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EMERGENCY PROCEDURES

1. Emergency Evacuation during a Fire Alarm

o Stop your work and secure your area

» Proceed to the nearest Fire Exit

‘Don't Use Elevators or Escalators — Chimney effect

o General Alarm — Bells ring continuousty .. . ... . .
Message will be given through the Public Address System, if available
Follow the directives from the Fire'Monitors (wearing armbands)
Once outside move away from the building to the gathering location

You must evacuate

2. Emergency Procedures in the Event of Fire Discovery
» Sound the alarm by activating the nearest Pull Station
o Call Security to confirm using: '
s Fire or Emergency telephone
no dialing necessary, or
o Public phones by dialing 848-3717 (no charge), or
o - Office phones by dialing 811, or :
¢ Cellular phones by dialing 848-3717
e Give your Name, Location, and Nature of the problem
e Once informed of the situation Security will call 911

s located near exit stairwells

You must evacuate

: ~ 3. What to do in case of Medical Emergency

Serious/Life-Threatening Emergency
e Call 9-911 fo alert Urgences Santé
Give your Name, Location and Nature of the problem
« You must call Security using (see above instructions)
= Give your Name, Location, and Nature of the problem and tell them that you

have called the 911
Provide first-aid assistance if you can or call 4181 to request an Emergency

Responder
e Security will send an agent to assist you
Agents have been trained to provide first-aid assistance

You must always contact Security

Non Life-threatening Situation (not requiring Urgences Santé)

= Call Security (see above instructions) ;
Provide first-aid assistance if you can or call 4181 to request an Emergency

Responder
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THE REPORT

For each experiment performed a report must be submitted. This report should present
the relative theory used to accomplish the experiment including a discussion of the anal-
‘ysis and design of all circuits. The results obtained from the experiment should be pre-
sented in a clear and concise manner. The experimental results should be discussed and

- ~ compared to the theoretical results.

The format for thé report is as follows:

OBJECTIVES
INTRODUCTION
RESULTS
DISCUSSION
CONCLUSION
PRE-LAB

OBJECTIVES - Describe IN YOUR OWN WORDS the goals of the experiment.

iNTRODUCTION - Present any relevant theory used in the experiment using words, dia-
grams, tables, charts, schematics, etc. - , '

- RESULTS - Describe the procedure that was performed to obtain the results. Present the
results in a clear and concise manner. Use tables, graphs, diagrams, etc. to aid in the
- presentation. ’

DISCUSSION - Discuss the results obtained. If the results are poor (i.e. the circuit did not
function as expected) give possible reasons to explain the incorrect results. NOTE: A
portion of the lab grade is allotted to correct circuit operation - you should strive to design
~ and build a properly working circuit.

- CONCLUSION - Explain what was learned from the experiment and summarize the
salient theoretical aspects of the lab.

PRE-L.AB - This is to be included as an appendix to the lab report. Any relevant material
from the pre-lab used in the Introduction or Discussion sections should be reproduced in
the section (i.e. do not simply include the pre-lab in the Introduction or Discussion sec-
tions).




Some-iips-about writing-geed-reports:-

Label diagrams and tables with numbers and captions.
Reference figures and tables by number in the text. If a figure or table is

-not referred -to-in-body- of the text then .it: should-net:be-included in the |

report.
Do not draw figures thh pencal Everything hand writtén should be in ink.

Use your own words. to describe everything. You may use referenced - -

material when appropriate... BUT IT MUST BE REFERENCEDIII ,
All text must be type written, preferably using a word—procesSing package
such as MS Word™ or FrameMaker™.

Proofread the report for spelling and grammar*mrstakes ~(Donot-rely on
*spell check” and “grammar check” software... it is good but it does. make
mistakes!) ,

Use a font size of 10-point or greater.
Do not refer to figures or tables from the lab manual. Rather they should
be redrawn in the report.

Remember, a report-is a means to document what you have done in an
experiment. It should comprehensive enough such that anyone- reading the
report could reproduce your experiment to achieve the same resuits! '




HOW TO DRAW A LOGIC CIRCUIT DIAGRAM

A logic circuit diagram is:a block level diagram consisting of the inputs and
~ outptits, the logic gates (e.g. AND, NOR, inverters,-etc.), black box circuits, and
the interconnectivity.between all 6f them. Every logic gate in the diagram should
~ contain a pait number, an instance name, and the physical pin numbers that the

wires would connect to the integrated cireuit of that instance. o ~

- A part number is code that uniquely identifies the type of IC that is used.
As each gate is shown using its logic diagram, it should be written on the gate
what type of IC is implementing it. For example, a two input AND gate could be
implemented using a 74x08 IC. ‘ , ,

, An instance number is any logic gate label that indicates from which IC the

gate is being used. In other words, it is.an identifier of the IC itself. It should be
noted that many ICs have several gates inside. -For example, the 74x08 Quad 2-
Input AND gate IC has four 2-input and gates inside it. The figure below shows
the arrangement of the AND gates inside the IC and which pins are used.
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74x08 Quad 2-Input AND integrated Circuit Pinout

_ Pinnumbers are the labels that indicate from which pin of a particular iCis
being connected through a wire. (l.e. pin numbers are the numbers shown in the
figure above from the actual IC pins.) ‘




Some helpful tips to drawing good circuit diagrams are as follows:

Wires should always be drawn vertically and horizontally, not diagonally.
(Note that it is sometimes acceptable to draw diagonal lines when

representing laiches.)

‘A dot should be put any place where two wires intersect and belong to. the

. same node. | |
Whenever possible, draw the inputs entering the circuit from the left side,

and the outputs leaving from thé right side.
Label long wires at all its end-points throughout a diagram to heip

readability. ,
Label internal wire nodes to help readability.

Do not route ground and Vpp wires throughout a circuit diagram unless

they connect to a gate input.

The figure below is an example of what a logic circuit diagram should ook
like. Note that the AND gates are labeled with their part number (74x08), an
instance number (U1) and the IC pin numbers- inside brackets. The OR gates
are labeled with their part number (74x32), an instance number (U3), and the
associated IC pin numbers. The outputs'are Py, Py, P2, and Ps. The inputs are
labeled Ao, A1, By, and B1.

(Y]
Ao B 7408 B
Bo 4
A, B
By B-
N74%02
U2
& (4) | |
U2~ _
4 :
, 74x32\©)
74x86
74x32)®)
74%04 us
U2
PIN NUMBER ' INSTANCE PART NUMBER
. NUMBER

Example of a Logic Circuit Diagram




EXPERIMENT 1

INTRODUCTION TO THE PROTO-OA‘BD®, LOGIC
GATES, AND DEBUGGING TECHNIQUES

OBJECTIVES |
e To mtroduce the Proto-Board® facmties
» To gain experience using breadboards and wmng dngntal circuits.

e To learn techniques for debugging circuits.

INTRODUCTION
‘The Breadboard:

A breadboard is a device used to interconnect electronic circuits. As shown
in Figure 1.1, the breadboard consists of many holes in which circuit components
(ie. ICs, resistors, capacitors, etc.) are inserted. A breadboard is connected
internally via strips of metal. This facilitates the connection between compagnents
and permits the use of data and power buses. Fsgure 1.1 :Ilustrates the internal
connectivity of the holes. f

Dual Inline Package (DIP) lntegrated circuit (IC) components are inserted into
.he. breadboard holes.as.shown in Figure 1.1...Note.that the. vertical.connections
do not cross the horizontal gap in the center of the breadboard.

Power and ground buses are usually’ constructed using the horizontally
connected holes on the top and bottom of the breadboard.
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“Figure 1.1: Breadboard with a Placed Integrated Circuit

The Proto-Board®:

The Proto-Board® is a complete mixed-signal test-bench from Global
. Specialties. equipped with regulated and variable power supplies, breadboards,
"switches, light emitting diodes (LEDs), pushbuttons, signal generators,
potentiometers (POTs), pin-to-BNC connectors, and an 8Q speaker.

The “ON” Buttcn:

The Prcitt;—Board® may be tuned on using the big red switch at the top, left
comner of the kit (next to the power cord). When the kit is turned on, the button
should illuminate.

Power Sugggy :

The regulated -power supply is located at the top, right side of the kit. There
are four cpnnectors with the colors of red, yellow; blue and black. The red
connector is a 5V supply and the black ¢onnector.is the ground (i.e. OV).

Logic Indicators:

Under the power supply are the logic indictors. These are a set of LEDs.
When +5V is placed on a pin, the comesponding red LED will be.illuminated.
Conversely, when 0V is placed on a pin,-the-green LED will-light up. These
LEDs will be'used as the output display for the majority 6f the-experiments.




Note the two-selector-switches associated with the fogie iadicators. The top
switch should be set to “+5V” and the lower _switch should be set to “TTL”".

Logic Switches:

On the bottom, left side of the kit are the logic switches. These will emulate
digitat inputs. When-the- switch-is down the output.is 0V-or- logic low. When the
switch is up the output is logic high. ' :

Note the selector switch associated with logic switches. It should be set to
“+5V".

Frequency Generator:

Under the “ON" switch is a frequency and signal generator. This feature
_allows the generation of sinusoids, ramps, -and square waveforms at frequencies
in the range of 0.1Hz fo 100kHz. For Experiments 4 and 5 the square waveform
may be used as a clock for sequential circuits.

Pushbuttons:

Two pushbuttons are available for use with edge—tfiggered devices (e.g.
74L.S74 Delay Flip-Flop). These are the two blue buttons located below the
Frequency Generator. ‘ ' R '

NOTE: Do not use +V power supply with any of the circuitry in
these experiment!!i




Logic Gates, Flip-Flops, Decoders, Muitiplexers:

In general, any type of integrated circuit (IC) devices may be used. quever,‘
only transistor-transistor. logic (a.k.a. TTL) will be used in these experiments.
Table 1.1 lists the devices that:will be used in this experiment. . See Appendix A

for the data sheets for each device. ‘Note that each of these-devices contains

several gates inside. (l.e. don’t-use one IC for one gate!) |

Table 1.1: TTL Gates ~

| Bevice Number | Function
7400 Quad 2-input NAND gate
7402 Quad 2-input NOR gat
7404 Hex Inverter _
7408 Quad 2-input AND gate
7410 Triple 3-input NAND gate
7432 'Quad 2-input ORgate
Debugging Circuits:

Debugging a circuit irﬁplies determining where, if anything, something is not ~
functioning. There are many common mistakes made that lead people to believe
that their circuit is non-functional. Some of these common mistakes are:

-]
[ 4
]
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[

Forgetting to tum on the power switch! ©

Forgetting to‘connect to the ground and +5V supplies to each IC.
Connecting the power and ground incorrectly. ‘

Improperly wiring a circuit.

Connecting two outputs together.

Using the wrong IC. :

Using an IC with broken pins such that no connection is made into the
holes of a breadboard.

Using an IC that is damaged internally. ICs may be damaged by applying
an excessive volitage to any pin, by grounding output pins, connecting two
outputs together, or by reversing the power and ground conriections.




‘Due to these possible errors, you should follow these steps when debugging
& cireuit. :

1. Check all connections carefully to ensure that the power-and grounds are
connected to each IC correctly and that no TTL gate outpuls are
connected together or grounded. R

2. Check each IC to ensure thait all the pins-are not broken.. Be very careful

"when placing and removing the IC from the breadboard. The pins are
very delicate. ) ) ~ o

3. Turn the power supply on. Touch each IC with your finger. If the IC is hot,
then it is possible that that IC is destroyed. Tum the: power off
immediatelyl!t Check the connection leading fo that IC. If the connections
are correct then test the “Burned” IC independently (i.e. take it out of the
circuit and connect it by itself to determined if it is broken). _

4, With the power supply turmed on, check each internal circuit node to

~ determine if the functionality is as expected. Always start from the node
closest to the inputs. Use the LED arrays and a single wire to probe the
nodes. Use a truth table to compare the expected results.

WARNINGS
1} TTL gate outputs should not be connected to other TTL gate outputs.

2) TTL gate outputs must never be shorted to ground. Check your
connections carefuily! -

3) Always connect unused TTL inputs to logic HIGH (+5V) or logic LOW
. -{OV), whichever:is appropriate. This reduces undesirable effects due
to electrical noise.

4) Always connect the ground and +5V to the integrated circuits befoie.
wriring the circuit. Forgetting to connect the power supplies is one of
the most common mistakes made.

8} MNever apply more than +5V to any pih of a TTL gate.

§) When modifying a circuit ensure.that the power is turned offl.



PRE-LAB

1) Read all of Experiment 1 (pages 5-13) to become familiar with the Proto-
Board and Procedures for completing this experiment.

2) Analyze the logic circuits shown in figures 1.2, 1.3, and 1.4 to determme~~ o i

their Boolean logic function.

3) Analyze the circuit given in Fi igure 1.5. Provide your analysis in a truth |
table. lnclude in your truth table all the internal nodes (x, y, and z).

10




' PROCEDURE
part1

Connect the circuits shown below on a breadboard: "Note that the-tircuits (a) and-
(b) may be connected using the same iC. ‘Test each-circuit:-by-connect the inputs
(A, B, C, and D) to the swiiches on the Proto-Board®. Connect.each output. to.

one LED. Record your results in a Truth Table.

+5¥
) 1o
@l 7410, Tal 140 V-
A 5l Ut 1 B el ou W F2
{a} {b)

" Figure 1.2

Demonstrate your circuits to the lab instructor before
disconnecting them! |

11




Part 2

Connect the circuit shown in Figure 1.3. Test ail possible combinations to obtain
a Truth Table.

Questions:

1) - From your results, what-Boolean function does this circuit produce?

2) Do your results agrée with your analysis of this circuit? Why.or why not?

3) Draw another circuit that-would produce the same Boolean function-using -
only NOR gates.

. (1 1

3)

Figure 1.3

PART 3

‘Gonnect thecircuit-shownrin- Figure-1«4.~Fest-all ‘possible-combinations to obtain
a Truth Table. Note: Youneed only one IC to for this circuit!.

Questions:

4) From your resuits, what Boolean function does this circuit produce?
5) Do your results agree with your analysis of this circuit? Why or why not?
6) What are the benefits of designing digital circuits using only NAND gates?

7400
Ut " {6}

Figure 1.4

12



PART 4

Connect the circuit shown in Figure 1.5. Using an LED, probe each internal
‘node (x, y, and z) and record your results in a truth table.. If there are any
problems with your circuit record what was wrong and how you were able to fixit.

Ef'you determine that an IC is broken, then demonstrate it to the lab instructor.

Figure 1.5: Debugging Circuit

Questions:
7) Reiterate in your own-words the procedure for debugging circuits. List the

most.common problems-with: digitakcircuits. - Are there :any -other possible
problems that could arise?

13




EXPERIMENT 2
- COMBINATIONAL LOGIC CIRCUIT DESIGN

OBJECTIVE

s To gain experience in connecting digital circuits on a breadboard.
» Ta construct and verify the operation of a 2-bit multiplier.

» To obtain an appreciation for modular design.

INTRODUCTION

. .2-Bit Multiplier

A 2-bit multiplier is a circuit that multiplies two 2-bit binary numbers (A and B)
to produce a 4-bit binary output (P). The truth table describing the system
behavior is given in Table 2.1,

Table 2.1: Truth Table for a 2-Bit Multiplier with Inputs A and B and Output P

- INPU OUTPUTS :
A4 Ay B, Ba Py P; Py Po Decimal
0 0 0. 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 1 1 0 0 0 0 0
(3] 1 0 0 0 0 0 0 0
0 1 0 1 0 ] 0 1 1
0 1 1 0 0 0 1 4] 2
] 1 1 1 0 0 1 1 3
1_ 0 0 0 0 ] 4] 0 0
1 ] 0 1 0 0 1 c 2
1 0 1 0 - 0 1 0 0 4
1 0 1 1 0 1 1 0 6
1 1 0 0 0 0 0 0 0
1 1 0 1 0 0 1 1 '3
1 1 1 0 0 1. 1 0 6
1 i 1 1 1 0 0 1 9

14




It may be seen, for example, that the product of 1x1 (A1A.=01 and B4By=01)
yields the result of 1 (P3P.P1Py=0001). .Similarly, the product of 3x2 (A,Ag:ﬁ
and BBe=10) yields 6 (P3P2PPo=01 10).

Modular Design

. Large and complex circuits should always be designed and tested modularly.
This implies that a circuit should be broken down into blocks that may be bu:!t
and tested on their own. For example, the circuit-for each output bit of the 2-bit
multiplier described above should.be built ar_:d,.,test,ed,in,dependenﬂy:pf.tl?e _nthers.—
This will aid in circuit debugging and it will ensure that if one circuit is non-
functional, the others will not be affected. This example is simple and may not
warrant modular design, however, it is important to understand the concepts of

modularity and it's place in any design.

By contrast, the circuit in Figure 2.1 is a condensed combinational logic
design of the 2-bit multiplier. It incorporates sharing of common sum and product
terms. - :

. , - '
A A { 7402 \G) ] Fo
al U 52 ‘
By ' : ; 74208 }@ __p,
A ® . (10) W
! ' J?axoa \® :
o Ul as
B9 ] 74x08 \ab__p.
‘ a .
'&74:_:04 ) (D 3 Ul ;
- juz 74232 }6) '
@} U3
74508 >0 :
U2 ,
o 74x32\6)
5 %C(ﬁ) &) U3 [1)) ’ ®
U2 74%86 P
' an o)) ua '
74x32\®)
D 14208 >0 @) B

"Figure 2.7: 2-Bif Multiplier Circuit
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PRE-LAB

1) Read all of Experiment 2 (pages 14-16) to- become- familiar with the
Procedures for completing this experiment. ,

2) Design the 2-bit multiplier using the truth table givenin Table 2.1. Obtain

the standard sum of products (SSOP) from the truth table. Minimize the
logic using K-maps.

.3) Draw the logic circuit diagram for the:2-bit multiplier. Da not-forgat to labigl
each gate with its name, instance number, and pin numbers:;

4) Analyze the circuit in Figure 2.1. Show that its truth table is the same as
that given in Table 2.1.

PROCEDURE

1) Connect the 2-bit fultiplier circuit that was designed in the Pre-Lab.
Verify its functionality by testing all- possible. input values. Record your
results in a truth table. :

2) Connect the circuit in Figure 2.1. Verify its functionality by testing all

possible input values. Record your results in a truth table.

Questions:

1) Describe iﬁ your own words the pUrpose of modular design. Why
do we break down circuits into modules and design them
independently? ~

2) The- circuit in Figure 2.1 is a “condensed” design for a 2-bit
multiplier. What are the advantages and disadvantages between
the circuit that you have designed and. the one in Figure 2.1? in'-
your opinion, which design is-better and why? ’

16



EXPERIMENT 3
DESIGN OF MSI COMPONENTS

OBJECTIVE

s To gain experience in connecting digital circuits on a breadboard.
e To design a 2-to-1 multiplexer.

» Todesigna combination,a! adder circuit.

INTRODUCTION

Muitiplexer:

A multiplexer is. a device that directs one of many inputs to a single output.
The input is selected using “select” lines that are inputs to the device. Figure
2.1(a) illustrates the system diagram of an n-to-1 multiplexer where n is the
“number of inputs and m is the number of select lines. It is always the case that n

-
— .

A ] S
Agom]
Ag s
F
Ans
5;351 Sm Se
{a) ()

Figure 2.1: (a) n-to-1 Multiplexer (b)2-to-1 HMultiplexer
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Figure 2.1(b) shows the block diagram of a 2-to-1 multiplexér. . When the select
line Sp-is low the output is Ag (i.e. F = Ag). When the select line is high then the

output is A (i.e. F = Aj). :

Binary Adder:

The binary addition of two 1-bit numbers may be performed by adding the two o
bits to produce a sum bit and a carry bit. A circuit to perform this addition is
called a “half-adder”. : o

The binary addition of three 1-bit numbers may be performed by adding the ,
three bits fo produce a sum bit and a carry bit. A circuit to perform this addition is
called a “full-adder”. . “

The binary addition of two multi-bit numbers may be pen‘ormed‘ by adding the
bits and carry, beginning with the least significant. For example, two 4-bit
numbers may be added as follows:

1110 € carry
0111

+1110
- 10101

It should .be noticed that the least significant bits are added togsther with no
carry. This implies using a half-adder. All other bits are added with a carry, thus
implying a fuil-adder. .

18




PRE-LAB

1) Read all of Experiment 3 (pages 17-20) to become familiar with the Procedures for
completing the Procedures for completing this experiment.

, 2) Design a 2-to-1 multiplexer using standard logic gates such as inverters, NANDs,
 NORs, ANDs, ORs, etc. Obtain the standard sum of products (SSOP) from the truth

= table. Minimize the logic using K-maps. ,

- 3) Draw the logic diagram for the 2-to-1 mux. Do not forget to label each gate with its
“name, instance number, and pin numbers.

~ 4) Draw a half-adder circuit using standard logic gates such as inverters, NANDs, NORs,
ANDs, ORs, XORs, etc. Obtain the standard sum of products (SSOP) from the truth
table. Minimize the logic using K-maps. ,

"5) Draw the logic circuit diagram for the half-adder. Do not forget to label each gate with
“its name, instance number, and pin numbers. )

'6) Design a full-adder circuit using standard logic gates such as inverters, NANDS,
'NORs, ANDs, ORs; XORs, etc. Obtain the standard sum of products (SSOP) from the
truth table. Minimize the logic using K-maps. ,

~ 7) Draw the logicy circuit diagram for the full-adder. Do not forget to label each gate with
_its name, instance number, and pin numbers. R

-8) Using the half-adder and full-adder circuits previously designed, generate the logic cir-
cuit for a 2-bit adder (i.e. a circuit that can add two binary numbers, each having 2-bits).

19




PROCEDURE

Part 1

Connect the 2-to-1 multip'léxer circuit that was designed in the Pre-Lab.

Verify its functionality by testing alf possible input values. Record your results in =~

a truth table.

Part 2

1) Connect the half-adder circuit desighed in the Pre-Lab. Vérify its

functionality by testing all possible input values. Record your results in a
truth table. : ,

2) Connect the full-adder circuit designed in the Pre-Lab. DO NOT remove =~
the half-adder circuit! Verify its functionality by testing all possible input
values. Record your results in a truth table.

3) Connect the 2-bit adder using the half-adder and. full-adder. Verify its

functionality by testing all possible input values. Record your results in a.
truth table. '

20




EXPERIMENT 4
LATCHES AND FLIP-FLOPS

OBJECTIVE

s~ To gain-experience-in connecting digital-circuits ‘on-a-breadboard.
o To acquire design, test, and debugging skills in sequential circuit design.

e To obtain an understanding of the deslgn and functlonahty of latches and
flip-flops.

INTRODUCTION

In order to design sequential logic circuits it is necessary to use logic
‘elements that can store digital information. These devices are commonly
referred to as latches and flip-flops.

Some of the most common latches and flip-flops are:

Set-Reset (SR) Latch
Clocked SR Latch
JK Flip-Flop

Toggle (T) Flip-Flop
Delay (D) Flip-Flop

e ® & ¢ @

A flip-flop is a sequential device that- samples its mputs and changes its
output only at times determined by a clock signal. A laich is sequential device
that watches all of its inputs continuously and changes its outputs at any time,
independent of a-clocking signal. Note that many textbooks refer to “latches” and.
“flip-flops” synonymously.

The SR Latch is the basic building block for the other flip-flops-listed above:
The logic diagram. for the NAND and. NOR:impleméntations-ef-an-SR: Latch-is:
shown in Figure 4.1.

The Clocked SR Latch is a basic SR latch with control logic that enables the
iatch to “hold” its. previous output values regdidless. of theinput signals. This-
device is sometxmes referred to as an “SR Latch with Enable” or “SR Fltp-Flop

21




A JK Flip-Flop is a device that incorporates the functionality of an SR flip-flop
but accounts for the “forbidden” input combination of the SR latch. This device
‘has three inputs and two complemientary outputs. Its inputs are J, K, and CP.
CP is a clock pulse that synchronizes thé state change. Inputs J and K are the
equivalent set and reset lines of an SR ﬂip-ﬂop. When Jis ‘1’ and K is ‘0’ the
next state wilkbe a 1 (ile. Q =1). When J is ‘0’ and K is ‘1’ the next state will be

‘0. When J and K are ‘0’ the next state will “hold” the previous state. When Jdoo

and K are both *1" the output will toggle.

AT fiip-flop is a*sequentxai -device that-toggles-or-holds-the-output: -When-the
T input is0’ the next state is-equal to-the: *prevmus~state* When:the T mpuhs *1’* ‘
the-next state-will- be the-eompliment-of-the present state. :

A D flip-flop is a sequentlal device that “delays the input by one clock pulse.

‘In other words, the input to.the D flip-flop will. propagate tothe output of the flip- 8

ﬂop after the next clock pulse.

Fllp—ﬂops may be characterized in terms of transition tables, or equivalently,
state transition diagrams. The transition table of a flip-flop is obtained by
deducing the next state (i.e. next output) for every possible combination of input

- values.

{a) ®)

Figure 4.1: (2) NOR SR Latch (bi NAND SR Latch

22



PRE-LAB

1) Read all of Experiment 4 to become familiar with the Procedures for completing this
experiment.

2) A state transition table for a latch is a table which lists as inputs the latch inputs (il.e. S
and R for a SR latch, ‘D for a D-type latch, etc. as well as the present value of the latch

output (typically designated as Q(present) ), the table lists the next state of the latch as - - e

the output (typically designated as Q(next) ). For example, the state transition table for a
'NOR implementation would contain the following: V

Table 1: State Transition Table for SR-NOR latch

| S R | Q(present) Q(next).' Comments
0 To o 0 Hold
0 0 1 1 Hold
0 1 0 ? ‘
0 1 1 ?
1 0 0 ?
1 0 1 ?
1 1 0 B
1 1 1 ?

Compl_ete the state transition table for the NOR implementation of the SR latch. Draw the
logic diagram for a NOR SR latch. Be sure to include instance names, part numbers and

pin numbers as appropriate.

3) Deriwve the state transition table for the NAND implementation of a SR latch. Draw the
its logic diagram.

fl) Derive the state transition table for a NOR implementation of a SR laich with an enable
input (i.e. a level-sensitive clocked SR latch). Draw it’s logic diagram.

5) Derive the state-transition table for a NAND implementation of a D latch with an
enable input. Draw the accompanying logic diagram.
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PROCEDURE
Part 1

Connect the SR NOR latch circuit using 7402 NOR gates. Verify its functionality by test-
ing all possible input combinations. Record your results in a state transition table.

Pari 2

Connect the SR NAND latch circuit. Verify its functionality by testing all possible input -
combinations. Record your results in a state transition table. ,

Part 3

Connect the SR NOR latch with enable input. Verify its funcﬁonality by testing all possible
input combinations. Record your results in a state transition table. I

Part4-

Connect the D-type latch with enable input using a NAND SR latch implementation. Ver-
ify its functionality by testing all possible input.combinations. Record yourresultsina
state transition table.



QUESTIONS
1) What-happens to the Q and Q' outputs of a NAND SR latch when both the SandR
inputs have a logic ‘1’ value?

2) What happens to the Q and Q' outputs of a NOR SR latch when both the SandR
_ inputs have a logic ‘1’ value?

 8) Explain why a latch with a enable input does not change it's output value when the
enable input is legic ‘0’. ,

4) What is the difference between a sequential circuit and a-combinational circuit. What
charactenstlc (in terrs of hardware implementation) do all sequential circuits exhibit?
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EXPERIMENT 5
ANALYSIS AND DESIGN OF COUNTERS

OBJECTIVE

e To further increase-skills -in- connecting-digital-circuits—and-testing-and-
debugging sequential designs.

e To gdin experience in the analysis and design o'f-sequéntial circuits.

® To obtain an understanding of the design -and functionality of various.
sequential digital counter circuits. ,

INTRODUCTION

Analysis of Sequential Circuits:

The analysis of sequential "circuits may easily be done by following several ;
simple steps. The steps are as follows: :

1) Label the inputs and outputs on the logic circuit diagram. Label each
flip-flop .and. subscript its .inputs. - For example;-if-a circuit has two JK-
flip-flops and one D flip-flop, then label one JK flip-flop ‘A’ and its inputs
Ja and Ka. The next JK flip-flop in the circuit could be named ‘B’ with
inputs Jg and Kz. The D flip-flop may be named ‘C’ with input D¢. .

-2) Determine the flip-flop inputs in terms of the system inputs and present.
state outputs from each flip-flop.

3) Generate a state transition table from the equation determined in step
2. :

4) Generate a state transition diagram from the table obtained in step 3.
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Design of Sequential Circuits:

The design of sequential circuits may be done by reversing the step from the

~ -.anglysis, as follows:

1) Derive a state-transition diagram from a specification.

~ 2) Generate a state transition table from the state diagram. Foreach . .

state variable, include columns in the table for the flip-flop inpqts.
Use the appropriate flip-flop characteristic equation to detem}nqe
the values to the -flip-flop .inputs.~—--For‘examplg,'-'mevchamcteﬁshc—
equation for a JK flip-flop is'Q(t+1) =JQ' +K'0. . B

3) Derive the Boolean equation for each input of every .flip-flop.
Minimize the Boolean algebra by using K-maps. .

4) Determine the outputs as a function of flip-flop present state
variables and system inputs. Minimize the Boolean algebra by
using K-maps.

5) Draw the circuit diagram.

PRE-LAB

1) Read all of Experiment 5 (pages 26-30) to become familiar with the
Procedures for completing this experiment.

2).Analyze.thessequential counter. circuit-shown .in Figure. 5.1 Derive the
state fransition table and diagram.

3) Analyze the sequential counter CIfGUIt shown in Figure 5.2. Derive the
state transition table and diagram.

4) Design a sequential counter with one input and two outputs. The circuit
should count up from (i.e. 0>1>2->3->0->1->2->....) when the input is
high. The circuit- should count.down (i.e. 32>2>1>0->332>1>...)
when the input is low. The two outputs should represent the binary value
of the count. ‘Compose the state transition diagram. and .table. Use JK...
flip-flops to implement the design. Draw the logic circuit diagram. Don’t
forget the label each gate and flip-flop with its instance name and number,
and associated pin humbers:
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Figure 5.2
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PROCEDURE

Part 1

Coﬁnect the counter circuit shown in Figure 5.1. Verify its functfonality.by
testing all possible counter values. Record the results in a state-transition table.

Part2

Connect the counter circuit given in Figure 5.2. Verify its functionality by
testing all possible counter values. Record the results in a state transition table.

'Part3’

Connect the up-down counter design in the Pre-Lab. Verify its functionality by
testing all possible counter values. Record the results in a state transition table.
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APPENDIX A

Speéificatioh of TTL Integrated Circuits
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QUADRUPLE 2-INPUT PGSITNE—NAND GATES

SN5400, SN54L.S00, SN54S00
SN7400 SN74LSOO SN74S00

BER 1969 _REVISED MARCH 1963

® Package Cptions Include Plastic **Small
Outline”* Packages, Ceramic Chip Carriers
and Flat Packagss, and Plastic and Ceramic

"

SNE400 . . . J PACKAGE
SNSM.SOO SN54500 ...J ORWPACKAGG
SN7400 . . . N PACKAGE
SN74LS00, S1674900 . . . D OR N PACKAGE

DIPs
' @ .Dependable Toxas Instruments Quality and
Retiability
doscription

These devices cmtain four indepandent 2-input-
NAND gates. '

The SN5400, SN54LS00, and 3N54800 are
characterizad for operation over the fuil military

SNS5400 . . . W PACKAGE

temperature range of —55°C to 125°C. The.
SN7400, SN74LS00, and SN74S00 are (TOP VIEW] -
characterized for operation fram 0°C to 70°C. '
, o ‘ 1a0] aY
- FUNCTION TABLE (each gate) 18[] 48
i , 1Y 4A
INPUTS | OUTPUT vVee GND
A a Yy 2y (] 38
— 2A(s 3A
HOH L 28(] 3y
Lt X H '
X L H
, SN54LS00, SN54SC0 . . . FIK PACKAGE
fogic symbolt (TOP VIEW)
: 3]
148 & o . 22229
. - W S | WS ] S §
a2} w 33212009
w | 1Y []s 1] 4A
28, —acnae}
., (8) NC lis 171 NC
2881 v 2A {ls 6} ay
- ‘ NC[]7 5] NC
A, ] 3 . 28 {]s 4 {] 38
- .
as 1Y ' uld 8 10 111213
112) - >0 0> <
sA )
am 13 UL 4y "G =oe
 NC - No inmsmsé conneciion

1 This symbod ia in accordance with ANSI/IEEE Std. 91-1984 and
1IEC Publication 817-12.

Pin numbers shown are for O, J4, and N packages. 1A
1§, ——
2A }
2Y
28
3A———.
38 -
4A ]
}.w

logic diagram (positive logicl

48

Y=A-Bor¥Y=A+8B

B Texas.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 1

Courtesy of Texas Instruments
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SN5400, SN54LS00, SN54500
SN7400 SNT4LSGO SN74S00
QUADRUPLE 2-!NPUT POSITIVE-NAND GATES

..DEGEMBEH 1983 - REVISED MARCH 1988
e i

recommended operating conditions

uniT

MIM NOM MAX | MIN NOM MAX ]
5.-65}41 5 835] v

Voo Supplywolisge . .. . T ‘ 45
Vi Highlevel inputvoltage . 2 2 v
VL Lowovel input voltage ' " 08 o8| v
fou High-level cutput current -04] -04] ”inA;'
1 Lowlsvel output current 16 6] ma
Ta  Operating free-sir tempersture -55 15| o 7ol ¢

electrical eharacmmucs over recommendad operating free-air tsmperature range {unless otherwise noted) -

, ' SNS400 - ) et
PARAMETER TEST CONDITIONS ,
’ MIN TYPE MAX | MIN TYP$ MAX ‘
Vik | Veo=MIN, fj=—12mA _ -5 -15] Vv
vou ‘Veg=MIN, ViL=08YV, 1oH = — 0.4 mA . fra2e 34 24 34 \'4
VoL VeemMIN,  Vig=2V, Igy~18mA ) 02 o4 02 04} Vv
I Veo=MAX, V=55V 1 ' 1] ma
e Voo =MAX, V=04V _ ~-16f -18 | ma
tos$ Ve = MAX J<20 ~-65|~18  -55| mA
iceH Vec=MAX, V=0V o o -4 8 4 §] ma
lcoL Veo=MAX, V=45V 12 g2 12 22| mA
1 For conditions-shown as MIN or MAX, use the apprapriate value specified under rocommandod oparating conditions.
T All typical valpos sre st Voo = 5 V, Ty = 25°C, .
§ Not more than ons cutput should be shorted at a time.
smtchmg chamctensm, Veec =5V, TA = 25°C (see note 2)
FROM | 70 i ‘
PARAMETER - i . TEST CONDITIONS MIN TYP MAX | umiT
(INPUT) {ouvPum -
PPLH A 1M 21 ™
AorB - Y Ry =400 9, Cp = 15 pF ¢
tPHL. ? is. ns
NOTE 2: Load circuits and voltage waveforms ara shown in Section 1.
SRR R ERROTEER
Posromceaoxssssos. DALLAS, TEXAS 75265 3

34 Courtesy of Texas Instruments



SDLS027

SH5402, SN54LS02, SN54S02,
SN7402, SN741802, SN74802

QUADRUPLE Z- IHPUT POSITIVENOR GATES

'583—REVIS@ MARCH 1988

® -Package Options inciude Plastic "Smaﬂ
Qutiina” Packages, Ceramic Chip Caniers

and Flat Packages, and Plasdc and Ceramic
DIPs A

@ Dependab!e Texas Instruments Quamy and

~ Reliability - - .

descﬁption :
These devioes contain four indspendent 2-input-
MNOCR gates.

“The 8N5402, $N54L802. and SN54S02 are
charactarized for oparation over the full military
temperature range of —-65°C to 125°C. The
SN7402, SN74LS02, and SN74502 are

) charactmzed for operatlon from 0°C'to 70°C.

m»cmsmsm(nch gate}
INPUTE | OUTPUT
A B Y
H X L
X H L
L ¢ H
foglc symbolf
[Fi) ‘
1A » Y]
B B’ MLL,V
{5} i
RPN BN o .
I Now,
{8}
3A
38 ) ‘mzv_
11
FY PN 1L
.8 #12) WJY

TThis symbol is in sccordance with ANSVIEEE Std, 21-1984 and
$EC Publicstion 617-12. -
Pin numbars showa ame for D, J,.and N packages.

jogle diagram (positive legic]
Ay
13;———4}—_ "
DA cocmcmmac
25—-—--‘}——"2'

Weppye”

Sﬂﬁ‘@!...JPABKAGE

SN541.S02, SNB4S0Z . . . J OR W PACKAGE
SN7402 . . . N PACKAGE
SN74L502, SN74302. . . D OR N PACKAGE

SNS4LS02, SNEASOZ . . . FK PACKAGE
{YOP VIEW)

POST OFFICE BDX 655013 » DALLAS, TEXAS 75265

Courtesy of Texas Instruments




SHEALSDZ, SH74LS02
QUADRUPLE 24MPUT POSITIVE-NOR GATES

recofnmgnded opergting conditions

SNS4LS02 SN74LS02 '

e — 1 UNIT
MIN NOM MAX | MIN NOM MAX
45 - & 6B5|eam 5 s525| w

Vg Supply volge

Vy - Highdavel input voltege 2o b o2 SR BT
ViL  Lowdevel input voltsge’ 0.7 o8] v
1on Highdevsl cutput current -04 04| ma
| 4 8| ma

loL Lowevel output current ‘ ] e
Ta Opwatimfrn-nicmmmwn ' ' o f_.ss s o 70} %

alectrical chamctarisncs over recommendsd operaﬁng free-air wnpmtura range (unlec: otherwise nomd)

SNBALE0Z | ENT7ALS0Z - V
PARAMETER < TESTCONDITIONS |- - -UNIT
- , ) MIN 'rvl't MaX_| MIN TYPS Max |
Vik Vog=MIN, lj=—18mA ' . =18 . -8} v
1 vou  |Vec=mN,  vip=MAX, Ilgy=-04ma ‘ 25 34 ,27 .34 | v
N voL ] veo=min,  viy=a2v, lop=4mA ) 025 04 , 0-'2? o4 |
Vee=MIN, ViH=2V, . Igp =8mA ‘038 D5 ;
iy Veg=MAX, V=7V L ‘ Y o1 | mA
Iy VGG = MAX, V=27V S 4 2] 20 | pA
e | Veg=MAX, V=04V ] i -04 —04 | mA
log§ | Voo=MAX . . -20 -100j-20  ~100 | mA
leex Veg=MAX, V=0V . ’ 15 32 16 32| mAa
leer Veg= MAX,  8oe Note 2 ) 28 B4 28 64| ma
1 Far conditions ghown as MIN or mx,mm sppropriats valus mﬂad under d mfiﬁm‘ iti
2 All typicsl valuss are 8T Vo = B V, T = 28°C
gl«lo:muunomwmmban!swudnt-mm,cndﬂ\.dumnofmom«nr freuit should not one d
NOTE 2: Ona lnput 52 4.5 V, al} others st GND.
switching characteristics, Vo = 5 V, Ta = 25°C (see nota 3)
PARAMETER |- :’:’1 (ou::un 3 TEST CONDITIONS MIN TYP MAX | UNIT
:ﬂ": ' Aorg Y . Ry =2k, CL=18pF .::" :: ::
NOTE 3: Load circuits and veltage waveforms are shown in Section 1.
‘m SRR

INSTRUMENTS

POST OFFICE BOX 655012 » RALLAS, TEXAS 75285
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SDLS029

SH5408, SN54LS04, SN54S04,
SN7404, SN741504, SN74504
HEX INVERTERS

_ DECEMBER 1883--REVISED MARCH 1988

@ Package Options Include Plastic “"Smail
Outline’® Packages, Caramic Chip Carriers
and Flat Packages. and Plastic and Ceramic

DiPs
] Dapendabla Texas kmtmmam Quamv and
,Reﬂabllity : e

descnption
These devices contain six hdepenﬂent inverters.

The - SN5404, SN54LS04, and SN54S04 are
--characterized for operation over the full military
temperature-rangs .of. =552C.ta. 1259°C. The
SN7404, SN74LS04, and SN74504 are
- characterized for operation from 0°C to 70°C.

FUNCTION TABLE {each inverter)
INPUTS |- OUTPUT
A v
H L
L .M
logic symbolt
I 2 .y
2a-8I" T il oy
g8 — ) o
O aa® R T8y
TS o
sa 12 ' nz

~ ¥This symbol Is in acéondance with ANSIIEEE Std. 91-1984 and
{EC Publication 617-12.
~Pin rumbers shawnrarefor D,-J, and N packages.

. logle diagram (positive logic)

SH5404 . . . S PACKAGE -
SNBALS0S, SNE4S03 . . . J OR W PACKAGE
SN7404 . . . N PACKAGE
SN741.504, SNF4504 . . . D OR N PACKAGE

{TCP VIEW)

<
B3R
nanOocronn

TEXAS
INSTRUMENTS

POST- DEFICE-BOX-G56012 » DALLAS.. TEXAY. 75265

Courtesy of Texas Instruments



Si54LS04, SN74LS04

HEX INVERTERS
recommeanded operating conditions
SNB4LSDE . SN7ALS04 o
MIN NOM MAX | MIN . NOM Max
Voo Supply wltzga 45 g 85| 475 8§ 625 R 7
. Vil Highdevel input voltage 2 2 Y A
Vi Lowievel input voirage 07, - e8| v’
foH Highdevet output currant -04) -04] maA
oL Lovelyvel output current L4 AA 8 mA
TA  Opersting free-sir mpersture ~58 125) 0 0] ‘c

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

~ ' SNEAL; SN7ALS04 o
| pARAMETER . JEST. eouufrm t . — ";:"tsm T T WAX NI
Vik -] Vec*MIN, tj=—-18mA R -8 -15) v
Vo Vee=MIN,  Vy »MAX, Igy=—0AmA 25 34 27 34 v
Veo=MIN, V=2V, I ~4mA T 028 o4 , . oaf
VoL roeanem - - - v
Voo =MIN, V=2V, Io =8mA g2s o5}
Iy Yoc»MAX, V=7V o1 Q.1 mA
" Vog =MAX, V=27V Tl "20f uA
W | Vec=MAX, V=04V - 04 . ~04 mA
log § Voo =MAX - . -20 —100| —20 -100| maA
IccH Vog*MAX, Vy=0V . T T2 24 12 24| ma
lco Vo= MAX, Vi=48V h o X a8 38 68 mA
t Por conditions shown 2 MIN or MAx; ure the appropriate vaiue spacified undur%rmmmondod operating conditions.
$All typleal valuss ars 8t Vg =5 V, T4 = 26%C,
d not d one d.

$ Not more than one output should be shorted at a time, and the durution of the short-circuit sh

switching characteristics, Voo = 5 V, TA = 25°C (see nots 2}

; . .FROM TO - ] ; ,
r_ma.‘me"ren ey loutPUT) TEST CONDITIONS NN TYP MAX | UNIT
' ’ i 9 16] =5
FLH A Y . R =2k, €L =15pF
PHL . 0 5 ns

NOTE 2: Losd clseuits snd voitega wavaforma are shown in Saction 1.

Tms%

INSTRUMENTS

POST OFFICE BOK 655012 » DALLAS. TEXAS 75265
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SN5408, SN54LS08, SN54508
SN7408 SN74LSOB SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

. SDLS033 _ DECEMBER 1963 REVISED MARCH 1988

¢ Package Optlons Inchude Plastic *’Small SN5408, SN541508, SNG4S08 . . . J OR W PACKAGE
Oustling’’ Packagss, Ceramic Chip Cariers ' SN7408. . . J OR N PACKAGE
and.Flat Packagss, and Plastic and Ceramic SN741508, SN748C8 . . . D, J OR N PACKAGE
DIPs ‘ | (vOP VIEW)
* Dopendabls Texas Instruments Quality and ::E
Refiab :
Pfabiey 1y
description » | :;;E
These devices contain four independant 2-input 2v(3s
AND gates. e GND []
The SN5408, SN54LS08, and SN54S08 are
-characterized for operation over the full military’-
ternperature range of —55°C to 125°C. The

SNI7408, SN74LS08 and SN74S508 are
characterized for operatlﬁn from O° to 70°C.

FUNCTION -msue (oach gate)
INPUTS | oQUTPUT
A B :

rxxT
x|«

H B
L
X

logic symboil-
1A= n_¥f &

- gpaia)
2attl

m {8)
3A 8)
ap.10 | 3y
d!;A {12)
{13}

{11)
a8 = 4

1This symbol is in sccordance with ANSVIEEE Std 91-1984 and
. |EC Fublication 817-12.
Fin numbers shown are for D, J, N, and W pscksges.

mmmmommm i.

3—9 Courtesy of Texas Instruments



SN5408, SN54L.508, SN54S08
~ SN7408 SN74L508, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

L5033 _ DECEMBER 1663 _REVISED) MARCH 1958

e

recommended operating conditions

SN5408 $N7403 1 unrr
MIN NOM MAX } MIN NOM -MAX |
Veg Supply voltsge _ _ 45 5 55| 478 5 625) Vv
| Vi Highevét input voltsgs ' . 2 2_ v
vy Low-lsval input voitage ) ot | = o8 v |-
on Hiab-lcmlwmcumm -08 _ —0.? i mA
lo Lowlsvel cutput curvent 18] 16| ma
Ta Operating fres-air t«npmm ‘ " | —s8 \ 128 o ) 70 %
slaectrical charactamtlcs over. reeommendsd operaung free-air temperatura range {uniess othermse nomd)
PARAMETER -} ‘ TEST CONDJTIONS T WIN TYPE JMAX | MIN TYPE MAX e
ix Veo=MIN,  1j=—12mA ' ' -15 -5l ov
VOoH VeemMIN, V=2V, . lop=—08mA 24 34 . | 24 34 v
VoL :vcc-mu vn_-o.sv loL=16mA ' | 02 04 02 04| v
1y - | Vep=MAX, Vj=BSV ~ | 1 ] ma
T Vi =MAX, Vi=24V . 40 40|, mA
e Voo =MAX,  Vi=04V . -8 T —18| ma
los§ Vee = MAX _ ’  |-20 -55 | -18 -85 | mA
lccH Vee = MAX, Vi=45V G 1 21| ma
lcer | Vec=max, vi-ov 20 3| 20 33| ma
$ Far conditions shown es MIN or MAX, usa the owcpﬂnu vatue sp«:mod under recormmended operating conditions. :
$ Al typica! velues are st Vag = B V, Tp, = 259,
§ Mot more than ons ocutputshould be shorted st & time.
switching characteristics, Vog =5V, TA = 25°C (see note 2)
' ~ FRom | 10 .
PARAMETER TEST CONDITIONS MiN TYP MaX | umiT
(INPUT) {OUTRUT] )
Ly ‘ ' 178 7| =
PHL Aml v . FL =400 3, CL=180F 12 19| m

NOTE 2: Load circuits and voitaga waveiorms are shown in Section 1,

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 a
40 - Courtesy of Texas Instruments




® Package Options !nctudo Plasde **Smail
Outline’” Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Caramic

DiPs

® Dependable Texas Instruments Quality and

Re!iabilitv
descriptmn

These devices contain three tndependent 3-input

NAND gates.

The SNB410, SN54LS10, and SNB4S10 are
characterized for operation over the full military
temaperature range of —55°C to 125°C. The
SN7410, SN74LS10, and SN74810 are’
characterized for operation from 0°C to 70°C.

wucnou TABLE {each gaw
INPUTS OUTPUT
A B ‘C \
B H H L
fLox x H
X L X H
X X v H
- logic symbolt
| Al g |
132 N2 .
q¢-3
2481
2818 NG,
2c-. 15
3a08
'35 {10} 8] -
3p-411 ]

-%This symbot is in accordence with ANSI/IEEE Std. 91-1984 and

$EC Publication 817-12.

P!nnunbarsshownmme.J.andeackages.

positive logic

Y=A-B-Cor Y=A+B+C

SN5410, SN54LS10, SN54S510,
SN7410 SN74LS10 SN74510
TRIPLE 3-INPUT POSITIVE-NAND GATES

CEM 19&3-REVISEDMARCH1983 :

ENS410. .. J PAWGE ' :
‘SNS54LS10, SNE4S10 ... J OR W PACKAGE

SN7410 ... M PACKAGE
SN74LS10, SN74510 ... DCR 9ACKAGE

SN5410 . . . W PACKAGE

SN5ALS10, SNEA4S10 . . . FK PACKAGE
{TOP VIEW)

logic diagram (poslﬁv; logic)

1A
18 —'——"} 1
ic
B v )
: ___._.D,,__z\.
B=T—
38 i 3Y
3G e
- 48 ————-Do—-— 4y
4C —=
. S TR
m& . Copyright © 1988, Texas Instrumenis Incorporated
INsrRUMENrs

POST OFFICE BOX 655300 ® DALLAS, TEXAS 75285 1
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SN54LS10, SN74LS10,
TRIPLE 3-INPUT POSITIVE-NAND GATES

S DB o e VISED MARCH

recommended operating conditions

gusa'x.sm SN74LS10 onre |
” MIN NOM MAX | MIN NOM MAX
Vog Supply volusge 145 5 55|45 528 .v
Visr Highlevel input voltege 2z 2. Tv 1
Vir Lowevel input voltage 07 o3| v
\or_Higivievs outpdt curens = ~04 | ma_
for Low-level output current 4 8f ma
TA  Operating free-sis temperaturs ~55 Tl oo ] °
glectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
éanmsfsn TEST CONDITIONS ; s S — uélr
. A MIN TYP$ MAX | MIN TYPE MAX ‘
Wik Vee=MIN, h=—18mA R ] ’ -151 . -18] v
Vou Vee=MIN, Vi =MAX, Igy=—0.4mA 25 34 | 27 3a v
vou vee - MIN, | ViH=2v, qu ~4mA 025 04 ] ol
VCCmMIN,  Viy=2V, Ig ~8mA " 025 05
i Vge=MAX, Vy=7V 0.1 . 0.1 | mA
I Vo= MAX, V=27V 20 20} pa
' Vieo=MAX, © V=04 v . -04 -04 | ma
tos$ Veg=Max ; -20 -100 | =20 -100 | mA
tec VeCTMAX, V=0V 08 12 08 12] ma
fecL Vet =MAX, V=45V 18 32 13 33| mA
'V‘Fof conditions shown ‘as MIN-or MAX; use the approprista value spucifisd undar ded op cond it
$ All typicel vatues sre ot Vg = 5 V, T, = 25°C.
§ Not rnora than one sutput should be shorted at a time, and the duration of the short-clrcuit should not d one d
_switching characteristics, Voo = 5 V, TA = 25°C (see note 2)
PARAMETER | FROM o TEST CONDITIONS MIN 'n-rp Max | uniT
(INPUT) {outrur} ’ . .
LK A.BorC ' AL =2ka, CL=15pF . 5] m
tPHL . ) 3 S0 15 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

B Texas
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SN54LS11, SN54S11,
SN74LS11 SN74511
TRIPLE 3-INPUT POSITIVE-AND GATES

SDLS131 - APRIL 1985 ~ REVISEMAHCH’!SBB .

@ Package Options Include Plastic *Smail SN54LS11, SN74511 .. . J OR W PACKAGE
Oﬁﬂnﬁ" pa":?aw, Ceramic Chip Carriers SN74LS11, SN74S11 ... D OR N PACKAGE
and Flat Packages, and Plastic and Ceramic »' m? VIEW}

DiPs 1A §
o Dapandable Texas Instruments uuality and ;: E
Raﬂabﬁlty : mds
description ;’3 E
These devices cantatn three independent 3-input GND £l
ARND gatas. ,

THie SNE4LS11 and SN54S11 ara characterized- SNB4LS11, SNE4S11 . ... FK-PACKAGE

for operation over the full mmtary temperature
range of —55°Cto 125°C. The SN74LS11 and
SN74811 are characterized for operatlon from

' 0°Ctwo 70°C. ;
F_uncnou'mm.s (anch gate)
INPUTS | OUTPUT
A B C ¥
I H v} =
Jr x x L
Ix v x L
Ix x v L
f NC—No. internal connection
~ logic symbol? .
| ' (1 ; logic diagram (positive logic)
Al & v ,
Rl gy 1 i) 1v
pp ) _F | 2 —_—
= {a} (6) : 28 2y
2B e LS9 oy 2¢ 7
5) 3a
= | 38 T ) av
33-!19-’“ - "'"(-SL.SY Y = AeBeC oF
ap §11) - e
] Y=A+B+C

1This symibsol Is in sccordance with ANSVIEEE Sid. 91-1984 and
1EC Publication 817-12.
P&tmmbe:sghownmfub, J, M, and W packages.

mﬂmmxm-nmmm 1
e Courtesy of Texas Instruments




SN54L511, SN54811,
SN74LS11, SN74S11
TRIPLE 3-INPUT POSITIVE-AND GATES

SDLS131  APRIL 1985 REVISED MARCH 1988

recommended operating conditions
sn7aLsit |

mmsu:‘o:ﬁm MIN  NCM TAX mm-
Vee _Supﬁv;iolw ’ ‘ | 45 ‘5 sslam s 53| Vv
Vi Highdevel input voltaga -2 | 2 . v
Vi Lowdevel input voltage o N o1 08| v
~ lon  High-level output current ’ ~ T —04 -04] mA
foL . lnwlweloutput current o i i 4 . 8 mA
“ T  Opersting free-air temperature , o -58 16| o0 ). %

electrical charéctaﬁstics over recomended operating fres-air temperature range {urifess otherwisa noted)

PARAMETER ' rESTCoNDITIONS £ __Suoatsti | SNIALST1__{ v
‘ . . MIN TYP: MAX| MIN TYP$ MAX|
ViK Veg=MIN,  j=~18mA - Y L
VGH Ve =MIN,  Viy=2V  loy=—04mA 26 34 .| 27 34 v
Vor T Veg=MIN, vy =MAX, IgL=4mA ‘025 04 -0.25 04 v
Yoo =MIN, vy =MAX, Igy =B8mA ) : ‘ 038 05}
I Vec=MAX, Vi=7V. , ’ o3 _ 01} mA
W Voo =MAX, V=27V e . 20| o 0| pA-
18 VG MAX, Vy=04V A T o ~04| maA
loss- | veg=max . - -20 - -te0| —-20 . -500] mA
16cH Voo =MAX, V=45V o ] 1.8 38 18 38| ma
fcoL Voo =MAX, V=0V , . 33 68 33 668] ‘mA
t For conditions shown as MIN or MAX, uathc spproprists valus specified nndnr recommended operating conditiona.
$ Atk typlcal valuss ere st Ve = 5 V, Ty =259,
§ Neotmore than one output shoutd bachcmoda [} tim. and the duration of the lhmclmunshouldmtoxmm second.
switching characteristics, Vcc =5V, TA = 25°C (see note 2)
PARAMETER | - o, L. - TESTCOMDITIONS MIN  TYP max| umIT
" !PLH " A,BorC v AL =2k0, 6L =16 pE' - : 8 15 ns
PHL - ; . ) 10 20| =

Nonz:uadcmﬁmdwnagéwmfommMnhSemt.

@ TEXAS
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__SM5420, SN54LS20, SN54528,
SN7420, SN74LS20, SN7452B
SDLS079 DUAL 4-1NPUT POSITIVE-NAND GATES

DECEMBER 1983~ REVISED MAACH 1988

R
snsazo -d PAO‘KABE

D Package Options Include Plastic **Small
Outhne’’ Packages, Ceramic Chip Carriers SNS54LS20. sns?‘g:xsm N PJ OR WEPAC!!AGE
and Flat Packages, and Plastic and Ceramle . N7 . SHTAS20 . .mn' OR N PACKAGE

DiPs
@& Dependabls Texas !nstrwnants Qualm! and
Reliabah\f

descripﬁon
These devices contain twe independent 4-input NAND
gates.

Tha SN5420, SN54LS20, and $N54320 are

characterized for operation ovar the full military range
of -556°C to 1259C. The SN7420, SN74L520, and

SN74520 are charactemd for opertion from 0°C to

SNE420 . . . W PACKAGE
(TOP VIEW)

‘70°C.
Fuu':mou TaABLE ([each ggté)
mwrs OUTPUT:
A B'C D v
H H H H L
L X X X H
X L X X H
X X L X H
ix x x Lt} H (TOP VIEW)
logic symhol®
1A :;: & Ne (14
18 ) s) : NC {5
¢ 18 gy : 1c {ls
{8) NC [J7
et - 10 {le
2A «
. _fo | :
8 12 L.w-l_zv
ZC-
21130
’ NE - No intsmal connection

1This symbol s In sccordence with msanées su.'m-sest ond
&C Pubfication 617-12. logic diagram

Fhmmmawmc.&n,wwm-& "f‘
. 48 ]
107-:-#——‘-:}_“'

positive logic Y = ABCDor Y =K+ B+ €+ B

mmrmuunmmm s
=i Texas X
b ezl toetleg of o4 parematars INSTRUMENTS

b FOS™ QFFICE 20X 655012 » DALLAS. TEXAS 75285 *
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- SN54LS20, SN74L520
DUAL 4INPUT POSITIVE-NAND GATES

recummended operatmg conditions

SNEALS20 . SN74LSZ0
MIN NOM MAX | MIN NOM  mEAX
45 5 655|415 85 55| v

Voe Supply voltags

Vi Highdevs! input voltage 2 2 : \i

Vi1, Lowlevel input voltege .07 -08 ) v

iny  Highlsvat output cumrant -0.4 ) -804 1 mA

0l Lowdevel output current ) 4 ‘8§ mA
- 55 125 o w) °

Ta Oper_ating free-air tsmpersture

electrical ‘cha.r,acteﬁstiu aver recommended oparating free-air temperawre range (unless ntlwrwnse ncted)

N : smw.szn ‘SN74LS20 =
PARAMETER YEST CONDITIONS T s UNIT
‘ ) MIN TYPE MAX | MmN TYRE Max |
Vi Vgo=MIN, I=—18mA. . . =18 ' -5} v -
Vo VCC=MIN, Vi =MAX, .lgy=-04mA 25 34 27 34 v
VoL Vog = MIN, Vi =2V, loL = 4mA | ' oz 04 ' - 04 v
Veo=MIN, Viy~2V, oL =8mA 4 025 05
oy Voo =MAX, Vy=7V ’ ’ ) ' Tal | 0.t | mA
I - Voo = MAX, V=27V ; ‘ 2ol 2] xA
L Vog = MAX, V=04V - 4 ¥ —04 -84 | mA
1088 - Vog = MAX ) ) ~20 -100 {20 —100 | mA.
IccH | Vec=MAX, vi=ov o - o4 o083 04 o8| ma
leor . Voo = MAX, V=45V | 1.2 22 12 22 ma
. TRor conditions shuwn us MIN or. MAX, uta tha appropriate value macified under recommended operating uwmom.
$AHtvpleal valuss are at Ve = BV, T = 28°C.
§ Not more then ons ouwy be ata tima, and he duration-of the shore-circuit shoul m ona d.
switching characteristics, Voo =5V, TA = 25°C (séa note 2)
PARAMETER F Rm.' i ‘ : TESY CONDITIONS - ‘ MM TYP mx o
- (iNPU) {outPum . . ,
FLH ‘Any v A =2kR,  CLe1BpF 2 8 m
PHL 1] 181 ns

NOTE 2: Load cireuits and voitsge waveforms are shown in Section 1.

TExXAs ‘%
INSTRUMENTS
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SN54LS21, SN74L521
DUAL 4-INPUT POSITIVE-AND GATES

SDLS139~ APRIL 1885 ~ REVISED MARCH 1988

Plasilc * ACKAGE
* Package Options Inciude Plastic **Small SN54LS21 . .. J OR W PAC
Outline’* Packages, Ceramic Chip Carriers - SK741821 ;;6:’ OR N PACKAGE
and Flat Packages, and Plastic and Ceramic OP VIEW) ,
* Dependabls Texas Instruments Qua!!ty and 18 [
Reﬂabﬁitv.,, o ' NC O3
dascﬂptlon - | : 3 E ‘
“These devices contain two mdepandent 4-input GND (]
AND gates. ; ,
“The SN54LS21 is- charactenzed for operation SNBALS21 . . . FK PACKAGE "

over the full military temperature range of (TGP VIEW)
—B6°C to 125°C. The "SN74LS21 is ; '
cheracterized for opefaﬁon from 0°C to 70°C.

_ FUNCTION TABLE {each gate)

Neil 4
_ineuts | outeur ncfls -
A B C D Y 1c:“
R ?gs
L X X X L ,
Ix L o x x L
X X L X L
1X X x L
 logic symbolt .
At = logic diagram .
) 1A — R
® 2 ‘—-ﬂ%i\’ 15_—3 .
1D—E-’-— R 1D h
a3l ] ; an ,
10} . ]
zc’ {12) § 26 ——1
“3' - v 20 =i

# This symbol Is In sccordance with ANSVIEEE Std 811984 and {positive logic) ¥ = A-BeCeDorY =A + B+ T+ D
JEC Pubiication §17-12. : '
Pin numbars shown are for D, J, N, snd W packages.

mﬁmm‘mmumﬁ ess @ Tms .
INSTRUME _
POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 1
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SNG4LS21, SN74LS21
DUAL 4-INPUT POSITIVE-AND GATES

SDLS139— APRIL 1985 — REVISED MARCH 1988

recommended operating conditions

s’.‘wgi smu.m UNIT

MIN NOM MAX | MIN Nom mMax |

Voc Supply voltege 45 b 55]41m 5 55| v
Vi Highlovel input voltags 2 1 2 v
Vit Lowlevel input voltage N eafl v
lon Mighdevel output current ] ~04 ~04 ] ma
iol. Lowdeve! dutput current 4 - 81 mA
| Ta apmﬁmfrmzrwmm:um- : —58 125 | ‘o ] ng:c

alecmcal characteristics over reeommended opemﬁng fre&air temperature range {unfass othwwise noted)

SNBALS21 SN74LS21
-PARAMETER 'rssrcouomous 1 . 1 uNIT
: MIN TYP$ MAX .| MIN TYP$ MAX-
ViK VeG=MIN, I =—18mA ‘ - -15] =151 v
Voo | Vco=MIN,  Vjii=2V, lgy=—0AmA 25 34 27 34 | v
VoL | Vec=MiN, vy =max, loL=4ma 025 04| o025 o4 v
Vee = MIN, vu_-MAx, 1oL =8mA A 035 05
I | Vec=Max, vys7v ; Y ' 0.1 | mA
i | Vec=MAX, vyj=27v 20 20 | wA
m Vec=MAX, Vj=04V -04  —04 | mA
los§ | Veo=Max o - 20 -100 | —~20 -100 | ma
fcoH Veo=MAX, Vi=45V 12 24 42 24| mA
leoL Voe = MAX,  vj=0V . 22 44| 22 44| ma
t For conditions shewn as MIM or MAX, uss ths opproprists valus spacified under rscommended oporsting condldom.
$ All typlcat values sra at Vo = 5 V, T4 = 28%C
SNmmmMomwwmshwldbuhm at » thne, and mmmummmreunmu not excead 5ne second,
switching characteristics, Veec=5V, TA = zs‘c (m note 2)
PARAMETER FROM. ..o TEST CONDITIONS N MIN TYP MAX | umiT
R {iNPUT) {OUTPUT) . .
:::: Any 4 RL-2ka, CL=15pF 1: ;: ::

NOTE 2: Load circuits and voltage wavaforma ere shown in Section 1.

W Tas

POST OFFICE BOX 655303 © DALLAS, TEXAS 75265
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SN5430, SN54LS30, SN54S30
SN7430, SN74LS30, SN74S30
8-INPUT POSITIVE-NAND GATES

SDLS09g~ DECEMBER 1383 — REVISED MARCH 1983

® Package Optlons Include Plastic “*Small : | SNB430. . .J PACKAGE
Outline™ Packages, Ceramic Chip Cairiers SHEALE30.SHIASTO . o OR W PACKAGE
:‘;"d Flat Packages, and Plastic-and Ceramic SN74LS30, SN74830. . . D OR N PACKAGE
IPs {TOP VIEW)
® Dependable Texas Instruments Quality and
Ba!lab‘lity
descﬁption

Thase davices contaln s alngln 8-input NAND gate.

The SNE430, SN54L830, and SNB54S30 sre
characterized for operation over the full military range
of ~B55°C 2o 125°C, The SN7430, SN74LS30, and
SN74S30 are characterized for operat!on from 0°C
to 70°C, -

Fummnu TABLE

weurs Amru s | 0T 0T

All inputs H
Cns or more inpats 1,

T e[ =

c dia ,
fogi gram Top

- o Y YR—

[ o

[, B - <

R

e Y |
|; T

positive fogic
YﬂAoBoCuD-E‘F.G.H or
Y=A+B+C+D+E+F+G+H

logic symbolt

a1
g2

TThis symbeot Is in sccordancs with ANSYIEEE Std 91-1984
and 1EC Publicstion 817-12.
u&-&&—WMaﬂwa J. i, end W packages.

Wmumwﬂmg e ’ @ YT v )
g TeXAS
INSTRUMENTS
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SN5430, SN54LS30, SN54S30
SN7430, SN74LS30, SN74530

8-INPUT POSITIVE-NAND GATES

. SDLSOGB~DECEMBEF11983 HEVISEDMARC_H 1933

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

Supply voitage, VCC (see Nota 1) ..o vvvrvnenrnnrnnn.. P S S S SRR &Y/
input voltage ..... betesesnesocassarssoanans creceens cresasesrsessreanns caee BBV
Operatingfree-airtemperamrange. SN5430................. ....... ... =B85°Cto 125°C :

SN7430 ......cinveeeiiccveecannseas.. 0°C to 70°C

Storage temperafure range ........... ctreesecsscncassaccsenaaseaass —65°Cto 150°C

- NOTE 1: Voltage values e with respect to natwork ground tesminsl *

reeomm#nded operating conditions

SNB430 5N7430 P
- uNIT |
. . -MIN- NOM - MAX-| MIN -NOM MAX. :
Vog Supply vohage ' ' ) 45 5 55|47 5 53| Vv
Viiy  Highlevel input voitsgs . 2 N 2 v
Vi Lowlevel input vohtage ' ) 08 o8] v
o High-deval cutput current o ' ' 1 -04f]  —o0a] ma
lg, Lowlevel cutput current ‘ . ) 18 . |
Ta Operating frag-sir tempesature - E A ) —55 125 1] ‘ 701 °c-
electrical characteristics over recomniended operating free-air temperature rango {unless otherwise noted)
PARAMETER TEST.CONDITIONS T . - —t UNIT.
: : MIN TYP$ MAX | MIN TYPE MAX )
Vi Ve =MIN, lj=—12mA - -1.5 -15) v
Vou Vec=MIN, V) =08V, loy=~0AmA N ETEEY 24 3a v
VoL VEe=MIN, V=2V, igL=16mA o 02 04 02 o04f v
w Vee*MAX, V=55V ‘ 1 1| mA
Un Vec=MAX, V=24V 40 0| pa
L § Veo=MAX, V=04V - 1.8 =181 mA
log$ Voo = MAX o - 20 —66 | -8 -85 | mA
'cCH Veo=MAX, V=0 ] ) 1 2 1 mA
feoL vccu'wux V=245V . 3 s 2 8] ma
B 4 Pwmdidmabmumnwrm mmmﬂmmwmm«r racommended-operating conditions. -
tmmkdvauumuvccnsv.r‘-zs“c.
8 Notmore than one ou:puuhouldmshomd ata tima.
switching characteristics, Vog =5V, Ta = 25°C (see nots 2)
FROM 10 ’ .
PARAMETER TEST CONDITIONS MIN  TYP MAX | uniT
' : § (neur) {OUTPUT) , ]
tPLH ‘ - . : 13 22 ms
Any ' 4 RL~400%, Cy = 16 pF
_PHL - . - s )

NOTE 2: Load ciroults and voltsge wavaforms ars shown in Section 1.

% TEXAS
INSTRUMENTS

POST OFFICE BOX 655308 @ DALLAS, TEXAS 75285
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SN5432, SH54LS32, SN54S32,
SN7432, SHT4LS32, SN74532
QUADRUPLE 2INPUT POSITIVEOR GATES

$SDLS100
EMBER 1983 —REVISED MARCH 1988

R : TR s
® Package Options Include Plastic “Small s~5432, snsa.ssz. SN54832 . J on W PACKAGE
SN7432 . .. N PACKAGE

-Outline”” Packages, Ceramic Chip Carriers-
and Flat Packages, and Plastic and Caeramic : SN74L532, SN74S32 .. . D OR'N PACKAGE

‘DiPs
® Depondable Tsxas Inszmmams auality and
" Relisbility

description
" These devic&c contain four independem 2-input
OR gates.

The SN5432, SN54LS32 and SN54S32- ars
characterized for operation ovar the full military

range of —55°C to 125°C. The SN7432, SNEALS32, SN54§32 . . . FK PACKAGE
SN74LS32 and SN74832 are characbenzed for " {TOP VIEW) -
aperation from 0°C ta 70°C. , L
FUNCTION TABLE (each gate) !
wpUTs | ouTPUT 1Y []4
A a ¥ NC S
‘ 2Aalls
Hox i ne 7 |
X H H 28{is
Pt " 3 10111213

togic symboit

.y
[ 7 O | >1
. 2 ‘ 2 1y
" - fogic diagram
") - }—————w
- 3‘;\...!.9.’_.. i ® Y pe— N
(10} 3Y .
sai2l_ AR D____.zv
un . pr——

Xaag s

ap13L R
. e 37

’This symbol is in gecordance with ANSKIEEE Std 81-1984 and
{EC Pubfication 817-12.
G e

Fin numbarg shown are for D. J. M, or W packagas.
)-———--4\"
Y L

posrdvelogic
Y=A+BorY=A-B )

S

mmmamm& e lNS’ljl;UM ENTS

POST OFFICE BOX 655012 » DALLAS. “EXAS 75265
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-SN54L832, SN74LS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

recommended oparating conditions

] T SNB4LS3Z swatszz ] o
. . MIN NOM MAX | MiN Nom® MAX | .
Veg _Supply voltsge ' ) 45 5 565|475 6 525] V
Vﬂ{ . th_m input voltage - : . -2 . 2 , PR Ea TS R
Vit Low-evel Input vaitage 0.7 08| v
"Il High-ével output current -0.4 ~04 | mA
igL._Low-level output current . 4 8] maAa
T4  Obortating free-air temperature ) . | ~58 125 2 0] °c
-slectrical characteristics over. recommended operating free-air temperature range (unless otherwise-noted)-
’ L , L " SNSALS32 ____SN74LS32 WS
PARASAETER TEST qox_upmaﬂst . v Tves rAx | N Tvet max | YN
- Vi Voo =MIN,. lj=—18mA C . ] . T ~18 ~15]| v
.VoH Voo =MIN, Viy=2V¥, loy=—04mA 25 .34 . 27 34 Vo
%L Voo~ MIN, Vi =MAX, " igy =4mA _ 028 .04 : 035 04 v
Veo = MIN, VLL “MAX, lop=8maA . . . ) 635 051§ B
1 VEC=MAX, V=7V .. . 0.1 .. B3 mA
m Ve =MAX, V=27V N 20 | pA .
e Vee ~MAX, V=04V . . i - =04 . _ —DA | mA
losg Veg = MAX : : - 20 ~100 | ~20 ~100 | mA
teest Voe = MAX, SeaNore2 . - 31 62 ‘31 82| mAa
oL VoG =MAX, Vi =0V 49 9.3 43 98| mA
1 For conditions shown £s MIN or MAX, use the appropriats valua spesiflod under dad pperating conditions.
$ Al typical values are st Vg =8 V, Ty = 25%C. .
snmmihmmqmunbouwmmmnﬁﬁmuﬂdwwonpfmmmmh hould not exceed ons
NOTE 2: 'One input at 4.5 V, &) otherg at GND, '
switching characteristics, Vo = 5V, Ta = 25°C (see nots 3)
FROM 3o — " : ' ~
PARAMETER IePuT) ‘ o TEST CONDITIONS MIN TYP MAX | uMIT
PLH ' 14 22 | ns
Aor8 Y Ry =2k . m §
PHL L 2 Cu=15pp 14 22 | ns

~-NOTE 3: Load drquim and voltage-waveforms are shown in Section 1.

i Texas %
NSTRUMENTS
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SN5446A, "47A, '48, SN54L847, °LS48, 'LS49
SN7446A, ’47A ’48 SN74L847, ’LS48 LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SDLS11E - MABGH!Q’M—REVISEDMARC!‘HQBB =

5 - o Ly N e PREERET T
‘4648, ‘47TA, L8447 48, 'LS48 ’ ‘LS49
featurs feature feature
@ Open-Collector Quiputs o internal Pull-Ups Eliminate e--Open-Collector Qutputs
, Drive indicators Directly Need.for External Resistors o -Blanking Input
o Lamp-Test Provision e Lamp-Test vaision -
' » Leadlrg/Trailing Zaro o Leading/Trailing Zero
Supprassion _ Supptegsion
SING448A, SNS447A, SNG4LS47, SNE448, SN54LS47, SN54L548 . . . FK PACKAGE
SN54LS48 . . . J PACKAGE (TOP VIEW)
SN7448A, SN7447A, ’
) SN7448 ... N PACKAGE )
SN741547, SN741LS48 . . . D OR N PACKAGE
SN541S49 ... J OR W PACKAGE ;
SN74LS49 . .. D OR M PACKAGE ' " [TOP VIEW)

(TOP VIEW)

NC — No internat connection

cwe1mmmmmfpomd

mmmmwunmsu date,.

mmumwmmu tnstraments o
asting of o parsmsetons. ” EXAS .
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SN5446A, '4TA, °48, SN541.547, ’LS48, 'LS49
SN7446A ’47/-\, ’48 SN74LS47 ’LS48 'LS48
BCD-TO-SEVEN-SEGMENT DECODERSIDR!VERS

SDLS111 _MARCH 1074 _ REVISED MARCH 1958

e

e All Circuit Types Feature Lamp lntensnty Modulation Capability

: _'DRIVER QUTPUTS { * TYPICAL .
TYPE ACTIVE OUTPUT SINK MAX | POWER PACKAGES
LEVEL | CONFIGURATION | CURRENT j VOLTAGE | DISSIPATION
SN5448A | fow | opencollector | 40mA | .30V | 320mW W
SN5447A low open-colfector 40 mA 1BV 320 mW LW
| sns448 high 2. pull-up 8.4 mA 55V 265 mW JW
SNB4LS47 low ‘| open-coilecior 12mA 15V 35 mW J W
SN54LS48 | high 240 pult-up 2mA 55V 125 mW T U, W
SN54LS49 | high oper-coflector | 4 mA 5.8V ‘40mW ] J W
SN7448A- |- -low . open-collactor 40 mA 3oV | -320mW JN -
SN7447A low epen-coliector 40 mA 15v | 320mw | U4 N
SN7448 high 2k pullup | 8.4mA 5.5V 286 mW J. N
SN74LS47 | low open-coliactor 24 mA 15V 35 mwW 4N
SN74LS48 | .high 2-k0 pui-up 8mA - 5.5V 125 mw J N
§N74L840 high open-coflector BmA | B68V- 40 mW J.N
logic symbolst
 '4BA, "a7A, 1547 ‘48, ’LS48
mm'ﬁsze B BINGT-SEG
Wm‘" - 5I/AED m“' —iEl—
>1
-4 | o .
fr AL N & ga21 ERUs B @azy
718 . .43 .
vao 2 2021 OPwd13 . Ealy2o s 20219 3.,
ad 1 5 mmL__ﬂ.ﬂ_u 7 b 20210).. 112)
L LLI— ¢ b
a2 2 e w20k 0 m e 20219 111
- d 2010pw {100 “m 2 annel 0o ,
L 4 s VNG ;—.ﬂ.. C tsnmeserd 4§ s 20219 _____!ﬂ_.
R 1 202108019 oo Ig ' el 08,
3 20210 ;—il‘-l_.’ 8 20.219| {14} 9
‘L84S
BIN/I-SEG
g, ™
A, 3209 L an_,
psof-i0
s=dll 4, ¢ e
4760 4
c_iy.._ [ 3 Py 3 . a
) o et |

i ihsisymbols.ane; inamtiidance with ANSIIEEE Std-91-1984-and {6C. Pubtication 617-12.
Fhmmbsmmwnminro..!. N.andemgn.
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SN5446A, *47A, 48, SN54LS47,°LS48,°L.S49
SN7446A, '47A, *48, SN74LS4T7, 'LS48, ’LE49
BCD—TO-SEVEN,-SESMENT DECODERS/DRIVERS

DLS111 — MARCH 1974 — REVISED f

description

The ‘48A, *47A, and ‘LS47 featurs active-low outputs designed for driving common-anods LEDs or- incandescent
Indicators diractly. The ‘48, ‘'LS48, and "LS49 feature active-high outputs for driving lamp buffers or common—cg’tboda
LEDs. All of the.circuits axcept ‘LS49, have-full ripple-blanking input/output.cantrols and a jemp.test Input, The L5349
“efricuit Incorporates:a-direct blanking input. Segment identification and resuitant-displays are-shown below. Display
pattems for BCD input counts above 9 are unique symbols to authenticate input conditions.. - -

The '46A, '47A, '48, 'LSA7, m'mmwmmmaﬂclgadim and/or trallin ¥ éwd-blank&\.gconfrol
(RBI and RBO). Lamp test (LT} of these types may be performad at any time when the BURBQ noda is st a highlevel. - - -
All types fincluding the-'49 and ‘LS49) contain an ovesriding bisnking input {BI), which can be used to-control the
lamp intensity by pulsing or to inlibit the outputs. Inputs and cutputs are eritirely compatible for use with TTL logic
outputs. : . , : ,

The SN54245/SN74246-and*247 and-the-SNE4LS247/SN74L524 7 -and £1.5248-compose-the--and:the- Hwith

tails and ware designed to offer the designer a.choice batween two indicator fonts. .

e ] ] P
3 4 8

F

.1 le 0o 1 2 5 6 7. 8 0 11 12 13 14 15
g NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS
SEGMENT o
IDENTIFICATION
46A, ‘47A, LS47 FUNCTION TABLE (T1)
DECIMAL . e ) : .
R NPUTS _ smmst .pumn’s NOTE
FuncTion | i |@Bi| 0. ¢ 8 A albleclalels]a
o | B |H] L. L L L H "ON ] ON | ON | ON | ON | ON | OFF]
1 Hlxito & L H H oer | on .| on | oFF | OFF | OFF | OFF
2 H Y xX]u L H L H Oon | on JorF} oN | ON JOFE} ON
3 H |l xl o L H H H on Jon |oN | on {OFF | OFE | ON
4 8| x] v H L L H ofFfF fonN [ ON JoFr]OFF | ON | ON-
o Blx}lev H v H H on loFF Jon | Oon JOFF | ON | ON
8 Hlx{e ©B H L H ofFf lore Jon jon { ON O | ON
? #H{x{r H H H H on {-ON | ON | OFF | OFF | OFF | OFF
.8 HExTH o L L. H ON {ON JON [ON-] ON | ON | ON '
g H1X{iH L "L H H on | on | ON |OFF JOFF | ON | ON
10 #H |l x H L H L H oFF |OFF |OFF ] ON | ON |OFF | ON
1. Wi xlu o H H. H offF |0FF | ON | ON JOFF |OFF | ON
12 Hix}i.H ©H L .L H oFf } on |OFF joFF JOFF | oN | ON
13 R ] x1iH- oH L H H on |orf Jorrl on Jorr | on | On
1" H xiIH H H L H OFF JOFF |OFF ['ON { ON.| ON | ON
15 H i XjiH H H H H ofF | oFf |OFF | OFF | OFF | OFF | OFF
8t X | x{1 x x X X L OFF | OFF |OFF | OFF | OFF |OFF JOFF| 2
Ral €41t L L L L L OFf | OFF |OFF [OFF [OFF |OFF JOFF] 3
LT L of-x i x.x x x H On lon Jon jonjon jOoNjON] 4

+ = high lavel, L = tow lsvel, X = jrrefevant - ] . .
NOTES: 1. The Mlm input (B) must be open wh@d&&ahmmwm’wwtmﬂmom 18 ara desired, The
ripple-blanking ingut (FE1) must be open or high it biznking of » decimat zero is not desired. - .

2. When s low logic tavel ‘Is appiled dirsctly to the blanking put T@, ait zegment outputs ara off regardisss of the.lével of any
othar input, ’
- 3.~ When tippie-blsnking input-{RB1) and inputs- A, B; C, and D-are st a low level with the lamp test input high, sil-ssgmant outpuis
g0 off and the rippia-blanking output {RBO) goes 10 5 low level (sesponsa candition). : .
4. Whon the bianking input/rippls blanking output Fs"x'msBs 18 opan or held high and a low is applied to the Ismp-test inpug, all
}2gMEnt GutpUT are on. ) ’ .
ABIIAB0 iz wire AND logic sarving 35 bianking Input (BT} end/or vipplé:blariking outpus (RBO).

"?i TeXAS
INSTRUMENTS
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SNb5446A, "4TA, '48, SN54LS47, 'L548, °LS49
SN7446A ’47A ’48 SN74LS47 ’LS48 'LS49
BCD-TOwSEVEN-SEGMENT DECODERSIDRIVERS

SDLS111_MARCH 1974 - REVISED MARCH 1588

............. z = R 2 9 - oy .'. RS v
‘48, 'Ls48 ;
FUNCTION TABLE (T2} ;
DECIMAL -
orR. | INPUTS | si/am5t A - OUTPUTS . NGTE |
FUNCTION LY RBI| D ¢ B A s b e d e f g
) Hi{R L L L U H H B H H H H L |
. Hi{x]L ¢ & # H L 'H H L L L L i
2 fHIL XL L-H LI H H H L H H L H
3 Hi XL & H H H H_H _H H L L H ;
r Hi{X]lt H L L H |L H H L L H H
8 HlxjL H L H H H L H H L H H
6 Hlxje H H L H L'L H H H H H
7 H]l XL H H H}] H H H H L L L G "
8 [HIX|H L L L H H H H H H-H H| =~
a H]xXIH b L # ‘H H H H L L H H
10 HlXJd v W L H L L L H H L H
11 Hix|H L H H H L L H H L L H
12 HIXTH H L L H L H L L L H H
13 HlxXfH H L 8] =« H L L H L'H H
14 Hixid # v L “ L L L H H H H
15 HiX1H H H H H Lt ot t bt b oLl
Bt XIxiIx X x x L L L L L L WL 2
/81 Hltle L oL oo L L L L L L. L L 3
LT LiX X X xXx x H H H H H H H H 4

H-= high lwul, = low tovel, X = jrrefevant
NOTES:s 1. The bisnking Input (B1) must be cpen or held at a high logie level when output functions O through 15, are desired, The °
ripple-blanking input (RB1) must be apen or high, If blanking of » decimal zaro Is not desired. e
2. When 3 fow logic level Is appnad dtnctly to the blanking input (BT), all- ssgrent cutputs are jow regardizss of the level of any
other input.
3. When ripple-bleriking input (BI) and Inputs A, B, C, and D ore ot  fow lsvel with the lamp-test input high, all segment outputs -
g0 low and the ripple-blanking output {FBO) goes to a low level {responss condition),
. When ths blsnking Input/rippieblanking output (Bi/RBO) is open or hold high and a low is appifed 10 the lamp-test lnput. ait

segment outputs are high, .
1 ¢BI/AB0 is Wire-AND lagle serving’as blanking:input- (Bl).and/or ripple-blenking cutput (m).
‘LS49
FUNCTION TABLE (T3}
DECIMAL
OR INPUTS _ OuUTPUTS NOTE
FUNCTIONID € B8 AJBila b ¢ d e ¢ g
) 1] L L L LIJHIH H H H H H L
.1 L L L HiH}JL H H-L L L L
2 L~ L H LiHIH H L -H H L H
3 L Lt H HIHIH H H H L L B
3 4 L H L LiHfL H B L L H R
8 L H L HIHIB L H H L H H
8 L H H LIBIL L H H H H #H
7 L H H HiHIH H H L L L L 1
- H L L LIHIH H H H H H H ]
] H L L HIH]JH H H L L H H
10 H L H LIHIL L L H H L H
i1 H L H HI#HlL L H H L L H ‘
.12 H H L LIHJL H L L L H H
13 H B L HIHdIH L L H L H H
14 # H H LiHlL L L. H H H H
15 H W H HIiHgIL ‘L. L L & ¢ L
Bl X X X XJLjL L L L L Lt G 2

1 = high loval, L = tow level, X = lrrelevant
NOTES: 1. mbmmmpmtﬁ‘t)mmu-opmwmammm:mmmwmmmomm 15 ere deslrud, .
z.w&m-imnlog!clmkwudmvwmmmmmn.mmeuwmiewnwdnuofm- lmtehmv
other input.

‘@TEXAS'
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SN5446A, *47A, "48, SN54LS47, 'LS48, ’LS49
SN7446A "47A, ’43 SN74LS47, °'LS48, 'L849
BCD—TO-SEVEN-SEGMENT DECODERSIDBWERS

CH 1674 _REVISED MARCH 1558

Supply voitage, VGG (s2eNOtE 1) . o v o« o o e e oo e e e A
Input voitaga ,......................................5.5v
Curvent forced into anyoutputintheoffstste . . . . . . .« o o o o oo v e T e e e e 1mA
Operatmgfree-atrwnperammranw SNE446A,SNB447A . « = » o o s s v o s o+ . =56 gmns:c.
sN?mAgs"?“?A o €« 8 & 8 & ® ©» @ ° ¥ w ¢ O e v 0 ctD70°c .
Smmgemwmmm e e s e e e e & R e e e wo e s e e enes 88w e 8 00 ._ssectolsoc
NOTE1: Volug are with respest to vk ground terminal S -
' recommendad operating conditions
= " SNGadBA . | SNEA4TA SN744BA __SNTS&TA 1T
: . MIN:  NOM: - MAX | MIN. - NOM: MAX-| Mibl- NOM~ MAX MIN: NOM- MAX o
- Supply volug, Vep |45 5 85|45 65— 565|475 5 525|475 § S525|°V
-} Oftstate outputvoitage, Voiosf) | e thrug T30 5] 30 i8] V
Onstate output current, 10(on) 1.8 thiu g 40 40 1 40} mA
Highievel output current, loH | BI/ABO - —200 1 ~200 T —%00] A |
Lowievel output current, In. | BURBO CY I 8| -8 . B] mA
Opmmmmummm.TA - -} —65 126 | -55 1250 O 701 0 70}- °C
electrical characteristics over tecommended operaﬁng free-au- temperatura rarige (unless otherwise noted}
. PARAMETER . Tssrcownmous* MIN TYPE MAX uu’n
Wy  HighJevel inputvoitags | ] . 2 A
Vi, wmtnputvdiagc o j . B o8} V
ViK  inputclemp voltegs ] T [ Voo~ MIN, Ii=—12mA —t8] v~
. Voo~MIN, Vip=2V, ) .
Vou . Highisvel outputvol BI/R80 . 24 3 v
oH o : ' Vi =08V, lon=~200pA 7
VoL Lowleval output voltags BIRBO Vo =MiN, Vi =2V, 0271 04|V
Vi =08V, lgi=8mA -
AP : i Veo= WAX, Vip=2V,
i Off-state output current
Ofoft) athug ViL =08V, Vo(ofi) = MAX 201 wA
] ; Vo =MIN, Vig=2V, .
v, On-stata Sutput v : - cC » VIH
Ofon) stputveitega , ativug Vi =08V, loonl =40mA 03 041 V
: . Any Input -
o .« Texput cusrent at i L volf ; e . . - .- B
b maximum inputvoitege & 5i/RE0 Voo™ MAX, V=55V ... 2 imA
""IH e input.current . Any input y ™ =
High-lavel except BI/AEO Vog=MAX, V=24V 40] xA
Any input ' ] —-1.6
it towdevel input currsnt wxcept BURBD | Veg=MAX, V=04V . mA
: BI/RBED - - -4
fog  Shortcircuit output curvent BI/RBO Vo= MAX i -4 | mA
ice  Suppivcument i Vo= MAX, SNG4 68 _®s¢
Sea Note 2 SN74° 64 103 -
?mendlﬂomwwmuumotmx.mmmrlmvmmiwummwwtwmms
Fantypicat values are et Vg =8 V, T = 25°C.
MOTE2: Igels ed with all outputs open and all inputs a2t 4.5 V. -
swntchmg characteristics, Ve =5 V, TA =25°C
PARAMETER : i TEST CONDITIONS MIN TYP MAXUNIT
1 toft Turn-of f time from A input icot -
{ton __ Tum-on tima from A input CpL=16pF, -RL=1200, oy e
[ togg __ Tum-off tima from RBI input . _ SeaNotw 3 ] 100
ton Turn-on tims from HA! input . o] ™

HOTE 3: Load chrouits and voltags waveforms are shown i Section 1.

‘% TEXAS
INSTRUMENTS
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SN5473, SN54LST3A, SN7473, SN74LS73A
DUAL J-K FLIP-FLOPS WITH CLEAR

L2223 I L MARCH 1988

............................................

® Package Options include Plastic “"Small SN5473, guﬂgigsgsa u ;: OR W PACKAGE
Outline™ Packages, Flat Packages, and SNT4LSTIA ... O OR NmP&

Plastic and Ceramic DiPs

® Dependable Texas instiuments Quality and
Reliability

description o
The '73, and ‘H73, contain two independent
J-K flip-flops with individual J-K, clock, and
direct clear inputs. The ‘73, and 'H73, are
positive pulse-triggered flip-flops. J-K Input is

loaded into the master while the clock is highand . L e s
transferred to the slave on the high-to-low FUNCTION TABLE
transitlon. For thesa devices the J and-K'inputs e s
must be stable while the clock is high. LB L Ll 3 B
The 'LS73A contains two independent negative- L X X XL H
edge-triggered flip-flops. The J and K inputs H JL bt L |0 To
must be stable one setup time prior to the-high- B JL H L |]lH L
to-low clock transition for predictable operation. H L t H]L H
When the clear iz low, it overrides the clock and H IL H H | TOGGLE
data inputs forcing-the Q output low and the Q * '
output high. . . 1S73A
* The SN5473, SN54H73, and the SN54LS73A FUNCTION TABLE
are characterized for operation over the full - NPUTS . | QUTPUTS
military temperature range of —55°C to 125°C. CIR_cik J k| a @
The SN7473, and the SN74LS73A are L X X X L H
characterized for operation from 0°C to 70°C. H ¢ L Llaog Do
H t M LlH L
H ¢ Lt Hi L H
H t H H | TOGGLE
- H H X X}y Gp
FOR CHIP CARRIER INFORMATION, |
CONTACT THE FACTORY

Copyright © 1988, Texas Instruments-Incomporated
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SN5473, SN54LS73A, SN7473, SN74LST3A

DUAL J- K FLIP-FLGPS WITH CLEAR

1883 .. 1983 T i S S
- recommended operating conditions
i ) SN5473 _SNIT3__ | ur
MiN oM MAX | MIN_ NOM MAX Y
Vee  Supply voltsge 45 & 551475 S 528)| V
“Vin Highlavel Inputvoltage 2 s I N REE
V'! Low-fevel input voltags ) 08 0.? ’ v
¥ gy High-Teval output current ' * -04 —'0-:4 l'l‘A
- [L1o1, _ tewlavel cutput current ' . ] - 16 . 18] wA
; CLK high 20 20
ty  Pulte duretion "CLK low 47 47 s
: ) CLA law 25 25 . .
Tty Input setup timé bisfore CLK'Y ' L) 9', "
* 1y !mtﬁuﬂmmﬂmcm& s -~ Q- St ~'~.-9-- . -5
T‘A Opnﬁnnfmadrmcnm -~ 55 125) .90 70 : ‘c

. alectrial charactaristics. over rmmmended operating free-air tamperatura range (un!ess otherwise noted)

£3

SNB473

SNT4T3

T
amnmem _ TEST CONDITIONST MiN_TYPE MAX | MIN_ TYPE MAX u
Vi - Ve = MIN, Clj=~12mA - 18 ' -5 ] Vv
v, Ve = MIN, Vig=2v,  ViL=08v, 24 324 | 24 3s v
; QH loH ™ — 0.4 mA .
Voo ™ MIN, © ViH=2V, ViL=03V, i ;
02 04 02 04 .V
VoL 1 1oL=18mA : :
i Voo = MAX, Vi=55Y i ; |ma
Jar K i ’ 40 .4
A A A B/ = uA
W [ERecik] VCCTMAX Vi=24V 80 80
Jor K ' - 1.6 ~1.6
Y CLR Ve = MAX, Vy=0.4V ~3,2 -32 | wA
CLK : ' : ~32° -3.2
los# Voo = MAX - 20 -57 §~18 —-51 | mA
et Voo ™ MAX, Sse Note 2 0 20 | 10 20 | mA,

.Y For conditions- Mummwmx;mwoawhvﬂmmdﬁcdm recommended operating conditions.
. 3.Al typicel valuas areat Vg =~ SV, TA = 26°C.
§ Mot mors than one output should be shorted at a tme.

1 average:per fiip-flop.

< NBTE 2r-idieibsutputs eptarippdsaneasured with<the Qrand Q outputs hi

glvin tm.: At ths time of measuramant, the clock input

low-level outprat.

NOTE 3= WWMWWGW&:M«\W 1.

is grounded. |
switching characteristics, Vg = 5 V, TA = 25°C (see note 3)
. FROM 1o
&

PARAMETER nruT) 1GUTPUT) TEST CONDITIONS MIN TVP MAX | UNIT
frnax : 15 20 MHe
TPLH R T . ) 16 25 ns
TPHL . Q R =400 0, Cy =15 pF 25 40} ns
IPLH . CLK QME 16 25 ns
_tPHL 4 ] 40 ns

rFfnax =maxireum clock frequency: i -=-propagation delay tme;: Wmmmmwn PHL %«mmﬁmﬁdw tme, Jighssos.

@ TEXAS
INSTRUMENTS
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SN5474, SN54LST4A, SN54S74
SN7474. SN74LS74A SN74S74

DUAL B-TYPE POSITIVE-EDGE-TRIGGERED FL!P-FLOPS WITH PRESET AND CLEAR

SDLS119—~ DECEMBER 1983 ~ REVISED MARCH 1988
e ]

R R R %

e Packaga Opt!on: Inchudas Plastic “*Small SNE474 ... J PACKRAGE
Out&;’g" Pickages, Caramic Chip Cariers s"m“;'m 3:‘::.374&-!; .: C::GV: PACKAGE
and Fiat Packages, and Piastic and Ceramic SNTALSTAA, SN74S74 . . . D OR N PACKAGE
DiPs ' (Y0P VIEW)
aemw | 100

. o , teud

dascﬂption 1PRECH

Thess devices contsin two. independent D-typs 1a]

positive-edge-triggered: fiip-flops. A low level -at the _ 1a(]

presst or clear inputs ssts or resets the outputs GNDG

regardipss of the lavels of the other inputs. When presat

anddearanhacﬁvﬂlﬂgm.mnmebhputnhgﬁng ) SN5474 . . . ‘W PACKAGE

the satup time requirements are transferred to the (TOP VIEW)

cutputs on the positive-going edge of the clock pulse.

Clock triggaring occurs at a voltage level and i not 1ckD

directly related to the riss time.of the clock pulse. 100

Following the hold time intarval, data at the D input may 1CIRL

- b changed without atfecting the levels st the outputs. z\é&gg
The SNG4' fanﬁykcb&acta&ndferopenﬁonmm : 20(]
full military temperature’ range of —55°C o 126°C. 2CLKE
ﬂwsmffamWischammbedforopmfmm
0°Cto70°C.

" FUNCTION TABLE
INPUTS QUTPUTS
|PRE _CIR_CLK D | a Q |
L H X XxXIH L
H L X xiv H
L L x x|ut ut
H H t H|# L
H H L4 Lit H
H H L xfa T

BTRE Gutpue ‘Iw mMeu!lguMon are not gusrantead
to mest the minimum levels in Vo if the iows st preset
énd clear ora nser ¥y maximum. ‘Furthermors, this con-
figuration is nonstable; that Is, It wilt not persist.when
elther preset or clsar returns 1o its insctive (high) fevel,

NC - No intsrnal connection
logée symbol$
" logie diagram {positive logic)
Aenma— ‘ - .

s S SR

1w o 6) .=
1éin oy 213
zrre 0D )
L {12) : =
2oL QSIS ( 2a

*mmhmmmwmwsmsu
~and IEC Publication 617-12.
Fhmmdwmmfctﬂ £, N, and W packages.

- e - & ; A o ’ 5 PR % =
Wmumwmmuw >
SRR W Tryas
INSTRUMENTS
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SN5474, SN5ALST4A, SN54S74
SN74T4. SN74LS74A, SN74S74

-DUAL D-TYPE PQSITWE-EDGE-TR!GGERED FLIP-FLOPS WITH PRESET AND CLEAR
’ ‘ . LS119— DECEMBER 1983 - REVISED MARCH 1988
recomimended operating conditions
) SNB4LSTAA SN74LS74A UNIT
MIN NOM MAX | MIN RNOM MAX .|
4 Voo Suepiyvoltege . . 45 5. 55478 § 825} V
 Vig High-eval input voltege 2 2 1y
e - 07 o8] V
Vi, Lowdevel input voltsge ° — * :
lo . High-level output current 04 =04 | mA
oL Lovelovel cutput current 4“ o . 8 mA
fooék  Clock frequency 0 2545 .-0 25 | wHz
’ CLKhigh .25 5 .
te.  Puledumton PREorClRlow | 25 5 ,
) o High-tave! dats 20 20 s
s Satup dmn-hefora CLRy Low-levej dato 20 1 2z o
t . _Hold timedsta after CLK 5 . 3 — o
TA Opamﬁng frosair umporawrc ) - 55 125 9 70 ) °C
alactneal characteristm over rec:ommended operating free-air mperaturo range (unless otherwisa notad)
) SNSALETAA SNT4LSTAA
} m- TEST CON mmt. umr
, Pmm T ot MIN TYP$ MAX Mm TYPE MAX
Vik Vg =MIN,  Lij=—18mA . '-15 —ts v
Vg = MIN, Vig=2V, Vi = MAX, ; N -
v, R, 25 34 27 34 v
o 1o » —04 mA : 5 _ ,
Ve = MiN. VIL=MAX, Vi =2V, 025 04 025 04 ,
VoL  lopL=4 mA - - v
_VccBMIN T VL =MAX, Vig=2V, 035 05
loL=8mA : ) )
[DorCLK | B 01 0.1
1 - - 4
{] -ﬁm_ TRE Vec M,Ax" Vi=7 v . 02 ‘ 0. 2 mA
Dor CLK . .20 2
I -
MM EReerRE| VooTMAX,  Vim27V % C
“foorcik ' . —04 —04
1
{18 R orPRE Voo = MAX, V=04V o8 58 mA
os8 Vee = MAX, SeeNote 4 -0 - =100 |} —20 —~100 | mA
Hoe Fotsl) - . Mgc=MAX, ~ SseNote2 4 B '} 8| mA

% por conditlons shown a5 MIN or MAX, use the sppropriate value specifisd undsr recommended operating condidons.
£ All sypicsl veluss sre st Voo =5V, Ta = 25°C.

g, Nmmm-nmommemmmmuulm,mdm

NOTE 23 With alt outputs opan, lec Is measured with the Q and G outpu
’ srounded.
NOTE 43 For «tuln U hers stete

ons lnlf of their stated vuluu.

switching characteristics, VCG = 5 V, TA = 26°C ({ses note 3)

duration of the short-clrcuit should not exceed one sscoid.
umg\mmm. At the tims of messirement, the clock Input it

twtion can be caussd by shorting sn output 10 ground, sn equivaunt fest may be parfermesd
with Vg = 2.28 V and 2.125 V Zor the 54 family and the 74 family, respactively, with the minimum end Meximum ﬂmiu reducad 19

| PARAMETER “2:?;', ) (ou?;un TEST CONDITIONS MIN-TYP  MAX | uMIT
| fmax L L. 3 - 33 | MHz
:ﬁ: iR, PRE er CLK aee@ | Lok Cu=159F '. ;: ii = '
Nots 3: Losd circults snd voitage weveforms ere shown [ Section 1. -
ot e s e SRR

B Tixas

INSTRUMENTS
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‘SN5486, SN54LS86A, SN54S86
SN7486 SN74L886A SN74586
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDLS124- DECEMBER!Q‘I‘Z REV!SED MAHCH‘!QB&

@ Package Options Include Plastic **Small SN5488, snm snsg:ay: ch'c’s ga W PACKAGE
Qutiine” Packages, Ceramic Chip. Carrers .. :
and Flat Packages, and Standard-Plastic and SNTALSBEA, SN74306 . .. D OR N PACKAGE
Ceramic 300-mil DIPs
® Dependabla Texas lnstmments Quality and
-Rallabﬂiiy
TYPICAL AVERAGE TYFICAL
TYPE PROPAGATION TOTAL POWER
: DELAY TIME DISSIPATION
‘g8 i4ns 150 mW
‘LSBBA - 10 ns 30:6 mW
588 708 “250"MW
description

‘These devices contain four independent 2-iriput
Exclusive-OR gates. They perform the Boolean
functionsY = A @ B = AB + AH in positive
fogle.

A common application is-as a truelcomplement
element. If one of the inputs is low, tie other
-input ‘will be reproduced in'trua form at the
output. If one 6f the inputs is high, the signalon”
the other input will be repmduced inverted atthe
output.
The SN5486, 54L.S86A, and the SN545886 are
characterized for operation over the full military
temperature range of ~55°C to 125°C. The
SN7486, SN74LS86A, and the SN74S86 ars |
characterized for operation from 0°C to 70°C.

exciusive-OR logic

An ;:d!:mwa gate has many appllcaﬂons. some of which can be represented better by alternative logic
symbol

T SD- =D —D— D

These are five squivalent Exclusive-OR symbols valid for an ‘86 or ‘LS86A gate in positive logic; ne_getiori
maybeshown at any two ports. : ~ :

Losscmmrmamaa : . EVEN-PARITY ODD-PARITY ELEMENT
emael 28 _ ——— 2K ] g e o

The-cutput is active {low] if a . The output I8 active {lowl] if an The-output I8 sctive (high) if-an-

inputs stand st the sams logis mmdmmm.ou odd number of inputs (Le., only 1°

favel {Le., AnB). 2} are activa. of tha 2) ere sctive.
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SN5486, SN54LS86A, SN54586
SN7486, SN74LS86A, SN74S86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

DLS124-DECEMBEH 1972-HEWSED MAHGH 1988 .

R R XRET

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

Supply voltage, Veg (seeNote 1) . . . . . . - . . Ce e e e e e e e e e e v
INPULVOIAge . . « . o « s o 4 s o 0 o« N I 885v - -
Opwaﬁngfree-awtanperammmnge SN5486 e h ele ee e s e e e s N —55°9t0125'c
SN7486 . . . . . . . . - e e e . ... 0Cw70°C
@ : .
StOrsgatBmperatur rangs. . . . . o .« s s e e e 4 e s e e e s sie e sa s -65°Ct0 180°C
PSOTE 12 vm'f ere with remect 1 vk ground terminal = e
recommended operating conditions , ,
. SN5488 -SN7488 oNIT
: MIN  NOM MAX | MIN _NOM MAX
Supply voltags, Vo 45 & 55415 5 628| V
High-level cutput current, IoH .- —-860 . —~800| pA
Low-level output cument, It ; _ 16 | 16 | mA
Omtmgfm-m mmwamn.TA -85 i 125 ,0 i 70} °C
electrical characmmﬁa over reeommended operating free«au- tempewature range {unless otherwise nomd)
: : SNS4Bs | SN7486
t uNIT
_ PARAMETER , TesTeonoimons! e T YRR MAX]
Vi High-level input voltage o 2 2 - v
Vi Lowlevet inputvoltage . 08 08] V
Yk Inputclamp voltage Voo =MIN, fp=—8mA . .17~ —-1.5 -1.5f V
. I Vec=MIN, Viu=2V, . .
Vou High-leval tvol 4 3 34 v
o1 W cutputvolies Vi =08V, IoH =-=800pA 2 4 24
; Vcc'?:ﬂ-N. Vi =2V
Vi L.owlevel output vol 0. 0.4 0.2 04l V
oL ~ toge ViL=0.8V, loL=16mA 2 b
5 tnput current at maximum input voltags "Veg=MAX, Vp=55V ’ 1 1] mA
$iy  High-level input current Voo =MAX, Vy=24V g 40 40] #A
#1.  Lowlewe! inputcurrent Ve = MAX, V=04V . -1.6 ~1.6] mA
fos  Short-circuit sutput current Vee = MAX --20 = -56'1 -18 -~55 | mA
fgc  Supply current Ve = MAX, SeeNats 2 30 a3 a0 50] mA

. YEor eonditions shown a8 MIN or MAX, use tho appropriste value spacified under recommendad opérating conditions for the applicable type.
$ a1 typical valves sre st Vg = 6 V, Ty = 25°C,

§ ot more than one output should be shorted at a tirhe. - .

NOTE 2: Igg Is messured with the inpuummkd and the outputs cpan.

swmhmgchamctenstm V=5V, TA= 25“0

FROM :
PARAMETERT §
- ' (INPUT) TEST CONDITIONS MIN TYP MAX|UNIT
PLH
PHL - Aor . Other input iow Cy > 15pF, :f 3: ns
= T,
P AdrB i i :LN:QOS ACHNEN I
PHL } Other inpust high ee tc. 3 3 s
Tepysy = pmpamﬁm delay time, low-to-high-tavel output
tpHL = Propegstion delsy tims, high-to-low-fevel output
NOTE 3: wmmmmvmmmmmm 1.
oy e e e s
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products orto discontinue
any product or service without notice, and advise customers to obiain-the latest version of relevant information-
to verify, before placing orders, that information being relied on is-current-and-complete. All products are sold -
“subject-to-the-terms and-conditions of sale-supplied at the time of order-acknewledgement;-including those -
pertaining to warranty, patent infringement, and limitation of liability,

Ti-warrants performance of its semiconductor-products to the-specifications- applicable-at the ime-of salein-~
accardance with TP’s standard warranty. Testing and other quality control techniques are utilized to the extent
Tideems necessary to support this warranty. Specific testing of all parameters of each device isnotnecessarilly =
performed, except those mandated by government requirements. ' ' D

*CERTAIN APPLICATIONS USING-SEMICONDUCTOR-PRODUCTS MAY. INVOLVE:POTENTIAL RISKS-OF-
-DEATH, “PERSONAL INJURY; OR-SEVERE- PROPERTY-OR ENVIRONMENTAL*BAMAGE-({CRITICAL"
APPLICATIONS"). Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE ‘SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOODTO
BE FULLY AT THE CUSTOMER'S RISK. Co

In ofder to minimize risks -associated with the customer’s -applications, adequate design and opefating"
safeguards must bs provided by the customer to minimize inherent or procedural hazards. :

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any licenss, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Ti covering or relating to any combination, mathine, or process in which such
semiconductor-products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsément thereof,

Copyright © 1999, Texas Instruments Incorperated
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SCLS470A ~ MARCH 2003 - REVISED OCTOBER 2003

Wide Operating Voltage Range o2V to 6V
Low Input Current of 1 pA Max
High-Current Outputs Drive Up To

10 LSTTL Loads

SN54HC109 ...J OR W PACKAGE

Low Power Consumption, 40-pA Max Icc
Typicaltpg=12ns
+4-mA Output Drive at5 V

[ i

SN54HC109 . .. FK PACKAGE

SN74HC109 ... D, N, OR NS PACKAGE (TOP VIEW)
(TOP VIEW) x olf
P— Q
1CLR [ 1 UTﬁ],Vgc_ 2282 21
e  sfJ2CLR
— - 3 2 12018
1KIs  14fla 1K 4 18} 24
1oLk 14 . 131K 1ctk s 170} 2K
1PRE 5 r2fl2ck Ne s Csline
1alle  n[l2PRE 1PRE 7 15% 2CLK
a7 o]l 2Q Qs 141} 2PRE
GND[B 9]26 9 10 11 1213 |

description/ordering information

EEFEE

NC - No internal connection

These devices contain two independent J-K positive-edge-triggered flip-flops. Alow level at the preset (PRE)
or clear (CLR) inputs sels or resets the outputs, regardiess of the levels of the other inputs. When PRE and CLR
are inactive (high), data at the J and K inputs meeting the setup-time requirements are transferred fo the outputs
on the positive-going edge of the clock (CLK) pulse. Clock triggering occurs at a voltage level and is not related
" directly to the rise time of the clock pulse. Following the hold-time interval, data at the J and K inputs can be
changed without affecting the levels at the outputs. These versatile flip-flops can perform as toggle flip-flops by
grounding K and tying J high. They also can perform as D-type fiip-flops if J and K are tied together.

ORDERING INFORMATION

™ pacicacet | g
POIP - N Tube of 25 SN74HC100N SN74HC109N
Tube of 40 SN74HC109D
-40°Ct0 85°C | SOIC-D Reelof 2500 | SN74HC109DR HC108
Resl of 250 SN74HC109DT
SOP - NS Reelof 2000 | SN74HC109NSR HC109
“feor-J Tube of 25 SNJB4HC109J SNJB4HC108d
-55°Cto 125°C | CFP - W Tube of 150 SNJS4HC10aW SNJ54HC108W
LCCC - FK Tube of 55 SNJBAHC109FK SNJB4HC108FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.tl.com/sc/package.

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears al the end of this data sheet.
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REVISED OCTOBER 2003
FUNCTION TABLE

INPUTS OUTPUTS
PRE CLR CLK 4 4 Q [
L H X X X H L
H L X X X- L H
L L X X X HT HY /
H H t L L L H
H H t H L Toggle
H H T L H Q Qo
H H 1 H H H L
H - “H L X X Qo

1 This configuration is nonstable; that is, it does not persist
when either PRE or CLR returns to its inactive (high) level.

logic diagram, each flip-flop (positive logic)
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SCLS470A - MARCH 2003 - REVISED OCTOBER 2003
e

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

Supply voltagerange, Vo - covveieraeiiiennn e e e e

Input clamp current, ik (Vi< 0orVi>Vee) ... ..

" Qutput clamp current, log (Vo <0orVo>Veg) —-vvoee et
Continuous output current, lg (Vg =0to Veg) +oovvvv i
* Continuous cutrent through Veg or GND ... ooocoin it

Package thermal xmpedance 8y (see Note 1): D package

N package ............. s R 67°C/W,
NS package ......... e e 64°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FX, J, or W packages . 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or NS packages . . 260°C
Storage temperature range, Ttg o cvvveeri e R e . -65°C to 150°C

_t stresses beyond those listed under "absolute maximum ratings” may cause permanerit damage to the davice. These are strass ratings only, and
functional operation of the device at these or any other condilions beyond those indicated under “recommended operatmg conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rellability.

NOTE 1:

The package thermal Impedance Is calculated in accordance with JESD 51- 7

recommended operating conditions (see Note 2)

SN54HC108 SN74HC109

NOTE 2:

MIN NOM MAX| MIN NOM MAX UNIT
Voo Supply voitage 2 5 6 2 5 6 A
, Veg =2V 1.5 15
Vi Highlevel input voltage . [Veo=45V 3.45 . 3.15 . v
: Voo =6V 4.2 . 4.2
) L Veg=2V 0.3 0.5
kv”_ . Low-level input voltage ) Vog=45V 0.8 ©186) v
. Voo =6V 1.2 1.8
vy Input voltage 0 Veel O Voo \
Vo Qutput voltage 0 Voo 0 Voo \
) Vog=2V 1000 1000
AAv  Inputtransition rise/falt time Vg =45V 500 500 | ns
Voo =6V 400 400
TA Operating {ree-air temperature ~55 125 -40 85 °C
All unused inputs of the device must be held at Vg or GND to ensure proper device operatlon Refer to the T application report,

implications of Slow or Fioaling CMOS Inpuits, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

POST OFFICE BOX 665303 * DALLAS. TEXAS 75285

L TA =25°C SNS4HC108 | SN74HC109
PARAMETER TEST CONDITIONS Voo W T Ak e wa ] mn mAx] Un
2V 1.9 1.998 1.9 1.9
IOH = ~20 pA 45V 4.4 4.499 4.4 44
VoH = Vi or Vi, 6V 5.9 5.999 5.9 5.9 v
10K = ~4 mA 4.5V 398 43 3.7 3.84
10K =~5.2mA BV 548 58 5.2 5.34
2V 0.002 0.1 0.1 0.1
loL = 20 pA. 4.5V 0.001 0.1 0.1 0.1
Vou Vi=Viqor Vi 8V 0.001 04 0.1 0.1 \Y
et ) loL=4mA 45V 047 7 0.26 0.4 0.33
oL = 52 mA 6V " 015 0.6 0.4 0.33
Iy =Vggor0 6V 401 +00 +000 #000| nA
I Vi=Vgoor0,  ig=0 BV 4 80 40| pA
[ 2Vio 6V 310 10 10| pF
timmg requirements over recommended. operatmg free-air temperature range (unless otherwise
noted) i
TA=25°C | SN54HC10§ | SN74HC109
VeC N wmax| miN max| mn o max| N7
2V 6 4.2 5
felock ~ Clock frequency 45V 31 21 251 MHz
5V 36 25 29
2V 100 150 125
PRE or TLR low 45V 20 30 25
; 6V 17 25 21
tw Puise duraton 2V | @ 120 100 ns
CLK high or low 45V 16 24 20
8V 14 20 17
2V 100 150 125
Data (J, K) 45V 20 30 25
S ) 6V 17 25 21
tgy , Setup time before CLK?T .y 5 P P ns
PRE or CLA inactive 45V 5 8 6
6V 4 7 5
e 2V 0 0 0
th " Hold time Data after GLK T 45v] 0 0 0 ns
' ) 8V 0 0 []
? Texa
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switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF

(unless otherwise noted) (see Figure 1)

Ta = 25°C

FROM TO SN54HC109 | SN74HC109
PARAMETER (INPUT) (OUTPUT) VCC [N TYP WMAX| MIN MAX| MIN MAX| N0
2v 6 10 42 5
fmiax 45V 31 50 21 25 ns
BV 3 60 25 29

2v 80 230 345 290

PRE or CLR Qord 45V 15 46 69 58

8V 12 39 59 49
tpd, 2V s 178 250 20| ™

CLK QorQ 45V 15 35 50 44 |

B BV 12 30 42 37

) 2V 28 75 110 95
n QorQ 45V 8 15 2R 19| ns

6V 5 13 19 16

operating characteristics, Ty =25°C
PARAMETER TEST CONDITIONS | TYP| UNIT
Cpg Power dissipation capacitance per butter/driver No load 35 pF
P
{/
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