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(57) Abrege/Abstract:
A vehicle lamp driver circuit (10 In Fig. 1) for a LED array (11) includes a first LED string (12) in series with a second LED string

(14). A LED driver (16) drives the first LED string and a second LED driver (18) drives the second LED string. In a STOP mode of
operation, the current to both LED strings Is controlled by the LED driver in series with the LED string. In a TAIL mode of operation,
the current is provided to only one LED string. When there Is reduced Iinput voltage, operation of the LED strings Is provided by
switching circuits (20, 22) that short-out one LED in each LED string. Another vehicle lamp driver circuit (50 In Fig. 2) includes a
first LED string (51) and a second LED string (52) In series with a control switch (56) having a feedback circuit (58) for maintaining
constant current regulation to control the sum of the current in each LED string and reduce switching noise.
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(57) Abstract: A vehicle lamp driver circuit (10 in Fig. 1) for a LED array (11) includes a first LED string (12) in series with a

& second LED string (14). A LED driver (16) drives the first LED string and a second LED driver (18) drives the second LED string.
& In a STOP mode of operation, the current to both LED strings is controlled by the LED driver in series with the LED string. In a

N TAIL mode of operation, the current is provided to only one LED string. When there is reduced input voltage, operation of the LED
strings is provided by switching circuits (20, 22) that short-out one LED in each LED string. Another vehicle lamp driver circuit (50
in Fig. 2) includes a first LED string (51) and a second LED string (52) in series with a control switch (56) having a feedback circuit

(58) for maintaining constant current regulation to control the sum

of the current in each LED string and reduce switching noise.
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DRIVER CIRCUIT FOR LED VEHICLE LAMP

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates génerally to light emitting
diodes (LEDs) used in light sources in automobiles and
other vehicles, and in particular to a driver circuit
that provides linear regulated current and reduced input

voltage operation.

DESCRIPTION OF RELATED ART

Advances in light emitting diodes (LEDs) have made
LEDs very attractive for use in vehicles because of their
long operation life, higher efficiency and low profile.
LED light output i1s proportional to the LED current, and
thérefore, a current source 1s the preferred method of
driving the LEDs. When LEDs are used in higher power

applications such as the rear combination lights (STOP/
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TURN/TAIL), lower efficiliency, cumbersome current

regulation, switching noise and cost have been problems

along with a desire to operate over a reduced input

voltage range.
5 Prior art patents include United States Patent No.

5,742,133 1ssued April 21, 1998 to Wilhelm Wilhelm et al

and assigned to Siemens Aktiengesellschaft of Munich,

Germany discloses a driver circuit for a LED comprising a

switch device connected to a LED controlled by an input

10 signal and having a current source. The switch device

short-circuits the LED after a transition to a first

switching state, and the switch device supplies the LED

from the current source after a transition to a second
switching state. However, this switching driver circuit

15 produces unwanted switching noise and does not have a

TAIL light capability.

United States Patent 6,362,578 issued March 26, 2002

to David F. Swanson et al and assigned to

STMicroelectronics, Inc. of Carrollton, Texas which

20 discloses a LED driver circuit having a PWM controller

L]

for setting a PWM duty cycle for LED arrays of light

emitting diodes (LEDs) to determine the brightness of the
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g

hard switching of the LEDs ON and OFF occurs

which causes switching noise to be generated and the switching

noise makes 1t difficult to meet automotive requirements

radiated and conducted emissions.

United States Patent No.

r“

INORA

6,586,890 1ssued July 1,

2003 to Young-Kee Min et al and assigned to Koninklijke Philips

FElectronics, N.V. of Eindhoven, NL discloses a LED driver

circuit for providing power to LEDs using pulse width

modulation (PWM).

operation. A

interference

LED arrays and provides a

K

(.

Current

MI). However,

to account for variation 1n the i1nput voltage to keep the

string of LED's supplied with enough voltage.

SUMMARY OF TH!

L*]

INVENTION

p——

full light and dim light modes ot

feedback 1s used to adjust power to

A
o

frequency 1s selected to limit electromagnetic

a power supply must be provided

According to one embodiment of the present 1nvention,

there 1s provided an L.

means for driving a

signal; and a second driving means for driving a second L.

D driver comprising: a

fi1rst L.

first driving

D string 1n response to a STOP

D
a
-

string in response to said STOP signal; a detecting means

tor

detecting a predetermined drop 1in an input voltage to said LED

driver and generating a bypass signal; a first switchlng means

o
—

connected across at least one LED 1n said first LED string, for

bypassing sald at least one LED in said first LED string 1n

response to sald bypass signal from said detecting means;

second switching means connected across at least one L

sald second L.

D string,

sald second L]

D string 1n response to saild bypass signal

a
<D 1n

for bypassing said at least one LED 1n

from

sald detecting means; whereln sailid detecting means comprises: a
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voltage reference means for generating a reference voltage; a

voltage divider for sampling the input voltage; and a comparing

means for comparing the sampled input voltage to said reference

voltage and generating said detecting means bypass signal when

said predetermined drop in said input voltage occurs; wherein

W e

said LED driver further comprises: means for shutting-off said

first driving means and said second driving means when said

STOP signal is in a non-active state and a TAIL signal 1s 1n an

active state; and means for providing a current source to sald

—

first LED string in response to said active TAIL signal.



10

15

CA 02536837 2012-04-24

77332-582
4

Some embodiments may provide a driver circuit for a high efficiency
LED Vehicle Lamp with low switching noise having TAIL and STOP modes of

operation.

Some embodiments may sense failure modes in the LED strings of the

LED Vehicle Lamp and shut down the driver circuit.

Some embodiments may sense low input voltage and reconfigure the

LED strings to maintain continued operation with legal light intensity.

Some embodiments may provide a LED driver circuit having a constant

current generator that controls the sum of the current in each string of the LED array.

Some embodiments may provide a LED driver circuit to provide low and

high power modes for Tail and Stop automotive requirements.

In some embodiments, the driver comprises means for shutting-off the
first driving means and the second driving means when the STOP signal is in a non-
active state and a TAIL signal is in an active state, and means for providing a current

source to the first LED string in response to the active TAIL signal.

In some embodiments, the first driving means comprises a first

transistor switch in series with a first current limiting resistor.

In some embodiments, the second driving means comprises a second

transistor switch in series with a second current limiting resistor.
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In some embodiments, the detecting means comprises means for
generating a voltage reference signal, and means for comparing a portion of the input
voltage to the voitage reference signal and generating the detecting means bypass

signal when the predetermined drop in the input voltage occurs.

A further aspect provides an LED driver comprising a first LED string
having an anode of a first LED connected to an input voltage (VIN) and a cathode of
a last LED connected to a first current sensing resistor, a second LED string having
an anode of a first LED connected to the input voltage and a cathode of a last LED
connected to a second current sensing resistor, a control switch connected to the first
current sensing resistor and the second current sensing resistor for providing
requlation of current passing through the first LED string and the second LED string
in response to a STOP signal and a TAIL signal provided to the LED driver, a
feedback circuit connected to the control switch for controlling the control switch and
the current passing through the first LED string and the second LED string in
accordance with the state of the STOP signal and the TAIL signal.

In some embodiments, the driver comprises means for generating a
pulse signal when the TAIL signal is active, the pulse signal being connected to the
feedback circuit causing the control switch to reduce an average current through the

first LED string and the second LED string for reduced light output.

In some embodiments, the control switch comprises a pass transistor in

series with a current sensor.
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In some embodiments, the feedback circuit is connected to the control

switch current sensor and regulates the current of the pass transistor to provide a

linear current through the first LED string and the second LED string when the STOP

signal is active and when the TAIL signal is active.

In some embodiments of the further aspect, the first LED string
comprises a first transistor switch circuit connected to an anode of a last LED in the
first LED string for bypassing the last LED in response to a first low input voltage
signal. In some embodiments, the second LED string comprises a second transistor
switch connected to an anode of a last LED in the second LED string for bypassing
the last LED in response to a second low input voltage signal. In some
embodiments, the driver comprises, means for generating a voltage reference signal,
and means for comparing the input voltage to the voltage reference signal and
generating the first low input voltage signal and the second low input voltage signal in
accordance with a predetermined drop in the input voltage signal. In some
embodiments, the driver comprises a means for monitoring a first voltage across the
first current sensing resistor, and when an open circuit is detected generating a first
failure signal, means for monitoring a second voltage across the current sensing
resistor, and when an open circuit is detected generating a second failure signal, and
the first failure signal and the second failure signal being connected to the feedback

circuit for turning off the control switch when either one of the first failure signal or

second failure signal occurs.
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BRIEF DESCRIPTION OF THE DRAWINGS

The appended claims particularly point out and distinctly claim the
subject matter of this invention. Examples of embodiments of the present invention
will now be described in conjunction with the accompanying drawings in which like

5 reference numerals refer to like parts, and in which:
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Figure 1 is a schematic diagram of a first embodiment of an LED

vehicle lamp driver circuit according to the present invention.

Figure 2 is a schematic diagram of a second embodiment of an LED

vehicle lamp driver circuit according to the present invention.



10

15

20

CA 02536837 2006-02-24

WO 2005/022596 PCT/US2004/027630

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

r—
—
—

Referring to Figure 1, a schematic diagram of a

first embodiment of a vehicle lamp driver circuit 10 is

shown for driving an array 11 of light emitting diodes

(LEDs) according to the present invention. The driver

circuit 10 provides current via first LED Driver 16 and

1)

Rl

second LED driver 18 to an array 11 of LEDs arranged in

3

two rows of four series connected LEDs, LED strings 12

and 14. The driver circuilt 10 receives two control

inputs, TAIL 40 (for tail lights) and STOP 42 (for stop

lights), and has four output connections 30, 32, 34, 36

for connecting to the first LED string 12 and second L.

[+
-

string 14. The Tail 40 input causes the driver circuit

10 to operate in a TAIL mode, and the STOP 42 input

causes the device circuit to operate in a STOP mode.

The first LED string 12 comprises four LEDs D7, D8,

DY, and D10 connected in series. The series connections

are from cathode to anode with the cathode of the last

L

U
»,

D10 connected to the common ground lead of a motor

vehicle and the driver circuit common ground 38. The

Lt

second LED string 14 comprises four LEDs D11, D12, D13,

and D14 connected in series. The series connections are
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from cathode to anode with the cathode of the last 1.

e
C

D14 connected to the common ground 38. The driver

circuit output 30 connects to the LED string 12 at the

]

anode of 1.

D D7, the driver circuit output 34 connects to

the anode of D10, and the cathode of LED D10 connects to

L]

the common ground 38. The driver circuit output 32

i)

=]

D D11.

connects to the LED string 14 at the anode of I.

The driver circuit output 36 connects to the anode of I.

[=1
-

D14, and the cathode of LED D14 connects to the common

]

ground 38. The L

Lt]

Ds D/-D14 may be embodied by model

LAG6/F, manufactured by OSRAM Opto Semiconductors.

The first L

L

D driver 16 comprises a transistor Q1,
biasing resistors R1 and R5, current limiting resistor R3

and diode D5 which is a reverse polarity protection

diode, and the LED driver output 30 drives the first I,

-
-

string 12. The LI

Ll

D driver 16 provides a fixed current

source to the first LED string 12, and the fixed current

source compensates for varilations in the input voltage

VIN to the LED string 12 and the voltage drop across each

L D/-D10.

=
-

The second LED driver 18 comprises a transistor Q2,

biasing resistors R2 and R6, current limiting resistor
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R4, and Diode D6, which is a reverse polarity protection

L*]
J

diode, and the LED driver output 32 drives the second LE]

string 14. The second LED driver 18 functions similarly

to the first LED driver 12 by providing a fixed current

source to the second LED string 14 which compensates for

variations in the voltage drop across each of LEDs D11l-

D14 and varilations in the input voltage, VIN.

Still referring to Figure 1 a voltage

reference/comparator circuit 26 is provided to monitor

the input voltage, VIN, and activate Switch 20 and Switch

22. Switch 20 is connected in parallel with the last L

L
C

D10 in the first LED string 12, and Switch 22 is

(]

connected 1in parallel with the last L

D D14 in LED string

Bl4. When Switch 20 and Switch 22 are activated by

signals from the voltage reference/comparator circuit 26,

they short-out or bypass the last LEDs D10 and D14

respectively in each LED string 12, 14, thereby

effectively reducing the minimum voltage required to

operate the first LED string 12 and the second LED string

14. This results in the driver circuit 10 being able to

malntain reliable operation of the LED string 12 and the
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second LED string 14 down to an input voltage VIN of six

(6) volts.

The voltage re:

comprises a voltage re:

‘erence and comparator Circult 26

"erence device U2 and a comparator

5 Ul which compares the input voltage VIN to the reference

voltage generated by the reference

The i1nput voltage VI

voltage device UZ.

N is sampled by voltage divider RS

and R9. This sampled voltage is compared to U2 reference

voltage (2.5V). R10 is to reduce differential input bias

10 current into the dj

F

‘erentlial comparator Ul. R11l provides

input voltage hysteresis when switching between modes.

F

R12 1s used to pull up the output of Ul to drive switch

20 (Q3) and switch 22

F

(Q4) wvia R13

and R14.

When the difference between the two input voltages

15 of the voltage reference device U2 reaches a

predetermined threshold o:

- 8.5 to 9.0 volts, the

differential comparator Ul generates a signal that turns

on transistor Q3 in Switch 20 and transistor Q4 in Switch

22, thereby shorting out LEDs D10 =

20 to maintain reliable operation of the remaining LED

devices D7-D9 and D11-D13.

nd D14, respectively,
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When the STOP 42 input occurs and the driver circuit

10 operates in the STOP mode, the current to the first

LED string 12 is controlled by the first LED driver 16

which is in series with first LED string 12, and the

5 current to the second LED string 14 is controlled by the

second LED driver 18 which is in series with the second

L

L*d

D string 14. The LED driver 16 and L

D driver 18

L]

)

operate in a balanced current mode to avoid the effects

P

of variations in the input voltage and Li

L]

D voltage drops.

10 The first LED driver 16 or the second L,

L]

D Driver 18 1is

turned off if the other LED string has a voltage of less

L4

than three (3) volts below an applied control voltage

across current limiting resistors R3 and R4.

This provides a fail safe feature that prevents

p—

15 operation of the first LED string 12 and the second L.

=
»

string 14, if one of the LED strings fails “open”.

Without this feature, an “open” LED string would result

in operation of the LED strings 12, 14 at a light

intensity below the legal requirements for rear signal

F

20 lights of a motor vehicle. 1In addition, this fail safe

feature in conjunction with the normal functions of a
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standard vehicle lighting control module can be used to

notify a vehicle driver that a brake light has failed.

When the TAIL 40 input occurs and the driver circuit

10 operates in the TAIL mode, current to only the first

5 LED string 12 is provided by series connected diode D2

and resistor R7. The value of resistor R7 is selected to

provide the correct ratio of light output between the

TAIL mode and the STOP mode. The advantage of this

arrangement 1s that it permits operation of the

10 individual LEDs D7-D10 in the first LED string 12 at a

current level that is well above the forward conduction

knee of the LED device, and this provides for less

variation in intensity between the individual LED devices

in the first 1.

L]

D string 12.

—

- the components

15 Table 1 lists the preferred values o:

iy
p—

used in the driver circuit 10 of Figure 1, and Table 2

lists the part number and manufacturer of the active

components. One skilled in the art recognizes that other

values and other active components may be used in Figure

20 1 depending on performance requirements.
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TABLE 1

VALUE

47 K

2.0

4.7 K

330

37.4 K

15 K

10 K

1 M

1 K

PCT/US2004/027630

(OHMS)
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TABLE 2
REFERENCE MODEL MANUFACTURER
D1-D6 1IN4004G-T Diodes, Inc.
D/-D14 LAGOTF Osram Semiconductor
5 Ql, 02 BCB807-16-7 Diodes, Inc.
03, 04 MMBT4403-7 Diodes, Inc.
Ul LM2903D Texas Instruments
U2 LMV431ACMbLX National Semiconductor
10 Referring now to FIG. 2, a schematic diagram of a

i

second embodiment o:

)
QJ

re—

shown for driving an

rray 51 o:

Q)

(LEDs)

according to the present invention.

iy

15 50 provides linear regulation of

a first LED string 52 and a second L

arranged 1in two rows of 4 series connected L.

vehicle lamp driver circuit 50 is

- light emitting diodes

DS

The driver circuit

current passing through

WD string 54.

The

driver circuit 50 receives two control input signals,

STOP 70 and TAIL 72, and has six output connections 74-79

B

20 LED string 54.

o0 to operate in a linear mode whereby the current

L

passing through the first L

for connecting to the first LED string 52 and the second

STOP 70 input causes the driver circuit

D string 52 and the second
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L.

L

D string 54 stays steady in a linear mode of operation.

The TAIL 72 input causes the driver circuit 50 to operate

in a pulsed mode whereby an average linear current passes

through the first LED string 52 and the second LED string

o4 resulting in the light output intensity of the LED

array 51 i1n the TAIL mode to be less than the light

output intensity in a STOP mode.

The first LED string 52 comprises four LEDs D3, D4,

D5 and D6 connected in series. The series connections

L
w,

are from cathode to anode with the anode of the last L

D6 connected to the driver circuit output 75 and the

cathode of the last LED D6 connected to driver circuit

output 76. The anode of the first LED D3 is connected to

driver circuit output 74. Similarly, the second LED

i

string 54 comprises four LEDs D7, D8, D9 and D10

connected in series. The series connections are made

from cathode to anode with the anode of the last LED D10

'

connected to driver circuit output 78 and the cathode o:

the last LED D10 connected to driver circuit output 709.

ga—.

The anode of the first LED D7 is connected to driver

circuit output 77 and driver circuit outputs 74 and 77

and connected together and to the DC input voltage, VIN.
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The first anode of D3 and D7 in each L]

L)

D string 52,

54 of the LED array 51 are connected together and are

powered by the STOP 70 input and the TAIL 72 input

through reverse polarity protection diodes D1 and D2.

5 Further, a fault mode current sensing resistor Rl is

connected in series with the cathode of LED D6 of the

first LED string 52 and the control switch 56. Likewise,

a fault mode, current sensing resistor R2 1s connected in

series with the cathode of LED D10 of the second L

L+

D

10 string 54 and the control switch 56. The LEDs D3-D10 may

be embodied by model LAG67F, manufactured by OSRAM

Sylvania of Danvers, MA.

I'he current passing through the first LED string 52

and the second LED string 54 is controlled by control

15 switch 56 and the control switch feedback circuit 58.

The control switch 56 comprises a linear current

regulator pass transistor Q2 in series with a current

sensing resilstor R16. The control switch 58 comprises a

differential comparator U3-8 which monitors the current

20 regulating sensing resistor R16 and provides a feedback

signal to the gate of metal oxide semiconductor field

p—

effect transistor (MOSFET) Q2 in the control switch 56.
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The control switch feedback circuit 58 also includes

transistor switch Q3 for pulsing the control switch

transistor Ql in the STOP mode of operation. The

constant current regulator provided by control switch 58

permits operation of the driver circuit 50 and LEDs D3-

D10 over an extended input voltage range. Operation is

possible at 19 volts for approximately one hour and at 24

volts for approximately two minutes.

A first fault switch 62 monitors the voltage across

current sensing resistor R1l, and a second fault switch 63

monitors the voltage across current sensing resistor R2.

When either

n

fault switch 62 or fault switch 63 detects

that there is an open circuit fault in either the first

L.

L+]

D string 52 or the second LED string 54, the current to

Nt

the LED string not having the open circuit fault is shut

down to prevent operation of the L.

L]

D array 51 that would

result in non-legal light output from the LED array 51.

The

Hh

fault switches 62 and 63 shut down the remaining

L+]

operating LED string by driving output P 80 low. This

signal enters control switch feedback circuit 58 turning

Q3 ON and pulling the gate voltage low on Q2, thereby

shutting-off all current in the L]

£+

D strings 52, 54.
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The driver circuit 50 comprises an oscillator

circulit 60 which generates a pulse signal P 80 for the

TAIL mode of operation when the TAIL 72 signal occurs.

The time that this signal is high versus the time it is

low determines the ratio of Stop mode current to Tail

—

mode current. The duty cycle of this signal is determined

by R5 and R3. The combination of R5, R3 and Cl determine

the repetition frequency typically set at 5kHz. The

pulse slgnal P is a digital type signal alternating
between a high level Vstop or Vtail minus 1.5 volts and a

low level less then one volt of amplitude. The P signal

80 1s connected to the control switch feedback circuit

58. The P signal pulses transistor Q3 which controls the

gate of QZ in the control switch 56 pulling the gate low

to shut off the current regulator, thereby reducing
average current through the LED array 51 and resulting
1n a reduced light output. The average light output is

proportional to the “ON” time of the oscillator circuit

00 and controls the ratio of light output between the
STOP and TAIL modes. When the STOP 70 signal occurs, the

Ql transistor in oscillator circuit 60 detects the STOP

70 signal through voltage divider R9, R10, and prevents
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the differential comparator U2-A from oscillating and

generating the P signal. The feedback control circuit 58

now regulates the current of the pass transistor 02 to

L]

provide a steady current through the LED array 51. A

5 comparator circuit U3-B monitors the current sensing

resistor R16 and provides a feedback signal to the gate

of the MOS-FET transistor Q2 in the control switch 56.

The driver circuit 50 includes a voltage reference

and comparator circuit 64, similar to the one in driver

p—

10 circuit 10 for monitoring the input voltage VIN and for

controlling a first transistor switch 66 and a second

transistor switch 68. The first transistor switch 66

essentially bypasses LED D6 and second transistor switch

68 essentially bypasses LED D10 resulting in the LED

15 array S5l having six operating LEDs instead of eight.

Switch 66 and switch 68 are activated by outputs Bl and

BZ respectively from the voltage reference and comparator

circult 64 when the input voltage VIN drops below 9

LA

volts. The LED array 51 with the six operating LEDs can

20 operate down to'an input voltage of 6 volts.

The voltage reference and comparator circuit 64

comprises a voltage reference device Ul and a comparator
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circult U2-B. The voltage reference device Ul creates a

2.5 volt reference for an input to comparator circuit U2-

B, and also provides a control voltage for the control

switch feedback circuit 58 via voltage divider R21 and

R23.

Table 3 lists the preferred values of the components

"

used in the driver circuit 50 of Figure 2, and Table 4

lists the part number and manufacturer of the active

components. One skililled in the art will recognize that

other values and other active components may be used in

Figure 2 depending on performance requirements.
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TABLE 3
Reference Value (OHMS)
R1, RZ 2.0
R3 150K
5 R4 19K
RS 13K
R6 3.3K
R7, R8 100K
RS 10K
10 R10 2K
R11, R12 10K
R13 330K
R15 | 1M
R16 0.68
15 R17 1M
R18 1K
R19, R20, R21 2K
R22 4.77K
R23, R24, R25 10K
20 R26 330K
R28 37.4K
R29 15K
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R30
R31
R32
R33, R34

R35

REFERENCE

D1, DZ

D3, D4, D5, D6
D/, D8, D9, D10

D11,
D14,

Ul

UZ

U3

D12, D13,
D15

This invention has been disclosed in terms of

CA 02536837 2006-02-24

24

IABLE 4

MODEL

IN4004G-T

LAGO'/F

1IN4001G-T

MMBT3904

IRFRO14

MMBT3906

MMBT4401-7

LMV431ACM5X

LMZ2903D

LM2903D

PCT/US2004/027630

1K

10K

1K

10

10K

MANUFACTURER

Diodes, Inc.

OSRAM Semi

Diodes, Inc.

Diode, Inc.

IR

Diode, Inc.

Diode, Inc.

National Semi

Texas Inst.

Texas Inst.

certain embodiments. It will be apparent that many

modi

fications cec

N be made to the disclosed apparatus
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without departing from the invention. Therefore, it is the intent of the appended
claims to cover all such variations and modifications as come within the scope of this

iInvention.
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CLAIMS:
1. An LED driver comprising:

a first driving means for driving a first LED string

in response to a STOP signal; and

a second driving means for driving a second LED

string in response to said STOP signal;

a detecting means for detecting a predetermined drop

in an input voltage to said LED driver and generating a bypass

signal;

a first switching means connected across at least one
LED in said first LED string, for bypassing said at least one
LED in said first LED string in response to said bypass signal

from said detecting means;

a second switching means connected across at least

one LED in said second LED string, for bypassing said at least

one LED in said second LED string in response to said bypass

signal from said detecting means;

wherein sald detecting means comprises:

a voltage reference means for generating a reference

voltage;

a voltage divider for sampling the input voltage; and

a comparing means for comparing the sampled 1nput

voltage to said reference voltage and generating salid detecting
means bypass signal when said predetermined drop in said 1nput

voltage occurs;
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wherein said LED driver further comprises:

— pp—_
prp.  g—

means for shutting-off said first driving means

and said second driving means when said STOP signal is in a

non-active state and a TAIL signal 1s 1n an active state; and

o means for providing a current source to said first

LED string in response to sald active TAIL signal.

2. The LED driver of claim 1, wherein said first driving

means comprises a first transistor switch in series with a

first current limiting resistor and a first diode.

ﬁ

10 3. The LED driver of claim 1 or claim 2, wherein said

second driving means comprises a second transistor switch 1n

series with a second current limiting resistor.

ﬁ gr—

4, The LED driver of any one of claims 1 to 3, wherein

the comparing means is configured to generate the bypass signa.

15 when the difference between the sampled input voltage and the

—

reference voltage of the voltage reference means reaches a

threshold voltage.

5. The LED driver of claim 4, whereilin the reference

voltage is 2.5 V and the threshold voltage 1s 8.5 to 9.0 V.

’ﬁ

20 6. The LED driver of any one of claims 1 to 5, wherein

the detecting means further comprises a first resistor for

"ferential 1nput bias current into the comparing

reducling di:

mearls.

F i

7. The LED driver of any one of claims 1 to 6, wherein

o

25 the detecting means further comprises a second resistor for




63312~

181

CA 02536837 2015-06-09

28

providing input voltage hysteresls when switching between

modes

3 .

the detecting means

pulling up the output of the comparing means

The LED driver of

5
first and second switching means via a
resistor.

9. The LED driver of
comprising a plurality of

10 the first L]

10. The LED driver of
the
con
11. The LED driver of

15 the filrst driving means or

configured to be turned off

o

fr

D string and the second L.

-
-

ptren
P b

any one of

p—

_—

any one ot

any one of claims 1 to 9,

claims 1 to 7, wherein

claims 1

LD string.

fourth and

"urther comprises a third resistor

to §,

figured to operate 1n a balanced current mode.

any one of claims 1 to 10,

1f the other 1.

voltage less than a predetermined voltage.

12.

D driver of

The 1.

claim 11,

the second driving means 1S

voltage is 3V below an applied control voltage across

20

second current limlited resistors.

F

INONS

for driving the

fi1fth

further

- output connections for connecting to

whereln

first driving means and the second driving means are

wherein

D string has a

whereln the predetermined

first and
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