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This document details the application and use of the Diodes BCR430UW6 low dropout linear LED driver. It 
should be used in conjunction with the BCR430UW6 data sheet which details the full electrical specification of 
the BCR430UW6. 
Sections of this document include external resistor selection, power dissipation and over temperature protection 
(OTP), PWM dimming, SPICE modeling and the BCR430UW6 evaluation board which allows engineers to 
appraise and evaluate the BCR430UW6 when designing reliable and robust LED driver solutions for LED 
strings. 
 
Applications for the BCR430UW6 include: 

 Architectural lighting 

 Retail lighting 

 Automotive lighting 

 Strip lighting 
  
 
 

Figure 1: Typical Application 

BCR430UW6 
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1 Introduction 

The BCR430U is a monolithically integrated linear LED controller designed to function as a Constant Current 
Regulator (CCR) for linear LED driving. The device operates over a voltage range from 5V to 42V and regulates 
the output LED current up to 100mA, set by an external resistor. It is designed for driving LEDs in strings and 
will reduce current at increasing temperatures to self-protect. The low voltage drop during current regulation 
allows efficient driving of LED strings with a range of forward voltages and supply voltage tolerances 
Inbuilt Over Temperature Protection (OTP) gradually reduces the output current when the chip temperature 

reaches 125 C.  
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2 Rext Calculation 

The LED current Iout is set by a resistor Rext connected from REXT to GND. The REXT pin is driven by a 

900mV reference and the resultant REXT current is mirrored to the Driver and OTP stages. 

 

There is an exponential relationship between Rext and Iout expressed by the formula: 

Rext = (
    

      
)

-1.005632
 

where: Rext and Iout are expressed in kΩ and mA
 

 

 

 

  

Rext 

Iout 

Figure 2: Rext Calculation 

Figure 3: Rext vs Iout 
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3 Power Dissipation  

Power dissipation occurs in several areas and varies according to the operating conditions, however the major 
influence on power dissipation is the VDS voltage of the output stage.  
An example of power dissipation and Junction temperature rise is shown below: 

Typical Power Dissipation when VDS = 4V, Rext = 13kΩ 

    
   
  

Typical Power Dissipation VDS = 4V, Rext = 13kΩ 
refer to figure 2 

Parameter Current Power 

Quiescent Current 67µA 2.8mW 

Reference Current 69µA 2.9mW 

Regulation current 24µA 1mW 

Operating Current 125µA 5.3mW 

Output Current 50mA 211mW 

 

 
 
The BCR430UW6.xlxs calculator tool can be used to easily set Rext value and show power consumption under 

various operating conditions. 

 

 

  

Figure 4:  Power Dissipation 
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4 Over Temperature Protection (OTP) 

Over temperature protection is included to safeguard the device under fault conditions such as short circuit 

LED’s or high ambient temperatures. As the chip temperature increases above 125 C the output is reduced at 

a rate of Isetpoint / 30 mA per C rise. The smooth operation maximises LED current and removes flickering. 

 

 

As VDS increases in the output stage, so will power dissipation and chip temperature. The effects of OTP can be 
seen in the following simulation which also shows how the ambient temperature and thermal resistance RthJA 
can be adjusted in the SPICE model. 

 

  

 

 

Figure 5: Over Temperature Protection 

Figure 6:  Gradual reduction of output current as Rds losses increase 
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5 PWM Dimming 

Dimming is most efficiently carried out using PWM techniques. This can be achieved by switching either the 
REXT pin or VS pin. 
Switching the VS supply reduces the connection requirements in multiple device systems such as large signs 
but requires attention to miller effect and transients during power connection.  
Note that human visual light level perception and true optical power have a logarithmic relationship where the 
perceived level is based on the output power ratio: 
 
 Perceived power = √ (Output power / Maximum power) 
 
and 

Perceived power (%) = 100  x √(Output power (%) / 100) 
 
 
 
Converting this to a PWM dimming level: 
 
 Perceived power = √(Maximum power * Duty Cycle) 
 
    
Transposing to solve for Output power ratio 
 
 Output power ratio = Perceived power 

2 

 
and for PWM 
  

Duty Cycle = Perceived power 
2
 / Maximum power 
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Figure 7: Perceived power vs Actual power 
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5.1 PWM Safe operating area (SOA) 

There are various safety standards for PWM dimming to prevent physiological and safety issues such as 
IEEE1789. The safe operating area graph from IEEE1789 is reproduced below. 

 

5.2 PWM Frequency and pulse width 

The maximum frequency of operation depends on the dimming requirements and the switching time. 
The Datasheet specifies worst case tr = 14µs, tf = 3µs so we may consider a minimum duty cycle 40µs as 
reasonable. 
 
If we want to dim to a perceived level of 10% full brightness the actual level required is: 
 
 Actual Power = (Perceived Power)

2 
* Maximum Power 

    
                                      = 0.1

2
 * Maximum Power 

    
                     = 0.01 * Maximum Power 

     
If the minimum duty cycle is 40µs then: 
   

100% duty cycle time = 40µs / 0.01 = 4ms = 250Hz  
 
 

The table below shows the exponential nature of perceived brightness dimming  
 
 
 

Required Cycle Time to achieve Required Dimming at 40uS  Duty cycle 

Perceived 
% 

Percieved 
Ratio 

Output 
Ratio 

Output 
% 

Cycle 
Time(us) 

Freq 
(Hz) 

100 1 1 100 40.000 25000 

90 0.9 0.81 81 49.383 20250 

80 0.8 0.64 64 62.500 16000 

70 0.7 0.49 49 81.633 12250 

Figure 8: IEEE1789 safe operating area 
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60 0.6 0.36 36 111.111 9000 

50 0.5 0.25 25 160.000 6250 

40 0.4 0.16 16 250.000 4000 

30 0.3 0.09 9 444.444 2250 

20 0.2 0.04 4 1000.000 1000 

10 0.1 0.01 1 4000.000 250 

9 0.09 0.0081 0.81 4938.272 202.5 

8 0.08 0.0064 0.64 6250.000 160 

7 0.07 0.0049 0.49 8163.265 122.5 

6 0.06 0.0036 0.36 11111.111 90 

5 0.05 0.0025 0.25 16000.000 62.5 

4 0.04 0.0016 0.16 25000.000 40 

3 0.03 0.0009 0.09 44444.444 22.5 

2 0.02 0.0004 0.04 100000.000 10 

1 0.01 0.0001 0.01 400000.000 2.5 
 

 
 

5.2 REXT Dimming 

The most efficient dimming is by PWM of the REXT pin. The value of Rext is calculated for maximum current 
requirement at 100% duty cycle. Using a GPIO to pull Rext low will turn on the output. The output impedance of 
the GPIO will have some impact on the required value of Rext. When the GPIO is high (above 900mV) the 
output will turn off. The REXT pin will clamp at 5V. 
 

 
 

5.3 Supply Voltage Dimming 

Figure 10: REXT Dimming by GPIO 

Figure 9: min frequencies and SOA 
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PWM dimming can be achieved by modulating the power supply. If the power supply has a fast rise time the 
drain-gate capacitance of the output transistor may cause the transistor to turn on for ~ 650ns before the control 
circuit has stabilized. This can be mitigated by increasing the rise time of the power supply to greater than 5µs. 

 

Figure 11: Power Supply PWM Dimming 
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6 ESD Protection 

ESD protection is 2kV HBM. This can be extended to 6kV HBM by placing a 1kΩ resistor in series with the VCC 
pin. 

 

  

Figure 12: 6kV ESD Protection 
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7 SPICE Model 

A SPICE model BCR430UW6.spice.txt is available on the Diodes website. This is a behavioural model that 
includes OTP modelling. 

The model has extra inputs to set ambient temperature and junction-ambient thermal resistance (RthJA). 

 

 

 

 

 

  

Model Pin Descriptions 

PIN NAME FUNCTION 

1 RthJA Input sets thermal resistance. 1V = 1 C/W 

2 GND 0V 

3 REXT Current setpoint resistor connection  

4 VS V+ supply 0 - 42V 

5 Tamb Input sets ambient temperature.  1 V = 1 C 

6 OUT Output current sink 

Figure 13: Spice  Model 

Figure 13: Example of OTP operation as I
2
RDS losses increase with Vout 
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8 Calculator 

A calculator BCR430UW6.Calculator.xlsx is available on the Diodes website. The calculator enables quick 

calculation of Rext, power dissipation, operating temperature and PWM ranges. 

 

  

Figure 14: BCR430UW6 Calculator 
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9 Evaluation Board 

An evaluation board is available that allows evaluation of the BCR430UW6 with an onboard string of 8 Liteon 
LEDs or external LEDs of your choice. Constant current or PWM is selectable. A testpoint is included to 
facilitate Vout measurement to verify output losses ad LED performance. 

9.1 Technical specification 

Input Voltage 5 – 42 Vdc 

Default Rext 12 kΩ 

Default LED current 50 mA 

Output Current Range 5 -100 mA 

Dimensions 35 mm x 55 mm 

 

9.2 Circuit 

 

 

P1 jumper is used to select on-board LED’s or external LED’s. 

P2 jumper is used to select Rext resistor connected to GND (50mA) or to PWM pin for external dimming 5V dc. 
max 

ZD1 protects against over voltage or negative PWM signal 

TP1 accepts oscilloscope spring probe to measure OUT voltage 

R1 also has PTH pads and can be removed or replaced with a low value for current monitoring or ESD testing 

 

 

 

Figure 15: Circuit of BCR430UW6 Evaluation Board 
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9.3 PCB 

The PCB is 2 layer 1.5mm FR4 1oz copper. Thermal relief is provided for LED’s and BCR430UW6. 

 

The LED’s and BCR430UW6 are connected to copper areas top and bottom of 200 mm
2
 per device for heat 

dissipation. 

 

9.4 Bill of Materials 

Bill of Materials 

Designator Quantity Value 

C1 1 10n 0805 50V 

D1-8 8 LTW-5630AQL30 

P1, P2 2 3 pin header 

R1 1 0R 1206 200V 

Rext 1 12k 0805 1% 150V 

U1 1 BCR430UW6 

ZD1 N.F. BZX84C4V7-7-F 

 

 

 

 

 

 

 

Figure 16: Top layer Figure 17: Bottom layer Figure 18: 3D 
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IMPORTANT NOTICE 
 
1. DIODES INCORPORATED AND ITS SUBSIDIARIES (“DIODES”) MAKE NO WARRANTY OF ANY KIND, EXPRESS OR 
IMPLIED, WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).   
 
2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes 
products described herein and application examples. Diodes does not assume any liability arising out of the application or use of this 
document or any product described herein. This document is intended for skilled and technically trained engineering customers and users 
who design with Diodes products. Diodes products may be used to facilitate safety-related applications; however, in all instances customers 
and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of the Diodes 
products for their intended applications, (c) ensuring their applications, which incorporate Diodes products, comply the applicable legal and 
regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards 
(including testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging 
degradation) to minimize the risks associated with their applications.    
 
3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by 
Diodes from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated 
with such use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all 
damages and liabilities.   
 
4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent 
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign 
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any 
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this 
document.   
 
5. Diodes products are provided subject to Diodes’ Standard Terms and Conditions of Sale 
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/)  or other applicable terms. This document 
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in 
respect of any products purchased through unauthorized sales channel.   
 
6. Diodes products and technology may not be used for or incorporated into any products or systems whose manufacture, use or 
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes products in contravention of any 
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any 
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its 
representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, 
any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application. 
 
7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may 
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is 
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves 
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any 
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English 
version of this document is the final and determinative format released by Diodes. 
 
8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is 
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such 
unauthorized use. 
 
Copyright © 2020 Diodes Incorporated 
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