
AN-1209 Constant Current RGB LED Driver
This application note describes how to create a constant current RGB LED driver using the
SLG46580V. By enabling and disabling the GreenPAK™’s internal power switches, the designer can
regulate the current flow through the individual LEDs of an RGB LED. This system is based on ACMP
feedback that measures the voltage across current limiting resistors for each of the LEDs. The
constant current levels can be adjusted through I2C for each LED.

Basic Idea and Circuit Layout

Figure 1 shows the circuit schematic for this design. The current regulation is achieved by
monitoring R1, R2, and R3 with analog comparators (ACMPs) to enable and disable the GreenPAK’s
internal power switches.

Figure 1. Constant Current RGB Driver Circuit Schematic

When enabled, these switches charge up the output capacitors which increases the voltage across
them. Assuming the forward voltage drop of the LEDs stays constant, increasing the output
capacitor voltage will increase the voltage across the resistor and, as a result, will increase the
current through the LED.

When disabled, the charge stored on the output capacitors will be used to source the current
through the LEDs. As current is drawn from the capacitors (C1, C2, and C3), their voltages will
begin to drop and the current through the LEDs will decrease. When the voltage across the current
limiting resistors falls bellows the acceptable threshold, the power switches are re-enabled.

The enabling and disabling of the power switches makes up the feedback loop of this regulatory
system. Since the power switch is periodically turning on and off, there will be a ripple voltage
present across the resistors as shown in Figure 2. The magnitude and frequency of this ripple
voltage depends on the strength of the input voltage source, the current drawn by the LED, the
capacitive load size, and the internal delays of the GreenPAK design.
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Figure 2. Constant Current Functional Waveform

By changing the ACMP’s IN- reference voltage, the constant current level can be changed. Table 1
shows the register values and respective current levels associated with each of the internal
reference voltages.

Register Value ACMP VREF (mV) IBLUE/GREEN (mA) IRED (mA)

0x00 50 1.3 2.3

0x01 100 2.6 4.5

0x02 150 3.8 6.8

0x03 200 5.1 9.1

0x04 250 6.4 11.4

0x05 300 7.7 13.6

0x06 350 9.0 15.9

0x07 400 10.2 18.2

0x08 450 11.5 20.4

0x09 500 12.8 22.7

0x0A 550 14.1 25.0

0x0B 600 15.4 27.3

0x0C 650 16.7 29.5

0x0D 700 17.9 31.8

0x0E 750 19.2 34.1

0x0F 800 20.6 36.4

0x10 850 21.8 38.6

0x11 900 23.1 40.9

0x12 950 24.3 43.2

0x13 1000 25.6 45.4

0x14 1050 26.9 47.7

0x15 1100 28.2 50.0

0x16 1150 29.5 52.3

0x17 1200 30.8 54.5
 

Table 1. ACMP VREF Relation to LED Current



GreenPAK Design

Figure 3 shows the SLG46580V GreenPAK design for this constant current RGB Driver. This figure
shows the ACMP SENSE pins on the left-hand side which monitor the voltages across the current
limiting resistors. When the SENSE pin voltages drop below the internal threshold voltages, the
power switches close. As the output capacitors are connected to 5V, the capacitor voltages increase
quickly and cause a voltage jump on the SENSE pins. This voltage jump results in higher current
flow through the LEDs. The delay blocks force the power switches to be disabled for an additional
1µs before allowing the power switches to turn on. This helps create a more accurate average
current by accommodating for the increased current when the power switch is enabled. The 3-bit
LUTs act as inverters when either their GPIO or I2C enables are set high; otherwise, these LUTs
disable the power switches.

Figure 3. GreenPAK Constant Current RGB Driver Design

I2C Features

By using I2C, the user can alter the ACMP IN- reference voltages to change the constant current
settings. In addition, the LEDs can be enabled using the I2C virtual inputs. Table 2 shows the
register locations of these features.

ACMP0 ACMP1 ACMP2 ACMP3 I2C Virtual
Input

Register Reg<1628:1624> Reg<1636:1632> Reg<1644:1640> Reg<1652:1648> Reg<1959:1952>
 

Table 2. I2C Registers

For more I2C information, please check out AN-1090 (Simple I2C IO Controllers with SLG46531V)
and AN-1091 (How to change a GreenPAK comparator’s threshold voltage using I2C) on Silego’s
website. Please reference the SLG46580V datasheet for more register information.

Component Selection
RGB LED Selection:
I’ve selected a Kingbright RGB LED. (PN: AAAF5060QBFSURZGS) It is important to note that this
LED isn’t a common anode or a common cathode LED, but rather, it contains 3 individual red,



green, and blue LEDs. Table 3 lists some of the important specifications for this LED.

Blue Red Green Units

Material InGaN AlGaInP InGaN --

DC Forward Current 30 50 30 mA

Peak Forward Current 150 185 150 mA

Forward Voltage (typ,
max)* 3.3, 4 1.9, 2.5 3.3, 4.1 V

Dominant Wavelength* 465 630 525 nm

Luminous Intensity
(min, typ)** 280, 400 500, 800 500, 1000 mcd

Table 3. Kingbright RGB LED Specifications
Notes:

* - IF = 20mA

** - IF = 30mA for Blue and Green, 50mA for Red

Since the average DC forward current of the Kingbright LED is 30 and 50 mA, we are well within
the SLG46580V’s 150mA power switch limitation. For this design, we are planning to run off a 5V
supply. Given the typical 3.3V forward voltage of these LEDs, we have sufficient headroom for use
in our ACMP feedback system as will be described in the current limiting resistor section.
Current Limiting Resistor Selection: (R1, R2, R3)
When selecting the resistors for the RGB LEDs, we must perform a couple simple calculations to
estimate the proper size. First, we need to know that the maximum reference voltage of the
SLG46580V’s ACMP is 1.2V. Since the IN- reference voltages of the ACMPs are in 50mV increments,
we want to select the largest resistor value to obtain the best current resolution whilst staying
under the 1.2V limitation of the ACMP and the 5V power supply limit.

Equation 1 calculates the maximum current limiting resistor voltage to be 1.7V. Since the ACMP
input reference is limited to a maximum of 1.2V without an input resistive divider, we should aim to
have 1.2V across the current limiting resistors at the maximum current draw.

Equation 1. Maximum Current Limiting Resistor Voltage Calculation

Once we’ve selected the maximum current limiting resistor voltage, we can use Equation 2 to select
the appropriate resistor value for both the 30mA and 50mA cases. Since 40Ω and 24Ω are not
standard resistor values, we will select 39Ω and 22Ω respectively as shown in Figure 1.

Equation 2. Current Limiting Resistor Calculation

We could increase the range from 1.2V to 1.7V if we use a resistive divider on the ACMP inputs, but
we would decrease the current resolution of the ACMP. For example, if we used an input divide by
2, the voltage change across the resistors would be in 100mV steps instead of 50mV steps. We
would get 17 steps using the 1.7V limit with the input divide by 2, but we get 24 steps if we use
1.2V without an input divider.
Power Switch Output Capacitor Selection: (C1, C2, C3)
The output capacitor selection impacts a couple factors including the average current accuracy and
the initial turn on time of the LEDs. If the power switch is closed, the input sources current to
charge the output capacitor. As the output voltage exceeds the ACMP IN- reference, the power
switch turns off and the output capacitor begins to source the charge for the LED until the output



voltage drops below the ACMP’s IN- reference. This charge cycle creates an output ripple voltage
across the current limiting resistor that translates directly into current ripple.

Over time, this current ripple can be averaged to determine the brightness of the LED. The size of
the capacitor impacts the accuracy of the averaged current.

For larger capacitors, the charge and discharge cycles in Figure 2 take longer. As a result, the
ripple voltage is minimized and the average current matches closely with the ideal current
calculations. With the increase in output capacitance, the initial turn on time of the LED is
increased.

The capacitor’s charge is much more fluid for smaller capacitors in that they charge and discharge
more quickly. This results in voltage ripples that are larger than those measured with bigger
capacitors. The average current differs significantly at low current levels because the charge and
discharge cycles can be fast compared to the minimum 1µs delay times of the GreenPAK’s DLY
blocks. For smaller capacitors, the initial turn on time is quicker than that of larger capacitors.

Experimental Results

I tested this constant current LED driver design with four capacitive loads: 1µF, 10µF, 47µF, and
94µF. The next couple paragraphs will address the results with the Green LED inside the RGB LED
package. The Red and Blue LEDs produced similar results, so I’ve skipped their waveforms for
brevity’s sake. Please see Appendix A for the raw data. I’ve also included the raw data using a 47µF
input capacitor instead of a 94µF capacitor.

Figure 4 plots the constant current drive level through the green LED vs the ACMP reference
voltages for various capacitive loads. The deviation from the calculated current level is caused by
the voltage jump across the current sense resistor as the power switch is enabled. This design tries
to counteract this behavior by keeping the power switch disabled for an additional 1µs.

Figure 4. ACMP Reference Voltage vs Constant Current Level for Various Capacitive Loads (Green LED)

The percent error of the drive current can be used to see how far off the measured current levels
are from the theoretical current levels. Equation 3 shows the calculation used to obtain the data in
Figure 5.

Equation 3. Percent Error Equation

By looking at Figure 5, we can see that the 94µF capacitor performs more accurately than the other
capacitive loads. Due to excessive charging at low current levels, the 1µF capacitor reaches 100%



error. This may not be problematic for an application if the desired current levels do not need to be
precise.

Figure 5. Percent Error vs Constant Current Level for Various Capacitive Loads (Green LED)

On the surface, selecting large output capacitors appears to be the best solution, but by selecting a
large capacitance, the inrush current and the turn on time of the LEDs increase. The designer
needs to pay attention to this inrush current as it can cause the input voltage rail to droop. The
input voltage droop can be minimized by having a larger capacitor to pull charge from when the
power switch is initially enabled. Note that the strength of your drive source will also impact the
amount of input voltage droop. Weaker sources will experience more voltage droop than stronger
sources.

For this design, there are two startup times to consider: partially and fully discharged. When the
LED is disabled for a long time (10-20 seconds), the output capacitors discharge significantly by
leaking through the LED. Fully discharged capacitors can take 10µs to 150µs to charge up before
being able to supply 30mA of current as shown in Figure 6.

Figure 6. Startup Time for Fully Discharged Capacitive Loads (94µF Input Capacitors)

If the LEDs are being cycled at a quicker rate, the initial turn on times decrease for each of the
capacitive loads. For partially discharged capacitive loads, the turn on time can range from 5µs to
50µs as seen in Figure 7.



Figure 7. Startup Time for Partially Discharged Capacitive Loads (94µF Input Capacitors)

Figure 8 shows the steady-state, periodic behavior of this design for various loads. This figure
shows the previously described voltage jump when the LDO is enabled or disabled and should
match the functional waveform shown in Figure 2.

Figure 8. Periodic Behavior of the Various Capacitive Loads (94µF Input Capacitors)

The waveforms above show the performance of this design for applications with varying capacitive
loads. The capacitive load size selection depends entirely on the application. For this application
note, these results show that the startup time for the LED is about 140µs for a 94µF load capacitor.
In addition, the actual current will not deviate more than ±5% from the calculated current levels.

Going Further

This design demonstrates the process of creating a constant current LED driver using the
SLG46580V. If one wanted to expound upon this idea, the designer could use an I2C script to
create various patterns and colors for the RGB LED.

This design could also be used with an external DAC to provide more reference voltage steps for
the ACMP. This would create finer current control for the RGB LEDs.

This design can support constant current designs for LEDs with DC forward currents greater than
the 30mA and 50mA examples used in this application note. Table 4 shows the available GreenPAK
devices with the corresponding power switch quantity and maximum current limitation.

GreenPAK # of Power Switches IMAX Limitation per Switch

SLG46580V 4 150mA

SLG46582V 2 300mA

SLG46583V 1 600mA
 

Table 4. Power Switch Availability



Conclusion

This constant current driver can be used in conjunction with a microcontroller to source current for
LEDs in many different applications. By regulating the current flow through an external current
limiting resistor, the designer can control the brightness of each of the LEDs in his or her circuit.
The component selection process outlined in this application note will help create a constant current
LED driver with the maximum number of current steps using the GreenPAK’s internal reference
voltages. By extending these principles, this design can become the foundation for creating a
simple constant current LED driver for many applications.

Appendix A: Raw Measurement Data

Table 5. Raw Data for 47uF Input / 1uF Output Capacitor



Table 6. Raw Data for 94uF Input / 1uF Output Capacitor



Table 7. Raw Data for 47uF Input / 10uF Output Capacitor



Table 8. Raw Data for 94uF Input / 10uF Output Capacitor



Table 9. Raw Data for 47uF Input / 47uF Output Capacitor



Table 10. Raw Data for 94uF Input / 47uF Output Capacitor



Table 11. Raw Data for 47uF Input / 94uF Output Capacitor



Table 12. Raw Data for 94uF Input / 94uF Output Capacitor
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