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SYNOPSYS
Telephone Accessory Logical Kit For Industry’s Noisy
Environment

TALK FINE

This project “TALK FINE” provides an effective aid to enable easy
communication through telephone in a noisy industrial environment. In the
machine shop the noisy is so high that the ringing tone is inaudible, where
the telephone accessory kit comes to the rescue. This project encompasses

four modules which is briefed in the forthcoming paragraphs.

The first module gives a visual aid using a xenon lamp which 1s
trigged at 4500V DC .The telephone ringing tone pulse is sensed and a
xenon lamp flashes which can alert employees in and around 50 meters in
the shop floor and this flash continues till the handset is lifted or till the
ringing tone stops, whichever happens first. The second module gives an
audio aid in the form of powerful siren after the fifth ring tone which will

make someone lift the handset as the call happens to be an important one.



The third module provides an innovative caller line identification
using a calculator, the main advantage of this circuit is its low cost. In the
fourth Module a full fledged telephone amplifier is provided which needs no
external supply. This enables the conversation to be heard clearly through an
external speaker. Thus the Project gives a practically useful telephone

accessory kit in a noisy environment at a very low cost.

This equipment has been tested in our laboratory and at AP.M
Training Centre (Unit of Universal Radiators Ltd.) and has proved to

successful.



1.0 INTRODUCTION

In this project we have designed,devised and tested four full fledged
modules for effective communication in the machine floor of an industry. In
an industry the machine shop is the most noisy place. Whenever a person 1S
being called through telephone the probability of hearing the ring tone 1S
very less. In order to aid the person to attend the incoming call a xenon flash
lamp is made to flash for every ring tone after sensing it through a special
circuitry. This xenon lamp operators at 4500V DC for which a special
trigger coil is used. This flash overcomes all the lighting in the machine shop
and it can alert a person for about a radius of 50 meters and flash stops only
when the handset 1s lifted or the ring tone stops, whichever happens first.
This very high voltage circuitry is completely isolated from the Telephone
line for safety purpose. This module in our project actually helps to
communicate in a noisy environment. Often industrial people use intercom
for frivolous queries to be asked . So after two or three rings if there 1s no
one to disconnect the line on the other side if it is an important call, the

caller waits for atleast four or five times to go.



In the machine floor if a person is called for these frivolous matters
he gets irritated sometimes and the productivity may not go smoothly .
There are also dangers of some injury to the person in the machine floor if
he is disturbed again and again. So in order to alert the person for the
important call this module of project gives a wave siren which enables him
to lift the handset. This module needs a special circuitry for detecting upto 5
rings and alerting the person in machine floor by giving a reasonable sound

to take the handset from the cradle for conversation.

The third module gives the provision for calling number
identification through an innovative circuit which uses a calculator. The
main advantage of this type of caller ID is its very low cost. This enables the
person in the machine shop to decide whether the call is important or not

This helps him to avoid unnecessary disturbances.

The last module enables the person in the noisy environment for
effective conversation through the telephone. Often when a distant
subscriber calls a person, his voice through the phone is very feeble. In order
to enable the conversation to be heard clearly through an external speaker,

this circuit is used.



The main feature of this circuit is that it doesn’t need an external
power supply as it draws power from the telephone line itself. A bright light
will be thrown on all these modules of our project with effective terse

illustrations in the forthcoming pages.



2.0 ABOUT TALK FINE

The telephone set is connected to either an exchange line or a
telephone‘simulator. When the telephone rings the ringtone is sensed and
| this is used to trigger a high voltage coil and its output is used to flash a
xenon lamp (about 4500v DC), Once the ringing starts the timer gets started.
After the 5™ ring the astable multivibrator circuit(timer) gives a high and this
activates a siren. The siren as well as the flash stops only if the handset 1s
lifted or if the caller stops the ringtone, whichever happens first. Calling
number display module displays the caller’s number. Here we use an
innovative idea of display using a calculator. The last module 1s the
telephone amplifier circuit connected in series with the telephone which
enables conversation through the phone to be heard outside. The main

advantages here is that it does not need an external power supply.



3.0 XENON FLASH MODULE

3.1 Block Diagram Explanation :

The Telephone goes to ringing mode when it gets appropriate pulses
from the exchange line or the telephone simulator. The ringing pulse
detector is connected in parallel to the telephone line which senses the ring
tone. The timer circuit is in turn connected to high voltage trigger Circuit.
This high voltage trigger circuit triggers the xenon lamp to flash at about

4500V DC . Thus when the telephone rings xenon lamp starts to flash.
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3.2 TELEPHONE SIMULATOR AND TESTER

The circuit described here is capable of testing almost all types of
electronic telephone instruments. (The circuit consists of a mini power
supply, providing 9V DC for normal testing and 75V AC for ring testing).
The circuit is very useful for checking telephones, mainly during repairs and
can simulate the ringing pulse. Here we provide this mainly for the

demonstration of this project.

The heart of the circuit is transformer XI. Diodes DI-D4 form a
bridge rectifier circuit. The circuit comprising resistors R2 and R3, and
LED D5 provides 150 mA of constant current at 9 volts. LED D6 in
conduction with resistor R4 functions as a response indicator which
indicates whether a telephone under test is ‘dead’ or ‘alive’. Switch S1 is
used to select the testing mode (normal/ring). When switch S1 is 1in position
1 (normal mode), 9V supply is applied to the circuit. Switch S2 is connected
in series with the 75V AC secondary winding of transformer X1,which

functions as a ring generator.
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3.2.1 Operation

Operation of the circuit is quite simple. The telephone 1s connected to
the test terminals with correct polarity and switch S1 is put to position 1. If
Leeds D5 and D6 start glowing, it indicates that the telephone is having
some sort of a short circuit. In case LEDs D35 and D6 do not glow, the
handset is lifted. Now if LED D6 starts glowing, it indicates that the
telephone circuit is alright. Any digit in the keypad is pressed and 1t 1s
observed that LED D6 starts flickering, indicating that the dialling function
is normal. When switch S1 is placed at position 2 and switch S2 is pressed,
while keeping the handset on the cradle, a continuous bell will be heard 1f

the ringer section is alright. Else, it is faulty.



3.3 RINGING PULSE DETECTOR

This circuit is used to make sure that ringing tone has been made by
the activation of the optocoupler. Optocoupler is to isolate the telephone
from the other circuits existing after it. When the phone rests on the cradle
48 volts DC reach the telephone. When someone rings ie., when a ring
reaches the phone a 75 volts AC flows along 48 volts DC. To filter 48 volts
DC we put a capacitor CI(220nF,400V). This allows only75 volts AC to pass
through it. This 75 volts AC is reduced a little before it is given to bridge
rectifier circuit. This bridge rectifier circuit converts AC voltage to pulsating
DC. This pulsating DC is converted to constant DC using a filter which 1s
nothing but a capacitor (100 uF,25 V) Parallel with a 22 kQ. resistor. This
produces constant DC value. A zener diode(125V,500mV)is used to limit the
voltage output and gives a constant 15V DC output. Optocoupler LED needs
only 2 V to glow and so a 2.7 KQ, resistor is used to reduce the voltage of

25V to a lower value. When this LED glows it activates the phototransistor.



The phototransistor’s collector is connected to 12V and the emitter
through a 3.3 KQ. Itis connected to the base of BC 147 transistor T1,that
activates the relay. Capacitor C3 1s used to charge when the ring tone occurs.
When T1 is on the relay is switched on. A reverse biased diode is kept
parallel to the relay (12V,1200). This 1s to avoid “inductive kick” effect

which spoils the induction coil of the relay.
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3.4 TIMER CIRCUIT -XENON FLASH MODULE

3.4.1 Astable operation

As the relay gives the supply to the astable multivibrator the capacitor
charges through Ra & Rb, when the voltage of the capacitor 1s around 2/3
of the supply voltage,the voltage comparator in the IC555 sets a flip flop and
this drives the output pin to a high state. After this time the capacitor starts
discharging through R2 and as its voltage passes below 1/3 of supply voltage
another comparator in the time IC chip resets the flip flop so that
pin3(output) goes to a low state. The ON time & OFF time are decided by

the resistor Ra, Rb and capacitor C.
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3.5 HIGH VOLTAGE TRIGGER CIRCUIT

In this circuit 230 V AC is converted to a very high DC voltage about
4500 volts DC which can flash a xenon lamp. 230 volts 1s set through two 3W
1K Qresistors and a diode DI(BY 127) which 1s used to give a half wave
rectified output which is sent across 47 pF, 350volts. Capacitor 47 uF, 350v
could have been directly used but for practically feasibility and availability, we
use 10 uF, 400V capacitors in parallel (C1,C2,C3,C4). These capacitors charge
to a high voltage. Charging of the Capacitors is indicated by the glow a neon
lamp which is kept across Capacitors C1,C2,C3,C4 and to limit current through
the neon lamp, we use a 100 kilo Q resistor R3 . This high voltage charges the
capacitor C5 (0.1pF ,1000V) through a 2.2 M Q resistor R4. Junction of C5 and
R4 is connected to the primary of the trigger coil. One end of the secondary 1s
connected to the grid. The unconnected ends of the primary and secondary coils
are connected to the normally open coils of a relay on recerving the ring tone
the normally open relay closes and the primary and the secondary are suddenly
grounded and a very high voltage of about 4500V DC releases the grid
meanwhile anode and cathode are maintained at a high potential voltage 1i.e.
across A and K is approximately that across the capacitor. A flow of charges
takes place from anode to cathode and this discharge appears as a flash in the

tube.
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4.0 TALKFINE’S SIREN MODULE

4.1 Detection and driver circuitry

This circuit detects the ringing pulses and operates the siren at the st
pulse. If the handset has not been lifted or if the ring tone does not stop. [
either of this happens the relay opens and cuts off the supply to the
forthcoming circuits in the module .The relay of the first switches of an
astable mulitvibarator. The astable mutivibrator circuit is constructed using
timer IC. The ON time of this is 1 second. As the astable multivibrator starts
with an ON time the output of it is given at NOT gate . The output of the
NOT gate is fed to an AND gate. Now when the astable multivibrator is ON
the NOT gate gives a low pulse of time period 13 seconds and high pulses
for around 1 second. The design is made in purpose because the fifth ringing
sounds exactly 12 seconds and 70 milliseconds after the start of first ringing

tone. The NOT gate output is given to an AND(gate) whose another mnput

comes from Q pin of D-Flip flop.



BLOCK DIAGRAM OF SIREN MODULE

DETECTION AND DRIVER CIRCUITRY

_____________________________
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4.2 Control Circuitry

The Q pin is tied to the D input so that for a first clock the Q output
goes high and remains high till it receives the second close pulses. It is also
connected with a separate battery to avoid problems of presetting D flipflop.

The Q pin is connected to the AND gate which gives a high output
since the initial stage of Q is high. After the NOT gate switches the I
flipflop the output becomes low and this stops further interruption from the
previous circuits. For driving the relay we use a NPN transistor SL10C. Its
base 1s connected to the Q output of the D flip flop. At the coliector of
SL100 we have a diode and a relay to switch ON the siren. The diode is

connected 1n parallel to avoid the reverse current.

If the ring tone stops or if the called person lifts the handset from the
cradle we have to stop the flash and the siren modules. Since they are
connected to the same relay as and when either of the two things happen the

- relay opens and the supply to the entire circuit is cut off
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4.3 SIREN CIRCUIT

This circuit uses two timers. ICIl functions as a normal astable
multivibrator. Therefore the output of this IC are rectangular waves. I 1C2
were not there this output will drive the loud speaker, producing a tone
whose frequency can be adjusted by varying VR1. However the presence of
IC2 and the manner in which it is connected to IC1 produces a totally

different effect.

IC2 is wired to generate a saw-tooth output. This output 1s available
at pin6 of IC2 and is applied to pin5 of ICI. Now pin3 of the timer is
connected to the inverting terminal of the thereshold comparator inside the

timer. The terminal has 2/3 Vcc and is therefore available at pin 5 also.

By applying saw tooth voltage out put of IC2 of pin5 of ICI the
output of IC1 is frequency modulated with sawtooth voltage. The frequency
of the sawtooth can be varied by means of VR2 the frequency modulated
signal then activates the load speaker which emits sound like that of a siren.
The pitch of the sound can be adjusted by means of VR1 and the modulation

rate by means of VR2.
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5.0 CALLING NUMBER IDENTIFICATION SYSTEM

Here is a simple and inexpensive circuit to identity the
calling number of the telephone system. Recently the telecommunication
department has introduced the facility of calling number identification
system for cities like Mumbai and NewDelhj. Many companies have already
advertised their products which can display. The calling number with added
features like storage of the previous calling numbers and desired number
blanking etc.., But these units are quite expensive. The circuit of calling
number identification system presented here will cost less than Rs450
including the cost of a calculator which has been used in the project for

displaying the calling number-.

The dedicated CM DTMF TO BCD converter IC KT3170 or 8870
forms the heart of the circuit. The IC converts the incoming DTMF signals
sent by the MTNL in between the ringing signals into corresponding BCD
codes. IC KT3170 or its equivalent CM 8870 is low power CMOS [C having
the following features,

1. Detects all 16 standards DTMF tones
2. Typical power consumption is 15 mw

3. Single 5 V power supply operation.



4. Three state outputs for interfacing to microprocessors

5. Uses commonly available 3.579545 MHz crystal

6. Valid input signal range range is as low as =29 dbm

7. Can be used in single ended or differential mput signal

configuration.

Pin description of KT3170/CM8870 IC is given in the box above. The
BCD coded outputs from decoder ICS are converted into decimal signals by
IC4 which i1s BCD to decimal decoder. The output pins of IC will be high
corresponding to the BCD given at the input of IC4. The BCD output from

IC5 1s coupled to IC4 via four AND gates.

The gates are enabled by the delayed steering output (DOS), a pulsed
digital signal available at pin 15 of IC5 which will be high only when the
DTMEF tone 1s detected by the IC. ICI through IC3 are all quad analog
switches controlled by the decimal outputs from IC4. The analog switches
are controlled by the decimal outputs from IC4. The analog switch triggers
from the corresponding decimal number in the calculator which is used as a
display in the circuit. IC4 responds to all the BCD codes except the zero

decimal because the output of IC5 for zero will be 1010 which will not



activate IC4. NAND gate 1s used to sense the zero code. Active low input of

gates IC6(A) 1s to trigger the “0”display in the calculator.

IC9 1s an optocoupler. It is wired to sense the ringing signals . When
the first ring comes the output of IC6 goes high because the transistor inside
the optocoupler conducts. Capacitor C5 holds the input high for few seconds
the output of IC6 also goes high simultaneously and it causes a pulse to pass
through capacitor C4 which closes the analog switch and the calculator is
switched on. Any common type of calculator can be used for this
application. However one should ensure that the calculator has 10 or more
digits so that the calling number along with area code etc could be

accommodated for interfacing the calculator with this circuit.

The cabinet of the calculator is removed. It is seen that the tracks
under the pushbutton side are etched in such a way that when a pushbutton is
pressed the corresponding two tracks under the pushbutton gets shorted. A
pair of leads is taken from the corresponding two tracks by scratching the

green mask and soldering the wires carefully.



A proper actual size single sided PCB for the circuits is shown and its
components layout is shown. After assembling the unit can be fixed nto a

small plastic enclosure which should have a cutout for the display.

The power supply for the calculator can be taken from the circuit
itself.  If the calculator requires 3V for operation, the diode D2 through the
D4 is replaced with a 3.3V, 250 mW zener. The given power supply circuit
having a battery back up is suggested for proper operation. Not only calling
numbers but even the called numbers are displayed on calculator display.
Apparently lifting of the handset from cradle, which causes sudden change
of voltage from 48v to about 12 volts, sends a pulse to switch ON the
calculator to display the dialed numbers. Capacitor C7 is added in the
original circuit to obviate loading of the telephone line to avoid its behaving

as busy while the handset is still on the cradle.
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6.0 TELEPHONE AMPLIFIER

While talking to a distant subscriber and in the noisy environment on
telephone, quite often we feel frustrated when the voice of the subscriber s
so faint that is barely intelligible. To overcome the problem, a circuit of an
inexpensive amplifier 1is presented here. [t can be assembled and tested
easily. There is no extra power source needed to power up the circuit, as 1t
draws power from the telephone line itself? The amplifier will provide fairly
good volume for the telephone conversation to be properly heard in a living

room. A volume control is included to adjust the volume as desired.

The circuit is built around IC LM 386. Diodes D6 and D7 are used to
limit the input signal strength. Transformer X1 is a transistor radio’s output
transformer used 1n reversé. As original secondary (output) winding 1s
connected in series with the telephone lines, the speech signal passing
through the lines cause change in the magnetic flux in the core of
transformer and thereby induce signal voltage across the primary winding.
The audio signal is used as input for IC 1L.M386. Diode D2 through D5
connected in bridge configuration constitute a polarity guard so that the
amplifier is powered with correct polarity, irrespective of the polarity. Zener

diode D1 may have any breakdown voltage bgtween 6 and 12 volts range.
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8.0 ADVANTAGES AND LIMITATIONS OF TALKFINE:

8.1 ADVANTAGES:
» Cost of the kit is very reasonable.
» Components used are all available easily.
» It suits noisy environment very well and test results proved to be
excellent.

» Easily mountable on a small board.

» They are less prone to atmospheric and physical damages.

8.2 LIMITATIONS:
» The instrument should have been little more compact.

» Siren happens to be irritating at some instances.



9.0 FUTURE EXPANSIONS

We have following proposed plants to extend out project

“F” To include memory to called ID device so that it can store about 100
Telephone numbers. Further the instrument should have provision to
store 10 different messages which can be altered at will. The information
to be conveyed is to be stored in the memory along with the destination
phone number.Every time a person calls us the Caller ID checks the
number displayed and the 10 destination phone numbers stored. Suppose
the number matches and also the called end person is absent the
instrument transmits the information recorded by called end person to
the caller. This would be very helpful if the person having this kit needs

to send some information to the caller even in his absence.

F 1o implement a call diverter circuit which will divert the phone calls
for this phone to some other phone where the person is at present
available. This is very useful for administrative people as they are on the
move. The phone should be made to have a facility of recording a phone

number to which a call can be diverted.



10.0 SOME CONCULDING THOUGHTS:

Thus this project encompasses 4 full fledged modules, making
“TALK FINE” an efficient instrument in the industry. Test results at our
laboratory and “APM TRAINING CENTRE” has been successful and has
been appreciated. The extension of our project as we have mentioned earlier
in the previous chapter, would be done with the financial support of “APM
TRAINING CENTRE”. Some of the drawbacks encountered in the
present set up would be rectified and this instrument would grow out to be a

very useful kit in the noisy industrial environment.
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LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally
set to 20 to keep external part count low, but the
addition of an external resistor and capacitor between
pins 1 and 8 will increase the gain to any value up
to 200.

The inputs are ground referenced while the output is
automatically biased to one half the supply voltage. The
quiescent power drain is only 24 milliwatts when oper-
ating from a 6 volt supply, making the LM386 ideal
for battery operation. ‘

Features
®m Battery operation
Minimum external parts’
4V—12V or BV -18V

-
w Wide supply voltage range
] 4 mA

Low quiescent current drain

Voltage gains from 20 to 200
Ground referenced input
Serlf-ce\tering output quiescent voltage
-Low distortion ’

Eight pin dual-in-line package

Applications

AM-FM radio amplifiers ) .
Portable tape player amplifiers '
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

w Power converters

Equivalent Schematic and Connection Diagrams

T 15e
AV

~

+ INPUT

S0k

<

" g - ®

Typical Applications

Ampilifier with Gain = 20
Minimum Parts

O Vs
Dual-In-Line Package
1 : H
CAIN — b GAIN
2 7
s CAINPUT ey e BYPASS
O Vour
J &
| INPUT e b vy
]
GND ] L Veur
T0P VIEW
Order Number LM386N-1,
4 LM386N-3 or LM386N-47
9—Q GAD

See NS Package N08B

Amplifier with Gain = 200

10uF

Vs

Vin




apsolute Maximum Ratings
::pp

i

£ ly Voltage (LM386N} 15V Storage Temperature ~65°C 10 +150°C
f oply Voltage (LM386N-4) 22V Operating Temperature 0"C to +70"C
""E::kage Dissipation (Note 1) (LM386N-4) 1.25W Junction Temperature +150°C
packége Dissipation (Note 2) (LM386) 660 mW Lead Temperature (Soldering, 10 seconds) +300°C
{rput Voltage : *0.4v
glectrical Characteristics 7, - 25°c
) . ..
WPARAMETER CONDITIONS MIN TYP MAX UNITS
pperating Supply Volitage (V)
* L M386 4 12 \Y
TLM386N -4 ‘ ' 5 18 Y
‘a,;eslc"ewm Current {lg) Vg =6V, V,y =0 4 3 mA
()u:put Power (Poyr) |
< LM386N-1 Vg =6V, R_ = 802, THD = 10% 250 325 | mw
“'LM386N-3 Vg =8V, R_ =80, THD = 10% 500 700 mw
“LM38EN-4 Vg = 16V, R = 328, THD = 10% 700 1000 mW
. S L .
“Voltage Gain (Ay) Vs =6V, f=1kHz 26 dB
b 10uF from Pin 110 8 46 dB
Bandwidth (BW) Vg =6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg =BV, R_ =80, Py, y =125 mW 0.2 %
- f=1kHz, Pins 1 and 8 Open |
Power Supply Rejection Ratio_(PSRR) Vg =6V, f=1kHz, Cevpass = 10uF 50 dB !
Pins 1 and 8 Open, Referred 10 Cutput J
. 1
. : |
Input Resistance (R, ) 50 k&2
Input Bias Current {15, ,5) Vg =6V, Pins 2 and 3 Open 250 nA

Note 1: For operation in ambient temperatures sbove 25°C, the device must be derated based on & 150°C maximum lunction temperature and a
thermal resistance of 100° C/Wjunction to ambient,

Note 2: For operation in ambient temperatures sbove 25°C, the device must be derated based on a 150°C maximum junction temperature and a
thermal resistance of 187°C junction to ambient, ’

‘Application Hints

¢

GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins
{1 and 8) are provided for gain control. With pins 1 and
8 open the 1.35 kQ resistor sets the gain at 20 (26 d8).
f a capacitor is put from pin 1 to 8, bypassing the
1.35 k2 resistor, the gain will go up to 200 (46 dB). If
a resistor is placed in series with the capacitor, the gain
€3n be set to any value from 20 to 200. Gain control can
also be done by capacitively coupling a resistor {or FET)
'from pin 1 to ground.

.Additional externs;’components can be placed in parallel
With the internal feedback resistors to tailor the gain and
’ffequency response for individual applications. For ex-
.8mple, we can compensate poor speaker bass response

’ ‘.)'bY frequency shaping/the feedback path. This is done

With a series RC from pin 1 to 5 (paralleling the internal
15kQ resistor). For 6 dB effective bass boost: R = 15 k2,

= Tthe lowest value for gcod stable operation is R = 10 k2

{ if pin 8 is open. If pins 1 and 8 are bypassed then R as
low as 2 k) can be used. This restriction is because the
&mplifier is -only compensated for closed-loop gains
: Qreater than 9. :

" INPUT BIASING

The schematic shows that both inputs are biased to
ground with a 50 k& resistor. The base current of the
input transistors is about 250 nA, so the inputs are at
about 12,5 mV when left open. If the dec source re-
sistance driving the LM386 is higher than 250 k§ it will
contribute very little additional offset (about 2.5 mV at
the input, 80 mV at the output), If the dc source
resistance is less than 10 k{2, then shorting the unused
input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output}), For dec source
resistances between these values we can eliminate excess
offset by putting a resistor from the unused input to
ground, .equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is
capacitively coupled.

When using the LM386 with higher gains (bypassing
the 1.35 k§2 resistor between pins 1 and 8) it is necessary
to bypass the unused input, preventing degradation of
gain and possible instabilities. This is done with a 0. 1uF
capacitor or a3 short to ground depending on the dc
source resistance on the driven input.
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Amplifier with Bass Boost
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::" T Twist supply lead and supply ground very tightly.
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Square Wave Oscillator

Radio Power Amplifior
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’y n
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Note 4: R1C1 band fimits input signals,

Note 5: All components must be spaced very close to IC.
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LMS555/LM555C Timer

General Description

The LM5S5 is a highly stable  device for generating

accurate time delays or oscillation. Additional terminals

are provided for triggering or resetting if desired. In the

time defay mode of operation, the time is precisely con-

. trolled by one external resistor and capacitor. For astable

: cperation as an oscillator, the free running frequency and

duty cycle are accurately controlled with two external S
resistors and one capacitor. The circuit may be triggered Applications

-and reset on falling waveforms, and the output circuit -

can source or sink up to 200 mA or drive TTL circuiEs. .

OSSGINT/SSSINT

Adjustable dutyl cyble

Output can source or sink 200 mA

Output angd supply TTL compatible .
Temperature stability better than 0.005% per °C
Normally on and normally off output '

® Precision tir‘niné
® Pulse generation
: ® Seguential timing
Features ¥ Time delay generation
»
-]
n

¥ Direct replacement for SEB55/NESSS Pulse width modulation
® Timing from microseconds through hours

® Operates in both astable and monostable modes ~

Pulse position modulation
Linear ramp generator

Schematic D'iagram

THRESHOLO

CONTROL & (3 Vi)

VOLTAGE

Gxo

2
TRIGGER O

) a as
b Qe
f 012 013
RESET a8

| 1
0iscHARGE

(31}

Connection Diagrams Y,
]
. ' +V,
Metal Can Package 4 e
Vee

_ 4 DISCHARGZ |
6RO BISCHARGE (
. ta THRESHOL D f
H
TRIGGER 0 o THRESHOLD -
CONTROL " - - = §
i
CONTROL VOLTAGE !
ouTPUT o votTaeE

RESET 4 L e
TOP VIEW ' ) Order Number LM555CN »
TAL e e . e B See NS Package NO8B
.. Order Number LM555H, Lissscn oo . ' Order Number LM555J o LMss5Cy
<7 7 Sea NS Package HOSC o LTI e g NS Package Joga i

————




ADsolute Maximum Ratings

Supply Voltage +18V

Power Dissipation (Note 1) 600 mw

Operating Temperature Ranges
LMS55C 0°C to +70°C ' o
LM555 —55°C 10 +125°C '

Storage Temperature Range -65°C to +150°C

Lead Temperature {Soldering, 10 seconds) 300°C

LMS555/L M555

t

Electrical Characteristics (TA = 25°C, Vee =45V Id +1-5\/, unless otherwise specified!

LIMITS

PARAMETER CONDITIONS “ LM5S5C UNITS
m Typ MAX MIN 1 Tve | max P
Supply Voltage 45 16 v
f
Supply Current Vee =5V, R = 3 r 6 . L mA
Vee = 16V, R == 10 {15 mA
{Low State) (Note 2} ; o '
Timing Error, Monostable ! ! .
Initial Accuracy ‘I ! } g -
Drift with Temperature Ra. Ry = 1k to 100 k. ' 50 ! pom/°C
C = 0.1u4F, (Note 3) | ! -
Accuracy over Temperature I 1s | %
Drift with Supply [ o1 | %V
f ¢ t.
Timing Error, Astable f 1
Initial Accuracy ! 2.25 ' %
Critt with Temperature 152 I pom/°C
kS
Accuracy over Temperature 3.0 i %
Dritt with Supply 0.30 %V
Threshoid Voltage 0657 [ X Vee
Trigger Voltage 5 } l v
1.67 v
. ! {
Trigger Current 0.5 l og KA
j .
ResextVoHage 0.4 0.5 ! 1 v
) i
Reset Current 0 | 0.4 mA
1
Threshoid Current 0.1 1‘ 0.25 KA
! !
Control Voltage Level 10 1 A ! v
2.6 3.32 ! 4 I v
Pin 7 Leakage Output High 1 100 , nA
Pin 7 Sat (Note 5) J |
Output Low =15V, 1, = 15 mA ee 4 mV
Outbut Low Vee =45V, 15 = 4.5 mA 80 200 mv
Output Voltage Drop {Low) Vee = 15V !‘
fsink = 10 mA 0.1 0.25 v
lsink = 50 ma 0.4 0,75 v
Isink = 100 mA 2 ! .5 ) v
Isink =200 mA | <5 ! ) v
Vee = 5V f
lsink =8 mA ’ | v
Isink =5 mA 0.25 ( 0.35 v
Output Voltage Drop (High) lsounce = 200 mA, Ve = 15v 125 ) v
|
Isounce = 100 mA, V. = 15v 12.75 13.3 v o
Vee = 5V 2.75 3.3 V.

Rise Time of Output

Fall Time of Output
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LMS555/LM555C

Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a
one-shot {Figure 1). The external capacitor is initially
held discharged by a transistor inside the timer. Upon ap-
plication of a negative trigger pulse of less than 1/3 Vee
to pin 2, the flip-flop is set which both releases the short
circuit across the capacitor and drives the output high.

SV TO +15V

@~—O Ve
RESET
T RA
‘ 1
TRIGGER DISCHARGE .
NORMALLY O ? .
TOKTLOAD
. THRESHOLO
| LMSSS ]
| CONTROL
ourruv VOLTAGE
s —

MNOAMALLY a 1
“QFFT (DAD i

l 0.010.F
—

FIGURE 1. Monostable °
} '

‘The voltage across the capécitor then increases exponen-
tially for a period of t =
time the voltage equals 2/3 V. The comparator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com-
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.

1L

L
1/
7

Vee » 5V Top Trace: laput §Y/0n,
TIME = 3.1 my/' DIV Wuade Trace: Dutput SV/ D,

- Ry YRtk Bottom Traca: Capacitor Vel 2V/Drv.
C-001uF

FIGURE 2. Monostable Waveforms

During the timing. cycle when the output is high, the
further application of a trigger puise will not effect the
circuit. However the circuit can be reset during this time
by the application of a negative pulse to the reset
terminal (pin 4). The output will then remain in the low

state until a trigger pulse is again applied. ,

When the reset function is not in use, it is recommended o
that it be connected to Vcc to avoid any possibility of

false triggering.

values for various time delays. : \

NOTE:. or Owaﬂ”vhle operation, the trigger should be

driver & of ¥457C/W junctivo ¢ timing cycle.
2: Supply current when outputt

" Afe 3: Tested at Vg = 5V and Ve N
[fote 4: This will determine the maximwn in Figure 4 {pins 2

0

gote 5: No protection against excessiverse]f and free run as a

1.1 RAC, at the end of which

Figure' 3 is a nomograph for easy determination ofR,C

100
N (
’. "
o 10
3 -
w .
(=)
4 1
e
=
S
g o
© o
T
w
0.61
0.0t
103100 Tms 10ms108ms 3 105 1005
L - TIME BELAY . ’ b

FIGURE 3. Tlms De ay

multivibrator. The external capacitor charges through
Ra + Rg and discharges through Rg. Thus the duty |
cycle may be precisely set by the ratio of these two
resistors. ’

i
1] s
q ®

| <
§ e |
|

!

|

r

L M348 ]
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|

1
$. =T
2.01LF ‘
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V-

L

r
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FIGURE 4. Astablo

In this mode of operation, the capacitor charges and
discharges between 1/3 Ve end 2/3 Vg, As in the -
triggered mode, the charge and discharge times, and there-
fore the frequency are indepehdent of the supply voltage.

Figure & shows the waveforms generated in this mode

: of operation.

A T\ N
7
. ‘\\/‘2 \ //
NENRE NN
S 1
" Ve 8V Tey Trace: Dutpat §V/Div.
. TIME = 20,000V, Battom Tiace: Capacitor Voitage 1V/Dw.
© R e384
Rg = 3 k02

C=001F '

:FlGURE 5. Astable Waveforms

Thus Lhe total perlod is: .
T =1 +1, =0.693 (Ry +2Rg) C

b




Applications Information (continvea)

The ffequer‘\cy of oﬁcillation is;”
1 1.44
T (Ra+2Rg)C

f=

‘

Figure 6 may be used for quick determination of these
RC values. .. -- o S
.. Ry

The duty cycle is: D= —m
Py ,-Ra +2Rg

100

10 N \\
o \
E} : R
b 1PN N\
z 2 »
L "«,,/\4{
2 N
= -
< . \
e .
1
[EIN A}
(Ra * 2Ry}
0.001 I -
g1 v 107 100 ko 10k 100K
f- FREE-ARUNNING FREQUENCY (H1)
FIGURE 6. Free Running Frequency
FREQUENCY DIVIDER . ' v

The monostable circuit of Figure T can be used as a
frequency divider by adjusting the length of the tindng
cycle. Figure 7 shows the waveforms generated in a
divide by three circuit, '

N L |
8 8 }J }]»U

i p—
Vee * SV T Top Tracel Ingut 4V/ D

TIME « 20/DIV,  Bhédie Torcr: Quipui ZV/Dn.
Ra* ik Bottom Trace: Copacitor 2V/Div.
Cehiluf

FlGQRE 7. Fraquency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode
and triggered with a continuous pulse.train, the output
pulse width can be modulated by a signal applied to pin
5. Figure 8 shows the circuit, and in Figure § are some
waveform examples.

—O Ve

£

-

DISENARGE
TRIGE ER O——ri? i
tusss g LIHRESHOLE
MODULATION
it 24Vh)
ouTPUT O—ro3 §P—0  ———
—_
1

f

'

FIGURE 8. Pulse Width Modulator

Prrefrieepergd ‘...1.... vesefreriforisyrieiiian

R

v, :
U Ve sV Top Trace: Modulation 1¥/Dew
V TIME =02 my/0IV,  Boftom Voace: Qutput 2V. Owv.

Ra 98400 :
CoOnF

FIGURE 9. Pulss Width Modulator

"
A

PULSE POSITION MODULATOR "

This application uses the timer connected for astable
operation, as in Figure 10, with a modulating signal
again applied to the control voitage terminal. The pulse
position varies ‘with the modulating signal, since the
threshold voltage and hence the time delay is varied.
Figure 11 shows the waveforms gencrated for a triangle
wave modutation signal.

@ *Vee
3,
1 1
- )
LMS5S 1
: MODULATION [
QUTPUT Qmmmed 3 $ —0 ¢
1

‘

1 \
[ / . \\
\ 2 L &
g
3 ) )
— — ARNTANRAR A .
» ; : { d
Ll :
MTH I =
:‘ : j ! v ¢
Vee v 5V - Top Trace: Medelstion Jagut 1V/Du. i
TIME « 0.0 wa/Bjy.  Bottom Jroce: Ostaet 2V/0nv. v
Ry #3912 *
Ry » 3hi
Cr00LF o
i

FIGURE 11. Pulss Position Modulator

LINEAR RAMP

When the pullup resistor, R4, in the monostable circuit
is replaced by a constant current source, a linear ramp is

OGGGINTISGSIAY



LM555/LM555C

Applications Information (continveq)

generated. Figure 12 shows a circuit configuration that
will perform this function.

-t—e

TRIGGER O—d 2

DUTIUT O )

L _ITau !
<L

FIGURE 12,

Figure 13 shows waveforms generated by the linear ramp.

The time interval is given by
- 2/3Vce Re (Ry +R,)C

Ri Vee —Vae (R +Ry)
Vae = 0.6V

Yee ' BV Too Traca: baput IV/ 0w

TIME v 204 DIV Meadia Teace: Output 5V/0w,

Ry s 41y bartom Trace: Capacitor Voliage 1V/Dev
R, 100 kU

Re < 27an

CeBOL.F

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ra and Rg may be
‘connected as in Figure 14. The time period for the out.

4

%

¢ ¢ C
¢ X
(SN {
\\(.. ( ‘

- parallel with 1uF electrolytic.

put high is the same as previous, t; = 0.553 RA C.

For the output low it is t, =
Rg —2RA }

Ra Rgl/{R5 + Ryg)] CL
[{Ra Rg A B n [QRB-'RA‘

Thus the frequency of oscillation is f=
Ly 71

[ > P 1_‘0' Ve

oUTPUT

FIGURE 14, 50% Duty Cycio Dscillator .

Note that this circuit will not oscillate if Rg is grea;e.r :
than 1/2 R, because the junction of R, and Rg cantiot
bring pin 2 down to 1/3 Vee and trigger the lower
comparator,

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1uF in

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to Ground for triggering. This
limits the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47us typical. Minimufn
reset puise width must be 0.3us, tvpical.

Pin 7 current switches within 33 ns of the output
{pin 3} voltage.




TYPES SN5474, SN54H74, SN54L74, SN54LST4A, SN54S74,

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED

SN7474, SN74H74, SN74LS74A, SN74S74
FLIP-FLOPS WITH PRESET AND CLEAR

REVISED DECEMUEN 1903

Package Options Inciude Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPsg

Dependable Texas Instruments Quality and
Reliability

description

BN T e vty re

A

Theso dovices contain two indepandont  D-1ype
positive-odge-triggerod flip-flops. A low level at the
preset or clear inputs sets or resels the outputs
regardless of the levels of the other inputs. When preset
and clear are inactiv9 (highl. data at the D input meeting

the setup time requirements are transferred 1o the

" outputs on the positive-going edge of the clock pulse.

i ogic symbol

Clock triggering occurs at a voltage level and is not
directly related to the rise time of the clock pulse.
Following the hold time interval, data at the D input may
be changed without affecting the levels at the outputs,

The SN54 family is characterized for operation over the
full military temperature range of —~55°C o 125°(C.
The SN74' family s characterized for operation from
0°Cto70°C.

FUNCTION TABLE

INPUTS OUTPUTS
PRE_CLR CLK D |a Q

L H X X |H L

H L X x|l H.

L L X X | Kt I
R H ' H | H L
v i H H ' LL H
H H L X 1 Qg To

. TThe output fevels in this configuration are not guarantoed

10 meet the minlmum levels in VOH i the lows at proset
ind clear are noar V“_ maxlmum, Fullhermow, this con-
figuration is nonstable, that is, it will not persist when

sither preset or clear returns 10 its inactive {high) level,

SNb5474, SN54H74, SN&4LT4 ... 4 PACKAGE
SN54LS74A, SN54S74 ... JORW PACKAGE
SN7474,8N74H74 . .. JORN PACKAGE
SN74LS74A,SN74S74 . D.JORNPACKAGE

{TOP VIEW)

SN6474, SN54H74 ... W PACKAGE
(TOP VIEW)

SNGS4LS74A, SN54S74 . .. FK PACKAGE
SNT74LS74A,SN74574 ... FN PACKAGE

{TOP VIEW)

9 10111213

oo NN o No!

— 2 Z N~
Q

NC - No internal connection

logic diagram

PRE
CLR— Q
CLK Q



TYPES SN5474, SN7474
UUAL D-TYPE POSITIVE—EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

recommended operating conditions

Vee Supply voltage

Vi High-level inpyt voltage

Vi Low-level input voltage

0K High-level output current
'oL__Low-level output current

CLK high

PRE or CLR low
Y __Input setup time before CLKt

E Y Input hold time-data after CLK !
i} YA Operating free-air temperature

dctrical characteristics over recommended operating free-air te

£ s

mperature range (unless otherwise Nno'\ed)

: SN7474
" PARAMETER TEST CONDITIONSt m UNIT ]
a | MIN_TVPY WX [N Tvet Ak

ik l Vee = MIN, |~ 12mA

: Vee = MIN, ViH=2V, ViL=08v,
VGH . .

IOH = - 04 ma

‘ Vcc'MlN, V,H'ZV, ViL =038 V,
% oL = 16 mA
| Vee = MAX, Vi~-560vV
w [STR
\ = MAX, Vi=24v
All Other ce !
o]
PREX
| £ V| =04 v
', CLR %
CLK

3

¥ conditions shown 81 MiN or MAX, ute the ROprOprinte valuoe specitiod undor recommendod Oporating conditions.
Fvvical valuos are ot VCC ~b6 v, Ta~ 25°¢C.

: Ylovted with Prosut high and prosat §
oy than one Output should ba shary
T2 With all outputs open,
“groundeda,

3 tested wilh clear high,
ed 8t 4 tima,

R
ﬁ

ICC is measured with the Q and 6 OuUtputs high in turn, At the timeg of Moasuremont, the clock input is

hing charateristics, Vee =5, TA = 25°C (see note 3)

TEST CONDITIONS

R =400 Q.



TYPES SN5474, SN54H74, SN7474, SN74H74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

schematics of inputs and outputs

74
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
Vee > - = Vee
nuq
INPUT —_—
— QUTPUT
IIL MAX RCQ NOM
~1.6 mA 4 k0
~3.2mA 2 k§1
'‘H74
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
Vee \g -
Req
INPUT —_——

L MAX Req NOM
-2mA 28k0 !
—4 mA 14k




-

LIP=TLUG S ol Ay LLluu,

recommended operating conditions

[ MIN NOmM  mAx [ unir
Ve Supply voltage 4.5 5 5.5 \ ﬁj
Vi High-leve! input voltage 2
ViL  Low-evel input voltage 0.7
o4 High-level output current -0
oL Low-level output current 2
CLK high or low 200
Iy Pulse duration , CLR o PEE Tom 100
Ly Setup tima halora CLK ! 50
th Hotd tune data aftnr CLK | 15
uA Operating free-air lemperature — 55 125

electrical characteristics over recommended operating free-air temperature range {

unless otherwise noted)

"for conditions shown 8s MIN or MAX, use th
- Alltypical vaiues are at Vee =5V, Ta=25°C.
*AOTE 2: With all outputs opon, lcc is measured with the Q and Q outputs

groundod.

8 appropriate value specified under rea

switching characteristics, Vee =5V, TA = 25°C (see note 3)

high in turn.

commaended operating conditions.

PARAMETER TEST CONDITIO‘N_g.’—_#—.——mﬁﬁ”“‘"m—mw—_‘I“r;;l‘f;lﬂh%‘\;;;73_ I;AA—)(. ‘UNI‘:T ’
Von Ve =MIN. Vg =2V, ViL=07V, ioH=-01ma [ 24 33 v
VoL Vee =MIN, v =2V, Vi =07V, oL =2 mA ] 015 0.3 v
D
4 CLR Vee *MAX, V=55V
PRE or CLK '
D
i CLR Vee = MAX, V=24V
PRE or CLK
am 0o PRE Vee = MAX, V=03V
3 ClRorcLk ’
: L&S [ Veo - MAX T
: & j Vee = MAX,  See Note 2

At the tima of moasuromont, the ciock input is

‘| PARAMETER FROM 7o TEST CONDITIONS J MIN TYP .maX | uNIT
1 (INPUT) (ouTPUT) |
Imax 2.5 3 | Mliis
" pi PRE or CLR Qor G ns
PRE or CLR (CLK high) _
PHL m—orm(CLKlow) QorQ AL = aka, CL - 500F o
‘ PLH Clock QorQ "
lf PHL ns |




TYPES SN54H74, SN74HT4

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET Alvu Ll

recommended operating conditions

{ SNS4HT74 I SN74H74
[ MIN  NOM MAX MIN NOM MAX’{ UNIT
[ Ve Supply voltage | as S 55 1475 5 525
Vipy High-level input voitage { 2 2
Vi Low-level inpyt voitage 08 0.8 v
1o High-level output current -1 -1 mA
[ ior  Low-level output currént 20 20 mT
CLK high 15 15
t Pulse duration CLK low 13.56 13.5 ny
CLR or PRE low 25 25
oy Setup time-before CLK t High-eve! daia 19 19 ns
Low-level data 15 15
1,  Hoid time - data after CLK! I s 5 ns
Ta  Operating free-air temperature { - 55 125 0 70 °C 3 f
]
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) ;f
SN54H74 SNT7AHT4 [ 4}‘
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX | MIN TYP} MAX ! 5
ViK Vee = MIN, Iy = ~8mA -1.5 ~1.5 v f
VoK Vec mMIN.  Vin=2V,  ViLt 08V, 24 34 24 34 vl
IoR = — 1 mA - b
VoL Voo TMIN, Vi =2V, VLT 08y, 02 04 02 04l v ; ,3
oL = 20 mA ; ?
0 Vee = MAX, V| =55V 1 V] mA x%
D 50 50 )
e TLR Vee = MAX, V=24V ] 150 150 | A 15
L PRE or CLK [ 100 100 i
S ! -2 -2 3
e S_;_z: Vg MAX, V=04V t[ j‘; ﬁ; mA f
CLK " ~a |
083 Vee = MAX ~ 40 100 | - 40 2100 mAjrff
lce Ve = MAX, Sae Note 2 15 21 16 25 mA I:‘
i

' Forconditions thown as MIN or MA X, use the sppropriste value specified under racommended opersting conditions

1 All typical valuas are 8t Ve = SV, Ta~ 25°C.

3 Not more than one output

« Clgar is testad with preset high and preset is tested with clear high.

NOTE 2: With sll oulputs opan, 1¢C is measured with the Q and O outputs hign in turn

grounded.

switching characteristics, Vcc = 5V, TA = 25°C (see note 3)

AT the time of moasurement,

should be shorted at a time, and the duration of the thort circultl should not exceed One secoONC

the clock

Z
1
nput s m,;

FROM TO B

PARAMETER TEST CONDITIONS MIN TYP MAX | W

(INPUT) (OUTPUT)

frr\ax | 35 43 I
tPLH — — I 20|
PRE or CLR QeorQ — 1}
PHL R = 280 0, CL = 250pF 30 ¥
i

t - g 15 4y
FLH CLK QorQ 9 L.)
Py 13 0| 0




SN5474 SN£)4H/4 Q‘JJ‘/“./[‘ SNJQL\H ey viae cwd
@4, SN74H74, SN74LS74A, SN74S74
t0-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

‘LS74A

16 k1 U g 16 k2

" > L4

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

"11 Voitage valuas are with respect 1o network ground torminal,

- Supply voltage, Vec seeNote 1) oo o R 7V
f kputvoltage: ‘74, "H74, TEISTA 55V
i ‘LS74A .. e 7V

r Operating free-air femperature ranges SNS4'. L —-55°C 1o 125°C
: SNTA e O Cto 7O C
.T Sorage EMPEIBIIEIANGE - 65°C 1o 1 150°¢



TYPES SN54LS74A, SN74LST4A
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

recommended operating conditions

SNSALSTAA SN74LSTAA

r
UN!T
MIN NOM  MAX | MIN NOM MAX |
Vee | Supply voltage a5 5 55 | 495 5 625 | v i
ViK High-level input voltage 2 2 VJ
rVIL Low-levei input voltage 0.7 0.8 \/J
1OH High-lovel output curront -0.4 -04 mA 1
[ oL Low-level output current aq 3 mA
Fclock Clock frequency 1 o] 25 o] 26 MHz
. CLK high [ 25 25 1
1 i —— = ns
v Pulse duration PRE or CLAlow | 25 25
. High-leve! data 20 20 .
. B S
sy Setup time-before CLK! rLow-Ievﬂ o 20 20
th Hold time-data after CLK ! S 5 ns
TA Operating free-air temperature - 55 125 o] 70 OCJ
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
7 snsaLs7aa sN7aLs7aA |
PARAMETER TEST CONDITIONS! UNIT
[MiN_Tvpi max [ min TYPE MAX |
Vik | vee=mm, Iy = — 18 mA | s s | v
Vee = MIN, Vig =2V, Vi = MAX, T 7
VoH 25 34 2.7 34 v ol
loy = — 04 mA N
E - » |
vee® MIN. \/IL MAX, V]H 2V, \ 0.25 04 0.25 0.4 ]1 1}!
|OL =4 mA . | | :
Vou ; : — Vo
Vcc“MiN, VIL"MAX, \/[H“QV, 0.55 05 ' ; |
oL =8 mA ’ | }
Dor CLK , 0| o1l
1y R Vcc‘MAX, V=7V 1 mA
CLR or PRE 0.2 | 02| s
' Dorctx v MAX V=27V 20 | 20 | Aii
e - B - 2. m i
IR LR or PRE cc ’ a0 | 0 | y
D or CLK “O'"'l -oaJ ¥
I8 === Vg = MAX, V=04V T 1 MmA i
CLR or PRE . ~08 | - 08 | ‘
flos»; Vee = MAX, Sce Note 4 - 20 ~100 | —20 —100 | mA
[ ce Vee " MAX, Sce Note 2 4 e 4 g1 mA |

! Eor conditions shown as MIN or MAX, usa the appropriste vaiue spocitiod under recommendad oparating condiiions,

1 All typical vaiues are at Ve = 5V, Ta-= 25°C.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed ona second.

NOTE 2: With ali outpuls open, lcc is measured with the Q and 6 outlputs high in turn, At the tima of measurement, the clock inputis
groundod.

NOTE 4: For certain dovices where siate commutation can e caured by shorling an output to ground, an eGuJivelent tast may bo performe
with Ve = 2.25 V and 2.125 V for the 54 family and the 74 family, respectively, with the minimum and Maximum limits reduced @
one hait of their stated values.

switching characteristics, Vcc =5V, TA = 25°C (see note 3)

PARAMETER FROM 1o TEST CONDITIONS MIN TYP max | unit
(INPUT) (OUTPUT) N
frax I M
tPLH — — RL=2KS1, CL“15DF 13 25 n
CLR,PRE or CLK QorQ
tPHL r 25 40 J n




DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND ¢/

schematics of inputs and outputs (continued)

‘L74
o
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS l
!
N
!
Vee - - Ve ;
I
L
Huu ¢
INPUT —
CUTPUT !
|
L~ MAX Rug NOM r\\
018 mA 40 K0
—0.36 mA 20k .
‘§74

EQUIVALENT OF EACH INPUT

INPUT

L MAX  Rgq NOM

oQ
—2mA 2.8 kY
—4 mA 1.4 k2
—£ mA S40

TYPICAL OF ALL QUTFUTS

—_— - < AV

Vec

50 1L NOM

Q— QUTPUT




dot S SNOAL 4, Lilrdsid

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

ommended operating conditions

SN54S74 SN74574 Jv
| MIN NOM  MAX | MIN NOM  MaX | unit

iec Supply voltage 4.5 5 55 4.75 S 5.25 vV
"y High-level input voliage 2 2 \
;i Low-level input voltage 0.8 0.8 \
s High-level output current -1 -1 mA
. Low-level output current 20 20 mA

CULK high O [
« Pulse duration CLK low 73 7.3 ns

CURor PHE low 7 7

High devel data 3 3
5 Setup time, before CLK ¢t Cowioval gava - ; 3 ns
» Input hold time - data alter CLK ! 2 2 ns
’y  Operating free-air temperature - 55 125 0 70 ‘c

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

—

‘ SN54S74 SN74S574
. PARAMETER TEST CONDITIONS! YT URIVES v v BTy T UNIT
[ Voo " MIN, Ip = - 18 mA, -1.2 -1.2 Y
i;\’OH IVOC::EA:NF'“A Vin 2V, ViL T 0BV 25 3.4 2.7 3.4 v
!"‘OL Ve = MIN, Vil 72V, VL= 08V, 05 05 v
i oL = 20 mA
7 Vee - MAX, v, -85V T 1 1] mA
D ) T 50 50 ]
i CTR Vee T MAX, V=27V 150 150 | mA
PRE or CLK 100 100
D -2 -2
CLR* i -6 -6
“ ==, Vee = MAX, vy - 05V —— — ) omA
CLK 4 4
e Ve = MAX . a0 — 100 | - 40 100 mAj
- Veg T MAK. Gre Now 2 T 15 25 D
o conditions shown oy MIN o MAX asn tha aaprapriatie vaiue apecihion undaer rernenmendod OpMATIing condit.ont

{4l typical valuas are ot Vee 5

vV, T4

5

{\m more than one output should e snortud ¢t a4 e, and the duration o! the shaort circusl should not exceed one second

1T is tested with presot high and preser is tusied with clear figh.

€ 2: All outputs open, lcc s measured with the Q ana Q outputs high in turn. Al the tirne of muaasurement, the clock nput s

grounded.

wirhing characteristics, Ve = 5 V, Ta = 25°C (see note 3)

FROM T0
MRAMETER TEST COMDITIONS MIN TY?  MAX | UNIT
(INPUT) {(QUTPUT)
fmax 75 110 MH
LH FRT or CLRH QorQ 4 6 ns
PRE or CLR (CLK high) So Ay - 280 s op 9 13.5
. e or = Q2 * i
HL PRE or CLR (CLK low) - : Leee 5 g |
*LH CLK a ora G 9 ns
I BHL 6 9 ns



TYPES SN5408, SN54L.508, SN54S0:
SN7408, SN74L508, SN74S0
QUADRUPLE 2-INPUT POSITIVE-AND GATE:

IEVISED DECEMULN 1up

* Package Options Include Both Plastic and SNE5408, SN54L508, SN54S08 ... J OR W PACKAGE
Ceramic Chip Carriers in Addition to SN7408 ... JORN PACKAGE
SN74LS08, SN74S08 ... D, J OR N PACKAGE

Plastic and Ceramic DIPs

[TOP VIEW)

* Dependable Texas Instruments Quality
and Reliability 1A
18

description / 1Y
\/ 2A

These devicos contain four Independont 2-Input AND 2B
gates. 2y

GND

The SN5408, SN54LS08, and SN54S08 are charac-
terized for operation over the full military temperature

range of —55°C to 125°C. The SN7408, SN74L.S08 SN54L508, SN54S0E . . . FK PACKAGE
and SN74S08 are characterized for operation from SN74L508, SN74S08 ... FN PACKAGE
0°C to 70°C. (TOP VIEW)
o < O 8 [as]
- -2 > <

FUNCTION TABLE (each gate)

2 12019
| INPUTS | outeur 1Y [ 18(] 4A
A B Y NC 5 17 NC
H H H 2A (] 16 (] 4y
L X L NC |7 NG
X L L 28 |8 14(] 33

9 10111213

ogic diagram {each gate)

> 00> g
NZZonm
&}

M NC - No Internal connection
B -

A

positive logic

(eo]i

Y=A'B or Y=AaA+

L
| PLt

tPHI

NOTE 2:



QUADRUPLE 2-INPUT POSITIV

e i

E-AND GATE’

recommended operating conditions

SNB408 SN7408
UNIT
MIN NOM  MAX MiN NOM  MAX
Ve Supply voliage 4.5 5 55 4.75% 5 5.25 \Y%
V|4 High-tevel input voliage 2 2 v
Vi Low-avel input voliagn 0.8 0.8 \%
lon  High-level output current ~08 -~ 0.8 m',;~
lo Low-tevel output current 16 16 s
Ta Operating free-air tempersture - 55 125 el 70 C

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

SN5408 SN7408
PARAMETER TEST CONDITIONS T UNIT
MIN TYP} MAX MIN TYP$ MAX
Vik Vee = MIN, I =—=12mA - 1.5 - 1.5 v
VoH Ve = MIN, ViH=2V, loH = ~0.8mA 2.4 3.4 2.4 3.4 v
Vor Vec*MIN, VL =08V, lgL=16mA 02 04 02 04 v
1 Ve = MAX, V=55V 1 1 mA
i Vee = MAX, V=24V 40 40 un
llL VCC - MAX, V=04V - 1.0 - 1.0 i
los§ Vee = MAX - 20 -55 | ~18 - 55 mn
fccH Vee = MAX, V=45V 1 21 " 21 | ma
‘ccu Vee = MAX, Vi=0V 20 33 20 33 m
! For conditions shown at MIN or MAX, use the sappropriate value specifiod under recommendsed operating conditions.
i All typical values sre at Vo =5V, Ty = 25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, Vo = 5 V, Ta = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX Ui,
(INPUT) (OUTPUT)
PLH 17.5 27 N,
AorB Y Ry =400 0, CL=15pF
PHL 12 18 rne
NQOTE 2: See General information Section for load circuits and voltage waveforms.



SNT408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

schematics (each gate)

08 ‘L.S08
- ® Y%
120 §2
130 2 INPUTS
A }4
B f¢
INPUTS
A —d ouUmn
@ QUTPUT
8 ! v
X T w
v
® g@ < & *— GND T
p . ono
‘508
- Vee
50 §2
INPUTS
A
QUTPUT
8 — Y
! [
Y so00 Q§ 250 §1
/i] & < GND
R.esislov vaiues are nominal.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VeclseeNote ) oo
nputvoltage: 108.'S08 ... 55
LS08 s 7V
Operating free-air temperature range: UN54°

SN74’

NQTE 1: Voltage values are with respect to network ground terminal.

-55°C 10 125°C
0°Cto 76°C
~ 0 N Q
-65°C 10 150°C



TYPES SN54S08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

recommended operating conditions

SN54508 SN74S0C8
UNIT
MIN  NOM  MAX | MIN NOM MAX
Vg Supply voltige 4.5 5 5.5 4.75 5 5.25 \%
ViH High-level input voltage ' 2 2 v
ViL  Lowlsvel input vallagn 0.8 0.8 v
toH  High-level output current : -1 — i mA
IoL  Low-level output current 20 20 mA
Ta  Operating free-air temperature - 55 125 0 70 °c

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

SN54508 SN74508
PARAMETER TEST CONDITIONS T UNIT
MIN TYP$ MAX | MIN TYP} MAX
VK Veg = MIN, 1= 18 mA -1.2 ~1.2 v
VOH Vee = MIN, Vii =2V, loH = — 1 mA 25 3.4 2.7 3.4 %
VoL Ve = MIN, ViL =08V  IgL=20mA 05 0.5 v
I Vee = MAX, V=55V 1 1] mA
H Ve T MAX, V=27V 50 50 | uA
e Vee = MAX, V=05V -2 ~2 | mA
105§ Vee = MAX —40 -100 | -40 ~100 | mA
‘cCH Voo = MAX, V=45V 18 32 18 32 | ma |
iccL Voo " MAX, V=0V 32 57 32 57 1 A

! For conditions shown as MIN or MAX, use the appropriate value specified undor recommanded operating conditions.
! All typical values are ot Vee =5V, Ta - 25°¢C,

§ Not more than one output should bo shorted at a time, and the duration of the short-circuit should not exceed one socond.

switching characteristics, Voo =5 V, TA = 25°C {sec note 2)

FROM 10
PARAMETER . TEST CONDITIONS MIN  TYP MAX'| UNIT

{INPUT) (OUTPUT)

PPLH 4.5 7 ns

‘ Ry = 280 Q, CL =18pF

PHL ) 7.5 ns
AorB Y

PLH 6 ns

RL = 280 1, CL =50 pF :
PHL ‘ 7.5 ns

°
NOTE 20 Soe General information Section for load cucuits and voltage waveforms.

R |



QUADRUPLE 2-INPUT POSITIVE-AND GATES

recommended operating conditions

L SN54LS08 [ SNT74LS08
UNIT

!MIN NOM  MAX leN NOM  MAX

Vee  Supply voltage J as 5 55 | 475 5 525 ’ v
ViH  righilevel input voltage [ 2 l 2 J %
Vil Low:level input volitage I 0.7 I 0.8 % '—’}
"ot Hiahdevel output cureeng l -0 ] 0.4 A _]
oL Law level outpaut corront J 4 ] 3 I mA 7
Ta Operating free.air temperature 1 —- 55 125 1 o] 70 ! °c ‘}

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

SNG41.508 SN741.508 }
PARAMETER TEST CONDITIONS T UNIT
MIN TYPI MAX MIN TYP} MAX
Vik Vee = MIN, I ==~ 18mA - 1.5 - 1.5 \%

L Von VCCTMIN, V=2V 10K = - 0.4 mA 25 3.4 27 3.4 [V
Ve = MIN, ViL = Max, oL = 4mA 0.25 0.4 0.25 0.4

VoL - v
VCC=MIN. V) =MAX, g, =8mA 035 05

) Vee = MAX, v =7V 0.1 0.1 | ma

i Voo s MAX, v =27y ! 20 ‘ 20 | ua

L Veg = MAX, v =04y }I ~0.4 [ -0.4 mq

L los§ Vee = MAax I—zo - 100 {—20 - 100 j ma

: L Icen J VeC T MAX, V=45 v ’ 24 ag J 24 ag ( mA

j L iccL | Vec=max, v,-ov | aq 84| aa a.a_L mA

/ DA typicsl values are at Vee =5V, Th = 25°%C

! § Not more than one output should be shorted at a8 time, and tho duration of the short-circuit should not oxcood one second,

switching characteristics, VCC =5V, Ta = 25°C (sce note 2)

y FROM TO
: PARAMETER TEST CONDITIONS MIN  TYP
(INPUT) (QUTPUT)
PLH g
Aorg Y Ry = 2k§, CL = 15pF
tPHL 10




Poosw vioio odualild, SiisgLug, Siv54L.504, SINS4804,
SN7404, SN74Ho4, SN74L804, SN7450+
' HEX INVERTERS

REVISED OECEMNEN 1an .

SN5404, SN54HQ4, SN54L04 .. JPACKAGE

Package Options Include Both Plastic and SNS4LS04. SN54504 ... JOR W PACKAGE
Ceramic Chip Carriers in Addition to Plastic —6N7204, SN74HO4 ... J OR N PACKAGE )
and Ceramic DIpPs SN74LS04,5N74504 ... D, JORN PACKAGE
(TOP VIEW)
* Dependable Texas Instruments Quality and
Reliability
fescription

Theso devices contain 8ix Indepondont Invertors,

The SN5404, SN54H04, SNB4L04, SN541S04 and
SN54S504 are characterized for operation over the full
military temperature fange of —55°C 1o 1250, The

SN7404, SN74H04, SN74LS04 and SN74S04 are -SNB404, SN54HO4 . . . W PACKAGE
characterized for operation from 0°C to 70°C, (TOP VIEW)
1A 1Y
FUNCTION TABLE {sach inverter) 2Y 6A
INPUTS OUTPUT 2A 6Y
A Y vVee GND
3A 5Y
3Y 5A
4A 4Y

A . SN54LS04, SN54S04 ... FK PACKAGE
ogic diagram (each inverter) : SN74LS04. SN74504 ... FN PACKAGE

(TOP VIEW)

Yositive logic

NC - Nointernal connection



TYPES SN54503, SN/4503
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS

-recommsnded operating conditions

SN54503 SN74503
UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supely voltage i 4.5 5 55 | 4.76 § 625 | V
Vi High-levsl input voitage 2 2 v
ViL Low-evel input voltage 0.8 0.8 \%
VoKW High-level output voltage 5.5 5.5 \
oL Low-lavel output current 20 20 | mA
Ta  Operating freesir tamperature ~ 55 125 0 70 | °C

slectrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS ¥ MIN TYP} MAX | UNIT
ViK Voo = MIN, Iy =—18mA -12] Vv
oM Vee = MIN,  V{_~08V, | Voy=55V 0.25 | ma
VoL Veg " MIN, V=2V, loL = 20 mA 05 V
iy Vee = MAX, V=55V Tt | mA
i Vee = MAX, V=27V 50 | wa
i Veg = MAX, V=05V -2 | mA
lcCH Vee = MAX, V=0V 5 132 mA
fceL Voo = MAX, V=45V 20 36| mA

i 1 For conditions shown as MIN or MAX, Ute the appropriate value specifled under recommended operating conditiona,
4 3 All typical values are at VCC “BV, Ta~ 28°C,
~

switching characteristics, Vcc =5 V, Ta = 25°C (see note 2)

A
% FROM TO
. -
e PARAMETER GNPUTE .| touTRUT) TEST CONDITIONS MIN  TYP MAX| UNIT
)

tPLH 2 5 7.5 i
1 R =200 03, C_ =15pF
D PHL 2 4.5 7 ns
! Aor B Y

PLH 7.5 ns

AL ~ 280 0, CL =50 pF
TPHL 7 ns

NOTE 2: Sae Genersl Information Section tor load circuits and voltage wavetorms.
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HEX INVER L

recommended operating conditions

SN5404 SN7404
UNIT
MIN NOM MAX MIN NOM  MAX

Vee  Supply voltage 4.5 5 5.5 4.75 s 5.28 2
Vi High-level input voitage 2 2 \%
VL Low-level input voltage 0.8 0.8 v
lOH High-level output current - 0.4 - (0.4 N
[OL Low-level output current 16 16 m/.~
TaA Opatrating treeqair lemperature — 55 125 0 70 “C

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

t SN5404 SN7404
PARAMETER TEST CONDITIONS UNIT
MIN TYPY  MAX | MIN TYPt MaX
ViK Vee = MIN, I =—=12mA - 1.5 1.5 v
VOoH Ve = MIN, Vi =08V, log = — 04 mA 24 3.4 2.4 3.4 v
VoL Vee = MIN, ViH =2V, loL = 16 mA 0.2 0.4 0.2 0.4 Vv
Iy Vee = MAX, V=55V 1 1 mA
IR Vee = MAX, Vi=24V 40 40 uA
(I Vee = MAX, V=04V -1.6 - 1.6 ™A
los § Vee = MAX - 20 —-551 —-18 —- 65 i
IccH Vee= MAX,  Vi=0V 6 12 6 12 mA
LA

lceL Voo = MAX, V| =45V 18 33 18 33 J mA

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,

! All typical values are at Veg =5V, Tp = 25°C.

§ Not more than ona output should be shorted st a time.

switching characteristics, Voo =5V, Ta = 25°C (see note 2)

FROM TO .
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT
PLH ' 12 22
A Y Ry =400 n, CL =15pF

tPHL 8 15 ns

NOTE 2: See General Information Section for losd circuits and voltage waveforms.



HEX TNVERTL

recommended operating conditions

SN5404 SN7404
UNIT
MIN NOM MAX MIN NOM  MAX

Vee  Supply voltage 4.5 5 5.6 4.75 3 5.256 \
Vi High-level input voltage 2 2 vV
ViL Low-level input voltage 0.8 0.8 vV
lon High-level output current - 0.4 - 0.4 A
I's} . Lowlevel outpur current 16 16 M“-T;/l
Ta Op#rating free-air temperature - 55 125 0 70 (_,

electrical characteristics over recommended operating free-ai

r temperature range (unless otherwise noted)

¥ SN5404 SN7404
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX | MIN TYP MAX
ViK Vee “ MIN, I =~ 12mA ~15 1 v
VOH Ve = MIN, ViL=08V, Ion = — 04 mA 2.4 3.4 2.4 3.4 v
VoL Vee T MIN, Vg =2V, oL = 16 mA 0.2 0.4 02 04 v
1y Vee = MAX, V=55V 1 1 mA
Iy Vee = MAX, V=24V 40 a0 HA
L Veg = MAX, V=04V ~1.6 —1.6 ma
los § Vee = MAX - 20 — 55 — 18 - 58 mn
lcer Veo= MAX, V=0V 6 12 6 12 mA
v

leeL Vee = MAX, V=45V 18 33 18 33 i mA

t For conditions shown as MIN or MAX, use the appropriate value specified under recommendead operating conditiors.

! All typical values are at Ve =58V, T = 25°C.

§ Not more than ono output should be shorted ot a time.

switching characteristics, VCc =5V, Ta = 25°C (see note 2)

PARAMETER e (OUTRUT) TEST CONDITIONS MIN  TYP  MAX| UNIT
WPLH : 12 22 ns

A Y R =400 @, CL =15pF

IpHL 8 15 ns

NOTE 2: See General Information Section for losd circuits and voitage waveforms,



SNT7404, SIN7T4HU4, SN/4LS04, Sili-icy .
HEX INVERTERS

schematics (each gate)

‘04,'L04

vee @
2.8 k82

Vee

INPUT
A—9 A
QUTPUT
QUTPUT v
Y
: X
R4 4 kQ%
/;7 o o— GND /; % & o— GND
CIRCUIT R1 R2 R3 R4
‘04 4 k82 1.6 k§2 130 §1 1k2
‘LO4 40 k2 20 k2 500 2 12k8Y
‘LS04 S04
3 §Vec ) Vee
20 k§ 8kQ§ 120 §2 2.8 k2 g
i
) INPUT .
A —
INPUT 1< o QUTPUT
e il had Ln—, Y
A — AN OUTPUT *
4k o v
La
12k§2 4—o :
T N
1.5 k2 3k

. b

Resistor values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Ve (see Note 1): ‘04, ‘H04, ‘LS04, ‘S04

............................................. 7V
L0 8V
Inputvoltage: "04, 'HOA, "LOA, "SOA . ... Lo 55V
S0 7V
Operating free-air temperature range: SNS4'. ... ... ... ... . ... -~-55°Cto 125°C
SNTA OCto70°C

Storage temperature range

—-65°Cto 150° C
NOTE 1: Voltege values are wilh rewsact 1o notwork ground terminal.



recommended operating conditions

T
SNSAH04 |T SN74atiDa i

UNIT
MIN  NOM MAX I MIN NOM MAX }
Vee  Supply voltage 4.5 5 5.5 4.74 5 5% V ]
ViK High-tevel input voltage 2 2 v f
\% Lowlevel input voltage 0.8 0.8 v }
e |
IoH  High-level output current - 0.5 0.5 mA ‘
oL Low:level autput current 20 20 mA !
) 1

TA Operating froe-air temperature - 56 125 o] 70 C

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

PARAMETER TEST CONDITIONS? MIN TYPt MAX UNIT‘]
Vik \/CC"M!N, I} = —8 mA - 1.5 v l
Von VCC=MIN,  V( =08V. Igy=-05mA 24 35 v

[
VoL Vee = MIN, Vig=2vV, [ 0.2 c.4 % Ji
Y Voo T MAX, V=55V | 1 [ mA |
™ Ve = MAX, V=24V ‘ 50 ’ uA [
!
e Vee = MAX, Vi=0.4V ‘ ~2 | A ]
T 1
Ios8 Voo = MAX ~ 40 - 100 ! mA 1)
lcon Vee = MAX, V=0V f 15 26 | ma
lcecu Vee « MAX, V=45V I 40 58 I] mA ‘
' For conditions shown as MIN or MAX, use tho appropriste value specifiod under racommondod operating conditons.
L All typical values are at Vee =5V, Ta~ 25°C.
§Not more than one OuUTput should be shorted at a time, and the duration of the short-circuit should not excoud ona secand.
switching characteristics, Voo =5 V, TA =25°C (see note 2)
PARAMETER FROM TO TEST CONDITIONS MIN TYP AR UNIT
{INPUT) (OUTPUT) s " PoOMAXE S UN
PLH 6 10 ns
A Y C = 25 pF
PHL J 6.5 10 ns

NOTE 2: See Genearal information Section for load circuts and voltags wavetforms.



