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Energy Sharing—The Key to Preventing LED Drivers from Overheating?

2 days ago by Steve Arar

Managing heat in LED drivers is a challenge when the device encounters a high input voltage, but the output voltage is low. In these cases, an
“energy sharing” mechanism may be a solution.

LEDs exhibit an illumination rise time about two times faster than that of incandescent sources. They are more power-efficient, smaller in size, and offer a superior lifetime. That's what makes them so appealing to designers in the
automotive industry.

To power an LED string, we need a current-regulated source. A source with constant voltage cannot produce consistent lighting because the voltage across the LED string can vary with the number of LEDs and the ambient
temperature; the LED forward voltage decreases by 2 mV/°C, a characteristic that will require attention. An LED driver is basically a current-regulated source with some useful features for powering LEDs.

In this article, we’ll take a look at the BD18337EFV-M, which is a recently-released LED driver manufactured by ROHM Semiconductor. The new LED driver is meant for automotive applications. Perhaps, the most important
characteristic of this LED driver is its thermal management capability. We’ll look at this feature in great detail and compare the new device with conventional solutions.   

 

Typical Application Schematic of the New LED Driver

A typical application schematic of the BD18337EFV-M (and its sister product BD18347EFV-M) is shown in Figure 1. As depicted in this figure, the new device is a four-channel driver. 

 

Figure 1. Typical application schematic of BD18337EFV-M. Image used courtesy of ROHM Semiconductor

 

Each channel can provide a fixed current up to 150 mA to power its LED string. The output current accuracy is ±5%. The current sourced by each channel is determined by the resistor connected to the corresponding SET pin and
is given by the following equation:

 

  (in Amperes)
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KSET
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where

is the output current setting coefficient with a typical value of 1800 and

is the current setting resistor. The measured output current versus the resistor value is plotted below:

 

Figure 2. Output current vs. resistor value. Image used courtesy of ROHM Semiconductor

 

Input Voltage Range

The supply voltage of a vehicle can have large variations. For example, while the car battery voltage should be typically about 12 V, it can go as low as 6 V at times. These supply fluctuations make designing automotive
electronics challenging.

The BD18337EFV-M supports a wide input range from 5.5 V to 20 V. Although the device supports this voltage range, we still need to provide a sufficiently high input voltage depending on the number of LEDs that are powered
by each channel (N) and the total output current of the driver

.

The equation for the minimum input voltage is given below:

 

KSET

RSETx

IOUTx−Total
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If we consider only the first term on the right hand, we observe that the input voltage cannot be less than the voltage drop across the LED string (

). For more details about this equation, please refer to the device's datasheet.

 

Energy Sharing Control

As discussed above, the BD18337EFV-M supports a wide input range from 5.5 V to 20 V.

This wide input range can lead to large power consumption in the device in applications where a high input voltage is applied to the device and the output is at a relatively low voltage. As an example, consider the simplified
schematic shown in Figure 3.

 

Figure 3. Simplified schematic of BD18337EFV-M. Image (modified) used courtesy of ROHM Semiconductor

 

Assume that the input voltage is 18 V and the four output channels are at 6 V, i.e.,

= 6 V for x=1 to 4.

What would be a rough estimate for the power burned in the driver if the total output current is 400 mA (

)?

Assuming that the current enters the device only through the VIN pin and exits only through the four outputs shown above, we can conclude that a voltage drop of 18 V - 6 V appears between the input and output pins.

VIN ≥ N × VForward–LED + VDR + RV IN–V INRES × IOUTx–Total

N × VForward−LED

VOUTx

IOUTx−Total = IOUT1 + IOUT2 + IOUT3 + IOUT4 = 400mA
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Considering the total current that goes through the device, we can calculate the power burned in the device as:

 

= (18 - 6) V x 400 mA = 4.8 W
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This amount of power can increase the IC internal temperature to an unacceptable level depending on the thermal resistance of the package.

To solve this issue, the BD18337EFV-M employs an interesting technique referred to as “Energy Sharing Control” in the datasheet. The “Energy Sharing Control” dissipates the extra power that can overheat the device in an
external resistor.

This external resistor should be placed between VIN and VINRES pins as shown in the following figure.

 

PIC
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Figure 4. Output current settings of the BD18337EFV-M. Image used courtesy of ROHM Semiconductor

 

The “Energy Sharing Control” block monitors the output voltage of the channels and keeps the VINRES voltage within 2 V, the maximum output voltage (maximum

). Hence, the extra power can be dissipated by the

resistor when the input voltage is much larger than the output voltage.

The datasheet provides several plots to illustrate how the total power is shared between the driver IC and the external resistor. For example, the following figure shows an experiment where the four output channels are at 6 V (

= 6 V for x=1 to 4), the total output current is 400 mA and the input voltage is swept from 5 V to 20 V.
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Figure 5. Power consumption across the IC and REXT when the total output current is 400 mA and the input voltage is swept from 5 V to 20 V. Image used courtesy of ROHM Semiconductor

 

The figure plots the driver power (Pc_IC) and the external resistor power (Pc_

) for three different values of the external resistor. With

= 15 Ω, we have Pc_IC ≈ 2.4 W and Pc_

≈ 2.6 W.

As you can see, almost half of the total power is consumed by the external resistor; the external resistor reduces the heat generated by the IC. Figure 6 shows a measurement to verify the efficiency of the energy sharing
mechanism.
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Figure 6. Measurement results of energy sharing. Image used courtesy of ROHM Semiconductor

 

In this experiment, the input voltage is changed from 9 V to 13.5 V to 16 V while the output voltage is 6.25 V. The external resistor

=31 Ω is created by two 62 Ω resistors in parallel. 

To better understand the advantages of the energy sharing mechanism discussed above, let’s take a look at another LED driver that attempts to dissipate the unnecessary power in external resistors.

 

Another LED Driver With a Similar Energy Sharing Mechanism

The E522.90/91/92/93 family from Elmos Semiconductor AG supports a thermal management option similar to that employed by the BD18337EFV-M. The typical application circuit for the E522.90/91/92/93 family is shown
below.
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Figure 7. Typical application circuit for E522.90/91/92/93. Image used courtesy of Elmos AG

 

The input voltage of this driver family ranges from 5 V to 25 V. An excessive amount of power will be dissipated by the driver in applications where a high input is utilized but the output is at a relatively low voltage.

To handle the excessive amount of power dissipated in the driver, the E522.90-93 device family utilizes two output pins, LEDxA and LEDxB, per output channel (depicted on the right side of the above figure). The device
attempts to regulate the sum of the currents sourced by these two output pins. 

The channel current will be primarily supplied by the LEDxB output. This pin is connected to the LED string through a “Thermal Management Resistor.” Hence, the LEDxB pin will be at a higher voltage relative to the voltage
applied to the LED string. And, some of the extra power can be dissipated in the external resistor rather than the driver.

However, the voltage drop across the resistor can limit the voltage headroom for large output currents. That’s why the LEDxB will supply the current as long as we have sufficient voltage headroom. When the current in the
LEDxB output drops below the target value due to the voltage headroom limitation, the LEDxA output will be activated to supply the rest of the current so that the sum of the currents remains regulated.

 

How Does the New “Energy Sharing Control” Affect Board Area and Design Load?

While the power management of the E522.90/91/92/93 family requires two output pins per channel, the energy sharing mechanism of the BD18337EFV-M uses a single pin to dissipate the extra power in an external resistor. This
can reduce the board size by implementing a four-channel high-current driver in a compact 16-pin package.

Besides, the new device can simplify the thermal design because the power management of the four output channels is achieved by a single external resistor. It seems that the new LED driver can reduce the board area and
simplify thermal management. Though, I am wondering if there is a use case where independent thermal management of the channels can be helpful. If there is any such application, we might prefer a device from the
E522.90/91/92/93 family to the recently-released LED driver from ROHM Semiconductor.

 

Conclusion

Thermal management of an LED driver becomes challenging particularly in applications where a high input voltage is applied to the device and the output voltage is at a relatively low voltage. In these cases, an energy
sharing mechanism similar to that employed in the BD18337EFV-M from ROHM Semiconductor or the E522.90/91/92/93 family from Elmos Semiconductor can be employed.   

https://www.rlocman.ru/i/File/2017/11/29/e522-90-91-92-93_elmos_ds.pdf.pdf


To see a complete list of my articles, please visit this page.

Content From Partners

An Overview of Driver Circuits for Piezo Transducer Buzzers

Content from CUI Devices

Continue to site
QUOTE OF THE DAY
“
Everyone wants the project to be good, fast, and cheap... pick two.”
- Unknown

https://forum.allaboutcircuits.com/blog/the-list-of-my-articles-on-aac.1135/
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjssHFTBVThSp-eSGAnQ8Eey5-l2hnwGi4sDK7BPhIYg-nhhJBK0xZQYBfdIc9H2aRkD5hHqMRbR1lY9zVbOPZki4CLO8VDUbJMDEpI0daX9Osb1iQp0oIY4UOV6Kyl_-vlJAgE3kgCIGaasdvD80AM3L3uviuStdaIhtY7XKorq5IIjxNzIi6MIcMuTMDiDNw5EV6L12tMI_2SjiVJeIHBcqEQAenaVsaUzvZ9CQs63EBGcam1XjZfQfACLaVwVom1oV35-r-gU1P5VhB0ShPy8GGoE&sig=Cg0ArKJSzGZdKBBQJ2FlEAE&urlfix=1&adurl=https://www.allaboutcircuits.com/industry-articles/an-overview-of-driver-circuits-for-piezo-transducer-buzzers/
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsu_NF92OK2YfEx6uV7pK7seTq79ZVNv9Y3PLj-PVK8myZvUisb_6cwwAEP5-MUG1DTsnEO52qHHaJyiL2dREAE7UHnj3zXOGSdk-EOYZ3YTXY1Vo7QLBc0Ivb9QvX9dHj_QAr9sEz1TzuHwXmF7jzGq&sig=Cg0ArKJSzAO-_I6XFTh7&urlfix=1&adurl=https://adclick.g.doubleclick.net/pcs/click%3Fxai%3DAKAOjsu6RYRRnyk9TmPI2BGRRpdPX_cPUz4o12VsysfXV_VBedCmZZPqZ-01ohnsahC-bzW00oK4tXN8YDHmthUDrBOzcpf5P8FqH9mK7igYvi1GQPrbdQutRJwKj_2MY6y9F76bKBIpATlPXuqv9aSV59lRBOgu7EFRsdPhwh_4D2Yq9x4JqdOBDinv-85SD2lgPHjitLpk4iTfrX3YZaYCcRxf3NCrB7dREdpqgRKvnxj14YzRIIhA_2l9OZxaCY9jbzHEgQIgljXGyUk%26sig%3DCg0ArKJSzHv2_1aGEFtdEAE%26urlfix%3D1%26adurl%3Dhttps://www.digikey.com/en/product-highlight/i/intel/functional-safety-data-packages%253Fdclid%253D%2525edclid!

