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Abstract:

Hiccup phenomenon in LED driver occurs when some LEDs fail in a string. This causes the current to increase too
much and the driver detects an overcurrent fault. As a result, the output is interrupted and restarts after one to two
seconds. So the current increases again and this action is repeated until the end of the working day. This driver only
hiccups once every two seconds. In addition to causing inconvenience for the people around, this phenomenon
increases the possibility of damage to the driver. In this article, a circuit is proposed that detects the phenomenon of
hiccup and permanently disables the driver after hiccup a few times. Due to the need to be small and economical, the
proposed circuit is designed without a current sensor and a microcontroller. The working principle here is based on
detecting the fault of the LED string by the op-amp and transmitting the error signal to the counter, which interrupts the
circuit in less than 10 hiccups. The purpose of using the counter is to avoid untimely operation of the system in transient
situations such as start-up time or electrical fluctuations. Such a scheme can be easily extended to circuits containing
several parallel LED strings.
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1. Motivation of the work

LED-based street lighting systems are one of the
solutions for optimizing power consumption in the power
grid and are developing day by day. These lights have
much lower power consumption, higher power quality
and power factor, and longer useful life than older
models. All these indicators are guaranteed with the help
of a powerful and complex driver, on which the
performance of the light is completely dependent. One of
the common problems in LED drivers is the burning of
some LEDs in the light, which causes the driver
protection to be activated and the light to start blinking.
This phenomenon puts pressure on the driver circuit and
damages it. This article presents a method for detecting
this fault and disabling the driver when this error occurs
to prevent damage to the driver. In the proposed circuit,
first the occurrence of an overcurrent error and hiccup is
detected, and then a counter issues a command to
permanently stop the driver after a certain number of
hiccup. In this way, the LED light is turned off until the
end of the working day and the beginning of the next
working day.

2. Contributions

In this paper, an LED driver system is presented that
includes a flyback converter as the main converter and
can include two or more separate and parallel LED
strings. A series MOSFET is used to control the current
of the LED strings, and the current feedback is done by a
series resistor. Then, an overcurrent detection circuit is
included that detects the fault through an op amp with a
reference voltage and disconnects the MOSFET. If one or
more LEDs in a series string are burned out and become
short-circuited, a permanent overcurrent fault is created
in the circuit and causes the circuit to be repeatedly
disconnected and reconnected and the hiccup
phenomenon to occur. To prevent such a problem, an
error counter circuit is included that permanently
disconnects the MOSFET after a maximum of 9 hiccups.
In this design, the current of each LED string is
controlled separately. This system for detecting and
disconnecting LED street lighting lights in the hiccup
state is actually an upgrade of the active linear type
method. The results of this design implementation
showed that the proposed circuit well detects the
occurrence of an error in an LED string and, without
interrupting the driver output voltage, permanently
disconnects the damaged string after a few hiccups. In
this way, the healthy LED string in a lamp can continue
to work.

3. Procedures

The proposed system for detecting and disconnecting
LED street lights in hiccup mode is shown in Figure 1.
This system actively controls the LED currents in each
channel independently using a linear regulator. This
method can be improved to determine the type of error
and also control the current of each LED string
independently. The most common error is the burning of

an LED in one of the strings. The system for detecting
and disconnecting LED street lights in hiccup mode
consists of the following parts:

- Error detection circuit

- Error signal holding module based on a flip-flop chip
and a timer-resistor based on a chip (NE555)

- Error counter module

- Permanent disconnect module based on a flip-flop
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The error detection circuit consists of a MOSFET and a
resistor in series with the LED string and an op-mp. The
voltage of the series resistor in the LED string is
compared with a reference voltage value by the op amp.
As the current of the LED string increases, the resistor
voltage value increases. So by comparing the voltage
across the resistor with the reference voltage of the op
amp, the error signal is detected by the op amp.

4. Findings

When an error occurs, the short circuit of one or more
LEDs increases the resistance of the others and, due to
the nonlinear voltage-current relationship of the diode,
leads to a sudden increase in the string current. The more
LEDs burn in a string, the higher the current and, as a
result, [OUT (0.5A/div) increases. When the error occurs,
the output voltage drops from 8 volts to zero. The output
voltage of the first flip-flop. When the first error occurs,
the voltage VQI(v) changes from one to zero. The
NES555 IC produces a low-frequency pulse with a pulse
width of 50% at the output, the value of which varies
between zero and 5 volts and is applied to the clock of
the flip-flop IC. The output voltage pulse is the 74LS90
counter. This counter counts up to 9 and its voltage varies
between zero and 5. When the state 2 (1001) appears in
the output voltage of the counter, it means that 9 times of
error counting has been done and with the ninth time the
value of Vshut down (v) becomes zero. This output is
applied to a flip-flop and is maintained in the zero state
by it, thus preventing the MOSFET in series with the
LED string from turning on again. This state remains
until the user presses the pulse clock key of the second
flip-flop or the power of the entire set is cut off at the end
of the working day and the circuit is restarted. In general,
this proposed system for detecting and disconnecting the
LED street lighting light in the hiccup mode detects the
burning of even one LED in the string and turns off after
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9 hiccup times, until the user fixes the problem and then
starts working again.

5. Conclusion

In this paper, a method for detecting the occurrence of
hiccup phenomenon in the LED street light driver was
presented. To distinguish between transient states and the
blinking phenomenon due to burning of the LED, a
counter is built into the proposed circuit to permanently
turn off the driver after repeating a certain number of
times of turning it off and on. At the end of the working
day, when the street lighting system is turned off, the
proposed circuit is released from the latch state and
resets, and with the start of the next working hour, it
starts to hiccup again and after a few hiccup times, it
turns off again. This process is repeated every night until
the burnt LEDs are repaired, diagnosed, and replaced.
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