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(57) ABSTRACT

One example described herein includes a light-emitting
diode (LED) driver system. The system includes an error
amplifier configured to compare an input voltage with a
reference voltage to generate a control voltage. The system 
further includes an amplifier output stage configured to
control an output current through a first current path and a
shunt current through a second current path based on the
control voltage. The amplifier output stage comprises a
slew-rate controller configured to control a slew-rate of the
shunt current. The shunt current can be provided through a
shunt resistor in the second current path and added to the
output current to provide a total current through an LED
string.

20 Claims, 3 Drawing Sheets 

206 
.,..I 

_____ .,t _________ 
7 

I RREF AMPLIFIER 
I OUTPUT STAGE

I
I
I
I
I
I
I
I

I
VREF VCTRL SLEW-RATE 

:
1o----� CONTROLLER

I 202 \ 
I I 212 
I vl� --�---

! I 208 _., ISHNT 
204

L __________________________ _ 

C: 

RSHNT

1ror I 

! I
+ 1our 1

_ _ _J

210

( 
�-

� 

� 

-= 

EXHIBIT 1001



U.S. Patent May 16, 2023 Sheet 1 of 3 US 11,653,432 Bl 

200 

i 

206 

r--------- -------
�./ 

_____ ..i, _________ 
7 

1 
I RREF AMPLIFIER V G_SHNTI OUTPUT STAGE 

: VREF VCTRL SLEW-RATE 
1 CONTROLLER 
I 202 \ 
I l 212 
I ' 1� ------ I 
I 208 ( 1SHNT ♦ 

204 L __________________________ _ 

106../ 

FIG. 2 

100 
\ 

LED DRIVER 

ERROR AMPLIFIER 

7 104 
102 

AMPLIFIER OUTPUT STAGE 

SLEW-RA TE CONTROLLER 

112 

110 

POWER TRANSISTORS 

1ouT 
1
SHNT 

SHUNT 
1TOT 

RESISTOR 

LED STRING FIG·. 1 

";' 

108 

I 
I 
I 
I 
I 
I 
I 
I 

! 1our:
__ J 



U.S. Patent 

302 
� 

0.16 

0.14 

0.12 --

$ 0.10 
z

� 0.08 
0:::: 

a o.os

0.04 --

0.02 

0.00 
0 4 

304 

� 

8.0 --

7.0 

6.0 

[ 5.0
0:::: 4.0 

3.0 --CL 

2.0 

1.0 

0.0 
0 4 

May 16, 2023 Sheet 2 of 3 

FIG. 3 

306_/ 
/ ... 

_ _, 

/ .. 
.. 

/ 
/ ... 

... 
/ 

/ 
..... 

/ " 
" 
.. / 

/ 
.. 
... 

/ 
/ 

/ 

/ 
... 

/ 
/ 

8 12 
SUPPLY VOLTAGE VSPLY

... 

16 

8 12 16 
SUPPLY VOLTAGE VSPLY

... 

US 11,653,432 Bl 

300 

i 

20 24 

20 24 



U.S. Patent May 16, 2023 Sheet 3 of 3 

400 

US 11,653,432 Bl 

VG_OUT 

VG_SHNT 

RG_OUT ! 1crRL 1 RG_RES ! 1CTRL2 i 1oFFSET

.__ ________ __, 402 

FIG. 4 

500 

504 

� 
i 

P5 VG ___ SHNT 

502 

!12 !10FFSET
! 11

508 VCHG '---.... N2
CCHG

! FIG. 5 
506 



US 11,653,432 Bl 

1 
LIGHT-EMITTING DIODE (LED) DRIVER 

SYSTEM WITH SLEW-RATE CONTROL 

TECHNICAL FIELD 

This description relates generally to electronic circuits, 

and more particularly to an LED driver system with slew­

rate control. 

BACKGROUND 

2 
includes a slew-rate controller, the slew-rate controller com­

prising an output coupled to the input of the second power 

transistor. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

10 

FIG. 1 is an example block diagram of an LED driver 
system. 

FIG. 2 is an example of an LED driver circuit. 
FIG. 3 is an example diagram of graphs. 

Light-emitting diodes (LEDs) are implemented for a 

variety of illumination applications. For some illumination 

applications, LEDs are arranged in series as an LED string 
15 

to provide sufficient illumination intensity, such as on 

vehicle indicator lights (e.g., turn signals, brake-lights, 

reverse-indicators, etc. for an automobile). Driver circuits 

FIG. 4 is an example of an amplifier output stage circuit. 
FIG. 5 is an example of a slew-rate controller circuit. 

DETAILED DESCRIPTION 

This description relates generally to electronic circuits, 
and more particularly to an LED driver system with slew­
rate control. The LED driver system can be implemented in 
any of a variety of LED control systems to provide illumi­
nation, such as a vehicle. For example, multiple LED driver 
systems described herein can be implemented in an auto-

can regulate current that is delivered through the LED 

strings to activate the LED strings for illumination. As an 20
example, the driver circuit can regulate the current ampli­

tude based on an amplitude of a supply voltage, such as from mobile for controlling indicator lights. The LED driver 
system includes an error amplifier that is configured com­
pare an input voltage with a reference voltage, and to 

a battery of other dynamic voltage source. 

SUMMARY 

One example described herein includes a light-emitting 

diode (LED) driver system. The system includes an error 
amplifier configured to compare an input voltage with a 
reference voltage to generate a control voltage. The system 
further includes an amplifier output stage configured to 
control an output current through a first current path and a 
shunt current through a second current path based on the 
control voltage. The amplifier output stage comprises a 
slew-rate controller configured to control a slew-rate of the 
shunt current. The shunt current can be provided through a 
shunt resistor in the second current path and being added to 
the output current to provide a total current through an LED 
string. 

Another example described herein includes an LED sys­
tem. The system includes an error amplifier configured to 
compare an input voltage with a reference voltage to gen­
erate a control voltage. The system also includes an ampli-

25 provide a control voltage in response to the comparison. As 
an example, the input voltage can be provided based on a 
supply voltage, such as provided from a battery. The LED 
driver system also includes an LED string that is coupled to 
a first current path and includes a shunt resistor that is 

30 arranged in a second current path and which is coupled to the 
first current path. 

The LED driver system further includes an amplifier 
output stage that is configured to generate a transistor input 
voltage based on the control voltage. The transistor input 

35 voltage can be provided to control a power transistor that can 
conduct a portion of a total output current through the shunt 
resistor. As an example, the second current path can conduct 
a shunt current and the first current path can conduct an 
output current that is added to the shunt current to be 

40 provided through the LED string as a total current. The 
amplifier output stage can control the respective amplitudes 
of the output current and the shunt current based on the 
resistance of the shunt resistor and the control voltage 
provided by the error amplifier. As an example, the output fier output stage configured to control an output current 

through a first current path and a shunt current through a 
second current path based on the control voltage. The 
amplifier output stage comprises a slew-rate controller con­
figured to control a slew-rate of the shunt current. The 
system further includes a shunt resistor in the second current 
path and being configured to conduct the shunt current. The 50 
system further includes an LED string arranged at an output 

45 current and the shunt current can have an approximately 
constant amplitude sum, expressed as a total output current, 
such that a greater proportion of a total output current is 
provided through the shunt resistor as the input voltage 
increases relative to the reference current. 

As an example, the transistor input voltage includes a first 
transistor input voltage and a second transistor input voltage 
that are provided to a first power transistor that conducts the 
output current and a second power transistor that conducts 
the shunt current, respectively. The first and second transis-

of the first current path and the second current path and 
being configured to illuminate in response to a total current 
comprising a sum of the output current and the shunt current. 

Another example described herein includes an LED driver 
system. The system includes a first power transistor com­
prising an input and an output coupled to receive an LED 
string and a second power transistor comprising an input and 
an output coupled to receive an LED string and a shunt 
resistor. The system also includes an error amplifier com­
prising a first input to receive an input voltage, a second 
input to receive a reference voltage, and an output to provide 
a control voltage. The system further includes an amplifier 
output stage comprising an input coupled to the output of the 
error amplifier, a first output coupled to the input of the first 
power transistor, and a second output coupled to the input of 
the second power transistor. The amplifier output stage 

55 tor input voltages can be generated by the amplifier output 
stage based on the control voltage being provided to first and 
second control transistors that can conduct respective first 
and second control currents. However, the second power 
transistor can also be controlled by a slew-rate controller 

60 that is configured to control a slew-rate of the shunt current 
through the shunt resistor. As an example, the slew-rate 
controller can conduct an offset current in parallel with the 
second control current to generate the second transistor input 
voltage. The offset current can be controlled based on a 

65 charging capacitor, such that the slew-rate of the offset 
current can likewise control the slew-rate of the shunt 
current. Accordingly, by controlling the slew-rate of the 
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shunt current through the shunt resistor, transient effects and 
electromagnetic interference (EMI) can be mitigated in the 
LED driver system. 

FIG. 1 is an example block diagram of an LED driver 
system 100. The LED driver system 100 can be imple­
mented in any of a variety of LED control systems to 
provide illumination, such as a vehicle. For example, mul­
tiple LED driver systems 100, as described herein, can be 
implemented in an automobile for controlling indicator 
lights. 

The LED driver system 100 includes an error amplifier 
102, an amplifier output stage 104, an LED string 106, and 

4 

capacitor can be charged by a charging current to generate 
a charging voltage, such that the charging voltage can 
control an amplitude of a current at a slew-rate based on the 
capacitance of the charging capacitor. The offset current can 

5 be controlled based on a charging capacitor, such that the 
slew-rate of the offset current can likewise control the 
slew-rate of the shunt current IsHNr· Accordingly, by con­
trolling the slew-rate of the shunt current IsHNr through the 
shunt resistor, transient effects and electromagnetic interfer-

lO ence (EMI) can be mitigated in the LED driver system 100.

a shunt resistor 108. As an example, the error amplifier 102

and the amplifier output stage 104 can be fabricated in or as 
part of an integrated circuit (IC) chip. The error amplifier 15 
102 is configured to compare an input voltage with a 
reference voltage, and to provide a control voltage in 
response to the comparison. In the example of FIG. 1, the 
LED driver system 100 is demonstrated as receiving a 
supply voltage V sPLY, which can be a voltage provided from 20 
a battery. Thus, the input voltage can be based on the supply 
voltage V sPLY· The reference voltage can be an approxi­
mately constant voltage, such as generated from a constant 
current source. 

FIG. 2 is an example of an LED driver circuit 200. The 
LED driver circuit 200 can be the LED driver system 100 in 
the example of FIG. 1. Therefore, reference is to be made to 
the example of FIG. 1 in the following description of the 
example of FIG. 2.

The LED driver circuit 200 includes an error amplifier 
202 and an amplifier output stage 204. In the example of 
FIG. 2, the error amplifier 202 and the amplifier output stage 
204 can be fabricated in or as part of an integrated circuit 
(IC) chip, demonstrated at 206. In the example of FIG. 2, the 
error amplifier 202 is configured to compare an input voltage 
VIN with a reference voltage V REF' and to provide a control 
voltage V crRL in response to the comparison. In the example 

The amplifier output stage 104 can be configured to 
control an amplitude of an output current lour in a first 
current path and the amplitude of a shunt current IsHNT in a 
second current path that includes the shunt resistor 108. The 
amplifier output stage 104 can control the respective ampli­
tudes of the output current lour and the shunt current IsHNT 
based on the control voltage provided by the error amplifier. 
As an example, the output current lour and the shunt current 
IsHNr can have an approximately constant amplitude sum, 
expressed as a total output current Iror that is provided 
through the LED string 106, such that a greater proportion 
of a total output current Iror is provided through the shunt 
resistor as the input voltage increases relative to the refer­
ence voltage. Because the shunt resistor 108 can be arranged 
external to the IC chip that can accommodate the error 
amplifier 102 and the amplifier output stage 104, the LED 
driver system 100 can therefore provide thermal protection 
for the IC chip by diverting excess current resulting from 
higher amplitudes of the supply voltage V sPLY through the 
shunt resistor 108.

In the example of FIG. 1, the LED driver system 100

includes power transistors 110. As an example, amplifier 
output stage 104 can generate a first transistor input voltage 
and a second transistor input voltage that are provided to a 
first power transistor of the power transistors 110 that 
conducts the output current lour and a second power tran­
sistor of the power transistors 110 that conducts the shunt 
current IsHNn respectively. The first and second transistor 
input voltages can be generated by the amplifier output stage 
104 based on the control voltage being provided to first and 
second control transistors that can conduct respective first 
and second control currents. As an example, the first and 
second control currents generate the transistor input voltages 
of the respective first and second power transistors. In the 
example of FIG. 1, the amplifier output stage 104 also 
includes a slew-rate controller 112. The slew-rate controller 
112 is configured to control the slew-rate of the shunt current 
IsHNT through the shunt resistor 108.

As an example, the slew-rate controller 112 can generate 
an offset current in parallel with the second control current 
to generate the second transistor input voltage. As an 
example, the slew-rate controller 112 can include a charging 
capacitor and at least one current mirror. The charging 

25 of FIG. 2, the LED driver circuit 200 is demonstrated as 
receiving a supply voltage V sPLY, which can be a voltage 
provided from a battery. Thus, the input voltage VIN is 
generated based on the supply voltage V SPLY via an input 
resistor RN The reference voltage V REF is generated based 

30 on a current source 208 that conducts a reference current 
IREF through a reference resistor RREF that is coupled to the 
supply voltage V sPLY· Therefore, the reference voltage V REF 

can be an approximately constant voltage. 
The amplifier output stage 204 is demonstrated in the 

35 example of FIG. 2 as providing a first input voltage VG our 

to an input ( e.g., gate) of a first power transistor P 
1 

and a 
second input voltage VG sHNr to an input (e.g., gate) of a 
second power transistor P

2
. The power transistors P 

1 
and P 

2 

are arranged as P-channel metal-oxide field-effect transistors 
40 (P-FETs) having a source coupled to the input voltage VIN· 

The first power transistor P 
1 

is arranged in a first current path 
in which the output current lour flows from the input voltage 
VIN, with the first current path being coupled to an LED 
string 210. The second power transistor P

2 
is arranged in a 

45 second current path in which the shunt current IsHNT flows 
from the input voltage VIN, with the second current path 
including a shunt resistor RsHNr· The amplifier output stage 
204 therefore controls an amplitude of the output current 
lour in the first current path that includes the LED string 210

50 and the shunt current IsHNT in the second current path that 
includes the shunt resistor RsHNT based on the control 
voltage V crRL· 

In the example of FIG. 2, the output current lour and the 
shunt current IsHNr are combined to form a total output 

55 current Iror that is provided through the LED string 210. As 
an example, the total output current Iror can have an 
approximately constant amplitude sum of the output current 
lour and the shunt current IsHNn such that a greater pro­
portion of a total output current Iror is provided through the 

60 shunt resistor RsHNT as the input voltage VIN increases 
relative to the reference current V REP- Because the shunt 
resistor RsHNT can be arranged external to the IC chip that 
can accommodate the error amplifier 202 and the amplifier 
output stage 204, the LED driver circuit 200 can therefore 

65 provide thermal protection for the associated IC chip by 
diverting excess current resulting from higher amplitudes of 
the supply voltage V SPLY through the shunt resistor RsHNr· 
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FIG. 3 is an example diagram 300 of graphs. The diagram 

300 includes a first graph 302 that plots current as a function 

6 
As described herein, by controlling the slew-rate of the 

shunt current IsHNr through the shunt resistor RsHNn tran­
sient effects and EMI can be mitigated in the LED driver 
circuit 200. Particularly, with reference to the example of 

of the supply voltage V sPLY and a second graph 304 that 
plots power as a function of the supply voltage V sPLY· The 
current and power in the first and second graphs, respec­
tively, can result from the operation of the LED driver circuit 
200. Therefore, reference is to be made to the example of
FIG. 2 in the following description of the example of FIG.

5 FIG. 3, the total current Iror includes a small amplitude 
spike, demonstrated at 306, that is a transient increase 
resulting from the second power transistor P 

2 
changing from 

the cutoff mode to the linear mode. The slew-rate control of 
3. the second transistor input voltage VG sHNr can mitigate the 

10 transient current amplitude spike, thereby settling the ampli­
tude of the total current Iror · Furthermore, controlling the 
slew-rate of the second transistor input voltage VG sHNn 
and thus the amplitude of the shunt current IsHNn can reduce 
undesired EMI that can introduce noise in the LED driver 

The first graph 302 demonstrates three plots that are the 
total output current Iror through the LED string 210, the 
output current lour, and the shunt current IsHNT through the 
shunt resistor RsHNr · In the example of FIG. 3, the total 
output current Iror is demonstrated by a solid line, the 
output current lour is demonstrated by a dashed line, and the 15 

shunt current IsHNr is demonstrated by a dotted line. The 
first graph 302 demonstrates that the sum of the amplitude 
of the output current lour and the shunt current IsHNT is 
approximately equal to the amplitude of the total output 
current Iror · In the example of FIG. 3, the output current 20 

lour is approximately equal to the total output current Iror 

to a supply voltage V SP LY of approximately 7 volts, at which 
time the power transistor P 

2 
is activated ( e.g., with a gate­

source voltage V Gs that is greater than a threshold voltage) 
to begin conducting the shunt current IsHNr · Therefore, as 25 

the supply voltage V SPLY increases, the output current lour 

decreases linearly, while the shunt current IsHNT increases 
linearly in an inverse manner. 

The second graph 304 demonstrates three plots that are 
the total output power, as provided by the total output 30 

current Iror through the LED string 210, the output current 
lour, and the shunt current IsHNT through the shunt resistor 
RsHNn respectively. In the example of FIG. 3, the power 
consumption of the total output current Iroris demonstrated 
by a solid line, the power consumption of the output current 35 

lour is demonstrated by a dashed line, and the power 
consumption of the shunt current IsHNT is demonstrated by 
a dotted line. Similar to the first graph 302, the second graph 
304 demonstrates that the sum of the power of the output 
current lour and the shunt current IsHNT is approximately 40 

equal to the power of the total output current Iror · In the 
example of FIG. 3, the power dissipated in the IC 206

remains constant at amplitudes of the supply voltage V sPLY 
that are greater than or equal to approximately 17 volts. 
Additional power consumption greater than approximately 45 

17 volts is provided through the shunt resistor RsHNr · 
As a result of the operation of the amplifier output stage 

204, the LED driver circuit 200 can mitigate thermal dissi­
pation within the IC 206 resulting from excessive current 
flow that is based on higher amplitudes of the supply voltage 50 

V sPLY· As demonstrated in the example of FIG. 3, the LED 
driver circuit 200 can mitigate thermal dissipation in the IC 
206 by diverting larger portions of the total output current 
Iror as the shunt current IsHNT through the shunt resistor 
RsHNn and thereby dissipating heat in the shunt resistor 55 

RsHNn as the supply voltage V sPLY increases. 
Referring back to the example of FIG. 2, the amplifier 

output stage 204 includes a slew-rate controller 212. The 
slew-rate controller 212 is configured to control the slew­
rate of the shunt current IsHNT through the shunt resistor 60 

RsHNr · As an example, the slew-rate controller 212 can 
generate an offset current in parallel with the second control 
current to generate the second transistor input voltage 
VG sHNr · The offset current can have a predefined slew-rate 
that can result in a more gradual decrease of the second 65 

transistor input voltage VG sHNn which can result in a more 
gradual increase of the amplitude of the shunt current IsHNr · 

circuit 200 and/or other proximal circuits. 
FIG. 4 is an example of an amplifier output stage circuit 

400. The amplifier output stage circuit 400 can be the
amplifier output stage 204 in the example of FIG. 2. There-
fore, reference is to be made to the examples of FIGS. 2 and
3 in the following example of FIG. 4.

The amplifier output stage circuit 400 includes a first 
control transistor P 3 and a second control transistor P 4 that 
are each provided the control voltage V crRL to respective 
inputs (e.g., gates). In the example of FIG. 4, the control 
transistors P 3 and P 4 are arranged as P-FETs having a source 
coupled to the supply voltage V sPLY- In response to the 
control voltage V crRD the first control transistor P 

3 
is 

configured to conduct a first control current IcrRLI from the 
supply voltage V sPLY through a resistor RG our to generate 
the first transistor input voltage VG ou;. Similarly, in 
response to the control voltage V crRL: the second control 
transistor P 4 is configured to conduct a second control 
current IcrRL2 from the supply voltage V sPLY through a
resistor RG RES to generate the second transistor input volt­
age VG sH�r- As described above, the first and second 
transistor input voltages VG our and VG sHNr are provided 
to the inputs of the respective first and second power 
transistors P 1 and P 2 to control the output current lour and 
the shunt current IsHNn respectively. 

In the example of FIG. 4, the amplifier output stage circuit 
400 includes a slew-rate controller 402 that is demonstrated 
as a current source configured to conduct an offset current 
IoFFSET in parallel with the second control current IcrRL2. 
The offset current IoFFsEr can have a predefined slew-rate, 
such that the offset current IoFFsEr can decrease the second 
transistor input voltage VG sHNr at the slew-rate. As a result, 
the second power transistor P 

2 
can more gradually increase 

the amplitude of the shunt current IsHNT after transitioning 
from the cutoff mode to the linear mode. Accordingly, 
transient effects of the total output current Iror and unde­
sired EMI can be mitigated in the LED driver circuit 200, as 
described herein. 

FIG. 5 is an example of a slew-rate controller circuit 500.

The slew-rate controller circuit 500 can be the slew-rate 
controller 402 in the example of FIG. 4. Therefore, reference 
is to be made to the example of FIG. 4 in the following 
description of the example of FIG. 5.

The slew-rate controller circuit 500 includes a charging 
current source 502 that is configured to conduct a charging 
current IcHG from a high-voltage rail, demonstrated at 504.

As an example, the charging current IcHG ( e.g., less than 20 
µA, such as 10 µA) can be provided in response to the 
second control current IcTRL2' such as based on the second 
control current IcrRL2. The slew-rate controller circuit 500

also includes a charging capacitor CcHG that is arranged 
between the charging current source 502 and a low-voltage 
rail 506 (e.g., ground). The charging capacitor CcHG can 
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have a capacitance value that defines the slew-rate of the 
offset current IoFFsEn and thus the slew-rate of the second 
transistor input voltage VSHNT and the slew-rate of the 
shunt current IsHNT· 

8 
current sources) may instead include only the semiconductor 
elements within a single physical device (e.g., a semicon­
ductor wafer and/or integrated circuit (IC) package) and may 
be configured to couple to at least some of the passive 

In response to activation of the charging current source 
502, the charging current IcHG begins to charge the charging 
capacitor CcHG, which causes a charging voltage V CHG to 
increase at a rate that is based on the capacitance of the 
charging capacitor CcHG· The charging voltage V CHG can be 
provided on a charging terminal 508 that is coupled to an 
input (e.g., gate) of a transistor N1 , demonstrated as an 
N-channel FET (N-FET). Therefore, the charging voltage

5 elements and/or the sources to form the described structure, 
either at a time of manufacture or after a time of manufac­
ture, such as by an end user and/or a third party. 

Modifications are possible in the described embodiments, 
and other embodiments are possible, within the scope of the 

10 claims. 

V CHG can control the N-FET N1 to conduct a current 1 1 

through the N-FET N1 and through a P-FET Ps- The P-FET 
P5 is demonstrated in the example of FIG. 5 as diode- 15 

connected, such that the drain and gate of the P-FET P5 are 
coupled, and are likewise coupled to a gate of a P-FET P6. 
Therefore, the P-FET P 6 operates as a current-mirror with 
respect to the N-FET N1 and the P-FET P5 to conduct a 
current 12. The current 12 likewise flows through a diode- 20 

connected N-FET N2. The gate and drain of the N-FET N2 

is likewise coupled to a gate of an N-FET N3, such that the 
N-FET operates as a current-mirror with respect to the
N-FET N2 and the P-FET P6 to conduct the offset current
]OFFSET· 

Therefore, as the charging voltage V CHG gradually 
increases based on the capacitance of the charging capacitor 
CcHG, the currents 11 , 12, and IoFFSET gradually increase at

25 

the slew-rate defined by the capacitance of the charging 
capacitor CcHG· The offset current IoFFSET therefore 30 

decreases the amplitude of the second transistor input volt-

What is claimed is: 
1. A light-emitting diode (LED) driver system compris­

ing: 
an error amplifier configured to compare an input voltage 

with a reference voltage to generate a control voltage; 
and 

an amplifier output stage configured to control an output 
current through a first current path and a shunt current 
through a second current path based on the control 
voltage, the amplifier output stage comprising a slew-
rate controller configured to control a slew-rate of the 
shunt current, the shunt current provided through a 
shunt resistor in the second current path and added to 
the output current to provide a total current through an 
LED string. 

2. The system of claim 1, further comprising:
a first power transistor configured to conduct the output

current in the first current path based on a first transistor 
input voltage; and 

a second power transistor configured to conduct the shunt 
current in the second current path based on a second 
transistor input voltage. 

age VG sHNT across the resistor RG RES- As a result, the
channef of the second power transistor P 2 gradually 
increases to likewise gradually increase the shunt current 
IsHNT at the slew-rate defined by the capacitance of the
charging capacitor CcHG· Accordingly, the slew-rate control 
of the shunt current IsHNT through the shunt resistor RsHNT 
can mitigate EMI and transient effects in the LED driver 
circuit 200.

3. The system of claim 2, wherein the amplifier output
35 stage comprises: 

a first control transistor configured to conduct a first 
control current based on the control voltage to generate 
the first transistor input voltage; and 

a second control transistor configured to conduct a second 
control current based on the control voltage to generate 
the second transistor input voltage. 

In this description, the term "couple" may cover connec- 40 

tions, communications, or signal paths that enable a func­
tional relationship consistent with this description. For 
example, if device A generates a signal to control device B 

4. The system of claim 3, wherein the slew-rate controller
is configured to conduct an offset current in parallel with the 
second control current to generate the second transistor input 

45 voltage, the offset current increasing at the slew-rate. 
to perform an action, then: (a) in a first example, device A 
is directly coupled to device B; or (b) in a second example, 
device A is indirectly coupled to device B through interven­
ing component C if intervening component C does not 
substantially alter the functional relationship between device 
A and device B, so device B is controlled by device A via the 
control signal generated by device A. 50 

Also, in this description, a device that is "configured to" 
perform a task or function may be configured ( e.g., pro­
grammed and/or hardwired) at a time of manufacturing by a 
manufacturer to perform the function and/or may be con­
figurable ( or reconfigurable) by a user after manufacturing to 55 

perform the function and/or other additional or alternative 
functions. The configuring may be through firmware and/or 
software programming of the device, through a construction 
and/or layout of hardware components and interconnections 
of the device, or a combination thereof. Furthermore, a 60 

circuit or device described herein as including certain com­
ponents may instead be configured to couple to those 
components to form the described circuitry or device. For 
example, a structure described as including one or more 
semiconductor elements (such as transistors), one or more 65 

passive elements (such as resistors, capacitors, and/or induc­
tors), and/or one or more sources (such as voltage and/or 

5. The system of claim 4, wherein the slew-rate controller
comprises: 

a charging current generator configured to generate a 
charging current; 

a charging capacitor that is charged by a charging current 
to generate a charging voltage; 

a current mirror configured to conduct the offset current 
based on the charging voltage. 

6. The system of claim 1, wherein the amplifier output
stage is configured to increase an amplitude of the shunt 
current and decrease an amplitude of the output current as 
the supply voltage increases. 

7. The system of claim 1, wherein the slew-rate controller
comprises a charging capacitor having a capacitance that 
defines the slew-rate of the shunt current. 

8. The system of claim 7, further comprising a power
transistor configured to conduct the shunt current in the 
second current path based on a transistor input voltage, 
wherein the charging capacitor is configured to generate a 
charging voltage to control an amplitude of an offset current 
via a current mirror, wherein the offset current is configured 
to control the transistor input voltage. 
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9. The system of claim 8, wherein the amplifier output

stage comprises a control transistor that is controlled by the 

control voltage, wherein the control transistor is coupled to 

an input of the power transistor to set an initial amplitude of 

the transistor input voltage, wherein the offset current is 5 

subtracted from the initial amplitude to control the power 

transistor based on the slew-rate. 

10. An integrated circuit (IC) chip comprising the LED

driver system of claim 1. 10 

11. A light-emitting diode (LED) system comprising:

10 
wherein the amplifier output stage comprises: 

a first control transistor configured to conduct a first 

control current based on the control voltage to generate 

the first transistor input voltage; and 

a second control transistor configured to conduct a second 

control current based on the control voltage to generate 

the second transistor input voltage, wherein the slew­

rate controller is configured to conduct an offset current 

in parallel with the second control current to generate 

the second transistor input voltage, the offset current 

increasing at the slew-rate. an error amplifier configured to compare an input voltage 

with a reference voltage to generate a control voltage; 

and 

16. A light-emitting diode (LED) driver system compris-

15 
ing:

an amplifier output stage configured to control an output 

current through a first current path and a shunt current 

through a second current path based on the control 

voltage, the amplifier output stage comprising a slew­

rate controller configured to control a slew-rate of the 20 

shunt current; 

a shunt resistor in the second current path to conduct the 

shunt current; and 

an LED string arranged at an output of the first current 25 
path and the second current path to illuminate in 

response to a total current comprising a sum of the 

output current and the shunt current. 

a first power transistor comprising an input and an output 

coupled to an LED string and a shunt resistor; 

a second power transistor comprising an input and an 

output coupled to the shunt resistor; 

an error amplifier comprising a first input to receive an 

input voltage, a second input to receive a reference 

voltage, and an output to provide a control voltage; and 

an amplifier output stage comprising an input coupled to 

the output of the error amplifier, a first output coupled 

to the input of the first power transistor, and a second 

output coupled to the input of the second power tran­

sistor, the amplifier output stage comprising a slew-rate 

controller, the slew-rate controller comprising an out­

put coupled to the input of the second power transistor. 

12. The system of claim 11, wherein the slew-rate con­

troller comprises a charging capacitor having a capacitance 30 

that defines the slew-rate of the shunt current. 17. The system of claim 16, wherein the amplifier output
stage is configured to control an amplitude of an output 
current through a first current path that includes the LED 

35 string and a shunt current through a second current path that 

13. The system of claim 12, further comprising a power

transistor configured to conduct the shunt current in the 

second current path based on a transistor input voltage, 

wherein the charging capacitor is configured to generate a 

charging voltage to control an amplitude of an offset current 

via a current mirror, wherein the offset current is configured 

to control the transistor input voltage. 

14. The system of claim 13, wherein the amplifier output 
40 

stage comprises a control transistor that is controlled by the 

control voltage, wherein the control transistor is coupled to 

an input of the power transistor to set an initial amplitude of 

the transistor input voltage, wherein the offset current is 45 
subtracted from the initial amplitude to control the power 

transistor based on the slew-rate. 

15. The system of claim 11, further comprising:

includes the shunt resistor based on the control voltage. 

18. The system of claim 17, wherein the slew-rate con­
troller comprises a charging capacitor having a capacitance 
that defines the slew-rate of the shunt current. 

19. The system of claim 18, further comprising a power
transistor configured to conduct the shunt current in the 
second current path based on a transistor input voltage, 
wherein the charging capacitor is configured to generate a 
charging voltage to control an amplitude of an offset current 
via a current mirror, wherein the offset current is configured 
to control the transistor input voltage. 

20. The system of claim 19, wherein the amplifier output
stage comprises a control transistor that is controlled by the 

a first power transistor configured to conduct the output 

current in the first current path based on a first transistor 

input voltage; and 

a second power transistor configured to conduct the shunt 

current in the second current path based on a second 

transistor input voltage; 

50 
control voltage, wherein the control transistor is coupled to 
an input of the power transistor to set an initial amplitude of 
the transistor input voltage, wherein the offset current is 
subtracted from the initial amplitude to control the power 
transistor based on the slew-rate. 

* * * * *


