR by putting a 0 on each, one at a time.

Put CLR = 0, then pulse the clock (CP) by putting a HIGH then a LOW, on the clock. Does the
CLR input override J input?

Verify the operation of the JK flip flop by experimentally obtaining the characteristics.

5 Y

15 11
4 7 PR Q 9 T PR Q
Vee=pin 5
1 |> Cp 6 :D CP GND =pin 13
l6 | |14 12 |k | 10
cLrR Q[ clr

I I
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SN5474, SNSALSTAA, SN545T4
SN7474. SNTALST4A, SNTA5T4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

EDL511% -~ DECEMBER 1583 - REVISED MARCH 192

+ Package Optlons Includa Plastic ““Small SNE4AT4 . . . J PACKAGE
Outline” Packages, Coeramic Chip Carriers SNES4LET4A, SMEASTS . . . J OR W PACKAGE
and Flat Packages, and Plastic and Cararic SN7474 . . . N PACKAGE

SNTALSTAA, SNT4574 . . . D OR N PACKAGE
DiFe ITOF VIEW)
* Depandable Texas Instruments Quality and 'rﬂﬂ‘
Raliability 100z
1cue s
deacriptian IFREC]
These devices contaén two  independent D-type iads
positive-adga-triggered flip-flops. A low level Bt the 1a0s
presel of clear inputs sets or resels the outputs GND[7
regardiess of the kvels of the ather inputs. ¥Whan presat
and clear are Inactive (highl, data at tha O input meating SN54T4 . . . W PACKAGE
the setup time requirements are transferred 10 tha (TOP VIEW)
outputs on the positive-going edge of the clock pulsa,
Clock triggering occurs at 8 voltage level and is not weklr Wal1FRE
directly related to the risa time of the clotk pulse, o e
Fallowing tha hold time interval, data at the O input may 1CmOs 2
b changed withaut affecting the levets at tha outputs, vee O 11l anD
20RO:  w{zd
The SNE4" family ts characterized for operation over the mgs 9120
full miktary temperature range of —55°C w 125°C, E{'.LKEP a:zm
The SNT4° family i= characterized for operation from
0°C to TOOC.
SHEALET4A, SNGASTA . . . FK PACKAGE
FUNCTION TABLE ITORF VIEW]
INPUTS | OuTPUTS
FAE CLA CLK D | 0O [
L H ¥ X |H L
H L KL H
L L woox | wtoowt
H H 1 H|H L
H H t L|L H
H H L x| og Ty

T Trhe nutput leveh in 1B cEnfigur@tsom 898 mon gusrsnoeesd
fo st the minsmumn lawels 6 W o of the loes 8t prest
snd clas = nedd Vi manimuam, Furibermaors, thi con.
figusatiom 18 Aonemahis; that in, it will ned peoed sshan
alghes presst or clese returea 19 15 iaeelive [highl beiasl

HC - Mo internal 20N acTian

i bl t
logic sym logic diagram [positive logic)
— {4
1FRE 3 15}
T - 1 H‘!—‘%:).
il __ho L, i 2
1CLA %b- R "
IPRE Hoip, E]] 0 I a
ETr T |
E—%: [TET LI a
cLK
IThis symbal i in accordinca with ANSIPEEE S1¢ 93-1984
and B Publication 817-12.
Pin numbers shown ars for D, 1, M, and W packages o
umrh::ur—-n-n:_m_-h::__uuu Copyright & 1928, Texas Insiuments Ncorporaies
Ieatiey 2! oll purrter TEX_AS
INSTRUMENTS
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SN74LS76A

Dual JK Flip-Flop
with Set and Clear

The SNTALETGA offiers indrvadual J, K, Clock Fulse, Direet S and
Dimect Clear mputs, These dual fhipsflops are designed so that when
the chock goes HEGH, the mputs are enabled and data will be accepled.
The Logic Level of the ] and K inputs wall perform according to the
Truth Tahle a5 Jong a5 mimimum setip times are observed, Input data
15 traresferred to the outputs on the HIGH0LOW clock transbions,

MODE SELECT = TRUTH TABLE
OFERATING INFUTS DUTPUTS
MODE Llm|s|e]al®
St [ T A O T
Ripsat {Clear| HfLo x| x L |H
*Uidetermingd Ly x| x| H |H
Toggle HlH|n|nh | §]aq
Lagd"CjResety | H | H | h L | H
Liaad 1" {5iet) H|{H]Hn [ H|L
Hald H | H | [ g | d

" Boih cutputs Wil be HIGH whike both 5, and T are LOW, but the autpué
stales are unprecictabie % and T, oo HIGH simufaneousty.
H, h= HIGH Vokage Level
L, | 2 LOW Vokage Level
X = Immaterial
I, Iy {0 = Liwer case befiers Indicaie e staie of T relerencesd input
{or cutput] ore sefup Sme prior tohe HIGH=i0-LOW chock ransition

ON Semiconductor

Farmery & Dnvaion of Melorol

ORDERING INFORMATION

hity:llonsemi.com

LOW
POWER

SCHOTTKY

N ELIFFIX
(CASE baB

2 4

501G
0 BLIFFIX
CAGE THE

Davica

Package

BNTALETEAN

1&Fin OIF

GUARANTEED OPERATING RANGES
Eymbad Paramaior win | Typ | max | une
Vee | Suoly Volage ars | s0 [sms | v
T, | Operating Ambient BIERERE
Temperatoe Range
low | ‘ulput Cumen < High 04 | m
ly | Cutput Cument = Low 80 | ma
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SNT4LSTEA

LOGIC DIAGRAM LOGIC SYMBOL
2 T
4 4
0 [ b oT =k W olmm B=fr 0 gl=n
I__: _._- 1=gcp E=OCF
4 —J) o Op—u 39— op—10
C [
CLEAR (T} & e $—a SET(5g .i," ?D
Vee=PHE
& GHD = PP 13
CLOCK (7
DC CHARACTERISTICE OVER OPERATING TEMPERATURE RANGE (unless othersise specified)
Limits
Symbol Faramotar Min | e | Max | unit Test Conditions
Vit Input HIGH Viokage 20 v :mm'ud'm"“'"m e for
oA Guaranfesd Input LOW Vollage for
Ve Input LOWY Voltage LA [Prpsia e
Ve Input Clarng Diode Vokage —oEs | =15 | v | vee=MN, p=-1ama
27 a5 W Wioe = MIN, los = BAK, Ve = Vi
Ve it HICE Yelinge or'Vy, per Truth Table
025 | 02 v Loy =40 mA Vins = Vs M,
Vi Corpeest LCRN Winage Vin'= W oF Vin
035 | o5 v Iy =EOmA peer Truths Table
A K 20
Clear &0 uh | Ve mmax v =27V
Clock 80
HIGH Curment
s e ALK [l
Clear 03 | ma | ves=max, Wu=TOV
Clock 0.4
[ Input LOW Current JD' K " :z: ma | Vs = MAK, Wy, =04
[ Shart Circut Current [Note 1) =20 =100 | ma [ veszmax
[ Power Supply Cument 60 | ma | vgm=Max
Bole 17 Mot mons Tan one cutpul should be shomed at a times, nor for moee than 1 seocorc.
AC CHARACTERISTICS (T, = 2570, Ve = 50W)
Linits
Symbal Paramotar Min | Typ | Max | unic Tost Conditions
[ Maximum Clock Fregquancy w | a= MHz
T Clock, Clear, Set o Dutput o = 1":?-:’.1?2
o ) ; 15 F1 ns
AC SETUP REQUNREMENTS (T = 25°C)
Limits
Symbol Paramoior Mim Typ | Max Unit Test Conditions
by Clock Pulse Width High 0 ns
b Clear Set Fulse Widh F) ns
=50V
L Setup Time: 0 ns Voo
I Hold Time [ ns
http:ilonsemi.com
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EE 200 DIGITAL LOGIC CIRCUIT DESIGN

EXPERIMENT #10, CLOCKED SEQUENTIAL CIRCUITS AND COUNTERS

OBJECTIVE

* To design, build and test synchronous sequential circuits.
* To design, build, and test synchronous counters
* To design, build and test asynchronous counters

APPARATUS

— IC type 7476 dual JK master-slave flip-flops
- IC type 7400 quad 2-input NAND gates
THEORY

See sections 6-6, 6-7, 6-8, 7.2 and 7.5 of your own text.

PROCEDURE

1. SYNCHRONOUS SEQUENTIAL CIRCUITS

a). Design, construct and test a sequential circuit whose state is shown in Fig.1. Use JK flip-

flops in the design.

0/0 0/0

Fig. 1
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The circuit has two flip-flops A, B, one input x and one output y. The circuit is to be
designed by treating the unused states as don’t care conditions. The final circuit must be

analyzed to ensure that it is self-correcting. If not suggest a solution.

b) Complete the excitation table shown in Table 1.

Table 1.
Present state | Input | Next state Output | Flip-flop input functions
A B X A B Y JA | KA | JB | KB
0 | 0 0 X 1 X
1 0 | 1 X 0 X

— === SO DD

—_—t = | O | D == DD
= o= o= D= D

c¢) Using Karnaugh maps obtain minimal expressions for the flip-flop input functions JA, ..., KC

d) Simulate the circuit using LogicWorks. LogicWorks does not have the JK master-slave flip-
flop IC 7476. Use instead the generic JK flip-flop as you did in experiment 9. In the Lab, build
the circuit and check the output to verify the state table values.

2. Synchronous Counters

Synchronous counters have all clock lines tied to a common clock causing all flip-flops to change
at the same time. The count sequence of a counter can be analysed by placing the counter into
every possible number in the sequence and determining the next number in the sequence state
diagram is developed as the analysis proceeds. (A state diagram is an illustration of the transitions
that occur after each clock pulse).

a) In the pre-lab using LogicWorks and then in the lab using hardware chips, design a 2-bit gray
code counter using JK flip-flops. The required sequence is the binary equivalent of (0-1-3-2-0). A

state diagram for this counter is given in Fig. 2.
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Fig. 2
b) Complete the excitation table (Table 2) for the counter and obtain logic expression for the JK

flip-flop input functions.

Table 2.

Present state Next state Flip-flop input functions
A B A B JA KA IB KB
0
0 1
1 1
1 0

Flip-flop input functions are:
JA= KA=

JB= KB=

c) In the lab, build the circuit and test it by pulsing it from the PB-503. Check that the output is

the designed sequence.

3. A Synchronous Counters

Asynchronous counters are a series of flip-flops each clocked by the previous state, one after the
other. Since all the stages of the counter are not clocked together, a ripple effect propagates as
various flip-flops are clocked. For this reason they are called ripple counters. The modulus of a
counter is the number of different output states the counter may take (i.e. Mod 4 means the

counter has four output states).
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a) In the pre-lab construct a 4-bit asynchronous counter shown in Fig.3. (It is also called binary
ripple counter). Use four generic JK flip-flops. Connect four Binary Probes to Q outputs. Connect
all R and S inputs to Logic 1 and connect a switch to the CP input.

b) In the Lab use two 7476 ICs to implement the design. Connect Q outputs of flip-flops to
indicator lamps of the PB-503. Connect all clear (CLR) and preset (PRE) inputs to logic 1.
Connect the CP input to the pulse output of the PB-503 and check the counter for proper
operation.

cp—1+— J q

Fig. 3 4-bit ripple counter

c¢) Write down the count sequence in Table 3. Identify this count sequence (up or down).
Comment on what happens after the application of 15 pulses to CP input.

Table 3. Count sequence for the 4-bit ripple counter.
A B C D
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