> CURRENT REGULATI ON AND RELI ABI LI TY OF LED ARRAYS
This invention relates to a new neans for inproving
the reliability and 5 efficiency of a Light Emtting
Di ode (LED) array signal, and a nethod of sane.
Signals are widely used for the control of vehicul ar
and pedestrian traffic. In ;these applications, it is
desirable for the signal to have a high I evel of 10
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on-goi ng safety of the traffic that is being
controlled and to m nim se nmai nt enance costs. The
efficiency of the signal is also a consideration, as
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25 esgyenti onal incandescent or quartz hal ogen
applications, failure of the single |ight bulb causes

the whole signal to fail.
15 Signals that incorporate LED arrays are becoming more widespread, as they

provide a number of advantages over conventlonai incandescent or quartz

halogen lamp designs:

» LEDs have a significantly longer operational life time than either
incandescent or quartz halogen lamps. This means the LED array based

20 signalling lamp will last longer and require less frequent replacement,
reducing maintenance costs.

¢ LED amray lighting provides redundancy in the event that a single LED
falls, improving reliability. The single LED represents only a fraction of
the total light output, so overall the signal remains functional. For

25 conventional incandescent or quartz halogen applications, fajlure of the
single light bulb causes the whole signal to fail.

* LED array lighting is much more energy efficient than either incandescent
or quartz halogen equivalents, providing beneficial savings in operating
costs and reducing energy wastage.

30
A typical LED array signal might consist of a quantity of paraltel “strings” of
LEDs. Each string consists of a number of LEDs connected in series



LED array lighting is much nore energy efficient than

ei ther Incandescent or quartz hal ogen equival ents,

provi di ng beneficial savings in operating costs and

reduci ng energy wastage. 30 A typical LED array signal

m ght consist of a quantity of parallel "strings" of

LEDs. Each string consists a nunber of LEDs

conntectrf% in series 2 together with an i npedance,
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design of existing I.LED based signals involves a frade-off between efficiency

{using a Jarge number of LEDs per string) and reliability (using a small
number of LEDs per string)
20 -
An additional problem exists for the case where one LED in the string fails to
a short circuit. Here, the decrease in overall impedance of the string due to
the LED failure may cause a significant inctease in the current through the
remaining LEDs, such that the operating current may be outside the range for
25 reliable long-life.

An LED array that provides a means of ensuring cantiniued operation in the
event of a single LED failure, and that enables an increased number of LEDs
to be connected in series in a string would offer significant improvements in

30 operational life-time and efficiency over the prior art. This is the objective of
the present invention.



nunber of LEDs per string) 20 An additional problem
exists for the case where one LED in the string fails
to a short circuit. Here, the decrease in overall

i npedance of the string due to the LED failure may
cause a significant increase in the current through

the remaining LEDs, such that the operating current

may be outsi'de the range for 25 reliable long-life.

An” PEEPTdigaly arist pireel @8 sha prsent inventemsiterengs provided an
contickiRd K ted Byt ; f i pgl -
failure, ,a%g&f“ﬁ;?‘ogﬁgg?i%edaw ﬁ@%eﬁs‘é%[)%’u e%légF I%?E[%rcuut
t o BYMRGHME @ TiicE sorbinalian phatdeast tvhgEWsuaialbdrnhative current

Si gphthiif PBEAILNREPYIBINE, b Qu@@nﬂﬂﬁfi@d@%& a lc%ﬁr@ﬁtt felBlating
gnd ef.fici ency, over the prior art. This is the

bj SRYIFT& BTNt $rRnSElsNice: PRy ARMtEH CIrait thatdalregiigned fam
firgle aapattsedbingh@vriceenBtproRYENLARR thheECclrfont regulating
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pl ufaff%y of LEDs, the electrical circuit conprising:
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significant contribution to the overall circuit

i npedance. This feature has the advantage that
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voltage clamping device. This feature has the advantage that, in the event of
open circuit failure of the LED, cumrent will flow via the alternative parallel

path and the overall circuit will remain functional.

20 The current sensing device provides a means of monitoring the
instantaneous current in the circuit. Output from the current sensing device
provides input to the control circuit, the output of which provides input to the
cutrent regulating device. This feature has the advantage that in the event
that there is a short clreuit failure of any LED, the current sensing device will

25 detect the instantaneous change in current and then operate the current

regulating device to control the current to within operating limits,

More than two LEDs may be connected in series. The number of LEDs
connected in series may be significantly more than two. This feature has thé

30 .advantage that the total curmrent required to energise the signal can be
reduced, impraving the efficiency.



intensity of the light output fromthe LEDs, is |ess
sensitive to variations in the input voltage of the
energi sing source. 15 The alternative current path in
paral l el with each LED may take the formof a voltage
cl anpi ng device. This feature has the advantage that,

in the event of open circust failure of the LED,
current will flowvia the alternative parallel path
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circuit {8) takes input from the current sensing device (7) and provides a

conirol signal (9) as input to the current regulating device {6).

20 Under normal operating conditions, the forward voltage drop across the LED
(1) is less than the op»_erating voltage of zener diode (3) and so the maijority of
‘current flows from anade to cathode of the LED (1). A similar situation exists
with LED (2) and zener diode (4).

25 Inthe event that the LED (1) should fail to an open circuit, the voitage across
the zener diode (3) increases rapidly and approaches, within the limit, the
level of the energising source. At the point where the voitage reaches the
clamping level of the zener diode (3), it cutrent will begin to conduct and
current will fiow from cathode to anode, bypassing the failed LED (1). In this

30 way, the continuity of the overall circuit is restored and the LED (2) will
continue to receive current and thus continue to provide light output.



to the acconpanying drawing, in which: FIGRE 1 shows
an enbodi nent of the present invention. 10 Figure 1
shows two LEDs (1, 2) connected in series. In paralle
with each LED is a zener diode (3, 4). The cl anping
vol tage of the zener diodes (3,4) is chosen to be

greater than the forward vol%age drop of the LEDs (1,

2).gt ??‘éébes with the two LEDs (1, 2) is a current
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- The speed of operation of this control loop is sufficient so as to be able to
detect the instantaneous short circuit fallure of either LED (1, 2) whilst at the

20  same time adapting the current flow if there is an open circuit failure of either
LED {1,2).

Whilst in the drawing, there has been described an array of two LEDs, itis to

be understood that the circuit will provide satisfactory control for very much

25  larger arrays and, generally is adapted to cope with the failure of more than

one LED, either by open dircuit or short circuit, to permit the other LEDs in

-the array to continue to operate under conditions which will maintain the
operating conditions to maximise their life.

30  Whilst there has been described herein one patticular circuit arrangement
which will provide the required control of the current flow on failure of one or
more LEDs, it is to be understood that variations may be made in this whilst



If LED (2) should fall to an open circuit, zener diode
(4) would act in the sanme way as described for zener
di ode (3) in the exanpl e above, LED (2) would

continue to receive current and thus continue too
provide light output. 5 Current limting resistor (5)
connects to the cathode of IBED (2). It acts to limt
the total cyrrent through the circuit to within the
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i nstantaneous current in the circuit. it provides as
output an input to the control circuit (8). The
control circuit (8) conpares this signal to an
internal reference representing the acceptable
average current through the circuit and provides
control signal (9) to operate the current regul ation
device (8). In this way, the control circuit (9) is
able to pulse width nodul ate the current 15 regul ation
device (8) fromthe off state to the on-state and then
back to the off-state so as to control the average
current through the circuit. The speed of operation of
this control loop is sufficient so as to be able to
detect the instantaneous short circuit failure of
either LED (1, 2) whilst at the 20 sane time adapting
the current flowif there is an open circuit failure
of either LED (1,2). Wiilst in the drawi ng, there has
been described an array of two LEDs, it is to be
understood that the circuit will provide satisfactory
control for very nmuch 25 larger arrays and, generally
is adapted to cope with the failure of nore than one
LED, either by open circuit or short circuit, to
permt the other LEDs in the array to continue to
operate under conditions which will maintain the



operating conditions to maximse their life. 30 Wil st
there has been described herein one particular circuit
arrangenent which will provide the required contro

of the current flow on failure of one or nore LEDs,

it is to be understood that variations may be made in
this whilst 6 providing thg essential aspects of the
invention, an alternative circuit if one or nore LEDs
falls open circuit, and current limting neans if one

thro beco open circuit. 7
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3. An electric circuit as claimed in claim 2 wherein the voltage clamping
device is a zener diode connecied in parallel with each LED.

20 4, An electric circuit as claimed in any preceding claim wherein the

current regulating device is an impedance.

5. An electric circuit as claimed in claim 4 wherein the current reguiating
device is a resistance.
25
6. An electric circuit as claimed in any preceding device wherein the
current limiting device is a pulse width modulating device whereby the
average current passing through the circuit can be controlled.
30

7. An electric circuit as claimed in claim 6 wherein the current sensing
device provides an input to the contral circuit which, in tumn, provides



device is a zener diode connected in parallel with
each LED. 20 4. An electric circuit as clained in any
precedi ng claimwherein the current regulating device
is an i npedance. 5. An electric circuit as clained in
claim4 wherein the current regulating device is a
resistance. 25 6. An electrigc circuit as clainmed in
any preceding device wherein the current limting
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