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How to Increase the Efficiency of
Two-Stage Drivers

In this article, Dr. Weirich from Infineon Technologies, describes a
simple method for increasing the efficiency of drivers that can
operate with LED engines with a wide range of current and power
levels, at virtually no effort. In addition, the method allows for using
smaller inductors in the buck stage, leading to lower cost and

potentially, smaller size.

topologies are much favored

thanks to their excellent perfor-
mance when it comes to input power
quality, wide dimming range, and a high
quality of light. For power output lev-
els of up to about 50 W, it is extremely
popular to combine a PFC flyback and a
constant current output buck as a sec-
ond stage. Such an approach allows for
optimization of virtually all aspects of
the application since the combination
increases design freedom compared to
a single-stage driver. However, achiev-
ing very high efficiency can be challeng-
ing for two-stage topologies. The pre-
sented method gives a higher efficiency
at no added cost nor design complex-
ity. Moreover, it allows the usage of a
smaller inductor value and size in the
buck, leading to more compact designs.

I ED drivers based on two-stage

LED Drivers and the
Quality of Light

Quality of light, first and above all, means
the absence of any lighting artefacts, e.g.
flicker and stroboscopic effects. Both are
caused by modulation of the LED current
and should be as small as possible. That
means that the design goal for good light
quality is an output current that is as close
as possible to pure DC under all operat-
ing conditions. Any modulation generated
by an AC component of the driver output
will be detectable in the light output with a
negative impact on the quality of light. Cur-
rently, there is no mandatory standard for
such lighting artefacts, but the maximum
light modulation levels given in IEE1789-
2015 are a reasonable guide [1].

A second important aspect comes up
when the driver is dimmable. In that case,
the lowest dimming level is an important
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performance indicator and the conformity
of this level between different drivers is cen-
tral. In other words, the lowest dimming
level must be highly accurate. What is ex-
tremely important is the absence of any
light artefacts caused by this low output
power condition. Low dimming levels are
often implemented by discontinuous LED
currents either by using PWM modulation
or by going in discontinuous mode of the
output stage. Both will cause some modu-
lation of the light and might reduce the light
quality.

Now let’'s consider the requirements for

the input side of the driver. International
standards, such as IEC 61000-3-2:2014
[6] demand a high power factor (PF) and
low harmonic content (THD) of the input
current. Essentially, this means that the
input current is exactly in phase with the
input voltage and that it has a precisely
matching waveform, i.e. no distortions. IEC
61000-3-2:2018, the 2018 edition of the
above-mentioned standard [6], is applica-
ble for input power ratings above 5 W and
addresses dimmable drivers in more detail
than before. Briefly, the requirements for
input power quality seem to be extremely
difficult to meet with a converter that needs
to manage proper LED driving as well.

Consequently, single-stage drivers are
dropping in popularity and are increas-
ingly replaced by two-stage solutions. They
make it much easier to optimize the first
stage for an excellent power quality over a
wide range of output powers. The second
stage is then fed with a reasonably stable
DC voltage and can be optimized to pro-
vide a clean and stable supply current for
the LEDs.

As depicted in Figure 1, there are two ba-
sic configurations for two-stage drivers:
galvanic isolation after the first or after the

second stage. It is obvious that the second
configuration is not well suited for applica-
tions that demand more than one output
channel, for example, tunable white or RGB
solutions. It may also be a disadvantage

in some single output channel applications
where, in the second solution, the dimming
interface is not isolated from power line. All
this is completely independent of whether
a primary side regulation (PSR) or a sec-
ondary side regulation (SSR) is used. We
can conclude that two-stage LED drivers
based on an isolated PFC followed by a
buck stage are the most versatile solu-
tions for power levels up to about 50 W
and maybe even somewhat higher. That
explains why the topology has become ex-
tremely popular for high light and power
quality LED drivers.

System Efficiency

The described two-stage solution presents
challenges for designers as well. Achieving
very high efficiency is one of them. This can
be illustrated by a simple example. If the
first stage achieves an efficiency of 92%,
which is an excellent value for a flyback,
and the buck has 97%, the system effi-
ciency will be slightly above 89%. Consid-
ering the upcoming EU directive for lighting,
the Single Lighting Regulation (SLR), which
will replace several previous regulations and
will demand an efficiency of at least 85%
for a 50 W driver, there seems to be a com-
fortable margin. Many driver manufacturers
nevertheless consider higher efficiencies as
important, especially since that would result
in lower cooling effort in an often thermally
critical environment. Consequently, they
have their own standards such as minimum
efficiency of 88%, a number heard often. It
needs to be emphasized that this efficiency
level is desired over a wide load range, not
only at maximum load.
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There are a bunch of known measures to
increase efficiencies of both stages. But

all these measures considerably increase
the complexity and cost of the driver. In
case of a hysteretic buck, such as Infi-
neon’s ILD6150 or ILD8150, combined with
an SSR flyback like XDPL8218, there is a
simple solution to increase efficiency. This
solution consists simply of a changed ar-
rangement of the feedback circuit. With
this new arrangement, the output voltage
of the flyback becomes variable while the
difference between flyback and LED output
voltage is regulated.

Hysteretic Buck Efficiency
Increase

One thing worth mentioning is that the
hysteretic buck is an almost perfect solu-
tion for the second stage of a LED driver.
Deeper insights on hysteretic buck opera-
tion are provided in the application note on
ILD8150 80V high side buck LED driver IC
with hybrid dimming [2]. Further details of
the theory of operation of hysteretic bucks
are readily available for an interested reader
in [2].

High power
factor flyback

Figure 1: Two basic configurations for two-stage LED drivers
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Its operation principle is perfectly suited

to provide constant output current since
there is no feedback loop needed to stabi-
lize this current. No feedback loop implies
that no loop-compensation is needed ei-
ther. Consequently, the hysteretic buck

is unconditionally stable under all normal
input and output conditions. Finally, as
the schematic in Figure 2 clearly shows,
component count is small, especially if the
MOSFET is integrated.

VDUT

T

Figure 2: Schematic of hysteretic buck
with ILD8150

Key to understanding the idea behind the
proposed efficiency improvement is the
fact that the hysteretic buck is operating
with variable switching frequency fs. This
switching frequency is determined by the
value of the inductor L, the amplitude of
current ripple Az, and, finally, input and
output voltages Vin and Vour.

Why is the switching frequency fs so im-
portant? Simply because it dominates the
losses in a hysteretic buck and, in turn, the
efficiency. As can be taken from [2] and

[3], total conduction loss (i.e. the sum of
conduction loss of MOSFET and diode) is
governed by their respective resistances
and by the LED current. On the other hand,
switching loss is heavily dependent on Vin
as well as fs.

Analysis in [2] reveals that the difference
Vin — Vour between input and output is
the dominant term in the expression for fs
and that the variation of the latter is much
lower, if the difference Vin — Vour is kept
constant, as illustrated in Figure 3.

With a fixed Vi (blue curve), the fre-
quency rises rapidly with a falling LED
voltage and almost triples when the out-
put voltage drops by one third. Conse-
quently, not only will the switching losses
of the buck rise by a factor of aimost three,
but also the losses in the inductor will in-
crease by a similar factor. What the fixed
VIN curve (blue curve) shows is that the
selection of a suitable inductor is not an
easy task. The value of the inductor needs
to be small enough to keep the switching
frequency above audible range under all
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conditions but must not allow fS to go too
high in order to limit the losses. Switching
frequencies higher than 150 kHz may cause
issues with conducted EMI as well.

When the difference Vin — Vour is
kept constant (yellow curve), the behav-
ior changes completely. The frequency is
linearly going down with the LED voltage.
That implies that the inductance can be
reduced considerably, say halved, while
still having lower switching frequency in
the majority of the operating range. In
case the size of the inductor is kept the
same, a lower inductance means lower
turns and less losses. But it may be even
more appealing to a designer to use a
smaller inductor size and value. The red
curve in Figure 3 has been calculated
with an inductor value that is 2.5 times
lower (340 pH) than what is the case for the
other two curves (860 uH). That still leads
to pretty moderate frequencies, all below
85 kHz in this case, which are extremely
unlikely to cause any EMI issues. We can
expect that the efficiency improves greatly
in most parts of the load range and that
there is a prospect for reduction of induc-
tor size, leading to a more compact design
and lower cost.

Implementation

The developed concept is surprisingly sim-
ple to implement. Instead of stabilizing
the output voltage of the flyback stage, as
shown in Figure 4a, the difference of the
input and output voltages of the buck is
regulated to a constant value of e.g. 5V
(Figure 4b). This regulation mainly needs
a restructuring of the feedback network
so that almost no additional components
are needed, except for some low-cost
resistors. Extensive theoretical analysis

Standard feedback configuration
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Figure 4. Standard feedback
configuration a) and proposed new
configuration b)

has been carried out to prove that such
feedback configuration does not cause
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Figure 5: Increase of system efficiency by changing the feedback configuration vs. output
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Figure 6: Comparison of system efficiency with altered feedback configuration and original
860uH inductor (red) vs. 100uH SMD inductor (green)

any issues with loop stability [4]. For both,
the PFC flyback and the hysteretic buck,
the small signal transfer functions have
been determined and loop stability anal-
ysis has been implemented using MAT-
LAB/SIMULINK. As expected, we found
that this type of feedback does not cause
any stability issues other than those known
from a traditional circuit. Loop response
needs to be slow and loop bandwidth
needs to be below approximately 20 Hz,
as with any other PFC flyback. At the same
time, this feedback configuration does not
cause any negative impact on the perfor-
mance of the buck. It is also worth noting
that neither ripple suppression nor load
response is affected negatively.

How small a difference in Viny — Vour
can be made is an important question for
many designers. This is determined by the
maximum duty cycle of the buck. In CCM,
duty cycle d is always d = *24=. Thus,

Vour,max

Vin = g,
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This finally leads to the equation:

1
Vin—Vour > VOUT,Maz'(m

-1

ILD8150 has a maximum duty cycle dMax
of 0.97. If the selected maximum output
voltage is e.g. 60V, the minimum difference
Vin—Vour can be as small as 2V, leading
to extraordinary small inductors.

Results

The expected efficiency improvement has
been validated in a system consisting of
an AC-DC converter based on XDPL8218,
followed by a hysteretic buck based on
ILD8150. This system is described and
fully documented in [2]. In the first tests of
the proposed solution only the feedback
configuration has been altered, exactly as
described above. Nothing else has been
changed for this first validation. The sys-
tem efficiency and its increase by altering
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the feedback circuit is shown in Figure 5.
While at maximum output voltage (16 LED
~ 48V), the increase in efficiency is 1.3%,
reaching more than 3% at lower output
voltages (11 LED ~ 33V). Even more ex-
citing are the results displayed in Figure ©.
Here we changed the output inductor of
the buck - a relative bulky 860 pH through-
hole device was replaced with a 100 yH
surface mount. Although the latter has an
almost five times smaller volume (1.4 em?
versus 6.4 ¢m?®) and a similar factor in the
weight (7 g versus 32 g), the efficiency is
almost identical. This is an impressive result
because it is possible to increase efficiency
while at the same time volume, weight, and
cost are reduced. B
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