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Ordinary red LEDs normally
function as light emitters, but

they can also function as photosen-
sors. A single LED can even function
as both a light emitter and a light de-
tector in the same circuit (Reference
1). The basic idea is to pulse the LED,
using the on-time to light it and the
off-time to sense the photovoltaic cur-
rent from the ambient light that the
LED sees.

Figure 1’s circuit functions as a
night-light. The LED stays off during
daylight and turns on when the ambi-
ent-light level drops. The 7555 CMOS

timer is a monostable one-shot, which
triggers when Pin 2’s voltage is less than
one-third of the supply voltage. R1 and
R2 form a voltage divider, which keeps
the cathode of the LED just below the
trigger voltage. When the ambient-
light level is sufficient, the LED devel-
ops several hundred millivolts, which
add to the R1/R2-junction voltage and
keep Pin 2 above the one-third-trig-
ger level. In this state, the Pin 3 out-
put of the 7555 approaches 0V, and the
1N914 diode becomes reverse-biased,
allowing the LED’s photovoltaic cur-
rent to flow into Pin 2’s trigger input.

When the am-
bient-light level
drops low enough,
the LED voltage
falls, and Pin 2 goes

below the trigger level. The 7555 then
generates a one-shot pulse, the 1N914
becomes forward-biased, and the LED
lights up. At the end of the timing pe-
riod, which R3 and C1 set, the mono-
stable resets and discharges C1. The
monostable is then ready for another
cycle. The LED then briefly turns off
during this interval, which allows it to
again sense the ambient light.

The circuit in Figure 2 functions as
a day-light; the LED flashes in bright
light and stays off in low ambient light.
The 7555 provides astable operation
and slowly flashes the LED through
the 1N914 diode as long as Pin 4’s re-
set input is greater than approximate-
ly 600 mV. If the ambient light is too
low, the LED cannot generate enough
voltage at Pin 4, and the 7555 output
remains near 0V, preventing the LED
from turning on. The LED operates as
a light emitter when Pin 3’s output is
high and as a sensor when Pin 3’s out-
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the upper limit of the output current
to several amperes, which allow you to
test low-voltage power supplies with
high output current.

Capacitors C3 and C4 and resistors
R3 and R4 ensure loop stability, yield-
ing a circuit with a rise time of 1.4
�sec for an input step voltage of 0 to
5V. So, you can test power supplies in
either static conditions, applying a dc
input voltage, or dynamic conditions,
applying, for example, a pulsed input
voltage to simulate fast load transients.

Also, you can test power supplies or
voltage sources as low as 1V because
of the low channel resistance of Q1
and the RSENSE resistor; the lower lim-
it is 1.5A(RSENSE�RDS(ON) )�735 mV,
where RDS(ON) is the on-resistance.

You can also test multiple regulat-
ed outputs of power supplies such as a
�5 or a �12V supply voltage. In this
case, you must connect the ground of
the power supply to the output of the
current sink—that is, the drain ter-
minal—and the negative output with

the ground of the circuit. For accuracy,
when you perform dynamic tests, such
as load regulation, recovery time, and
transient response, you must take care
when connecting the power supply un-
der test with the circuit to reduce the
turn’s area. The pulsed load current
produces radiated emissions, which are
proportional to this area, to the value
of the current, and to the square of the
current frequency, and they may dis-
turb the circuit itself and the measur-
ing equipment.EDN

Red LEDs function as light sensors
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Figure 1 This circuit functions as a night-light. The LED
stays off during daylight and turns on when the ambi-
ent light level drops.

Figure 2 The LED in this circuit flashes slowly when the
ambient-light level is high and turns off when the light
level drops.
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White-noise generators gener-
ate a flat graph of output-power

density versus frequency. These gen-
erators are useful for testing circuits
that have an extended low-frequency
or dc response. However, the presence
of pink, or flicker, noise complicates
the design of white-noise generators
for frequency ranges that extend to a
few hertz or below. A semiconductor
device generates noise that always has
the characteristic signature of pink
noise: Its output-power-density ampli-
tude increases as frequency decreases,
with a corner frequency of 10s of hertz
to a few kilohertz. A high-value resis-
tor generates noise with its own flick-
er-noise component, whose value and
characteristics vary with the resistor’s
technology. If, on the other hand, the
resistor has a low value and the de-

vice uses low-noise technology, then
the noise is almost completely white
with power density that is constant
with frequency. Unfortunately, a low-
value resistor also yields a low value
of noise-power-density amplitude, and
any device you introduce to amplify
that level adds pink noise of its own.

You can find amplifiers whose input-
voltage noise includes no pink-noise
component, but their input-current
noise has a flicker-noise component,
which appears at the amplifier output if
the resistance that any amplifier input

encounters has a significant value.
In the noise-generator circuit of Fig-

ure 1, IC1, a MAX4238 amplifier from
Maxim (www.maxim-ic.com) has no
flicker-noise component in its input-
voltage noise. It amplifies its own in-
put-voltage noise with a feedback net-
work comprising low-value resistors to
avoid adding noticeable flicker-com-
ponent noise from either the resistors
or the amplifier’s input-noise current.

A plot of the circuit’s output volt-
age as a function of frequency is al-
most flat from 0.01 Hz to 3 kHz (Fig-
ure 2). The voltage-density amplitude
is 4 to 5 �V/�Hz. The noise-density
amplitude also depends on tempera-
ture, so you should keep the circuit at
constant temperature while making
measurements.EDN
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put is low.
These circuits require no current-

limiting resistor. The timer IC must
be a CMOS type because, to operate
correctly, the circuit design requires
low input currents. The prototypes use
Intersil’s (www.intersil.com) ICM7555
devices.EDN
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Figure 2 The circuit’s output voltage as a function of frequency is almost flat
from 0.01 Hz to 3 kHz.
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Figure 1 Built with an amplifier
whose input voltage noise has no
flicker-noise component, this white-
noise generator produces an output
with no flicker-noise component.
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