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ABSTRACT:

In this project the traffic lighting control system analyzed
and constructed electroni,c~1Jl,on a four way road.

The priority and durations of lights are obtained from the
Traffic Authority of Nicosia. According to the datas the Eprom is
programmed in machine language. The counters are used to transfer the
contents of the Eprom to the solid-state relays. The relays which are
used in this project are optically isolated. All the circuits are installed on
a PC board.
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CHAPTER 1. INTRODUCTION

Nowadays, the control of traffic lights is done by
. '

modern advanced sysfems especially where the traffic
jam iIs high. All these techniques are basically
microprocessor controlled. In some places the priority
and duration of the lights are obtained by using the
special lights or weight transducers Wwhich are
installed on the road. The dates used iIn this project
are get statistically from the Traffic Authority of
Famagusta. As an example the on/off pulse duration of
the green light in main road is hold Qlonger than the
cross road. If in the future, the priority and duration
of lights are want to be changed, the Eprom should be

reprogrammed. This gives a great advantage to the

system.
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After the getting,of pulse durations, the Eprom
should be programmed in machine [language. The 27-16
Eprom is used as a 2K byte ROM in project. But only 256
lines are wused. The number of Llines of Eprom are
controlled by the eight bit counter. The counters are
directly connected to the address lines of Eprom. The
contents of Eprom are then transferred to the solid
state relays. The reason of using the solid state
relay~ are due to the separating high-voltage circuits

from the low-voltage circuits.




CHAPTER 2. CIRCUIT DESCRIPTION:

2.1 THE BASIC T74LS90 DECADE COUNTER

The T74LS90 is high speed 4 bit ripple type counter partitioned
into two sections |, Each counter has a divide by two section and either
a divide by five (LS90), divide by six (LS92), or divide by eight (LS93) .
section which are triggered by a HIGH TO LOW transition on the clock
inputs .Each section can be used separately or tied together (Q to CP)
to form BCD. bi-quinary, modulo-12,or modulo-16 counters . All of the
counters have a 2 input gated Master Reset (Clear), and the LS90 also

has a 2'input gated Master Set (Preset 9) .

. LOW POWER CONSUMTION ... TYPICALLY 45 mW

. HIGH OUTPUT RATES ... TYPICALLY 50 MHz
CHOICE OF:OUNTING MODES ... BCD. Bl QUINARY,
« DIVIDE BY TWELVE ,BINARY .

. INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

. FULLY TTL AND CMOS COMPATIBLE.




2.2 T74LS193 PRESETIABLE  4-BIT BINARY UP/DOWN COUNTERl

The T74LS193 is an UP/DOWN MODULO-16 Binary Couter .
Separate Count Up and Count Down Clocks are used and in either
counting mode the circuits operate synchronously. The outputs change

state synchronous with the LOW-to-HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down outputs
are provided which are used as the clocks for a subsequent stages
"without extra logic, thus simplifying multistage counter designs.
Individual preset inputs allow the circuits to be used as programmable
counters. Both the Parallel Load (PL) and the Master Reset (MR)

inputs asynchronously oyerride the clocks.

. LOW POWEReee....» 95mW TYPICAL DISSIPATION y

. HIGH SPEED.~~... .40MHz. TYPICAL COUNT FREQUENCY

+ SYNCHRONOUS COUNTIl\rG

+ ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD

pto




INDIVIDUAL PRESET INPUTS
CASCADING CIRCUITRY INTERNALLY PROVIDED

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

FULLY TTL AND CMOS COMPATIBLE




FUNCTIONAL DESCRIPTION OF T74LS193

The LS193 is .Asynchronously - Presettable Decade and 4-bit Binary
Synchronous. UP/DOWN (Reversible) = Counters.The  operating modes of the
LS193 binary counter and LS192 are identical, with the only difference being
the count sequences as noted in the State Diagrams. Each circuit contains
four. master/slave flip-flops,with internal gating and steering logic to provide
master reset,individual ~ preset, count up and count down operations.

Each flip-flop contain JK feedback from slave to master such
that a LOW toHIGH transition on its T input causes the slave, and thus
the Q output to change state.Synchronous switching, as opposed to ripple
counting, is achieved by 'driving the steering gates of all stages from a
common Count Up line and a common Count Down lineithereby causing all
state charges to be initiated simultaneously. A LOW to HIGH transition
on the Count Up input will advance the count by one, a similar transition
on the Count Down input will decrease the count by one. While counting
with one clock input,the other should be held HIGH.Otherwise, the circuit
will either count by twos or not at all, depending on the state of the state
of the first flip-flop, which cannot toggle as long as either Clock input is

LOW. 6




The Terminal Count Up (TCu) andTerminal Count Down(TCD)
outputs are normally HIGH. When a circuit has reached the maximum
count state (9 for the LS192 5 for the LS193 ), the next HIGH-to-LOW

o . ) B ’
transition of the Count Up Clock will cause TCu to go LOW. TCU will
stay LOW until CPU goes HIGH again,thus effectively repeating the
Count Up Clock, but delayed by two gate delays. Similarly,the TCD
output will go LOW when the circuit is in the zero state and the Count
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms,

they can be used as the clock input signals to the next higher order

circuit in a multistage counter.

Each circuit has an asynchronous parallel Load(PL) and the
Master Reset (MR) inputs are LOW, information present on the Parallel
Data inputs (PO ,P3) is loaded into the counter and appears on the
,outputs regardless of the conditions‘ of the clock inputs. A HIGH signal
on the Master Re.set input will disable the preset gates, override both
Clock input/s, and latch each Q outputirt the LOW state. If one of the
Clock inputs is LOW during and after a reset or load operation, the next

LOW-to-HIGH transition of that Clock will be interpreted as a legitimate

(
7
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'sig‘nal and will. be counted.




2.3 THE 2716 EPROM
16K (2Kx8) UV ERASABLE PROGRAMMABLE ROM

- ; . '

The: Intel 2716 is a 16,384 bit ultraviolet erasable and electrically
programmable read-only memory (EPROM). The 2716 operates from a single
5 volt power supply, has a static standby mode, and features fast single
addres location programming. It makes designing with. EPROMSs faster,

easier and more economical.

The 2716, with its single 5-volt supply and with an acces time
up to 350ns, is ideal for use with the newer high performance +5V
microprocessors such as Intel's 8085 and 8086. A selected 2716-5 and
2716-6 is available. for slower speed applications. The 2716 is also the
first EPROM with‘ a static standby mode which reduces the power
dissipation without increasing acces time. The maximum active power
dissipation is 525 mW while the maximum standby power dissipation is

- only 132mW, a 75% savings.



The 2716 has the simplest and fastest method yet dev'iSed-)fO‘r
programming  EPROMs - single pulse TTL level programming.  No n‘?ed
for high voltage pu;.singw because all programming controls are handled
by TTL signals. Program any location at any time - either individually,
sequentially or at random, with the 2716's single address location

programmmg. Total programming time for all 16,384 bits is only 100

seconds.

10




ERASURE = CHARACTERISfICS . OF EPROM 2716

The erasure characteristics = of the 2716 are such that erasure
- - ‘
begins to occur when exposed to light with wavelengths shorter than
approximately 4000 Angstroms (A) . It should be noted that sunlight
and. certain types of fluorescent lamps have wavelengths in the

3000-4000 A range . Data show that constant. exposure to room level

fluorescent lighting could erase the typical 2716 in approximately 3 years ,

while it wouTd take approximately 1 week to cause erasure when exposed
to direct sunlight. If the 2716 is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to prewent unintentional
erasure.

The recommended erasure procedure for the 2716 1s exposure
to shortwave ultraviolet light which has a wavelength of 2537 Angstroms
_(A). The integrated dose(i.e., UV intensity X exposure time) for erasure

should be a minimum of 15 W-sec/cm. .. The erasure time with this dosage

11
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*

1s approximately 15 to 20 minutes using an ultraviolet lamp with a

12000 W/cmi power rating. The 2716 should be placed within 1 inch of

1

‘

the lamp tubes during erasure. Some lamps have a filter on their tubes

which should be removed before erasure.

12




THE OPERATION OF 271(> EPROM

The five modes of operation of the 2716 are listed in Table 1.

= ) . (]
It should be noted that all inputs for the five modes are at TTL levels.
The power supplies required are a +SV Vee and a Vpp. The Vpp power

supply must be at 25V during the three programming modes, and must

be at 5V in the other two modes.

READ MODE OF 2716 EPROM

The 2716 has t\VO control functions, both of which must be
logically satisfied in order to obtain data at the outputs. Chip Enable
(CE) is the power control and should be used for device selection..
Output Enable (OE) is the output control and should be used to gate
data. to the. output pins, independent of device selection. Assuming
that addresses are stable, address access time ‘(tACC) is equal to
. the delay from CE to output ‘('tCE) . Data is available at the outputs
120 ns (tOE ) after the falling edge of OE, assuming that CE has

been low and addresses have been stable for at least tACC- tOE.

13




STANDBY MODE OF 2716 EPROM

+
\.

The 2716 has a standby mode which reduces the active power
dissipation by 75% , from 525mW to 132mW. The 2716 is placed in
the standby mode by applying a TTL high signal to the CE input. When
In standby mode, the outputs are in a high impedance state, independent

of the OE inputs.

OUTPUT OR TIEING FOR 2716 EPROM

Because 2716's are usually used in larger memory arrays Intel
has provided a 2 line control function that accomodates this use of
multiple memory connections. The two line control function allows for:
a) the lowest possible memory power dissipation, and

x

b) complete assurance that output bus connection will not “oceur.

To most efficiently use these two control lines, it is recommended
that CE (pin 18) be decoded and used as the primary device selecting

function, while OE (pin 20) be made a common connection to all

14




devices in the array and connected to the READ line from the system

control bus. This assures that all deselected memory devices are In

R

their low power standby mode and that the output pins are only active
= )

when data is desired from a particular memory device.

15




PROGRAMMING OF THE EPROM 2716

Initially, ;nd after each erasure, all bits of the 2716 are in the
"1" state . Data is introduced by selectively programming "O's" into the
desired bit locations. Although only "O's" will be programmed, both "1's"
and "O's" can be presented in the data word. The only way to change
a "O" to a "1™ is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at VIH . The data to be programmed s
applied 8 bits in parallel to the da:tta output pins. The levels required
for the address and data inputs are TTL.

When the address and data are stable, a 50 msec, active high |,
TTL program pulse is applied to the CE/PGM input. A program pulse
must be .applied at each address location to be programmed. You can
-program any location at any time - either individually, sequentially, or
at random. The program pulse has a maximum width of 55 msec. The
2716 must not be programmed with a DC signal applied to the CE/PGM

input.

16




Programming of multiple 2'916s in parallel with the same
data can be easily accomplished due to the simplicity of the programming
requireipents.  Lik~-inputs of the paralleled 2716s may be conected
together'. when they are -programmed with the ssame data. A high level

TTL pulse applied to, the CE/PGM input programs the paralleled 27165,




PROGRAM INHIBIT OF EPROM 2716

Pr‘ograrpmirﬂ_g“of multiple 2716s in parallel wjfh different data
1s also easily accomplished. Except for CE/PGM, all like inputs (inciudingOE)
of the parallel 2716s may be common. A TTL level program pulse applied

to a 2716's CE/PGM input with Vpp at 25V will program that 2716.

A low level CE/PGM input inhibits the other 2716 from being programmed.

PROGRAM VERIFY OF THE EPROM 2716

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify may be
performed with Vpp at 25V. Except during programming and program

verify, Vpp must be at 5V.

18




2.4 SOLID Sf ATE RELAYS

AL,
-Having 1 =ealed cornatr=uction wi+h no -nowi rg
parts, t hese solid state reelLaya ar= particul.arly
1

suited  to ~ocC. 'swi‘tching applications .=~ requiring - long
life  arid high reliability « 'fhe switching  is silent,
cau~2s no arcing and is unaffected by vibration  ~nd
corrosive  -Itmos-pc.eres o -rhe control  input is o:ptica:lly
isolated: ~ fro111 the zez-ovol ta.ge owi -tchin = circuit  which
produces  -ifirtually ~— no HF interference o lllay b,;, operatel
oy 'fTL Olen collectol::.-. ., Gutnut  circuit is ' nominall.y

open' o Whenan inducti Ye load is to be switched  an
additional ~ snubber networks (ego 238-463 for 24Q V

~nd 623-~~R for Ji15 v 3Uupli~s) may be beneficial

but the nFtworJc is munditory for the dual-in-line - ard
7)lug-i~pin .styi es which do not have integral  snubber
networks . ror- protOction against  the effects of
tna.nsients. rne eor.nectl.on of a -netal oxide varistor

a.cross an inducti va Load can help to minimise = the
tr-anemtssion )f transients . lienerally  no dera ting
iIs required for lamn loads due to the excellent

surge capability o

19




CHAPTER -3. CIRCUIT OPERA™f1IONS

3.1 EPROM CONTROLLED TRAFFIC LIGHTS OPERATION

*

The basic cifcuit diagram and the iz~ .L.c.iifa

are shown in appendic:ea. As it iIs seen on the timing

[}
\

dtagram, the all required~ ,signal and time duration are

encoded in machine . language. This program is then

stored in Eprom. Tha total duration or period of one

cycle is 129 seconds. The number of address Llines -~re

the number of address location will be

8. Therefore,

256. Each address Jloc~tion of the Eprom should be

enable at 129/256 sec or 0.5 sec. The required cloc~

frequency is 2 Hz. The main 1i1dea behind of tCc mdcriirie

Ialnguage is that at each 0.5 second intervals the one

p~riod of cycle is encoded. Then the binary numbers are

converted to Raxadecimal. The complete Eprom contents

are shown below.
Eprom List

Addres~-. Hex. Code. ~YRd. C.Rc4.
,0000-0034 84 ro 888
., 0035-0040 %8 100 010
0041- 0058 90 100100
00 59-0064 00 110 100
0065- 000C 30 001 100
0000- OOE8 50 010 100
OOE9-00F4 90 1 00 100
OOFS-OOFF 08 1 00110

20



The main blocks of the system are

Divider, Counter, Eprom, Relay drivers and Power

Supply.
 The main clock frequency which is wused in the

system 1is 50 Hz. This f~equency as it is explained

before 1s very high for enabling the contents of Eprom
at eachl6-5 sec. Thé required clock %requency Is 2 Hz.
Therefore the main clock frequency should be divided by
25. It is used two 7490 TTL IC divider. Each divider
divides by 5 and they are cascaded to have 25 division.
The 2 Hz frequency is then applied to Up/Down Counter
(74193) . The counter which 1is used in the system is 4
bit binary counter. The down 1s hold at 5 volts and
clock input is applied to Up pin. Therefore it counts
from 0000 to 1111. When it is reached to maximum count
1111 i1t returns again 0000 state and will cause to
change the state of carry, In order to get 8-bit binary
cdunter~- the two 74193 TTL IC should be cascaded. The

carriy output®™ of the ,first counter i1s used as an Input

to the second counter. This"- enable us to have 8-hit

binary counter.

¢

21




At each clock pulse, the output o~ the counter is

changing and when it 1S reached to maximum count, aitl

8-bit returns to zero state.

The 2716 Eprom which is used iIn the circuit is 2K
byte. Only the 256 lines are used. There~ore the output
of 8-bit binary counter is applied to the 8-bit address
lines of the Eprom. At each setting of the address
lines the corresponding data which 1is stored in the
Eprom is transferred to the output. When the 256 [lines
are completed, It returns again to first address and
one period of cycle (128 sec) is completed. These are
continuously repeated until the energy of the system is
o~f. The output,of the Eprom are feed the solid state

Relayis via operi coll-ector iInverter <7406). Solid state

. relay~_i1solate control circuits from hazards associated

. ~Jt, ., ccontt~0.1 Ung  hi,gh-voltage- .and, high—powe.r cffcuits.

The~ ~f~er.~he advantages of separating high-voltage

circuits from low-voltage circuits.

22



CHAPTER ,4. POWER SUPPLY UNIT

POWER REGULATION
- e :

The purpose of the power supply is used to convert
ac to de current feed the circuit direct current and
constant voltage. Thisv circuit mainly consist of six
parts these are step down trans~ormers, bridge by power
diodes, capacitors, resistances -~ith 7815, 7805, 7915

and LM 317.

The main application of power diodes is as
recti~ying elements to convert ac to de. Ac is the
,observation -for alternating and de fot- direct
<constant> current «. Electrical power is distributed in

".,,.and.,ac  f-orm but many industrial,., proc.esses machines
;,1;5;0:-;.electric.a.l  and.most. elec.tr.onic\;equ-ipments, - required de.

- power supply .for their oper.ation.

23




As rectifying elements power diodes find
app!l ication in dc power supplies of electronic

equipments in de supplies.

A very popular fTorm of full-wave rectifier s the
bridge rectifier circuit shown in fig 2.1. This circuit
enables the full secondary voltage to be effectively
impressed across the load and does away with the
necessity of using a center topped secondary winding.
The four diodes making up the bridge may be obtained in
a unit bloc with two pair connections available for

connecting the load and the ac input.

On positive half-cycle ie. when terminal J IS
positiv.e,diode 01 and 02 are forward biased, current
therefore ~low~ to the load along th~ path J,K,I?,M,N on
nega'tive. -hal:f-cycle, J goes 11e"gat-i~e""with respecf to
N (- N -hs in fact normally earthen and therefore at zero

volt> which forward bias diode 03 and 04 then flows to

24



e

L along the path N,L,M,K,J. The ac input voltage and
load current and wave forms are sketched in fig 2.2.

- - . A
In a power gupply we need the voltage to be
constant.  Voltage by wusing the <IC> which names is

78xx, 79xx, and LM 317 wused in power supply unit. It

has some advantage over the zener diode stabilizing

c:irc:uit.
1> They are provide with 1internal current
lLimiting.
2> They are protect internally against
thermal overload.
~exx versions- are fixed positive model. For

exa~ple a.7815 is a positive 15 volt- model that can
J;~rox.i,qe. at;F le.ast | ampere o-f output cur.rerrc . But .the
.on.lyy-when  :the regulator drop is low enough to avoid

overheating.

25




79xx versions are Tixe~ negative model. The LM 317
models are adjustable positive and 500mA of output. "

In many rectifier circuit it is common practical
apply the ac iInput voltage via transformer. We shall
therefore starts this subsection with a brief
description of the function over transformer. The
winding of the input side are known as the primary
winding and those on the output as secondary windings.
The transformer has the property of stepping up or
stepping down the amplitude of an applied ac voltage.
If the number of primary turns is N1, the voltage is
VI, then the amplitude of the output voltage iInduced
across the terminal of the secondary winding is

V2 = N2 1 N1l i v1

where N2 iIs -econdary winding~ When N2 > N1 1ie. a step

. up;.situation When N2 <, N1 1e. a step,:down, situat)on.

26



Thus by employing trans~ormer with suitable turns
ratio< NI/N2 >. We can select the value of ac voltage
amplitude applied to a rectifier circuit. ie. If we are
operating‘ from the main where the éeak amplitude is
root 2A1/2*240=339 volt < 240 volt mean square rms
value o~ the main supply> and we wish to rectifier to
a maximum de voltage of 20 volts which has we will soon

show m~ans the~secondary voltage amplitude required is

20 volts we would select

N2 1 NI = V21 VI = 20 1 339 = 0.06
that i1s the secondary winding would need to have

six turn for every loop on the primary.

27
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CHAPTER 5. CONCLUSION AND RECOMMENDATION

*

\,

The circuit which is used in this project is more
versatile and accurate. The reason of using this
technique is to get a minimum deviation in the pulses.
In addition to that the clock pulse of the system is
Aerived from the mains so that it iIs synchronized. It

is avoided to use RC elements in the timing sections.

Another advantage of the system is that it makes

the contents of the Eprom renewable in the long run.

To prevent the system from the interference it
should be well grounded. Otherwise the states of lights

c:an be c:hanged.

28



APPENDIXES:




EXAMPLE Pr-or~-~Y Xntersect~-ons~
Gap and Lag Acceptance

The operation of priority highway iIntersections
and the function of lag and gap acceptance can be

described as follows;

The observations given below were obtained at a
priority intersection, the unbiased and biased mean gap
~nd lag acceptances together with their standard
deviations and the critical lag can be calculated. The
relationships between these values, can be illustrated

as fol lows;

1 2 3
first decisions all decisions

number number

lag or gap class

(S) o accepted rejected accepted rejected

30



0.5-14 0 30 0 181
1.5-2. 4 0 33 0 168
AT 3 41 10 105
3.5-4.4 30 26 40 64
4.5-5.4 38 15 52 31
5.5-6.4 D 5 11 |
6.5-7.4 27 3 45 3
7.5-8.4 18 1 25 1
8.5-9.4 15 0 17 0
9.5-10.4 4 0 0 (o]
The simplest form of highway intersection is where
control over the. con~licting traffic movements
exercised by assigning priority to a major road stream
of vehicles so requiring a conflicting stream of minor
roa".d ve:chic le.s to give way.~- This form o-f control is to

be found

in a variety of forms ranging from the

31



simplest Step and Give Way controls to the regulation
of the merging action at motorway intersections.

Priority intersections function because minor road
vehicles are able to enter or cross the 1najor r.cad
traffic stream using the larger headways or gaps in the
major vroad flow. It i1s generally assumed that minor
road drivers waiting to enter the major road make a
~ecision whether to enter a gap iIn the major road on
the basis of the size of the gap. If a driver arrives
at a Give Way 1line and i1mmediately enters the major
road then the vehicle would not normally enter a
complete gap between two vehicles but only a portion of
a gap, usually referred to as a lag. Frequently gaps
and lags are not di~ferentiated in traffic engineering

practice.

32



Wherr a minor road driver waits at a
way | ine then the driver may or may not
gap or lag. I-f the driver enters, then

v - ) . .
said to accept the gap or lag, conversely

said to reject the gap or lag if he does

major road.

Driver reactions vary, some are more

others and the acceleration performance

stop or give
enter a given
the driver is
the driver is

not enter the

cautious than

of Vehicl-s

also varies; this means that there 1is a wide range of

minimum gaps or lags which drivers

Frequently it is necessary to find the

will accept.

mean value of

the accepted gap or lag for all drivers passing through

and iIntersection. As well as determining the mean

value, observations -can also be used to

find the form

of- t,he distribution of- gap or lag acceptance.

33




When making observations-to determine the mean lag
or gap acc~pt~d by drivers particular care has to b~
taken to ensure that the results are not biased by the
slower drivers, who will reject many gaps before
accepting one gap, 1IN comparison with -~aster drivers

who will reject few gaps before accepting a gap-

Frequently to prevent this bias occurring only the
decision of a minor road driver when he first arrives
at the j-~nction is recorded. A note 1i1s taken of = the
size of the gap iIn the major road traffic and whether
the driver accepts or rejects this gap. As an
alternative all the rejections or drivers are recorded
and a mathematical relationship used +to determine the

unbiased value of the average gap which is accepted.

e. In eariy-traffic studies of gap acceptance the

critical lag was frequently used. This was defined as

that Jag which had a value such that the number of
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rejected lags greater than the critical lag is equal to
the number of ,acc;eP.ted lags less than the ciritic.:d lag.

The critical 1lag is by definition a measure of ~irst or
¢ . t

unbiased driver decisions and there is a mathematical

connection  between the critical lag and the unbiased

mean value.
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| -~BSOLUTE MAXIMUM | RATINGS labove wlicli: thr nsr.ltil ifi>inay Iw nnpiPil)

! T54LS192/T74LS'192 0O T54LS193/T74LS193

FUNCTIONAL DESCRIPTION Th L") alld 1.5193 al' N\svin Inold,111~iyiesrtt:itil" llier:asle .11d N n,i Rimaiv
$ylidununius  ur:DOWN  (Rizv,:>isilllCinintris Thr nppratiHd anodi><if P | sIg7  rifi-adf>(1)61111<1  niol tlie | sni.l
hinaly gﬁllnl—r ar~ id<'ntiral., with thP. only tiilh~r¢rWf o hielllg 1tu—;nmi( ~~gwnicr/cé; LIS notfd 111t ~rir> [ Fi\di

RIS roniain~ [rucr ma~tP.r/skayr flir,-flor\. wi th ntrinal lliting . ,ned q,l~r)ng ingic |,, pilvl, riissrer et ntdwidial

prrsi>t, r:ount np 11,1 nurlt down opEJration~

Each flin flnp comams JK fl:Pdh;ick fiom wna,r. to an=stri such w0 LOW -1 HI(iH - niallsui,rnin, itc | |'||ph‘| ralisrs itir
slavP., and thui lif  p output to ch angn state  Syrichronow; -, twitthing. | i npposrd - tn 1ppli: rg11vmt). woiAnPvnd LIV driving
thP sterrim.l‘ ptrs. n( Il siagfls frona- corpirrwit. Count' Une liru> anrl o ¢nrimortt Cintit rinwri’ Thin>. |I|r|rhy r-—~,|s"||-qal\ q,le
changcs to be in,ijated ,|m||It;nw0||$ly. A LOW .to HIGH  rrarisition 1 thr Cenmt lip inpui will ad.,~IH'PIl"* rriirit 1,v nie.
a sunil;ir uvanswon @ thP Connt. Down input will dpP.cji~¢ + 1tir! roi1111 by nip wiiile rommiiing ' Wide - non elrwek  wpnf, o thit!

|
ottrr r ,;honlrl he heIrI‘ HIGH Othriwi~P.. Inf' rifetut - wall ~ithrr roourrt liv twn<.nr nl oy alt. dip,nd,,,q L, tho fi~n- 0 rhiefi~i

lIi,n flop, wint:li canrint 10qqlr a~long as eithP.r.Clock_.iiiput is LOW. t

— WL
ThP ~<-112\IZu,nn. 131 (T(u) - and Tifilinal | ;011111 Dnwir (TCu) ommor”  ,nr 11nii.dlv1111;11 I
1, naxigpul rount. siate (9 for thr> LS197. dolor dile t.S193)) itw L, HMIEH- M LOW ettt

will cnsie TCU 1o gn Lew. TLU will, StV 13)1/3° unul, CPu (QIPSIllGIE T cigrairn. i< rff o1 Lvfi-, reir™e L0 o e,
but ilrlivr.ct by two ciar rlisl;lys  Sunil arlv. ths' TCo nmur will. go LUW wihiPIE ilie ciricnnl |, ™ th<s e 11111,
Oriwii yl.,d: go=s LOW. SiricP.thr. TC outpiis rPpi>~tihP clock w;ivIfini, the"l 111 1" tiseti s ilits,

i o-lireel li,c ™o, 1™

wl

S O EY TR [T M [
{or, pr=t AP arjero Cilkllit - 180 a mtiltitacr. — CQUAIIPr -

[}

\

Each rirc,nt Li;n an asynchrorions  parallel load capalulity  pertinig — th<'courntrr: in hp' j-isesrt Wiwi the railird L1l Ilé'l.)
and 1hr l\/‘lJastér Reset (MR) inputs are LOW. infounation | present o itir raiall~l' Daia inputs' 110 |5'3I IS I(Iarlr:d |‘|||lo' thP
couer and appears on the outpu,ts iegardlels of the conditions of thr» “lock inpits: A HIGH signal riii rhe Mastor n,esel
inpin Cwill \dlsallle the preset géfes, override tioth Clock inpnts;, aud latch eadi () mupit- ™' IhP tOW siat"  If"™"

nl ihe c:,n |,
inpii-, ,, LOW duiing and after a |eset or load operation. thP nr~t' LOW to ItIGH ‘tiansnhini’ Lif th;n (Ind'

will Iir iiiirrrited
as J Irgitinatr>: signal and will- he counted.

; MODE SELECT TABLF.
r' m o mm-—— ek AL : MODF
MR PL CPu ! cr0 l oL e N
H - ““>Z"- o -X : X i fif'<s't (\svir |
|
i L L X ’ 1 11§ P<:PT. sram ) \
L H H I : N (li;urgP {
| H [ It | Curnl iy !
i |_ H il r 1 (=l ez
I s
.- L OWW Volf~Qfi I_Pvt'l

11~ HI(AH  VolFitQR ' | pvrI
X - Onyitt Iy,
f - LOW in-ttGH  Cine~.' T, """

-n

lIS'C i 11O C

56''C « 175 C
05Virn/ov

0'ivio 1tV

JO i 1, 5 0y,

(Asvmiio v

Q0 mA

:Sthfag~ Temperature

Tr-mneraiure (Ambient) ' Under Bia~

Vee Pin Potrntial to Ground ' Pin

+ input. Vol tage (del

* lnput: Curient (del

Vnlt~qc Applir.d to Outputs (Output HIGH)
Ourout C:urir,nt (de) (Output  LOW)

. EIlhP.f  lipur . vni--~ire 111111 o lupu, A\.unP.tH ~ limir i <tiffir~1i s pIn U IhP npi,is,
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T54LS192/T74L5192 0 T54LS193/T74LS193 ’

‘GUARANTEED OPERATING RANGES. e RN SRR T L ey TRl
) e
) ) SUPPLY VOLTAGE. IVCCI :
FAHT NUMtit:HS e T TP A MAXEET T[MPL:RATUAE
ol BPERETIORRS ) PR i3 L, ST G N R [ (T —
1441 3 1507X W .
111 4 UIX 45 v 50V 56 V ‘ €5C 0 + 1285«
B i B T DIRER e T i R e SRS e R e R
T & 'U)X 475V 50 V 525V 0eClo*10:C
I /41 S IM3IX L ‘

< package (ype, U for Ceramic Dip, B tor Plastie D See Pachaying Information Section 1o packages avintatsle on «jns Prooudct

-~

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise spftcifiedd

LIMIIS
siYMI:dal PAAAMEIER o . ML UNITS TEST CONDI1TIONS
MIN TYP MAX
frm i e RETmmmmEm——— e e e E e .
| Guotnicied ' Input HIGH = Vizlieun
iy ! linun thiGIL Voltitgn 20 Y ¥ .
! i for All Inpuis
i ¢ sy veedeedssasce R et SR T S
| W | 1>4 \] \% Guisii,ni,o<l Input LOW Voltage,
Vi ‘ P ONVEVlIING - - e 74 1 "'iiiii"ii'I'TIT'- T [- [¥UnEN | NNN, SNARERSNREAN NN |NNRNRNE NEEEEEEEEEEER
oo LSS LSV e, s " - s
i | et (tdmi, olg.q; ;mna.g 036' r o "tl
(o) ) 111 _EmmEEm | ' . ANy e
o A A2 |30, R A e
| 54 =
Vou i Ouipu:. HIGH Votiior  ===--- b R . \Y .

y | 74 i | 34 1 VIN ~ V1|l-|| ul Vil 5, Tiuh r~til" I
j e e PR — e e ] (TS sret 1L 1 > . RIS
| A A I 54 74 " N~ ] N ~ - AYAY ~ ~~I mrtren mni

Ll .Ut ahoegr ittt (o Rl o Gl B e | I B A R A AV 1) e | II" . 1 1 ’III |||||’ ||’||’”| 1
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i e em e memmeseme o . Ammmmne i e 5 - Sy i
A thc MA s, 27V
iy input HIGIL Cuttinm PRI PSSR 5 --------* -u ..... ( D TR
i (O n|A Vu- - MAX. VN - 1 0OV
i 3 : S, o s s b e R T S m i D i o b s AR
n { dlunur 1ow' Cuirenn -0 4 mA Vee - MAX. VIN - 04V
| o s e ” i 6 g 9 g . ——— - s T Gimes e m it s Crmm caeen L
i Ouipur Shuri Circun _2 1 " )
. | iy 100 | waA Yec * MAX. Vour oV
I t~unc,ut. tNcit~ 4)
i . s e e 55, L s st e s b iy S e SR et S e S S A
g Yuwer SuIJu&y Cuuttot 19 34 nA Yec " MAX
&= . .- SR IR —— S rTae —— lhnies. wwa e < - P G = . = e . PEEES ¢ S S P TS & S A ¢ SH - .+
rHJ It~
1 ~ lendin ey fui_1e,,0y. | uw - Lt,own on the eelile. eee c..holan hJ 1JU-IssliN vpeLilltdn unue, ' "w,.ui ccuc:+ II:mn.JlnullL
2 e ~~~merd. \ Mt IS c-p~ietll the “wont Gins' veEue fo, the Pesenieie, Sinizedtiola . U, <=9 volun  nowraiuliv’ - HU-.UL gt tetnpels:
u~c di- r: BV elvil-<ge. ~1tilleulel. cu.k.]~HQ;\4M;';.,0;.]Immun|(y and gltUrd) caaaty ©) C4U bt dA;hicvet). Ly dieuciauny . me dilo. . dDIff AVIIMF

immgedlaed 1 eV 0
J Lpwol luhy #C " VCC » 50V, TA - 2~ C, 4nt) fHc,unu,n  hi.din9

4 N,1 e thei vinre ;-Jiput. shout<J L4 ,hunietd | eselune
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29

690 Relays/Solenoids
Solid State Relays

Having N scaled construction | witli' 110 fiioving ' parts
iln;,sc solid state relays  me' particularly ' suited ' to'a.c.
switching- applications  rcquirillg ' lonq life and' high
mlinbititv. Thc switching | is silent,. causos no'arcing
and is ||n;llfr~clcd1y vibration and corrosive

auuo suherus.. Thecontrol! input is opticil1ly~isolatml

fron 1! ,mo voltage' switchinu  Circuit which
produces  virtuallv- 110RF interfercncc. May lle
oper.itr,d Iy TTL open collector.. Output circuit is

‘nominallv - onou'.. Whmt an indictive load is to be
switcltPd al1 nddition.11 snubber nntwnrk (0.t). 238.
-1G3 for ,~OV ' ,111<1623-338 for 415 V supplies]' rmiy.tio-'-
hmil?fici;il hut the nutwi irk is mnnCkitory-for - the
dunl-in-line - i111d plug-in'~ 8-pin ' styles. which' do nol
lwvie ainieqral snubber iwtwork~. . [For protection

iHlitli-t | tin- <'fir.cis. of transiunts.. thr. connection 'of a
Ii~I_Hal oxidi?- varistor (0.q. 649, IGG I[ir 2)\0 V ul<i

G40-2 73 Inr 415 V suppliosl ' across tlic relay output- is
rccontiicnd,~d. 111 addition, ihc couuoction ' of a rneta!
oxidP varistor across. an inductive load can liclp to
niinilllis: 1he transmission | nf transients.. Generally no
firning  is required for larnp ' loads due to' tho
~xccllerii surge capability.

Dil (

Solid state relay in industry staridant' ' T0116 nackage,
ratcu* ar' | I\ withour heat: sink at 1lpto 35"C ambient
icniperaiure.

[s.sM.ii )
type stock. no.
1A 346-671

siLsP  NEW-~

“—-———"—-’.

SWITCHED ‘,[
OUTPUT
Iyry CONTROL
INPUT
? A -
PlNlENG"‘W | LJ'..
OIA 1 | e
w118

Ol e el
oo |

Compact package with single in-line' 0:1'in' pitch
COJIIH~Clioll pins.

Approvals |  in process: . VDE. CSA, UL.
L
R (
type stock no:
257 348-431
4.0A [iii 353-001
Ty

. dowta Orders .,

¢ Plt-1,,20,d,,- titttnumbe, of pricPd unitti yourwaqui,e ‘of NCti
strrhir 11, 1mb.r,niurtn@1hnt ity quantity 'ordefed e divililtlt!
by thf* :i.S.M.

* . Py...lu;1- o only nttllable ~ Ift multlplee of the'l.S:M!

.. Fo, moleinfomiation. ANthe fi;it i,a,1eof thliuteloir,e

; il "uh

PCB Mounting

1.38:1 W2S~ It.17A
rin Irm~=nh A 10ijt 0-H
] B {n
w314 2fCIHOOUTPUF =
l INPUT 702
o
1114 —_—
- PINVIEW -
ls.SM. i :
type stock no.
25A 349:692
Flatpack
| F— “y -
R
00—
T _ 7l
L o i
oureut ~
e '
l [ Bana J

278 INCH SPADE
TERMINALS

JI-;I.',,‘I;IIL

5 A solid state relay housed! i tlat [pnckag<' with liolt
down Ings nnd 0:25 in flat spc'Hh? tiZrrilinnls
riccornmnerntr,d  heat sirk 2"CW 1153 « 153
nhudliniuin).

I'fi mm

S.SM.i |
type stock no:
SA 346-384

8-Pin Plug-In

TRIACSWICH-0 0
oP ° |
[0}
+ -
H.Ihnilyl 55 3Y031Vd.1:.11P
0.35 CONNICTIONI
W35 1nonoM ' VIEWI

Selid state relay housed iri ari 8-piri’ plug-in module.
Connectiohs- to thonor molly' open' output. switch' and

.er TI"™ .d.c~c.ontrol ii:iput ore pin cornoadilte '‘with! RS octal

elcet.romechaiical | relays. Suitable ' for use in
environments ~ w~ere ' rnnchanical || contacts may he
contmninoied | or cquse wunrtosirahle arcing.

s, G

type

stock no.

7A 348-598

46

Surface Mounting Power

Piltalffl.Y I
Hm)OI1CfO Ii.. I\

I\ rant,ne of ~~nrf.:Hic anoingting | opticallv coue- §
stat,~ tI~liys iirt tho irnliistry 'standard rectanc !
pack:iqc. Availaliln v/itl'1 n.c. or d.c. conuone
L.HId ff26ltirilly zero voltci<Je! switching ' to mir,”
lruc currunt: suiqes niid niF-1. Output deve-48
cithm  trinc or inverse parnllel thyristors 1S.C:
liltter being prcfernhlo in applications invol,..,
linc voltriges or lilJlly ' inductive loads. All-;:5
sutanio - for singlo  or thrf)e ' phnse ' switching
npplicniions. Al relays are intr.ruillly RC. .7
heat sink sirctin as RS stock rio. ~01-958 (in!"
Snmicondi ictnrs.  Ht>ntsiriks:SodetsiAccs;
slionld hu u~ed ;nudit is essential thaih']
cornpoirrid | (RS stock no. S5~-311. in the! El§
Services I\id~ section 17) is applir'd. Seealt..,
data; tilil, for lulll SfH'cificniion 1

Approvnl~ in process:VOE, CSA. VL
|

IssM. i !

max: load transient

rating raling stock no.

3-32V d.e. controlled! iinput

10A 250V 600V 346-895
10A 250V 800V 346-889
25A 250V 600V 346-918
JOA 250V 800V 346-902
45A 250V 600V 346,687
10A 480V 1200V €JS0,490
2511 480V 1200V 352,503
45A 530V 1200V a 352.590

85-280V a.c. controlled ' input
10A 250V 650V 352-519
25A 250V' 650V 352:525

BN 1w AR

See also microprocesicii

Input/output = moduleliti
. ProceH Control' and |
‘ _ __ Computing/PLC'n

I nriy;1l M;iil Pnreets Service

, ; ik e
|
.
|
|

Data po
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intel 2716 .

16K (2K x 8) UV ERASABLE PROGRAMMABLE EPRJIM

e Fast Access Time
— 350 ns Max. 2716-1
— 390 ns ~ax. 2716-2
— 450 ns Max. 2716
-- 490 ns Max. 2716-5

— 650 ns Max. 2716-6 " S
2 Single + SV Power Supply 1 Inputs  and Outputs TTL Compatible
during Read 1and Program
» Low Power Dissfpa'llion e
— 525 ffIW Max. Active Power )
— 132 mW Max. Standby Power + Completely Static

Tte hnei' 2716 1™ 16,384 tit ultraviolet erasable aniJ etecu icai' prograrnm.iule ' reaiJ-only memory (EPROMI. ~ The 2716
c,petistcs  from a3 1ingle S-uilt power- supply, fhas, a siauc. standby mode, arn) features fast 1inyle aiddieo location program-

niiny, It riu.~es ucsiyniny with EPROMI taster, easier oniJ more economical.

I\I' 17.16, with it> ,ingle 5. volt supply aniJ with an access time up to 350 wUS, is ndeal for use with the newer hiyh pdrformancii
15V ii;roprucelsors - such as Intel's 8085 aniJ] 8086. A selected 2716-5 ' and 2716-:6 ' i5 availablti- for slower speed applications.
The 2716 is .I>0 -thu first EPROM- with a static standby moue which rerd~ces uie power dissipaion without incrensirig  access
time. The wi.enun. ~uive power  d)~sipation: is 525 mW whili tie maximum ' siandliy. power- ulssipauon is only 132 mw, a
1~1. suvu 1—f,.

The 2716 has the innplest and fastest method yet devised for programming | EPROMs ' - single pulse TTL level proyramming.

Nu netd to, hiyti vultdijti pulsing  because -all prograrniming contr ols are handlelJ' uy TTL sighals.” Program any locauon at any
1ne. eimel il,dlvil.l‘u.llly, sequiintially - or at random. with the 2716's single address location prograinrnirig. -~ Total programming

"""" lor ail 1ti.J84 bits 1s only 100' seconds.

PIN CONFIGURATION MODE L ECTION
2716 27321 chrom --l"“' oi --- I‘ h.l.l,;-.""f.ﬁh [ ovir 'l
N O 1Y e W e R (o BT
..,..]” 1flee 1t ‘ H 4 &
ol w Y o R IR, SR ' SR i o 1
wlls (g by _vn L »I R
/ui H S} AT v d Gl o
vei]e 1
syl I II ; i ’ - P~ ’I,|~ v-- I- vue e
el ol iy s RS vu_ \ ]..
R T | R
Uty ny .
tl i e BLOCK DIAGRAM
Lol b, 00,
t Refer to 2132 1 1 I\/_L; \]/lI
Lista sheet tor D O o e & |
~pt:h fi<.;4tiuns kit ] 1 l ] | [ L
ot ——=f OV tAar |}
ChiPLM —= Cm'g',:r,n';'?" "Ig'“ VUIPL BUr bR
PIN NAMLt:S .
U o) = v Y ualing
ay Al avomuessis | uscuoen i
COpim | e enanit PROGRAM | s
R e e L DR Wl oo o jone,
b B = ' Cm FL TR £ Jap 1A Jo

2-7

sy
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2716

PROGRAMMING A
The programming- specificarions are described in the Dara Catstoq PROM/ROM Prn9rainmin<1 1 ris tt rtuiis Senin,/ -
Absolute: Maximum: Ratings " X
Teinnerature  Under Bias =-10°Cc to A_So"c -:COMMENT StP<a<ily, AtV alep o L<irel! nmieses  C0\J wrihrlrt fs 0
R ey il i fl;1Ling~" uinv i\ pruniH;nl AL dngs by, die 1 Jievire hn<:.
Stu, age TenlpP.rature ............. 'r’5 Clot 125C <m=gii. :11in,d nply. - E1LLL lipaeminl ryinetnn nl v de™We' 1t e
NIl Input or Output Voltages wiili auy adnar, sfmditmng. Avn o alin<se il HE 1o 1,05 nrin= -
fipspret to Ground | . . ... e e IGV In 0.V o, of thisi, < PHoyfunm oo irLmindie | F gl il fi<Aiiinice
VI'I' SUnpr V0|t~geW|th Resper.! i 1=lIfHL LTSI tars e 1"enl(d tirennd~ uiav . ilfiert Nievir*
s
10 Ground During Program. . . . - . . . 2G5V 10:-0.3V n'“"t"!'i’ _____ el 7 g olmnetobbenin s b
DC and AC Operating Cond}nons Iﬂurglg Read L v s i :
'-r----, ,&-,-- Fnft 211&-2 d 2115-5  c-memem sy
N N' NN, ~ ~~ | .
|- 0 T " .|! | l
~
| 11 - HA - |||r€'"" "'U" o 2
: 1 | l
READ OPERATION!
0O.C. and Operating | Characteristics G
- - O |
’ Lumus Unit Conditions
Symbol Paraine :ter Min. Typ. 131 Max. i (A W] e
. e W A V - 5 '\5\/
u Input Load Current 10(_ | K Y _,”f‘_“___- i _-.,,.___._.1
| A \Y = 5. 2 !
Lo Output  Leakage Current 10 % R \ AR el
B ettt co el (e |
Ippt 171 n-\/pp Current 5 mA ‘ Vep,” ! 'qf-’_v_. £ gl sy
refespee : T I A | GE=vy, OF = vy
leci 121 Vee Current . (St:indhy) ’9_ e __...2;). B ‘f‘ o 5 e ”,‘ el
i f i3 SR - ( b g ] ORERE &M
lec21n Ve Current (Active) 57 . 71’)() ; " 1 it
pee BHTENS R —— - 08 v} |
Fildye: tnput Low Voltage -0.1 | , ’ J‘
e I VN SRR W ‘
3 I | \Y%
Vil Input High Voltage - 2.0 I _\ﬁ( ¢ 3 s | 5 |
2 4 | \ || 7 1 m/\
VoL Output Low Voltage RN N e AR i MR
I 1()0 u/\
(Vou Output High Voltage 24 L ._\—/ﬁ“_ _<_)H Pl R
[OTES:. 1.

2. Vpp mav be connecied

3. Typical | varuP.lare forr T\"" 2S"C' and/ nominal
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B. PART  LIST




B.. PAR'r LIST

Ri = R2 .. 470 sl y
R3-.. R4 =R5 = R6 = R7 = R8 = 390sI

Ci = 2200 p .
G2 = Q.1 /yF

Regula.tors (x2) = 7805

Diode = IN.oal

Z-ener Dlod-.e = 4o0-7 v

ID.= 7400

If2 = IC3 :,IC4= = T.74LS90
IC5 = Ic6 = 'f74LS 193
Ilc:J = 7406

ZFROM =2716

SSR.:. Solid S.tate Relays (x6) = (SIEMENSV~3103 -S20)2-
- B402 ) 3-30v DC, 240v :.C, 25A o

Socke.t.s ( x4 ) =-pin., 2.pins s }pins , 6pins

connec tors ( 1.2 pin X 4). .

Lamos (x12.) @ 4 red ~ 4 green , 4 yellow -~

Ly holder — (x12 |
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