
↘ You can use an LED as a photo-
electric sensor. A previous Design 

Idea shows that such a switch is highly 
power-efficient, consuming almost no 
power (Reference 1). You cannot, how-
ever, adjust that configuration to switch 
at the desired light intensity. You can 
adjust the circuit in this Design Idea to 
any threshold level of light intensity 
necessary to maintain the on state of the 
photoelectric switch while retaining 
almost the same power efficiency of the 
original circuit (Figure 1).

Illuminating the reverse-biased green 
LED with ambient light causes the small 
current that flows through the LED to 
form the base current of the BC549 
NPN transistor, which is amplified and 
passed on to the base of the BC177 PNP 
transistor. A magnified version of this 
current flows through the emitter of 
the BC177. The voltage drop across the 
emitter resistor depends on its value and 
the current flowing through it, which in 
turn determines the voltage drop across 
the CE terminals of the BC549. 

By adjusting the value of the series 
emitter resistor, you can set a voltage 
corresponding to logic zero of a CMOS 
gate for any desired intensity of light 
falling on the green LED. This intensity 
depends heavily on the response of the 
green LED and the current gains of the 
two transistors, so you select the resistor 
value by shorting out combinations of 
the series string of resistors and use the 
10-MΩ potentiometer as a fine adjust-
ment. Once you find a suitable value, 
you can remove the unused resistors 
from your circuit.

When the ambient-light intensity 
falls below this level, both the base 
current of the BC549 and the cur-
rent through the emitter series resis-
tors decrease. This decrease raises the 
input voltage at the CD4011 logic 
gate higher than the CMOS switching 
threshold. The typical gate sourcing 
current at a 3V output is approximately 
3 to 4 mA per gate; running three gates 
in parallel delivers approximately 10 
mA to the white LED. You can use 
inverting or noninverting gates for the 
same result. The circuit still retains its 
power efficiency because the required 

series-resistor values normally exceed 
10 MΩ. 

You can check a green LED’s suitabil-
ity for use as a photodiode by meas uring 
the voltage drop across the LED with a 
200-mV digital multimeter. If the LED 
is suitable as a photoelectric sensor, you 
will see a voltage of 0.3 to 1 mV across 
it, and this voltage changes with the 
intensity of light falling on the LED.EDN

REFERENCE
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Adjust power-efficient LED switch to any light intensity
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Figure 1 The photocurrent through the green LED amplifies to CMOS-logic levels to 
turn on the white LED when ambient light falls.
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↘ Over the last few years, several 
Design Ideas have described how 

to use just a few microcontroller I/O 
pins to drive many LEDs (references 1
through 7). The circuit in Figure 1 can 

drive 16 LEDs with just one pin and two 
shift registers. You can use the circuit to 
drive long-dot-bar or two seven-seg-
ment-digit displays. Adding multiplex-
ing to the same circuit enables it to 

drive eight seven-segment LED digits.
The microcontroller drives the shift 

registers’ clock inputs. That signal also 
passes through an RC filter and drives 
data inputs A and B. A 100-kΩ resis-
tor, R, and the A and B input pins’ 
capacitances form the RC filter (Figure 
2), producing time delay of approxi-
mately R×C×ln2=100 kΩ×(5 pF+5 pF)
×0.7=0.7 μsec.

Drive 16 LEDs with one I/O line
Zoran Mijanovic and Nedjeljko Lekic, 
University of Montenegro, Podgorica, Montenegro 
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To write a logic zero to the shift reg-
ister, the microcontroller holds a low 
level for approximately 2 μsec, which is 
longer than the time delay. It then sets 
the signal to a logic one, or high, level. 
To write a logic one, the microcontroller 
holds the high level for longer than the 
time delay. The MCU then makes nega-
tive pulses of approximately 0.25 μsec, or 
two CPU cycles, which is shorter than 
the time delay and which doesn’t change 
the logic level at the data inputs.

Figure 3 shows the clock signal in 
Channel 1 (yellow) and the data signal 
in Channel 2 (blue). The oscilloscope 
is a Tektronix (www.tektronix.com) 
DPO4034 with TPP0850 high-voltage 

probes. These probes have 40-MΩ
input resistance and only 1.5-pF input 
capacitance, minimizing distortion.

A rising edge on the clock signal 
clocks the shift registers. This edge 
corresponds to the data signal’s local 
minimum. Figure 3 also shows that the 
minimum data-signal voltages for logic 
zero and logic one are 1.3 and 3.1V, 
respectively. The shift register’s logical 
threshold is 2.5V. 

These voltages guarantee sufficient 
voltage margins. If your design requires 
higher margins, vary the signal timing 
and use a higher resistance for R in 
Figure 1. This circuit stores 16 bits in 
shift registers in approximately 35 μsec.

You can view a short video of the 
circuit in operation and download a 
code listing, in C, at the online ver-
sion of this Design Idea at www.edn.
com/4368093. The software turns on 
the LEDs one by one every 500 msec 
until all LEDs are on. It then turns off 
all the LEDs and repeats the cycle.EDN

REFERENCES
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Figure 1 A 16-LED dot-bar/bar-graph display uses two 8-bit serial-input/parallel-
output shift registers.
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Figure 2 An RC filter provides a 0.7-
μsec delay. 
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Figure 3 The waveform shows the circuit writing the pattern 1111111111000000 for 
the display. The upper, yellow trace is the clock signal, and the lower, blue trace is 
the data signal.



↘ LEDs need power when rectified 
ac-mains voltage drops during its 

cycle. The circuit in Figure 1 lets you 
use an inductorless, switching, offline 
power supply as an LED driver for emer-
gency-exit signs and neon-light replace-
ments. The design uses off-the-shelf 
components, offers efficient operation 
without an inductor in the dc side of the 
circuit, has no high-voltage capacitors, 

operates directly from either 120 or 
230V ac, has minimal power dissipa-
tion, and has adjustable output voltage. 

The circuit operates by controlling 
the conduction angle of MOSFET Q2. 
When the rectified ac voltage is below 
the high-voltage threshold, VTH, which 
D1 sets, the series pass transistor turns 
on. The series pass transistor turns off 
when the output storage capacitor, C2, 

charges up to the regulation point.
The circuit’s output voltage decays 

when Q2 is off and when the recti-
fied ac is below the output voltage 
(Figure 2). The load and the value of 

C2 determine the amount 
of decay. The switch con-
ducts only when it has 
low voltages across it, 
minimizing power dissipa-
tion. The output capaci-
tor charges on the rising 
edge of a sine wave, which 
achieves reasonable effi-
ciencies. Fusible resistor 
R1 provides catastrophic-
failure protection and 
limits input inrush when 
you first apply ac power. 
A 15V diode, D2, limits 
the voltage to the gate of 
Q2 and limits the voltage 
across transistor Q1.

The current interrup-
tion in the MOSFET causes ringing on 
the drain-to-source voltage of Q2, creat-
ing conducted EMI (electromagnetic 
interference). The 2.2-mH choke, L1, 
and capacitor C1 suppress EMI. This 
design maintains a fairly constant illu-
mination over a wide voltage variation 
in the input. If necessary, you can add 
a few more such strings to suit your 
requirements. 

Note that this circuit does not pro-
vide galvanic isolation. Touching any 
part of the circuit during operation can 
give you an electric shock.EDN

Offline supply drives LEDs
TA Babu, Chennai, India
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Figure 2 Switch Q2 turns on when the rectified ac input voltage drops below  
a threshold.
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Figure 1 The transistor and MOSFET provide current to keep the LEDs lit.
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The design does 
noT require an 
inducTor in The dc 
side of The circuiT.
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