" TRAFFIC LIGHT CONTROL USING INDUCTIVE LOOP SENSOR
e

Nazmi Syamimi Azmi

-DiSScrtaﬁdn:.jé'abmiﬁed in partial fulfilment 'o'f .
' ‘_:the requirements for the - B
- Bachelor of Engineering (Hons) -
(Electrical and Electronics Engineering)

JUNE 2007 ~

Universiti Teknologi PETRONAS
Bandar Seri Iskandar - |
31750 Tronoh -~ =~

Perak Darul Ridzuan



CERTIFICATION OF APPROVAL

Traffic Light Control Using Inductive Loop Senisor

by

Nazmi Syamimi Azmi

A project dissertation submitted to the
.. Electrical & Electronics Engineering Pngx-amine
© - % Universiti Téknologi PETRONAS | |
in partial fulfilment of the requirement for the
'BACHELOR OF ENGINEERING (Hons)
(ELECTRICAL & ELECTRONICS ENGINEERING) -

Approved by,

M

" (Dr John Ojur Dennis)

. UNIVERSITI TEKNOLOGI PETRONAS -
TRONOH, PERAK

June 2007

ii



CERTIFICATION OF ORIGINALITY

This is to certify that 1 am responsible for the work submitted in this project, that the

. ongmal work is - my own - except as spe01ﬁed in  the references and

acknowledgements and that the orlgmal work contamed herem have not been: e

undertaken or done by unspeciﬁed sources or persons

i)



| ABSTRACT g

| The purpose of thlS study is to de51gn a smart traffic hght Which consists of a sensor to
detect the densxty of cars wa:ltmg along a parncular lane. The mam obJectrve isto desrgn
a workmg traffic light system mterfaces wﬂ:h the inductive loops Sensor. The experu:nents
- and mmulatrons are done to mvestrgate the behavior of the inductive s sensor wrth metal
presence From the expemnental and snnulat:lons results, the best perfonnance of
_mductrve sensor is chose The sequences of the hght of each lane are reset according to
the state of the car density. The lane with longer queue has a longer tu:ne passmg than a
" normal queue. The lmplementanon of the mduetWe sensor is to count the number of
| . vehicles i in a partleular lane per umt time. The sensor will act as an mput counter to. the '
Itrafﬁc hght circuit. The traffic hght controlier will evaluate the mformatlon whether to
give a long time and green hght pnonty or a normal light sequence with a normal tnnlng
- delay. The final product of this pro_]ect which is a prototype 1s constructed to demonstrate |

- the traﬁic hght controller w1th inductive loop sensor.
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CHAPTER 1
' INTRODUCTION
1.1 BAC_KGROUND STUDY -

In Malays:a or any developmg country the traffic hghts are cruc:al for busy street as a
result, most of the junctlons must have traﬂic lights to smoothen the traffic flow. Wn‘h the

-'mcreasmg numbers of automobﬂes, _senous action should be taken -especially in the |

. :'!development state or: mdustnal areas in ones. country The traffic congestlon in the state . & -

- capital and mdustnal areas are the worst As a result, the effectlveness in reducing the

traffic: congestlon is: yet to be agued In other to keep the traffic moving " smoothly,' o

~ Malaysia needs to have efﬁclent trafﬁc llghts Apparently, the conventlonal des1gn has -
 failed to reduce the traffic congestlon, By jllSt usmg counters dunng changing of hghts is
: nevertheless not an efﬁclent way to solve heavy densxty traffic. As a result, there isstillin -
need of pohce traffic to control the trafﬁc regardless to the traﬁo hght

As a solution to the above lnenﬁoned problem, a trafﬁe light with ‘'sensor can be - -
nnplemented 50 that the traffic is in the best management. In keepmg ‘with the scOpe of
the Final Year Pro_lect this traffic light should have 2 sensor that can detect the numbers |

- of cars. The type of sensor whlch will be used is welghted by its efﬁclency and cost m_'

: mplementmg and mamtammg it. .An addztlon feature of the traffic 11ght 1s the hght

sequences can be determmed by the controller w1th the help of the sensor



1.2 PROBLEM STATEMENT

Currently, Malaysia is using the basic counter traffic light to change the light _Secjuenoes_.
However these fype of traffic light are limited to the pfogrammed 'sequer_ices as they have .
been predetermined for the time eIapsed between each light sequences. In most areas, the
- lane with fewer cars- has the same lengﬂl of tlme for the cars to pass through between -

each lane

There are a lot of techniques to enhance the capablhty of the traffic hght. By adding a .
suitable sensor that ean count number of cars queumg, it can change the light sequences.
As a result, the sensor can shorten the length of time for the traffic hght w1th less cars and. o

) glve way to the iane in whlch has more cars queulng

- Kithér problem is that the basu, counter wﬂl just a]located certain amount of tlme as. i o

predetermmed by the programmer A heavy lane tends to have a long queue The traffic =

hght will pass a few number of cars although the lane can accommodatc a few more cars.
As a result there isa Jam in the traffic and. cars have to walt for mayhe third green hght.
before moving’ forward Consequentiy, the lane may have a very Iong queue and even '-

WOrse dunng peak hours which can aﬁ'ect other lanes

1.3 OBIECTIVES |

" The ob_]eetwes of tIus pro_]ect are; _ L :
. To attam knowledge in depth about the traﬂie hght eontroller and mductlve loop
_ sensor. - ' ' :
» Todesignand construct an mtelhgent trafﬁc hght. '
e To desxgn and construct an mductlve loop sensor -
'-_ To bulld a prototype of t:aﬂic hght



- 1.4 SCOPE OF STUDY

The scopes of study consist of 1dent1fy111g the problern problem deﬁrutlon, research
speclﬁcanons, decision makmg, smmlatlon and modelmg, evaluatlon, documentahon and

oral presentanon

Table 1 summarizes the activities that w111 be carned out to achieve the ob_]ectlves of
Final Year Pro_ject ' '

" Table 1: The e Activities
ACTIVITIES
| Identlfymg needs _ _ __
e Brainsom e b g e e
Problem deﬁmtlon .

" Conduct hterature research .

Analyze and cntlclze researeh outcome S

& List shortcommg problems

Research | _
. Colleet data of existing cleaning devices
. Personal observation _ |
e Consult lecturers techmcmns & mdlviduals” :

Speelficatlon _ _
. Trafﬁc light circuit dev1ces
Sensor selectlons

. Matenal_s used in the design

' Decisi_on making AR
o Efficiency & practicality
| o Material

"« Features

. _Cost




Simulation and modeling
o Design the circuitry and electrical components of the devme
» Construct the mechanism of the des1gn '

B Design an ideal place for sensors

| Evaluatlon of the system
. Practwah_ty & ease of use __
»  Efficiency of electrical com]ﬁonehts
» Efficiency of mechanical equipﬁi_ént _
. | '_Cost éffecti{'eﬁess & reliability |
. Integnty and perfcrmance of the d651g11

. Overall aspects

R Documentatmn

1 e Pro_]ect proposal
. Prehmmary report

| . _Logbooks

. Progress.report

. Draft report
e Final i‘epoft

[ Oral presentation




The plan and the flow of the process can be summarized in Flgure 1.

Constraints <:| Problem deﬁriit_ion

i1

Supervisor’s view 5 ' Research

Data Anaiysis‘ '

Decision Makmg |

Conceptual Design

U

Feasibility Studies

T

Detail Design’

 Construct Model

~ Presentation

Compilation of
- Final Report -

=

l

- Identify Needs

Library and internet

 Choices/Alternatives |

. Sketches

Technical drawing

Test/Adjustment

Figure 1: Flowchart of Plan and Schematic Flow Process
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CHAPTER 2
BACKGROUND STUDY/LITERATURE REVIEW

2.1 TRAFFIC LIGHT

In order to model a car’s movement throughout the traffic enwronment, time and space
have been discretized. For each dlscrete time step, a car is located in one dlscrete space

until the next time step in wh1ch the car may be able to move forward to next space or.'

. Just stay in its current posmon, dependmg on the condition of the s1tuat10ns For every % -

trafﬁc llght there is a queue consmtmg of a numbers of cars in the dlscrete space. Hence, - o0

every lane has its own queue. As each car attempts to move forward, the next dlscrete_' |

space must be empty or else the car cannot move and must stay at its current space. This

process relatcs the cars and the traffic hght ‘The car at the front space will remain there
untli the trafﬁc hght turns green and all the discrete space at the back can only be moved
if the first car of the lane moves forward and empty 1ts cutrent space [21. :

The best way to explam parts in the traffic hght circuit is by usmg a block dxagram The
trafﬁc light as shown in Figure 2 consists of 4 block diagrams which are the sequential

logic circuit, timing circuit, state decoder and the traffic circuit,



Sequential logic circuit
“ e. & State decoder, output .
logic and trigger logic Interface circuit Traffic unit

| cn'c_:mt circuit
»| Vehicle 2bit '
| Semsor Gray _
— code . » o
. Red P =
S S I
Yellow , R
Green | - .
Long short clk Yellow | - '
Timer timer | Green | | - . |

Timing circuit

Figure 2: The Traffic Light Block Dia_gram N

_ There are many reasons why the new unplementaﬁons are innovated. There are vanetles
of deSIgns done mostly in the urban developing country. Efﬁc:ent dcs1gns are very
important to accommodate and control the traffic flow. The follomng hst stated about the

current traffic lights designs:
e Traffic light with counters which use a basic coi_:!nte_r to change the light
sequences. o '

e Traffic light with motion sensor such as ultrasonic or infrared in wl:uch the

sensor will sense the incoming cars. _
» Traffic light with inductive loops as a sensor to sense the electromagneuc'

field created when conductive objects enters the areas.




2.1.1 Traffic Light with Counter

This type of design is a very classic and common. design foi' traffic lights. The light
sequences are based on predetermined data such as time of the day or traffic flow and
other related data such as holidays or peak hours. The implementation of this type of
design is simple as the systcms have to be programmed according to the predetermined
data and can be extended to any desired criteria depending on the sxirvey done with a
little ideas of programming, the traffic light is programmed so as to accommodate the
hohday traffic pattern, peak hours traffic pattem or time in with heavy traffic pattem The |
light sequences transitions are all controlled by the programmed data.

2.1.2 Traffic Lighjt w1th Moﬁon Sensors R S

Mostlj? the motion sensdrs are ultrasomc sel;sors and mfrared sensors. The sensérs will
sense the incoming cars and send the data to microcontroller to analyze the data. The |
" microcontroller will con51der Whether thecars Qﬁeue is mlpng or short. If the queue is long
the microcontroller will give a longer time for that particular lane so that more cars can
pass through the junctlon '

2 1.3 Traffic nght with Inductive Loops

An induction loop or inductive loop detector which is simply a coil of wire embedded in
the road surface. The coil is used to detect conductive objects such as metal, It 1s
applicable for cars, motorcycle and even the bicycle. The pnnclple of operatlon is a
changmg inductance which changes the frequency of an oscillator of which the inductive
loop forms a part. In order to install the inductive loop under the road snrface, _they lay
the asphait and cut a groove in the aspha]t with a sharp object which is usually by usmg |
the wire coils are placed in the groove and sealed wath a mbbery compound As for that, |
the loops can be seen through naked eyes compound is obvious. Inductive loops work by
detecting a change of inductance.



After conducting this research, it is best to choose a design with high efficiency and
reliability to be implemented in order to replace the classic traffic lights.

2.2 SENSORS

When the sensor detects a longer queue, the timing will slightly change. A car is located
in one discrete space, until the next step at a point in which the cars can move forward to
the next space or stay at the point depending to the traffic light sequences. In front of
cach traffic light, there is a queue to répresent the number of users of discrete spaces.-r
Sirhply to say, each lane or street has their own queue. At each step, the user will attempt
td mdve forward.'to the next empty disérete space. Ifthere 1s a car alréady ﬁlled the spacé _
then the car at the back cannot move and must stay at its posmon at the current space It
is also to the front car, the car cannot move until the other front car is moved orin tlns
. case, waiting for the traffic lights turn to green. When the traffic light is green, the car ¢an.
. move forward and removed from its currem‘que.ue 'assumihg there is no car ahead. Tt is-
- important to make sure the movement will not lead to any blockage to the other traffic or
incoming trafﬁc The other traffic should be moving smoothly. .

The careful selection of sensors is important and essentials. Sensors are external detecting
devices that represent the environmental circumstances surrounding the traffic. They are
used to give feedback to the nucrocontroller of the length of cars.

2.2.1 Ultrasonic _Senso'r

in addmon to that, the ultrasonic sensors are being constdered to be implemented on the
traffic hght to monitor the traffic. Ultrasomc sensors are cheap and easy 1o implement

- compared to above explained sensor. Ultrasonic waves travel slowly at the speed of
sound, so it is possible to measure the flight time of the wave. In addltlon, the size IS :

small, low weight, have a wide range detection capability and reasonable accurate.



The sensor will sense the object (automoblle) The echo from the transmitter reﬂected
from the ulitasonic wave will then be collected by the receivers. After that, the wave will
be sent to the microcontroller and if the long queue is detect, the rmcroc_:om_mliex_‘ will

reset the current traffic light and give way to the longer queue.

In order to increase the accuracy of the sensor, there will be two receivers for one traffic
light. As a result the scanning resolution can be increased and the operating 'rang_e can be
adjusted. | ' '

2.2.2 Electromagnetic Sensor

R '"ﬁlecﬁoﬁiagneﬁc sensors are the sensors that cai)abl'e of deieeﬁhg the changes. in the *
'I'electromagnetxc field caused by moving metal. This g{pe of sensor does not conmder the
vehicle’s weight. It reacts to only the presence of metal for every vehicle has a body of
metal When a ferromagnenc metal is 1ntroduced to the balance of the circuit, the circuit
.reacts As a result, an inductance change wﬂl also aﬂ‘ect in current and voltage that will
- trigger a relay to switch the lights. These sensors detect large masses of metal and a

:tounng bike surely quahﬁes ' o

In each trafﬁc light, a sensor is 1mplemented that can detect the queue of each lane This
type of the sensor. is capable of countmg the number of discrete time steps the car has
been located in this position. For each car commg and fill the empty discrete space, the

‘sensor’s counter is incremented by one [7].

Electrornagnetlc sensors are often known as inductive loops sensors. These kinds of
sensors are one of the examples of demand actuated traffic sggnals These sensors sense
the flow of the traffic before changing the state trans_mons in order to control as a result,
optimize the traffic flow. ' | |

An inductive sensor works when a conductive object which is any ﬁ{pe of objects made

of metal such as cars, bicycle and motorcycle enters the area over the inductive loops, the

magnetic field generated by the alternating electric current in the signal detector circuit

10



induces weak electrical currents in the conductive object. This change in resonaﬁt
frequency in which an increase in frequency as the inductance decreases is detected-b_y
the circuit instrumentation in the signal controller which the signal will control circuit
that a vehicle is present [2]. ' |

The advantages of using the inductive loop detectors are that they are an established
technology. nowadays and they have a well defined zone of detection, and they are
generally reliable. B

o Inductive loops detector applicable in all Weaﬂ:ler. _

o Itis the most consistenﬂy e.ccurate detector in terms of vehicle detection.

»  The inductive loops best performs both high and low traffic dens1t_y

Inductive loop detectors have the lowest ﬂow &mor spec:lﬁcatlons accordmg to

most expenments done.

The construction of inductor is done by using a coil of conducting material in which the |
copper wire _i.s wr'apped" around a core or any ferrom'agneﬁc material or simply in the'air
space. Core materials with a higher permeability than air confiric the magnetic field
_cloéely to the inductor, thereby increasing the iﬁduct_ance. As a result, the sﬁ’engfh"of

inductance is incfegged by using a hi_gh permeabili_ty' material. '

Inductors come in many shapes, Most are constructed as enamel coated wire wrapped
around a ferrite bobbin with wire exposed on the outside, while some enclose the wire
completely in ferrite and are catled shield. Ad,_]ustable core can be used to 'enable the

changing of the inductance. Inductors used to block vegr high frequencies are somenmes 3
made with a wire passmg through a femte cylmder or bead 3]

Therefore another type of inductive loop known as quadrupole loop is mtroduced to
enhance the sensing capability of small “object detectlon with limited metal for an
example blke and bicycle. The sensitivity of an mductlve sensor depends on ceri}am
variables. The sensitivity is affected by [2]: '

e The size, shape, and conductivity of the object

11



¢ The 3-D orientation of the object with respect to the wires in the loop

» The 3-D position of the object over the loop
» The size and shapé of the sensor loop

o The nominal operating frequency of the circuit

Figure 3 shows the basic construction of inductive loop:

Biraction of travel

e
Ky
A '\
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: — E:?:-
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T he200 mn

Figure 3: Basu: Dipole Inductwe Lonp Sensor.

Figure 4 shows the types of ixrid'uctiver loop designs in the market.

Diagonal

Qu&ﬁmpole Qu. a,dmpz}le Rectangular

The reason why this type of sensor is selected to be integrated with the traffic hght
controller i is because it has the capability of detecimg from the 1argest vemcles to the
smallest vehicles such as bicycle. The sensor is applicable to all sorts of vehicles as long

as they have metals on their bodies. As a result, it covers a very efficient detection. Apart

12
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from that, as it senses the presence of metals, the flow error specifications are also can be
reduced. Conventional sensor such as motion or ultrasonic sensors, the flow e',rm:r rates
are high. Ambient environment and rain can affect the consistency of the sensor. This is
due to the sensor behavior which sense any object that is stood between the senSing
regions is considered as obstacles thus provide fake information. As a result, sometimes

rain can be mistakenly being presented as an obstacle.



- CHAPTER 3
- METHODOLOGY/PROJECT WORK

In completing this project, some methodology had ‘been conducted. The project séope of
work includes laboratory experiments, computer programming, siﬂiiﬂationé, and

prototype design.
3.1 PROCEDURE IDENTIFICATION
3.1.1 De_f'ming the Project

- This part involves the planning of a s’pelcific outline of the_ prop_bséd_work, requirements
and deﬁv;;rables_ of the project. It is important to plan all the procedure in order to ensure
this project is complete within the allocated time frame. All ‘basic requirements,
background study, problem statemgnts, clear objectives and. scope of project have to be
identified and clearly defined.

312 Literature Research
'L_iteraﬁ;rc research is done to have a basic idea of the project. The i'esearch_ has been done .
~ for both parts which are the traffic light design and the inductive sensor demgn. The

purpose of the literature research is to gather information reléted to the topic and use
some basic ideal of circuit construction as references. |

14



3.1.3 Design Selections

After conducting research, the best design is chose. The design must meet all the
requirement of the realistic traffic light. In order to do so, the intensive researches are

done only to the specific areas.
3.1.4 Simulations and Experimentation
After all the selections being done, the constnictions of the circuit will be carried and the
sunulatlons are done to verify a workmg circuit, The experiment for each part is crucial
‘to detenmne the most effectwe de51gn of both traffic llght and inductive loop sensor is
con_structed.rThe circuits have been simulated by using Miultisim and Espwe.

© 3.1.5 Modeling

- At the end of the process, the modeling will be done. A prototype is constructed to

demonstrate a workmg model of the prq;ect

3.2 TOOLS REQUIRED

The simulation tools are used to simulate the project is:
» Electronics Workbench Multisim
» Pspice Student Edition



CHAPTER 4

RESULTS AND FINDINGS
41 TRAFFIC LIGHT CIRCUIT

The traffic hght is desugned to change the light when any perturbauon occurs at the
inductive loop sensor. The sensor will act as a counter to the traﬂic hght and the :

controller circuit of the traffic light will determme whlch of the lane to be give pnonty to

cross the Junctlon The traﬂic hght will cons1der ten cars quemng asa long queue. As a

result the light sequence wﬂl change in which the particular lane Wlth most cars will be e

given a green light and a longer time to pass by. The model consists of 4:|unct10n road
with one traffic light to control the forward journey while another one is to control the
right turn junction for both opp051te lane. As for that, there are six traffic light output for |
each lane. '

4.1.1 Timer Design

Each traffic ﬁght uses six LEDs as outputs. They represent two opposite lanes. The time "
~ for each sequence is controlled by varying the R2 value. The tune taken for the complete -
cycle of red-green-yellow-red can be varied from about 7s to about 2 mmutes by_;
adjusting the R2. Therefore, the R2 is changed from standard resistor to 1M
'po_tenuometer

In this project, the timer is connected as an astable multwlbrator The basic astable timer
circuit is shown in Figure 5. An astable mu1t1v1brator uses two resistors, one capacltor _
-and a 555 timer. An astable nmer produces a square wave. The external components (RI .
-R2 and C1) from the timing network detenmne the frequency of the oscillation. The
capacitor, C2 which is 0.01pF is connected to the control input is fo_r decoupling purpose

16



and has no effect on the operation. The capacitor C2 can be neglect as it has no

significant use.

The Square wave is representing the'digital waveform tmnsitibns between low (0V) and
high (+Vs). The duration of low and high states may differ according to the values of R1
and R2. The circuit is called an astable because it is not stable in any state which means

the output is continually changing between low and high.

oV {control
QGiyF

{if réquired

il - oy

Figure 5: Basic Astable Timer

From the circuit, we can determine the tinie pefiod; frequency, mark time and spacé_ time. |
This variable can be predetermined by the external components. Therefore, all values -
have been predetermined to satisfy the timer design. The external components ézre_ liste&
“in Table 2.

Table 2: The component used in the astable timer.

Components Value .| Quantity
Resistor 1 (R1) 106K Q ' 1
Resistor 2Z(R2) | 1MQ i

17



Capacitor 1 (C1) 10 uF | 1

Two timers are being designed for this controller. They are for short and long timer. The
short timer w111 be used as a normal timer or the short queue and the long timer is used
for long queue. The short timer will count for seven seconds for each cycle of hght '

sequence while the long timer will count for 14 seconds for ¢ach cycle of light sequence.
The titne period, T can be determined by using the formula of:
T =0.7x(R1+ R2)C1 S o

Where as the Ri= 100 KQ, R2 = 1 MQ and C1='10'_' uF. Using the Equation Llland
substituting all the values, the time period, T of the timer equals to 14.700 seconds.

" The frequency of .oscill.ation is given by the following formula:

- 1.44 o o
2

After subsﬁutmg all the values, the frequancy of the timer is 0.0680 Hz

The time period can be spht into two parts whlch are Mark Tnne (Tm) and Space Time
(Ts). Time penod is the summation of both Mark Tnne and Space Time. Mark Tlme is
the period when the output is on the hlgh state whlle the Space Time is the penod of time

when the low state occurs
The calculations for Mark Time, .Tm_ and Space Time, Ts are as below:
T =Tm+Ts _ o _ - 3)

Mark time is a computation of R1, R2 and C1. As shown in the Equétion 3, the mark
time depends on R1, R2 and C1. Any changes to these variables will result in mark time.

MarkTime, T = 0.7 x (R1+ R2)C1 | | @)
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In Equation 4, the addition of R1 and R2 is equal to 1.1 M Q. By timing it to the value of -
C1 which is 10 uF and constant 0 7, the mark time, Tm is 7.0273 seconds.

Where as the space tlme, Tsisa computatlon of RZand C1. |t depends on the value of R2 _
and C1.

SpaceTime,Is = 0.7x R2xC1 o o | _ (5)

Inserting the values of R2 and Cl as hsted in the Tab1e2 the space time, Ts is equal to
7.000 seconds. _

From the calculation, Tm and Ts are alnmst eQual. This is because in a.s_tandard astable .
circuit, Tm cannot be less than Ts. It can be verified as Tm is 0.2373 seconds higher than

" Ts.Asa result, R2 value is higher than R1 so that the condmon can be met. However, the

condmon is not too restnctmg as the ouiput can both smk and scurce the current

Duty cycle is the ratio of the pulse W‘idth to the period and it is usually being expresséd as
- a percentage. By selecting R1 and R1, the dﬁt_y cyble of the .system. can be adjusfed In an |
astable multlwbrator, the . Cl charges through both R1 and R2 but dlscharges only
.through R2. The duty cycle approaches at a minimum of 50% can be achieved if the _
selected R2 is more than R1 so that the chalgmg and dl_scbargmg time are approximately’

equal. For afstandard. 55'5 ‘astable circuit the 'mark" time (Tm) must be greater than the |

space time (Ts), so the duty cycle must be at least 50%. Duty cycle D can be determme

by usmg Equatlon 6.
DutyCycle = 7 x100% _ : _ (6)

m+Ts

Or it also can be computed by usmg Equanon 7. Equation (7) makes use the values of R1
"and R2,

RL+R2 L : '
DutyCycle =¥ £2 . 100% - 7
e Riv2R2 @
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As the duty cycle often expresséd in the percentage, the mulﬁplication of 100% is done to
get the final answer. Both Equation 6 and Equailon 7 will produce approxmately the
same value which 1350.0873/u.

The calculations of time penod frequency, mark tnne, space time and duty cycle can also
be venﬁed by usmg computer calculator as shown i in Flgure 11 [9]. The values of R1, R2
and C1 neediobemsertedandihecalculatormﬂdoihecalculanonforall variables.

-ASTABLE OSCILLATOR CALCLL 3‘;1011

Ohms

Nicrolarads

i sosavsoliiloss Rl scessn

SECOXNDS SFCONDS SFCOXNTIS HIERTZ PYROCENT

Resistor values are in Ohms (LK = 1000 - Capacitar values are in Microfarads {Iul = 1)

Figure 6: Astable Oscillator Calculator
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Table 3 shows the comparison of both methods of calculations between manual

calculation and éomputer calculation.

Table 3: Comparison of calculations

VARIABLES

MANUAL COMPUTER
Mark Time (Tm) _ 7.0273 seconds 7.6230 seconds
Space Time (Ts) .7.0000 seconds 6.9300 seconds
- Time Period (T) 14.7000 seconds 14.5530 seconds
Frequency (f) 0.0680 seconds -- 0._0687 seconds
Duty cycle (D) 50.0973% 52.3810%
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'4,1.2 Light Sequence Circuit Design

The traffic light will produce six outputé of LEDs represent a two way lane; The circuit is
designed to meet the requirement of the overall system in order to be connected to the

sensor. Figure 7 shows the schematics diagram of the light sequence.

. . 1 - . :
. | o £
5] <1 £
190%0hm ’ : : . G.BnE = 100uF
. L
| 4+ 5%kchm
. (173 N _,_;J) s
: B o (L]
'::lﬂi L3 4 = i
L] e
Key=u . FeT N i3 g ‘% ) S L0
- 20T - : & lao17BP
O i C oo oo o oD O oo :
] e -4kohm 2232282288 © ..
™" ’ L L N T R Rl el Nl =l
H
g2 ] oo .
o 4BUF p4 |02 |p3)p4[D5 |DE1D7 [DE D3 |D14
T s 585_WARTUAL *
o oL g
. i —1 - LEDS
B : - M2 ' D ] A
Y “1Nsd4e ' 1N2148 LED_red
LED_red
—
—
[#=10] LR
- o
il e
ED_grean LED_gre=n
] il
4 ‘

Figure 7: Schemat_ics Diagram of Light-Seqnence for Traffic Light Design

The timer circuit has been connected to the light sequence circuit in order to prowde a
timing input to IC 4017 Table 4 lists the components used in the circuit diagram.



Table 4: The components used for traffic light circuit:

COMPONENTS TTUTTVALUE . QUANTITY

1C4017 T T 1
-Timer set - From Part 1 1
Resistor _ '. 1KQ - 1
Resistor : : . 1L5KQ | 1
Capacitor (electrolytic) 100 pyF 1
Caiaacitor (ceramic) - _ T 68ar 1
Diode IN4148 I 12
Red LED - - |

YellowLED B A
Green LED _ - e | - |

4017 is a CMOS counter with ten output terminals or also known as 5-stage Johnson
-Counter. The 4017 decade counter has ten oiitputs which go HIGH in sequence. One of
these ten terminals w111 be 1n a high state at any given time, with all others bemg low,

giving a one-of-ten output sequence. If low-to—hlgh voltage pulses are applied to the

clock (CIk) terminal of the 4017 decade counter, it will increment its count, forcmg the
“next output into a high state.

The decade counter will cycle its 10 count sequences lighting up six LEDs at one time
and return to the first LED. Two terminals on the 4017 chip, Reset and Clock Enable, are
maintained in a low state so that the decade counter to count ﬁeely'and continuously. If
~ the Reset termmal is made high, the output will be reset back to 0. Therefore, if the
'output tlmer (pin 3) is high, all the output pms is low )53 the Clock Enable is high, the
chip will stop responding to the clock sagnal and pause in its counting sequence. As a
- result the LEDs will stop lighting up and paused As a result it is 1mp0rtant for Reset and
Clock to be maintained at low state.




The circuit operates by 555 as an astable miﬂtivibrator in a low frequeney which is 0. 068
Hz provides clock pulse for the 4017 decade counter The decade counter produces ten
| outputs from QO to Q9. Every high clock pulse ‘the outputs will be also high. Asa result,
the connected LEDs are also turned up. Appropnate outputs are combined with diodes to
~ supply the red, yellow and | green' LEDs. The red LED is connected to the'+-10 output

which is high for the first 4 counts (QO-Q4 high). By this, it w111 51mp1113r the circuit by
less diode is saved to connect to the red LEDs.

Each hght sequence is designed to light for seven seconds for short queue. As for that,
| each pin of the 4017 will be HIGH for seven seconds. For the red and the green LEDs are
- eonneeted to four pms of the 4017 wili result m adding tlme to the sequences. ‘As a result
the red and green LEDS W.ll hght for 28 second and the yellow w111 only hght for. 7
seconds as only one pm is connected to if. The turnmg right Juncuon wﬂl be delayed one -
| 'cycle from the forward j Joumey for both lane As for that, the green light for turning right
Junctmn will only light for 21 seconds. However for long queue, each sequence will light
for 14 seconds. Thus, The greeﬁ and red light will light for 56 seconds_ ahd'the 'yellow
light will on for 14 seconds. The operations of the traffic light are summarized in Table 5.

Table 5: The LEDs Operatmns of the Traffic nght

OF | FORWARDA | TURNRIGHTB | FORWARDB | TURN RIGHT B
N @ ® |
IR ® ©
Qg o ©
Q| @ ) e e
Q5 | <3 ® | ®
Q6 _' o ®
Q7 @ ®
Q8 | ® ®
®| | |o | o |® | ®
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The time sequences of each light are adjusted by using the potentiometer and the diode.
Diodes are used to light the LEDs from according to the clock mput It is also bemg used
to draw enough current to light the LEDs.

42 INDUCTIVE LOOP SENSOR DESIGN

The designs of the inductive sensor can be divided into three parts which are the timer -
* design, resonant circuit designs and sensor design. The timer acts as an input to_thé sensor
circuits and the sensor design will ex_perimenf on the most efficient sensing capabilities of

the inductive loop.
" 4.2.1 Resonant Circuit Design

In order o have a high efficiency of detection, a special circuit need to be desigﬁlsb that it
can collect the smallest change of mductance A resonant circuit is sensitive to a small
dnvmg perturbation thus rise a large effect to the overall system The resonant c1rcu1t |
shows the best performance of detecting the mductance change. The resonance

éhehomenai only happén when the inductive and the capacitive reactance are equal. The

resonant circuit must be driven by an AC power supply in order the resonance to occur. A
series resonant cm::mx is selected to be connected to the. Sensor circuit. A series resanant

circuit has a resistor, an inductor and a capacxtor that are connected in series.

When a ferromagnetic metal i.s introduced into the circﬁit,' the .ﬁ-equency of the overall
.sysf_em is increased that will result in the increment of inductive re_éctance and the
decrement of capacitive reactance. We can say that the 'inductive reactarice is diréctly '
proportional to the frequency change while the capacmve reactance is reversebr |
- proportional to the frequency change.

The frequency at which the resonance occurs or the resonant frequency, Fr is determine

by using Equation 8
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Fr=

1 .
8
2xLC @
For inductance is chosen to be 90 uH and the capacitance is 100 pF. Célculating by the
given formula will give the resonant frequency of 16, 776.40 Hz. The range of best
resonant ﬁequency is from 10-20 KHz. As a result, this des1gn is acceptable

422 Timer Design

In inductive sensor circuit, an astable multivibrator is also béing used. It functions to
' provide an AC sil_ppbr to the resonant cn'cmt. A résbnént ciréuit must have an AC supply
as an iﬁput so that the resonant phen‘oinena to take place. As a result, ___aﬁ_'asta_ble timer
e cdnverts the DC suppljr from the power supply into the AC suppb’.’-:I‘ﬁe result fiom the .
 resonant circuit design is used in designing the timer. The frequency of ﬂi_e power supply :
must 'equél f_o the resonant frequency in order for the resonance phenomena to occur.
‘Therefore, a time with 16, 776 Hz need to be implemented, o

From Equation (2), the value for resistors R1, R2 and capacitor C1 of the timer can be
computed as the frequency is already being determined. The capacitor C1 is chosen to be
0.1 pF. Solving the equation, the value for resistor R1 is 400C2 and the resistor of R2 is
2300, ' '

The calculations of time' peribd frequency, mark time, space time and duty cycle canalso
be verified by using computer calculator as shown i in Figure 8 [9]. The values of Rl R2
and C1 naedtohemscrtedandthccalculatorwﬂldothecalcnlaﬂonfora]l \zanablcs.
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IM355 . ASTARLE OSCILIATOR CALCUTATOR

Vahee O

{Hems

Wabie ()
=

Microfarads

L iCalculatef |
Chppaat Trme (rpas Tome !:_h.ﬂp'm Deriod Chtyan U
HEGH HEQALE IGH - 1.0 Fregueney Tty Caele

2.0000438588 0 0006155389 00000595978 16779.086546! 73255813853

SECONDS SFCONDS SECONDS HERTZ PERCENT

Hesistor values are m Obkms (1K - 1000} . (,-%':.zp:gc.itf;r_ values are iip!f\r.ﬁcrqf-‘;_a rads (el 1}

Flgure 8: AstableOsclllator Calculator

Table 6 summarizes the calculation of the Astable Calculator

Table 6: Astable Calcnlator Results

Variables o | Results _
Mark Time (Tm) [ 0.0000436589 seconds
Space Time (Ts) | , 0.0000159389 seconds
Time Period (1) | 0.0000595979 seconds
Frequency (f) T 16779.086546 Hz
Duty cycle (D) ~ 73 .255813953%
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4.2.3 Inductive Lo’oj: Senser Design _

| The constructton of mductor 1s s;mple By usmg a coil of conducting. matenal an
inductor is constructed Bas1cally, the copper w:re is wrapped around a core or any._.'
ferromagnetic matenal or sunply in the air space Core materials with a hlgher._-r
permeabihty than air conﬁne the magnetlc field closely to the inductor, _thereby.'
*‘increasing the mductance Asa result we can say the strength of inductance is mcreased-

by using a Iugh permeablhty matenal

The electromotlve force {EMF) w]nch 1s produced around a closed path is dlrectly '
_ proport:lonal to the rate of change of the magnetlc flux through any surface bounded by _.

that path. As for thlS, 1t means that\an electncai current will be mduced in any closed- '
cmcmt when the magnettc ﬂux thmugh e surface bounded by the conductor changes This
apphes to the ﬁeid 1tse1f changes in strength or the conductor is moved through it.

_Magnetlc fields are created only when the electnc current ﬂows If the current is stronger,
‘the magnetic field produced is also stt_‘onger. -The ﬁe_ld is dlre_ctl_y proportional to the'

‘current strength.
B E - '\‘ .

The inductive sensor has been designed torbe_ quite sensitive to pick up the small changes
of the inductance drop or iﬁcfease In iﬁplementing a sensitive ioductiv'e sensor, differé:tt _

type and shape of mductwe Ioop is expenmented Due to thls, two t_ypes of inductive
- loops are expenmented which are solenmd coil and guadrupole loop solenond to_ '_

detennme the sensmg capabﬂuy

E The base frequency of the system is 10.15 KHz After connectmg it 1o the resonant '
| circuit, the ﬁ'equency is mcreased to 10.49 KHz In this expenment, we are interested in
the behavior current across the remstor R3)i in res_pect to the iron core mtroduced. Due to :

the nature of noise, the current, across R3 is not stable. It spikes up and down makes it
hard to collect a correct measurement. An 1mprovement is made by connectmg a resistor _l
(R4) in parailel with the inductor. A muitlmeter is connected in parallel to the reszstor R4

to measure the passmg current The behavior of each mducttve loop is studled and.
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computed in Table 7, Table 8 and Table 9. A three sets of feading is taken for each

experiment to check the consistency and accuracy of the current.

4.2.3.1 Solenoid g:m 1
Base Frequency: 10.15 KHz |
| Sjstem Freguency: 10.49 KHZ
Number of windings: | 156 wmdmgs |
- Di?m@tér:ﬂf the windings: 25 mm |

* Tnductor value: 90pH

Table 7: Experimental Result Using a Solenoid Coil

Current without iron bar (lhA) | . Current with iron bar (mA).
0.830 - 0.962
0.837 - 0.947
0.856 ' - - 10977
4.2.3.2 Solenoiil Core2

Base Frequency: 10. 15 KHz
System Frequency: 10.49 KHz

Number of windings: 300 windings -
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Diameter of the windings: 25 mm |
Inductor value: 330puH

Table 8: Experimental Result Using a Solenoid Coil

Current without iron bar (mA) -{ - Current with iron bar (mA)
0524 - 1.058
0924 1058
Too2d T [1ees
4233 Quadrupole Loop

Basé Frequency: | 1':0.'1.5 KHz.

System Frequency 10. 49 KHz
Number of \mndmgs 100 wmdm_gs
Diameter of the mndmgs:..slﬁ_@m :
_quuctor' vzjlue: 35 p.H. :

- Table 9: E_xpe_rimentél Result Using a Quadrupole Loop

_.Cn:rrent without iroh?ba'_r (mA). N Current wzth iron bar (mA) '.
e S 39k |
Telw . [30%

e - [323

From the experimental results, the quadrupoll'e loop the 'mos't 'sensitivity toWards'an.y
perturbatlon of inductance. change in the systems “Therefore, this grpe of inductive loop is

selected and nnplemented 1nto the sensor clrcmt The complete circuit of the sensor
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circuit is shown is Figure 9. The quadrupole loop replaces the normal inductor in the

resonant circuit.

The timer circuit, the resonant circuit and the quadrupole is combined and a inductive

sensor is designed.

¥ic :
sV

[P
400ohm . ot
wsT
| T ~UT
I s
o 7] e
L2 TR
230chm s
- — o
R 2l
. _ch o
_Ir_l:l.‘luF wg_wmm_ .

- Figure 9 The Schematics Diagram of the Inductive Loop Sensor

Table 10 shows the components used in the sensor circuit as shown in Figure 17.

Table 10: Components Used for Sensor Circuit

COMPONENT VALUE "QUANTITY
Resistor | 400 Q T
Resistor 23002 1
Resistof 1 KQ 2
_Capac_i_tor 0.1pF 1
Capacitor 100uF 1
555 Timer . T

The sensor circuit acts as a counter to the traffic light circuit. The sensor 'couiits the

number of car passing by. A long queue is determined if more than ten cars pass by the
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sensor. This means the sensor sense a inductance change for ten or more times and input
the information to the traffic light. The trafﬁc light acts by giving priority of green light
for a longer queue and gives a longer green hght so that the cars can passed by. A short
queue is less than ten cars, The traffic light controller will give the normal light sequence
- of the traffic light. For a better detection and counting efficiency, two quadrupole loops

are planted in asphalt. One quadrupole will be place 1 meter from the traffic light and |
- another one will be 12 meters from the traffic light. The range of 12 meters is chosen for
second displacement so that the sensor can sense up to ten cars or it will never be able to

sense the correct numbers of car queue

it
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

' 5.1 CONCLUSIONS -

The objective of the project is __td design a traffic light system that is equipped with
inductive loop sensor. The project has been completed within the time frame. The

proposed modifications are provided in the recommendations section:.”

This traffic light system has speciél features where it can to sense the Ien_gth of cars

queuing, provide the data to the traffic light controller and teset the timing of light

sequences. It is also environmentally friendly because it will not mterfere with any type

of environment system. -

The expériments are done to investigate the behavior of the inductive loop when an iron
core is introduced to the circuit. Based on the experimental result, the quadrupole loop
type of inductor is chosen to be implemented in sensor clrcult as it shows the best
sensitivity among others. The resonant circuit is used to enhance the capability of the iron

detection. As a result, the inductive sensor is well designed.

The traffic light has six LEDs to represent a two way lane. By using an astable timer, a
timing for each light Sequenée is determined.’ The inductive sensor will detect and count
number of cars passing by and mput to the traffic light controller The controller will
evaluate the information whether to give a long time and green llght priority or a normal .

light sequence with a normal timmg deiay

A prototype of the traffic light and the inductive sensor are built to demonstrate the

overall performance of this project.
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5.2 RECOMMENDATIONS.

In order to have a better traffic light design in the future, some features can be imprdved

by adjusting and adding new application to the existing module. These are the

recommendations that we can apply in order to improve the performance of the smart
traffic lights. | | |

The future traffic light desxgn may have & more pewerful mcrocontroller to control
bigger areas. It can be expanded to larger and complex areas such as in the big cuy and_
control heavier traffic.

‘ Printed Circuit Board (PCB) fabncatlon can ease the troubleshoonng and secure the‘ -
- connections. The circuit also ma Iook neat and arranged rather than use the breadboard

implementations.

Apart from that, these traffic li'ghis can be equipped with cameras to capture the road
criminals and d.lrectly provide those kinds of information straight a\\fvajlr to the pohce
station. More over in the future, the traffic l1ght can be equipped with emergeney camera.
The emergency camera will act as the eyes for ambulance. Apart from capulre road
criminals, the cameras can capture any acmdent happens and stralght away inform the
‘nearest hospltals

‘The sensor sensitivity that will be used by the traffic light design must take into
consideraﬁon.‘ The maximum detection must be determined in order to avoid it sensing
object in the short distance range or stretch beyond determined limits. The 'efﬁciency of
the sensor also affects the performance of the traffic light. Suitable ScnSItiVlly of sensor
with optunum performance must be chose and apphed to the traﬁ'lc light des1gn
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National
Semiconductor

LM555
Timer
General Description

operation, the time is precisely controlled ‘by one external
resistor and capaditor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
- controlled with two external resistors and one capacitor. The
circuit may be triggered and reset cn falling waveforms, and

* TTL clrcuits. -

“The LM555 is a highly stable device for generating accurate.
time deldys or oscillation. Addittonal terminals are provided
for triggering or resetting if desired. in the time delay mode of .

the output circuit can source of sink up to 200mA or drive

July 2006

Features

"m Direct replacement for SEGB5/NES55

= Timing from microseconds through hours -

m Operates in both astable and monostable modes
® Adjustable dutycycle =~ - - _
m Qutput can source or sink 200 mA

“m Output and supply TTL compatible .
m Temperature stability better than 0.006% per 'C
= Normally on and.normally off output - '

‘m Avaiiable in 8-pin MSOP package -

" Applications

m Precision timing

= FPulse generation. .

m Sequential iming - .
» Time delay generation

m Pulse width modulation

B Puise position modulation

~w Linear ramp generator
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LM556 .

Cornnection Diagram

Dual-in-Line, Small Outline

and Molded Mint Small Outline Packages

GND 1 | 8 Voo .'
TRIGEER —d [t ] ——— Discuance
. ) m Ll B ) . )
OUTPUT = T |l % -E-- THRESHOLD
s _|_5-n = )5 comvnoL
RESET ==— - VBLTABE
- POTESINS
Top View
Ordering Information _ R _
Package Part Number Package Marking . Media Transport NSC Drawing
8-Pin SOIC LMS55CM - LMS55CM - Ralls . Mm
. LIME55CMX: © LMS55CM 2.5k Units Tape and Reel - _
8-Fin MSOP - © LMS55CMM 255 1k Units Tape and Reel MUAGEA
: : "LMSS5CMMX . 755 - 3.5k Units Tape and Reel ¥
8-Pin MDIP LM555CN - LMSSSCN Riails - - NOSE
2




Absolute Maximum Ratings ot 2)

f Military/Aerospace specified devices are required,
siease contact the National Semiconductor Sales Office/
distributors for availability and specifications.

Supply Voltage

Powaer Dissipation (Note'a)

" LMS555CM, LM555CN
LM555CMM

Operating Temperature Hanges

LM555C
Storage Temparature Range -

+18V

1180 mW
613 mW

O_'G to +70°C
—65C to +1 50°C

Electrlcal Characteristics (Notes 1, 2)
(T =25C, Vg = +5V 10 +15V unless othewise specified) -

Soldering Information
Pual-in-Line Package

Soldering (10 Seconds) 260°C
Smalt Outiine Packages
- (SOIC and MSOP} _
Vapor Phase (60 Seconds) 215C
infrared (15 Seconds) - 220°C

‘See AN-450 “Surface Mounting Methods and Their Effect

on Product Beliability” for other methods of soldermg
surface mount devices.

Parameter Conditions Limits ‘Units
LM555C "
Min Typ | Max N
Supply Voltage 45 ) {16 '
Supply Current Vo =5V, R == 3 6
' -" Voo = 15V, Ry = 10 15 mA
. : {Low State) (Note 4} ' N '
Timiing. Error, Monostable : e
Intial Accuracy : SR SR S
" - Drilt with Temperature Ba = 1k to 100k, o R ppriC
B o C = 0.1yF, (Note 5) R RN
‘Accuracy over Temperature . o 15 ' %
' Drift with Supply - o1 |- 1wV
- Timing Error, Astable . : . L
Inttial Accuracy . 225 | - : %
Drift with Temperature R,, Rg = 1k 1o 100kQ, 150 _ 1 ppmrC
L ...} C=01yF, (Note5) . _ : B
Acoﬁr_ady over Temperature : ' 30 S
Drift with Supply 0.30 N %LV
Threshold Voitage : 0.667 X Ve
‘Trigger Voltage - Voo =16V . 5 v .
B Voe =5V 1.67 } Vo
Trigger Current o . 0.5 0.9 pA
Reset Vollage 0.4 05 i Y
Reset Current o ' 01 04 mA
" Threshold Current (Note B) s 01 025 O pA
Controt Voltage Level * oo = 16V CE 10 ] v
Veg =5V 26 333 4
. Pin7 Leakage Qutput High : 1 100 nA
. Pin7 Sat (Note 7) - _ o o 3
. QutputLow Voo = 15V, Iy = 15mA - 180 mv
. Output Low Ve = 4.5V, by = 4.5mA 80 200 mv
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LM555

Electrical Characteristics (Notes 1, 2) (Continued)
(Ta = 25°C, Veg = +5V to +15V, unless othewise specified)

Parameter - Conditions o . Limits . Units
' ' : LMS55C _ :
L : Min Typ Max -
Qutput Voltage Drop (Low) Ve =18V . _
' ' Mgy = 10MA : : ' 01 | 025 \"
lam = SOMA ' _ | o4 | o7 V.
lgiic = 100MA oz 25 v
bgpic = 200mMA o ‘ {25 ' v
Voo =5V ' : ' ) _ )
| lomc=8mA . _ o S v
: S o " leing = SMA ‘ 0.25 035 v
Qutput Voltage Drop (High) fsource = 200mA, Vcc = 15V . 125 ' v
L lsource = 100MA, Voo =16V | 1275 13.3 v
o S Vec =5V - B -t 275 |- a3 v
Rise Time of Cutput o . 100 ns
" Fall Time of Quiput e . : S 100 - ns

Note 1: Ali voltages am measuredw:m:especuoﬂ-:egroundpm urnmomemsaspeﬁﬁaa

Note 2: AhsduteMwumwnBaﬂngsmdieafelﬁmtsbeyondemnagemﬂndemmm OpelahngnamuslndicalaeommmsforMﬂQGMwm
functional, bmdonotguamnlsespeelﬁcperfomoeﬁmﬁs ﬂwmsmMMWMdeﬁummfmmmmﬂmm
guaranteaspeuiﬁcpeﬁomwweﬂmﬂs This assumas that the davice is within the Operating Rafings. Specrﬁcanonsarenotguammaedimpammlerswhmmimui _
:sglven hwemﬁewwvalueisagmdmmofdampmm

resistance of 106°C/W (DIF); 170°C/AW (S0-8), and 204°C/W (MSOP) junction to ambient. -

- Note 4 Supp!ycun‘eﬂtwiwnmﬂputhimtypnmlly1m}\iessatvc¢ 5V.

Note §: Tested at Vop = 5V and Vgg = 15V ) : :

Note 8: This will determine the maximum value of Ry + Ag for 15V operation. The meadimum fofal (BA+ Rp) is 20M0. ]
Note 7: Noprotaohonagmnﬂamssmm?M&mmwaﬁngﬂmemmmwﬂlanem
Noﬁeﬂ' ‘Refer to REFSSSEKdmmngofnﬂfdmyuﬂsssHandLMsssdvarsiomforspeum .

Note 3; ForoperahngatebvabsdiempefaunasﬁwdevicemustbedemtedM%GbﬂmaﬁsﬁCmmdmumjumhentamperamlaandamemal 1

. www.national.com ' ) T4



'ypical Performance Characteristics

'mws_si VOLTAGE LEVEL OF TRIGGER PULSE X Vc)

VWT" V) :
=]
L/ NS
L]

MINIMUM PULSE WIDTH L)

Vo - Vour V)

Minimuim Pulse Width

" . Required for Triggering
12 FTTTTT
1.1 Ve =15V
10 '
09 - - T_* +125°C
(T}

0.3 i
" ¥ =426 |/
s +
os , W
23 - - -
02 ; T=-56°C -]
o ;

¢ - 81 62 03 o4

oOTEEI

 High Output Voltage vs.
Output Source Current:
AT
18 | Ty = 55°C
s = EE
ra jaziEEt -
PR 1 A
0y a " H125°C et 1|
X :
3
04 - _
02— 5V < Ve < 16V
o rroy 1
4 0 .
tsounce (mA)

R

OO7ES120

Low Output Voltage vs.
Output Sink Current

6 t
- Veo = mv.

8

+H25°C J

_al

. s 4 LU
or N | —55°C |

201 ~.atll

Supply Current vs.
Supply Voltage
12 '
.. prn
g ;
= 8
] “25°C
& s : -
2 7 -
- . ) é/ +125°C
N4
-2
g = - .
5 e R
SUPPLY VOLTAGE (V) -
N R " oovasite
Low Output Voltage vs.
s QutputSinkcnrrecn' _
. : ) . L
-Vq:c‘i"
T = T
S =B
S +H25°C BT
3 1 d o
> 40
" -s5°C 55
em 4L ; '
LD | RIS,
' tamax (mA} _
E )  ooresizt
Low Output Voltage vs.
Output Sink Current .
i i
by = azrc
E N L .
.5 t
:? e +25°C =55°C
nt
08t i . i
w. - w R
 Sgziqye {mAY - '
R " poresiza

- 8881
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Typical Performance Characteristics (coninued)

Output Propagation Delay vs ;

Output Propagation Delay vs. _
Voltage Level of Trigger Pulse . Voltage Level of Trigger Pulse -
1200 e~ TTT o _ 1200 7T _|-1-|,.
T=5'C ’ : . : T Ve =1V 1 1250
. ' W
5 1000 - g 10 11 T ¢
b . IR L T 0°C
S 1] v 2 me DR 3 e “,
B8 Ve =50V ' =5 25
| | /| -3 / |
X 40 /l 2 w0 : 3T AR
8 A vec = 10v, 15v 5 - AV A
. & .
Cec 200 ’ o 200 : . _55,,,':.
o o Ll 110
_ 8 01 02 03 . 6 .. 81 62 . 03,
LOWEST VOLVAGE LEVEL OF TRIGGER PULSE {X Vc} LOWEST VOLVAGE LEVEL OF TRIGGER PULSE (X Vec)
T ot . | L o
Discharge Transistor Pin7) Discharge Transistor (Pin 7)
" Voitage vs. Sink Current ~ Voltage vs. Sink Current
=S —HHTE Ve = 15V : . Eivec=sv 3
3 e R +25°C A
1 - ; ‘IGD =
F +25°C £ £ H asc
- E~ "
CE :
-55°C £ . ~55°C -
- F o
15 L : . R 18 _ ] 4 L1L8 -
0.0t 1 1.8 1 96 - : - ‘8m ) _II.I 1 1 _. - 108
' Isine (mA) PINT '  lsm (mAYBINT N
o ' : ‘oo7ssiz?

00785126
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kpplications inform_ation. |

IONOSTABLE OFEHA‘HON
t this made of operation, the timer functlons as a one-shot

Sgura 7). The external capacitor Is initially held discharged

v a transistor inside the timer. Upon application of a nega-
ve trigger pulse of less than 1/3 Vg to pin 2, the flip-flop is
st which both relsases the short cucun: across the capacﬁor
nd dnves the output high.

+5V 7O <15V

i MESET Wee
1 T
mmcen ] Y &
NORMALLY o—IJ2 : 7
“ON" LOAD : .
| s rfl.nimm -
: © o |conTRoL ‘
: }l ouTRNT . glvOLTAGE _Lc
RORMALLY & o - . ) [ —j_ 5
"OFF ann > o . . i. -E..‘pF

FIGUHE 1. Monoslab!e

he voitage across the capacitor tiien increases exponen— '

ially for a period of t=1.1 R, C, at the end of which time the
roltage equals 2/3 Vsc. The comparator then resets the
lip-flop which in tum discharges the capacitor and drives the
niput to s low staie. Figure 2 shows the waveforms gen-
srated in this mode of operation. Since the charge and the
hreshoid level of the comparator. are both directly propor-
ional fo supply vo[tage, the ﬁmrng lnterval is mdependent of

=UPD‘Y

HER

/]

/] 3
Voo = BV Top Trace: lnput SWDiv
FME = 0.1 ms/DIV. . Middle Trace: Ou!put SV/Div.,
Ra=9:1ka . - Bottom Trace: Ca.pmtor\lo!tagezwniv
C = 0.010F .

. FIGURE 2. Moncstable Wavefonns

Dunng the fiming cycle when the output is high, the further
appl:catlon of a trigger pulse will not effect the circuit so long

as the trigger input Is retumed high at jeast 10ps before the. - '

end of the timing interval. However the circuit can be reset

during this time by the application ofa négaﬁve pulse to the

reset terrminal (pin 4). The cutput will then remain in the low

state until a trigger pulse is again applied.
When the reset function is not in use, itis recommended that

it be connected to Vcc fo. avond any possiblltty of false :

triggering.
Figure 3.is a nomograph for easy determmanon of R, C.
values for various time delays. - -

 NOTE: In monostable operation, | the mgger should be dnven

high before the end of tlmlng cycle

" / o
4

-
-]

e .

0= CAPACTANCE (4F)

§ g
L

ASTABLE OPEHATION
If the circuit is connected as shown in Figure 4 (pins 2 and 6

" connacted) it will trigger itself and free run as a multivibrator.
‘The extemal capacitor charges throtgh R, + Rg and dis- -
" ‘charges through Rg. Thus the duly cycle may be preclsely
: setbymeranoofmesetwores:stors.- -

oo

P
R

B

=L

i LT

1

I

it 3 s'j" ::‘ |

pryve
3

FIGUHE 4, Astable

' 'In this mode of oparauon the capacnor charges and drs-

charges between 1/3 Vg, and 2/3 V. As in the triggered
mode, the charge and discharge times, and therefore the
_frequency are independent of the supply vo!tage

S9SN
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Applications Information (contnued)

Figure & shows the waveforms generated in this mode of
operation. i

,'./ / .
. ¥ %
. o . . DOTESI9
TIME = 20ps/DIV.  Bottom Trace: Capacitor Vottage 1VDiv. .
Ra = 3.9k0 : S
Rip = 3k}

. CwOOIF -

' FIGURE 5. Astable Wavetorms

The charge fime (output high) is gnren by:

t,=0.692 (Aa+ Ra) G

. And lhe dtschafge ume (oulput low) by:

= 0603 (RB) C
Thus the total penod [ :
T=t +1;=0693 (F{A+2RB)C
The' frequency of ostiliation is:

1_= 1.44
T~ ®Ra+ zng)c

f=

Figure 6 may be used for qulck detemunatzon of mese RC

values.

The duty cycle is

NN [

::3;. 1 A \\\\\

g o "?" ’12\@-{'@;\"? _

S ELANANAN
e m.?z'."’.\ \\\\ _
B0, 8 10 Tk Mk I

S f= Fassnnumm anuillﬂ(lhi

) nmmo

FIGUHE 6. Free Huhl_ﬂhg Freque_ngy

FREQUENCY DIVIDER

The monostable cireuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle. -
Figure 7 shows the wavafonns generated ina dmde by three

" cireuit.

N
\

) T : 00785111
Voo =5V Top Trage: input 4V/Div. "
TIME = 20].!3’0!\’ Wddle Trace Qutput 2V/Div.

Ra-9.1k2 . BottomTrace: capaﬁmrzwniv'-
C = 0.00F
FIGURE"T. Frequency Divider.
- PULSE WIDTH MODULATOR '

When the timer is connected in the monostab!a mode and |
triggered with a continuous pulse train, the output pulse ™

width can be modulated by a signal applied to pin'5. Figure -

& shows the circuit, and m Figure 9 are some wave!onn
examples

" TRIGGER O~

iwsss g |TARESMDLD
e : ' ‘mnuiknon

s B o - iNeut
-~ suero—={s - 5

00785112

FIGURE 8. Pulse Width Modulator -

“www.national.com




\pplications Information (continued)

T

T

. 2 ST comeetts
cc=5Y - Top Trace: Modulation 1V/Div.
IME = 0.2 ms/DIV. Bottom Trage: Output Voltage ZWDN
=91k ;
‘= D.O1pF |

FIGURE 9: Pulse Width'Moduimr

'ULSE POSITION MODULATOR
his’ apphcaﬂon uses the timer connected for astable opera—

ioni, as'in Figure 10, with a modulating signal again applied'

o the cantrol voitage tem'lina! The pulse position varies with

he modulating slgnai since the threshold voitage and hence -
he time delay. is varied. Figure 71 shows the wavefonns .

;enerated fora trlangle wave modu!aﬁon 5tgna|.

. i

AMSSS. ¢

T . |mopuLamion
OUTRUT O—d 3 S Sp—O ¢

T OoTEs1ie -

FIGURE 10. Pulse Position Modulator

. Voo =5V

) .

T

"m‘ﬂs

Top Trape: Modudation Input FViDiv.
“TIME = 0.1 me/DlV. . Bohom Trace: Output 2V/Div.,
Ra =390 : '
. Rg =30
© G =001F

FIGURE 1. Puise Position Modulator

I.INEAR RAMP

. When the puliup resistor, R, in Ihe monmhle circuit is
‘replaced by a - .constant eurrent source, a near ramp is | -
generated. Figure 72 shows:a- CiI’CUIt oonﬁgurahon that wnil :

=-__:‘.;_peﬂonnthrsfunctlan e )

 TRIGEERQrenct 2
LMSSS

WIT Oy 3

" ouresiie
' FIGURE 12.

Fgure 13 shows waveforms generated by the Imear ramp

- The hme interval is given by'

 2/3Veo nE @y + RIC
F_i1 Vee — Vee (B + Ry
: Vpe = 0.6V '

VBE. = O.SV -

SSSINT
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'Voc-sv

Applicatibns Information (Gortinued)

/

v

LR LERSNRAIRS

1L

S e " gomesits.
~ Top Trace: Input 3V/Div.
TIME = 20ps/DIV. . Middle Trace: Outpi.ItEWDw

Ry = 47KQ : . Bottom Trm Capautor thage 1VIDw
Ry =100k -
Rz = 2.7 ¥2
C=0.01F.
FIGURE 1'3. Li_néar Ramp
. 50% DUTY. CYCLE OSCKLLATOR

' _..For-a 50%- duty cycle, .the resistors. A, and Rg may be
connected as in F fgure 14 The time period for the output
_ highis the same as prev:ous, t1 =0.693 FlA C. For the output

lowitist, = _ o
RB. - ZRA]
[(nma)!(m + Ra)] C 0 | ons — Ra)

Thus the frequency of oscil_lalion is"

o ;
t-;. + 12 '_

f.—_

? - . e
o .
5tk
. Rp
.4 [ 2% :
2 1t AAA
L MEES ] _l—-—? T
UTPUT O—d3 - & S
_ : g | i
I I “hﬁF :

 oorestis
FIGURE 14. 50% Duty Cycle Oscillator -

Note that this circult will not osml!ate if F!B is greater than 1/2

R, because the junction of R, and Rg cannot bring pm 2

down to 1/3 Vo and trigger the Iower comparator.

ADDITIONAL EHFOFIMAT[ON :

‘Adequate power supply bypass:ng is neoessaly 10 protect B ‘

. -gssociated circuitry. Minimum recommended is 0. 1uF in par-

- allef with 1pF electrolytic.

tower comparator storage t:me can be as |ong as' ﬂps

‘when pin 2 is driven fully to ground for triggering. This limits

the monostable pulse width to 10ps minimum.
Delay time resat fo output is 0.47us typ:cal Minimum reset
pulse width must be 0.3ps, typical.

Pin 7 current swltches wuthm 30ns of the output (pm 3)
voltage.

10
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- mp
—RARAS
‘::::m ame
| e
lsnml 1 _3. 3 ‘—ﬁji

) 168757
) b T Tl i
0A10—08W L pro g

Gz -0.50m r_ - " e wmiTr

' - —] a1

TYP ALLLEADE

Small Outline Package (M) o .
NS Package Number MOBA. - -t
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. 18X .04b )
.1985%. 005 . 1185004 i1.621
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LM555 Timer

Physical Dimensions inches (millimeters) unless otherwise_ noted (Continued)

. 0.373-8.400
"'”tam—mm
.00
T o | _ _
oo G SEARIINL L 0.03210.005
2. s : 0EBL0.12
(&:357 2 0.250:10.005 ' _ mﬁ '
PO ND. 3 ORNT——_ . BHLOTN  pwws, e
orriant |® _ 'R :
om0 Muuﬁ _ _ |
™ T am m,m'm’ A ' . OTIONZ
0.300-0.320 _‘_(BJWJ_ - Rt q—m _ ~ Bus5-o02m .
we—saz | | T /‘— 1 0 emosem
7 —
_ t P
- waF | o el | ML ;
2.009--0.015 _ e R
02031 \ o : L ool
' +0.080 | NOM :
0.3%5 _pmi5 |
.01
(pmsld)
QU508
(1.143+0.38%)
L a".m , _ e B
'Molded Dual-Hn-Line Package (N) Ca ' :
" - NS Package Number NOBE

National does not assume any responsibility for use of any cm:urtty described, no circuit patent |[censes are 1mplled and Nahonal raserves
the right at any time without notice to change said afcumy and specifications.

For the most current product |nformatton visit us at www.nafional.com

. LIFE SUPPORT POLICY : o ST _ _
" NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS

WITHOUT THE EXPRESS WHITTE_N APPHOVAL OF THE PHESIDENT AND GENERAL COUNSEL OF NA'l'iONAL SEMIGONDUCTOR
OORPOHATION As used herein:

1. Lite support devices ‘or sys’lems are devices or systems 2. A cntlcal component is any component of a. Irfe support
which, (a) are intended for surgical implant into the body, or device or system whoss fafiure to perform can be reasonably
{b) support or sustain life, and whose failure to perform when expected to cause the failure of the life support dewee or
properly used in. accordance with insfructions for use’ system, or fo affechissafetyereﬁectwaness.

" provided in the labeling, can be reasonably expected to muli -
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

" Nafional Sémiconductor follows the provisions of the Pmduct Stewardship Guide for Customers (CSP-9-11102) and Banned Substances

and -Materials of [Interest Specification (CSP-8- -11182) for regulatory’ enwronmental oomp!ranee Datails may be found ak

T WWW natmnal_comlquamylgreen

Lead free products are RoHS compham

Nationa! Semlconductor National Semlconductor - o National Semiconducior

National Semdconductor
Americas Customer . - Europe Cugtomer Support Oa'ur ’ Asla Pacific Cusmmer : Japan Customer Support Center
" Support Center Faot: +49 (3) 180-530 85 85 Support Center ’ : Fax: 81-3-5630-7507
Emall; naw.feedback@nse.com . Emall: eurcpe suppot@nsc.com -0 Emaik ap.supponemc.mm Emafl: jpr.foedback@nsc.com
Tel; 1-800-272-9359 Deutsch Tel: +49 (0} 68 9508 6208 Tel: 81-3-5639-7560

English ‘Fel; +44 (0) 87024 02171
www.natiohal.com- . Frangais Tel: +33 (0} 1 41 91 &790




} SHANGHAI SUNRISE ELECTRONICS co., L'rp

— IN4148 S _
SILICON EPITAXIAL PLANAR m
~ SWITCHING DIODE - TECHNICAL

REVERSE VOLTAGE: 75V
FORWARD CURRENT 150mA

E SPECIFICATION

FEATURES
+ Small glass structure ensures high relrabrllty
» Fast sw:tchmg
* Low leakage -
I Hrgh temperature soldenng guaranteed
' 250°C/10S/9.5mm lead Iength
ats bbstension

M_ECHANI.CAL DATA
« Terminal: Plated axial leads solderable per
MIL-STD 202E, method 208C
. Case G!ass hermetlcally sealed -
. Polanty Color band denotes cathode

1 Mountmg posrtion Any

— DO-35
e
.zoo(s.-l)_f_u ol 1
_1.5"(25_;-4)
i‘:“mz—zrﬁrﬁ"“_‘?

1.0 (25.4) _ S
.060 1 .5) _
o ]"“7.090 (2-3) DIA.
120 (3.0)
MIN. || 018 (0.48)
" Dimensions in mches and (mrltrmeters)

' MAXIMUM RATINGS AND CHARACTERISTICS
(Ratlngs at 25"“0 ambtent temperature unless otherwrse spec:ﬁed)

I B RATINGS . 1 SYMBOL VALUE
ReverseVo!tgge' L '-VR' 75 1 \" 2
fPeak Reverse Voltage . Vem Lo 100 - 1 v
Forward Current (average) . o 1 . 150 " mA
‘IRepetitive Forward Peak Current S - 300 - - mA
Forward Voitage (I=10mA)- Ve 1 V.
I_Reverse Current (Ve=20V) o T Ey
Reverse Current (Ve=75V) . s 5 “gA
_|Reverse Current (VR-ZOV T_,—100°C) = e ' 50 nA
Icapa“ta""e L : : ~ (note 1) Ct - - 4 _pF
JReverse Recovery Time -~ : (note2)] ke - L4 nsS-
[Themmal Resistance (junctionto ambient) ~ (note3)]  Refia) | -~ 035 °CImW
Operatmg Junctron and Storage Temperature Range - TgraTs ;=55 ~+175 A o

INotes: . S
IR PR AT 1Y 3 f-1 MHz
2: [==10mA to lg=1mA, V=6V, eroe

3 Vahd prowded that leads are kept at ambrent temperature ata dlstanee of amm from: case

http'//www.sse-dlode.com '



‘This datasheet has been downlo'aded from: -
| www.Da’tashee'tCatang.com
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DATA SHEET

| For a complete data sheet, please also download:

|« The 1C06 74HCIHCT/HCUIHCMOS Logic Family Specifications || |
| = The IC06 74HC/HCT/HCU/HCMOS Logic Package Information §
| = The IC0B 74HC/HCT/HCU/HCMOS Logic Package Outlines B

74HCIHCT401 7 | o
“Johnson decade counter W|th 10 o

decoded outputs

Product speclﬁcatlon' S SR o .Deeembe'r .1990"'_ |
File under lntegrated Clrcusts ICOS o o .
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Philips Semiconductors '

Johnson decade -cm_int’er with 10 decoded outpufs

Product speciﬁcaﬁon

74ch-|c-r4m7

FEATURES
« ‘Output capability: standard
. 'icc category: MSI_ '

GENERAL DESCRIPT!ON

The T4HCIHCTAQ017 are h:gh—speed Sl-gate CMOS
devices and are pin compatible with the “4017" of the
“4000B" series. They are spec:ﬁed in oumpltanoe w:th
JEDEC standard no. TA ;

The 74HCIHCTA017 are 5-stage Johnson decade

- counters with 10 decoded active HIGH outputs (Q to Qy),
“an active LOW output from the most significant fiip-flop.
(05_9) actwe HIGH and achve LOW dock inputs (OPO and’

CPy) and an ovemdmg asynchronous master reset mput

- (MR).
" The counter is advanced by either a LOW-to-HlGH

transition at CPp while CP,isLOWoara HIGH-1o-LOW
transition at CP, wh'le CPo is HlGH (see also function
table) '

' When cascading counters, the 05.9 output. whlch is LOW :

while the counteris in states 5, 6,7, 8 and 9, canbe used
fo drive the CPg unputof the next counter.

AHIGH on MRrwetsme counter to zero - |
(Q= 05.9 HIGH; 01 10 Qp = LOW) mdependent of the
clock mputs {CPo and CP1)

- Automatic code correctlon of the counter is pmv:ded by an

. intemal circuit: following any iftegal code the counter -

' retums to a proper counting mode within 11 clock puises.

qun::x REFERENCE DATA

GND OV, Tamp =25°Ci = b= 6ns e T
SYMBOL' PARAN_IETER CONDITIONS . - UNIT
I : R, ' ' o | HE. | HCT .

HMew/tern - | propagation delay CPo, CPy o Q, CL =15pF; Vec=5V{20 121 - Ins

| fonax maximum clock frequency B § 74 167 MHz
G -{-input-capacitance . _ 35 '35 “IpF

' Cep 'powerdlsmpahon wpamianoe per package notes Jand 2 35 36 pF
Notes ' - B '

-1 CPD is used to detenmne the dynamlc pwer dissipation (P._-, in pW)

Pp= Cpnx\!gcaxf«l—z(cl_xvoc?xfn)where
= input frequency in MHz
' f., = output frequency inMHz - -
T (CLx Vec? xfp) = sum of 'o'utpu_ts '
C1_ = output load capacitance in pF
- Ve = supply voltage in v o
.2, For HC the condition is V; =
For HCT the condmon is V.

GND o Veo
GNDtchc 15V

; ORDERING INFORHAT!ON

. See 74HC/HCT/HCU/HCMOS Logic Package lnformatron .

‘December 1990 | T 2



Philips Semiconductors ' B _ _ Product specification

Johnson decade counter with 10 decoded outputs - TAHC/HCT4017

PiN DESCRIPTION o 7

PIN NO. SYMBOL ' NAME AND FUNCTION

3,2,4,7,10,1,5,6,9,11 |QtoQ -~ |decoded outputs -

8 o GND ground (0 V)

12 L Qss © . |camy output (actwe Low) -

13 B [ clock input (HIGH-1-LOW, edge—trlggered)

14 : - |CPo ~ . - {clock input (LQWeto-HIGH. edgehggered).

15 o Cjmr .. | master reset input (active HIGH)

16 . Wee. - - |positivesupplyvoltage
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Fig1 Pinconfiguration. | |~ Fig2 Logiesymbo. | | Fig3 IEClogicsymbol.
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Philips Semiconductors o '  Product specification

Johnson decade counter with 10 decoded outputs 74HG/HCT4017
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| Fig4 Functional diagram. -

FUNCTION TABLE

MR | CPy [ .CPy | = = OPERATION
H o [X X [Q=Qsg=H Q1toQp=
L H |4 | counter advances
L T L -} counter advances
L L X no change
L X H no change -
L ‘IH T no change
L d L no change -
Notes

1. ' H = HIGH voltage level
L = LOW voltage Ievel
X = don't care. :
T = LOW-to-HIGH olock transition
1 = HIGH-{o-LOW clock transition

December 1990 | | - 4



Philips Semiconductors _ - S '_ Product specification

Johnson decade counter with 10 decoded

_ 74HC/HCT4017
‘outputs | ;
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: Fig5 Logic diagram.
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Philips Semiconductors - S Product specification

Johnson decade counter with 10'd_ecode_d outputs - 74HC/HCT4017

Dc CHARACTERISTICS FOR T4HC
For the DC characteristics see 74HC/HCT/HCU/HCMOS Logic Famn’y Spemf' catrons

Output capab:hty standard
lcc category: MS!

December 1980 Y



Philips Semiconductors Product specification
Johnson decade counter with 10 decoded outputs 74HC/HCTA4017
AC CHARACTERISTICS FOR T4HC
GND=0V:t,=4=6ns;CL=50pF - o o
" Tamb {°C) . TEST CONDITIONS
_ . T4HC 1 : o
SYMBOL |PARAMETER — UNIT | y . |WAVEFORMS
D . 25 - —40to+85- | —40 to+125 el
) | min. | typ: | max. j min. | max. | min. | max.: 1
|t/ tp  |propagationdelay | - |63 {230 - {290 345 |ns 20 iFig9
-l cPaoay 23 146 | 58 . 69 45 |
_ . 118 |39 49 59 6.0
to/tpy | propagation defay 63 230 290 345 |ns |20 |Fig8
1 - CPo to Qs.9 : 23 |46 58 {69 ojas |
: : 118 - |39 49 59 S |e0-|.
teu/tn - | propagation delay 61. |250 315 | - (375  |ns . 120 |Fig.9
_ - CPitoQ, 22 |50 63 f7s | - 148 |
' 18 |43 - 54 |64 {80 .
ter/ tein . | propagation delay {61 {250 315 1375 ins - 120 |(Fig9 "
1 oy CPitoQse 22 150 - 63 75 1481 -
_ _ 18 143 54 64 clee. |-
tpHL propagation delay 52 |230 . £290 1345 |ns- |20 |Fig8
"MRto Qg 19 |46 158 69 L la5 |
o o 15 . |39 49 59 . 6.0 :
tpLl propagation delay 55 1230 290 - 345 ns |20 |[Fig8
S T MR to Qs g, Qo 20 |46 58 69 45 | L
_ o 16 |39 49 59 . |e0:
tha/tw | output transition 19 |75 95 110- ins - {20 |Fig9
- Time 7 |15 19 - 2 - 45 1 -
' o 1 |6 13 6 | . |19 . {60 -
| tw clock pulse width- - |80 - {17 - 100 |- 11200 ns |20 jFig8.
. - HiGH or LOW 16 |6 20 124 ~las |
_ o 114 |5 17 20° . |60
tw -{master reset puise |80 |19~ 100 126 |ns 20 |Fig8 .~
width; HIGH - 16 |7 20 124 a5 |
1 i 14 |6 |17 20 60 |
1 rem removal ime._ - 5 -17 5 5 | ns 2.0 |Fig.8 .
- MRtCPs,CP; |5 |-6 15 5 ‘145
o 15 |5 5 5" 16.0
toy set-up time - 50 |-8 165 175 ns- 120 |Fg7
- CP to CPp; {10 {-3 113 115 |45 |-
: CPy to CP4 9 (=2 11 13 - 6.0
1th ~ | hold ime._- I50 17 165 75 ns- |20 |Fig7
| CPetoCPy;- - |10 }8 13 115 45 |
| CPitoCPy 9 |s 1 113, : 6.0 : y
Hnax maximum clock 60 (23 a8 |40 I{MHz |20 |Fig8
' pulse frequency |30 |70 24 20 - 145 }
. |25 ‘|83 28 ‘124 16.0
Dacember 1990 T




Philips Semiconduictors : ' ' : 5 Product specification

Johnson decade counter with 10 decoded outputs ~ T4HG/HCT4017

De CHARACTERISTICS FOR 74HCT _
For the DC characteristics see ‘74HC/HCT/HCUﬂ—ICMOS Lagic Famn'y Specifications”.

Output capability: standard
lec categ_ory: MSt

Note to HCT types
The valie of additional quiescent supp!y current (Alcc) for a unit load of 1 is given in !he famuy speclﬁmhons
To determme Alcg per input, multiply this value by the unit load ooeﬁictent shown in the table below. :

| inpuT 'UNIT LOAD COEFFICIENT
@1 : - 10.40
CPp 025
MR - {0.50

beoember.]QQO : . ' S 8



Philips Semiconductors

Product specification -

: Johnson decade counterwi_th 10 decoded outp_u_ts |

74HC/HCT4017

AC CHARACTERISTICS FOR T4HCT

SYMBOL

GND=0V;t,=tf=6ns;C|_=50pF

PARAMETER

. Tamb (°C)

TEST CONDITIONS

74HCT

+25

min,

| —40 to+85

- UNIT
~40t0+125 I

Vee

V)

WAVEFORMS

tou! tpLH

propagation delay
] CPptoQ,

25

46

b8 -

69 -

ns

4.5

Fig9

|erf oL

propagation delay

CPp to Qs

60

4.5

Fig9

' tPHLItPLH.-_.

propagation delay-

CP1toQ,

25 -

50

163

75

{45

Fige -

[t ten

propagation delay -

CP1toQso

150

8

75

ns

145

Fig9

[t

{ propagation delay

MRt Qg

146

ns

4.5

ﬁg,B L e

propagation delay -
MR10Qs.0. Qo

148

58

Teo

ns -

Tas

fd tien

| output transition time

15

Tae-

45

Itw

-] clock pulse width-

HIGH or LOW.

16

R

24

45

W

master reset pulse
_width; HIGH

16

20 -

24

ins

145

tem

- { removal time

MR 1o CPy, TPy

Ins

4.5

-1 set-up time

'CP o CPy;
CPytoCPy

10

NEE)

15

45

| hold time

EP_O fo 631;' .
CPi1oCPy

10

Tia~

15

45

 n

maximum ciock pulse |

61

24

20 -

ns

4.5

frequency

 December 1880



Phitips Semiconductors . _ : _ | Product specification

Johnson decade counter with 10 decoded outputs ~~ 74HG/HCT4017

AC WAVEFORMS -~

g INMUT

@) eut

) HG : Vu=50% Vi =GND o Vg -
HCT: Vy = 1.3V; =GND 103 V. .

Fig.7° Waveforms showing the hold and set-up times for CPg to TPy and CF1 to CPy.

Qy=0y
OUTPUE,
Canditions: ‘ T . ) :
. CPyq =LOW while CPyis triggered on & LOW-to-HIGH
" transition and CPp = HIGH, while CP; is tiggered on &
_ HIGH-to-LOW transition, o . A NIEE
(1) HC:Vy=50%;Vi=GNDB Vee. . . © - euTRT

 HCT: V=13V, Vi=GND1a 3 V.

Fig:8 = Waveforms showing the minimum pulse widths for CPg, CP4 and MR inpuis; the reoovery time for MR #nd '
: the propagation delays for MR to Q,, and Qs.g outputs. L R _ .

December 1980 o .10



Philips Semiconductors o ' ' Product specification

Johnson decade counter with 10 decoded outputs 74HC/HCT4017

tRg PUT

@y veur

By = LOW while CPy is triggered on a Low-twneu Sransition
andGPn-HIGH whrleCPustriggatodonaHlGH—to—LDW © Gy ligy -
_ (1) HC: v,,, = 50%; Vi = GNDbVoc " :
©OUUHET: Ve 13V ViSGND3V. T - : el

'Fi_g;Q 'Wavéfdi‘ﬁié ého\réing the propagation delays for C_P_d. CPyto Qp, 55.g outputs and the output trén:sit:i_tm times. -

‘December 1980 | 11



Philips Semiconductors - - Product specification

 Johnson decade counter with 10 decoded outputs ~~ 74HC/HCT4017

APPLICATION INFORMATION

Some applications for the “4017” are:

» Decade counter with decimal déood_i_ng

+ 1 out of n decoding counter {when cascaded)
» Sequential controfier e
e Timer '

Figure 40 shows a techniqus for extending the number of decoded output states for the *4017". Decoded outputs are
_s_equgn_tial_w'g_t_t}in__each stage ar_&_d_f_rom_g@g_e__t_o stage, with no dead fime (except propagation d_elay).

ook

It is essential not fo enable the counteron TPy +
when CP, is HIGH, or on CPp when CP; is LOW,
asﬂﬂs_wouidc;ausean_e)chacnunt. ’ .

: '.Fig.10 Cqu_hter expansion

Figure 11 shows an example of a divide-by 2 through divide-by 10 circult using one “4017". Since "4017" hasan .
asynchronous reset, the output pulse widths are narmow (minimum expected pulse width is & ns). The oulput pulse widths - '
can be enlarged by inserting a RC network at the MR input. : o R ' T o

wide.tys—105. . Vo e - _

. —]% Era - 'u.
Aeida by ] ey Tl g
o ey, -
s A TR o Shide-toy 10
dide-by? ——f07 G e y®
ety 3 1Ty _ L7 - diid- by,

" : o .
* Fig.11 Divide-by 2 through divide-by 10.

PACKAGE OUTLINES

See “74HC/HCT/HOUMHCMOS Logic Package Outiines”,

D_ecember‘t_éso R ' e V4
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DIVETHE EUS, JIUBEED FULM,

SK74107, SNTALS10TA
DUAL J-K FLIP-FLOPS WITH CLEAR

SDLSG% DECEMBER 1983 — REVISED MARCH 1988 -
=t ]

¥ . package Options include Plastic ~Small

Outline”” Packages, Ceramic Chip Caa'rim
snd Plastic and Ceramic DIPs -

Depundabh‘l’emlmtmmmtsﬂuaﬁwaml
Reliability

dasmipﬁun

The '1o1mmmmmmeﬂh-mm"
. individust J-K, clock, and direct clear inputs. The 107

'waposiﬁvspubomgguodﬂm-fhp.mmmdm.
htoadedintothsmuterwhﬁstfwcloekishighand_

trahafaired to the slave and the outputs on the high-to-
low clock transistion. Forthuadavnasme.!ml(mts
musthembbwhtlat!wclockishigh

" The ‘LS!O'IA contain !wo mdnpandnm mgauve—oﬁge-
tnggeredﬂip-ﬂops The J and K inputs must be stable

prior to:the high-to-low clock transition for predictable -
oparation. Whan the clear is low, it overrides the clock’
" and data inputs forcing the O output Iow and the 0

The SN54101 and the SN54LS107A ate characterized

for operation over the full military temperature rangs: of .
—55°C ta 125°C. The SN74107 and the SN74L5107A _

are characterized for operation: from 0°C to 70°C. "

SN5¢107. SNS&.S‘ID?A RO, th )
' - SN74107 .. . N PACKAGE .
SNTQ.SN)TA ...D0RN PAm

- (TOP viEW)

sﬁs&siou. .mmcu'ms"
: rrorvm

19

O
&=
t

8 vee

192
z

1afje

nchs: 0 wllne
K(s sl
Ncll? - wsNC

2afls . w208

107
iNPUTS OUTPUTS
TR CLK J KX]a ‘@

r X X XL H
H n L ] a o
(PO M VRS R L N K
H i ; A ® H L..-H
H- JL° W _ H | TOGGLE

' "l.swu

FUNCTION TABLE =
—___inpurs | outPuts |

J&R ox 4 K o @
T v x  x X7t H
H vy L v | o G

H 4  #H t- 1w v
H 3 L O HlL W
M 4 H  H | TOGGLE
H M x x| o




24107, SNHOTUIA,
(74107, SN74LST07TA
IAL J-K FLIP-FLOPS WITH CLEAR

5036 — DECEMBER 1983 — REVISED MARCH 1988

ogic diagrams (wdit&h togic)

e

2
»

B Texas
INSTRUMENTS
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SFEEM R AW L g wFIUWESE LW Oy

- SN74107, SN74LS107A
DUAL J-K FLIP-FLOPS WiTH CLEAR

_ SDLSO36 DECEMBER 1883 REVIED MARCH 1988

logic symbols? o _
. {1 ’ 1) e .
T 13 T um"ﬁ—_-— o
ok der o ap—Slia o R >C1 Bl . .
OSE .} B TV 2L 13 S I b, 12} 45
1c|_ﬂ_n§l.b (-1 . ’ 1&5_—'!% R : ) : )
23 [CH ) 23 (1] — : o
6Lk _ 151 20 o Czen-8L g _ B} .q
o el S T _ el YO R TR

fvﬁmmnmmmwiﬁimm"sumqsamuscmbmsﬂ-u.-' :
'_ﬁn’MMmMD.J.wﬂ_m - o :
schematic of inputs and outputs [
. B 107

EQUIVALENT OF EACH INPUT o ' . _TVAICAL OF ALL INPUTS .

"HLMAX - Raq NOM
~16mA | 4kn
-3.2mA 2k} -

. LS107A

EQUIVALENT OF EACH INPUT

veg —g4—— =

INPUT
r 3

. A

N
i MAX . Fag NOM
-—04mA - . 30k
~0amA . BI5kR

absolute maximum r_atiugsbméopérating free-air mpetgtﬁreiange {unless otherwise mudl o
Supply voltage, VoG tsee Note 1) ... eeas e aveapeaaaaie SUTUUPTURSRICUCTOUPRUSRPRPE PP
Input voltage: 107 .. e .iiniinoemunrarn et __....'........_..'........' ..... ... 88V

GI0TA o ooieaineannns e et B T RN AL

Operating free-air temperature range: SN6&” .-........ v e S ceeieseenns ~85°C to 125: c
- SN74* ... .-t Setheannd el iieeiieciea. 0COTOC
~65°C10 150°C -

Storage teMpPerature Fange . ... - .. ---- febeerienananernns casmraenaen ".“--""’-':'-"°"""

NOTE 12 Vottage valuss era with respect to network graund terminel.




i54T07, SNT4TU/
JAL J-K FLEP—FLOPS WITH CLEAR

$036 ~ DECEMBEB_LQBS ~ REVISED MARCH 1988 -

commended operating conditions

SM54107 ] . SN74107 UNIT

L : C MIN NOM MRAX § MI BOM MAX

Ve Supply voltage ‘ S e 45 - & 55| 45 'S B2S. v
Vi Vigtvleve! input voitage N : 2 2 v
Vii  Low-evel input voitage - o L - B ] . 08 ' 08 v
loes ~ Highlevel output cusrent . - a - . : | ' ~ 04 . —04 | mA
gL Low-level output current : . - 16 S 16 | A
R TR o : CLK high B ; ) ' :
tw . Pulse duration o L ClKlow 4T 47 - n
Iy . Input setup tima before CLKT . B - 0 Q9 - n
th _ Input hold time-date after CLX1 [ - x5 . o8
TA Operating !ree—alrtemwatum : . o o | -55 128 0O wl *c

actrml charactenstm over rwommemied omratmg free-aar tempuatme range (unleu otlnnmse noted)_

mmmersn j . yEsrconoimionst Sheseio7 ey unir |
o : . o [wn TVPE MAX | MiN TPt MAX |
Vix S voe=MmN, o K=-12mA : L ] ~15§] VvV
L . S ) Vcc"M'N. v'"=zv‘ V“_*Q.EV, B . . - . M ............
: : : Voo = MiN, V=2V, Vi =08V, e S T :
v - . of N . - .. K .. ¥ . .
on | AN MR | w2 e o2 eaf v
TEE Vg = MAX, Vi =55V ' T N i 1§ mA
, Jorg ] ' Sl , ' . . 40§
) Voo =MAX, - V=2 : - :
HH P TAN other ce oAt - oA 24V : B _ 80| a0 | **
S Jork . . i ) . P e B - -t8 ] : -16 |
1 . Vep=MAX, . V¥y=04 S : o
n Anomer | Ve =M vi=04v SO BN —32] 321 ™
Tos8 - | Vec=MAX - . 1 —-20 . —57}| ~18 ~57 ] mA
et Voo=MAX, = SeeNote2 . o : AR [ IS N SR 10, 20| mA-

ForeondiuomshomuﬂlﬂwMAX.uuﬂwwopﬂatcvahespeﬂfwdwd«uwmﬂodopmmemdm
Afl typical valuos sre st Vg = SV, Ta = 25°C.
Nolmmsthnnomouwshoddbcshonedatam

Aversge per {lip-fiop, L
OTEZ.Wm.ﬁoumuwmiccusmumdmmmomoommmhwm mmtmofmummsm.thechqkinpmis

grounded.
mtchmg charactenstlcs Vcc 5 V TA= 25° C (see note 3)

FROM o ' 2 - ax | vt
PARAMETER - TEST CONDITIONS ' MIN_ TYP  MAX | UNI
il unruT - § OUTPUTY. : - . . - ~ "
- fmax . ' B B 1S W "l MHz
L S R - R i a : o - 16 - 25| m
IPHL ' . - a R|_=400 2, : CL=15pF ) - 25 40 ~
.., A oo =1 S ' 8 25| m
T - .Qo@ - | S o e I F 01 ™

OTE 3: Lbad circuits and voltage wavelorms sre shown in Ssction 1.

‘@ TEXAS
INSTRUMENTS

POSTOFFICEBOXW‘_MMTEXAS?&BS



DNILLI VA, STRIRLSIUIA

DUAL J-K FLIP-FLOPS WITH CLEAR

 SDLS036 ~ DECEMBER 1963 - REVISED MARGH 1988

recommended operating conditions

SNSALS10ZA | =  SNZALS107A U
- L : . ) AN NOM MAX ] MiN NOM MAX |
Moo | Supply voltage ) . - 4% 5 55 | 4.75 5 525 v
Vin High-leve! inpur voltage - L ' 2 . 2. o v
Vip - Lowdevet input voltage _ R - _ 07 o o8} Vv
loH HighJevel output current : . - —-04 F ] ~ 04 mA
lor  Lowdevel output current R : ' ) 5] ma
ook Clock !requencv o 0 - we| o 30 | wmHz
- " CLi high 20 20 -
tw - Puise durlmm - Efﬁ Tow N : ~= "3
) ’ A ¥ _ data high or low. 20 20
fau Setup_tsmnbelurgCL.Kl__. : CLA inactive 5 25 i
t, . Hold time-data sfter CLKI o . 0. . 0 ns
TA Dperaﬂng tree-air cempeumre ~855 o - 125 0 -0y °C

- electncal characmnstncs over reeommendad operatmg free-alr temperature ram (unless othenmse noted)

SNSALS107A “TSNTALSTO7A

N FARAMETER o tssrconmﬂousf . N TYPE AKX ] i TYel MAX SUNYT
| Vik - Vog=M, . T=—18mA . _ ... —18 -151 v
:voiil' T ::?::f::,m vm’_‘?v . _ t's":M_Axf 25 ';4 o )-27 caaA v
. Vec =MIN, - . V"_-MAK V=2V, 025 04 e 025 - 0..4 .
o lo =4 mA S _ R _
. Vou- ’ _G"cc-MiN. V||_=MAX Vig=2V, 0. s v
. JwoL-8mA R : = 35
: JorK o ‘ B - : .0 o1 | .
H CLR. | Veo=MAX. Vi=1V¥ C ' I 03} - T 031 mA
' ek | o o ' ' - 04 T 0A
JorK - R ' ) . 20
hiw | cer Voo =MAX, " Wj=2IV R 6D . e ] oeA
ek ) - ' , : : B a0 | s ]
W ';:R:CLK Vegemax.  wis0av. _:; — —2 ]
los§ i Voo =MAX, . SeeNote 4 . - 20 -100 ] —20 —100 | mA .
icc (ol | Voo =MAX, SeeNotwe 2 . 1T ""& 8] . 4 6| m
“trar conditions shown 1 MIN oc MAX, ul.th‘lwﬂpfiltiulul specified under ree ded operating conditions.
1 Adi typicat velues are st Ve =5 V, TA-ZS [~ S : : - . :
§ Not mors than ona. outputmouldummauumc.mdme duration of the short elrcmt hould not i one o S
NOTE 21 With all autpsts opan, 1cchmumudmihmc0mdn.outpuu high in turn. At :hctcmnnl mammont !Melocu inpoth

g\‘oundﬁd
'NOTE &:  For certain devices where state commutation can be caused by shorting an output to ground, an miv-l-nt Tt mlv be peiformed.
’ with Vg = 2,25V md 2.125 V for the 54 mmiw and he. 74 fumllv. rupmvcw. with the mlnl-m:m and m-xlmum Sienite rcdnu:i
© wona h-if of their stated u!nu . . L .

swltchmg charactanstms Vcc =5 V TA zs°c (ne note 3)

. FROM. TO L " ; ’ ) o . .
PARA ' . ) TEST CONDITIONS . . I MIN O TYP  MAX § UNIT
‘M-M'ET'ER- T IINPUT) 1omu'n : S : : SR B
7 . . 5 : == ) _ _ L3045 - | MHz
PR R Ay = 2%se, CL=15pF ) 15 20 o
PH ) SRock | 0wl L g L=y . . .
TOUPHL s = : 1 20] m

NOTE 3: Losd circuits and voltage waveforms are shown in Section 1.

'@ TEXAS
- INSTRUMENTS

 POST OFFICE BOX 635303 ® DALLAS, TEXAS 75265 : S A



IMPORTANT NOTICE
Toxas Instruments and its subsidiaries (TI) reserve the right to make changes to thair products or to discontinue -
. any product or service without notice, and advise customers to obtain the latest version of relevant information

fo 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 acknowledgement, including those -

pertaining to warranty, patent infringement, and limitation of liability. S

Ti warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Ti's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily

~ performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUGTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF

- DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL

APPLICATIONS™). Tt SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR

WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
. CRITICAL APPLICATIONS. INGLUSION OF T{ PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOODTO -
' BE FULLY AT THE CUSTOMER'S RISK. . ' R : B -' o :

I order to minimize risks faééoci'aié'd with the customer’s _applicétion_s." adequate design’and operating
safeguards must be provided by the customer to minimize inherent or procedurat hazards. - - ' '

" TI'assumes no liability for applications assistance or customer product design. Tl does not warmant or represent:
© thatany license, either express or implied, is granted under any patent right, copyright, mask work right, or other

" intellectual property right of T covering or relating to any combination, machine, o 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 endorsement thereof. '

Copyright © 1999, Texas Instruments Incorporated



HNSA0E, DNTLLIUY, SNIAIUS
SN7408, SN74L.S08, SN74S08
QHADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988
e AR W I,

¥« Packsgs Options Include Plastic “Small ' SNS408, SNSALS0S. SNE4SOS . . . J OR W PACKAGE
Outfine’’ Packages, Ceramic Chip Carriars o SN7T208 . JOIINPA(:KAGﬁ

- and Flat Packages, wmmcgramic . SN74L80%, W‘m - D, J OA K PACKAGE
DiPs . . .

. anendablo Tem Insﬂumoma O.uaﬂty and
Refiability

deseﬁpﬁon :

"~ These devicos contaln four mdependent 2-|nput
AND gates

The SN5408 SN54L503 and SN54$08 are
charactarized for opamtlon over the full military
temperature range of —56°C to 126°C. The
SN7408, SN74LS08 and SN74508 are
_ characteﬂzed for- operation frnm o to 70°C.

: FUN_OTION TABLE (esch gate)
INvUTE | outeuT
A el v
N w ”
L x~ b L .
x L L .91 11213 '
' o ' >ou>§
g : NZE o
logic eymbolf g
7w N R e, . ~ NC—No internal connection
18 , : : L L L
_ ) . o  logic diagram (positive logic)
T N _ e, o S e
4A—"!12'"“ S au o z_"“_"""*
1 This symbol Is in acoordanco with ANSIHEEE Std 91- 1984and S B rmreremisnlf
IEC Publication §17-12. o LT
Pmnumhsrssho\m\areforo J: N, nndemkages. S . 4B

rnnwmm DATA inforraation s currert as of WM ’ . " Copyright ® 1888, Texas Instruments Incorporated
speuiﬁﬂﬁmpaﬂlml nl Inginxnens : : ' : '
te.smgddlpnramﬁem. o : -
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15408, SN54L.508, SK54508
[7408, SN74LS08, SN74S08 '
JADRUPLE 2-INPUT POSITIVE-AND GATES '

5033 DECEMBER1983 - REVISED MARCH 1988

nbsolute maxnmum ratmgs um oparatmg free-alr temporature range (unless otlwrmse noted)

Supplv voltage Voo (see Note ¥ A S SR A LR R T EL LR rA")
Inputvoltage VB,'SOB ...cccvrvinnioncncasnsnenses teensisssssanmsiieadsrinrnunansttananebat 85V
‘L8088 .......................................................................‘.7V

Operatmg free-air tempetature range: SN54" ... ..vrcuncracoinnatnanan Meveeeienenseusaenn -_55°Ct0128°c
snn' cesssies B T vei... 0°Cto 76°C

: ' -ssmuso‘c

NOTE 1: vammm&Mmmﬁ. '

‘@ TE.XAS :
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 76265 -



SN408, SNHALSDE, SNOESU8
SN7408, SN741.S08, SN74508
QUADRUPLE 2-INPUT POSETWE-AND GATES

] SDLSU33 DECEMBER1983 REVFSED MARCH 1888

recommended operating conditions
SHB408 SH7408
_ _ ‘ MIN NOM MAX | MIN NOM MAX il
Vee Supplyvohege - ' J a5 5 ‘sslam -5 sl v
Vi Mightevel input voltage : C 2 o] 2 v
vy Lovlevel input voltage o Rk _ _ os}. ~  eal v
lpy Highievel outputcurent - - e . -es| - —068] wA
lon_ Lowlevel output current R - s 16 6] ma
Ta __Opuannglmmrmpnnm - Lo R -} 1%y 0 ] "

_ mmmmmMmmmm:rmmMmmlMMm@l i

)
pamAMETER | rssroouomonst S _snsm . Sed ot
B T _ - o MIN TYP$ MAX ! MmN TYPE MAX |- ;

Vik | Vec M, Ig--—lzmA- R S B =r I
“Vor Voo =MiN,  Viy=2V, . lou=—08mA . 24 34 | 24 34
vou Tveo=MiN, ViL=08V, loL=16mA -} 02 o04] .. 02 o4&} V
.o Vog=MAX, V=BS5SV _ S B | S ] mA
| veo=max, wi=2ev . - e 404,
[ | vec=max,” wy=oav. . - R T —18
“1os§ | Veoc=MAX - _ —20 ~-s55f~18 = —855] maA
igon. | VeomMAX. V=45V ' ' o o=} 12
ook - | Veo=MAX, ,-ov pole e . 2w . 33). 20 B| ma
f For conditions ﬁmnmnorMAx vse the nppropmuv-luo mc-fu-d der r . ded op i 7_'17.-.6:-'dmm

1 All typical valuss sre st Vo = 5V, Ta =
§ Not more thah ona wmut nhou!d be shoried at & time.

swnmhmg characterlstlcs Vcc 5V, TA= 25° 0 (sae note 2}

© FRAOM | T P L s S
PARAMETER - - © TEST CONDITIONS MIN  TYP MAX | UNIT
N L {OUTPUT) o N R i

tPLH . . . . : . . : N 125 2 ns
- AowB Y Ry =400 22, C; = 15pF - — ; -
. WHL : L o ot o 12 19 ns

NOTE 2: Load cireuits and'vo"ltane: waveforms are ﬁhov_m i Section 1..

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 C : ' -



§5408, SNHALSUE, SNOSIUE
17408, SN741.508, SN74508
JADRUPLE 2-INPUT POSITIVE-AND GATES

5033 ~ DECEMBER 1983 ~ REVISED MARCH 1988
[Pemn e e e

commended operating conditions

_ BNBALSOS SN74LS00 oner
MIN NOM MAX | MIN NOM MAX
Vge - Supply voitsge .45 5 55147 . 5 s26] V
Virs  Highlovel input voltage 2 2 —§ v
ViL l.ow-hvel input Wlllﬂﬂ_ 0.7 ) [+3:1 v
oM  High-level output current —04 ~04] mA
1oL . Lowlevel output current - 1 o 8] ma
Ta . Operating fren.air tempersture -85 15 ] 0 - ] ¢

PARAMETER TESTCONODITIONS T - — - uNIT
' AEEN MIN TYPE  MAX | MIN TYPE MAX '
Vi Ve =MIN, = —18mA _ , —15 =151V
~ VoH. VEG=MIN, V=2V, - ign=-04mA 2534 . .| 27 34 T v
Voc=MIN, - Vi =MAX, IgL=4mA Loes. o4 025 04} o
oL VeomMIN, Vi =MAX, loL=8mA .. 83 o8]
" Veo=MAX,. V=7V o1 | mA
1173 Voo = MAX,. V=27V 20 | pA
WL . |.Vec=MAX., vi=04V. e ~04 _—04 | mA
Ios.s VccﬂlMAK - e --20 . —'!w —_20 — 100 mA
IcCH - | Veo=MAX, . Vi=asvV 24 . 48 ‘24 48 | mA
. deen Vcc-MA* 'Vi--o"l 44 88 44 BB | mA
Eor conditions dlown - MlN MMAK use mmmrhuulm qnclﬂnd umhr uenmm-nlhd mtinn condltiem.
Al typicel values sre st Vo =5V, Ty =~ 25°C
Not mw:thmmm«t lhwldblsbmcd ats tims, mﬂm-dwmonu!mm-drwltshwlﬂ nolcxand one ucond.
mtchmg charactmsttes, Vcc =5V, TA= 25"(: {sse note 2)
‘FROM TO S a -
mnms'ren_ S TEST CONDITIONS MIN TYP  mAX | uNiT
o unpPUTY (QUTPUT} . . R A !
“tp : S LT e : g 15| m
LH AorB B 4 Ry =2kq, . CL=15pF - -
tPHL - : ‘ 10 20 ns

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




SN5408, SN54L.508, SN54508
SN7408, SN74L.508, SN74508
QUADRUPLE 2INPUT POSITIVE-AND GATES

_ SDLSOSS DECEMBER 1983 — REVISED MARCH 1958

c_'emmmandad aperating conditions

_ _ MIN NOWM MAX | MIN NOM  MAX
Vge Supply voltege s T - 145 5 85lars 5 635
Vi Highlevelinputvoltage ~ . S ' DN R I ' 2

ViL Lowdevel input voltage N N : : os] 08

tor  Lowovel output current T B B 2| K"}

v
v
v

lo Highdevel output current .~ | . . B =t I = =1} ma
—
“c

'Tg".'Opmﬁngfmirwnmtuu . o N 125 o 70

_ s!cctﬁen! cl’laract&n:ti‘et over mommendad cpcratmg frea-alr tumperature ranna (unlass othanmse noted) :

mameren' s 'rssrcoumnonst : S . - uNT
‘ _ o : . e MIN TYPE MAX | MIN TYPE MAX

Vik A vee=Mmin, =-18mA C Lo S oo=t2 ) 12
Von | Voc=MIN,  ViH=2V, lgu=—tmA ] 26 34 . 127 34
_voL | VecEMin, - Vig=08V: -igi = 20mA . 85 .08

n_ o |vectmax, vi~ssv . N ‘

T | VEC=MAX,  vy=27V _ 50

e ] V(‘;C’MAX. j vl-_osv R o O -2 _. R, T
00 ' 1
n

ios§ Voc = MAX - ' e i e . .
lecn - | Vecemax. w=asV o o oo 4. 48 1B =
v,-ov o IR - A -

Blela]als(p|<|<|<

IceL - Vcc - MAK

1 For eondmom shown s Mm or MA): ‘yie lh- l;wrﬂpﬂﬂl v-lut tp-ultud undaer rmmmmdod emrn&ng conditim
$ Al typicel ulunmttvcc- SV, Ta™ 25°¢.
§ Not mura than ane outpuf msum bc shorted st & |Im-, and the curctim ur uw mn-r.ir:ult

s\mtchmg eharactamtscs Vcc 5 V Ta= 25"0 (see note 2).

Id not ed ane

o FROM Yo : o -
PARAMETER | : - o TEST CONDITIONS MIN TYP MAX | uNIT
: b oneuny 10UTPUT) _ . 1T L

i . _ RL=2800, - ' Cp =1S0pF .

tPHL . . . — : ) .5 18] m™

. - Acorg Y. . . ” —

BLH : - : = o S S SRR - SR ns.
— - S : L =2800, Gy, =S0pF - : : :

tPHL . N S R . . ... ns

NOTE 2: Load circuits and voltage wavsforms are shown in Section 1.
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!MPGRTAMT NOTICE

Texas Instruments and its subsidiarles {1 reserve the right to make changes io thesr products or to dfscon’ﬁnue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All producis are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement. mcluding those
pertaining to warranty, patent infringement, and limitation of liability. ' :

Tl warranis performance of ats semiconductor products to the specnﬁcattons apphcable at the time of sale in .
accordance with TI's standard warranty. Testing and other quality conirol techniques are utilized to the extent
. Tl deems necessary to support this warranty. Specific testing of all parameters of each deviceis not necessanly :
performed except those mandated by government requwements .

CERTAIN APPLICAT{ONS USING SEMICONDUCTOR PRODUCTS MAY iNVOLVE POTENTIAL RISKS OF -

DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL

 APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR .

WARRANTED TO BE SUITABLE FOR USE IN UFE-SUPPORT DEVICES OR SYSTEMS OR:OTHER
CRITICAL APPLICATIONS. INCLUSION OF T PRODUCTS iN SUCH APPLICAT?ONS IS UNDERSTOODTO
BE FULLY AT THE CUSTOMER'S RISK. : :

in order io rmmmlze tisks associated with the customers applica{:ons adequate dasign and operatmg
safeguards must be prowded by the customer to mmimize mherent or procedurai hazards

Tr'assumes no habﬂlty for appl:oatlons assnstance or customer product desrgn Tl does not warrant or reprssent
that any license, either express or nnplred is granted under any patent right, oopynght, -mask work right, or gther
intellectual property right of T1-covering or relating to’ahy combination, maching, of process in which such
semiconductor products or sefvices might be or are used, TV's publication of information regarding any thrrd _
party’s products or services does not oonstltute s approval warranty or endorsement thereof 3

Copyright © 1999, Texas Instruments Incorporated



