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1 INTRODUCTION TO LED DRIVERS 

 

An LED Driver is an electrical device that regulates the power to an LED or string(s) of LEDs. The driver 
responds to the changing needs of the LED by supplying a constant amount of power to the LED as its 
electrical properties change with the temperature. The forward voltage (Vf) of a high-power LED changes 
with temperature. As temperature increases, the forward voltage drop of the LED decreases, causing the 
LED to draw more current, if the source is a constant voltage source. The LED will continue to get hotter 
and draw more current until the LED burns itself which is known as thermal runaway.  
 
Constant-Current Drivers   

Constant-current drivers power LEDs that require a fixed current and a range of output voltages. There 
will be only one output current specified, labeled in amps or milliamps, along with a range of voltages that 
will vary depending on the load (wattage) of the LED. The constant current LED driver compensates for 
the changes in the forward voltage while delivering a constant current to the LED. 

 

Constant-Voltage Drivers  

Constant-voltage drivers power LEDs that require a fixed input voltage with a maximum input current. In 

these LEDs, the current is already regulated, either by simple resistors or an internal constant-current 

driver, within the LED module. These LEDs require one stable voltage, usually 12V DC or 24V DC.  

1.1 TYPICAL APPLICATION OF LEDS 
Automotive applications for LEDs include interior lighting such as dome, dash and footwell lighting and 

indicator and telltale lights. Some other applications are infotainment backlighting, exterior signaling 

functions such as tail lights, turn signals, brake lights, center high-mount stop lamps (CHMSL), parking 

lights, side marker lights, fog lamps and daytime running lights (DRLs) [11]. 

 

In some cases, the capabilities of an LED driver can enable more than one application to be addressed 

with the same LEDs. The ease of controlling LEDs also makes them a natural choice for intelligent lighting 

systems that adjust based on vehicle sensor inputs.  

1.2 SCOPE OF THIS DESIGN EXAMPLE 
This design is a Boost LED Driver using current mode control PWM controller UC1843 with battery 

Input voltage ranging from 9-16V. In this design battery input voltage is boosted to 40V to power 10 to 14 

LED's of a Day Time running Lamp (DRL) in constant voltage mode with peak current limitation. The 

maximum allowed current through the boost inductor is limited to 2.2A in the worstcase and the switching 

frequency is chosen as 400kHz. 

 

The design is tested for varied input voltages and temperature conditions against the design 

specifications. Also, a Fault analysis is performed to check the design performance for some fault 

conditions in design. 

 



2 BOOST LED DRIVER -SCHEMATIC IN SABERRD 

The schematic of the Boost converter design is as shown in Figure 1 below. 

 

 

Figure 1 Schematic of Boost LED driver using UC1843 

2.1 DESIGN SPECIFICATIONS AND BOUNDARY CONDITIONS 
 

The below Table 1 shows the nominal design specifications for the LED driver. 

NOMINAL SPECIFICATIONS 

Name Symbol Value  

Input Voltage Vin 9V to 16V 

Output Voltage Vout 40V 

Switching Frequency Fsw 400kHz 

Max. Ripple Voltage on Vout ɲVout 200mV (0.5%) 

Pk-Pk Inductor Ripple Current ɲIL 20% 

Output current Iout 400mA 

 

Table 1 Specification for typical input values 



3 CHOOSING THE COMPONENTS FOR THE DESIGN SPECIFICATION 

3.1 CHOOSING A CONFIGURATION FOR LED DRIVER 
In automotive applications, the typical supply is 12V battery supply. In this application for Daytime 

Running Light, it is common to use around 10-12 LEDs. This would require a 40V boost output and an 

output current of around 400mA. Refer to the datasheet of generic LEDs used for these kinds of 

applications. 

As it is a low power and low voltage application, a single switch DC-DC Boost converter configuration is 

suitable for this application. 

3.2 CHOOSING A SWITCHING FREQUENCY 
The switching frequency in an inverter or converter is the rate at which the switching device is turned on 

and off. Typical frequencies range from a few kHz to a few megahertz (20KHz-2MHz). Increased switching 

frequency reduces size of associated components such as the inductors, transformers, resistors and 

capacitors in addition to reduced space requirements on the board and case. 

The RF spectrum has some free areas in the 100 kHz to 500 kHz band. In our example, we choose  

Fsw = 400 kHz. 

3.3 CALCULATION OF THE SWITCHING DUTY CYCLE-D 
The Duty cycle equation for a Boost converter approximated is as below. 
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The worstcase duty cycle can be calculated using lowest input voltage Vin(min) and highest output 

voltage Vout(max). 
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The ON and OFF times of the switching MOSFET can be calculated using the duty cycle. 
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3.4 CHOOSING A PWM CONTROLLER 
A discrete components circuit or an integrated circuit (IC) may be used as an oscillator. An IC oscillator 

module can be used to generate a square wave switching signal. It has an advantage of simplifying the 

design process. 

A sine wave or square wave oscillator is usually used to convert the battery dc voltage to a higher 

frequency signal. In the Switched Mode Power Supplies (SMPS) where higher frequencies are used, a pulse 

width modulation (PWM) or pulse frequency modulation (PFM) controller may be used to define how the 

MOSFET, power transistor or thyristor is turned ON and OFF by the oscillator signal. The PWM modifies 

the duty cycle of a fixed switching frequency and thus control the time the device stays ON or OFF. 

The PFM adjusts a variable switching frequency thereby controlling the number of times the device 

switches on and off per second. Both modulations are typically used on square wave switching signal 

which is much easier to filter and regulate when compared to sine wave. 

To boost the battery voltage to 40V as per the specification, we need a voltage feedback loop for 

monitoring the output voltage and controlling the PWM. Also, here since the max LED current must be 

limited, we need a current control loop to monitor and limit the peak current and control the PWM. Hence 

we go for a current mode PWM controller IC for this application. 

In SaberRD, we can use the parametric search option to find a suitable model using the filters. In this 

example, we need duty cycle >=80 and number of outputs=1. 

 

Figure 2 Parametric search from SaberRD for PWM component 

From the resulted list, we choose UC1843 Current mode PWM controller from TI. Specification and the 

functional block diagram from datasheet [3] is as shown below. 



 
Figure 3 Functional block diagram of UC1843 from TI datasheet 

You can choose any PWM or LED drivers available from market and check for a simulation model to start 

the design and validate using SaberRD. Alternatively, a PWM controller can be built using the behavioral 

components from SaberRD library which can be characterized to match the specification from datasheets. 

Help on Pulse Width Modulators  is available in SaberRD online documentation under the below 

topic: 

Saber Component Library Reference Manual > Catalog of Component Types 

> Pulse width  Modulators  

- >Building Your Own Component  

3.5 CHOOSING VOLTAGE LOOP FEEDBACK RESISTORS 
Reference voltage for error amplifier is 2.5V from the block diagram above and Vout=40V.  
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We choose Rfb1=45kʍ, Rfb2=3kʍ. 

3.6 CALCULATE THE BOOST INDUCTOR 
 

The average current ILavg that flows through the boost inductor is dependent on the output current Iout 

required and the worstcase duty cycle Dworstcase. 
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Figure 4 Inductor current waveform 

Considering the ɝ), =0.4A, for voltage mode operation, the calculation of Boost inductor is: 
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With the calculated Boost inductor value, from simulation we can see that the ɲL[ of 0.4 is not sufficient 

to reach the peak current limit in one cycle of PWM. We observe that it takes 3 cycles for the inductor 

current to reach peak current of 2.2A. For continuous current mode operation with peak current limitation 

of 2.2A, the approximate calculation of Boost inductor is found through simulation. 

The switching resets every third cycle, i.e the ripple on switching frequency is 133kHz. 

Optimized value of L= 100‘H is finalized after simulating, which gives more precise result with other circuit 

parameters considerations in schematic. 

3.7 CALCULATE THE CURRENT SENSE RESISTOR RCS 
The Rcs resistor is needed to limit the current through the external MOSFET switch and the inductor and 

used in the current control loop for the boost regulator to measure the current through the switch.  

The switch peak over-current threshold (VSWCS) in the datasheet is required to determine the proper 

value for Rcs: 
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3.8 CALCULATE THE OUTPUT CAPACITOR 
When the MOSFET is ON, the output capacitor Cout must supply the load.  Here we use the Fsw=133kHz 

instead of 400kHz as we need three cycles to reach peak current using the current control mode. 
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3.9 SWITCHING MOSFET CONSIDERATIONS 
An N-channel MOSFET is used for Boost configuration with 5V gate voltage compatibility. The breakdown 

voltage should be more than 40V with sufficient margin and it should have low gate input capacitance. 

IPD25N06S4l-30 from Infineon [10] is chosen. 

This model is characterized using MOSFET tool from SaberRD. The MOSFET model is characterized for 3 

temperatures from the datasheet information and is optimized for best accuracy. 

 

 

Figure 5 MOSFET model characterization IPD25N06S4L 



3.10 OUTPUT DIODE SELECTION 
The diode must handle the maximum Inductor current = ILmax=2.2A 

ω The minimum reverse voltage should be greater than the maximum Vout voltage(40V) 

ω [ƻǿ ƭŜŀƪŀƎŜ ŎǳǊǊŜƴǘ ŀǘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘures. 

ω [ƻǿ ŦƻǊǿŀǊŘ ǾƻƭǘŀƎŜ ŘǊƻǇ όǳǎŜ {ŎƘƻǘǘƪȅ ŘƛƻŘŜǎύ. 

 

Diode selected for this example: 

Schottky diode: 3 A / 60 V (V3F6 from Vishay [9]) 

 

Figure 6 Diode specifications from datsheet-V3F6 

The diode model for V3F6 has been characterized using SaberRD diode Tool for three temperatures. 

 

Figure 7 Diode characterization for forward characteristics V3F6 



 

  

Figure 8 Diode characterization for capacitance and reverse recovery V3F6 

3.11 CHOOSING THE LED 

3.11.1 LED forward characteristic 

The LED Luxeon F CW is chosen for this example. The forward characteristic from datasheet [7] is as 

shown below. 

 

 

 

 

 

 

 

 

 

 

Figure 9 LED forward characteristic from datasheet Luxeon F CW 

The maximum number of LEDs you can run from a single driver is determined by dividing the maximum 

output voltage of the driver by the forward voltage of your LED(s). The LED forward Voltage at 400mA is 

2.97V. With 13 LEDs in series, the total required supply voltage =13*2.97=38.61V which is close to our 

design specification of 40V. 

If=400mA 

vf=2.97V 



The normalized light output of the LED also varies with the current through the LED and the 

temperature as shown in the Figure 10 below. At 400mA, we see the normalized light output as 1.2. 

 

Figure 10 LED Light Output characteristic from datasheet Luxeon F CW 

3.11.2 LED forward Voltage 

 

 

Figure 11 LED specifications from datasheet Luxeon F CW 

The LED forward voltage drop is dependent on the junction temperature Tj and load current If. At low 

temperature, the LED has higher forward voltage drop. 



3.11.3 LED forward Voltage variation with temperature 

LED characteristics such as luminosity, wavelength and forward voltage will vary depending on junction 

temperature Tj, which includes ambient temperature and LED heat generation during operation and load 

current.  

Vf change is an important consideration in circuit design. Changes in Vf are caused by variations in the 

emission wavelength and semiconductor bandgap. When the temperature rises Vf decreases by 2mV/°C.  

When the LED operates at constant current, Vf change should pose no serious problems as the current is 

constant. However, at constant voltages Vf will drop as the temperature rises, causing an increase in 

current. 

As the current rises Tj will continue to increase, resulting in a further drop in Vf until equilibrium is reached. 

In contrast, at low temperatures, Vf increases, causing the current to drop, which may make it difficult to 

obtain the required luminosity during constant voltage operation. 

 

Figure 12 LED forward voltage shift with respect to case temperature from datasheet Luxeon F CW 

3.11.4 LED model Characterization and Validation 

In this example, mŀƴǳŦŀŎǘǳǊŜǊΩǎ Spice model has been translated to Saber and used here. The 

manufacturer provided the typ, min and max models for the device. After translation using SST tool from 

SaberRD, the MAST templates of typ, min and max models are combined into a single template and an 

additional number type parameter has been added. Using this parameter type, we can choose the model 

behavior among typ, min or max. 

 



 

Figure 13 LED Spice model translated to MAST model and edited 

Thirteen LED models are connected in series and a hierarchical symbol is created for the DRL assembly. A 

parameter LED_type is added to the hierarchical symbol to choose a typical, minimum or maximum model 

of each LED.  

                                                               

Figure 14 Hierarchical model of DRL with 13 LEDs 

4 SIMULATION AND VALIDATION IN SABERRD 

The design is simulated for nominal conditions using varied input voltage of battery source and the results 

are analyzed. Next the temperature vary analysis is performed at a constant battery voltage of 12V and 

then a fault simulation is done with a constant battery Voltage of 12V. The following sections show the 

experiments, results and summary of these analyses. 



4.1 SIMULATION FOR VARIED BATTERY VOLTAGE 

4.1.1 Experiment setup for validating the response to Vin 

 

Figure 15 Experiments 

Open the design Boost_LED_driver_using_ UC1843 and run the experiments under category 

Response_to_input_voltage . The parameter battery voltage is set to 9V, 12V and 16V 

respectively in these experiments.  

 

Figure 16 Experiment performance_with_9V 



We use the typical model for LEDs and set Vin to 9V. At 9V we expect the controller to be in worstcase 

condition and max duty cycle is needed to boost the input voltage to 40V. At 16V, the duty cycle is much 

smaller and the operation is mostly via current control. 

Under these variations of input voltage, we check if the controller can achieve the specified output voltage 

of 40V and required output current of 400mA. 

 

4.1.2 Simulation results for Vin=9V (Run Experiment: performance_with_9V ) 

 

 

Figure 17 Graph result from Experiment vary_vin@9V- Boost_Design_Main_signals 

There is an input to output diode which brings the output voltage to input level quickly (9V) and then the 

Boost operation begins. We can see that I_led gradually increases to the required current value once the 

Boost_Vout reaches a certain value to give the expected light output. We are meeting the design 

specification with the switching frequency of 400kHz, boost inductor of 100µH and other design 

parameters set in the schematic for Boost_Vin=9V. 

Figure 18 below shows the signals zoomed in for reference. The summary of nominal analysis is available 

in  

Table 2. 



 

Figure 18 Graph result from Experiment performance_with_9V- Boost_Design_Main_signals_zoomed in 

 



 

Figure 19 Graph result from Experiment vary_vin@9V- Boost_Design_Internal_signals 

At time zero, we see due to the voltage feedback loop, comp_out  or error amplifier output voltage 

reaches 6V due to the gain set. The current sense voltage Boost_CS  reaches its maximum specification 

of 1V (equal to 2.2A) and maximum duty cycle is applied at Vgate  to reach a Boost_Vout  of 40V 

quickly.  

Once the Boost_Vout  has reached 40V, the comp pin voltage starts to drop slightly and the current 

sense limit also reduces accordingly. Hence duty cycle to the gate voltage Vgate  is reduced and the circuit 

operates in steady state. The typical LED voltage drop (led_vd )is  3.029V. Refer to the block diagram 

(Figure 3) from datasheet for more details on the working of the controller model. 

Circuit specification can also be verified from the Experiment Report below. 

 

Figure 20 Experiment report from Experiment vary_vin@9V 



4.1.3 Simulation results for Vin=12V (Run Experiment: performance_with_12 V)  

 

Figure 21 Graph result from Experiment performance_with_12V- Boost_Design_Main_signals 

 

Figure 22 Experiment report from Experiment performance_with_12V 



4.1.4 Simulation results for Vin=16V (Run Experiment: performance_with_16 V) 

 

Figure 23 Graph result from Experiment performance_with_16V- Boost_Design_Main_signals 

 

Figure 24 Experiment report from Experiment performance_with_16V 
 

 

 

 

 

 

 



4.1.5 Summary of Simulation results with nominal conditions @ Vin=9V,12V,16V  

 

SPECIFICATIONS  Simulation results 

Name Symbol Value  Vin=9V Vin=12V Vin=16V 

Input Voltage Vin 9V to 16V 9V 12V 16V 

Output Voltage Vout 40V 39.38V 39.64V 39.86V 

Switching Frequency Fsw 400kHz 403kHz 408kHz 414kHz 

Max. Ripple Voltage on Vout ɲVout 200mV 109mV 127mV 105mV 

Pk-Pk Inductor Ripple Current ɲIL 20% 
(0.4A for Imax=2.2A) 

0.330A 0.434A 0.393A 

Output current Iout 400mA 347mA 379mA 407mA 
 

Table 2 Summary of Simulation results with nominal conditions @ Vin=9V,12V,16V 

From the summary, we can see that the Inductor ripple current is not linearly varying due to the different 

time constants involved in the design. The overall design specification is met with varied input battery 

voltage. 

4.2 SIMULATION RESULTS FOR VARYING TEMPERATURE WITH MIN MODEL USED FOR LEDS  

4.2.1 Experiment setup for varying temperature 

From theory, 

¶ As the temperature increases, the LED forward voltage drop decreases and as Vout is constant, 

the I_led increases.  

¶ The diode minimum model has highest current flow at a given forward voltage. 

 

Figure 25 Experiment Vary_temperature_analysis 

 

Experiment Vary_temp erature_analysis  uses the minimum model for LED by setting the 

LED_type parameter to 1 using the alter command. The temperature is varied by list input set to 25, 85 & 

125 deg and input battery voltage is set to 12V.  

Using alter commands and vary loop feature in Experiment Analyzer, this setup and analysis can be done 

easily. 



 

Figure 26 Experiment Vary_temperature_analysis 

Note: To boost the simulation speed for iterative analysis, we used the Multicore option in SaberRD.  It 

enables the CPU to run parallel executions of the loops using multiple cores. 

The report from experiment Vary_temp erature_analysis  is shown below. 



 

Figure 27 Experiment report from Experiment Vary_temperature_analysis 

The resultant simulation graphs from experiment Vary_temp erature_analysis  are as below. The 

summary of simulation results with varying temperature @ Vin=12V is available in Table 3. 

 

  

Figure 28 Graph result from Experiment Vary_temperature_analysis - Boost_Design_Main_signals 




















