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General Lab Rules

Be PUNCTUAL for your laboratory session.
Foods, drinks and smoking are NOT allowed.
Sandals or open-toed shoes are NOT allowed.

The lab timetable must be strictly followed. Prior permission from the Lab
Supervisor must be obtained if any change is to be made.

Experiment must be completed within the given time.
Respect the laboratory and its other users. Noise must be kept to a minimum.

Workspace must be kept clean and tidy at all time. Points might be taken off on
student/group who fail to follow this.

Handle all apparatus with care.
All students are liable for any damage to equipment due to their own negligence.
At the end of your experiment make sure to switch off all the instruments.

Students are strictly PROHIBITED from taking out any items from the laboratory
without permission from the Lab Supervisor.

Students are NOT allowed to work alone in the laboratory.

Please consult the Lab Supervisor if you are not sure on how to operate the
laboratory equipment.

Report immediately to the Lab Supervisor if any injury occurred.

Report immediately to the Lab Supervisor any damages to equipment, hazards,
and potential hazards.

Please refer to the Lab Supervisor should there be any concerns regarding the
laboratory.

Grading Policy

The total mark for this lab is distributed as follows

WorkSheet+ prelab + quizzes + attendance 40%
Mid-term Exam 20%
Final 40%

Page: ¥
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Guidelines for Writing Lab Report

The mos i . .

exp eriméﬂ%ﬁ‘ch:’: ‘l';z‘é to acquire the practical skills in engineering studies is _usu_aiiy by

observation, familiari r-ator‘/ i The process of experimentation involves organizadon,

commuricatinn zation with various pieces of equipment, working with ofhers, Wirang. and
ing ideas and information. These are the skills required of an enginesr-

Lnezig;aecc;’ufc: : t‘;'tuaho”- such as that in the industry or university research, experiments a2
collectin r the purpose of clarifying research questions or confiicting (he0N=S by means of
theory 0? a series of data. The conclusions drawn from that data can be useq {o v*_a.ﬁda;e_ a
The re :?meh_mee to develop a theory that explains the behavior of an engineenng ob;ec_t
of th port for this kind of experiments must includes an i~ troduction to the topic and purpose
e experiment, the theory, method, procedure, equipment used in the experiment, the daia
presented in an organized manner, and the conclusions based on the data gathered.

In engineering education, lab experiments are usually designed to enhance the understanding
in engineering topics. Students are supposed to "dirty their hand” in pr eparing the experment
setup, organize the experiment flow, and leam to observe the safient features as well as to
spot any unexpected occurrence as part of the training to acquire the practical skill to become
an engineer. Although the introduction and the procedure are usually given in the 1ab
handouts, students should practice writing a proper lab report which includes all the
neces'sary sections, targeting at a reader who does not have any prior knowledge about the
experiment. This is to develop the skill in documenting the laboratory work and

communicating that experience to others. This write-up gives some guidelines on what to
write in each section in preparing laboratory reports for engineering curricula.

Title Page

The title page should contain the title of the experiment, the code and title of the course, the
name of the writer, the date when the experimental work was performed, submission date of
the lab report, the name of lecturer for whom the report is prepared for, Day’s of the lab, name of
the experiment, number of the experiment.

Introduction or Objectives

An introduction is necessary to give an overview of the overall topic and the purpose of the
report. The motivation to the initialization of the experimental work can be included. Its
content should be general enough to orientate the reader gracefully into the subject materials.

Theoretical Background

This section is to discuss the theoretical aspects leading to the experi i ;
involves the historical background of the theories publis%ed in the?'ersl;erg:{ E—t‘epr;ﬁ:lg'athésm
questions or ambiguities arose in these theoretical work. Citations for the sources of nene
information should be given in one of the standard bibliographic formats (for example, usi
square breckets with the corresponding number [2] that points to the List of Referep , using
Explore this background to prepare the readers to read the main body of the r rtnces).
contain sufficient materials to enable the readers to understand why the set ofe(?:t a. aItr eshould

collected, and what are the salient feature i
presented in the later sections. SHaOaseREIn the'graph, Hhansisnd tehles

Depending on the length and complexity of
the re i : .
background may be combined into onetsi’ntroducto;::rstegii;mmducnon Sneihe dgsorstics!
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Experimental Method, Procedure and Equipment

This section describes the approach and the equipment used to conduct the experiment. It
explains the function of each apparatus and how the configuration works to perform a
particular measurement. Students should not recopy the procedures of the experiment from
the lab handout, but to summarize and explain the methodology in a few paragraphs.

Observations, Data, Findings, Results

The data should be organized and presented in the forms of graphs, charts, or tables in this
section, without interpretive discussion. Raw data which may take up a few pages, and most
probably won't interest any reader, could be placed in the appendices.

Calculations and Analysis

The interpretation of the data gathered can be discussed in this section. Sample calculations
may be included to show the correlation between the theory and the measurement results. If
there exists any discrepancy between the theoretical and experimental results, an analysis or
discussion should follow to explain the possible sources of error.

The experimental data and the discussions may also be combined into one section, for
example, under the heading called "Discussion of Experimental Results".

Conclusions

The conclusions section closes the report by providing a summary to the content in the report.
It indicates what is shown by the experimental work, what is its significance, and what are the
advantages and limitations of the information presented. The potential applications of the
results and recommendations for future work may be included.

Appendices

The appendices are used to present derivations of formulae, computer program source
codes, raw data, and other related information that supports the topic of the report.

List of References

The sources of information are usually arranged and numbered according to the order they
are cited in the report. The reference materials may be entered in the following formats:

[1] Author, "Title of the book", 2nd edition, New York: Publisher, 1989. v
[2] Author, "Title of the paper”, Journal name, Vol. 2, No. 3, Jan 1990, pg. 456-458.
[3] Author, "Title of the paper”, Proceedings of Conference 1991, pg. 5-6. -
[4] Author, "Title of the thesis", Ph.D. thesis, Rice University, Houston, May 1973.
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Lab Session 1
Logic Gates

1.1  Objectives:

j—y
.

Determine experimentally the truth tables for OR, AND, NAND, NOR,
Inverter and XOR gates.

Wire and operate 2-input, 3-input and 4-input AND gates.
Wire and operate 2-input, 3-input and 4-input NAND gates.
Wire and operate the Inverter.

Wire and operate 2-input OR gate, 2-input XOR gate and 2-input NOR
gate,

Use the logic gates to implement Boolean functions.

AW

1.2 Reference Reading:

- Floyd, Digital Fundamentals, chapter 3.

1.3 Materials Needed:

- ICs: 7400,7402,7404,7410,7411,7421 & 7486

1.4 Basic Information:

Logic deals with only two normal conditions: logic “1* or logic *“0.” These conditions

are like the yes or no answers to a question. Either an event has occurred (1) or it hasn’t
(0); and so on.

In Boolean logic, 1 and 0 represent conditions. In positive logic, 1 is represented by the
term HIGH and 0 is represented by the term LOW. In positive logic, the more positive

voltage is 1 and the less positive voltage is 0. Thus, for positive TTL logic, a voltage of
24 Vis | and a voltage of 0.4 V is 0.

1.4.1 Logic Gates

a. The Inverter

The inverter (NOT circuit) performs the operation called inversion or complementation.

The inverter changes one logic level to the opposite level. In terms of bits jt changes a 1
toa0andaOtoal.

Standard logic symbols for the inverter are shown in Figure 1. Part (a) shows the

distinctive shape symbols, and part (b) shows the rectangular outline symbols. In the
logic circuits lab, distinctive shape symbols are used.

Logic Circuits Lab Lab Session: 1 - Logic Gates
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(a) Distinctive Shape (b) Rectangular Outline
Symbol Symbol

Figure 1: Standard Logic Symbols For The Inverter

b. The AND Gaf¢ f the basic gates from which all logic functions are constructed.

The AND gate is one 0 o

AND gate can have two or more Inputs. _ . '
”?}?e term ggate is used to describe a circuit that performs a basic loglc‘: operation. The
AND gate is composed of two or more inputs and a single output, as indicated by the
Is in Figure 2. Inputs are on the left, and the output is on the right

standard logic symbo

in each symbol.

(a) Distinctive Shape (b) Rectangular Outline
Symbol

Symbol

Figure 2: Standard Logic Symbols fFor The AND Gate Showing Two
Symbols

c. The OR Gate
The OR gate is another of the basic gates from which all logic functions are constructed.
An OR gate can have two or more inputs and performs what is known as logical

addition.
>=1

0> 1 r

(b) Rectangular Outline
Symbol

(a) Distinctive Shape
Symbol

Figure 3: Standard Logic Symbols For The OR Gate Showing Two
Symbols

d. The NAND Gate
'l;lhe NAND gate is a popular logic element because it can be used as a universal gate;
that is, NAND gates can be used in combination to perform the AND, OR, and inverter

operations.
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&
1 I
(a) Distinctive Shape (b) Rectangular Outline
Symbol Symbol

Figure 4: Standard Logic Symbols For The NAND Gate Showing Two
Symbols

e. The NOR 'Gate
The NOR gate, like the NAND gate, is a useful logic element because it can also be

used as a universal gate; that is, NOR gates can be used in combination to perform
AND,OR, and inverter operations. -

— >=1
> -

(a) Distinctive Shape (b) Rectangular Outline
Symbol Symbol

Figure 5: Standard Logic Symbols For The NOR Gate Showing Two Symbols

f. The EXCLUSIVE-OR Gate

The EXCLUSIVE-OR gate are actually formed by a combination of other gates already
discussed, because of their fundamental importance in many applications, these gates
are treated as basic logic elements with their own unique symbols.

> ey
, (a) Distinctive Shape (b) Rectangular Outline
g Symbol Symbol

Figure 6: Standard Logic Symbols For The XOR Gate Showing Two Symbols
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1.4.2 Practical TTL Logic Ga "
N i is case style isre
lar type of IC 15 illustrat;d 3:11; i-%u'rlf:h /i\s:ll;};iicula: et Calleedrr:ci:?pin D(;gal in
A popular manufacturets: B s 1o
b I(Dgizg g(:)m the notch on the IC is pin ot on the top D DISIIQ
tercloC et
1J: zsafig?ll::r method used t0 Jocate pin 1

Notch

Pin 1

Figure 8

1.4.2.1 Part Number

Part number is divided into three sections:

- The prefix: the manufacturer’s code.
- Core part number: which determine the technology”TTL or CMOS” ., The

device series and the function of a digital IC.
The trailing letter(s) “the suffix” which is a code used by several manufacturers

to designate the DIP.

For example, the Part Number of:

SN74 LS 08 J

SN:  stand fo « )
ol Tlfffhsz I.r;;as.nufacturf:r Texas Instruments
LS. Low schottky type

08:  function of 2 digital IC

J: Ceramic dual in line package

Scanned by CamScanner
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1.4.3 Integrated-Circuit Gates

Hex Inverter:
The 74LS04 hex inverter is consisting of six inverters in a 14-pin package.

AND Gates:

Several configurations of AND gates are available in IC form.

The 74LS08 has four 2-input AND gates (it is called a quad 2-input AND).
The 74LS11 has three 3-input AND gates (a triple 3-input AND).

The 74LS21 has two 4-input AND gates(a dual 4-input AND).

NAND Gates:

A variety of NAND gates are available, including:
The 74LS00 has four 2-input gates.

The 74LS10 has three 3-input gates.

The 74LS20 has two 4-input gates.

The 74LS30 has one 8-input gate.

OR Gates:
The 74LS32 has four 2-input OR gates.

NOR Gates:
741.S02 has four 2-input gates.
74L.S27 has three 3-input gates.

Exclusive-OR Gates:
741,586 has four 2-input XOR gates.

|
§
i
;
i

Lab Session: 1— Logic Gates

. Logic Circuits Lab
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eLab:
1.5 Pr e truth table and needed ICs of the followp,

. i~ di m, _ .
e loil(cAdl;g; _.C+ BC . Using ANDOR, and NOT gaes,
function: £1( A 2

/
Logic Circuits Lab Lab Session: 1 - Logic G#%
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Lab Session 2
Boolean Algebra, DeMorgan's Theorem & Karnaugh-map

2.1 Objectives:

1. Verify and Prove Boolean Laws.

2. Verify DeMorgan's Theorem.

3. Write sum-of-product (SOP) logic expressions for functions defined in given
truth tables then implement these expressions by using the logic gates.

4. Use K-map technique to simplify a logic expression in SOP format.

2.2 Reference Reading:
- Floyd, Digital Fundamentals, chapter 4.

2.3 Materials Needed:
- ICs: 7400, 7404, 7408, 7410, 7411
2.4 Information Summary:

2.4.1 Boolean Expressions

When two or more logic gates are connected to perform a specified function, we have a
gate network. Boolean algebra provides a concise way to express the operation of a gate
network so that we can readily determine what the output will be for various
combinations of input levels.

The form of a given expression determines the how many logic gates are used, what
type of gates are needed, and how they are connected together.

2.4.2 Boolean Algebra

Boolean algebra consists of a set of laws that govern logical relationships. Unlike
ordinary algebra, where an unknown can take any value, the elements of Boolean
algebra are binary variables and can have only one of two values: 1 or 0. Symbols used
in Boolean algebra include the overbar, which is the NOT or complement; the
connective +, which implies logical addition and is read “OR”; and the connective '.',
which implies logical multiplication and is read “AND.” The dot is frequently
eliminated when logical multiplication is shown. Thus 4.B is written AB.

Logic Circuits Lab. ‘ Lab Session: 2 — Boolean Algébra, DeMorgan's Theorem & K-map
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The laws & theorems of Boolean Algebra are listed below:

. ion
Commutative Law: ~ Rearranging the order of the expressio
A+B=B+A  AB=BA

. i thesis:
Associative Law: Grouping terms or variables using paren

A+@B+C)=(A+B)*+C
A.(B.C)=(AB)C
able over each term of an

gle vari
rm form an OR

Distributive ¢ e process of ANDIng a sin
utive Law The p "t a common e

OR expression Of factoring O

expression:
AB+C)=AB+ AC
A +B.C = (A+B).(A+C)

Absorption Law: A+AB=A A.(A+B) = A

The Basic rules of Boolean Algebra are:
A+0=A A.0=0 A=A
A+1=1 A.1=A A+AB=A
A+A=1 AA=0 (A+B).(A+C)= A+ BC
A+A=A AA=A A+AB=A+B

In addition to the basic rules of Boolean algebra, there are two additional rules
called De-Morgan’s theorems that allow simplification of logic expressions that have an
over bar covering more than one quantity. DeMorgan wrote two theorems for reducing
these expressions. His first theorem is The complement of two or more variables
ANDed is equivalent to the OR of the complements of the individual variables.
Algebraically, this can be written as: :

XY=X+Y.

- His second theorem is The complement of two or more variables ORed is
equivalent to the AND of the complements of the individual variables. Algebraically
this can be written as: :

X+Y =XY
As a memory aid for DeMorgan’s theorems, some people like to use the rule

“Break the bar and change the sign.” The dot between AN o
is not shown, but it is given here to emphasize this idea. = Qantiless lmplled it

Many times in the applicati '
plication of Boolean algebra, w

: o » We have to red i

expre . uce

.xprl ssion to its simplest form or change its form to a more 2 particular

implement the expression most efficiently. convenient one to

The reason that we are interested in

. g simplifyin . )
fewest gates possible to implement a givengxgesiigf piéén Gpreciions; Is to we fie

Logic Circuits Lab,
Lab Session: 2 - Boolean Algebra, DeMorgan's Theorem & K- map
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2.4.3 SOP (Sum of Product) Expressions

The most commonly used format for writing logic expressions is a standard
form called sum-of-product (SOP). SOP expressions can be quickly written from a truth
table and they are easily implemented using a two-level (not counting inverters that may
be needed) gate network. Conversely, these standard circuits that are used to implement
SOP functions can be quickly analyzed just by inspection. A sum-of-product expression
consists of two or more product (AND) terms that are ORed together. The SOP
expression is obtained from a truth table by writing down all of the product terms (also
called minterms) whose outputs are high for the desired function and then ORing them

together. The resultant SOP expression can be directly implemented with either
AND/OR or NAND/NAND circuit designs.

Examples of SOP format:-

e AB+BCD
e ABC+DEF+ AEG
e A+BC

2.4.4 Karnaugh Mapping

The basic procedure for combinational logic circuit design is to develop first the
truth table that defines the desired function and then from the table, write a simplified
SOP expression. The expression can be simplified using various techniques (such as
Boolean algebra, Karnaugh mapping, etc.). Karnaugh mapping is a simple and fast
procedure for reducing SOP logic expressions and thereby also reducing the
implemented circuit’s complexity and cost. In Karnaugh mapping, the function is
defined graphically. The relationships between the function’s inputs and the output are
plotted in a Karnaugh map (K map). This will be the same information that would be
listed in the truth table for the function. The input variables must be labeled on the K-
map in a very systematic fashion. If the K map is not properly labeled, the function
b cannot be correctly simplified and the resulting design will be wrong. With K mapping,

the function reduction is accomplished by forming appropriate groupings of 1s in the
output. Then identify the common input variables for the group and write the indicated
% product term. Karnaugh mapping can best be applied to functions with 5 or fewer input
variables.

The effectiveness of algebraic simplification depends on your familiarity with
all the laws, rules, and theorems of Boolean algebra and on your ability to apply them.
Cleverness is often an important factor in algebraic simplification.

The Karnaugh Map (K map), on the other hand, is easier than algebraic simplification

because it doesn’t need a strong background of rules and laws like algebraic
simplification.

Logic Circuits Lab. Lab Session: 2 — Boolean Algebra, DeMorgan's Theorem & K-map
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2.5 Prelab
hnique, simplify the followin
— g funcﬁon as

|- By using Bo

olean Algebra technif 1
).—_X.Y.Z+X.Z. Then obtai
in the Logic

FX,Y,Z
h table for this function.

fy the Boolean function F together with the d
on’t

of products
Zd(6,1 1,14,15) . Obtain the logic

much as possible:
diagram and the trut

Use K-map to simpli
care conditions d in Sum

FX,Y,Z, W)= 33113+
diagram for SOP.

Obtain the truth table 0

Then determine the neede
the NAND and inverter ga

d ICs and obtain the logic dia :
tes only to implement this furg; a:i';‘nlf}'ou use

Logic CircmN

|

f the following function:- F(4, B,C -
. , I, ):AB+A\
BC.

___/

i e I

Theorem & K-map

Scanned by CamScanner



Page: 21

Lab Session 3
Multiplexers, Decoders

3.1 Objectives:

I. Check the functions of the multiplexers (MUXSs) and the decoders.
2. use the multiplexer to implement a logic function
3. use the decoders to implement a logic function.

3.2 Reference Reading:

- Floyd, Digital Fundamentals, chapter 6, "Functions of Combinational Logic"
3.3 Materials Needed:

- ICs: 7400,7404, 7408, 7410,7411
3.4 Information Summary:

3.4.1 Multiplexers

A multiplexer (MUX) is a logic circuit that channels two or more input data
lines to one output data line. A MUX is also called a data selector. The routing of
particular data input to the output is controlled by the SELECT ( or ADDRESS ) inputs.
Generally speaking, a MUX has N select inputs (address bits), data inputs, and one data
output. For example, an-8-to-1 MUX has eight data inputs, three select inputs and one
data output.

Multiplexers are widely used in digital and data communications systems. They
can perform data selection, data routing, operation sequencing, parallel-to-serial
conversion, waveform generation, and logic-function generation, Multiplexers make it
possible for several streams of digital data to be sent over one physical cable is a system
called TDM (time-division-multiplexing)

One useful application for MUXs is implementation of combinational logic
functions directly from the truth table.

3.4.1.1 Internal Gating of the Multiplexer

The internal gating of the multiplexer (MUX) chips is very simple. The
multiplexer, for example, consists of a number of AND gates, with enable/disable
functions provided by control inputs. Only one AND gate is enabled at a time, allowing
only one input to reach the output at a time.

Logic Circuits Lab. Lab Session: 3 — Multiplexers, Decoders
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Output

Figure 3.1 Internal Gating Of 4:1 MUX

3412 The 74150 Sixteen-Input Data Selector / Multiplexer

The 74150 has sixteen data inputs and four data-select lines, [p, this case
. . 4
bits are required to select and one of the sixteen data inputs (2° =16), There js alsoour
active-LOW STROBE input. On this particular device, only the complemeps of
3

output is available.

EO
E1

E2
E3
E4
ES
E6
E7
E8
E9

E10

E11
E12

E13
E14
E15

Il el el e R T TS

16

l
D@ o0 w >

Figure 3.2: Logic Symbol of 74LS150

Logic Circuits Lab\ -

Lab Session: 3 — Multiplexers, Decoders
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3.4.1.3 The 74151 Eight-Input Data Selector/Multiplexer

The 74151 has eight data inputs and, therefore, three data-select input lines.
Three bits are required to select any one of the eight data inputs (2° =8). A LOW on

the STROBE input allows the selected input data to pass through to the output. Notice

that the data output and its complement are both available. The Logic symbol is shown
in Figure 3.3.

DO
D1 ~WD—
D2
D3 Y[—
D4
D5
D6
D7

[

A
B
c
~G

P Y el B
1l Kl B e g

Figure 3.3: Logic Symbol Of 74LS151

;j 3.4.1.4 The multiplexer as a Logic Function Generator

One of useful applications of the data selector/multiplexer is the generation of
combinational logic functions in sum-of-products form. When used in this way, the
device can replace discrete gates, can often greatly reduce the number of ICs, and can
make design changes much easier.

To illustrate, an 8:1 MUX can be used to implement any specified 3-variable
logic function if the variables are connected to the data-select inputs and each data input
is set to the logic level required in the truth table for that function.

For example, if the function is 1 when the variable combination is X.Y.Z, the 2
input (selected by 010) is connected to a HIGH. This HIGH is passed through to the
output when this particular combination of variables occurs on the data-select lines. An
example will help clarify this application. '

The circuit in figure 3.4 use a 74151 (8:1 MUX) to implement the function

F(X,Y,2)=),(1,3,4,7)

Logic Circuits Lab. Lab Session: 3 — Multiplexers, Decoders
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0 —:"FEO’_—- 6
1 2 D1 ~wpD—
0 —1-- D2 Y—E— F
1 5 D3

1 1-4—- D4

0 1-3—- D5

0 1—2-—' D6

1 —D7

11

z o] A

Y e B

X 71 c

0 —Jd-G

74L5151D

Figure 3.4: Use An 8:1 MUX To Implement A Logic Function

3.4.2 Decoders
ple-output logic circuit that converts coded

: ltiple-input, multi :
A decoder 15 a-mitkp SR d output codes are different. Then input

inputs into coded outputs, where the input an _ .
code generally has fewer bits than the output code. The enable inputs, if present, must

be asserted for the decoder to perform its normal mapping function. Otherwise, the

decoder maps all input code words into a single, "disabled",'output cgde word. .
The decoder is a logic circuit that converts an N-Bit binary input code into M

out lines such that each output will be activated for only one of the possible

combination of inputs.

n : 2" decoder has n control inputs and 2" outputs. Depending on the value of

the control inputs, only one of the output lines becomes active.
If an active-HIGH output is desired for each decoded number. The output of the

decoded number will be HIGH and all of the other outputs are LOW.
If an active-LOW output is desired for each decoded number. The output of the

decoded number will be LOW and all of the other outputs are HIGH..

3.4.2.1 Internal Gating of the Decoder

A 2-to-4 line decoder with an enable input constructed with NAND gates is
shown in ﬁgure 3.4. All outputs are equal to 1 if enable input E is 1, regardless of the
values of inputs A & B. When the enable input is 0, the circuit operates as a decoder as
an Active-Low output. The truth table in table 3.1 lists these conditions.

A B E

o o

‘ED» Y0

[ v
— v
[ ﬁ} Y3

Logic Circuits Lap,

 Lab Session: 3 — Multiplexers, Decoders
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|
|
E

Figure 3.4:- 2:4 Low-Active Decoder With Enable Line

Y0 Yl

1
0
1
1

oo o O~

1 1
Table 3.1: Truth Table Of A 2:4 Low-Active Decoder With Enable Line.

A B E

b

Y0

Y1

Y2

Y3

S

Figure 3.5:- 2:4 High--Active Decoder With Enable Line

4 B

X X
0 0
0 1
1 0

cocooc o~
coco~olS
oo~ o oS
o~ o ool
—_ o oo old

1 1
Table 3.2: Truth Table Of A 2:4 High-Active Decoder With Enable Line.

Logic Circuits Lab. : Lab Session: 3 — Multiplexers, Decoders
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3.4.2.2 The 74139 Dual 2-to-4 Decoder

tical 2-to-4 decoders are contained in a single IC, the
. _to-

Two independent and ide . uts and the
74139. The logicpsymbol 74139 is shown in figure >- NOtlc; tha\tvt:rz (c))lrliqg)inally designed
enable inputs of the 74139 are active LOW. Most ICs de:r(l)e rzrliy stor than
with active-low outputs, since TTL inverting gates are &
noninverting ones.

Figure 3.6:Logic Symbol Of 7415139 — Section A

3.4.2.3 The 74138 3-to-8 Decoder
_to-8 decoder whose logic symbol

hown in the data sheets of 74LS138.
_low outputs, and it has three enable inputs (G1,

elected output to be asserted.

The 74LS138 is a commercially available IC 3

is shown in Figure 6. its truth table is s
Like the 74139, the 74LS138 has active

G2A,G2B), all of which must be asserted for the s

1 16
7|2 YoPa
718 MPu
—c Yz:>1—2

\(33-1—1
6 Y4oﬁ
72161 ¥505-
—50~GZA YGD_—,-
— e YT P—

Figure 3.7: Logic Symbol Of 74LS138

3.4.2.4 The 74154 4-to-16 Decoder

The 74?8154.is a 4-to-.16 TTL IC decoder. Its logic symbol is shown in figure 7. If the
eqable inputs is not activated (LOW on both inputs), then all sixteen decoder outputs
will be HIGH regardless of the states of the four input variables.

5 ~ Lab Session: 3 — Mudtiplexers, Decoders
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25 0

z|A 1!

n|B 2

w|¢ 3

D 4

i 5

{ 18 4

t 1—90 ~G1 7

—O-~c2 8

i 9

1 10
i
[

_,.
-
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A R A S

-
™

15
3 Figure 3.8: Logic Symbol Of 74LS154
" 3.42.5 The 7442 BCD-to-Decimal Decoder

The BCD-to-decimal decoder converts each BCD code word into one of ten
possible decimal digit indicators. It frequently referred to as a 4-line-to-10-line decoder.
The method of implementation is essentially the same as for the 4-line-to-16line

decoder previously discussed, the logic is identical to that of the first ten decoding gates
in the 4-line-to-16-line decoder.

15
14 |

13

12

o0 m>»

2PaPe?~Pal el sPurey-

© @ N® O~ W N2 O

Figure 3.9: Logic Symbol Of 741542

3.4.2.6 Applications of the Decoders

Decoders are used in many types of applications. One example is
computers for input/output selection. Computers must communicate with a
variety of external devices called peripherals by sending and/or receiving data
through what is known as input/output (/O) ports. These external devices
include printers, modems, scanners, external disk drives, keyboard, video

monitors, and other computers. The decoder is used to select the I/O port as

determined by the computer so that data can be sent or received from a specific
external device.

Logic Circuits Lab.

Lab Session: 3 — Multiplexers, Decoders
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called an address, which uniquely identifjes

municate with a particular device, it issues
port to which that particular device is
propriate decoder

Each I/O port has a number,

it. When the computer wants to com

the appropriate address code for the /O
conngcl:)ted? This binary port address 15 decoded and the ap

output is activated to enable the /O port.

n Generator

As the multiplexer is used to generate a logic ﬁmctiqn. One of fhe useful
of combinational logic functions in sum-of-

applications of the decoder is the generation ‘
products form. When used in this way, the device can replace discrete ga}tes, can often
greatly reduce the number of ICs, and can make design changes much easier. '

To illustrate, an 3:8 Decoder can be used to implement any specified 3-variable
logic function if the variables are connected to the data-select inputs and all of the (.iata
outputs which represent the logic 1 are connected to NAND gate if the Decoder is a
low-active output or connected to AND gate if the Decoder is a high-active output.

Another implementation; is connect all of the data output which represent to the
logic 0 to an AND gate if the Decoder is low-active output or to NAND gate if the

decoder is a high-active output.
For example, the circuit in figure 3.10 and 3.11 use the 3:8 Decoder IC; 74138 to

implement the function F(X,Y,Z) = Z (1,3,4,7) by the two ways.

3.4.2.7 The Decoder as a Logic Functio

1 15
A Yo

Z 7

Y 3] Y1 31_3—_|_1
X —c Y2 31—2 >
Y3 O y D}i

Y4 P - ]
o Ye L_Fuszoo

2 Y6

G2B Y7

74LS138N

(=2 — KN
Ol(l).g.lq,

Figure 3.10: Use The NAND Gate To Implement A Function From A 3:8 Low-Active Output Decoder

Logic Circuits Lab. Lab Session: 3 — Multiplexers, Decoders
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1 16
Z 5A BP———
Y 38 Y1P5 ]
X —c Y2
12 2
Y3 P~ L 2] 6
bt 4
6 10 |5
1 6 Y8 Dg .
0 Hoem wph T
0 J-~c28 W7

74LS138N

Figure 3.11: Use The AND Gate To Implement A Function From A 3:8 Low-Active Output Decoder

3.4.2.8 Use The Decoder To Implement More Than Logic Function

One of the useful applications of the decoder that you can implement more than
logic function from the same decoder. For example, you want to implement two
functions: F(X,Y,Z)=)"(1,3,4,7) and G(X,Y,Z)=""(0,2,6). The circuit in figure
3.12 illustrates this principle.

1
2
4 : F
1 15 5
Z 7|A YoP 74LS20D
Y 3B 1D
S LA 1
Y4 :)2 2 12
6 10 G
1 et Ys5p— 1;‘_)0‘
0 §9~e2a Y6P 74LS10D
0 9-e8 Y7 4
74LS138N

Figure 3.12: Implement Two Functions From The Same Decoder

Logic Circuits Lab Lab Session: 3 — Multiplexers, Decoders
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3.5 Prelab
1- Use an 8:1 Multiplexer to implement the function
F(X.Y,Z,W) = ¥.(0,2,4,6,910,1314) . Obtain the impleme,y,,

: } ion
logic diagram and required ICs to implement this functiop, table,

- Show how a 3:8 decoder is used to determine the functiop,
F(X,Y,2)=).(0,37)

/
rs
Lab Session: 3 — Multiplexers, Decott

Logic Circuits Lap,
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:'Lab Session 4
' Adders and Comparators

¥

4

Q 4.1 Objectives:

1- introduces two important MSI circuits—the 4-bit adder and the 4-bit
magnitude comparator.

2- Use a 4-bit parallel adder as subtractor.

3- Use 4-bit magnitude comparator.

-1Cs: 7483, 7485, 7486, and 7404.

~% 4.3 Reference Reading
- Floyed, Digital Fundamentals, chapter 6.
~ 4.4 Information Summary:

| 4.4.1 Adders

4 Adders are very important in many types of digital systems in which numerical
~ data are processed. An understanding of their basic operation is fundamental to a
- thorough grasp of digital systems concepts.

" 4.4.1.1 Full-Adder
The full-Adder accepts three inputs and generates a sum output and a carry

. output. So the basic difference between a full-adder and a half-adder is that the full-adder
accepts an additional input, which allows it to handle input carries.

- Logic Circuits Lab. Lab Session: 4~ Comparators and Adders.
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P Q CI Cco Z
0 0 0 0 0
0 0 ! 0 1
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

Table 4.1: Truth Table Of The Full Adder

4.4.1.2 Four Bit Parallel Adders

The block diagram of a four-bit binary parallel adder is shown in figure 4.2.
Notice that the carry output of each adder is connected to the carry input of the next
higher-order adder.

P3 03 P2 @ Pl QI PO Q0

| || Nl
CO )X (/0] z Co p co >
=4 3 $2 51 — 50

Figure 4.2: Block Diagram Of 4 4 Bit-Parallel Adder
4.4.1.3 7483 4-Bit Paralle] Adder

IC manufacturers produce gy,
TTL 7483 4-bit binary ful] adg. meefglgiidg;ﬁ One elementary arithmetic IC is the

of 4-bit parallel adder in ﬁgure 43, ol of 7483 is Same as the IOgiC SyrIIbOI

Logic Circuits Lab,

Lab Session: 4 - Comparators and Adders.
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—_— A]
— 30 I
2 e
— 43 23
— M4 24
—_ Bl Z
—_ ] BZ
— B3
c4 ——
— B4
— co

Figure 4.3: Logic Symbol Of 7483

Internally the 7483 IC adder is organized very much like the block diagram in
Figure 4.2. The 7483 IC adder can by cascaded by connecting the C4 output of the first

IC to the CO carry input of the next 7483 IC. With two 7483 IC adders cascaded, an 8-bit
binary adder is produced.

x. The 7483 IC adder can by cascaded by connecting the C4 output of the first IC to
| the CO carry input of the next 7483 IC. With two 7483 IC adders cascaded, an 8-bit
E binary adder is produced.

A Other 4-bit adders that function the same as the 7483 IC but have a different pin
. configuration is 74LS283. A more complex arithmetic chip is the 74LS181 IC and its

. relatives, the 74LS381, are described as arithmetic-logic units / function generators.

* These units perform many of the tasks of the ALUs in simple microprocessors and
microcontrollers.

" 4.4.1.4 Over Flow

. Fixed-point signed numbers are stored in most computers in the manner
 illustrated in Table 4.2. Positive numbers are stored in true form and negative numbers

~ are stored in 2’s complement form. If two numbers with the same sign are added, the

- answer can be too large to be represented with the number of bits available. This

- condition, called overflow, occurs when an addition operation causes a carry into the sign

- bit position. As a result, the sign bit will be in error, a condition easy to detect. When two

~ numbers with the opposite sign are added, over-flow cannot occur, so the sign bit will

~ always be correct. Example 1 illustrates overflow for 4-bit numbers.

: Logic Circuits Lab. Lab Session: 4 — Comparators and Adders.
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4.4.2 Comparators:
is to compare the magnitude of two quantities

asic funct mparator ¢ :
kg e tities. In its simplest form, a comparator circujt

to determine the relationship of those quan

determines whether two numbers are equ
basic comparator because its output is a |

uts are equal. In order to compare
onal exclusive-OR gate is necessary.

can be used as a
and a 0 if the mp
its each, an additi

The exclusive-OR gate
if its two input bits are no? equal
binary numbers containing two b

Some Integrated circuit comparators provide additional'outputs that 1nd1.cat§:
which of the two Eumbers being compared is the larger. There 1s an ou'tpu.t that indicates
when number A is greater than number B (A>B)andan output that indicates when
number A is less than number B (A <B)-

4.4.2.1 The 7485 Four-Bit Magnitude Comparator:

The 7485 is a representative integrated circuit comparator in the 54/74 family.

The logic symbol is shown in Figure 4.4.

Notice that this device has three cascading inputs. (<,=,>). These inputs allow
several comparators to be cascaded for comparison of any number of bits greater than
four. To expand the comparator, the A <B, A=B, and A > B outputs of the less
significant comparator are connected to the corresponding cascading inputs of the next
higher comparator. The least significant comparator must have a HIGH on the = input

and LOWSs on the < and > inputs.
10) A0
—2) Al
(3) | 20
(15) A3
@ |, A>B

Logic Circuits Lab,

L jon:
ab Session: 4 — Comparators and Adders.
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~ Prelab

1- Build a Adder circuit which add two 4-bit numbers by using a 4-bit parallel adder.
(Use the 7483). :

Lab Session: 4 — Comparators and Adders.
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Lab Session 5

—————E

5.1 Objectives:

1. To learn how to operate the fl; a
2. To utilize the basic flj e flip-flops. ‘

-fl :
3. Use JK flip-flops to deI:)sig(l)lI.)S o build asynchronous counters.

5.2 Materials Needed:
- ICs: 7493, 7408, 7400 and 74107

5.3 Reference Reading
- Digital Fundamentals, Floyd, 8" edition. Section: 8 and Section 9.

5.4 Information Summary:

logic circuits are classified into two classes:

1. Combination logic circuits: using AND, OR, and NOT gates. The basic
building block for combinational logic circuits is the logic gate.

2. Sequential logic circuits: involve timing and memory devices. The basic
building block for sequential logic circuits is the flip-flop (FF).
Flip-flops are wired to form counters, shift registers, and various memory devices.

5.4.1 Flip Flops:

Flip-flop is a basic storage circuit that can store only one bit at a time. In this
subsection we will introduce different types of flip-flops.

5.4.1.1 Clocked J-K Flip-Flop

The J-K flip-flop is considered the universal flip-flop, having the features of all
the other types of flip-flops. The logic symbol for t.he J-K ﬂ1p-ﬂ9p is 1}1u§trated in figure
5.4. Tts unique feature is the toggle mode of (?peratlon so useful in <.ie81gmng counters.
When the J-K flip-flop is wired for use only in the toggle mode, it is commonly called a
T flip-flop. Table 5.1 illustrates the truth table of the J-K flip-flop

C Lab Lab Session: 5— Design of Sequential Circuits.
Logic Circuits Lab.
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Data J T Ql—— Normal
Clock >
Data K, @Q—— Complemntary

Figure 5.1: Logic Symbols Of J-K Flip-Flop.

Inputs Outputs
Mode of Operation pr— P X | Qu+) é{r . Effects on outpy, 0
Hold T Llo|o|Qw Q) No Change
Set __l——l_ 0 1 0 1 Reset om
Reset _[_l_ 1 0 1 0 Set to 1
Pohibited | [ || 1| 1 |Qw O Toggling
—_

Table 5.1: Truth Table For A Clocked J-K Flip-Flop

5.4.1.2 Clocked D Flip-Flop

The logic symbol for the D flip-flop is shown in figure 5.2. it has only one data
input (D) and a clock input (CLK) . the outputs are labeled Q and @ Table 5.2 illustrateg
the truth table of the D flip-flop.

D flip-flops are wired together to form shift registers and storage registers. The D
flip-flop is often called a delay flip-flop. The word “delay” describes what happens to the”
data, at input D. Actually the data (a 0 or 1) at input D is delayed one clock pulse from
ige’ctlilng to output Q. D flip-flops are some times also called data flip-flops or D-type
atches.

Normal

Data D
Clock —>

CLR Q
Figure 5.2: Logic Symbols Of D F. lip-Flop.

Complemntary

Mode of Operation Inputs Outputs
CLK D | Qu+n @(’ ) Effects on output Q
Reset
= I Lo 0 1 Reset to 0
Set
ﬂ 1 ! 0 Set to 1

Table 5.2: Truth Table For 4 Clocked D Flip-F. lop

Lab Sessi o
. Lab Session: 5- Design of Sequential Circuits.
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N .42 Triggering Flip-Flops:

B Flip-flops are classified as synchronous or asynchronous depending on their
- operation. Synchronous flip-flops are all those having a clock input. Asynchronous flip-
B flops are all those that have an enable-line which are called Latches.

The term synchronous means that the output changes state only at a specified
| pointona triggering input called the clock; that is, changes in the output occur with the
8 clock. When using manufacturers’ data manuals you will notice that many synchronous
B lip-flops are also classified as either edge-triggered or pulse-triggered (master-slave).

| & An edge-tr iggered ﬂip-ﬂop changes state either at the positive edge (rising edge)
| or at the negative edge (falling edge) of the clock pulse and is sensitive to its inputs only
B atthis transition of the clock.

—Jy T aol— )T a—
K. QFH— K..Qr—
Negafive edge friggered Popsitive edge triggered

Figure 5.3: Positive And Negative Edge Triggered Flip-Flops.

3 The pulse-triggered (master-slave) means that data are-entered into the flip-flop
* on the leading edge of the clock pulse but the output does not reflect the input state until
 the trailing edge of the clock pulse is end. The inputs must be setup prior to the clock

. pulse’s leading edge, but the output is postponed until the trailing edge of the clock.

, A major restriction of the pulse-triggered flip-flop is that the data inputs must not
' change while the clock pulse is HIGH. Because the flip-flop is sensitive to any change of

input levels during this time.
' 5.4.3 74L.S74: Dual D-Type Flip-Flops With Preset And Clear

' This device contains two identical flip-flops that are independent of each other except for
- sharing VCC and GND. The flip-flops are positive-edge triggered and have active low
- asynchronous preset and clear inputs. The logic symbols for individual flip-flop within

| the package are shown in figure 5 4.
A low level at the preset or clear input

- of other inputs.

s sets or resets the outputs regardless of the levels

; Logic Circuits Lab. " Lab Session: 5— Design of Sequential Circuits.
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\N (L-w-
A
|

40—

1o
74L574N
Figure 5.4 7474 Flip-Flop

i set And Clear
5.4.3 74LS76A Dual JK-Type Flip-Flops With Prese
ndependent of each other except for

This device contains two identicc flip-flops tha . triggered and have active low
i ND. The flip-flops are negative-edge triggercc ane JurE " e

ShannthVCC andsGe’: d clear inputs. The Jogic symbols for individual flip-tlop n

asynchronous preset an ,

the package are shown in figure 5.5. '

A low level at the preset or clear inputs sets or resets t

of other inputs.

he outputs regardless of the levels

PR

1J 1Q—

1K ~4Q—

~CLR
74L876N

Figure 5.5: 7476 Flip-Flop

Lo |3 4 |> g

5.4.3 Definition Of State Machine

Let’s begm w;th a gen_eral definition of a sequential circuit (state machine): A general
sequential circuit consists of a combinational logic section and a memory section (flip-
flops) as shown in Figure 5.6. In a clocked sequential circuit, there is a clock input to the
memory section as indicated, '

—_—
Logic Circuity [gp, —
Lab Session: 5.-- Design of Sequential Circults.
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CLK
g s Excitation Lines l Outputs
Y0
00— Ve S g‘:
it — Combinational 1 ‘ :
[ ; Logic : Memory II i
! | ¥p ' :
m —— 5 On
T Qo -
Q1
Qx

Figure 5.6: State Diagram

| The information stored in the memory section, as well as the inputs to the combinational
" logic (Lo, Iy --osdp )y is required for proper operation of the circuit. At any given time,
the memory is in a state called the present state and will advance to a next state on a

E clock pulse as determined by conditions on the excitation lines (Yo, Y5 ---¥ p)-

i The present state of the memory is represented by the state variables (Qp» Qs s Qy)-
E These state variables, along with the inputs (I,, I, ....,I,,) , determine the system
outputs (Oy, Oy, ----,0,).

The system outputs are the next state of the flip-flops.

Not all sequential circuits have input and output variables as in the general model just
 discussed. However, all have excitation variables and state variables.

R N T

- 5.4.4 General Design Procedure For Sequential Circuits

" The general design procedure for sequential circuits will be explained by these series of
| steps:

Step 1: State Diagram
" A counter is first described by a state diagram, which shows the progression of states
" through which the sequential circuit advances when it is clocked. :

. Step2: Next-State Table

- Once the sequential circuit is defined by a state diagram, the second step is to derive a
- next-state table, which lists each state of the counter (present state) along with the

. corresponding next state. The next state is the state that the counter goes go from its

| present state upon application of a clock pulse.

. Step 3: Flip-Flop Transition Table
] Table 5.3 is a transition table for the J-K flip-flop. All possible output transitions are
* listed by showing the Q output of the flip-flop going from present state to next states. Qy

. Logic Circuits Lab. E ] " Lab Session: 5— Design of Sequential Circuits.
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is the present state of the flip-flop (before 2 clock pulse) and Oy, is the next state (aftey

a clock pulse). For each output transitions, the J and I’< inpu’t’s that will causi the
transitions to occur are listed. The Xs indicate a “don’t care (the input can be either , I

ora0).
Output Transitions Flip-Flop Inputs J
O Onui J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 | X 0

Table 5.3: Transition Table of JK Flip-Flop

Step 4: Karnaugh Maps _
Karnaugh maps are used to determine the logic required for the J and K inputs of each

flip-flop in the sequential circuit. There is a Karnaugh map for the J input and a Karnaugh
map for the K input of each flip-flop. Each cell in a Karnaugh map represents one of
present states in the sequential circuit (0, O, , ....,Q,) and the inputs ( ifits available ).

Step S: Logic Expression For Flip-Flops Inputs
From the karnaugh maps. The expressions for the J and K inputs of each flip-flop must be

obtained.

Step 6: Circuit Implementation:
The final step is to implement the combinational logic from the expressions for the J and

K inputs and connect the flip-flops to form the complete sequential circuit.

Logic Circuits Lab. ‘ Lab Session: 5— Design of Sequential Circuits. %
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5.5 Prelab:

7. The state transition table of a state machine is given below. Design this machine
' using JK flip-flops.

B Present State Input Next State

A B X A* B*
0 1 1 1 1
1 1 1 1 0
1 0 1 0 0
0 0 0 1 1
1 1 0 0 1

Table 5.4

: sion: 5— Design of Sequential Circuits.
- Logic Circuits Lab. Lab Ses
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Lab Session 6
Synchronous Counters

/ R

6.1 Objectives:

1. To utﬁlﬁze the basic flip-flops to build synchronous counters.
7. To utilize the 74LS161 Synchronous Binary Counter to get specific counting

sequence.
3. To utilize the 74LS193 UP/DOWN Binary Counter to get specific counting

sequence.
6.2 Materials Needed:

-ICs: 7476, 7411, 74161, 74193

6.3 Reference Reading
- Floyd, Digital Fundamentals

6.4 Information Summary:

The term Synchronous as applied to counter operation means that the counter is clocked
in such a way that all flop-flops in the counter are triggered at the same time. This arrangement
is accomplished by connecting the clock line to each stage of the counter.

6.4.1 Two Bit Synchronous Binary Counter:

Figure 6.1 shows a two-stage counter. Notice that an arrangement different from that for
the asynchronous counter is applied.

HIGH
J Q J Q—
> 'L>
K Q K Q

FFQ {3

Figure 6.1 A Two Bit Synchronous Binary Counter.

The operation of this counter is as follows:

1. We will assume that the counter is initially in the binary 0 state and each of the
flip-flops is a positive edge trigger flip-flop.

2. When the positive edge of the first clock pulse is applied, FFO will toggle, and
Q,will therefore go HIGH. When the leading edge of the first clock pulse is

applied, J, = K; = 0. This is a no change state. Therefore Q, is still 0.

Logic Circuits Lab. Lab Session: 6— Synchronous Counters.
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g edge of CLK,, FFO will toggle,

= 0. At the leadin
0. Atthe K inputs when the

» ot HIGH on its J and

3. After CLKIa Q0= 1 and QI
the flip-flop toggles, and O, go€s

and Q, will go LOW. Since FF1 “sees
triggering edge of this clock pulse 0ccurs

HIGH.
fCLst FFO again

— 1. At the leading edge ©
both 0.

4. After CLK,, Q,=0and O,
e its J and K inputs are

toggles to 1, and FF1 remains 1 becaus
5. After CLK;, Q,=1and 0,=1.atthe leading edge of CLK ;- Q‘f and O, 80
| n on their J and K inputs.

LOW because they both have a toggle conditio

6.4.2 Three Bit Synchronous Binary Counter:
2, and its state sequence in table

A three bit synchronous binary counter is shown in Figure 6.

6.1.
HIGH
J Q J Q
> —>
K @ K @
FFO FF1

Figure 6.2 A Three Bit Synchronous Binary Counter.

Clock Pulse 0,

ST~NNOSTOO NN oI
~
QNQNQNQNQ(Q
S

oo\lo\k"'kWNNQ
S~N~N~N~NoSoo O

Table 6.1 State Sequence Of Three Bit Synchronous Binary Counte

The operation of this counter is as follows:

1. L i
et us look at Q. Notice that 0, changes on each clock pulse as the counter

progress because FF0 i i
i is held in the toggle mode by constant HIGH on its J & K

Logic Circuits Lap
Lab Session: 6- Synchronous Counters.
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5. Let us look at 0;. Notice that it goes to the opposite state following each time
Q,isal. This change occurs at CLK ,, CLK ,, CLK;,and CLK ;. The CLK,
pulse causes the counter to recycle. To produce this operation, 0, is connected
to the J and K inputs of FF1.

3. Letus look at O,. Notice that both times Q, changes state, it is preceded by the
unique condition in which both @, and Q, are HIGH . This condition is
detected by the AND gate and applied to the J and K inputs of FF2, whenever
both 0, and Q; are HIGH, the output of the AND gate makes the J and K
inputs of FF2 HIGH. And FF2 toggles on the following clock piilse.

~ 6.4.3 Synchronous Decade Counter:

A BCD counter counts in binary-coded decimal from 0000 to 1001 and back to 0000.
| Because of the return to 0 after a count of 9, a BCD counter does not have a regular pattern as in
. a straight binary count. The counter operation can be understood by examining the sequence of
states in Table 6.2.

Clock Pulse 0, 0, 0, o)
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 -0 1
6 0 1 1 0
7 0 1 1 I
8 1 0 0 0
9 1 0 0 1
10 0 0 0 0

Table 6.2 State Sequence Of Synchronous Decade Counter.

' The operation of this counter is as follows:

1. Notice that FF0 toggles on each clock pulse, so the logic equation for its Jand K
inputs is
J,= Ky =1

2. Notice that FF1 changes on the next clock pulse each time O, =1and Q; =0.

so the logic equation for its J and K inputs is
J = KI = Qo 0

3. FF2 changes on the next clock pulse each time both 0, =1 and Q,=1. This

requires an input logic equation as follows:
Jr=Kr=09

3 Logic Circuits Lab. Lab Session: 6— Synchronous Counters.

Scanned by CamScanner



Page: 46

h time = 1: Q =
4. FF3 changes to the opposite state on the next clock pulse :a;c) ;h ‘ jﬁaﬁon - (;r
1,and 0, =1 (count 7), or when 0,= 1 and Q3=1 (coun .

this is as follows:

J3=K3=Q0Q1Q2+Q0Q3

6.4.4 UP/DOWN Synchronous Counter:

oo in ei irection throu

An up/down counter is one that is capable of progressing H; .ei:g;:l;g;r;ter can havgehaiy

certain sequence. An up/down counter, sometimes c:_allffd a bé‘é’: ifelrothat advancc,:s upward
specified sequence of states. For example, a thr ec-bit binary ed so that it goes through the
through its sequence (0,1,2,3,4,5,6,7) and then can pe re\{;elrs e of up/down sequential
sequence in the opposite direction (7,6,5,4,3,2,1,0) is an 11ius
operation.

6.4.5 The 7415161 Synchronous Binary Counter:

The 74LS161 is an example of an integrated circuit synchronous .binal'ytﬁoint?f . fﬁ logic
symbol is shown in Figure 6.4. This counter has several features in addition to the basic functjon

. . i ter.
previously discussed for the general synchronous binary counte .
First, the counter can be synchronously preset to any four-bit binary number by applying the

proper levels to the data inputs. When a LOW is applied to the LOAD input, the counter wi.ll
assume the data inputs on the next clock pulse. Thus, the counter sequence can be started with

any four-bit binary number.

3 14
2 |A 0A 3
718 %l
¢
7— D QD [— N
10 1 ENP 15
e ENT RCO[—
7C ~LOAD
_2C ~CLR
> CLK

Figure 6.4: The 74LS161 Four Bit Synchronous Binary Counter.

Also, there is an active-LOW clear input (CLR), which synchronously resets all four
flip-flops in the counter.

There are two Enable inputs, ENP and ENT These in i
- Inputs, : puts must both be high for the
counter to sequence through its binary states, When at least one is LOW, the counter is disabled.

The ripple clock outp

ut (RCO
sequence. Fificen (1111), (RCO) goes HIGH when the counter reaches the last state in the

Logic Circuits Lgp, '

Lab Session: ¢- Synchronous Counters.
b
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6.4.6 The 741.5193 UP/DOWN Binary Counter

Figure 6.4 shows a logic symbol for the 74193, an UP/DOWN binary counter. Thf*. cloc}(
inputs are UP and DOWN pips. The direction of the count is determined by which clock 11.1put is
pulsed while the other clock input is HIGH. When the UP input is HIGH and the DOWN input is
pulsed. The counter counts down.

This device can be preset to any desired binary digit as determined by the states of the
data inputs when the LOAD input is LOW.

The carry output (@) produces a LOW pulse when the terminal count fifteen (1111) is

reached in the up mode. The borrow output (BO) produces a LOW pulse when the terminal
count zero (0000) is reached in the down mode.

15 3
| A R
0| B QB =&~
51¢ ¥
— P QD [—
1" 13
729 -LoAD ~BO :)1—2
vy CLR ~CO D—
—5 P DOWN

—pup

Figure 6. 4: The Logic Diagram For 7415192 And 74LS193

6.4.7 The 74LS192 UP/DOWN Decade Counter

Figure 6.4 shows a logic diagram for the 74192, an UP/DOWN decade counter. The
carry output (66) produces a LOW pulse when the terminal count nine (1001) is reached in the

up mode. While the borrow output (BO) produces a LOW pulse when the terminal count zero
(0000) is reached in the down mode.

3 6.4.8 Buffers

The symbol in figure 6.5 is that of a non-inverting buffer/driver. The noninverting buffer
serves no logical purpose it does not invert, but is used to supply greater drive current at its
output than normal for any regular gate since regular digital ICs have limited driving current
capabilities, the noninverting buffer/driver is very important when interfacing ICs with other
devices such as LEDs, lamps, and others. Buffer/drivers are available in both noninverting and
inverting form. '

Figure 6.5: Non-Inverting Buffer/Driver Logic Symbol.

- Clrocs L jon: 6- Synch _
Logic Circuits Lab. Lab Session ynchronous Counters.
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6.4 Prelab h
. . ip-flops. Design a sync ronous
1- By using 3 individuals ncgative -ﬁggzc;’li sﬂiﬁcn D b back to 2.

counter with the counting sequen

Logic Circuits Lab. |
Lab Session: 6- Synchronous Counters. ]5
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Lab Session 8

Registers

/
/

8.1 Objectives:

- Introducing the different types of registers.
- Introducing some ICs registers.

8.2 Materials Needed:
- 7474, 74164, 74166, 74194
8.3 Reference Reading

- Digital Fundamentals, Floyd

8.4 Information Summary

Shift registers consist of an arrangement of flip-flops and are important in applications involving
the storage and transfer of data in a digital system. The basic difference between a register and a
counter is that a register has no specified sequence of states, except in certain very specialized
applications. A register, in general, is used solely for storing and shifting data (1s and 0Os) entered
into it from an external source and possesses no characteristic internal sequence of states.

A register is a Qigital circuit with two basic functions: data storage and data movement. The
storage capability of a register makes it an important type of memory device.

The storage capacity of a register is the number of bits (1s and Os ) of digital data it can retain.
Each stage (flip-flop) in a shift register represents one bit of storage capacity; therefore, the
number of stages in a register determines its total storage capacity. Registers are implemented

with flip-flops or other storage devices.
The shifting capability of a register permits the movement of data from stage to stage within the

register or into or out of the register upon application of clock pulses.

8.4.1 Serial In/ Serial Out Shift Registers

The serial in/serial out shift register accepts data serially — that is, one bit at a time on a single
line. It produces the stored information on its output also in serial form.

Logic Circuits Lab. Lab Session: 8 — Registers
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Serid Datalnpt —{D  Q

ol

CLK

Fgure 8.1: Serial in/Seridl out shift register
8.4.2 Serial In/ Parallel Out Shift Registers
this type of register in the same manner a5
way in which the data bits are taken out of

f each stage is available. Once the data are
d all bits are available simultaneously,

Data bits are entered serially (right-most bit first) into
Serial in/Serial out shift register. The difference is the
the register; in the parallel output register, the output 0
stored, each bit appears on its respective output line, an
rather than on a bit-by-bit basis as with the serial output.

—
IENENRENE

clKk l l J
Figure 8.2: Serial In/Parallel Out Shift Register

Data Input

ol

8.4.3 Parallel In/Serial Out Shift Register

For a register with parallel data inputs, the bits are entered simultaneously into their respective
stages on parallel lines rather on a bit-by-bit basis on one line as with serial data inputs.
Figure 8.3 illustrates a four-bit parallel in-serial out register. Notice that there are four data-input

lines, Dy, D;,D,, and D;. And a SHIFT/ LOAD input.
SHIFT/LOAD input allows four bits to be entered in parallel into the register. When SHIFT/
LOAD input is LOW. And each data bit input is applied to the D input of its respective flip-flop.

When SHIFT/ LOAD is HIGH. Allowing the data bits to shift right from one stage to the next.
The OR gates allow either the normal shifting operation or the parallel data-entry operation

depending on which AND gates are enabled by the level on the SHIFT/LOAD .

Logic Circuits Lap,

Lab Session: 8 — Registers
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Do D, D. -
2

SHIFT/LOAD

2l

FF3

y CLK

Figure 8.3: Parallel In/Serial Out Shift Register

8.4.4 Parallel In/Parallel Out Shift Register.

Figure 8.4 shows a parallel in/parallel out shift register.

Do D, ' D,

D Q ] D Q T
> >
Q Q
FFO FF1
CLK M B\
-Qo ‘ O

Figure 8.4: Parallel In/Parallel Out Shift Register

8.4.5 Bidirectional Shift Register

data can be shifted either left or right. It can be
ed the transfer of a data bit from one stage to the
e level of a control line.

A bidirectional shift register is one which the

implemented by using gating logic that enabl
next stage to the right or to the left, depending on th

Logic Circuits Lab. Lab Session: 8 — Registers
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rallel Out ghift Register

git Serial In/Pa ‘

ift register having serial in/parallel out operatiop,
. he

The 7415164 is

3

1 il h‘ Figure 8.5: Logic Symbol of 74LS164
Qs [5

B ac [&

g QoD —1—0

—D>CLK QE 11

QF 712

~CLR QG [3

QH [—

74LS164N

e

ated serial inputs, A and B, Tow serial inputs that are ANDeg

Notice that this device has tow &
be 1 for a 1 to be shifted into the first bit of the

internally. That is, both A and B inputs must
register. L

Clear input (CLR) is active-
Return back to the logic diagram 0

LOW and The parallel outputs are Qg through Q.
£74LS164 in the datasheets and read it carefully,

8.4.7 74LS166 8-Bit Parallel In/Serial Out Shift Register

The 74LS166 is an example of an IC shift register that has a parallel i i g

can also be operated as serial in/serial out). The logic symbolpis showr‘:/ flf %2u?:t8026ratlon o
This <-ievice shifts when SH/LD is 1 and loads new data otherwise. The 166 has an 'unu
clocking arrangement called a “gated clock”; it has two clock inputs that are conncctediua‘
internal flip-flops as shown in figure 8.6. The designers of the 166 intended for CLK t gthe
cognected. toa free-running system clock and for CLKINH to be asserted to inhibit CI? :
neither shifting nor loading occurs on the next clock tick, and the current register co teK’ e
held. However for this to work, CLKINH must be changed only when CLK is 1; thn e
undesired clock edges occur on the internal flip-flops. O

D Qt— 2
CLK 3 | A
CLKINH > — s
_ 13
Q 51° QH |—
o] °
To other fli 11 € 74L51€6N
p-flops —
. 12
Figure 8.6: 74166 IC b G
1— H
75| SER
EO ~SHILD
2 INH
P CLK
—0| ~CLR
Logic Circuits Lab.
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7415194 4-Bit Bidirectional Universal Shift Register.
.4.8 The . .
94 is an example of a universal bidirectional shift register in integrated circuit form.
The 72 hift register has both serial and parallel input and output capability. The mode
: ‘ot‘the 74LS194 is determined by the mode control inputs: S, and S;.

Operﬂtion
hen 5p° s =l Synchronous parallel loading is accomplished by applying the four bits of
when 9o

and taking both mode control inputs. The data are loaded into the associated flip-flops and
e ar at the outputs after the positive transition of the clock input, During loading, serial data
flow iS inhibited.

when $p= 151 = 0: Shift right is accomplished synchronously with the rising edge of the clock
pulse. Serial data for this mode is entered at the shift-right data input.

when Sp=0,8; = It Shift left is accomplished synchronously with the rising edge of the clock
pulse. Serial data for this mode is entered at the shift-left data input.

When S,=0,5, =0: Clocking of the flip-flop is inhibited.

The Texas instruments data manual contains the descriptions, diagrams, and tables. Read the
manual for a good overview of what this shift register can do.

SR 15
3 SR QA—
C3 B
Parallel Inputs R @
51 QC—
sL | f
— & QD
9
10 1 SO
TT S1
TP CLK
—O| ~CLR
74LS184N

Figure 8.7: Logic Symbol Of Shift Register 74LS194

Logic Circuits Lab. Lab Session: 8 — Registers
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i U Implementatlon

S

omputer system consists of 3 main parts:
c

.cPU
5, Memory SUbSYSterm

3, JO subsystem

go any system contains these 3 main parts can be called a computer.

CPU is the heart of the computer system. One of basic components of the CPU is the ALU (Arithmetic

Jogic Unit) it 1S responsible for instructions execution. The execution of an instruction is called operation
the operation can be either

A. arithmetic ogerations (addition, subtraction, multiplication and division)

B. logic operations (AND, NOT, OR, XOR)

C. Bit-shlf.tmg op.eratmns' (shiﬁil}g or rotating a word by a specified number of bits to the
left or right, with or without sign extension). Shifts can be interpreted as multiplications

by 2 and divisions by 2.
| There are two types of signals (inputs to the ALU) which are the Data Signals and Control
Signals.
1400
- —‘ Other
1 | SPARC
1200 - | Wl Hitachi SH
1100 - B PowerPC
1000 - ] Motorola 68K
® B mips
S 900 IA-32
3
8 800 - Bl ARM
8 700 -
o
@ 600
S
= 500
400 -
300
200 -
100 -
0 —

1998 1999 2000 2001 2002
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Inputs and outputs
g erated o1 (called operands) and a code from the
the data to be OP form. Its output is the result of the computaty,,

eration to perio
inputs 0r outputs a set of condition ¢, deg

as
or generates - h r
e cases such as Carry-in or ¢
des are used 10 indica ary. gy

The inputs to the ALU are
control unit indicating which 0P

In many designs the ALU also takes
from or to a status register. These €O

overflow, divide-by-zero, etc.

1- 1-Bit ALU

The logical operations are easiest, be

Figurel .
The 1-bit logical unit for AND and OR looks (;lke

the ri AND b or a OR b, depenl . 3
Operafiniad o1 The o Is the multiplexor is shown in color to distinguish

Operation is 0 or 1. The line that contro

it from the lines containing data. Notice that we have renamed the control
and output lines of the multiplexor to give them names that reflect the
function of the ALU.

The next function to include is addition. An adder must have two inputs for the
for the sum. There must be a second output to

operands and a single-bit output
pass on the carry, called CarryOut.Since the CarryOut from the neighbor adder
must be included as an input, we need a third input. This input is called Carryin.

Figure B.5.2 shows the inputs and the outputs of a 1-bit adder. Since we know

cause they map directly onto the hardware components .

Figure 1 the multiplexor
ding on whether the value of

FIGURE 1 The 1-bit loglcal unit for AND and OR.
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ALU Opcoda

+
) 1
—1
b—@ 2 P Result
T)> 3
_JI>@ 4
- Camry -out

Figure 2 1 bit ALU logical and Arithmetic

.32-bit ALU

ALUOp (3:0)
SHAMT (4:0)

Figure 3 ALU Block Diagram
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e above 1 bit ALU Sequentially A
ol

A 32 bit ALU can be im : ¢ stag
feeding the carry out s carry in for the né
Cin
Ao
Bo
Cout
Cin
ot ALU1
| Bl
: [ ]
| [ ]
* | Cm
i A3l ALU31

B3l — |

Figure 4 32 bit Sequential ALU

Lab Work

Design and implement a simple 1 bit AL
o U that do the following functions: And, Or, Inverter,
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QUADRUPLE

llSma“

SN5400, SN54 »
SN7400, SN74|I:§%' N
2-INPUT POSITIVE.jp Suu&q ;
SDLS025 - DECEMBER 1983‘REV\s!DD Gﬂ% ;
gl |

§

\J’

® Package Options Incl

Outline’” packages.
and Flat packagss.

ude
Ceramic ChiP

and Plastic

tic
bl Carriers

CeramiC

and

DIPs
and
@ Dependable Texas [nstruments Quality
Relability
description ot
These devices contain four independent -inp
NAND gates. )
The SNS400, SN54LS00, and SNST'SO%(::Y
characterized for operation over the f2u5 org -
temperature rangs of —55°C to 14500. e
SN7400, SN74LS00. and SN;I b
characterized for operation ¢rom 0°C to .
FUNCTION TABLE {sach gate)
INPUTS QUTPUT
|
A B Y
H H L
L X H
X L H
logic symbolt
31 &
::L (3 gy
28 8 (5,
28 2! S0 oy
(9)
3a —
3 (10 18 .
(121
4A ——
ap 13 UL

TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and

|EC Publication 617-12.

logic dia

Pin numbers shown are for D, J, and N packages.

m%m‘fnm mg\ inforrstion is T.’:: ptcas
m;,:‘:;;i'*‘,“‘”mm;‘“% ‘%
I TEXAS
NSTRUMENTS

POST OFFICE BOX 655303 @ ,
LLAS, TEXAS 75265

OR"PA% i
|

SN5400 . . . W PACKAGE
{TOP VIEW)
1Ay 14] 4y
1802 1348
1v(s 12[] 4A
vecO« mDanp
ZYES 10{] 38
2A (s 91 3A
287 8] 3Y
SN54LS00, SN54S00 . . . FK PACKAGE
(TOP VIEW)
o gO 8
"-'_z> s
1Y [J4 18(] 4A
NC |5 17(] NC
2A [1s 16 ] 4Y
NC 17 15[ NC
28 [J8 (38
9
00>«
NZZ20M0
o

NC - No internal connection

gram (positive logic)
1A
D
18 —1
2A 2v

20f%
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SN5404 SN54LS04,
SN7404, SN7I3IE.S

SDLS029B - DECEMB!

SN54504,
4, SN74504
X INVERTERS

ER 1983 - —~REVISED FEBRUARY 200 2002

Please be aware that an important notice co
Texas Instruments semiconductor products and

SN5404 .
SNSALS04, SN54S04 .
SNT7404 ..

SNTALS04 ..
SN74S04 ..
(TOP VIEW)

Y afivee
13[] 6A
12[] 6Y
11]] 5A
10[) 5Y

]4A

9
sl14Y

1A
1Y(]
2A[]
2Y[]
3A[]
3Y[]

1
2
3
4
5
6
GND[| 7

SN5404 . .. W PACKAGE
(TOP VIEW)

U
14

13
12
11
10
9
8

] 1Y
] 6A
] 6Y
] GND
] 5Y
] 5A
ay

1A
2Y[]
i

Vel
3A[
av[
4A[

~N O A WD =

SN54LS04, SN54S04. ..
(TOP VIEW)
O
>£29%
P 4 " | W | | - -
3212019
] 4 18

15 17(]
16 16(]
17 15(]

18 14
9 10 11 12 13
| o o o ¥ o |

522%%
)

NC — No intemal connection

NC
2Y
NC
- 3A

D DB N, OR NS PA'
D OR N PACKAGE

FK PACKAGE

6Y
NC
5A
NC
5Y

nceming availability, standard warranty, and use in critical applications of

disclaimers thereto appears at the end of this data sheet.
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QUADRUPLE 2-INPUT POSITIVE-AND

SN54S08
SN74508
GATES

SN5408, SN54LS08,
SN7408, SN74LS08,

SDLS033 ~ DECEMBER 1963 — REVISED MARCH 1988

=

Optlons include Plastic *Small
packages: Ceramic Chip Carriers

, packad®
ckages, and Plastic and Ceramic

utlin
gnd Flat P2

plPs T
ndable 1€
! g:,‘;’:bility

xas Instruments Quality and

dascfiption

These deV!
AND gates.

he SN5408, SN54LS08, and SN54S08 are
characterized for operation over the full military
remperature range of —65°C to 125°C. The
08, SN74LS08 and SN74S08 are
ized for operation from 0° to 70°C.

ces contain four independent 2-input

character
FUNCTION TABLE {each gate)
INPUTS ouTPUT
A B Y
H H H
L X L
X L L
[oglc stb"'T'
1A (1) & a)
- (2) 1Y
4)
a2 ©) ,y
za———J‘s’ 2
(9)
3A ey (8) a9
8 {10)
a2 a1,y
. (13)

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 and
[EC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

S

8N6408, SN54LS08, SN64508 .

SN

SN74L508,

..JORW PACKAGE

7408 . . . J OR N PACKAGE
SN74S08 . . . D, J OR N PACKAGE
(TOP VIEW)

1Al M%Vcc

1802 13148

1y (s 12[J4A

2aCfe  1p4Y

28 [s 10[] 3B

2y (e s]3A

GND([]7  8p3Y

SN54LS08, SN54§08 . . . FK PACKAGE

NC
logic diagram

1A
1B
2A
2B
3A
38
4A
4B

Y=A-Bor Y=

(TOP VIEW)

Q
0 Om
552>¢

3212019

9 10111213

>0 O>L
stmn

—No internal connection
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|

1111

2y

3y

———

—
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>l
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+
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and Flat packages:
piPe ality and
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operation from C.
FUNCTION TABLE (each gate)

H X ‘
X H
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logic symbol T
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{4)
zA—‘;— (6) 2y
ZB.————
3a—2 @)

(10! — 3Y
38—
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48 {13} 4

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 61 7-12.
Pin numbers shown are for D. J. N, or W packages.
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(TOP VIEW) ACKage

SNBALS32, SN54532 . .. FK PACKAGE
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logic diagram
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S‘;ﬂine" packages. Ceramic Chip Carriers
gnd Flat packages, and Plastic and Ceramic

piPs

SN5410, SN54LS10, SN54510,
SN7410, SN74LS10, SN74510

TRIPLE 3-INPUT POSITIVE-NAND GATES

SDLS035 -~ DECEMBER 1983 — REVISED MARCH 1988

SN5410 . . . J PACKAGE
SN54L510, SN64510 . . . J OR W PACKAGE
SN7410 ... N PACKAGE
SN74L810, SN74510...DORN PACKAGE

ependable Texas Instruments Quality and (TOP VIEW)
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18 O 1C
gescription . . ;: E ; :
hese devices contain three independent 3-input sc O i
NAND 955 2y O 3A
The SN5410, SN54L510, and SN54S10 are GND [ 3y

characterized for operation over the full military
remperature range of —55°C to 125°C. The
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SN5410 . . . W PACKAGE

(TOP VIEW}

characterized for operation from 0°C to 70°C, 1AQ 1C
.FUNCTION TABLE (each gate) 18 [ 3y
: 1Y C 3c
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I logic diagram (positive logic)
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IEC Publication 617-12. e
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4LS11 @
M7 ¢ AND Gate S
1rip | Q
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5 6 ic AND function.
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e perfofms 2
2
orderind Code: 2
Package Number Package Description g)
bl 14-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-120, 0,150 Narrow ®
= 14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0,300 Wide
"o avaisble i Tape and Reel. Specily by appending the suffix lattar *X" to the ordering code.
Davices 8
connection Diagram Function Table
1 A4 Q | 3] Al Ya Y =ABC
Ve Inputs Output
0 [] '
l,‘ 2 lu " 1 ) z _ ;
X X L T
X L X L
L X X L
H H H H
H = HIGH Logic Level
[ L= LOW Logic Level
| :ﬂ_——)_ I X = Efher LOW or HIGH Loglc Level
q 5 [ 7
A L1l Al 82 c2 Y2 GND
L www.fairchildsemi.com

©2000 Fairchid Semiconductor Corporation  DS008350
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o Packag® Options Include P p S lors
Qutline’’ packages- eramic e
nd Prastic and Corad

and Flat packagos:
DIPs

e Dependabl
Reliability

ments Quality and

o Toxas Instr!

description
ent 4-input NAND

These devices cO
gates.

The SN5420, SN 54L520,

zed for operation over
5°C. The SN74
d for opertion from

ntain tW0 indcpcnd

and SN54520 are
the full military rang®

20, SN74L520: nd

characteri
o°Cto

of -56°Cto 12
SN74520 are characterize

70°C.
NCTION TABLE (each gate)

FU
a8 c 0l Y
H HHH L
L X X X H
x L X X H
X X L X H

X X L

logic symbol?

]
;

1A 1)

18 (2)

—_— ™ 6

1c (4) v
1D (5

2A 19)

o5 1100
o112 O oy

20 {13)

I”Ii‘ sym ol is in sccordance with ANS), -
/IEEE Std.
B4 and

P;EC Publication 617-12,
in numbers shown are for O, J, N, and W pack
, ages,

y

SN5420, SNE4L
SN7420, smalsszz% gy

DUAL 4-INPUT PO s
1T POSITIVE Ny
SNB420 .. . J PACKAGE - CA;IE‘!E

SNB4LS20, SN64520 ... J OR w
PACK
AGg

SN7420 . .. N PACKAGE

§N74LS20. SN74520 ... DORN p
ACI(A
GE

(TOP VIEW)
1alh Uia
1B 2 13 ;’Sc
NC O3 120 2¢
1c s nguc
10 (s 10{] 2B
1Y (s 9] 2a
GND (7 8] 2y

SN6420 ... W PACKAGE

{TOP VIEW)

1A 14[] 1D
1Y [J2 13(] 1€
NC O3 120 18
vee Oa 11J GND
NC (s 0[] 2Y
2A (s a[] 2D
28 (7 8] 2C

SNE4LS20, SN54520 . . . FK PACKA
(TOP VIEW) *

NC - No intemal connection

logic diagram

1A
1e—

ic . v
28

2c a¥

positive logic Y = AB-C-DorY = A + B t+0
= +

PRODUCTI
0N DATA documents contaln infarmation

currant as puﬂ]m
e ieatiom par The ey aucts
andurd warranty. P:utdmlo:' Tenas l::t::u:cm :o
processing doas po
8 not

necassarily include testing of all paramaters, '
NSTRUM
ENTS

PCS= OFF
ICE 30X 655012 » DALLAS

U

TEXAS 75285

page 80!
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SN54LS21, SN74LS21
DUAL 4-INPUT POSITIVE-AND GATES

SDLS133 - APRIL 1385 — REVISED MARCH 1988

s Options Include Plastic **Small

. ;‘;j packagas, Ceramic Chip Carmiers

SNE4LS21 . . .J OR W PACKAGE
SN74LS21 ...D OR N PACKAGE

ond FiSt packages. and Plastic and Ceramic (TOP VIEW)
DiPs
‘ 1A 1a[d vee
i , DeP"‘d‘b“ Texas Instruments Quality and 18 O2 b 20
RalisbiEtY nc Os 2P 2¢
1c Qs 1] NC
10 Os 0[] 28
These davices contain two independent 4-input Y Os sl 2A
AND gates- GND [}  s[ 2Y
tne SN54LS21 is characterized for operation
over the full military temperature range of SN54LS21 . . . FK PACKAGE
_55°C to 125°C. The SN74LS21 s (TOP VIEW)

chs:actsfized for operation from 0°C to 70°C.

FUNCTION TABLE (each gate)

INPUTS OUTPUT
A B C D Y
H H H H H
L X X X L
X L X X L 9 10111213
X X L X L
o> <
X X X L L z % Z NN
. 1 NC—No internal connaction
lagic symbol
‘ 1A=tV = logic diagram
| (2)
k 18 t6) 1A —]
| ) 1Y 18—
| 1Cc ‘ 1y
E (s) 1c——
ib—— 10—
[ (10) £h :
: 3 (8) 2y 28 -
20 (12) 2c
mﬁ_ 20—

"This symbol is in accordance with ANSUIEEE Std 91-1984 and (positive logic) ¥ = AB«CDorY =A+B+CT+D
, EC Publication §17-12.
. Fnrumbers shown are for D, J. N, and W packages.

Sk Tai ey

e —————— Copyright © 1988, Texas Instruments Incorporated

INS'[RUMEMS Page 9 of 35
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e

SDLS100

SN5432, SN54LS32, SN54S32,
SN7432, SN74LS32, SN74532
QUADRUPLE 2-INPUT POSITIVE-OR GATES

DECEMBER 1983 —REVISED MARCH 1988

s Optlons Include Plastic ‘“Small

’ p,ckag” packagos. Ceramic Chip Carriers
:d Flat Packeges. and Plastic and Ceramic

a

pIPs
0 ondable Toxas Instruments Quality and

® Rollability

doscripﬁon
These d
. OR gates:
The SN5432. SN54LS§32 and SN54S32 are
charncterized for operation over the full military
range of ~ 55°C to 125°C. The SN7432,
GN74LS32 and SN74532 are characterized for
from 0°C to 70°C._

evices contain fourindependent 2-input

operatlon

FUNCTION TABLE (each gate)

INPUTS | ouTPUT
A B Y
H X H
X M H
L L L
logic symbol T
"
1A : = @ .,
182
A o,
28
1A (9)
(8)
2 (10 ——13Y
a2
» L_on,,
P LS

!This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for D, J, N, or W packages.

PRODUCTION DATA d —
ucumenty contain inf

tpeciens Of pubiication ditn, Ptodn;l':o;'f:'r.n‘lk::

Sandard warrie b e of Toxas lastruments
I . Predu

mestaily includy wsting of mﬁﬂ“ Fow by

SN5432, SN54LS32, SN545832 . . . J OR W PACKAGE
SN7432 ... N PACKAGE
SN74L532, SN74532 ... D OR N PACKAGE

(TOP VIEW)

1a(
180
1v QO
2A [
28]
2y
GND ]

SNB4LS32, SN54532 . . . FK PACKAGE
(TOP VIEW)

NC - No internal connection

logic diagram

- 1A
1Y
18

an
' ay
48 ————o

positive logic

Y=A+BorY=<=<A-8

*p

TEXAS
INSTRUMENTS ]

POST OFFICE BOX 655012 * OALLAS, ~EXAS 75265

Page 13 of 35
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442, SN5ALSA2, SN7442p, p7

CD TO 10-LINE DECIMAL DECQDESR4§

SDLS109— MARCH 1974 — REV|SED MaRg
H 19,
8y

SN5
4-LINE B

§NE442A, SNEALSA2 . .. J OR W pagy
SN7442A ... N PACKAGE  AGE

d Input
° é\gn(()’;::g:;s Are High for Invalid Inp e b ok
(TOP VIEW)
@ Also for Application as
4-Line-to-16-Line Decoders o O Uis Vee
3-Line-to-8-Line Decoders 1 E2 15 5' A
2 L3 14]]B
e Diode-Clamped Inputs 20« whc
TYPICAL TYPICAL 45 120o
TYPES POWER  PROPAGATION s[e 1o
DISSIPATION DELAYS 6]z 1108
'42A 140 mW 17 ns GND L|8 9l]7
‘LS42 35 mW 17 ns

SN54LS42 . . . FK PACKAGE

description
(TOP VIEW)

These monolithic BCD-to-decimal dechers
consist of eight inverters and ten four-input

<
T

~[OnNc
3 vee

- O
| g S
3 2

NAND gates. The inverters are connected in
pairs to make BCD input data available for . (' T
decoding by the NAND gates. Full decoding Qf 2 j 4 (s
valid input logic ensures that all outputs remain 30s e
off for all invalid Input conditions. NC 6 sslNe
The ‘42A and 'LS42 feature inputs and outputs 4 % 7 15[]D
that are compatible for use with most TTL and 5)s 14(]9
other saturated low-level logic circuits. DC noise 910111213

©o0O0OM~N®

zZ 2

margins are typically one volt.

The SN5442A and SN54LS42 are characterized
for operation over the full military temperature
range of ~55°C to 125°C. The SN7442A and

SN74LS42 are characterized for operation from

NC - No internal connection

0°C to 70°C.
PRODUCTION DATA Inlormation publication
Products :ﬂ&m ") fptdlﬂllmli;:::’l:r:; :ll exas hsumdm’: "
tesing of o8 paaimers. lon processing does not necessarily Include i T Copyright @ 1988, Texas Instruments IncoP%"®
U EXAS
INSTRUMENTS FegRiiaess

POST OFFICE BOX 655303 @ DALLAS TEXAS 75265
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SN54468
BCD-TO-SEVE

. "47A, '48, SN54LS47, 'LS48, 'LS49
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49
N-SEGMENT DECODERS/DRIVERS

‘48, 'LS48
feature

_Collector Qutputs

¢ Internal Pull-Ups Elimin
ate
' 0‘:{3: O Joators Directly Need for Externa) Resistors
D " st provision ¢ Lamp-Test Provision
. ’ding/T"’m ng Zero . Leading/Trailing Zero
. ;: ppressw" Suppression

oN5446A, SNSA4TA, SNEALS4T, SNE4ag,
SNGALS48 . . . J PACKAGE
SN7446A, SN7447A,
SN7448 . .. N PACKAGE
gN74LS47. SNT4LS48 . . . D OR N PACKAGE

SN54LS47, SN54LS48 . . . FK PACKAGE
(TOP VIEW)

SDLS111 - MARCH 1974 — REVISED MARCH 1988

‘LS49
feature

¢ Open-Collector Outputs
¢ Blanking Input

o 0
0OMZ >«
(TOP VIEW}
32 12019
B 1U16:IVCC T4 18(g
cOz Pt BI/RBO [15 170 a
_ s e NC [l 16 NC
Bi/RBOLls  13[]a RBI )7 b
BiJs 12[0b D c
DEG ne 9 10111213
A7 104
GND[s  9[]e

SN54LS49 .. .J OR W PACKAGE
SN74L549 ...D OR N PACKAGE
(TOP VIEW)

B O
c O
Bl O
D [
AL

£

GND

Mngmshfgrmﬁon is current as of publication date,
ny, peclications per the terms of Tesas Instruments
mm"""duuhnm proce; does not necessarily include

‘9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265

QO 9o
<(ZZ

SN54LS49 . ., . FK PACKAGE

(TOP VIEW)
Q
O QO
OLZ > w
/ | S ) S g g - )
3212019
BI[4 18 g
NC{]s 17INC
p[Qs 16[a
NC (7 15[ NnC
All8 14llb

9 10 111213

P QOUD O
2 2

NC — No internal connection

Copyright © 1988, Texas Instruments Incorporated

Page 15 of 35
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SN5476, SN54LST76A
SN7476, SN74LS76A
FLOPS WITH PRESET AND CLEAR

DUAL J-K FLIP- L5121~ DECEMBER 1983  REVISED MARCH 1388

PP & A

6, SNG4LSTEA . .. J PACKAGE

i SN547

| ® Package Options Include Plastic and SN7476 . . - N PACKAGE AGE
! Ceramic DIPs and Ceramic Flat Packages SN74LS76A . . . D OR N PACK

’ (TOP VIEW)

® Dependable Texas Instruments Quality and
Reliability - ’

description -
The ‘76 contains two independent J-K flip-flops
with individual J-K, clock, preset, and clear
Inputs. The ‘76 is a positive-edge-triggered flip-
flop. J-K input is loaded into the master while the
c!ock is high and transferred to the slave on the , -
high-to-low transition. For these devices the J FUNCTION TABLE

1
2
3
4
5
6
7
8

an . . .
higi,K inputs must be stable while the clock is e ouTPUTS
PRE CLR CLK J K Q Q
The ‘LS76A contain two independent negative- T ” X X X H L
edge-triggered flip-flops. The J and K inputs H L Xx X X L H
must be stable one setup time prior to the high- L L X X X Mt HI
to-low clock transition for predicatble operation. H H m oL L | Qo Qg
The preset and clear are asynchronous active H H 1 oH L L
low inputs. When low they override the clock py H M L H L H
and data inputs forcing the outputs to the steady H H 1 H H TOGGLE
state levels as shown in the function table.
The SN5476 and the SNB54LS76A are _ LS76A
characterized for operation over the full military } FUNCTION TABLE
temperature range of —55°C to 125°C, The INPUTS OUTPUTS
SN7476 and the SN74LS76A are characterized PRE CLR CLK J K Q a
for operation from 0°C to 70°C. L H X X X | H L
‘ H L X X X L H
L L X X X Ht Ht
H H i L L | Q Qy
H H ¢ H L H L
H H + L H L H
H H i H H TOGGLE
H H H X X Qp Qp

T This configuration is nonstabla; that is, it will not persist
when esither preset or clear raturns to its inactive (high)
leval.

FRODUCTIN DA kin s e 1 of o s Copyrghts 1988, Texas Inaumerts ncarporad

B s B Tpyag
lNSTRUMENTS Page 16 of 35
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I Au

gust 1986
FAIRCHILD Revised March 2000
SEMICONDUCTOR™

DM74LS83A
4-Bit Binary Adder with Fast Carry

General Description Features

These full adders perform the addition of two 4-bit binary M Full-camy look-ahead across the four bits

numbers. The sum (Z) outputs are provided for each bt g Systems achleve parial look-ahead performance with
and the resultant carry (C4) is obtained from the fourth bit. the economy of ripple carry

These adders featurs full internal look ahead across all four B Typleal add times

bits. This provides the system designer with parlial look-
ahead performance at the economy and reduced package Two 8-bit words 25 ns

count of a ripple-carry Implementation. Two 16-bit words 45 ns

The adder logic, Including the carry, is implemented in its W Typlcal power dissipation per 4-bit adder 95 mW
true form meaning that the end-around camy can be

accomplished without the need for loglc or level inversion.

Ordering Code:

Order Number |Package Number Package Description
DM74LSB3AN N16E 16-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Aue) jsedq yum aeppy Ateuig yug-p VESSIYZWA

Connection Diagram

B4 T4 C4 Co-GND BI A1 L1 A e
1. 15 [1a LI R F] 1" 10 9
L L4 C4 CO Bl A
B4 o1
—r=tAd A2
I3 lg 18 £r2 B2
1 2 3 4 |s [] 1 8

A4 I3 A B} Ve L2 B2 A2

© 2000 Fairchild Semiconductor Corporation ~ DS006378 www.fairchildseml.com
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SN5485, SN54LSBS, Sy,
SN7485, SNT4LSg5, spy 4§as
4-BIT MAGNITUDE COMPAR 738

SDLS123 - MARCH 1974 - 0
REVISED Magc; 5?'?
o iy SHEa, B eae - N pAGKAGE " TACKAE
IVPE POMER 5...D
DISSIPATION {4-81T WORDS) SN74L885, m7:rs:r view! OR N PACKAGE
85 276 mwW 23ns
1586 52 mW 24 ns as [ whvVee
585 385 mW 11ns wconbz 1shns
a=Bin]3 142
description a>ginls. 13 Az
These four-bit magnitudﬁf‘pﬂm s —-perform ’ asBoutl]s  12[JA1
comparison of straight binary'end-straight BCD (8-4-2-1)  a=BoutlJs n[dBt
codes. Three fully decoded decisions about two 4-bit ' acsowtd7  10J a0
words (A, B) ers made and are extemally available at three aNp e s{]Bo
outputs. These devices are fully expandable to any
number of bits without external gstes. Words of greater SN54LSBE, SN54S8S . . . FX PACKAGE
length may be compared by connecting comparators in (TOP VIEW)
cascade. The A > B, A < B, and A = B outputs of a .
atage handling less-significant bits are connected to the o o
corresponding A > B, A < B, and A = B inputs of the X 2 L_‘g ;’ 52
next stage handling more-significant bits. The stage -

handling the least-gignificant bits must have a high-level
voltage applied 10 the A = Binput. The cascading paths
of the ‘85, 'LS85, and ‘S85 are implemented with only
a two-gate-level delay to reduce overall comparison times
for long words. An alternate method of cascading which
further reduces the comparison time is shown in the

A=Bin|[] 4 18(] B2
A>Bin([] 5 17(] A2
NC[]s 16[J NC
A>Bout [] 7 15[} A1
A=Bout[]8 14(] B1

typical application data. —Tam -
§228%
o O
b/
NC - No internal connection
FUNCTION TABLE
COMPARING CASCADING
OUTPUTS
INPUTS INPUTS
A3, 83 A2, B2 A1, B1 A0, BO A>B A<B A=8 A>B A<B A=8
A3 > B3 X X X X X X H L L
A3 < B3 X X X X X X L H L
A3 = B3 A2 > B2 X X X X X H L L
A3 = B3 A2 < B2 X X X X X L H L
A3 = B2 A2 = B2 Al > BY X X X X H L L
A3 = B3 A2 = B2 Al < 81 x X X X L H L
A2 = B3 A2 = B2 Al = B A0 > BO X X X H L L
A3 = B3 A2 = B2 Al = B} A0 < BO X X X L H L
A3 = B3 A2 = B2 Al = B1 AO = BO H L L H L L
A3 = B3 A2 = B2 A1 = B1 AO = BO L H L L H L
A3 = B3 A2 = B2 Al = B AOQ = BO X X H L L H
A3 = B3 A2 = B2 Al = B1 AO = BO H H L L L L
A3 = B3 A2 = B2 Al = B1 AO = BO L L L H. H L
—w
R e e oas  Vocdbn te;  * .~ Copyright @ 1988, Texas Instuments Incorporalzd
standard warranty. Production processing dots not necessarily include l i
ek of s prater. *P TEXAS
INSTRUMENTS Fogs 10075
POST OFFICE BOX 665303 ® DALLAS, TEXAS 75285 !
= |
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QUADRUPLE

and Flat Packages,

SDLS124-DE

LS86A, SN54586
S86A, SN74S86
VE-OR GATES

REVISED MARCH 1988

SN5486, SN54
SN7486, SN74L
2-INPUT EXCLUSI

CEMBER 1972 -

N54S86 . . . J OR W PACKAGE

o Package Options {nclude Plastic “Small SN5486, SN54LSBBA, §
Outline” Packages, Ceramic Chip Carriers §N7486 . . . N PACKAGE
and Standard Plastic and SN74LS86A, SN74566 ... D OR N PACKAGE
(TOP VIEW)

Ceramic 300-mil DIPs
e Deapendable Texas Instruments Quality and 1A
_ Reliability 18
1Y
2A
TYPICAL AVERAGE TYPICAL 8
TYPE PROPAGATION TOTAL POWER ;Y
DELAY TIME DISSIPATION GND
‘86 14 ns 150 mW
'LS86A 10ns 30.5 mW
'S86 7ns 250 mW SNE4LSBBA, SN54586 . . . FK PACKAGE
{TOP VIEW)
description s
P LRS-
These devices contain four independent 2-input g o L
Exclusive-OR gates. They gerform_ghe Boolean 321
functions Y = A ® B = AB + AB in positive 1Y 4 18[] 4A
logic. NC (]S 1700 NC
2A(le 16[] 4Y
NC 7 15 [] NC
14[] 38

A common application is as a true/complement
element. If one of the inputs is low, the other
input will be reproduced in true form at the
output. If one of the inputs is high, the signal on
the other input will be reproduced inverted at the

output.

The SN5486,
characterized for operatio
temperature range of -55°C to 125°C. The

SN7486, SN74LS86A, and the SN74586 are
characterized for operation from 0°C to 70°C.

NC

§4LS86A, and the SN54S86 are
n over the full military

exclusive-OR logic
An exclusive-OR gate has many

symbols.
= D

OR symbols valid foran ‘86 or

applications,

EXCLUSIVE-OR

-1

These are five equivalent Exclusive-
may be shown at any two ports.

LOGIC IDENTITY ELEMENT EVEN-PARITY

2k

]

p—— L]

The output Is active {low) if an

The output is active (low) if all
even number of inputs {i.e., O 0r

some of which can be represe

13
<
”

10 1112
- -
Q>
2 m

g
>0
~N Z
(O]

- No Internal connection

nted better by alternative logic

—>— —=D— >

'LSB6A gate in positive logic; negation

ODD-PARITY ELEMENT
2k+1

i

The output is active (high) if an
odd number of inputs (i.e., only 1
of the 2) are active.

Incorporated

inputs stand at the same logic
level (i.e., A=Bl. 2) are active.
"
PRODUCTION DATA information is current as of publication date. o
mwdwmlg’:dpeg;nlﬁmqumld:ﬁmsm:f ms&% Q’
testing of all parameters. v - ’ TEXAS
 INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265

. Copyright © 1988, Texas Instruments
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54938, SNSALSS0, SN5ALS92, SNy
SN5490A SN5AS% SN7493A, SNTALSS0. SNTALSS, ST
SNTA2L iDE.BY-TWELVE AND BINARY COUNTEp:

SDLS940A — MARCH 1974 — REVISED MARCH
1998

—t
SN5490A, SN54LSI0 . . . J OR W PaCKy,
SN7490A . . . N PACKAGE GE

SN74LS90 . . . D OR N PACKAGE

‘90A, LS90 . . . Decade Counters

‘92A, 1592... Divide By-Twelve Counters (TOP VIEW)
'93A, 1593 . . . 4-Bit Binary Counters cka O
Ro(1) O
TYPICAL Rro(2) O
TYPES POWER DISSIPATION Nc (O
'90A 145 mW vee O
'92A, '93A 130 mW RO(1
45 mW Rr9(2)

1590, ‘L.S92, 1593

description

Each of these monolithic counters contains four

SN5492A, SNS4LS9Z . . . J OR W PACKAGE
SN7492A . . . N PACKAGE

SN74LS92 . . . D OR N PACKAGE

master-slave flip-flops and additional gating to TOP VIEW
provide a divide-by-two counter and a thretla— { , )
stage binary counter for which the count cycle cke O 1471 CKA
length is divide-by-five for the "90A and L.S90, nNe (2 13 NC
divide-by-six for the ‘92A and ‘LS92, and the e O3 120 aa
divide-by-eight for the '93A and 1S93. ne s 1 ag
All of these counters have a gated zero reset and vec]s 10 GND
the "90A and 'LS90 also have gated set-to-nin® ro(11de 9 Qc
mplement RO(2) Q7 8J Qp

inputs for use in BCD nine's coO
applications.

To use their maximum count length (decade,

divide-by-twelve, or four-bit binary) of these
counters, the CKB input is connected to the QA
output. The input count pulses are applied to
CKA input and the outputs are as described in
the appropriate function table. A symmetrical
divide-by-ten count can be obtained from the

_SN5493A, SN54LS93 . . . J OR W PACKAGE

S§N7493 ... N PACKAGE
SN74LS93 ... D OR N PACKAGE

(TOP VIEW)

ckB O
Ro(1) O
Ro(2) C

1
2
3
4
5
6
?

CKA
NC
QA

‘GOA or ‘LSS0 counters by connecting the Qp NC (] Q
output to the CKA input and applying the input v q Ggp
count to the CKB input which gives a divide-by- Sg a Q
ten square wave at output QA. NC [ Q(B:

PRODUCTION DATA information is current as of .
Pmdfgcomrmlospodhﬁmp«u.mgff lication date, jorated
Production ing does not .mhﬂmuum - Copyright 4 1988, Texas Instruments Incorpo™®

F

testing of all paramaters. % -[EXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS TEXAS 75285

page 20 of 3
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SN5490A, SN5492A, SN5493A SN54LS9
' ' ' 0, SN54LS92, SN
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN?:tggg
| DECADE, DIVIDE-BY-TWELVE AND BIN

mﬁm&m
‘90A, ‘LSS0 :
‘G0A, 'LS90
neo (:'(::,.N;::T:ENCE Bl-QUINARY (5-2)
{Sea Note B)
COUNT ol L] - OUTPUT
Qp Q¢ Qg Qp COUNT % On O
o T A Qp Qc Qg
0 L L L L
1 R R
2 L L H L 2 L L H L
3 L L. H H 3 L L HH
4 L H L L 4 L H L L
5 L H L H 5 H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L LU 8 H L H H
9 H L L H 9 H H L L
924, "L392 "90A, 'LS90
COUNT SEQUENCE RESET/COUNT FUNCTION TABLE
(See Nota C) RESET INPUTS oUTPUT
COUNT SUTPUT Ro(1) Ror2) Ra(1) Rg(2)| Op ¢ Qg QA
Qp Qc Qg Qa H H L x|t L C L
9 L E.L L H H X L |L L L L
1 | ¢t L H X X H H|H L L H
2 |t L H L X L X L COUNT -
3 L L R H L X L X COUNT
4 L H L L L X X L COUNT
5 L H L H X L L X COUNT
6 H L L L
’ oLt '93A, ‘LS93
8- |H L H L COUNT SEQUENCE
9 H L H H (See Note C)
10 |H H L L OUTPUT
1M |H H L H COUNT g Oc O Oa
' o |L L L L
1 L L L H
‘924, ‘LS92, '93A, 'LS93 2 L L WL
RESET/COUNT FUNCTION TABLE a dt L H H
RESET INPUTS OUTPUT 3 L oW oL o1
Ro(1) Rot2) |90 Qc 98 Qa s |L W L H
H H L L L t 6 L n n o
L X COUNT 7L M oW oH
X L COUNT 8 H L L L
NOTES: A. Output Qp is connacted to input CX8 for BCD count, 9 H L L H
8. Output Qp Is connected to Input CKA for bi-quinsry 10 H L H L
C. g:i::: Qp Is connected to Input CKB. 1" H L H H
D. H = high level, L = low level, X = irrslavant 12 H H L L
13 H H L H
1 |H H H L
15 H H H H
3 -
EXAS f 35
- INSTRUMENTS Page 230
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IS TR SIS

38, SN74LS138, SN745134,

545138
5415138, SN
SN LINE TO B-LINE DECODERS/DEMULTIPLEXERS
14 DECEMBER 1972—REVISED MARCH 144
pLS014 - o
° n54Ls138, SNE4S138 - - JORWPACKAGE
iqned Specifically for ngh-509°d= sN74L8138. SN74:-L 3PBCI.E‘;V-)D OR N PACKAGE
@ Designe
Memory pacoders
Data Transmission Systems A %:Sc
ding B
e 3 Enable Inputs 10 simplify €ascd . v
and/or Data Reception 52n vz
e —
o Schnttky-Clamped for High performanc 528 %YS
G1 Y4
description o Y7 ys
These Schottky-clarnped TTL Nt'1Sl c:;g:irl:‘: na; GND vs
i in high-pe
demgned to l")e used i 3 pucatians SN64L5138, gN545138 . .. FK PACKAGE
memory decoding of data-routing 8P
: ion delay times- In (TOP VIEW)
requiring very short propagation 4 ase
high-performance mamory §ystems, t : o 8o
docoders can be used to minimizé the e.ffect.s a 25>
system decoding. When employed V'{lth 'hlgh- -
speed memories utilizing 8 fast enable circuit, the che edy:
delay times of these decoders and the enable _cHe MM
time of the memory are usually less .than the G2A : L
typical access time of the memory. This means _NC I e NC
that the effective system delay introduced l?s{ the G207 1v3
Schottky-clamped system decoder is negligible. cgils 14 va
g 10111213
The ‘LS138. SN545138, and SN745138A = e
dependent on the = % LZ) oL

decode one of eight lines

conditions at the three
the three enable inputs.

binary select inputs and
Two active-low and one

active-high enable inputs reduce the need for
external gates or inverters when expanding. A
24-line decoder can be implemented without
external inverters and a 32-line decoder requires
only one inverter. An enable input can be used
as a data input for demultiplexing applications.
oder/demultiplexers feature fully
buffered inputs, each of which represents only
one normalized load to its driving circuit. All
inputs are clamped with high-performance
Schottky diodes to suppress line-ringing and to
simplify system design.

The SN54LS5138 and SN545138 are
characterized for operation over the full military
temperature range of —55°C to 125°C. The
SN74LS138 and SN745138A are characterized
for operation from 0°C to 70°C.

All of these dec

PRODUCTION DATA docymants | aformstion
current as of publicstion Pmlm
spacifications per the terms of Texas Inﬂnum:. -

standsrd warranty. Production processing d

necessarlly Includa testing of all lﬂme'ur.: i

Exas W

INSTRUMENTS

NC—No internal connection

logic symbolst

1 mNjocy {16)
AL P o] vo
8 12) 2 1,1-_., {14) vi
I A Y AL
3k (12) va
{
ol P
) .
G2 e ° Y8
- EN 18 (9) e
Gzs—D~ [y
7P——Y7
OR
DMUX
(1)
A———0 0
g2 s% 1
c {3 2 2|
3
61 {6) & 4
Eu.!"_m S
[ TL 8
7>ﬂy1

1711 :
hese symbols are in accordance with ANSI/IEEE Std 91-1984
P.and IEC Publication 617-12.

in numbers shown are for D, J, N, and W packages-

S
Copyright ©® 1972, Texas Instruments Incarporeted

B—1
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*'SN54LS139A, SN545139, SN74LS139A, SN74S139A

SDLS013

DUAL 2-LINE TO 4-LINE DECODERS/DEMULTIPLEXERS

DECEMBER 1972 -REVISED MARCH 1988

® Designed Specifically for High-Speed:
Memory Decodars
Data Transmission Systems

® Two Fully Independent 2- to 4-Line
Decoders/Demultiplexers

® Schottky Clamped for High Performance
description

These Schottky-clamped TTL MS) circuits are
designed to be used in high-performance
memory-decoding or data-routing applications
requiring very short propagation delay times. In
high-performance memory systems, these
decoders can be used to minimize the effects of
system deceding. When employed with high-
speed memories utilizing a fast-enable circuit,
the delay times of these decoders and the enable
time of the memory are usually less than the
typical access time of the memory. This means
that the effective system delay introduced by tha
Schottky-clamped system decoder is negligible.

The circuit comprises two individual two-line to
four-line decoders in a single package. The
active-low enable input can be used as a data
line in demultiplexing applications.

All of these decoders/demultiplexers feature fully
buffered inputs, each of which represents only
one normalized load to its driving circuit. All
inputs are clamped with high-performance

SNG4LS139A, SN64§139 .. . J OR W PACKAGE
SN74LS139A, SN748139A ... D OR N PACKAGE

(TOP VIEW)
16 Yis[Jvee
1a02 1s[]2G
183  1a[J2a
1vo[Js 13028
wils 1202vo
1v2s  11[Jav1
w3a(r  oJ2v2
eno(Qs  9f]2y3
SN54LS139A, SNE4S139 . .. FK PACKAGE
{TOP VIEW)
QO
2l g Oig
18[)4 18[] 2A
1Yo(ls 17328
NC[]6 16(INC
wiQ)? 151} 2Y0
1v2[1s

9 1112
- -l am
[ [S RN
>-%z>->—
- N N

NC—Nao internal connection

logic symbols (alternatives)t

xry
i vigh-per w21, o}—14 4vp
Schottky diodes to suppress line-ringing and to B, 1}—15L 1y
simplify system design. The SN54LS139A and il B (.
SN545139 are characterized for operation range ’ 5 0 1ya
of -55°C to 125°C. The SN74LS139A and 12) L0
SN74S139A are characterized for operation a8 | )
from 0°C to 70°C. ' 2 (10 s
26% lﬂ. .
FUNCTION TABLE s
INPUTS
QUTPUTS
ENABLE | SELECT T SN Pl Y e
G | B A [ Yov vzvs a2 }s% —® .y,
H X X H H H H
NRUNN : 2f— 18 4y,
L L L L H H H N T
L L H H L H H (12)
L H L H H L H ETELL . an e
L H H |l HHH i) oo
———2Y2
g 116) p
H = high level, L = low level, X = irrelavarit o — 19t ovs
tThese Symbols are in eccordance with ANSI/IEEE Std. 91-1984
and IEC Publication 617-12.
Pin numbers shawn are for D, J, N, and W packages.
PRODUCTION DATA decuments contain inf ti
curTent a8 of publicanney ot Produtn :O:rf:l:nlut: ' Copyright ® 1972, Texas Instruments Incorporated
spacifications par the terms of Texss (nstrumants TEXAS ¢
standard warranty. Produetion processing does not 1 L X
necesserily include testing of all paramatars, IN STRUMENTS

POST OFFICE BOX §55012 « DALLAS. TEXAS 7;265
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<54151A, SNEALS1ET, SNEaS15y
ss"nﬁﬁfs% snmmA,LgE‘%Ski?nﬁfnﬁ'é"‘S“"
DATA sEscEMBER 1972—REVISED M';Eéﬁgg

Sy

OR W PACKAGE

sDLS054 J
54150 . « -
SNsn741 60 . . . N PACKAGE

sixteen Data Sources

Eight Data Sources
-Serlal Convaersion
N Lines t0 One

‘150 Selects One-of-
Othars Select One-of-
All Parform Parallel-to
All Permit Multiplexing from
Line

Also For Use as B

oolean Function Generator

des Simplify System

@ [nput-Clamping Dio
Design

@ Fully Compatible with Most TTL Circuits

GE TYPICAL

TYPE mo::z::;: ‘[,)EERL:Y TIME  POWER SN54161A, sus;s: :5 51; :N543N1 316..&; éEOR W PACKAGE
DATA INPUT TO W OUTPUT DISSIPATION a7aLs1on. SN74STE1 - - ACKAGE  ace
o1 e caml (TOP VIEW)
‘151A 8 ns 145 mW
"LS151 13 ns 30 mW
8151 4.5ns 225 mW
description
tain

These monolithic data selectors/multiplexers con
full on-chip binary decoding to gelect the desired data
source. The '1 50 selects one-of-sixteen data sources;
the '1561A, 'LS151, and 'S151 selact one-of-eight
dota sources. The ‘160, 1514, ‘L5151, and ‘5151
have a strobe input which must be at a low logic level
to enable these devices. A high level at the strobe
forces the W output high, and the Y output (as

applicable} low.

The ' 160 has only an inverted W output; the '151A,
'L§151, and 'S151 feature complementary Wand Y

GNE4LS151, SNB4S151 . .. FK PACKAGE
(TOP VIEW)

outputs.
The “151A and *152A incarporata address buffers that
have symmatrical propagation delay times through the
complementary paths. This reduces the possibility of
transients occurring at the output(s) due to changes
made at the select inputs, even when the ‘161A

outputs are enabled (i.e., strobe low). NC - Ng internal connection

PRODUCTION DATA documents :
currant a8 of publieation date. Pﬁlﬂim':: — J—
spesificationa por the tarma of Toxss (nstruments
stondard waraaty. Productlon praceating dass net TEXAS
nacessarily Includa testing of alf parameters, IN UMEN
STR TS
POST OFFICE BOX 655012 + DALLAS. TEXAS 75265
Page 26 of 35
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gN54150, SN5A151A, SN5ALS151, S
SNH1S0, SN74151A, SN7ALS151, SN74S]oy
JATA SELECTORSIMULTIPLEXERS

logic symbolsT

‘150
‘181A, ‘
o e LS151, 'S151
62 oo EN - MUX
A dy TN eden
B (KL 0 A u.“—- 0
PTEN Gy gl | .0
1ty ’ clt 1, 7
LT 3 {4)
€0 ) o Do 0
o {3 15}
ET 1 ) ! L (6} M
E2 2 02 5 z w
£ 8 D3 —i{ 3
t B an g U8 .
E4 4 —SALLUM (14)
ERNET D5 —aed §
5 (13)
E6 | 6 08 (12) &
g W 7 o7 12,
et
& @ 2
€10 =5 10
ST n
g1z 22 12
£a 2 i
E14 :11:: 14
E15 15

TThese symbois are in accordance with ANSI/IEEE Std. 91-198B4 and IEC Publication 617-12.
Pin numbers shown are D, J. N, and W packages.
*161A, 'LS151, 'S151

‘150
FUNCTION TABLE - FUNCTION TABLE
LAt OUTPUT INPUTS OUTPUTS
SELECT STROBE| SEtecr |sTROBE| .
D C B A G C B A G
X X X X H H X X X H L H
L L L L L =) L L L L po DO
L L L H L 3] L L H L DT Di
L L H L L £2 L H L L D2 02
L L HH L E3 L H H L p3 D3
L HLL L Ea H L L L Da DA
L H L H L E5 H L H L o5 DS
L HH L L E6 H H L L oe D6
L HHH L E7 H H_ H L D? D7
H L L L L E8
H L L H L , g9
H L H L L E10
H L H H L En
H H L L L E12
H H LH L £13
H H H L L g14
H H HH L E15
H = high level, L = low level, X = irrelevant .
EG. ET...E15 = the complement of the leval of the respactive E input
0o,D1...D7 = the lsvel of the D respectiva input
o e—— —1
b
TeEXAS ‘V
INSTRUMENTS .
POST OFFICE BOX 655Q12 DALLAS. TEXAS 75265
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P N e e

0A THRU SN54LS163A, §
gN54160 THRU SN54 HRU SN74163, SN74LS160A THRU SNy 4Lss162.
563, SNTATED T S74S163 <VNCHRONOUS 4BIT Cou ik
S SN74S16 r SpLS060— OCTOBER 1976 - REVISED MQJRTERS
CH g
COUNTER WITH DIRECT CLEAR
NCHRONOUS s COUNTERS
*160 ’161,’LS160A.'LS161A : .1;32 G163 . - - FULLY SYNCHRONOU
162,163, o160, LST89A S .
' i SERIES 54" r;:;i 343' e .Pi 3“ W PACKAGE
Counting SERIES 74" - - - KAGE
« Intemal Look-Ahead for Fast .o SERIES T4LS" 745- . .. D OR N PACKAGE
« Carry Output fof n-Bit cascading
« Synchronous Counting 2R
<LK ]2
. Synchronously Programmable - } ,LA : -
¢ Load Control Line s s
o Diode-Clamped Inputs o f g :
TYPICAL ene (17 ¢
TYPICAL pPROPAGATION MAXIMUM TYPICAL -~ ono s
TYPE TIME, CLOCK TO LOCK POWER
q ouTPUT FREQUENCY DISSIPATION NC_Ne internal connection
*160 thru ‘163 14 ns 32 MHz 305 mv\Cl
LS162A thru 'LS163A 14 ns 32 MHz 93m |
/5162 and 'S163 9 ns 70 MHz 475 mW GERIES 54LS", 545" - - - £ PACKAGE |
: {(TOP VIEW) |
description i
These synchronous, presettable counters feature an in- ‘
lication in high-speed
|

r app
60,'162,'LS160A,’L5162A.
and 'S162 are decade counters and the
'161,’163,’LS161A,'LS163A, and 'S163 are 4-bit
binary counters. Synchronous operation is provided by
having all flip-flops clocked simultaneously 0 that the
outputs change caincident with each other when so in-
structed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting
spikes that are normally associated with asynchronous
(ripple clock) counters, however counting spikes may
occur on the (RCO) ripple carry output. A buffered clock
input triggegs the four flip-flops on the rising edge of the
clock input waveform.

These counters are fully programmable; that is,'the outputs may be preset to ei

ting up a low level i i

C,oi \ pljlse zl at the load input disables the counter and causes the output

P regardless of the levels of the enable inputs. Low-to-high transitions at th i

be avoided when the clock is low if the enable i i st heload nput of e 1077 .

D 1A S 1821751 e inputs are high at or before the transition. This restriction is not applicable 10

and a low level at the clear input sets rIl f . The dgar function for the ‘160, ‘161,'LS160A, and 'LS161A s asynchronous

e, Thocot funcion or the 162 ‘1363 0:1; o; 1helfhp-flop outputs low regardless of the levels of clack, load, of enable in-

put sets all four of the flip-flop outp:us Io'w a:teZ:: LS163A, '5162, and ‘S163 is synchronous and a low'level 'a( the clearif-

o r the next clock [

c tr:r:)or:;sec::ar alllows the count length to be modified easily asp:'se'dfegardless of the levels of the enable inputs. This Y™

(LLLL) Lowet""‘.’h_NAND g_a,lE. The gate output is connected to tico 9 -‘he maximum count desired can be accomplishled

and load inputc.: a'ghht.fansntlons at the clear input of the 162 and -leﬁC'ea' input to synchronously clear the counter 10 i
re high at or before the wransition. 3 should be avoided when the clock is low if ¢ enable

ternal carry look-ahead fo
counting designs. The ‘1

et msn

NC—No internal connection

-

ther level. As presetting is synchronous, set-

s to agree with the setup data after the next
3 should

PRODUCTION DATA information &
Products wrdombspod'uﬁmsu Wu:ﬂ 3 MTFMI'I date,
Wmmummm'ﬁmw“ €225 Instruments i e
testing of all parameters. ot necessarily include % TE - Copyright © 1988, Texas nstruments |
XAS
IN
POST oWICE?;ERmUm yENTS page28 % f
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SN54164, SN54LS 164, SN74162, S}
8-BIT PARA 4, SN74164, SN741S164

LLEL-OUT SERIAL SHIFT REGISTERS

Gated Serial Inputs — MARCH 1974 — REVISED MARCH 1988
[

o Fully Buffered Clock and Serial Inputs SN54164, SN54LS164 . . . J OR W PACKAGE

SN74164 . . . N PACKAGE
¢ Asynchronous Clear ' ! SN74LS164 .., D OR N PACKAGE
TYPICAL . —_ {TOP VIEW)
TYPICAL ’
TYPE MAXIMUM
cLoCK FREQUENCY  POWER DISSIPATION A E‘ Usavee
' : B[?2 13
164 36 MHz 21 mW per bit aa 02 12%3:
- 1S164 36 MHz 10 mW per bit ag 04 1ar
' : - acOs 10fog
description ap s 9 B CLR
o GND[]7  sPcLk
These 8-bit shift registers feature gated serial inputs and . )

an asynchronous clear. The gated serial inputs (A and
B) permit complete control over incoming data as a low SN54L5164 FK PACKAGE

at either input inhibits entry of the new data and resets (TO.P.\.IIEW)

the first flip-flop to the low level at the next clock pulse. '

A high-level input enables the other input which will
then determine the state of the first flip-flop. Data at the
serial inputs may be changed while the clock is high or
low, but only information meeting the setup-time re-
quirements will be entered. Clocking occurs on the low-
to-high-level transition of the clock input. All inputs are
diode-clamped to minimize transmission-line effects.

N

The SN54164 and SN54LS164 are characterized for
operation over the full military temperature range of
~55°C to 125°C. The SN74164 and SN74LS164 are
characterized for operation from 0°C to 70°C.

TTL Devices

NC — No Internal connection

FUNCTION TABLE

INPUTS QUTPUTS
CLEAR|CLOCK |A B |Qap Qg ... Qy H = high level (steady state), L = low level (steady state)
L X X X L L L X = irrelevant (any input, Including transitions)
t = transition from low to high level.
H L X X 1Qa0 Ogo QHo Qap. Qgg, QHg = the level of Qp, Qg, or Qy, respectively, before the Indicated
H t H H | H Qap QGn steady-state Input conditions were established.
H ¢t L X L Qap QG | Qan. Qgp = the level of QA or Qg before the most-recent t transition of the
clock; indicates a one-bit shift.
H 1 X L |.L Qap QGn

schematics of inputs and outputs

‘164 ‘LS164
EQUIVALENT OF EACH INPUT | TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT | TYPICAL OF ALL OUTPUTS
R - "-.VCC Vce S——— eyl —— V¢

- C

R = 20010 Req 120 2 NOM
NOM

- INPUT- - |7~

OUTPUT OUTPUT

Clear, clock: 17 k2 NOM
Serial in: 26 k{2 NOM

R
Texas b 2-515
INSTRUMENTS
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SN74166, SN74LS166A

166A,
sn54163h::|_5&|ﬁom g8-BIT SHIFT REGISTERS

OCTOBER 1976 — REVISED MARCH 19gg

T

p—— 5166A . . - J OR W PACKAGE
5N54166, S'I:S‘L PACKAGE

4166 . - -
SN7 D OR N PACKAGE

i, $N74LS166A .o
(TOP VIEW)

e Synchronous Load
e Direct Overriding Clear
e Parallel to Serial Conversion

TYPICAL MAXIMUM TYPICAL o

TYPE CLOCK FREQUENCY POWER DISSIPA

‘166 35 MHz 360 mW

‘LS166A 35 MHz 100 mW

description”
The ‘166 and ‘LS166A 8-bit shift registers are compati- ‘
ble with most other TTL logic families. All ’1§6 and SHEALE168A - 1~ e PACKAGE
‘LS166A inputs are buffered to lower the drive re- 0P VIEW)
quirements to one Series 54/74 or Series 54LS/.74LS |o
standard load, respectively. Input clamping diodes _— 3
minimize switching transients and simplify system p }',"‘, :—5_’ g % —
i 32 ,

These parallel-in or serial-in, serial-out shift registers . B_ ) sn

have a complexity of 77 equivalent gates on a monolithic cls 170oH

o
TTL Devices

chip. They feature gated clc')ck inputs.anfi an overriding Nef 6 w6[NC
clear input. The parallel-in or serial-in modes aré oh7
established by the shift/load input. When high, this in- i allF
put enables the serial data input and couples the eight CLKINHYJB
flip-flops for serial shifting with each clock pulse. When 10 1112 1=
low, the parallel (broadside) data inputs are enabled and ¥ O g @ w
synchronous loading occurs on the next clock pulse. o (ZD 3]
During parallel loading, serial data flow is inhibited.
Clocking is accomplished on the low-to-high-level edge _ NC - No intemnal connection
of the clock pulse through a two-input positive NOR e
gate permitting one input to be used as a clock-enable logic ssv/mbolT
or clock-inhibit function. Holding either of the clock in- ‘
puts high inhibits clocking; holding either low enables SRGE
the other clock input. This, of course, allows the system cLR (9) ~| R
clock to be free-funnlng and the regfster can be stopped sH/LD (15 M1 [SHIFT)
on command with the other clock input. The clock in- M2 [LOAD]
hibit input should be changed to the high level only (6)
. . 4n gue ) 3 CLK INH >1
while the clock input is high. A buffered, direct clear in- 7 D C3/1-»
put overrides all other inputs, including the clock, and ok r
sets all flip-flops to zero. SER () 1,3D
(2) ’
A 2,3D
FUNCTION TABLE 8 (3) 23D
SHIFT/ cmcz:_murs 'NTERN;;_O-U;I;;J;. - = =
——— | SHIFT/ PARALLEL 5
CUEAR | Toom Tymrerr | CLOCK| SERMALI——C ::'“'”;’ oy D :1:”
L x X X | x x P E
H X L X X Qa0 Qgp| Quo F (1)
H L L t x a.ch |a oy {12)
H H L t H % i a h G ;
N o N N p x ! OAn gz.. AL (13)
H X H t x An n _ QH
X 1%o0 Qg0 ayp tThis symbol is i
ymbol is in accordance with ANSI/IEEE Std 91-1984 and IEC

Publication 817-12.
Pin numbers shown are for D, J, N, and W packages.

PRODUCTION DATA documents contain infermati

corrent us of publication date. Preduets conform :

specifications per the terms of Taxas
standsrd . Production precessi
nu:s;on'lv'i'l:e‘l o testing of all mu'u't:.: o l TEXAS
NSTRUMENTS i
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SN54192, SN54193, SN54LST 92, SN54L5193,

SYNCHRONOUS 4:81T UpIDOuL L 132, SNTATSS, SNTALS193, SNTALS195

OUNTERS (DUAL CLOCK WITH CLEAR)

SDLS074 — DECMEBER 1972 - REVISED MARCH 1988

cascading Circuitry Provided Internally

synchronous Operation SN54192, SN54193, SN54LS192,

- : SN54LS193 . . . J OR W PACKAGE
o Individual Preset to Each Flip-Flop o SN74192, SN74193 . , . N PACKAGE
74L5192, SN74LS193 . .. D OR N PACK
ully Independent Clea . A
«» Fully Indep r Input (TOP VIEW)
TYPES  TYPICAL MAXIMUM TYPICAL | S A
COUNT FREQUENCY POWER DISSIPATION Gpllz  1sl1A
192,193 32 MHz 325 mW Qalls  a[JCLR
1,.5192,'L5193 32 MHz 95 mw .DOWNE 4 13[JBO
oo~ UP[)s a2 []co
_ ac[ls 11[JLoAD
description | op[7 1ofdcC
These monolithic circuits are synchronous raversible GNo[la o]

{up/down) counters having a complexity of 55
equivalent gates. The ‘192 and ‘LS192 circuits are
BCD counters and the ‘193 and 'LS193 are 4-bit SN54L8192, SN54LS193 . . . FK PACKAGE
binary counters. Synchronous operation is provided : (TOP VIEW)

by having all flip-flops clocked simultaneously so that
the outputs change coincidently with each other when
so instructed by the steering logic. This mode of
operation eliminates the output counting spikes which
are normally associated with asynchronous (ripple-
clock) counters.

The outputs of the four master-slave flip-flops are trig-
gered by a low-to-high-level transition of either count
{clock) input. The direction of counting is determined by
which count input is pulsed while the other count input
is high.

All four counters are fully programmable; that is, each
output may be preset to either level by entering the
desired data at the data inputs while the load input is
low. The output will change to agree with the data in-
puts independently of the count pulses. This feature

allows the counters to be used &s modulo-N dividers by simply modifying the count length with the preset inputs.

NC - No internal connection

A clear input has been provided which farces all outputs to the low level when a high level is applied. The clear function is
independent of the count and load inputs. The clear, count, and load inputs are buffered to lower the drive requirements.
This reduces the number of clock drivers, etc., required for long words.

These counters were designed to be cascaded without the need for external circuitry. Both borrow and carry outputs are
available to cascade both the up- and down-counting functions. The borrow output produces a pulse equal in width to the
count-down input when the counter underflows. Similarly, the carry output produces a pulse equal in width to the count-up
input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow and carry outputs
1o the count-down and count-up inputs respectively of the succeeding counter.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SN54" SNBALS’ SN74’ SN74LS’ UNIT
Supply voltage, Vc (see Note 1) - '; ; - : ; \\;
ot Lo . 55 t0 125 ' 0to 70 °C
Operating free-air temperature range - .
- - C
Storage temperature range 65 to 150 85 to 150

NOTE 1: Voltage values aré with respect to network ground terminal.

of publication date. Copyright @ 1988, Texas Instruments Incorporated
i on nt n date. h
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4L.S192, SN54LS193

193, SN5
sN54192, SNSATES "o 741 5192, SNTALS 193
SN74192, SN74193;\|_ CLOCK WITH CLEAR:;
88

SYNCHRONOU

s 4.8iT UPDOWN COUNTES,

55074 DECMEBER 1972 - REVISED MARCH 1g,
- T —— )

SN54192. R W PACKAGE

e Cascading Circuitry Provided Internally

e Synchronous Operation
e Individual Preset to Each Flip-Flop

¢ Fully Independent Clear Input

TYPES TYPICAL MAXIMUM TYPICAL
COUNT FREQUENCY POWER DISSIPATION
192,193 32 MHz 325 mW
‘LS192,'LS193 32 MHz 95 mW

description
These monolithic circuits are synchronous reversible
(up/down) counters having a complexity of 55
equivalent gates. The ‘192 and /1.$192 circuits are
BCD counters and the ‘193 end 'LS193 are 4-bit
binary counters. Synchronous operation is provided
by having all flip-flops clocked simultaneously so that
the outputs change coincidently with each other when
so instructed by the steering logic. This mode of
operation eliminates the output counting splkes which
are normally associated with asynchronous {ripple-

clock) counters.

The outputs of the four master-slave flip-flops are trig-
gered by a low-to-high-level transition of either count
(ciock) input. The direction of counting is determined by
which count input is pulsed while the other count input
is high.

All four counters are fully programmable; that is, each
output may be preset to either level by entering the
desired data at the data inputs while the load input is
low. The output will change to agree with the data in-
puts independently of the count pulses. This feature

SN54193, SNGE4LS192,
J

. N PACKAGE

SNBALS193 - - «
D OR N PACKAGE

4192, SN74193 .
N7 193. .-

415192, SN74LS
sN7 (TOP VIEW)

SN54LS192. SN54LS193 . . . FK PACKAGE
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NC - No internal connection

allows the counters to be used as modulo-N dividers by simply modifying the count length with the preset inputs.

A clear input has been provided which forces all outputs to the low level when a high level is applied. The clear function is
independent of the count and load inputs. The clear, count, and load inputs are buffered to lower the drive requirements.

This reduces the number of clock drivers, etc., required for long words.

These counters were designéd to be cascaded without the need for external circuitry. Both borrow and carry outputs are
available to cascade both the up- and down-counting functions. The borrow output produces a pulse equal in width to the
_f:ount-down input when the counter underflows. Similarly, the carry output produces a pulse equal in width to the count-up
input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow and carry outputs

to the count-down and count-up inputs respectively of the succeeding counter,

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (see Note 1) 3N574 SNG4LS’ | SN74° | SN74LS’ | UNIT

Input voltage 7 7 7 V'

Operating free-air temperature range 58 7 5.5 7 vV

Storage temperature range _:: t0 125 0 to 70 °C_|
-65 to 150 -85 to 150 °C

NOTE 1: Voltage values are with respect to network ground terminal

PRODUCTION DATA information is current as of date,
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SSP:‘5744119912 SSP:1574I.S194A. SN54s194,
SOLS07S | 4LS194A, SN74S194
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

MARCH 18974 —REVISED MARCH 1988

e Parallel lnputs and Outputs SNB4194, SNE4LS194A, SN54S194 . . . J OR W PACKAGE
e Four Operating Modes: SN74LS1 9::7;1325 1'9'4'\{ l.,‘.\gK:: E PACKAGE
Synchronous Parallel Load {TOP VIEW)
Right Shift -
Left Shift CLRL{T e Voo
Do Nothing SRSER [J2 1s5{10Qa
; Alls w[ag
» Positive Edge-Triggered Clocking B[Js 13Jac
e Direct Overriding Clear g EZ :?% 23(
TYPICAL sLserR[]7 o[]St
e Amann TN ol o
CLOCK
Freauency DISSIPATION
194 36 MHz 195 mw SNB4LS194A, SN54S194 . . . FK PACKAGE
‘'LS194A 36 MHz 75 mW ) (TOP VIEW)
‘S194 105 MHz 425 mW

description

These bidirectional shift registers are designed
to incorporate virtually all of the features a
system designer may want in a shift register. The
circuit contains 46 equivalent gates and features
parallel inputs, parallel outputs, right-shift and
left-shift serial inputs, operating-mode-control
inputs,-and a direct overriding clear line. The
register has four distinct modes of operation,

namely:
Inhibit clock {do nothing)
Shift right (in the direction QA toward Qp) NC - No intemal connection
Shift left {in the direction Qp toward QA)
Parallel (broadside) load lagic symbolt
Synchronous parallel loading is accomplished by - ST
applying the four bits of data and taking both LT [
mode control inputs, SO and S1, high. The data so _(9) o o
"are loaded into the associated flip-flops and T }M3
appear at the outputs after the positive transition cLk 1 L ca
of the clock input. During loading, serial data g /24
flow is inhibited.
. . sRSER {2 135 (18
Shift right is accomplished synchronously with JATETI s ) aa
the rising edge of the clock pulse when S0is high PO — (14)
and S1 is low. Serial data for this mode_ls entered c——(E' 3'40 13 oo
at the shift-right data input. When S0 is low and o_(ﬁl 3'45
S1 is high, data shifts left synchronously and oL ser D g 12 g,
new data is entered at the shift-left serial input. 2:4D
Clocking of the shift register is inhibited when TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and

IEC Publication 817-12.

both modse control inputs are low. The mode
Pin numbers shawn are for D, J, N, and W packages.

controls of the SN54194/SN74184 should be
changed only while the clock input is high.
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44, SN545240, SN545241, S,

5415244,
Ls241, SN %
gN54L5240; 2.’1?2&5241, SN74L5241IIJ, RSIQIII'IE%SSZWI,T ?'N;ge_;rgﬁ, SN? 48222
SN74LS240, nS AND LIN ) E ouTR
OCTAL BUFFE SDLS144B — APRIL 1985 ~ REVISED FEBRUAR\l'J IS
2002
SN54LS', SN54S' . . . J OR W PACKAGE
: ffer 745240, SN74LS244 ... DB, DW, N, OR N
3.State Outputs Drive Bus Lines or B SNTA = GN74LS241 . .. DW, N, OR NS pACK:GPé\CKAGE
* - isters SN74S’...DW OR N PACKAGE
Address Regis .
r::‘rnr:uts Reduce DC Loadind (TOPKVJ'EM
) . nputs Improves Noise il 2ol ve
e Hysteresis atInp cc
Margins 1a1[]2  19]]2Gret
2vafla 181V
description ] 1A2[] 4 17[] 2A4
| buffers and liné drivers are deS'gneg 2v3[]s 16[] 12
These octal bu ih the performance an 1a3l]s 1[] 283
ecifically to improve bo drivers
Zznsity of three-state memory address ri and' a2 (7 af] 13
clock drivers, and pus-oriented recelmrisce o 1A4fls 13[]2A2
transmitters. The designer has 2 C y 2v1[lo 12[] 1v4
selected combinations of mvlert;nc%ive :la:w ano [0 11fl2at
; trica 5
noninverting outputs, SYmMETIZ=s enta ~
output-control ((((33) ir;p(_l;_t)s 'msﬂgs c'?:;zl:n(;evicg 1 2G for 'LS241 and 'S241 or 2G for all other drivers,
output-control (G an - oy
i i fan-in, and 400-m
feature high fan-out, lmprovt?d D iESs
noise margin. The SN74LS.and SN74S :a’:‘ o SN54LS’, SN54S’ . . . FK PACKAGE
can be used to drive terminated lines do | (TOP VIEW)
133 Q. s
Y 230
K ‘<- Ir-> N
/- LIl
1A2 ]43 2 12018 o vy
2v3 [1s5 17[] 274
i 1A3 []6 16[] 1v2
2v2 17 15[] 243
4 14[] 1Y3
4 9 10 11 12 13 !
mrir
- 0O <t
>z >

1 2G for 'LS241 and 'S241 or 2G for all other drivers.

Please be aware that an i ;
Texas Instruments sem;:nﬁ;??;d"w“ conceming availability, standard warranty, and use in critical applications ©
Products and disclaimers thereto appears at the end of this data sheet.
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SN54LS240, SN54LS241, SN54L.S244
SN74LS240, SN74LS241, SN74L8244’ SN54S240,

OCTAL BUFFERS AND LINE

SN54S5241, SN545244

, SN74S240, SN745241, SN745244
DRIVERS WITH 3-STATE OUTPUTS

SDLS144B - APRIL 1985 - REVISED FEBRUARY 2002
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PreLabs T

By Eng. Ashraf Hasan Al-Bqgerat (Feb 2014)

reLab Exp.1:

1- Obtain logic diagram, the truth table and needed ICs of the following function:
F(4,B,C)=AC + BC . Using AND,OR, and NOT gates.

PreLab Exp.2:

1- By using Boolean Algebra technique, simplify the following function as much as

possible: F(X,Y,Z)=)_(‘Y.Z +X.Z . Then obtain the Logic diagram and the truth
table for this function.

2- Use K-map to simplify the Boolean function F together with the don’t care

conditions d in Sum of products F(X,Y,Z,W)=Y"(3,5,7,13)+ Y d(6,11,14,15) .
Obtain the logic diagram for SOP.

3- Obtain the truth table of the following function:- F(4, B,C)= 4B + ABC . Then

determine the needed ICs and obtain the logic diagram if you use the NAND and
inverter gates only to implement this function.

PreLab Exp.3:

1- Use an 8:1 Multiplexer to implement the function
F(X,Y,Z,W) = (0,2,4,69,10,13,4). Obtain the implementation table, logic
diagram and required ICs to implement this function.

2- Show how a 3:8 decoder is used to determine the function.
F(X,Y,Z)=>)(03,7)
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PreLab Exp.4:

: i 4-bit parallel
1- Builda Adder circuit which add two 4-bit numbers by using a p
adder. (Use the 7483).
-
PreLab Exp.5:
is gi ion this machine using JK
1- The state transition table of a state machine 15 given below. Design g
flip-flops.
“Present State | Input _ L qGXt St?feB .
A B X | A 5
0 1 1 1 !
1 1 1 1 .
1 0 1 0
0 0 0 1 1
1 1 0 0 1
Table 5.4
PreLab Exp.6:

1- By using 3 individuals negative -edge JK flip

counting sequence 2,3,4,5 then return back to 2.

-flops. Design a synchronous counter with the
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