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Application Note AN-3003
Applications of Random Phase Crossing Triac Drivers
Construction

across the device. Once triggered into the on (conducting)
state, the detector will remain there, even if no current flows
through the LED, until the terminal current drops below the
holding current (typically 100 µA) at which time the detector
reverts to the off (non-conducting) state. The detector may be
triggered into the on state by exceeding the forward blocking
voltage, by voltage ramps across the detector at rates exceeding the static dv/dt rating, or by photons from the LED. The
LED is guaranteed by the specifications to trigger the detector into the on state when the current passing through the
LED is equal to, or greater than the IFT(max) specification.
For example the MOC3011M requires at least 10mA of LED
current to guarantee turn-on. A similar device, the
MOC3012M, has exactly the same characteristics except it
requires only 5 mA to trigger.

The MOC30XX family of random phase (non-zero crossing)
triac drivers consist of an aluminum gallium arsenide infrared LED, optically coupled to a silicon detector chip. These
two chips are assembled in a 6 pin DIP package, providing
7.5KVAC(PEAK) of insulation between the LED and the
output detector. These output detector chips are designed to
drive triacs controlling loads on 115 and 220V AC power
lines. The detector chip is a complex device which functions
in the same manner as a small triac, generating the signals
necessary to drive the gate of a larger triac such as
Fairchild’s FKPF12N80. The MOC30XX triacs are capable
of controlling larger power triacs with a minimum number of
additional components.
Table 1 lists the members of the MOC30XX random phase
triac driver family. The family is divided by blocking
voltage, VDM, and input LED trigger sensitivity, IFT.
MOC3010/1/2 are rated at 250V, the MOC3020/1/2/3 are
400VAC, and the MOC3051/2 have a VDM of 600V.

Since these devices look essentially like a small optically
triggered triac, we have chosen to represent it as shown in
Figure 1.

Basic Electrical Description
The AlGaAs LED has a nominal 1.3 V forward drop at
10 mA and a reverse breakdown voltage greater than 3 V.
The maximum current to be passed through the LED is
60 mA.
The detector has a minimum blocking voltage of 250 Vdc in
either direction in the off state. In the on state, the detector
will pass 100 mA in either direction with less than 3 V drop

Figure 1. Schematic Representation of
an Optically Coupled Random Phase Triact Driver

Random Pase Triac Optocouplers
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Part Number

IFT (ma)
max

VTM (V)
max

VDM (V)
min

IH (µA)

MOC3010M

15

3

250

100

100

7.5kV

6 MAIN
TERM

MOC3011M

10

3

250

100

100

7.5kV

MOC3012M

5

3

250

100

100

7.5kV
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MOC3020M

30

3

400

100

100

7.5kV

MOC3021M

15

3

400

100

100

7.5kV

MOC3022M

10

3

400

100

100

7.5kV

MOC3023M

5

3

400

100

100

7.5kV

MOC3051M

15

2.5

600

280

100

7.5kV

MOC3052M

10

2.5

600

280

100

7.5kV

4 MAIN
TERM

IDRM (nA)
VISO
max
AC[PEAK]

Table 1.
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Figure 2. Simple Triac Gating Circuit
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When driving resistive loads, the circuit of Figure 2 may be
used. Incandescent lamps and resistive heating elements are
the two main classes of resistive loads for which 115 Vac is
utilized. The main restriction is that the triac must be properly chosen to sustain the proper inrush loads. Incandescent
lamps can sometimes draw a peak current known as “flashover” which can be extremely high, and the triac should be
protected by a fuse or rated high enough to sustain this
current.

Occasionally transient voltage disturbances on the ac line
will exceed the static dv/dt rating of the MOC3011M. In this
case, it is possible the MOC3011M and the associated triac
will be triggered on. This is usually not a problem, except in
unusually noisy environments, because the MOC3011M and
its triac will commute off at the next zero crossing of the line
voltage, and most loads are not noticeably affected by an
occasional single half-cycle of applied power. See Figure 4
for typical dv/dt versus temperature curves.

Inductive Loads-Commutating dv/dt
Inductive loads (motors, solenoids, magnets, etc.) present a
problem both for triacs and for the MOC3011M because the
voltage and current are not in phase with each other. Since
the triac turns off at zero current, it may be trying to turn off
when the applied current is zero but the applied voltage is
high. This appears to the triac like a sudden rise in applied
voltage, which turns on the triac if the rate of rise exceeds the
commutating dv/dt of the triac or the static dv/dt of the
MOC3011M.

Figure 3. Logic to Inductive Load Interface

Using the MOC3011M as a Triac
Driver
Triac Driving Requirements
Figure 2 shows a simple triac driving circuit using the
MOC3011M. The maximum surge current rating of the
MOC3011M sets the minimum value of R1 through the
equation:
R1 (min) = Vin(pk)/1.2A
If we are operating on the 115 Vac nominal line voltage,
Vin(pk) = 180 V, then
R1 (min) = Vin(pk)/1.2A = 150 ohms.
In practice, this would be a 150 or 180 ohm resistor.
If the triac has IGT = 100 mA and VGT = 2 V, then the
voltage Vin necessary to trigger the triac will be given by,
VinT = R1 • IGT + VGT + VTM = 20 V.

2

Snubber Networks
The solution to this problem is provided by the use of
“snubber” networks to reduce the rate of voltage rise seen by
the device. In some cases, this may require two snubbers-one
for the triac and one for the MOC3011M. The triac snubber
is dependent upon the triac and load used and will not be discussed here. In many applications the snubber used for the
MOC3011M will also adequately protect the triac.
In order to design a snubber properly, one should really
know the power factor of the reactive load, which is defined
as the cosine of the phase shift caused by the load. Unfortunately, this is not always known, and this makes snubbing
network design somewhat empirical. However, a method of
designing a snubber network may be defined, based upon a
typical power factor. This can be used as a “first cut” and
later modified based upon experiment.
Assuming an inductive load with a power factor of PF = 0.1
is to be driven. The triac might be trying to turn off when the
applied voltage is given by
Vto = Vpksin θ = Vpk = 180 V
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Input Circuitry

First, one must choose R1 (Figure 3) to limit the peak capacitor discharge current through the MOC3011M. This resistor
is given by

Resistor Input
When the input conditions are well controlled, as for example when driving the MOC3011M from a logic gate, only a
single resistor is necessary to interface the gate to the input
LED of the MOC3011M. The resistor should be chosen to
set the current into the LED to be a minimum of 10 mA but
no more than 50 mA. 15 mA is a suitable value, which
allows for considerable degradation of the LED over time,
and assures a long operating life for the coupler. Currents
higher than 15 mA do not improve performance and may
hasten the aging process inherent in LED's. Assuming the
forward drop to be 1.5 V at 15 mA allows a simple formula
to calculate the input resistor.

R1 = Vpk/Imax = 180/1.2 A = 150Ω
A standard value, 180 ohm resistor can be used in practice
for R1.
It is necessary to set the time constant for τ = R2C. Assuming
that the triac turns off very quickly, we have a peak rate of
rise at the MOC3011M given by
dv/dt = Vto/τ = Vto/ R2C
Setting this equal to the worst case dv/dt (static) for the
MOC3011M which we can obtain from Figure 4 and solving
for R2C:

RI = (VCC - 1.5)/0.015

dv/dt(TJ = 70°C) = 0.8 V/µs = 8 × 105 V/s

Examples of resistive input circuits are seen in Figures 1
and 5.

R2C = Vto/(dv/dt) = 180/(8 × 105) = 225 × 10-6

Increasing Input Sensitivity
In some cases, the logic gate may not be able to source or
sink 15 mA directly. CMOS, for example, is specified to
have only 0.5 mA output, which must then be increased to
drive the MOC3011M. There are numerous ways to increase
this current to a level compatible with the MOC3011M input
requirements; an efficient way is to use the Fairchild
TinyLogic™, NC7SZ04 shown in Figure 5.

The largest value of R2 available is found, taking into consideration the triac gate requirements. Using Fairchild’s
power triac, FKPF12N80, IGT = 30 mA. If the triac is to be
triggered when Vin ≤ 40V:
(R1 + R2) = Vin/IGT = 40/0.030 ≈ 1.33 k
If we let R2 = 1200 Ω and C = 0.1 µF, the snubbing requirements are met. Triacs having less sensitive gates will require
that R2 be lower and C be correspondingly higher as shown
in Figure 3.
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Figure 4. dv/dt versus Temperature
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Figure 5. MOS to AC Load Interface

Input Protection Circuits
In some applications, such as solid state relays, in which the
input voltage varies widely the designer may want to limit
the current applied to the LED of the MOC3011M. The circuit shown in Figure 6 allows a non-critical range of input
voltages to properly drive the MOC3011M and at the same
time protects the input LED from inadvertent application of
reverse polarity.

threshold current. The designer can therefore design the
input circuitry to supply 10 mA to the LED and still be sure
of satisfactory operation over a long operating lifetime. On
the other hand, care should be taken to ensure that the maximum LED input current (50 mA) is not exceeded or the lifetime of the MOC3011M may be shortened.

Applications Examples
Using the MOC3011M on 240 Vac Lines
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Figure 6. MOC3011M Input Protection Circuit

LED Lifetime
All light emitting diodes slowly decrease in brightness during their useful life, an effect accelerated by high temperature and high LED currents. To allow a safety margin and
ensure long service life, the MOC3011M is actually tested to
trigger at a value lower than the specified 10 mA input

4

The rated voltage of a MOC3011M is not sufficiently high
for it to be used directly on 240 Vac line; however, the
designer may attach two of them in series. When used this
way, two resistors are required to equalize the voltage
dropped across them as shown in Figure 7.

Remote Control of ac Voltage
Local building codes frequently require all 115 Vac light
switch wiring to be enclosed in conduit. By using a
MOC3011M, a triac, and a low voltage source, it is possible
to control a large lighting load from a long distance through
low voltage signal wiring which is completely isolated from
the ac line. Such wiring usually is not required to be put in
conduit, so the cost savings in installing a lighting system in
commercial or residential buildings can be considerable. An
example is shown in Figure 8. Naturally, the load could also
be a motor, fan, pool pump, etc.
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Figure 7. 2 MOC3011M Triac Drivers in Series to Drive 240 V Triac
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Figure 8. Remote Control of AC Loads through Low Voltage Non-Conduit Cable

Solid State Relay
Figure 9 shows a complete general purpose, solid state relay
snubbed for inductive loads with input protection. When the
designer has more control of the input and output conditions,
he can eliminate those components which are needed for his
particular application to make the circuit more cost effective.

Interfacing Microprocessors to 115 Vac
Peripherals
The output of a typical microcomputer input-output (I/O)
port is a TTL-compatible terminal capable of driving one or
two TTL loads. This is not quite enough to drive the
MOC3011M, nor can it be connected directly to an SCR or

REV. 4.07 10/6/06

triac, because computer common is not normally referenced
to one side of the ac supply. The Fairchild TinyLogic™
NC7SZ04 UHS inverter can provide the LED current drive
required by the MOC3011M family. If the second input of a
2 input gate is tied to a simple timing circuit, it will also
provide energization of the triac only at the zero crossing of
the ac line voltage as shown in Figure 10. This technique
extends the life of incandescent lamps and reduces EMI
generated by load switching. Of course, zero crossing can be
generated within the micro-computer itself, but this requires
considerable software overhead and usually just as much
hardware to generate the zero-crossing timing signals.
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Figure 9. Solid-State Relay
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Figure 10. Interfacing an Arithmetic Controller Engine to 115 Vac Loads

DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.
LIFE SUPPORT POLICY
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:
1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
10/6/06 0.0m 001
Stock#AN30003003
 2003 Fairchild Semiconductor Corporation

ON Semiconductor and
are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

© Semiconductor Components Industries, LLC

N. American Technical Support: 800−282−9855 Toll Free
USA/Canada
Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910
Japan Customer Focus Center
Phone: 81−3−5817−1050

www.onsemi.com
1

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit
For additional information, please contact your local
Sales Representative

www.onsemi.com

