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INTRODUCTION
The MID400 is an optically isolated AC line-to-logic interface
device for monitoring ON or OFF status of an AC power line. The
logic circuitry operates from a standard 5V supply. The MID400 is
packaged in a compact 8-pin plastic DIP package. The optical iso-
lation provided by the MID400 makes it suitable for power-to-logic
interface applications such as industrial control medical equip-
ment computers and other fail-safe type monitor systems in which
status information about the AC line is essential.

INTERNAL COMPONENTS
During assembly two infrared GaAs LED diodes are mounted on
an input lead frame, and a photodetector/amplifier chip is mount-
ed on an output frame. Use of two separate lead frames insures
high electrical isolation between input and output terminals after
trimming of the lead frame edges. Light emitted by the input LED’s
is optically coupled through solid transparent material to the sur-
face of the photodetector. The LED’s are connected back-to-back,
and power line status is monitored by the LED’s in series with an
external current limiting resistor. When the high gain photodetec-
tor and amplifier senses light output from the two LED’s, it drives
an output NPN transistor to the ON state.

The photodetector amplifier circuit is shown in Figure 1. The pho-
todiode D3 is coupled into a high gain 3 stage emitter follower cur-
rent amplifier (Q1Q3Q5) driving into an output transistor Q8. The
emitter follower loads are comprised of constant current circuits
formed by Q2, R2, Q4, R3, Q6, and R4. Constant current level in
these devices is established by the constant voltage source
formed by the base emitter voltage of Q7 and R5.

The common point of the output photodiode/amplifier is brought
out to pin 7 to allow connection of an external integrator capacitor
or other circuits. Because the amplifier has a high current gain
factor of 10,000 to 100,000, its input impedance (at pin 7) is
extremely high.

Switching time of the amplifier is intentionally designed to be slow,
so that the MID400 only responds to an absence of input signal
over a few milliseconds, and not during the short zero-crossing
period of the AC input voltage waveform.
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Figure 1. Circuit Schematic of MID400 AC Line Monitor
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BASIC CIRCUIT OPERATION
Consider the test circuit shown in Figure 2. Back-to-back input
diodes D1 and D2 each conduct on every half cycle of the AC input
waveform, producing 120Hz light pulses. The light output causes
the photodiode to conduct, raising the potential of the input to the
amplifier, and in turn driving the output NPN transistor ON. When
input current is removed, light from the two LED’s ceases, charge
established by the photodiode current on the input amplifier leaks
away, and the NPN transistor turns OFF. There are basically three
operation modes: Saturated, unsaturated, and the “OFF” STATE
mode.

SATURATED MODE
When input AC is above the recommended 4mA RMS minimum
input current, the 120Hz photodiode pulses are sufficient to satu-
rate the amplifier, so that the MID400 output is low at pin 6 as long
as AC input signal is present, (see Figure 3).

UNSATURATED MODE
If input current is dropped below the recommended 4mA RMS,
the amplifier drops out of saturation during the zero-crossing
periods of the input AC waveform and 120Hz pulses appear on
MID400 output pin 6, (see Figure 4). Under these conditions the
device makes an attractive, simple 120Hz clock generator that is
free from most of  the normal power line transients for many digi-
tal applications.

OFF-STATE MODE
When the input RMS AC input current is below 0.15mA the
MID400 output will be in the high state as per specifications.

NOTE: Normal specified 4mA RMS input IF current. Output satu-
rated (latched). The 120Hz pulses from the photodiode D3 are
above the threshold of the amplifier; therefore, the MID400 output
is low anytime the AC current is present.

NOTE: Below normal specified 4mA RMS input IF current. The
level of 120Hz pulses from the photodiode are now below the
input threshold of the amplifier and the pulses appear on the out-
put. The output pulse width depends on the AC input drive level.

Figure 2. Test Circuit
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OPERATION WITH AN EXTERNAL CAPACITOR
Figure 5 shows a basic delay circuit obtained by addition of an
integrating capacitor CX to the photodiode/amplifier input point pin
7. Delay at POWER ON is short, as the photodiode, when con-
ducting, has a low impedance providing a fast charge to the 
capacitor. The delay when AC is removed is long, because the

capacitor discharges through various leakages of the amplifier
and the photodiode. The waveforms in Figure 6 shows the capac-
itance on both TURN-ON and TURN-OFF delays. Figures 7 and
8 show plots of capacitance versus turn-on and turn-off time.

Figure 5. Circuit with Addition of Capacitor at Pin7
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Figure 6. Waveforms with Capacitor Added at Pin 7
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Figure 7. Plot of Capacitance Versus Turn-on Time
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Figure 8. Plot of Capacitance Versus Turn-off Time
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The 555 Timer is basically being used as a SCHMITT trigger cir-
cuit with well defined input thresholds. The input HIGH state is 2/3
VCC, + 5 volts in this case), and its LOW state is 1/3 VCC.

The output may be taken from either 555 pin 3 or from pin 7 dis-
charge point with a pull-up resistor. Both these pins are high when
AC current is applied to the MID400.

The 555 output is capable of supplying both sink and source cur-
rents up to 200mA. One advantage of using the 555 discharge
output pin is that it can be tied to another similar unit to provide
the “AND” function. That is both AC inputs to both units must be
present before the 555 outputs can be high.

MID400 INTERFACE CIRCUITS USING A 555 TIMER
Addition of a 555 Timer at the MID400 output, as shown in Figure
9, produces an interface circuit with improved drive capability and 

output switching times, and better noise immunity. Figure 10 illus-
trates these switching time improvements.

Figure 9. Circuit with 555 Timer Added
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Figure 11. shows a circuit which includes a 555 Timer for shaping
of waveforms. This circuit can provide an adjustable delay either
at power on or power off. Delay is adjusted by the time constant
of RX and CX. Insertion of diode D1 across RX provides either a
fast charge and slow discharge of CX, or a slow charge and fast
discharge when diode polarity is reversed. See waveforms in

Figure 12 through 14. Because charge on capacitor is established
by the output of MID400, the delay will vary according to whether
MID400 is operated in saturated mode or unsaturated mode. In
the unsaturated mode delay will depend upon the ratio of the
pulse ON to OFF time (Duty Factor).

Figure 11. Adjustable Delay Turn Off/On Circuit
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Figure 15. Precision Delay Circuit
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Figure 15 shows a precision delay circuit. Here delay is provided
by using the 555 Timer as a missing pulse detector or one-shot.
The time out is independent of whether the MID400 is operated in
saturated or unsaturated mode. In unsaturated mode the Timer is
continuously being reset by the 120Hz pulses from the MID400
and output of the 555 is high. When an AC line fails, there are no
120 Hz pulses, the 555 times out and the output then goes low.
Refer to waveforms in Figure 16.

A larger capacitor at CX will increase the time-out period of the
555 causing it not to detect the missing input cycles as shown in
Figure 17.

With the MID400 operated in the saturated mode, output of
MID400 is low, which turns on the PNP transistor Q1, stopping CX
from charging, and the 555 output is high.

Figure 16. Unsaturated Mode - Detects Missing AC Input
Cycles (when more than one cycle is missing)
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On AC line failure the MID400 goes high, causing Q1 to turn off
and allowing CX to charge, so that after the required time the 555
is allowed to go LOW. Refer to the waveform in Figure 18.

By the choice of the time constant RXCX the circuit in either a sat-
urated or unsaturated mode can be made to either respond or not
respond to one or more AC input cycles as shown in Figure 16
through 19.

OTHER SPECIAL DESIGN CONSIDERATIONS
Special mention must be made about effects on MID400 opera-
tion caused by leakage at pin 7. To avoid problems keep imped-
ance at 10 megohm or greater. If a capacitor is connected to
pin 7, make sure it is a high quality type(such as Mylar) that
exhibits very low leakage. (Even current leakage between printed
circuit traces can have noticeable effects on circuit operation if the
board material has poor dielectric insulation characteristics.)

Figure 18. Saturated Mode - Detects Missing
AC Input Cycles
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Figure 20. Example For Fail-Safe Considerations
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DESIGNS FOR FAIL-SAFE OPERATION
In those industrial, military, computer, and medical system appli-
cations where fail-safe operation is important, circuit response
must also be considered when AC input or the VCC supply, (or
even both), switch off.

Table I lists the MID400 output response under these conditions.
This “Truth Table” shows that the MID400 output NPN transistor
can be ON (conducting) only when AC current is flowing through
MID400 input LED diodes and the 5V VCC to the MID400 is
present (ON).

This truth table reflects a MID400 being operated from a +5 volts
supply which has a high impedance when not “ON”. However,
other external factors can influence the apparent state of the
MID400 is monitoring the AC voltage of a device. The MID400 is
supplied by a separate 5V supply in the “MONITOR UNIT” fed
from a separate AC line. The output of MID400 is fed to a remote
minicomputer with a TTL type input circuit.

In this system it is quite feasible to get an erroneous apparent
output from the MID400 if RL is 1000 ohms or less, and the 5 V
power supply in the monitor system presents a low impedance
when OFF. The TTL input to the minicomputer might appear low
due to current being forced through RL and the low impedance of
the OFF 5V power supply. This can be eliminated by the addition
of a diode DX as shown in Figure 21.

In some applications additional circuitry may have to be added to
insure fail-safe operation. One such example is the monitor circuit
shown later, Figure 24. There both voltage and current are moni-
tored.

Another interesting condition to consider is operation of the
MID400 if its Led input diodes are “blown out” by excessive cur-
rent. In this case the MID400 output will be in the high state, still
indicating an error condition.

Table 1. FAIL-SAFE TRUTH TABLE

AC Line +5 VCC MID400 OUtput
Input Supply Condition

ON ON ON
(conducting)

ON OFF OPEN
(non-conducting)

OFF ON OPEN
(non-conducting)

OFF OFF OPEN
(non-conducting)

Figure 21. Diode DX Added to Stop Reverse Current
     When MID400 +5V VCC Line is Off
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APPLICATION CIRCUITS
Figure 22 shows a circuit for a switching power supply to give
advanced warning of power failure to computer, microprocessor,
memory etc., so that an orderly power down sequence can be ini-
tiated. Such a circuit is useful because a switching power supply
inherently provides power storage for a limited period of time after
removal of AC input power.

Figure 23 shows a circuit that allows a relay or solenoid of almost
any voltage and current rating to be controlled by the MID400.
PNP transistor Q1 must have adequate beta and voltage/current
ratings for the application. Relay is energized when no AC current
is flowing in the MID400 input diodes.

Figure 24 shows a circuit that uses two MID400s to monitor both
voltage and current. When both voltage and current are being
supplied to the load, the output of “NOR” gate is high. If load cur-
rent drops due to either open circuit or failure, the output of “NOR”
gate is low.

If both voltage and current are not present the output is low. Care
must be taken in overall systems design to insure fail-safe opera-
tion is achieved for all possible conditions. This topic was dis-
cussed previously in the Notes.

Figure 25 shows a circuit to monitor a fuse or a circuit breaker.
With this circuit, consideration must be given to Fail-Safe opera-
tion. Note that if load has a very high impedance there might not
be sufficient current to operate the MID-400. In other words, the
output of MID400 is low on open fuse or breaker. IF VCC to
MID400 is off and fuse opens, no MID400 indication will result.

SWITCHING CIRCUITS
AND REGULATOR

ISOLATED
REGULATED

POWER OUTPUT TO
COMPUTER, µP, MEMORY ETC.

Figure 22. Circuit for Switching Power Supply
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Figure 24. AC Power Line Voltage and Current Monitor
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ADDITIONAL APPLICATION IDEAS
The following circuits are included for  their intrinsic value, but
may need further refining for use in a specific application.

Figure 2 shows a circuit to detect failure of either but not both
phases on a two phase AC power line. The MID400 output goes
LOW when a phase fails. Figure 27 shows a more complicated
circuit that will detect failure of either or both phases on a two
phase line. The NOR gate output stays HIGH so long as both
phases are present, but switches to LOW if either or both phases
fail.

Figure 28 shows a circuit to monitor a three phase line. This cir-
cuit detects a failure on a single phase, as well as all phases fail-
ing simultaneously. The output from the NOR gate is normally
high when all phases are present.

The input current limiting resistor RL is chosen so the MID400s
operate in saturated mode. If a phase fails, for example phase 01
goes open circuit, this effectively places MID400’s #A and #B in
series, causing them now to operate in non-saturated mode and
produce 120Hz pulses. Therefore the output “NOR” gate is low
when there is no power on any phase.

In some applications, for example when monitoring the power to
a three phase motor, if a phase opens when the motor is running,
it might run “single phase”. The motor might then generate suffi-
cient back EMF on the open phase to keep input current to
MID400, and under such a condition this MID400 monitoring sys-
tem is not effective.

NOR
GATE
7402

74LS02
ETC.

Figure 27. Alternate Monitor Circuit for Two Phase Power Line
NOTE: Circuit detects failure of either but not both phases
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Figure 28. Monitor Circuit for Three Phase Power Line
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Figure 29. AC Voltage Deviation Monitor
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Figure 29 illustrates the basic circuit concept for an AC voltage
deviation monitor. Here the zener diode and bridge rectifier estab-
lish a given AC voltage, irrespective of AC input voltage, over a
given range. This is compared with the voltage developed by R2
and R3. Depending upon choice of zener voltage and ratio of R2
and R3 the circuit can operate in a number of modes:

1. Voltage Deviation Monitor to give a low output when AC voltage 
deviates from set standard. The voltage at junction of R2 and
R3 is made equal to zener voltage for given AC input voltage. A 
deviation from standard causes current flow through MID400 
diodes.

2. Over Voltage Monitor (over given range). For normal AC input 
voltage R2 and R3 are  chosen for a current flow through the 
MID400; when AC input voltage goes too high the current
ceases through MID400 input diodes.

3. Under Voltage Monitor (over given range). Similar to above, 
except R2 and R3 are chosen so current through MID400 input 
diodes ceases if AC with low input voltage is too low.

It should be noted that in this circuit the magnitude of current
through the MID400 input diodes is governed by choice of R1, R2
and R3 resistor values.

MID400 BENEFITS
This small size device connects through an external resistor
directly to AC power  lines and offers both input-to-output noise
immunity as well as electrical surge isolation, up to 2500 VRMS
(or 3550 VDC). Its output is compatible with TTL logic. Also the
MID400 is UL recognized, has low power consumption, and oper-
ates from a single VCC supply up to 7 volts. Besides inputs from
power lines, the MID400 can also be connected to AC sources of
other frequencies and even to DC sources (for detection of
power). Output current is 16mA when a minimum 4mA RMS input
current is applied to the input LEDs. When the inexpensive and
readily available 555 Timer is connected to the MID400 output,
circuits can be built having high sink and source current drive
capabilities. These simply circuits can also designed for a wide
range of adjustable delay, and with rise and fall times compatible
with TTL computer circuits.

CONCLUSION
This Application Note has summarized internal operation of the
MID400 and described several classes of application circuits.
Refer to the MID400 Data Sheet for a listing of Absolute Maximum
Ratings and specifications for its Electrical Characteristics.
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DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE 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, 
and (c) whose failure to perform when properly 
used in accordance with instructions for use provided
in labeling, can be reasonably expected to result in a
significant injury of the user.

2. A critical component in 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.
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