Relays and Relay Drivers Tutorial

First abit of history about the remarkable development of this 'relay’
device. Joseph Henry (1797-1878), a brilliant US scientist who invented
and used the electro-magnetic relay in his university laboratory. His low-
power electro magnet could control a make-and-break switch in ahigh-
power circuit. Henry believed the potential wasin therelay'suse asa
control system in manufacture, but he was only really interested in the
science of the electricity. The relay was alaboratory trick to entertain
students. Samuel Morse later used Henry's relay device, after re-designing
@ it using thinner wire, to carry morse-code signals over long kilometers of
wire.

In 1846, Joseph Henry was professor of natural philosophy (physics) at the
College of New Jersey (now known as Princeton University). He had
published scientific articles on awide variety of subjects, including electro
magnetism, optics, acoustics, astrophysics, molecular forces, and terrestrial
magnetism, but his reputation was built primarily on hiswork in basic and

applied electro magnetism. Among his discoveries in electro magnetism were mutual induction, self-induction,
the electro magnetic relay--enabling him to devise the first electro magnetic telegraph that could be used over
long distances--and the concept of the electric transformer. He also invented the first electric motor. Henry
was often referred to as the scientific successor to Benjamin Franklin. Today, it
Is the general opinion that Joseph Henry was the inventor of the telegraph and
not Samuel Morse, who did not have atechnical background to begin with.
Samuel Morse adapted the ideas and inventions of Henry (and Vail) into hisown
and patented it, making him the owner.

It is certain that Joseph Henry was important to the history of the telegraph in
two ways. First, he was responsible for major discoveriesin electro magnetism,
most significantly the means of constructing electromagnets that were powerful
enough to transform electrical energy into useful mechanical work at a distance.
Much of Morse's telegraph did indeed rest upon Henry's discovery of the
principles underlying the operation of such electromagnets.

Below are a couple other thoughts collected from the Smithsonian Institute (of which Henry was First
Secretary), and Harvard University:

"... Secondly, Henry became an unwilling participant in the protracted litigation over the scope and validity of
Samuel Morse's patents. ..."

"... Joseph Henry began his research into electro magnetismin 1827, while he was an instructor at the Albany
Academy in New York. By 1830, he achieved two major breakthroughs .... Hisfirst crucial innovation, which
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he demonstrated in June 1828, was to combine Schweigger's multiplier with Surgeon's electro magnet to
obtain an extremely powerful magnet. While Sturgeon loosely wrapped a few feet of uninsulated wire around a
hor seshoe magnet, Henry tightly wound his horseshoe with several layers of insulated wire. In March 1829 he
demonstrated an electro magnet with 400 turns, or about 35 feet, of insulated wire. This magnet, Henry
remarked later, " possessed magnetic power superior to that of any before known."

"... Henry did set out to demonstrate the practicality of an electro
magnetic telegraph immediately after his paper appeared. His prototype
consisted of a small battery and an "intensity" magnet connected through
a mile of copper bell-wire strung throughout a lecture hall. In between
the poles of this horseshoe electro magnetic he placed a permanent
magnet. When the electro magnetic was energized, the permanent magnet
was repelled from one pole and attracted to the other; upon reversing
battery polarity, the permanent magnet returned to its original

position. ... Henry caused the permanent magnet to tap a small office bell.
He consistently demonstrated this arrangement to his classes at Albany
during 1831 and 1832."

In short, this man, Joseph Henry, was a Morse Code:
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telegraph) _Of others and pUtti ng his patent Charley Golf Kilo Oscar Sierra Wiskey
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credit Samuel Morse, however, for the
morse-code, which is still used to this date and no person without a 5-wpm morse-code qualification exam can
call him/herself a Advanced Radio Amateur! (see Fig. a).

. insulzter SINCE thisimportant day in 1836, when Joseph Henry transmitted a
Fig. 1 _ aeitie. .= | small electrical current down awire to energize aremote coil and the
i § o | completed circuit ringing a bell some 150 years ago, the relay has
=== undergone steady evolution and today's relays are far removed from the

o % crude and clumsy relays of Henry's days. In our millennium, solid-state
= HinenaE has replaced the actual relay in many circuits, especialy in AC

\e) coil ) applications. To sum it all up, the relay (and solenoids) have survived
frame the tube, transistor, and integrated circuit (I1C) eras.

[c] Tany wan Foon

Basically, arelay is an electrically operated switch, and actually the predecessor of the transistor. Solenoids
are relays also but the very large types which carry huge amounts of current. Relays are the smaller types.

[ Relays come in three types: electro mechanical, solid-state, and

ilﬂ"lti‘“s g — so-called hybrids which are a combination of the first two. There
- & are also some specialized types that fall into neither category but
% coil 5 l | will deal with them later in thistutorial. Lets take electro-
EM: £ ey mechanical types first, they are available in three main models;
5 = armature, plunger, and reed. The Armatur e Relays are the

mlm TePoer Gl dest (see Fig. 1) but elegant. Plenty turns of very fine magnet-
Fig. 2 g contacts - @ wire are wound around an iron core to form an electro-magnet.

[¢] Tany van Roon The movable metal armature has an electrical contact that is
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positioned over afixed contact attached to the relay frame. A spring holds the armature up so that the movable
and fixed contacts are normally separated (open). When the cail is energized, it attracts the pivoting armature
and pullsit down, closing (make) the SPST contacts and completes the power circuit. Vice-versa, thisrelay
can be made to open the contacts instead of closing them, or can do both either way. The armature relay is
pretty old and no longer used in new applications, they do still exist however and are being used still at the
time of writing this document.

The Plunger-Relay type have a plunger instead of a pivoting armature, as shown in Fig. 2 and uses a solenoid
action to close the contacts. The electro magnetic core is hollow and a metal rod or plunger extends halfway
through it when the relay is not energized.

When energized, the coil draws the plunger in and a shorting-bar, attached to the end of the plunger, closes the
contacts. When the coil is de-energized, the spring (which is mounted over a section of the plunger) retracts
the plunger and positions the assembly in the idle position breaking the contacts.

The cail plunger design allows much greater contact travel than the pivoting armature design, thus allowing
wide contact separation. The increased space allows plunger systems to be used with higher voltages than
armatures. The higher closing force of the solenoid permits the use of larger contacts and provides greater
current handling capability. One application of a plunger-type relay is an electronic lock or door opener.

Metal reed relay strips Since their inception, electro-magnetic relays have improved in

E Fig. 3 3 sensitivity, switching complexity, current handling, response time,
and reliability. It allowed for miniaturization in radios, cassette
sealed in a glass tube recorders, Radio Control (R/C), NASA, cameras, and other home
electronics applications. Being relatively small, Reed Relaysfill
the demand for all sorts of 'small’ stuff. The use of flexible reeds and self-attraction distinguishes the reed
relay, see Fig. 3, from other electro magnetic relays. Note that the drawing shows the reed-relay without the
actuator coil. The contacts are mounted on thin metal strips (reeds) and hermetically sealed in a glass tube.
Thistubeis surrounded by a magnetic coil which, when activated, magnetizes the reeds and causing them to
attract each other which closes the contacts. When the coil is de-energized, the spring tension in the reeds
causes them to separate again. This type of design has the advantages of high speed operation, long life, and
very low price. One of the great advantages reed relays share with other electro magnetic relaysisthe relative
ease with which they can be fitted with multiple contacts. Asin the armature and plunger designs, the contact
mechanisms can be stacked to provide multiple circuit-close or open designs, or even a combination of both,
all activated by asingle coil. In reed relays, multiple contact pairs, but in individual tubes, can be stacked and
used with asingle coil in avery small space. Thisis not afeature of solid-state relays.

Some Relay-driver Examples using regular components:

Sound Activated Relay, #1

httpef e senbes cal~mec1995

Fig. 4
C3 N9 =
,_| + | =]
I o
=3
Ef::,'" - Q].
oz - o« ZNZ2222
1N914 "

Tany wan Foon

http://www.sentex.cal~mec1995/gadgets/rel ays/relays.html (3 von 12)27.07.2010 00:48:52



Relays and Relay Drivers Tutorial

Sound Activated Relay, #2
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Fig. 4 Sound-Activated type. The relay remains dormant until the op-amp activates upon sound viathe
electret-microphone. The input stage is aregular off-the-shelf 741 operational amplifier and connected as a
non-inverting follower audio amplifier. Gain is approximately 100 which you can raise by increasing the value
of R2. The amplified signal isrectified and filtered via C3, D1/D2, and R4 to an acceptable DC level.
Potentiometer R5 is used to set the audio level to a desired sensitivity value to activate the relay viatransistor
Q1. Diode D3 is mounted over the relay coil to absorb sparks. The op-amp configuration in this particular
drawing needs a dual voltage power supply which can be made from two 9-volt batteries. The circuit in Fig.

daissimilar but with less component.

Transictor Driven Rela Fig. 5 Thisrelay driver boosts the input impedance with a regular
R ¥ 2N3904 transistor. Very common driver. It can drive avariety of

Y relays, including areed-relay. Transistor Q1 is asimple common-
‘ ': 1;:%: n emitter amplifier that increases the effective sensitivity of the 12 volt

relay coil about a 100 times, or in other words, the current gain for this
Ut circuit is 100. Using this setup reduces the relay sensitivity to afew
volts. R1 restricts the input current to Q1 to a safe limit (the impedance
1N3001 isequal to the value of R1 plus 1K). Diodes D1 and D2 are EMF
dampers and filter off any sparking when the relay de-energizes.

Fig. 5 [
g_'g. DEIEI'I;E::I Turn-on Relay bLITE'I'ILI'-'aI'IF‘DDi _+12v

1isadelayed turn-on relay driver and | R2
can produce time delays for up to - 1 o1
several minutes with reasonable D1 R3 1/4
accuracy. '::T e ' 14001
The 14001 (or 4001) CMOS gate here s 2 s 1300
configured asasimple digital inverter. 2, == Ci
Its output isfed to the base of aregular L see text - g l
2N3906 (PNP) transistor, Q1, at the Fig. 6-1 T ! F
junction of resistor R5 and capacitor C2. hl 3

Theinput to IC1 istaken from the
junction of the time-controlled potential
divider formed by R2 and C1. Before power is applied to the circuit, C1 isfully discharged. Therefore, the
inverter input is grounded, and its output equals the positive supply rail; Q1 and RY 1 are both off under this
circuit condition. When power is applied to the circuit, C1 charges through R2, and the exponentially rising
voltage is applied to the input of the CMOS inverter gate. After atime delay determined by the RC time
constant values of C1 and R2, this voltage rises to the threshold value of the CMOS inverter gate. The gate's
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output then falls toward zero volts and drives Q1 and relay RY 1 'ON'. The relay then remains on until power is

Automatic Turn-off Relay removed from the_ circuit. When
_ by Tony van Raan o +12¥ that occurs, capacitor C1
_ 0z discharges rapidly through diode
f2 Fig. 6-2 TN4001 D1 and R1, completing the
§ see text . sequence. The time delay can be
-]

output

controlled by different values for
12v Cland R2. Thedelay is
e Ry>120n  gpproximately 0.5 seconds for

1 every UF asvauefor C1. The
A D3 delay can further be made
variable by replacing R2 with a
fixed and avariable resistor equa
to that of the value of R2. Taken
the value for R2 of 680K, it would be a combination of 180K for the fixed resistor in series with a 500K
variable trim pot. The fixed resistor is necessary.

-]

1
o1 R3
1N4001 >

+
= R1 == cCi
- Seg text

Fig. 6-2 is configured in an automatic turn-off mode. It shows how the circuit function of Fig. 6-1 can be
reversed so that the relay turns on when power is applied but turns off again automatically after a preset delay.
This response is obtained by modifying the relay-driving stage for an NPN transistor like the 2N3904. It is
worth noting again that the circuitsin Fig. 6-1 and Fig. 6-2 each provide atime delay of about 0.5 seconds for
every micro-Farad in the value of capacitor C1. This permits delays of up to several minutes. If desired, the
delay periods can be made variable by replacing resistor R2 with afixed and variable resistor in series whose
nominal values are approximately equal of the total value of R2 (680K).

1 to 100 Minute Timer Relay

by Tony wan Roon
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Fig. 7 Thisis an accurate long-dur ation time delay driver, switchable between 1 and 10 minutes or 10 to 100
minutes and whose function does not depend on el ectrolytic capacitors. Film dielectric caps have been
selected. IC1 is configured as a free-running astable multivibrator which frequency is divided down by 1C2, a
14020 (or 4020) CMOS 14-stage, ripple-carry binary divider. Consequently relay RY 1 turns on as soon as
switch Sl isclosed, and it turns off again when the 8192nd astable pulse arrives. This method provides time
periods ranging from 1 to 100 minutes, depending on the switch setting of S2.
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Solid State Relays:

"Solid-State-Relay” (referred to as'SSR' for short) means
switching without any mechanical means. A solid-state relay
Is nothing more than a electronic switch, which can be a
Triac, SCR, HexFet, or a High Speed MosFet, and an opto-
isolator. Some are application dependent.

Control-to-load isolation is provided either by opto-isolators
or transformers. Solid-state relays are availablein AC and
DC versions; Fig. 8a/b/c/d/e showstypical block diagrams.
All approaches shown use an opto-isolator to separate the control and drive segments.

|
[m]

1

o output

Fig. &-Fa

Virtually all solid-state relays are Single-Pole Single-Throw, Normally Open (SPST-NO) devices, where the
outputs turn on in response to a control voltage. The majority take operating power from the control 1/0,
although some require separate DC logic power. The smplest DC input circuits use an LED optoisolator and
series current-limiting resistor.

The resistor isusually sized for a 5-volt logic input, and results in a specified "ON" range of 3-6 volts DC. For
wider operating ranges (typically 4-32 volts DC), the resistor is replaced by a constant-current diode. Then,
AC input circuits rectify and filter the control input before applying it to the LED. Typica AC/DC LED
currents can vary from 5 to 22maA.

AC and DC Outputs:
The optoisolator photocurrent is amplified and used to drive whatever output device the relay is connected to,
whether atransistor for DC outputs, athyristor for AC, or apower MOSFET for either. The power for the

drive circuitry istaken either from the output load or is supplied separately. In some MOSFET designs, the
photocurrent is sufficient to drive the output device.

Table 1 aC Yolt Drop Leakage
or Package Max Load Max Load (on) at Current {off)
Output DC Style Currents Yoltages Rated Load At 25°C
Bipolar | OC | Dual 500mA 60¥de 1-15¥ 20pA
Transistor Inline s0mA 2R0¥de
(DIF)
Input! 3.5A 60¥de 1.2 - 1.75Y¥ 10pA - ImA
Output 1A 200¥dc
Module
Power 2to 20A S0¥de 15-2¥% 5 - 15mA
Power
[High to 5A 250¥de 2¥ 10pA
Yoltage]
Thyristor ( AC | Dual 0.2 to 1A RMS 140 or 1.5%¥ max 10pA - ImA
[Triac Inline to 3A BMS | 280¥ RMS
or SCR) (DIF]) on heat sink)
Input? 140
Output 3.5A RMS 280V Fclllrulﬁ 1.5% mazx 2 _EmA
Module
140 to
Power 10 - 40A RMS 280¥ RMS 1.5% maz 2-15mA
Fower AC | Dual 100 - 500mA Resistance Resistance
MOSFET | pC | Inline [Some to 1A) | &0 - 200V 0.25 - 50 typically
(DIP) ochms 100Meqg

Table 1 summarizestypica specifications.
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Normally, DC output devices like those in Figs. 8-Fc and Fd use an NPN transistor and may include a Zener
diode across the output for transient suppression. The transistor will drop some voltagein the "ON" state, and
the drive circuit will need some current to operate. Typical output drop is 1-2 volts at the full rated load
current, while the "OFF"-state leakage may range from approximately 10pA-1mA.

Most AC output devices include zero-voltage-switching circuitry. Logic detects when the AC load voltage
crosses zero (changes polarity) and delays the triac turn-on pulse until then. The triac turns on athe next zero
crossing after the input goes high. Once triggered, it remains on until its current goes to zero. Zero-voltage and
zero-current switching minimize transients and ElectroM agneticl nterference (EMI). The RC snubber in Fig. 8-
Ff suppresses rapid voltage changes that can inadvertently turn on the thyristor.

In some applications, having the output turn on instantly is desirable. Relays referred to as "random turn-on"
are designed without zero-voltage switching. Turn-off still occurs at zero-current, due to the inherent latching
effect of thyristors. Aswith DC output relays, the thyristor drops voltage while conducting, while the drive
circuitry requires power to operate. In addition, th snubber passes AC leakage in the "OFF" state. Typical
"ON"-state voltage 1.6 volts, while "OFF"-state leakage is 2-20mA for 60Hz power.

With recent advantages in power MOSFET's, solid-state relays can be designed with lower "ON"-state voltage
drops, and greatly reduce "OFF"-stage leakage. These MOSFET's (and HexFets) offer bidirectional current
flow, near-zero gate-drive current, no inherent source-to-drain offset voltage, and low "ON"-state (rDS)
resistance and "OFF"-state |eakage.

Most FET-output relays are housed

Fig. 8-Fc in Dual-Inline-Packages (DIP's).
- R Their main useis as a replacement
£o o1 L for reed relays, where low offset and
L K s i B1  |ow |eakage are important, and for
e > &0t = control of low-power AC/DC loads.
) ) ) High power AC loads are best
Optoisolator Zener Transient Suppression

controlled by thyristors, which are
easily controlled for zero-voltage
turn-on; they also offer inherent zero-current turn-off, and produce lower output-voltage drop at high currents.
However, FET design involves tradeoffs in voltage, current and resistance specs. In particular, high-voltage
FET's have higher "ON" resistances, making them unsuitable for switching high-current line-voltage loads.
Typical DIP relays have 70-500mA current ratings, "OFF"-state |eakage resistances of 100 MegaOhms or
more, and "ON" resistances from about one ohm for a 60-100 volt rating, to 25-50 ohms for a 300-400 volt
rating. Switching times range from 10-100uSec.

I/O Isolation:

The mgjority of solid-state relays use opto-isolators. All of at least 1.5 kilo-volt RMS /O breakdown, and 2.5
or 4 kilo-volt ratings are common. Most of them have been rated, listed, or approved by safety agencies like
UL, CSA, and VDE. Transformer coupling is also used to isolate solid-state relays.

Fig. 8-Fc shows a transformer-coupled A C-output relay; DC and
AC/DC FET relays are also available with transformer coupling.
The control input powers an oscillator, the output which is
coupled through a small pulse transformer to trigger the output
thyristor. Circuitry of the type shown produces random turn-on
operation; transformer-coupled relays generally don't include
Recd Reliy 1 zero-voltage switching circuitry.
= Transformer coupling allows faster switching. The oscillator
inputn—ﬁ Fig. 8-Fb frequency istypicaly 1-3MHz, resulting in switching times as

; low as 1uSec. Opto-isolators exhibit slower response, with times

O Line

O Load
[
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for DC versions typically 10 to 100uSec. They can be designed for slightly higher temperatures, being free of
LED limitations. However, achieving breakdown voltages above 1.5 kilovoltsis easier using optical
techniques.

Hybrid Relays:

Hybrid relays marry reed relays with
a solid-state power output. Fig. 8-Fb
shows athyristor version; DC
outputs are also offered. The
hermetically sealed reed contacts
switch Only low power, and last 10 ek Optoisolator Buffered DC-output
million operations or even longer. 25-250pA

The turn-on timeisthat of the reed

relay, about 1 mSec. Other hybrid relays are the reverse, using a solid-state input amplifier driving areed-relay
output, the obvious advantage being high input sensitivity. The term "hybrid" sometimes describes
construction technique, rather than method of operation. In some catalogs you'll find hybrid solid-state relays
with no mechanical components at all.

Fig. 8-Fd

+ 0

+5h4

cantrl

=
OC Dukpuk

Self-Power ed and Buffered Relays:

So far, al the relays that have been discussed until now have been "self-powered,” in that they take operating
power from the applied signals. All models, whether optoisolated, transformer coupled, of hybrid, require
approximately 5-50mA at their inputs. Some, notably thyristor-output relays with zero-voltage switching, also
take operating power from output loads, although none require separate power connections.

Buffered relays offer improved input sensitivity at the expense of needing separate DC power, and are usually
used in systems that already include DC power supplies (not as stand-alone devices). Fig. 8-Fd shows a
buffered DC-output relay. The input circuitry and the LED are powered from a separate logic supply, allowing
the logic input current to be typically 25-250uA.

DpraCaupler with Due to near-zero gate current, power MOSFet's can be driven
phaotadiod: stack

o . o Bidirectional di rec_tly from a series stack of photodi _odejunctipr_ls. The "photo
Lz voltaic-generator” stack from International Rectifier shownin

Control Fig. 8-Feis constructed using I1C fabrication techniques, and
input ':i; Ri ': I 4 ? output — exposes a series of photo diodesto LED illumination. No

" operating power is required from the load.

Fig. 8-Fe Package Styles:

Solid-State relays are generally grouped into DIP's, power
relays, and 1/0 modules. DIP relays are avail able with transistor (DC), thyristor (AC), or MOSFET (AC/DC)
outputs, and with optoisolator or transformer coupling. Most power relays are used to switch AC power, and
use thyristor switching with optoisolator coupling. Transistor (DC) outputs and transformer coupling are also
available. I/0O modules are always opto-coupled, and don't offer MOSFET outputs.
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Table 2--Relay Contact arrangements are designated as Forms A-

F ) . . ) :
"™ ID.FormA is normally open until the coil closesit, while Form B

Design | Sequence

é

f: isnormally closed until the coil opensit. Forms C and D use

Sio | Make 14 | double-throw contacts, arranged as break-before-make (Form C) or
ﬁ make-before-break (Form D).
E:‘;. Safety | ssues:

BEEL Break B

N.C.

safety |Building an SSR requires putting 115/220 volts AC on a
printed circuit board. From an electrical point of view, that
can be perfectly safe. However, it is good practice to cover al

ic printed circuit tracks on the 115/220VAC side with a silicon sealer,
varnish, lacquer, or even nail polish. Couple layers will do fine.
Also, try to use only isolated Triacs (where the caseis electrically
isolated from the Triac), and ground the heat sink to the AC safety
»c | Wire (earth ground, or green wire).

My =

Ereak[1]
SPDT | make(2)

=

Break(1,3]
DPDT | pyake(z.4)

LS| S | 5

=

Choosing a Triac:
There are three basic requirements when choosing the output Triac.

=T . . . . .
Make(l] U] First isto make sure that it will handle the voltage required. The
SPDT Before : 'L_EE 1D minimum for a 115-volt AC line requires a 200-volt Triac. A 220-
Break(2) ﬁ volt line requires a 400-volt Triac. Remember that those are the

minimum so, for afew cents more, it pays to use the next highest
Tabel 2. voltage rating.

The next requirement is current. A 6-amp Triac will handle 6 amps

only if it is properly heat sinked. Asaword of warning, motors draw alot more current on start-up than they

do during normal operation, sometimes as much as ten time more. Keep that in mind when you design your

own.

The third requirement is the gate current. The Motorola MOC3010 optoisolator will provide about 100

milliamps of drive current for the output Triac. That should be adequate for any Triac you can find in a TO-

220 package. Just in case it is not sufficient for your design, you can use atransistor as a current-sink.

Although not really a strict requirement, an isolated Triac is good practice and a good safety precaution.

Isolated Triacs (usually listed in catalogs as iso-tab) provide electrical isolation from the electrical connections

to the case. Early Triacs were not normally isolated. That meant that you had to use mica washers and thermal

grease. Thermal greaseis still agood idea, but the mica washer isn't required for isolated Triacs. If you don't

know whether or not your Triac isisolated, simply measure the resistance from each lead to the case. An

isolated Triac will measure open on al three leads.

Warning: The Radio Shack 400-volt, 6-amp Triac (part number 276-1000) will work well but is NOT

isolated. Y ou must use a TO-220 mica washer and thermal greaseif you plan to use that device.

Zero-Voltage Switching:

| can hear you mumbling already... "what the heck is zero-voltage switching..."? In normal operation the
trigger side of therelay istotally asynchronous to the AC side. That means that a trigger could occur during
any part of the sine wave. If the trigger occurs near a peak (90 or 270 degrees), alarge current will flow into
the load amost instantly. That creates alot of RFI (Radio Frequency Interference) and also is very hard on the
filament of ordinary light bulbs. In order to prevent that, zero-crossing SSR's accept the trigger at any time but
delay turning on the AC load until the next time the AC voltage passes through zero volts. Now you know. |
personally don't use any other type.

Construction of a SSR:
Below is good working Solid State Relay using an opto-isolator and a Triac. Use of aprinted circuit board is
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highly recommended but not required. Remember to isolate the AC tracks when you're all done!

Solid State Relay

by Tony van Roon Fig . O,
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For asimple SSR, an optoisolator such as the Motorola MOC3010 or the NTE3047 will be sufficient. For a
zero-crossing SSR, aMOC3031 or NTE3049 will do. May companies make optoisolators. Make sure yours
has a " Triac output" and that the pinouts are compatible with your design. Table 2 shows some typical Triac
output optoisolator specifications. The models shown are already a decade old but still widely used and
available.

Again, although the SSR can certainly be build without using a PCB, using one makes assembly using the
diagram in Fig. 9 asnap.

The only precaution, other than the one about working with 115/220/220 AC volts, isto heatsink the Triac. If
you leave the leads on the Triac long, it should be simple matter to find some heat sink to attach to the Triac.
Just remember to connect the heat sink to earth-ground. Even if you're using an isolated tab Triac, the earth
ground is still necessary. Otherwise you should buy your solid-state relays from a reliable company--don't
build them yourself.

Remember that SSR's can only switch an AC line. Trying to switch a DC line will result in arelay that closes
but never opens... Have fun!

Couple More Circuits To Play With:
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One-Shot Multivibrator Timer Relay

by Tony wan Foon
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52 timing range setting:

2 - 10 min to 2 hrs

3 - 100 min to 20 hrs

Fig. 10: Thiscircuit shows apair of CMOS NOR gates which form a push-button-activated one-shot
multivibrator relay-switching circuit that provides delays up to severa minutes with resonable accuracy. The
relay turns on as soon as the START switch Sl is closed. However, it turns off again after a preset delay of
about 0.5 seconds per microFarad (uF) of the value of capacitor C2. The two CMOS gates are configured as a
manually-triggered monostable multivibrator whose output is fed to the relay through R4 and transistor Q1.

Fig. 11: Thisone shows a'long-range timer relay' switching circuit which spans 1 minute to 20 hoursin three
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ranges using a three-step, two-deck mechanical rotary switch. 1C1, the 555 timer/oscillator does the time

IC2 (4017) isa CMOS decade counter |C, afive-stage Johnson counter with 10 decoded outputs. Inputs
includeaCLOCK, aRESET, and aCLOCK INHIBIT signal. ThisIC, together with IC3 and the 3-step rotary
switch, can provide a maximum division ratio of 81,920 making it possible to time for periods up to 20 hours
or so. Circuits like this are used in battery chargers and area security lighting systems with time-controlled
turn-off.

IC3 (4020) isaCMOS 14-stage, ripple-carry binary divider. Normally a'high' would occur as soon as switch
Slisclosed and a'low' when the 8192nd astable pulse arrives. All counter stages of 1C3, the 4020, are master-
slave flip-flops. The state of a counter advances one count on the negative going transition of each input pulse,
and ahigh level on the RESET line resets the counter to its all zeros state. All inputs and outputs are buffered.

Copyright and Credits:
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