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Welcome to this presentation on Switch Mode Drivers, part of OSRAM Opto
Semiconductors' LED Fundamentals series.

In this presentation we will look at:

How switch mode drivers work, switch mode driver topologies, and benefits of
switch mode drivers in LED circuits and systems.




Introduction

e Proper driving of LEDs is required to L
address some of the fundamental

variations that all LEDs may have due
to manufacturing tolerances.

There are different methods that are
used to drive LEDs. These methods
can be very simple or quite
complicated, depending on the
application.

.

L ]

Some of the key parameters needed
to choose a proper driver include,
expected Tj (Junction Temperature),
expected Vf mismatch between LEDs,
color accuracy needed at the system
level, and if dimming of the LEDs is
required.
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Like any electronic component, LEDs should also be driven properly for improved
efficacy, better reliability, and longer lifetime. Because some of the fundamental
variations, such as vf mismatch between LEDs and color variation within the same
bin, more care needs to be taken when deciding what type of driving method is
suitable for LEDs in a particular application.

Some of the key parameters that play a major role in selecting the proper driving
method are expected junction temperature of the LED, expected Vf mismatch
between LEDs and/or LED strings, color accuracy required, and whether dimming is
required.



Need for Current Regulation in LED Systems
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s The |-V characteristics of an LED plays a =/ (VF)f Tam a7, red i
key role in deciding what type of X o
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for driving LEDs. T 5
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» Also, current regulation is required in the
LED system to control and maintain:

» Color shift vs LED current 101
» Flux or light output vs LED current va
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* There are three common methods of driving /
LEDs: resistor based, linear regulators, and
switch mode regulators.
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As mentioned earlier, understanding the electrical, optical, and thermal
characteristics of an LED is required to properly select the driving method for an
LED circuit or system. An |-V characteristic of an LED is similar to that of a
standard diode, meaning LEDs should be driven with a constant current source.
Also, optical characteristics such as color shift vs LED current and thermal
characteristics such as Vf and color shift vs junction temperature, play key roles in
selecting the proper driving method.



Driving Options

\Electrical characteristics | Optical characteristics | - '_Thermal characteristics
“\;_\ —y - —— //'
T
4 Do onad il Covered in this
L UL s resentation
- Switching mode drivers
: y. ) - Buck mode
Discrete component / Linear drivers - Boost/ SEPIC mode
- Resistor based - Fixed voltage - Buck-boost
. -Transistor based - - constant current - Fly back
LED Fundamentals | Switch Mode Drivers | Page 4 OSRAM
Opto Semiconductors

When selecting the proper driving method for an LED application, only considering
electrical characteristics of an LED is not sufficient. Electrical, optical, and thermal
characteristics should be considered to select the appropriate driving method for an
LED system. There are three typical methods for driving LEDs.



Commonly Used Driving Options
ve Vs __| Voltage Vs___| Current
» Regulator Reguiator
o & &
Resistor drive Current feedback
Switch mode
regulator driving is
explained in this
presentation
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Commonly used driving options are: discrete component based drive, linear driver
based drive, and switch mode driver based drive. This presentation covers switch
mode driver based drive.



Advantages and Disadvantages of Each Driving Method

Before choosing a switch mode driver, refer to this table that outlines some of the advantages and
disadvantages of each driving option.

. . . Switch
Discrete based drive Linear
" i Mode
Resistor/ Transistor Regulator
Regulator
| Vf mismatch between LEDs addressed | 'NOJ YES T ves | ves
Vf change due to temperature addressed NO/YES YES YES
Source voltage variation addressed NO/YES YES YES
Tight current regulation NO/ NO YES YES
Simple solution YES/ YES YES NO
YES (compared
Costly solution NO/NO to resistor YES
driver)
Efficient solution NO/ NO NO YES |
Stable over wide-range of temperature NO/ YES YES YES |
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Before starting with a switch mode regulator, please take a look at the table on this
slide to understand the advantages and disadvantages of each driving option. The
biggest advantages of a discrete based drive are low cost and simplicity, where the
major disadvantages of a switch mode based driver is the complexity of the design
and the cost associated with it.



Switch Mode Regulators/Drivers

LIn tn Q0% efficiency can
Up o 20% eficlency can

Switch mode regulators offer the advantage of be achieved using switching
increased efficiencies of power conversion, drivers.
especially in high power applications.
LED Driver Efficiency vs AC Input Voltage

In comparison to linear regulators, switch mode ‘; ——
regulators may increase complexity, cost, and i s
real estate needed for the driver circuit. Fu s

in z
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In this presentation, various topics of switch R //
mode regulators will be examined at a very high 7
level. This presentation is an overview of various " o " #e ol
key topics for switch mode regulators. A much Input Voltage [ Vac ]
more detailed look and analysis is required in an
actual design. Efficiency characteristics of

ICL8001G
i
LED Fundamentals | Switch Mode Drivers | Page 7 OSRAM
Opto Semiconductors

At present, when it comes to LED systems, efficacy (Im/W) is one of the key
measures that make LED systems more attractive compared to traditional lighting
systems. The efficacy of an LED system can be improved by optimizing electrical,
thermal, and optical efficiencies of the overall system.

This presentation reviews how an optimized driver can be used to help improve the
electrical efficiency of an LED system.

Switch mode regulators offer the advantage of more efficient power conversion,
especially in high power applications.



How Do Switch Mode Regulators Work?

‘ PWM generated by Driver IC
Driver IC that turns on/ off the switch, Q1

Supertex inc.

In linear regulators, the difference between the input and output voltages is burned as
wasted heat. The wider the difference between the input and output voltage, the more heat
is produced. With linear regulators, there are cases in which more energy is wasted as heat

than delivered to the load.
OSRAM
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A switch mode regulator takes a small portion of energy at a time from the input
voltage source and transfers it to the load or device being driven. An electrical
switch, such as a transistor, is used along with a controller that regulates the rate at
which the switch is turned on and off. In a switch mode driver, the driver IC is the
brain of the power supply. Basically, it generates the PWM signal that turns the
switch on and off so the output is maintained at a specified value.



Switch Mode Driver Topologies
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There are four different topologies in which a switch mode driver can be operated.
They are buck mode, boost mode, buck-boost mode, and fly back mode.

Next we will analyze each topology in greater detail.



Buck Mode Operation
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Buck mode regulation is used when the =
input voltage or source voltage is higher linductor L -t

than the expected output voltage. : :
|
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SWon

This example illustrates the simple circuit diagram of a buck type switch mode
regulator design. The primary function of the driver IC is to generate the control
signal which turns the switch on and off. When the switch is closed, there will be
two current loops (shown in green). When the switch is open, current flows in the
direction (shown in red).

Buck mode regulation is used when the input voltage or source voltage is higher
than the expected output voltage. For instance, if a standard 24V supply is used to
drive an LED system in which four 1W high power LEDs are connected in series,
there needs to be a buck mode constant current driver in place to drive the LEDs.
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Typical Application Circuit of HV9910B in Buck
Configuration
This driver outputs an LED current of 700mA and can achieve up to 94% efficiency when
driving OSRAM Opto Semiconductors’ 6-chip OSRAM OSTAR LED with an input of
24Vdc.
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There are a number of IC manufacturers that focus on LED drivers. The brain of a
power supply is the driver IC.

Shown on the right, is the schematic of a typical application circuit using Supertex’s
HV9910B, a buck driver IC. In many cases, the same driver IC can be configured to
be operated in buck, boost, or Single Ended Primary Inductance Converter (SEPIC)
configurations. The arrangement of the components is what changes in these
different configurations. The basic components for all modes stay the same.

11



Boost Mode Operation
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The boost topology is the second most commonly used configuration. In boost
mode operation, when the switch is closed, current flows through the inductor while
the capacitor supplies the load. When the switch opens, stored energy in the
inductor releases, the capacitor charges, and the load is supplied.



Typical Application Circuit of Boost Configuration

XXX

Supertex inc.
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Shown here is a simple boost topology schematic using a Supertex’s HV9911.
Please note that the circuit enclosed in dotted lines is not part of the boost topology.

13



Shortcoming of Boost Mode Operation

in a boost topoiogy, the input is iess than the output. However, what wiii happen if the input
goes above the output?

Due to circuit arrangement in a boost topology, there will be current flow (shown in red)
when input goes higher than the output and the output will not be regulated. This may
cause damage to the load and should be prevented.

e 1
In a situation similar to the Inductor >
above, the SEPIC configuration t Drode
helps and maintains a regulated A I—E - [ _
positive output when the input = A

J

is higher or lower than the
Boost Topology

T
Load

Swilch
Capacitor
|

CONTROL

output.
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Ideally, boost topology is used when input voltage is lower than the output voltage.
However, due to the circuit component arrangement in boost topology, there will be
a direct current flow into the load when the input goes above the output voltage.
This is not desired, as there will be no current regulation in this situation.



SEPIC Configuration

In SEPIC (Single Ended Primary Inductance Converter) configuration, the output voltage
can be either higher or lower than the input voltage.

Y [l ’1
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5 J
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To address this loop hole in boost configuration, SEPIC configuration is used. In a
SEPIC configuration, the input voltage can either be higher or lower than the output
voltage. Please note that there are two inductors in this configuration compared to

only one inductor on the three previously explained modes. The addition of the
inductor may slightly increase the cost of the driver.
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Typical Circuit Schematics of SEPIC Configuration
Note use of two
inductors
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One of the key differences between boost and SEPIC is the use of two inductors,
which may add cost to the system, but is very commonly used in portable battery

operated applications.



SEPIC in battery operated applications

SEPIC DRIVER }
N
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An ideal example for SEPIC configuration would be a device which has a single
LED (Vf ~3.2V) and is operated with three AA or AAA batteries. When the batteries

are new, a buck mode operation is required and when the batteries drain below
3.0V a boost mode operation is required.

17



Buck-Boost Mode of Operation
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Buck-boost is the third commonly used topology. It is also called inverter topology
because the output polarity is inverted. The operation is such that when the switch
is on, current flows through the inductor and energy is stored in the inductor. During
this period, the load is supplied by the capacitor. When the switch opens, stored
energy in the inductor is released and the capacitor charges up while the load is
also supplied.



Typical Circuit Schematic of Buck-Boost Configuration

National Semiconductors’ LM22670-ADJ in buck-boost configuration is shown below. Note
here the polarity of the output is inverted.
R1
VIN 5.5V to 35V 2.55 K2
o VIN FB »—A vouT
LM22670-ADJ R2
O—| EN sooT [ 7.32 k02

Cé
:C1 —4.7 uF
22uF O—{ RT/SYNC

c2
22 yF 7]

I+
1l

GND

c4 cs —
6OV 5A 120 uF '|' ‘|‘
£ VOUT -5V

— * component optional & National

Semiconductor
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As an example, a National Semiconductor’s LM22670-ADJ in buck-boost mode
operation is shown.



Fly Back Topology

Fly back topoiogy is the most versatiie because it can have singie or muitipie outputs.

A single output configuration is shown below.
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The fly back is the fourth commonly used topology. It can be configured for single
output or multiple outputs. In single output configuration, when the switch is on, the
current flows through the primary side of the transformer. During this cycle, the load
is supplied by the capacitor. When the switch is turned off, the voltage at the
primary side is reflected on the secondary side, which causes the diode to conduct,

supplying the load as well as charging the capacitor.
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Fly Back Topology

A multiple output fly back topology is shown below. For more information on multiple
output configuration, please consult LED Fundamental "AC-DC Power Supplies.”
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This slide shows the typical configuration of a multiple output fly back topology. For
more information on multiple output configuration, please consult the LED
Fundamental “AC-DC Power Supplies.”
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Continuous and Discontinuous Conduction Modes

(CCM/ DCM)

Irrespective of all different topologies explained, there are two conduction modes of operations at
which any of the topologies can operate.

A continuous conduction mode is when the inductor current never reaches zero between on and off

cycles of the switch, where as in a discontinuous mode of operation the inductor current can reach
zero.

There are advantages and disadvantages of each mode. For more information on each mode, please
consult the LED Fundamental "AC-DC Power Supplies.”

Inductor current

i Switch ON reaches zero
Switch OFF
0 t
Inductor Current for CCM Inductor Current for DCM
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All four of the topologies explained can be operated in either continuous conduction
mode or discontinuous conduction mode, depending on the current through the
inductor. In continuous conduction mode, inductor current never reaches zero, but
in a discontinuous conduction mode operation the inductor current does reach zero.
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Summary

e There are four different switch mode driver topoiogies that are wideiy used:
Buck, Boost, Buck-Boost, and Fly back

« All of the topologies can be operated in Continuous or Discontinuous mode (CCM/
DCM).

« SEPIC can be considered a variation of Boost configuration.

* Fly back topology gives the designer freedom in the design and is considered the most
versatile.

« Switch mode drivers are much more efficient than discrete component based drivers or
linear drivers.
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In conclusion, there are four different switch mode driver topologies and the fly back
topology is the most versatile and widely used because of the flexibility it offers.
Irrespective of what topology is used, switch mode driver based current regulation is
much more efficient than discrete or linear based regulation. On the negative side,
switch mode drivers are more complex compared to a simple resistor or linear driver
based designs and can also add costs to the overall system.
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Disclaimer

Aii information contained in this document has been checked with the greatest care.
OSRAM Opto Semiconductors GmbH can however, not be made liable for any damage
that occurs in connection with the use of these contents.

OSRAM Opto Semiconductor GmbH makes no representations and warranties as to a
possible interference with third parties' intellectual property rights in view of products
originating from one of OSRAM Opto Semiconductor GmbH's partners, or in view of
products being a combination of an OSRAM Opto Semiconductor GmbH's product and a
product of one of OSRAM Opto Semiconductor GmbH's partners. Furthermore, OSRAM
Opto Semiconductors GmbH cannot be made liable for any damage that occurs in
connection with the use of a product of one of OSRAM Opto Semiconductor GmbH's
partners, or with the use of a combination of an OSRAM Opto Semiconductor GmbH's
product and a product of one of OSRAM Opto Semiconductor GmbH's partners.
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Thank you for your attention.
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Please refer to the LED Fundamental “AC-DC Power Supplies” on this
website for additional information.

Thank you for viewing this presentation by OSRAM Opto Semiconductors.
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