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Application note

Linear current source applied to LED driver with PWM dimming using TSB582

Introduction

Linear current sources are not as efficient as DC-DC ones, but they are cost-effective. They also have the advantage of
integration at the expense of a limitation due to power dissipation.

Thanks to its output current capabilities, the TSB582 is an excellent auto grade-rated device that can be used as a current
source for resolvers, LEDs, and many other applications.

This design note explains how to design a current source based on the TSB582 with a particular example based on LED driving
including PWM dimming capability. However, the design is generic and may be used for any other type of sensor/actuator.

The key element to sizing the application is knowing, for a given current, the min. and max. voltages that the op amp output will
have to apply (which is dependent on the element to bias and the sense voltage across the shunt).

The power supply will then have to be higher than this max. voltage plus the saturation voltage of the op amp.
Then, the power dissipation needs to be considered, to ensure that the op amp will not go into thermal shutdown mode.
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1 LED driver application with the TSB582

Figure 1. TSB582 LED driver PWM
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. Supply voltage range: 15V

i louT : 200 mA

. Benefits:
- Uses an operational amplifier as LED driver
- Automotive grade solution

- Flexibility
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Figure 2. Schematic of the LED driver application with the TSB582
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1.1 Description

This application is an LED driver that works with a PWM generated by an STM32 microcontroller. A jumper allows
it to be switched in a current source for other applications.

ANG6399 - Rev 1 page 2/12



‘_ ANG6399
,’ LED driver application with the TSB582

1.2 How it works
A microcontroller such as an STM32 is used to deliver a PWM signal with a 3.3 V amplitude between 200 Hz and
1 kHz.

- The signal is converted into a current thanks to the op amp. Both channel outputs are shorted to increase output
current capability.

- The R1 and R2 resistors are used to avoid a short-circuit on the op amp outputs related to Vo mismatch
between channels. This architecture also allows for better efficiency as the saturation voltage of each channel will
be closer to the V¢ rail (as they drive only half of the current), allowing less power dissipation in the op amp.

- The R3 shunt resistor sets the current in the LEDs (V|y / R3).

- The R5 and R4 shift the voltage on V- to ensure the saturation of the op amp when V+ =0 V.

- The R7 and R6 form a voltage divider used to work over the full range of the microcontroller's PWM (3.3 V) and
match the input range of the system.

- There are some jumpers that allow the output to be switched for any other current source application.

Current in the LEDs:

LEDs are current-driven. The higher the current, the brighter the LEDs, within the limit of the datasheet. In our
application, we choose to drive some DRL (Daytime Running Lights) with a forward current (I_gp) of 200 mA.

I _Vin
LED — R3

Voltage drop sizing according to Vcc and Vour

Vprop = Vce - Vout

Figure 3. Vprop according to V¢ and Voyt explanation schematic

TSB582

Figure 4. Vprop schematic applied to our application
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Vour

Vour is calculated according to the number of LEDs.
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Vout = Number of LEDs * Vg + I gp *R3 + (ILep / 2) * Rq

In the following test, we set the current of our application to two values: 100 mA and 200 mA. The TSB582 is
designed to operate at 36 V, but in this type of application, the power supply is limited due to the power dissipated
in the package. To measure the I gp of the op amp, we measure the voltage across R3.

Result:

Figure 5. Vsense/R3 vs. Vprop
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We can see on the curve that the minimum voltage drop required to operate correctly is around 0.5 V for 100 mA
and around 1V for 200 mA. It causes a temperature increase in the op amp.

The thermal range of use can be improved by selecting an appropriate Vpropvalues; the closer V¢ is to Voyr,
the higher TamgienT Can be. It can also be improved if the user reduces loyt to limit the power.

In the worst-case scenario (I gp = 200 mA and T = 85 °C), if Vprop is close to 3V, it activates the thermal
shutdown due to the temperature increase. Note that the board is not optimized to achieve an Rtpya of 45 °C/W.
Here, it is rather 95 °C/W. If Vprop is less than 1.7 V, I_gp cannot reach 200 mA; the op amp is saturated (V¢
should be increased).

A good use case is Vprop =2 V.

Impact of the number of LEDs on the application:

Each LED has a voltage drop between the anode and the cathode (forward voltage). In our case, the LED
LM301B has a 3 V forward voltage. The voltage drop of each LED has a real impact on the function of the op amp
because the more LEDs there are, the higher Vgyr is, and therefore V.

Switching the LEDs off:

To switch the LEDs off, the input signal is set to 0 V, but due to the input offset voltage and the 0 V setting error,
there might still be a small current driven into the LEDs. To solve this issue, we have added a voltage divider (R4
and R5), which adds an offset of 30 mV to V. to saturate the 000 op amp in every case.

When V. =0, V.=30 mV for Vgc = 15 V. The differential input is significantly higher than the worst-case input-
offset voltage (Vio(max) = 3 mV)

The output is controlled in all use cases.
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Figure 6. Output control
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For a given targeted I gp, V| should be set to:

N = ILED + VCC(% + %)
(=5 + 757 + 75)

Vin = R3*Iled + ch(g_g + %)
o=+ Y1+ )

It creates an offset of 9.4 mA in our example.
Viy = R3*[Iled + 9.4mA]

Ensuring the LEDs are properly switched off thanks to this offset causes a permanent leakage current (V¢c/R5 =
0.3 mA) when the system is on but it is insignificant compared to the typical Igc of the TSB582: 2.3 mA per
channel. Note that the op amp cannot generate a negative voltage, so when V|y = 0V, there is no current in the
LED and only thee 0.3 mA in R3.

Performance of the application as a function of the number of LEDs:
Vour(typ) = VIN + VE.LED x Nb_LEDs + R1*1-E2
Vcc(min) = Voyr(max) + Vprop(min)
VE(max) = VFORWARD + VTOLERANCE = 2.8 + 0.1
Vbrop = Vce = Vour
Power Dissipated = Vprop*ILep + Vec*lce

Temperature elevation = PpssipaTED * RTHjA

To consider the actual performance of the PCB, an Rty a of 100 °C/W is considered instead of 45 °C/W:
Considering we would like to source 200 mA DC in the LEDs, here are different use cases.

Op amp T, (°C) = Icc * Ve + ILep * Vbrop * RTHJA + TAMBIENT
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Application setup vs. number of LEDs
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We considered Vprop = 200 mV.

Note that if the PWM is not set to 100%, the power dissipation would be decreased and the maximum operating
temperature increased.

In our application, we consider driving four LEDs with a 15 V power supply. This leads to an efficiency of 73%,
which is good for a linear current source.

This schematic can be fine-tuned for your DRL (Daytime Running Lights) application (considering the TSB582 is
automotive grade).

Performance of the application
We are using a PWM of 1 kHz.

Application without the offset block implemented (Vcc = 15V, 4 LEDs, PWM duty cycle = 33%)
Yellow = |LED» Red = VOUT, Blue = V|N

Performance of the application without the offset block implemented

We see the output voltage (red) takes time to get down to saturation as the differential input voltage is not high
enough to cause saturation when Vi =0 V.

With the correction (Vg = 15V, 4 LEDs, PWM duty cycle = 33%):
Yellow = |LED: Red = VOUT! Blue = V|N

Performance of the application with the offset block implemented
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The offset implementation clearly allows the LEDs to be completely switched off. To get the proper amount of
current one should apply 3.3 x 209.4 mA instead of 3.3 x 200 mA at op amp input.

Figure 10. Application performance (I gps vs. ViN_pc)
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Figure 11. Application performance (lgyt vs. PWM input)
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Performance of the application:
This note shows a simple way to use the TSB582 op amp as a current source. This can be convenient for many
applications that do not require the use of a DC-DC to reduce the cost of the BOM.

You can easily control it with the duty cycle of the PWM or with the DC input voltage.
The board is designed to be adapted to any other application using the jumpers. Make sure to adapt the V¢ to
the Vprop voltage required by your application.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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