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L.M555 and LM556 Timer Circuits

This page presents general information and tips for using the LM555 timer and devices with other letter prefixes. There will be
minor internal circuitry differences between 555 timer IC's from the various manufacturers but they all should be useable for the
circuits on this page.

If you would like to use any of these ideas, take the time to do some testing before using the LM555 timer in an actual circuit.
All of the solutions on this page can also be applied to the LM556 - Dual timer.

Some of the circuits on this page were developed just to see if they would work and have no intended use.

The menu below links to various sections of this page that relate to the items in the index. New additions appear at the bottom of
the list.

- Page Sections -

. RESET And CONTROL Input Terminal Notes

. LMS55S5 - Monostable Oscillator Calculator

. LMS55S - Astable Oscillator Calculator + Capacitor Calculator
. Basic Circuits For The LM555 Timer

. Triggering And Timing Helpers For Monostable Timers

. Controlling Circuits For LM555 Timers
. Advanced Circuits For The L.LM555 Timer

. LM556 Timers with Complimentary or Push-Pull Outputs

. Interlocked Monostable Timers

. Power-Up Reset For Monostable Timers

. Cross Canceling For Monostable Timers

. RS - Flip-Flop Made With A L.M556 Timer

. Using The LM555 As A Voltage Comparator Or Schmitt Trigger
. 50% Output Duty Cycle (Variable)

. Bipolar LED Driver

. Electronic Time Constant Control

. Voltage Controlled Pulse Width Oscillator

. Sweeping Output Siren

. D Type Flip-Flop Made With A 1.M556 Timer

. Time Delay Circuits

. Variable Period Oscillator (CD4017)

. Missing Pulse Detectors / Negative Recovery Circuits
. 50% Output Duty Cycle (Fixed) Using Logic Devices

. Three Stage Cycling Timer Circuit (Traffic Light Circuit)
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. RESET Terminal - Currents And Voltages

. 555 Timer Current Draws

. Delayed Re-Triggering

. 555 Timer Output Section

. Various Power ON Delay Circuits

. Average 51.5 % Output Duty Cycle Using A 555 Timer

. Driving Loads Of Greater Than 15 Volts Or 200 Milliamps

. N' Steps And Stop Circuit (CD4017)

. Various Power OFF Delay Circuits

- Other Related Pages -

Special Function 1.LM555 Circuits

Various L.LM555 - LED Flasher Circuits

Astable Multivibrator Applet (External Page - Java Script
555 Timer IC (External Page - Wikipedia.org)

e 1.M555 Data sheet - National Semiconductor (.pdf)

o CMOS LLM555 Data sheet - National Semiconductor (.pdf)
o 1.M556 Data sheet - National Semiconductor (.pdf)

o L.M555 Timer tutorial - By Tony van Roon
e The Electronics Club - 555 and 556 Timer Circuits

CMOS Versions Of The 555 Timer

All of the information on this page can be applied to the low current, CMOS versions of the 555 timer as well.

However, the CMOS versions have a lower output current rating and may not be able to drive some loads. Also, the outputs of
some CMOS timers can source more current than they can sink.

For single sided loads, an NPN or PNP driver transistor can be added to the output of the timer to increase the current capacity
of the timer. ( See section 31 of this page for more information. )

This Page Is Not Applicable To The LMS558

This page does not apply the LM558 - Quad Timer IC which is significantly different when compared to the 555 and 556
timers.

The differences include: (1) The output of each 558 timer is an open collector transistor with a 100 milliamp current capacity
while the 555 and 556 timers have bipolar outputs with a 200 milliamp capacity. (2) The TRIGGER input of the 558 is EDGE
Triggered while the TRIGGER input of the 555 and 556 timers are LEVEL Triggered.

Individual LM558 timers are not designed to operate in an astable mode. Two 558 timers must be connected in a loop to make
an astable oscillator.

e EDGE Triggered - means that the change in the output state of the timer is caused by a quickly falling or rising voltage at
the input terminal. If the input voltage changes too slowly the output will not switch states.

e LEVEL Triggered - means that the change in the output state of the timer is caused when the voltage at an input terminal
falls bellow or rises above a preset level. The rate at which the voltage changes is not important.

The THRESHOLD input terminals for the 555, 556 and 558 timers are all LEVEL triggered.

LMS555 Timer Internal Circuit Block Diagram
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LMS555 Timer Internal Circuit Block Diagram

DISCHARGE THRESHOLD CONTROL

LM 555
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Print the diagram in the centre of a sheet of paper and then draw a circuit using the ICs pin locations.

LMS556 Timer Internal Circuit Block Diagram
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RESET And CONTROL Terminal Notes

Most of the circuits at this web site that use the LM555 and LMS556 timer chips do not show connections for the RESET and
CONTROL inputs. This was done in order to keep the schematics as simple as possible.

If the RESET terminal of a 555 or 556 timer is not going to be used, it is normal practice to connect this input to the supply
voltage. If the RESET terminal is left unconnected the operation of the timer will not be affected, however, the RESET of
CMOS version of these timers should not be left unconnected as the inputs of these devices are more sensitive and this may cause

problems.

In many cases the CONTROL input does not require a bypass capacitor if a well regulated power supply is used. However, it is
good practice to place a 0.1 microfarad (C2) capacitor at this terminal to minimize voltage spikes during transitions of the timer's

output transistors.

It is also good practice to place a 0.1uF bypass capacitor (C1) across the power supply and located as close to the IC as possible.
This will also reduce voltage spikes when the output transistors of the timer change states.

TYPICAL CONMNECTIONS FOR PINS 4 AND 5

©ROB PAISLEY 2004 555 Pins 4 and S

0.1uF

C1 - BYPASSES THE TIMERS POWER SUPPLY TO REDUCE SPIKES
CAUSED BY THE QUTPUT TRANSISTOR ITCHING.

C2 - REDUCES ERRORS IN THE TIMING CIRCUIT CAUSED BY YARIATIONS
IN THE POWER SUPPLY YOLTAGE.

Typical Pin 4 And 5 Connections

Note - If the period of the power supply variations is short when compared to the period of the timer, the overall effect of C2 is

reduced.

http://home.cogeco.ca/~rpaisley4/LM555.html
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For example; If the power supply - ripple voltage is 120 Hz and the oscillator frequency is 1000 Hz then C2 will have greater
benefit than if the oscillator frequency is 10 Hz.

Therefore, at low astable frequencies or long monostable times the effectiveness of a capacitor at the CONTROL input is less
than at higher frequencies and short pulse times.

Calculation Value Notes

Data sheets for the 555 Timer use the value 1.44 and 0.693 as constants in the timing calculations depending on the way in
which the equation was written. While these numbers are not exact reciprocals of one another they are close enough to be used
without concern.

For ease of use, the calculators on this page have capacitor values entered in microfarads. This value is multiplied by the
calculator to produce the correct result. (1uF = 0.000,001F =1 X 10'6F)

TIMING CALCULATORS FOR THE LMS55

With Schematic diagrams

LMSS55 - MONOSTABLE OSCILLATOR CALCULATOR

Value Of Value Of Output
R1 Pulse

Cl1
— — —

Ohms Microfarads Seconds

Resistor values are in Ohms (1K = 1000) - Capacitor values are in Microfarads (1uF = 1)

NOTE: The leakage currents of electrolytic capacitors will affect the actual output results of the timers. To compensate for
leakage it is often better to use a higher value capacitor and lower value resistors in the timer circuits.

LMSS55 Monostable Oscillator Circuit Diagram

BASIC MONOSTABLE' OSCILLATOR CIRCUIT with CALCULATION FOR THE 555 TIMER CHIP
©ROE PAISLEY 2005 555 Monostable calc

MONOSTAEBLE OSCILLATOR

TO CALCULATE THE OUTPUT PULSE TIME

Tsec.=11XRKXC

LMS555 Monostable Oscillator Output Time Chart
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MONOSTABLE OUTPUT TIME GRAPH FOR THE LMSSS TIMER CHIP
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®ROB PAISLEY 2003 555 RC Monostable
100uF ‘ ‘ ‘
http://home.cogeco.ca/rpaisley4/Circuitindex.html //// d
10uF / / / /
. / / | / | / | |
C
R1 = 1K 2 10K 100K 00 ™ QO 10M O
O.1TuF /// / / /
o | / ) / /// /
- / / /
10ps 100ps Tms 10ms 100ms 1s 10s

Output Time
HIGH

SECONDS

OUTPUT TIME HIGH AFTER TRIGGER PULSE

LMS555 - ASTABLE OSCILLATOR CALCULATOR

Value Of
R1

Ohms

Value Of
Cl

Microfarads

Output Time

LOW

SECONDS

Calculate

SECONDS

Output Period
HIGH + LOW

Value Of
R2

Ohms

Output
Duty Cycle

Output
Frequency

HERTZ PERCENT

Resistor values are in Ohms (1K = 1000) - Capacitor values are in Microfarads (1uF = 1)

NOTE: The leakage currents of electrolytic capacitors will affect the actual output results of the timers. To compensate for
leakage it is often better to use a higher value capacitor and lower value resistors in the timer circuits.
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LMSS5S Astable Oscillator Circuit Diagram

BASIC ASTABLE OSCILLATOR CIRCUIT with CALCULATIONS FOR THE LM555 TIMER CHIP

©ROB PAISLEY 2010 555 cale
1

ASTABLE OSCILLATOR

R - IN OHMS

R2 T LOW
TO CALCULATE THE PERCENT TIME HIGH -- % = — X100 = ——————— X100
( DUTY CYCLE ) R1 + 2R2 T HIGH + T LOW

http://home

11/15/11 11:29 PM

The next calculator can find the capacitance needed for a particular output frequency if the values of R1 and R2 are known.

LMSSS - ASTABLE CAPACITOR CALCULATOR

Value Of Value Of
R1 R2

Ohms

Frequency
Desired

Hertz

Calculate

Capacitance
uF

LMS555 Astable Oscillator - Free Running Frequency Chart
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FREE RUNNING FREQUENCY GRAPH FOR THE LMS5S TIMER CHIP

©ROEB PAISLEY 2003 555 RC Astable

T T
http://home.cogeco.ca/"rpaisleyd/Circuitindex.html

\\\
(R1 + 2R2) %\\ k\k
0.001uF \ N

0.1 10 100 10k 100k
FREE RUNNING FREQUENCY (Hz)

RESET And CONTROL Input Terminal Notes

Basic Circuits For The LM555 Timer

The following diagrams show some basic circuits and calculations for the LM555 timer.

Circuit 1
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BASIC CIRCUITS and CALCULATIONS FOR THE LM555 TIMER CHIP

©ROB PAISLEY 2011 1

ABLE DSCILLATOR TO CALCULATE THE FREQUENCY -- F = 0.693 X (R1 + 2 X R2)

R - IN OHMS .
TO LATE THE ON TIME -- Tsec X(R1+R2)KC
TO CALCULATE THE OFF TIME -- Tsec. = 0693 XRZ K C
R2

TO CALCULATE THE DUTY CYCLE -- B = —————= ¥ 100
R1 +2XR2

+
LMS55 C - IN MICROF ARADS

R1,R2 -- MINIMUM = 1K

- ASTABLE TIMERS WILL START WITH THE OUTPUT 'HIGH' WHEN THE POWER IS APPLIED.
= THE DUTY CYCLE IS THE RATIO OF THE 'ON' TIME TO THE 'OFF"' TIME

htt home.cogeco.ca/“rpais 1/Circuitinde

Circuit 2

BASIC CIRCUITS and CALCULATIONS FOR THE LM555 T

©ROB PAISLEY 2009 3
120 SECONDS OFF / 1 SECONDS ON - S55 OSCILLATOR
1N4148

- DUE TO THE DIODE IN THE TIMING CIRCUIT
THE ABOYE FORMULAS DO NOT WORK DIRECTLY

- FOR THE 'ON' TIME USE O OHMS
AS THE VALUE OF R2 IN THE CALCULATION

Jhome.coge

Circuit 3
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BASIC CIRCUITS and CALCULATIONS FOR THE LM555 TIMER CHIP

©ROB PAISLEY 2011 S

1 SECOMNDS OFF / 120 SECONDS ON - 555 OSCILLATOR

- DUE TO THE DIODE IN THE TIMING CIRCUIT
THE ABOVE FORMULAS DO NOT WORK DIRECTLY

- FOR THE "OFF" TIME USE & .8K OHMS
AS THE VALUE OF R2 IN THE CALCULATION

- FOR THE 'ON' TIME USE 787K OHMS
AS THE VALUE OF R2 IN THE CALCULATION

VE THE DESIRED OUTPUT TIMES.
sleyd/Circuitindex.html

Circuit 4

BASIC CIRCUITS and CALCULATIONS FOR THE LM555 TIMER CHIP

©R0OB PAISLEY 2009 4

INDEPENDANTLY YARIABLE TIMING FOR BOTH PORTIONS OF THE OUTPUT CYCLE

- DUE TO THE DIODES IN THE TIMING CIRCUIT
THE ABOYE FORMULAS DO NOT WORK DIRECTLY

- FOR THE 'ON' TIME USE R1 AND R2a with C1
IN THE CALCULATION

- FOR THE 'OFF' TIME USE R1 AND R2b WITH C1
IN THE CALCULATION

k. html

Circuit 5

http://home.cogeco.ca/~rpaisley4/LM555.html
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BASIC CIRCUITS and CALCULATIONS FOR THE LM555 TIMER CHIP

©ROB PAISLEY 2011
1 SECOND - ONESHOT MOMOSTABLE OSCILLATOR

TO CALCULATE THE ON TIME
Tsec. =11 XRKXC

YOLTAGE AT PIN 2

C1 - 1uF

—| TRIGGER
OUTPUT

- THE OUTPUT IS HIGH FOR 1 SECOND AFTER SWITCH CLOSES. — COFF —i“ DC_’EIJ— OFF —»
- THE CIRCUIT WILL TIME OUT EVEN IF THE TRIGGER IS HELD CLOSE SEG

http://home.cogeco.ca/™ry “cuitindex.html

Circuit 5 also has a trigger input that can remain closed and still allow the timer to complete its cycle. This means that the
trigger input pulse can be longer than the output pulse.

RESET And CONTROL Input Terminal Notes

Triggering And Timing Helpers For Monostable Timers

The LM555 timer and its twin brothers the LM556 are cornerstones of model railroad electronics but the sensitivity of the
trigger input gives rise to many false triggering problems. The addition of a 470K ohm resistor and a 0.1uF capacitor at the
TRIGGER input (Pin 2) will provide a delay of approximately 1/20th of a second from the time the input goes to zero volts until
the trigger threshold of 1/3Vcc is reached. This short delay can eliminate false triggering in most cases and if the problem persists
the value of the capacitor or resistor can be increased as needed.

The following schematic shows two additions to the basic 555 timer circuit. One reduces the trigger sensitivity and the other
will double the output pulse duration without increasing the values of R1 and C1.

555 TIMER TRIGGER DELAY AND TIME EXTENDER

©ROB PAISLEY 2011 Hel

i 0.44Ycc
i TRIGGER

TRIGGER O OUTPUT

I COMMON PIN 1

INTERNAL CIRCUITRY
OF THE TIMER AT
PIN *5

555 Timer Helpers Schematic

The addition of a resistor and capacitor to the trigger will not work for very short output pulses as there is also a short delay in

http://home.cogeco.ca/~rpaisley4/LM555.html
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the recovery of the trigger terminal voltage.

The second addition is a helper that will extend the timers output duration without having to use large values of R1 and/or C1.
Connecting a 1.8K ohm resistor between the supply voltage and pin 5 of the 555 timer chip the output pulse duration will be
approximately doubled.

The boxed in area of the drawing shows the internal circuit at pin 5 of the timer with the 1.8K resistor added. The voltage at pin
5 will be increased from 0.66Vcc to 0.88Vcec which is approximately equal to the voltage across the capacitor after two time
constants®. This allows the same output time to be achieved with a smaller resistance or capacitance value thus reducing the error
caused by the capacitor leakage current. Conversely, for a given value of R1 and C1, the output time will be doubled by the
addition of the resistor at Pin 5.

* - One time constant is equal to R (Ohms) times C (Farads) in seconds. In terms of voltage, one time constant is equal to a rise
in voltage across the capacitor from 0 to 63.2 percent its maximum voltage. (1uF = 0.000,001F =1 X 10°°F)

The trigger and reset voltage levels of the timer will also be increased with the addition of the resistor to pin 5 but this should
have no effect in most applications.

To achieve long output times, electrolytic capacitors are often used for C1 and the value of R1 can be as high as 1 Megohm.
However with high resistance values for R1 the leakage current of the timing capacitor (C1) becomes a significant factor in the
operation of the timer.

The circuit will run much longer than expected and may never time out if the leakage current is equal to the current through the
resistor at some voltage. Tantalum capacitors could be used as they have very low leakage currents but these are expensive and
not available in large capacitance values.

Adding a resistor to the CONTROL terminal is not an ideal solution to solving long duration timing situations but should work
for pulse times of less than ten minutes.

Reversed Trigger Input Control Of 555 Timers

The following method allows the timer to be triggered by a normally closed switch. This would be useful in applications such as
intrusion alarms where the protection circuit is broken if a window or door is opened

555 TIMER - REVERSED TRIGGER INPUT
5 2a

©R0OB PAISLEY 2009

N.C.
TRIGGER

OUTPUT

http://home.cogeco.ca/“rpaisley4/Circuitindex.html

ELD HIGH UNTIL THE SWITCH IS OPENED.

Reversed Trigger Input

RESET And CONTROL Input Terminal Notes

Controlling Circuits For LMS555 Timers

The following diagrams show some methods of using one timer to control a second . Some of these are unusual but still
practical and can provide ideas for other control schemes.

http://home.cogeco.ca/~rpaisley4/LM555.html Page 12 of 51
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In the following diagrams, a ONESHOT oscillator controls an ASTABLE oscillator. Three methods are shown.

CONTROL METHODS FOR LMS55 7 LM556 TIMERS - #1

©ROE PAISLEY 2001
OMNESHOT CONTROLLING AN ASTABLE OSCILLATOR

CIRCUIT #1

33K 10K

a ‘

S 7

LM355 - A
1 2 3 4 1 2 3 4

[ ]

0.1uF

—l TRIGGER

$Q.QK*

OUTPUT

620 Hz FOR
1.1SECONDS

O *
-CIRCUIT *1- TIMER "A" CONTROLS THE "RESET" OF TIMER 'B".
-WHEN TIMER "A" IS LOW THE OUTPUT OF TIMER 'B" IS LOW.

2.2K* IS A PULL DOWN RESISTOR FOR OUTPUT OF TIMER "A'

7 S
LMS35S5 - A
1 2 3 4

[ ]
0.1uF — OUTPUT

1N4148
4 TRIGGER 620 Hz FOR
1.1SECONDS

o, *
-CIRCUIT *1- TIMER 'A" DISCHARGES THE CAPACITOR OF TIMER 'B".
-WHEN TIMER "A" IS LOW THE OUTPUT OF TIMER 'B" IS HIGH.

s 7 S
LMSSS - A
1 2 3 4

0.1uF

—| TRIGGER

[ ]

OUTPUT

620 Hz FOR
1.1SECONDS

o, *
-CIRCUIT #*1- TIMER ‘A" SUPPLIES THE TIMING CIRCUIT OF TIMER 'B'".
-WHEN TIMER "A" IS LOW THE OUTPUT OF TIMER ‘B’ IS HIGH. 555 Control 1
LMS555 Control methods #1 schematic

RESET And CONTROL Input Terminal Notes

http://home.cogeco.ca/~rpaisley4/LM555.html
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Advanced Circuits For The LM555 Timer

The following diagrams show some advanced circuits for the LMS555 timer. These circuits were developed to provide certain
functions that are not typically associated with this device.

The parts values in these circuits were selected for testing purposes and can be adjusted to suit the needs of a particular
application as long as the normal operating parameters of the LM555 are maintained.

Before using any of these circuits for specific applications they should be tested to determine the best values for the components
and the practicality of their use.

LMS556 Timers with Complimentary or Push-Pull Outputs

In the next circuit an LM556 - dual timer IC is configured so that the output of the second timer is 180 degrees out of phase with
the first.

This is done by connecting the OUTPUT of timer A to the TRIGGER and THRESHOLD terminals of timer B. The 10K ohm
resistor limits the current that can flow into the THRESHOLD terminal of timer B.

Due to the ability of the timers to source or sink current, the current from one timers output can flow into the other timer's
output depending on which output is HIGH or LOW. The typical output conditions that are referenced to ground or supply are
also available and in fact all three could be used at the same time.

Circuits for both Astable and Monostable versions of this method are shown on the diagram.

http://home.cogeco.ca/~rpaisley4/LM555.html Page 14 of 51
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COMPLIMENTARY OUTPUTS (PUSH-PULL) USING THE LMS56 TIMER
©ROB PAISLEY 2008

THIS CIRCUIT SHOULD BE COMSIDERED AS EXPERIMEMNTAL IN NATURE AND WILL
NOT BE SUITABLE FOR HIGH FREQUENCY APPLICATIONS.

A 4 Yoo
R1 é
14 14

DISCHARGE RESET ——O RESET A DISCHARGE RESET ——O RESET &
THRESHOLD

OUTPUT LMSS6  gurpuT *
LMSS6 A
A THRESHOLD
O-e TRIGGER TRIGGER
TRIGGER

TRIGGER TRIGGER
THRESHOLD THRESHOLD
OUTPUT OUTPUT

RESET ——O RESET B RESET ——O RESET B

i

MOMNOSTABLE TIMER WITH ASTABLE TIMER WITH
COMPIMENATRY OUTPUTS COMPIMENATRY OUTPUTS

OUTPUT OF TIMER "A" QUTPUT OF TIMER "&"

Y +

o o LI LI L
+ +

., L . LT L

OUTPUT OF TIMER "B" OUTPUT OF TIMER “B"

= IN THESE CIRCUITS, THE OUTPUT OF TIMER “A" - IS CONNECTED TO THE THRESOLD AND TRIGER TERMINALS OF TIMER "B"
THIS CAUSES THE QUTOUT OF TIMER "B" TO BE LOW WHEN THE OUTPUT OF TIMER “A" IS HIGH AND YISE YERSA.

http://home.cogeco.ca/“rpaisley4/Circuitindex.html

LMS555 Complimentary Outputs schematic

Timer B in this method acts as a voltage comparator and has no timing function. It is a slave to timer A.

Normal triggering methods and period lengths are not affected.

Both timer's RESET terminals are available and can be used individually or together.

Due to the unusual nature of this type of circuit testing should be done to determine if it is suitable for the use intended. The

circuit is usable at frequencies below 1000 Hz.

RESET And CONTROL Input Terminal Notes

Interlocked Monostable Timers

In the following circuit the timers are interlocked so that while one timer is running the second timer cannot be triggered.

This is done by connecting the OUTPUT of each timer to the TRIGGER of the other through a diode and placing a resistor in
the trigger circuit. The resistor limits the current from the opposite timers output when the trigger is closed on the stopped timer.

http://home.cogeco.ca/~rpaisley4/LM555.html Page 15 of 51
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LMS55 INTERLOCKED MONOS TIMERS

©ROE PAISLEY 2005 nterlock

12 Volts

PREVENTS SECOND TIMER FROM BEING TRIGGERED WHILE THE FIRST IS RUNNING

http://home.co geco.ca/~rpais rcuitindex.htmil

LMS555 Interlocked Timers schematic

Normal triggering and timing lengths are not affected by this method.

RESET And CONTROL Input Terminal Notes

Power-Up Reset For 555 Timers

Typical monostable 555 timer circuits will automatically trigger and start a timing cycle when power is applied to the circuit.
Stray or installed capacitance at the TRIGGER terminal of the timer is largely responsible for this triggering but it is also caused
by the nature of the 555 timer's internal circuitry as well.

Stray capacitance can be from a number of sources but a typical cause is the wires that connect a push button used to start the
timer.

In an ideal circuit, where there is no stray capacitance at the TRIGGER input, a small capacitor at the CONTROL terminal
could prevent the timer from triggering .

http://home.cogeco.ca/~rpaisley4/LM555.html Page 16 of 51
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©ROE PAISLEY 2009

LM555 POWER-UP CYCLE - IDEAL CIRCUIT

Yo

+
cT

ZERO ;
STRAY CAPACITANCE T

http://home.cogeco.ca/“rpais: fCircuitindex.htm

= IN AN IDEAL SS5 CIRCUIT, ADDING A BYPAS CAPCITOR TO THE
‘CONTROL' TERMINAL WILL PREVENT THE TIMER FROM TRIGGERING
WHEN POWER IS APPLIED TO THE CIRCUIT.

- INPRACTICAL CIRCUITS, THE LONGER THE ‘TRIGGER' TERMINALS

CIRCUIT THE GREATER THE LIKELYHOOD THAT THE TIMER WILL
TRIGGER WHEN POWER IS APPLIED.

LMS5S5S Power-Up - Ideal Circuit Conditions

Practical Circuit Conditions

If there is stray or installed capacitance at the TRIGGER terminal, when the power is applied to an LM555 circuit the timer will
immediately be triggered and start a cycle. This can be a undesirable if the period is long and there is no way to stop the cycle.

To prevent timer from starting, a simple RC timing circuit can be added to the timer's RESET terminal so that when power is
applied to the circuit, the timer is automatically held RESET by transistor Q1 until C1 is almost fully charged.

The length of the resetting action can roughly be determined by R1 X C1 X 3.

The example circuit shows a monostable oscillator but the method could also hold an astable 555 oscillator in a reset condition
at power-up.

http://home.cogeco.ca/~rpaisley4/LM555.html Page 17 of 51
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LM555 - POWER-UP CYCLE CANCELING - METHOD 1
©ROB PAISLEY 2009 B

Yo

TRIGGER
OTHER TIMERS

STRAY CAPACITANCE
IN TRIGGER CIRCUIT

http IMe.C tm
- WHEN POWER IS APPLIED TO THE CIRCUIT, Q1 CONDUCTS AND HOL HE RESET TERMINAL IN AL
- AS C1 REACHES FULL CHARGE Q1 TURNS OFF AND THE RESET TERMINAL GOES HIGH.

- THE LENGTH OF THE RESET ACTION IS DETERMINED BY R1 AND C1.

- D1 ALLOWS C1 TO DISCHARGE WHEN THE POWER IS TURNED OFF.

- THIS METHOD CAN BE USED TO RESET MULTIPLE TIMERS.

LMSS5S Power-Up Reset Method 1

The following circuit is another method of stopping the timing cycle at power-up. In this case, a pulse is sent to the
THRESHOLD terminal which stops the timing cycle when the power is applied.

LM555 POWER-UP CYCLE CANCELING - METHOD 2

©ROE PAISLEY 2009 555

Ve

TRIGGER

Sl—l

STRAY CAPACITANCE —
IN TRIGGER CIRCUIT T

http://

- WHEN POWER IS APPLIED TO THE CIRCUIT THE RESISTOR AND CAPACITOR
AT PIN®* & AUTOMATIC RESETS THE TIMER SO THAT THE START-UP
CYCLE IS EFECTIVELY CANCELLED.

- THE GREATER THE ¥ ALUE OF R2 THE GREATER THE INFLUEMNCE OF THE
STRAY CAPACITANCE IN THE TRIGGER CIRCUIT.

- R1 WILL HAYE NO EFFECT ON THE QUTPUT TIMING.

LMSS5 Power-Up Reset Method 2

RESET And CONTROL Input Terminal Notes

http://home.cogeco.ca/~rpaisley4/LM555.html Page 18 of 51
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Cross Canceling For Monostable Timers

The following diagram shows a method that allows one LMS555 timer to RESET another timer so that, for example, if timer 'A’
is running; When timer B is triggered, timer A will be reset.

This means that only one timer can be running at a time.

As with the 'Power-Up Reset For Monostable Timers' circuit above, when the power is applied to the circuit both timers are
RESET.

LMS55 INTERLOCKED MONOSTABLE TIMER CYCLE CANCELING

©ROB PAISLEY 2000 e e A
SS cance

s1 I— 52
TRIGGER I y I TRIGGER
B

LMS555 Cross Canceling Timers schematic

Normal triggering and timing lengths should not be affected by this method.

The trigger switch of the running timer must be OPEN for the RESET to occur.

RESET And CONTROL Input Terminal Notes

RS Flip-Flop Made With A LMS556 Timer

The next circuit is for a hybrid - SET / RESET type of logic Flip-Flop that is constructed from an LM556 - Dual Timer.

The design is crude but effective for very low speed applications. Its greatest asset is that the outputs of the LM556 are capable
of driving current loads of up to 200 milliamps with a minimal voltage loss.

This circuit was originally developed to drive "Stall Motor" type switch machines that are used on model railroads. These
motors use low voltage DC and draw approximately 15 milliamps when they are in a stalled condition.

Due to the design of the LM556 timer chip there are multiple output options available in this circuit. These include the normal
timer outputs which are bipolar and the DISCHARGE terminals, (PINS 1 and 13), that are open collector circuits.

L.MS556 Flip-Flop Truth Table

The following diagram is for a test version of the LM556 Flip-Flop circuit used to create a "Truth Table" that shows the
OUTPUT states for a given INPUT state.

http://home.cogeco.ca/~rpaisley4/LM555.html
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LMS56 SET /#RESET FLIP-FLOP - LOGIC DIAGRAM

©ROE PAISLEY 2002
=+ veceo

, R4 = 1/4 R1, R2

R4
-
13 LMSS6A

556 Flip-Flop LOGIC - All
TRUTH TABLE FOR THE LMS56 FLIP-FLOP CIRCUIT ABOVE

INPUT PIN
SET RESET 9

HIGH HIGH

Logic Function diagram

LMS556 Flip-Flop Input Options

The next diagram shows basic input options that can be used with the LM556 Flip-Flop circuit. In actual applications the push
buttons could be replaced with or supplemented by electronic input devices.
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LM556 SET /7 RESET FLIP-FLOP - INPUT OPTIONS
©ROB PAISLEY 2010 &F uts

CIRCUIT 'A" 4+

R3 = 1/4 OF R1

Ras - PREV
IF BOTH S

/Circuitindex.html

Input Options schematic

In circuit A the SET and RESET inputs would be brought to 0 Volts to change the state of the Flip-Flop.

In circuit B the SET input would be switched between 0 Volts and the supply voltage to change the state of the Flip-Flop. The
RESET terminal is unconnected.

In both circuit A and B, when the push buttons are OPEN the Flip-Flop will remain in its last state until the opposite signal is
applied to an input.

Circuits A and B also show two methods of connecting the LED's at terminals 1 and 13. The input method in circuit B would
not be practical to produce the STATE 3 condition shown in the Truth Table on the previous diagram.

LLMS556 Flip-Flop Notes

o If you would like to make use of this type of circuit, please take the time to build one and do some experimenting to
determine if the design will suit your needs.

e This circuit was developed for low speed operation. It was found however to operate satisfactorily at clock speeds in
excess of 10 kHz.

The values of R1 and R2 in this test were 100K ohms. The value of R3 was 22K ohm.

e Ascan be seen in the schematics, the OUTPUT of one timer is fed, through a 10K ohm current limiting resistor (R1 and

http://home.cogeco.ca/~rpaisley4/LM555.html
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R2), to the TRIGGER and THRESHOLD inputs of the other. The value of this resistor is not critical and is largely
dependent on the impedance of the INPUT devices used to trigger the stage changes.
If resistors R1 and R2 are not used the operation of the circuit becomes unstable.
Due to the internal circuitry at THRESHOLD terminals (PINs 6 and 12) of the LM556 timers, resistors R3 and R4 are
needed to limit the current that can flow into these terminals. The value of resistors R3 and R4 should be approximately 1/4
the value of resistors R1 and R2 so that the proper voltage ratios for changing states can be achieved.
The R3 resistor is not required if the inputs are not going to be driven to a HIGH state.
The cross coupling of the timers OUTPUT and TRIGGER/THRESHOLD terminals gives the circuit its FLIP-FLOP
action and causes the outputs of the timers to be forced alternately HIGH or LOW. This action only applies to states 1 and

2 in the truth table shown above.

For this circuit to have a memory function such as that of a SET / RESET type Flip-Flop the input terminals must float
when no input signal is present. They cannot be held HIGH or LOW as is the case with TTL devices.

The maximum current the the outputs of the LM556 timers can source or sink is 200 milliamps.
These circuits do not need a regulated power supply but the voltage should be well filtered.

Any of the LED's in the circuit could be replaced by an optoisolator, small relay or low current DC motor.

RESET And CONTROL Input Terminal Notes

L.MSS5S5 Timer Used As A Voltage Comparator Or Schmitt Trigger

The next section shows how an LMS555 timer can be used as a voltage comparator or a Scmitt Trigger with a large offset
voltage. The 555 timer is not well suited for this application but it is one that is in wide use with model railroaders.

Shown on the schematic is a secondary output that uses the open collector at the DISCHARGE terminal (Pin 7) of the timer.
This output can sink up to 200 milliamps and would be ideal for driving relays.

The main disadvantage to using this circuit is the the large dead-band (1/3Vcc) between upper and lower threshold voltages. An

optional resistor, RS, can be added to the circuit to lower and compress the detection voltage range but this only partially
alleviates the problem.

LMS555 Voltage Comparator / Schmitt Trigger
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USING THE LMS55 TIMER AS A YOLTAGE COMPARATOR

©ROB PAISLEY 2001

Voo
STO18VOLTS R2
INPUT >2/3Vce é
D1 =0N D1

THRESHOLD
2/3 SUPPLY O PIN 7 - OPEN COLLECTOR OUTPUT
* >200Ma. (SEE DATA SHEET)

INPUT >2/3%cc
D2 =0N

R1
POTENTIOMETER @4—@—4 PIN 3 - SOURCE/SINK OUTPUT
or UP TO 200Ma.
VARIABLE YOLT AGE
SOURCE

X INPUT <2/3Vee
D3 = 0N

'y

THRESHOLD
1/3 SUPPLY

R1 - 10K CURRENT LIMITING RESISTOR
R2,3, 4 - LED CURRENT LIMITING - 1K FOR 12 ¥OLT SUPPLY
RS - 10K LOWERS AND COMPRESSES THRESHOLD VYOLT AGE RANGE

OUTPUTS Vs INPUT OUTPUTS Vs INPUT

WITHOUT RS WITH RS

PIN7 PIN7T
ON OFF

SUPPLY YOLTAGE 1 | VOLTAGE AT
FPIN3

PIN7 PIN7
ON OFF
SUPPLY YOLTAGE | VOLTAGE AT
PIN3

2/3 SUPPLY

172 SUPPLY

1
i
i
i
i
i
i
i
i
i
i
i
i
i
i
N

1/3 SUPPLY

i 1/4 SUPPLY
VOLTAGE AT PINS | wums AT PINS
2 AND & i 2 AND &

0 i u]
YOLTAGE AT PINS 2 AND 6 MUST PASS THROUGH 1/3 i YOLTAGE AT PINS 2 AND 6 MUST PASS THROUGH 1/4
OF THE SUPPLY YOLTAGE FOR DETECTION AND RELEASE. OF THE SUPPLY YOLTAGE FOR DETECTION AND RELEASE.

"“rpaisley4/Circuitindex.html

The two graphs at the bottom of the diagram show the input voltages at which the OUTPUT of the LM555 will change states.
The effect that resistor RS has on the circuit can be seen in the right hand graph.

50% Output Duty Cycle (Variable)

The LMS555 timer can achieve a 50 percent duty cycle as shown in the next diagram. The duty cycle adjustment range of the
give components values is from 42 to 55 percent.

Resistors R1 and R2 were selected first and then resistor R3 was selected to give the best control range based on measurements
at the output of the timer.

The major disadvantage of using the LMS555 in this manner is that the output frequency changes as the duty cycle changes.
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S50% DUTY CYCLE OSCILLATOR USING THE LMSSS TIMER CHIP
©ROB PAISLEY 2001
- DUTY CYCLE RANGE 42 TO 5SS PERCENT

Ri1 - FREQUENCY RANGE 22 TO 29Hz

6 9

LMSSS + o
0.1uF

2 3 4

QUTPUT

- ALL PARTS YALUES WERE DETERMINED BY TESTING AND MEASUREMENT.
- R1 AND R2 DETERMINE MAXIMUM DUTY CYCLE. ( S55% )
- R3 DETERMINES MINIMUM DUTY CYCLE. ( 42% @ 10K )

A%, =1/2R1.

http://home.cogeco.ca/“rpaisley4/Circuitindex.htm

50% Duty Cycle schematic

For The Record

The circuit shown in the next diagram is not an accurate method of producing a 50 percent duty cycle using 555 timers, either
bipolar or CMOS types. The circuit can produce a duty cycle that is close to 50 percent but when a load is added to the output of
the timer, the voltage drops across its output transistors will increase and the duty cycle will shift.

A LESS ACCURATE METHOD OF PRODUCING A 50% DUTY CYCLE OSCILLATOR

©ROBE PAISLEY 2005 555 5

Not Accurate 50% Duty Cycle schematic

RESET And CONTROL Input Terminal Notes

Bipolar LED Driver

This circuit uses two timers to drive Bipolar LEDs and shows all of the possible output states.

Two SPDT switches are used to set the input conditions but these could be replaced by electronic controls.
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LMS55 BIPOLAR LED DRIVER

©ROE PAISLEY 2001 555 BiPolar LED Drive

CIRCUIT TRUTH TABLE

SWITCH TIMER
POSITIONS LED OUTPUTS

- IF BOTH RESET TERMINALS ARE LO% BOTH TIMER OUTPUTS WILL BE LO% AND THE LEDS ILL BE OFF.
- THE RESET TERMINALS COULD BE USED INDEPENDANTLY FOR ADDITIONAL CIRCUIT STATES.

wome.cogeco.ca/“rpaisley4/Circuitindex.htm

Bipolar LED Driver schematic

RESET And CONTROL Input Terminal Notes

Electronic Time Constant Control

These circuits show methods of changing the operating frequency of astable LMS555 timers electronically. Any source that can
drive the base of transistor Q1 can control these circuits.

The advantage of switch the timing capacitors is that the duty cycle of the timer is not affected when the frequency is changed.
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LMS55 ELECTRONIC TIME CONSTANT CONTROL

©R0OB PAISLEY 2001 555 Dual Time Constant

é 10K é 10K
METHOD #1 . 8 METHOD #2 . 8
PARALLEL SERIES
6 6
o1 3 —0 R2 I —0
‘°°K LMSSS 100K | msss
2, 4 2 4 4
+c1
[+ c2 +c 1F
1uF 1uF
2
2N3904 P
WHEN S1 IS CLOSED - CAPACITOR C2 WHEN S1 IS OPEN - CAPACITOR C2
IS CONNECTED IN PARALLEL WITH C1 IS CONNECTED IN SERIES WITH C1

S1 OPEN FREQUENCY = 6.87Hz
S1 CLOSED FREQUENCY = 3.43Hz

S1 OPEN FREQUENCY =13.74 Hz
$1 CLOSED FREQUENCY = 6.87Hz

http://home cogeco ca/~rpais leyd/ ‘Circuitindex.html

Electronic Time Constant Control

Voltage Controlled Pulse Width Oscillator

The basic circuit operates at a frequency determined by R1, R2 and C1 and has a pulse width range of O to 100 percent.

The following diagram shows a basic circuit with an open collector output that would require a pull up resistor at its output. The
parts values are the nominal values of the components used.

Note: This circuit is not suitable for high frequency operation, especially when using a second timer as the output stage.

YOLTAGE CONTROLLED PULSE WIDTH OSCILLATOR - BASIC CIRCUIT

©ROB PAISLEY 2001

+12 VOLTS

IC1 = LM355
IC2 =LM393

OUTPUT

VOLTAGE

WIDTH %

R4 @4— =1 OUTPUT

CONTROL
10K YOLTAGE

MEASURED OUTPUT
L— 37.7Hz
98.8% DUTY

http://home.cogeco.ca/~rpais eyd/Circuitindex.html

Variable Pulse Width Oscillator
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The following is a graph of the output pulse width of the basic circuit for a given control voltage input. All measurements were
made with a good quality multimeter.

The PLUS and MINUS inputs of IC 2 can be reversed to produce a decreasing pulse width for an increasing control voltage.

rFroAxAH4Z 00

mo P -

35 40 45 S0 55 60
PULSE WIDTH - PERCENT

Variable Pulse Width Oscillator Output Graph

The next diagram uses a second LM555 timer as a power output stage for the basic oscillator. The output stage also has an open
collector output at the Discharge terminal, PIN 7, that could be used.

YOLTAGE CONTROLLED PULSE WIDTH OSCILLATOR - POWER OUTPUT

©R0OB PAISLEY 2001

555 PWM Oscillator *2a

+12VYOLTS

OUTPUT

c1 RS CONTROL

I 0.0SuF 10K VOLT AGE

MEASURED OUTPUT

THz
5 DUTY THIS CIRCUIT IS NOT SUITABLE FOR HIGH FREQUENCY OPERATION

http://home.cor £ fCircuitindex.htm

Variable Pulse Width Oscillator With LMS555 Output

RESET And CONTROL Input Terminal Notes

Sweeping Output Siren

This circuit is a variation of the "Two Tone Siren" that is a standard for the LM555 timer. The circuit allows the output
frequency of the B timer to sweep between two frequencies rather than switching abruptly between two frequencies.
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LM555 - SWEEPING OUTPUT FREQUENCY SIREN
©ROB PAISLEY 2010 S 11
12 YOLTS

http://home.cogec a/7rpais 4/Circuitindex.html
- ALL OF THE PASSIVE COMPONENTS IN TH RCUIT CAN BE ALTERED TO SUIT THE USERS NEEDS.
- THE YALUE OF CAPACITOR CS SHOUD BE SIZED TO ALLOW IT TO CHARGE TO ITS MINIMUM AND MAXIMUM
VOLTAGES FOR A GIVEN OUTPUT FREQUENCY OF THE ‘A’ TIMER. (ABOUT 0.5
- THE DUTY CYCLE OF THE 'B' TIMER SWEEPS BETWEEN APPROXIMATELY S0 AND 75 PERCE

Sweeping Output Siren

NOTE: The Sweeping Output Siren circuit has a limited sweep range and the duty cycle shifts with the changing output
frequency.

A better 555 based circuit for a sweeping oscillator would be to adapt the Variable Pulse Width Oscillator in the section above.

A still better choice for a sweeping oscillator would be a Voltage Controlled Oscillator (VCO) IC. See this Wikipedia page for
basic information on Voltage-controlled oscillators and this datasheet for the LM321.

Other devices include the TTL 74124 Dual Voltage-Controlled Oscillator and the CMOS CD4046B Phase-Locked Loop.

RESET And CONTROL Input Terminal Notes

D Type Flip-Flop Made With A LM556 Timer

This circuit is a hybrid - D type Flip-Flop that is constructed from an LM556 - Dual Timer integrated circuit. The circuit is
essentially an expensive version of the classic - two transistor Flip-Flop but it does have an output current capacity of 200
milliamps.

Each time the push button switch (S1) is closed the outputs of the timers will reverse so that one is HIGH and the other is LOW
and vice versa. As with the D flip-flop the circuit acts as a binary divider.
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D - TYPE FLIP-FLOP MADE FROM AN LM556

©ROE PAISLEY 2002 SS6 D Flip Flop b

OUTPUT A

1 OUTPUT B

= MAXIMUM TOGGLE FREQUENCY = 190Hz %ITH NO OUTPUT LOAD
- IF D1 AND D2 ARE REVERSED THE INPUT PULSE IS POSITIVE
OULD BE USED TO PRELOAD THE CIRCUIT

D - Flip-Flop

The circuit has some output switching time lag due to the RC time constants at the inputs and the different Trigger and
Threshold voltage levels of the timers themselves.

RESET And CONTROL Input Terminal Notes

Time Delay Circuits - Various
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TIMER RECOYERY DELAY CIRCUITS

©ROB PAISLEY 2

CIRCUIT #1 - DELAYED RECOVERY

TO CALCULATE THE APPROXIMATE
DELAY TIME Tsec.=1.1XRXC

= PIN 3 WILL REMAIN LOW IF S1 IS HELD CLOSED

CIRCUIT #2 - NEGATIVE RECOVERY

O OUTPUT

TO CALCULATE THE APPROXIMATE
DELAY TIME Tsec.=1.1 XRXC

Time Recovery Delay Circuits
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2 STAGE TIME DELAY CIRCUIT

éRIA

255 Del

©R0OBE PAISLEY 2002

100K 100K

O ouTPUT
0.01uF

—I TRIGGER

- CIRCUIT %ILL TIME OUT EVEN IF THE TRIGGER IS HELD CLOSED

- WHEN THE OUTPUT OF TIMER A GOES LOW IT WILL TRIGGER TIMMER B
- PULSE LENGHTS ARE BASED ON THE FORMULA  TSEC.=1.1 XRXC
- QUTPUT PULSES SHOULD BE LONGER THAN THE TRIGGER PULSES

+
QUTPUT &

©ROB PAISLEY 2010

MONOSTABLE ASTABLE

RE

8 7 6 S 8 7 6 S 8 7 6 S g 7 6 S
LM3S5 A LMSSS B LMSSS A LMSSS B
2 3 4 1 2 3 4 2 3 4 1 2 3 4

| [ ]

O ouTPUT OUTPUT O outPUT OUTPUT
+ L + 2 + L + 2
ct c2 c1 == c2

-1: 1: o © I I

http://home.cogeco.ca/“rpaisley4/Circuitindex.html TIMER A MUST HAVE A LONGER PERIOD THAN TIMER B

AN B B DA I I N
0 — — "o ! P Pl
' oo : ; L
+ .
OUTPUT P
1 M
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Cascaded Time Delay Circuits

Example Circuit - 4 Stage Cascade Delay

BIDIRECTIONAL TIME DELAY CIRCUIT

©ROB PAISLEY 2007 555 BiDelay

Yee =5 TO 18 VOLTS

O ®
R2
R1A - SETS TIME FOR PIN 3 TO GO LOW INPUT >2/3Vee %

D1

WHEN S1 1S UP. D1 =0N

R1B - SETS TIME FOR PIN 3 TO GO HIGH QO PIN 7 - OPEN COLLECTOR OUTPUT
WHEN S1 1S DOWN. >200Ma. (SEE DATA SHEET)

% INPUT >2/3Yce
D2 = 0N

PIN 3 - SOURCE/SINK OUTPUT
UP TO 200Ma.

8 INPUT <2/3Yce
D3 = ON

"“rpaisleyd/Circuitindex.html
OUTPUTS ¥s INPUT

PIN7 PIN7
ON OFF
SUPPLY VOLTAGE | | VOLTAGE AT
PIN3

2/3 SUPPLY

VOLTAGE AT PINS
2 AND &

1/3 SUPPLY

0

*

S S1
UP / OPEN DOWN / CLOSED

VOLTAGE AT PINS 2 AND 6 MUST PASS THROUGH 1/3 AND 2/3 OF THE SUPPLY YOLTAGE FOR STATE CHANGE

BiDirectional Time Delay Circuit

In the BiDirectional Time Delay Circuit, the B timer acts more as a Schmitt trigger with a delay than a conventional timer. See
section 13 of this page for more detail.

Input Terminal Not

Variable period Oscillator (CD4017)

The following CD4017 circuits have not been tested and is presented here as a possibility only. If you experiment with
this circuit, please send me any problems found so that the circuit can be updated.

The following circuits are designed to change the duration of each positive output pulse from the astable timer. The circuits use
a CD4017 Decade Counter / Decoder to provide nine or ten steps in the cycle.

The first circuit operates with a repeating ten step cycle. Each output pulse is longer than the previous until a count of ten is
reached at which time the cycle will repeat.

The second circuit has a nine step cycle that stops at the end of the cycle. The cycle is restarted or reset when the RESET input
is briefly made high.
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The CD4017 can be configured to give count lengths between 1 and 10. Refer to the timing diagram in the CD4017 data sheet
for a better understanding of the IC's operation.

CD4017 Data sheet - National Semiconductor (.pd
S-0AND 10 STEP YARIABLE PERIOD OSCILLATORS
> AISLEY 555 Yariable Period Aa

COUNTING CYCLE REPEATS AFTER 10 STEPS

1N4143

CD4017
ENABLE

OUTPUT

http://home.co geco.ca {rpai 2Y 4/Circuitindex.h

COUNTING CYCLE STOPS AFTER 9 STEPS

1N4142

CLOCK CD4017
ENABLE

O oUTPUT

- INBOTH CIRCUITS - AS THE COUNT INCREASES EACH OUTPUT PULSE FROM THE TIMER GETS PROGESSIVELY LONGER
- THE NMBER OF STEPS CAN BE RECUCED BY USING THE DESIRED OUTPUT AS THE LAST STEP

Variable Period Oscillator (Experimental)

The next schematic shows an alternate arrangement for the timing resistors. This would allow the subsequent output pulses to be
of longer and shorter lengths during the cycle.
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LMS55 - YARIABLE PERIOD OSCILLATOR - ALTERNATE RESISTOR CONNECTION

©ROEB PAISLEY 2002
555 Special *1

CD4017
ENABLE

http://home.cogeco.ca/~rpais fCircuitindex.htm

AS THE COUNT INCREASES EACH OUTPUT PULSE FROM THE TIMER GETS LONGER OR SHORTER DEPENDING ON THE Y ALUE OF R1

Alternate Resistor Arrangement

The next circuit provides nine counts of a normal timing length with the tenth count being longer and then repeating the cycle.

LMS55 - 10 STEP / 2 PERIOD OSCILLATOR

©ROB PAISLEY 2002 555 Variable Period C

CLOCK
ENABLE

http://home.cogeco.ca/ rpaisley4/Circuitindex.html
- ON STEPS 1 TO 9 RESISTOR R1B IS SHORTED BY @1 - NORMAL TIMING PERIOD

- ON STEP 10 - Q1 IS TURNED OFF AND RE: R R1B IS PUT IN THE CHARGING CIRCUIT
CAUSING A LONGER TIMING PERIOD.

Ten Step / Two Period Oscillator

RESET And CONTROL Input Terminal Notes

Missing Pulse Detector / Negative Recovery Circuits

Basic - Negative Recovery Circuit

The first circuit is a simple, push button controlled, Negative Recovery timer circuit. Each time that S1 is closed the time

http://home.cogeco.ca/~rpaisley4/LM555.html
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remaining in the cycle is reset to zero. If the time does run out, closing S1 will restart the cycle.

rcuitindex.htm

IT, EACH TIME S1 SED THE CHARGE ON CAPACITOR C1
AINED OFF AND THE TIMING CYCLE WILL BE GIN AGAIN.

The following circuits can detect when a train of pulses stops or become too far apart. They can also be use to keep the timer at
its zero count if the input is held in a steady state. This is called 'Negative Recovery'.

The diode across R1 in these circuits causes C1 to quickly discharge when the power to the circuit is switched off. This allows
the circuit to be ready for the next cycle more quickly.

Basic - Missing Pulse Detectors
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LMS55 - MISSING PULSE DETECTOR ccc

555 Missing Pulse Detector 1
©ROB PAISLEY 2005 )

MISSING PULSE DETECTOR #1 (THE CLASSIC)

\ ¢ O THE PERIOD OF R1/C1 CAN BE
é + Tsec. = INPUT PULSE PERIOD X 1.5
R1

= THE QUTPUT ILL REMAIN HIGH AS LONG AS THE PULSE RATE HAS
& SHORTER PERIOD THAN THE R1/C1 TIME CONSTANT.

- THE QUTPUT WILL STAY HIGH IF THE INPUT STAYS HIGH.

- THE QUTPUT WILL STAY LOW IF THE INPUT STAYS LOW.

= THIS CIRCUIT WILL RESET ITSELF.

2N3904 INPUT ¥s OUTPUT

+
OUTPUT

MISSING PULSE DETECTOR #2 {COMPARATOR INPUT)

4 SHORTER PERIOD THAN THE R1/C1 TIME CONSTANT.
- THE QUTPUT WILL STAY HIGH IF THE INPUT STAYS HIGH.
T = THE QUTPUT WILL STAY LOW IF THE INPUT STAYS LOW.
g 7 6 95 = THIS CIRCUIT WILL RESET ITSELF.

é = = THE QUTPUT WILL REMAIN HIGH AS LONG AS THE PULSE RATE HAS
R1

1

I

o—
INPUT *

10k @ * PULSES CAN BE POSITIVE OR NEGATIVE GOING DEPENDING ON
O L g

COMAPARATOR INPUT CONNECTIONS

L O

ca/“rpaisleyd/Circuitindex.html

Steady Output - Missing Pulse Detectors - Two Comparators

LMS5S - MISSING PULSE DETECTOR with STEADY OUTPUT (TwO COMPARATORS)

©ROB PAISLEY 2002 955 Missing Pulse Detector 2

4 A ¢ O THE PERIOD OF R1/C1 CAN BE
+ Tsec. = INPUT PULSE PERIOD X 1.5
R1 R2

&

T THE PERIOD OF R2/C2 CAN BE
s 7 6 5 Tsec. = INPUT PULSE PERIOD X 3

LMSSS A

1 2 3 4 ‘; O
_l \_H OUTPUT
+
OUTPUT

T . LMSSS A g

+
T OUTPUT
- LM393 B
. o 0
e~ AErn ra M rmaieloud e mAEw e = THE OUTPUT WILL REMAIN HIGH AS LONG AS THE PULSE RATE
ome.cogeco.ca/“rpaisley4/Circuitindex.html
HAS A SHORTER PERIOD THAN THE R1/C1 TIME CONSTANT.
= THIS CIRCUIT WILL RESET AUTOMATICALLY.

c1

Steady Output - Missing Pulse Detectors - Two Timers
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LMSS5 - MISSING PULSE DETECTOR with STEADY OUTPUT (TwO TIMERS) (POSITIVE OUTPUT)

©ROB PAISLEY 2005 555 Missing Pulse Detector 24
L 2 L 4 O THE PERIOD OF R1/C1 CAN BE
+ Tsec. = INPUT PULSE PERIOD ¥ 1.5
R1 R2

& &

T T THE PERIOD OF R2/C2 CAN BE
s 7 6 S Tsec. = INPUT PULSE PERIOD X 3

1] .

o——o- OUTPUT

+
OUTPUT

-1 -2 LMS55 A g
10K +
OUTPUT
O P LMSSSEB g
b

L *+—O

ittp://home.cogeco.ca/“rpaisley4/Circuitindex.html

- THE QUTPUT WILL REMAIN LOW &S LONG AS THE PULSE RATE
HAS A SHORTER PERIOD THAN THE R1/C1 TIME CONSTANT.

= THIS CIRCUIT WILL RESET AUTOMATICALLY.

The next two circuits in this section produce the same result: The timer must be reset manually if it has timed out.

Latching Output - Missing Pulse Detector

LMS55 - MISSING PULSE DETECTOR with LATCHING OUTPUT

©R0OB PAISLEY 2005

555 Missing Pulse Detector 3

¢ _?_ THE PERIOD OF R1/C1 CAN BE
R1 Tsec. = INPUT PULSE PERIOD X 1.5

! -

OUTPUT

+
QUTPUT
LMSSS A g

+
OUTPUT
LM393 B g

10K
@ -— = THIS CIRCUIT WILL NOT STAY RESET UNLESS THE
@, & O OUTPUT OF THE SS55 IS CONTINUQUSLY HIGH

.
B
15T

http://home.cogeco.ca/™rp litIndex.html

Manual Start - Missing Pulse Detector
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LM555 - MISSING PULSE DETECTOR - MANUAL START

©ROE PAISLEY 2009 555 Missing Pulse v 12

OUTPUT
0O

4

—C1

L

/“rpaisleyd/Circuitindex.htm

- $1 STARTS THE TIMER.

- AS LONG AS THE PULSES KEEP ARRIVING QUICKLEY ENOUGH, THE OUTPUT WILL STAY HIGH.
- IF THE PULSES SLOW OR STOP THE TIMER %ILL RUN QUT AND THE QUTPUT WILL GO LOW.

- THE OUTPUT CANNOT GO HIGH AGAIN UNTIL $1 RETRIGGERS THE TIMER.

Fixed 50% Output Duty Cycle Using Logic Devices

The only way to achieve a true - 50 percent duty cycle from a 555 timer is to divide the output by 2 with a binary divider such as
the 7473 or 7474 TTL logic ICs.

Fixed 50% Output Duty Cycle

OBTAINING A FIXED 50% OUTPUT DUTY CYCLE FROM LMS55 TIMERS

©ROE PAISLEY 2002 555 50T With Logic

\ 4 SVYOLTS

1/2 SN7474
D FLIP-FLOP

OUTPUT

1L

- THE OUTPUT FREQUENCY OF THE FLIP-FLOP IS 1/2 OF THE INPUT

- THE QUTPUT DUTY CYCLE IS S0% REGARDLESS OF THE FREQUENCY AND
DUTY OF THE INPUT.

SVYOLTS

1/2 SN7473

/ JK FLIP-FLOP

OUTPUT

- THE OUTPUT FREQUENCY OF THE FLIP-FLOP IS 1/2 OF THE INPUT

- THE QUTPUT DUTY CYCLE IS S0% REGARDLESS OF THE FREQUENCY AND
DUTY OF THE INPUT.

- EQUIVALENT CD4013 AND CD4027 CMOS DEVICES ARE AVAILABLE WHICH CAN OPERATE AT HIGHER YOLTAGES

http://home.cogeco.ca/“rpaisley4/Circuitindex.html
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RESET And CONTROL Input Terminal Notes

Three Stage - Cycling Timer Circuit

3 STAGE CYCLING TIMER CIRCUIT
©ROE PAISLEY 2009

40

me.cogeco.ca/ " rpais Circuitindex.html

0.01uF 0.01uF

OUTPUT OUTPUT QUTPUT
A B c

START -R1A,R1B, R1C = DEPENDING ON TIMES NEEDED
- -C1A,C1B, C1C = DEPENDING ON TIMES NEEDED
QUTPUT A
OUTPUT B
QUTPUT C

NOTE All three timers in this circuit will start when power is applied, therefore all but the first timer (A) will need to be Reset
for the proper cycle order to be started automatically. (See item 10 in the index of this page for a method of resetting the timers.)

A Single - Traffic Light Driver Circuit - Based On The Cycling Timer Circuit

RESET And CONTROL Input Terminal Notes

Devices Used For The Following Tests

P pod b @‘T’ =3

RESET Terminal - Currents And Voltages

The next diagram gives the current from, and the voltage at the RESET terminals of five - 555 timer chips from different
manufacturers.

The only conclusion to be drawn here is that the RESET terminal should be held below 0.3 Volts to ensure that any of the
devices is fully reset.

In the transition voltage range of the RESET terminal mentioned on the diagram, the timers output is neither fully ON or OFF.
This can cause high current flows in the timer itself. The voltage at the RESET terminal should pass through this range as quickly

http://home.cogeco.ca/~rpaisley4/LM555.html Page 39 of 51
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LM555 Timer Circuits

as possible to avoid problems.

RESET Terminal - Currents And Voltages

LMS55 TIMER - RESET TERMINAL CURRENT AND YOLTAGE VALUES

©ROB P Y 2004 555 R t Terminal

CURRENT AND YOLTAGE TEST CIRCUIT
RESET TERMINAL YOLTS

RESET TERMINAL
{TERMINAL OPEN)

CURRENT (ua)

DEVICE @5 VOLTS @12 VOLTS @5 YOLTS @12 YOLTS

LMPSS5CN 19.3
50R 12 VOLT .y —
SUPPLY CASSSCE
Amps UASSSTC
or MNESSSP

Volts
MC1455P1

‘/home.co ge tindex.html

RESET YOLTAGE*

@5 YOLTS @12 YOLTS
0.46

DEVICE
LMS55CN
S0R 12 VOLT CASS5CE
SUpRLY UASSSTC
NESS5P

MC1455P 1 0.42

* - YOLTAGE AT WHICH THE LED W AS COMPLETELY DARK
(EACH DEVICE HAD & SMALL DEADBAND YOLT AGE
WHERE THE OUTPUT WAS IN TRANSITION)

RESET And CONTROL Input Terminal Notes

555 Timer Current Draws

The next diagram shows the basic current consumption of 555 timer chips from different manufacturers.

The RESET terminal current draw illustrates the need for a current limiting resistor as shown in some of the preceding circuits
Some devices will not function properly if the current to the THRESHOLD terminal is not restricted.

Timer Current Draws

http://home.cogeco.ca/~rpaisley4/LM555.html
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LMS55 TIMER - BASE LOAD CURRENT DRAWS

©ROB PAISLEY 2005 555 Current Draw

CURRENT {ma) RATIOS

N
M JMilliamps
% ) illiamp

DEVICE
LMPSSSCN
12 voLT S55 TIMER CASSSCE
SUPPLY

2 3 4 UASSSTC

MESSSP

MC1455P1

CURRENT DRAW TEST CIRCUIT
+ http
CURRENT {ma)
DEVICE @12 VYOLTS
LMPSSSCN 1.67

12 voLT ASSSCE

SUPPLY 955 TIMER

S

RESET CURRENT TEST CIRCUIT

RESET And CONTROL Input Terminal Notes

11/15/11 11:29 PM

Delayed Re-Triggering

The following is a method of preventing a timer from being re-triggered before a certain time period has elapsed.

Delayed Re-Trigger

http://home.cogeco.ca/~rpaisley4/LM555.html
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LMS55 - TIME DELAYED RE-TRIGGERING

555 Delay e-Trigger

LEY 2004

0.1uF

1
TRIGGER I
- BOTH TIM| RE STARTED WHEN S1 1S CLOSED
IGHTLY DELAYED TO ENSURE & ARTS FIRST
‘B' RUNS OUT

- TIMER 'B*
-TIMER 'A'C T BE RE-TRIGGERED UNTIL TI

http://home.co geco

RESET And CONTROL Input Terminal Notes

Timer Output Section

The next diagram shows the output section of a National Semiconductor LMS555 timer. This type of output can either source or

sink current and is typical of 555 and 556 timer IC's.
When the output of the timer is HIGH, it can supply current to a load. When the output of the timer is LOW, it can receive

current from a load.
Transistor Q3 is actually connected as a diode with the collector not carrying current. Although a circuit common symbol is

shown, the collector is not connected to the ground of the timer.
Output Circuit

http://home.cogeco.ca/~rpaisley4/LM555.html
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OUTPUT SECTION OF A "NATIONAL SEMICONDUCTOR" LMS55 TIMER

©ROEB PAISLEY 2005 555 Bipolar Output Diagram C

pu
CONTROL
TIMER'S MIMIC

INTERMAL ) CIRCUIT
CIRCUITRY

3
O ouPUT

THRESHOLD

DISCHARGE

GROUND
http://home.cogeco ‘Circuitindex.html
WHEN THE OUTPUT IS LOW -- 01, 03, QS, 06 ARE ON -- 02, 04 ARE OFF
¢+ -

WHEN THE OUTPUT IS HIGH -- 02, 04 ARE ON -- Q1, 03, 05, 06 ARE OFF

RESET And CONTROL Input Terminal Notes

Power ON Delay Circuits

These circuits will delay the application of power to an external circuit by using mechanical relays or transistors. Other output
control devices could also be used.

These circuits are not ideal as the relays are closed when power is supplied to the circuit. This means that the power is supplied
to the load for a very short period until the relay can open.

Various Power ON Delay Circuits

http://home.cogeco.ca/~rpaisley4/LM555.html Page 43 of 51
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- WHEN POWER IS APLLIED, THE TIMER %ILL TRIGGER AND THE RELAY % ILL TURN ON AND OPEN THE CIRCUIT.

POWER ON DELAY CIRCUITS

©R0OBE PAISLEY 2008

O

N\

R1

————|—

I

CIRCUIT #1

TO CALCULATE THE DELAY TIME
Tsec.=1.1 % (R1) X C1

RELAY

NORMALLY CLOSED
CONTACT

= WHEN TIMER RUNS OUT, THE RELAY WILL TURN OFF AND POWER %ILL BE APPLED TO THE LOAD CIRCUIT.

O

N\

R1

————

?

g 7 6 S

[ MNORMALLY OPEN

CONTACT

CIRCUIT #2

- WHEN POWER IS APLLIED THE TIMER ILL TRIGGER AMND THE RELAY WILL REMAIN OFF.
- WHEN THE TIMER RUNS OUT THE RELAY WILL TURN ON AND CLOSE THE LOAD CIRCUIT.

o

Q1 AND R2 TO SUIT THE
PARTICULAR LOAD

TRANSISTORISED YERSION
OF CIRCUIT *2

CIRCUIT #3

O

- WHEN POWER IS APLLIED THE TIMER WILL TRIGGER AND THE TRANSISTOR WILL TURN OFF.
= WHEN TIMER RUNS OUT THE TRANSISTOR WILL CONDUCT AND POWER WILL BE APPLED.

http://home.cogeco.ca/~rpaisley4/LM555.html
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POWER ON DELAY CIRCUIT WITH FLASHING / SOLID INDICATOR LED

©ROB PAISLEY 2011 599 Power Delay Blinker

http://home.cogeco g eyd/Circuitindex.html

R1 é
I NORMALLY

OPEN
CONTACT

RELAY

1N4001

IN400|1 *

2.2K*

= WHEN POWER IS APLLIED TO CIRCUIT THE A TIMER WILL TRIGGER AND THE RELAY WILL REMAIN OFF.
THE B TIMER % ILL OSCILLATE AND THE LED WILL FLASH.

- WHEN THE A TIMER RUNS QUT THE RELAY WILL TURN OM AND CLOSE THE LOAD CIRCUIT.
THE B TIMER % ILL BE RESET AND THE LED %ILL BE ON SOLID.

* - NEEDED IF THE B TIMER DOES NOT RESET WHEN THE A TIMER'S QUTPUT IS LOW.

Delayed Lock Out Circuit

TIME DELAY LOCKOUT CIRCUIT
©ROE PAISLEY 2009 555 Lo
14 November, 2009

IF S1 1S CLOSED BEFORE TIMER "A" RUNS OUT THE RELAY WILL REMAIN ON.

o—e P P
2.2K é é 100K 1N4148 é R1

8 7 6 5
LMSSS B
1 2 3 4

RELAY

4

- WHEN POWER IS APLLIED, THE 'A’ TIMER WILL TRIGGER AND THE RELAY WILL BE ON.

- THE 'B' TIMER WILL ALSO TRIGGER CAUSING TERMINAL 7 TO TURN OFF.

- WHEN THE 'A’ TIMER RUNS OUT, THE RELAY WILL TURN OFF.

- IF S1 IS CLOSED BEFORE THE "A' TIMER RUNS OUT, THE DISCHARGE TERMINAL OF THE 'B' TIMER

http://home.cogeco.ca/~rp:

WILL GO LOW AND DRAIN THE CHARGE FROM C1 PREVENTING THE 'A' TIMER FROM RUNNING QUT.
- IF S1 IS CLOSED AFTER TIMER 'A' RUNS OUT THE RELAY %ILL REMAIN OFF.
- THE TIME DELAY IS SET BY R1 AND C1.
- TIMER 'B' IS USED AS A SET/RESET FLIP-FLOP.
- WHEN THE LED IS ON, THE LOCKOUT HAS BEEN CANCELED BY S1.
= THE CIRCUIT IS RESET BY TURNING THE POWER OFF.
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Wait For Pulses - Delay Circuit

LMSS5 - WAIT FOR PULSE DELAY CIRCUIT
©ROE PAIS 555 Pulse De

- AFTER PUL ART TO ARRIVE, THE OUTPUT %W ILL REMAIN LOW
UNTIL C1 CHARGES TO 2/3rds OF THE SUPPLY YOLT AGE.
- THE ¥ALUES OF R1 AND C1 WILL HAYE TO BE DETERMINED BY TRIAL
AS THE DELAY DEPENDS ON THE PULSE RATE AND DUTY CYCLE.
= THE CIRCUIT WILL RESET %WHEN THE PO\ SUPPLY IS REMOVED.

A variation on the Power On delay circuits above is a delay after pulses start arriving.

A resistor could be placed across capacitor C1 so that the timer will be reset if the pulses stop arriving. This resistor should have
a resistance of at least three times the value of R1.

RESET And CONTROL Input Terminal Notes

Average 51.5 % Output Duty Cycle Using A 555 Timer

The next circuit produces an average duty cycle of 51.5% over the entire resistance range of R2 at a supply voltage of 10 volts.

At a supply voltage of 5 volts the average duty cycle increased to 52.7%. The span of the duty cycle also increased.

51.5% Duty Cycle Oscillator

51.5% DUTY CYCLE OSCILLATOR USING THE LM555 TIMER CHIP

©ROE PAISLEY 2009

2N3904

http://home.cogeco.ca/"“rpaisleyd/Circuitindex.html
- FOR 10V Yeo
- DUTY CYCLE = 51.7 @ LOWEST FREQUENCY
- DUTY CYCLE = 51.4 @ HIGHEST FREQUENCY
- DUTY CYCLE INCREASES AT LOWER Yec
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RESET And CONTROL In

Driving Loads Of Greater Than 15 Volts Or 200 Milliamps

The next two circuits allow the 555 timer to drive loads that have a supply voltage that is greater than the 15 volt maximum of
555 timers.

Higher current loads can be driven by transistors with a suitable current capacity and adjusting the base current as needed.
Darlington and MOSFET transistors can drive loads of many amps.

The 24 volt supply can be full wave DC and does not need to be filtered. The load's supply voltage could also be lower than the
timer's supply voltage.

High Voltage And Current Load Drivers

OUTPUT CIRCUITS FOR DRIYING LOADS OF GREATER THAN 15 YOLTS 7 200 MILLIAMPS

©ROB PAISLEY 2010 555 High Yolts Drive

04 [ ber, 2010

THE RELAY IS ON WHEN THE S55's OUTPUT IS HIGH THE RELAY IS ON WHEN THE S55's OUTPUT IS LOW
+ 24 VOLTS CIRCUIT #*1 + 24 VOLTS CIRCUIT #2
O O

2N3906

4 svoLts \ 4 svoLts

oO—4¢ 1N4001 24 oO——4¢
<

O

http://home.cogeco.ca/“rpaisley4/Circuitindex.htm
- RZ AND R4 CHOSEN BASED ON LOAD CURRENTS.
THE RELAY IS ON WHEN THE S55's OUTPUT IS HIGH - YOLTAGES ARE EXAMPLES ONLY.
- RELAYS ARE EXAMPLES ONLY.

>
+ 24 voLts CIRCUIT #3 - TRANSISTORS ARE EXAMPLES ONLY.

O

+ svoLts
" - ]
[—‘

2N3904

RESET And CONTROL Input Terminal Notes

'N' Steps And Stop Circuit (CD4017)

The next circuit uses the outputs of a CD4017 - Decade Counter to stop a 555 timer at a given step and then wait until the
counter is reset.

'N' Steps And Stop Circuit
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LM555 - N STEP THEN STOP CIRCUIT

©ROB PAISLEY 2010 S

CD4017
ENABLE

- WHEN THE ‘4" OUTPUT OF THE CD4017 S HIGH THE LMSSS TIMER IS RESET AND THE CYCLE STOPS.

- THE "4’ OUTPUT REMAINS HIGH, ALL OTHERS ARE LOW

- WHEN THE 'RESET" IS CLOSED THE CYCLE STARTS AGAIN AND QUTPUT '0" WILL GO HIGH.

- LONGER COUNT LENGTHS ARE POSSIELE BY ADDING MORE 4017's AND USING AN "AND' GATE FOR THE 2N3904.

Power OFF Delay Circuits

These circuits will delay the removal of power to an external circuit by using mechanical relays or transistors. Other output
control devices could also be used.

Various Power OFF Delay Circuits
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POWER OFF DELAY CIRCUIT 7 BATTERY SAYER
©ROB PAISLEY 2010 — RELAY - 5 I

LOAD
100K

CIRCUIT #1
+

O
BATTERY

2NZ904

RELAY 1
> NORMALLY OPEN
1R4001 z CONTACT USED

O

http://home.cogeco.ca/“rpaisley4/Circuitindex.html

- WHEN S1 IS CLOSED, THE CIRCUIT WILL TURN ON, CLOSE THE RELAY AND SUPPLY POWER TO THE LOAD.
- WHEN S1 IS OPEN, THE 555 TIMER WILL START ITS DELAY AS DETERMINED BY R1 AND C1.
- AT THE END OF THE DELAY TIME, THE RELAY %ILL OPEN AND CUT OFF THE POWER TO THE LOAD AND TIMING CIRCUIT.

= AS LONG AS S1 IS CLOSED, THE TIMER'S COUNT WILL REMAIN AT ZEROD.
= THE CIRCUIT WILL NOT TRIGGER WHEN POWER IS APPLIED TO THE CIRCUIT.

POWER OFF DELAY CIRCUIT 7 BATTERY SAYER
- TRANSISTOR -

D1
1N4001 -
p—o

LOAD

2N3906

BATTERY

2N3904
22K

CIRCUIT #2

[SS 2N3904

http://home.cogeco.ca/“rpaisley4/Circuitindex.html
- %WHEN S1 IS CLOSED, THE CIRCUIT WILL TURN ON AND SUPPLY POWER TO THE LOAD.

- WHEN S1 IS OPEN, THE 555 TIMER WILL START ITS DELAY AS DETERMINED BY R1 AND C1.
- AT THE END OF THE DELAY TIME, THE POWER TO THE LOAD AND TIMING CIRCUIT SILL BE CUT OFF.

- AS LONG AS S1 IS CLOSED, THE TIMER'S COUNT WILL REMAIN AT ZERO.

= THE CIRCUIT WILL NOT TRIGGER WHEN POWER IS APPLIED TO THE CIRCUIT.
- D1 IS NEEDED IF THE LOAD HAS LARGE CAPACITORS.

Return to the Main Page

Please Read Before Using These Circuit Ideas

The explanations for the circuits on these pages cannot hope to cover every situation on every layout. For this reason be
prepared to do some experimenting to get the results you want. This is especially true of circuits such as the "Across
Track Infrared Detection" circuits and any other circuit that relies on other than direct electronic inputs, such as
switches.
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If you use any of these circuit ideas, ask your parts supplier for a copy of the manufacturers data sheets for any
components that you have not used before. These sheets contain a wealth of data and circuit design information that no
electronic or print article could approach and will save time and perhaps damage to the components themselves. These
data sheets can often be found on the web site of the device manufacturers.

Although the circuits are functional, the pages are not meant to be full descriptions of each circuit but rather as guides
for adapting them for use by others. If you have any questions or comments please send them to the email address on the
Circuit Index page.

Return to the Main Page

09 July, 2011
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