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Abstract. This paper presents a cost effective technique for extending
LED driving capability of floating buck converters, using an imbalanced stacked
MOSFETs switch (ISMS). The ISMS is comprised of a low-voltage transistor and
a power MOSFET, biased at a constant voltage, and can be driven by low output
capability control blocks. Unlike prior-art, the proposed ISMS does not rely on
synchronous switching and identical devices. The overall turn ON/OFF times
impact on the converter’s switching frequency is investigated. The proposed
technique is validated by implementation in floating buck converters with two
high performing control circuits. Hence, a critical conduction mode control
block and a variable OFF time controller, fabricated in 40 V and 5 V CMOS
technologies, respectively, are used for driving the converter. Measurements are
performed for a wide range of LED strings (6-48) and up to 250 V input voltage.
Efficiency results reveal a peak value of 97% and switching frequencies between
25 KHz and 170 KHz. Converters with ISMS are experimentally proven to drive
up to eight times more LEDs than their regular versions, with higher efficiencies.

Key words: stacked MOSFETSs; floating buck LED driver; low-voltage
control; critical conduction control; variable OFF time control.
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1. Introduction

LED backlit LCD TVs have recently seen a steep rise in demand due to high
luminous efficacy, long lifetime and dimming capabilities [1]. This trend paved the
way for a plethora of LED driving methods, including switch-mode power supplies.
Depending on the type of backlighting (direct, segment or edge lit), the number of
series connected LEDs can vary up to 50 devices, while input voltages required to drive
them can reach 250 V [2]. As the display sizes increase, so will these numbers. Thus,
the need for high-voltage compliant ICs has put a roadblock in reducing the cost gap
between LED TVs and their cold cathode fluorescent lamps (CCFL) counterparts.
As a result, solutions for interfacing high and low-voltage supply rails are sought.

Floating buck converters for LED driving in LCD TV applications employ a typical
architecture [3]-[19]. The switch-mode operation of these circuits imposes certain
performance requirements on the switching transistor. When in the OFF state, its
drain-source voltage is roughly equal to the input voltage. As such, when driving large
numbers of LEDs, a switching transistor with high drain-source voltage capabilities
is necessary. Controllers with an integrated switch must therefore be fabricated in
expensive high-voltage technologies. Even if the switching transistor is external, the
controller should still offer strong driving capabilities, which also takes its toll on
technological cost.

This paper proposes a technique to extend the number of driven LEDs in floating
buck converters, using an imbalanced stacked MOSFETSs switch (ISMS). This stack
has a high voltage blocking capability and can also be driven by a low voltage, cost
effective control block. Moreover, the ISMS technique can be adapted to control blocks
with both integrated and external switches. The proposed solution’s effectiveness is
proven for floating buck converters using two different control architectures [15], [19].

The paper is organized as follows. Section 2 describes the proposed technique for
extending the number of series connected LEDs driven by a floating buck converter.
Section 3 analyzes the switching sequence of the stacked MOSFETSs structure. In
Section 4, a brief overview of the existing control methods is presented, emphasizing
some of the most important advantages for each. The next section, Section 5, is
focused on integrating the proposed ISMS in floating buck converters with two high
performing control methods. Experimental results, reported in Section 6, are obtained
by measurements on the floating buck converter for a wide range of input voltages
and number of LEDs in the string. Conclusions are finally drawn in Section 7.

2. Floating Buck Converter With SMS

Floating buck converters (also known as reverse or inverted) are often used in LED
driving applications and employ a standard architecture [3]-[19], depicted in Fig. 1a.
The number of driven LEDs is limited by the input voltage.

Standard applications use a single nMOS transistor as SW (Fig. 1a), either ex-
ternal or integrated with its control block. The maximum input voltage value (and,
implicitly, maximum number of LEDs) is limited by the drain-source voltage capa-
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bilities (Vps,maz) Of this device. Applications that drive a high number of series
connected LEDs must therefore utilize a high voltage capability switch. This power
device requires a substantially increased driving capability. Switching speed, break-
down voltage and ON resistance are the main concerns when selecting our power
switch.

Stacking transistors is a well documented and preferred technique of achieving high
voltage tolerant switches [20], [21], [22]. Having multiple series connected transistors
successfully distributes workload [21], so that each device withstands a safe power
dropout. As stated in [23], [24], there are three basic stacked transistor topologies:
stacked MOSFETsS, stacked IGBTs and emitter-switched bipolar transistor (ESBT).
Power MOSFET devices require low driving power and have high switching speeds,
but suffer from high ON resistance. While IGBTs offer superior conduction proper-
ties, their switching times are significantly higher. Both series-connection topologies
are made up of identical devices and require additional circuitry to ensure safe syn-
chronous switching. The best overall performance is achieved by a hybrid topology,
the ESBT [24], obtained by stacking a high-voltage bipolar transistor on a low-voltage
MOSFET. This is a high cost architecture which also requires a significant driving
capability for the BJT. Moreover, technological cost of control blocks capable of de-
livering high driving capabilities, especially when integrated with the switch, is con-
siderably greater than a generic 5V controller.

In this paper, an imbalanced stacked MOSFETs switch (ISMS) is derived from
the basic ESBT topology in order to obtain a high voltage blocking structure, which
has high switching speed and is cost-effective (does not require high gate driving
capabilities). Unlike prior-art [20], [21], [22], the proposed ISMS is not reliant on
synchronous switching and identical devices. Instead of gate capacitors charged by
a resistive divider, our structure uses an external voltage reference, eliminating the
biasing resistors’ losses [20], [21].

The enhanced architecture for the floating buck converter with the proposed im-
balanced stacked MOSFETSs switch is depicted in Fig. 1b.

The ISMS includes SW; and SW,. SW; (Fig. 1b) is a low voltage transistor
with low gate capacitance, which can achieve fast switching using a low-voltage con-
trol block [18], [19]. Under these circumstances, SWy (Fig. 1b) should be a power
MOSFET, whose high drain-source voltage capability allows the converter to drive
a significantly increased number of LEDs. This power device is biased at a constant
gate voltage (Vg — Fig. 1b). The Schottky diode DSy, is included in order to limit
the maximum drain-source voltage drop on SW; to V. This technique can also be
applied when SW is integrated with the control block.

The proposed switch has significantly lower driving requirements than both ESBT
and synchronous-switched stacked MOSFETSs, at the cost of increased ON resistance.

The ISMS is directly driven by the control block through Vpgy. The current
through the inductor varies between two thresholds (Ivarrey and Ipgagk), deter-
mining the value for the average LED current (I4v¢). The duty-cycle and switching
frequency are adjusted in order to maintain the desired value for I 4y . When design-
ing the application, it is necessary that the converter switching period be much higher
than the SMS’s turn-ON and turn-OFF times so as not to affect the accuracy of the
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average current. Because the proposed ISMS does not rely on synchronous switch-
ing, its transition time is slightly higher than state-of-the-art stacked topologies. The
following section analyzes the turn-ON and turn-OFF sequences for the ISMS.
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Fig. 1. Floating buck converter — standard architecture (a) and enhanced architecture
(with imbalanced stacked MOSFETSs switch — ISMS) (b).

3. ISMS Switching Sequence

The detailed switching transitions are illustrated in Fig. 2. The turn-ON sequence
(a) is initiated when the control block applies a ramp from 0 to Vpp at the DRV
output. After the gate-source voltage of SW; reaches its threshold value (V1) its
drain-source voltage starts decreasing because there is no current path allowed by



392 A. G. Purdila et al.

SWj. Ve increases accordingly until the threshold voltage (Virs) is exceeded. SWo
enters conduction mode and the ISMS current (I;sprs— Fig. 2a) starts overtaking the
inductor current. Finally, the drain-source voltages of SW; and SWy sequentially
drop (first for SWa, then for SW;), marking the end of the turn-ON sequence.
It can be seen that, for the turn-ON sequence (Fig. 2a), the total amount of time
required is:
tr—oN = t1q +t24 + 134- (1)

This time interval depends on the lumped gate resistances of the two MOSFET
switches and their intrinsic capacitances (Cys and Cyq, see Fig. 1b) [25]. The first
interval (¢1, — Fig. 2a) represents the time needed for the gate-source of SW; to charge
exponentially to its threshold voltage (V1 — Fig. 2a), given by [25]:

Vbp
ta=71_onIn [ ——PP ) P
la = TI—ON n<VDDVT1) (2)

where T1_on = Rarv1—on - (Cgs1 +Cga1). Rarvi—on represents the SWy lumped gate
resistance during the ON transition [25].

Interval to, (t5, and t§, — Fig. 2a) represents the total charge time of Vzgo voltage
from 0 V to 0.9-Vgqg. Its expression is:

Vaa

— | =Ty_ In(1
Voo —O.9-Vgg) T2-ON n( 0)’ (3)

t2q = T2—onIn (
where 75_on = Rarv2—0n - (Cgs2 + Cyaz). The t3, time is the Miller plateau interval
(Fig. 2a) and corresponds to Vpgs decrease from approximately Viy to 0 V:

“Rarvz—on - Cyaz @)

The turn-OFF sequence (Fig. 2b) begins when the control block applies a slope
from Vpp to 0 at the DRV output. The gate-source voltage of SW; drops towards the
minimum value required to support the full inductor current (Vi + Vo1 — Fig. 2b).
Vps1 starts to increase, determining Vg2 to decrease until it also reaches the limit
required to support the inductor current(Vre + Voo — Fig. 2b). Vpge swings close
to Viny until the DSp freewheeling diode becomes directly biased. This transition
is followed by the decrease of the ISMS current to zero due to DSp progressively
overtaking the inductor current. Finally, the gate-source voltage of SWs falls, marking
the end of the turn-OFF sequence.

Similarly to tr—_on, the turn-OFF sequence (Fig. 2b) consists of a sum of three
terms representing Vigg1 and Vg total discharge times (¢1, and tgp, respectively),
coupled with Vpgo swing time (t3p):

tr—orr = t1p + top + t3p (5)

Vbp
t1p = T1— 1 6
1b = T1-OFF H(VDD_VTl_Vovl) ( )

tgb = T2_OFF ln(10) (7)
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Rarv2—0FF - Cyaz (8)
Vra + Voua

where 7. 0rr = Rarvi—orF - (Cys1 + Cyar), T2.0rF = Rarva—orr - (Cgs2 + Cyaz)-

‘Rgrv1,2—0oFF represent the lumped gate resistances for each transistor during the

OFF transition [25].

tzp = Vin -

T Vbry A Vpry

Fig. 2. Detailed turn-ON (a) and turn-OFF (b) times
for the proposed stacked MOSFETSs switch.

Overall, the turn ON and OFF times of the ISMS are determined primarily by
toa,p and t3,p. This is because the internal capacitances of SWy are much greater
than those of SW;. Also, the Vg voltage can greatly impact the total turn-ON/OFF
durations. Its value should be high enough to minimize the switching sequence times,
but also lower than the maximum drain-source voltage of SW;. The effectiveness of
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implementing the proposed ISMS into a floating buck converter also depends on its
control block.

The following section reviews control methods in order to identify the most ade-
quate solution for incorporating the ISMS.

4. Brief Overview Of Control Methods

The control block is used for driving the switch, setting a duty-cycle that ensures
a desired, precise value for the current through the string of LEDs. It may have
different architectures, which rely on either constant or variable switching frequency
[26]. Each topology implies a series of advantages and drawbacks. Thus, selecting
a control method is primarily conditioned by application specifications. Figure 3
summarizes the benefits of some of the most representative control techniques.

Constant frequency & fixed peak current

@ Low voltage technology

@ Minimum power losses IB (a:\?:rj;r:]tgf:ritincy &
© Accurate current control

@O Wide range of external components 4 Hysteretic control

© No ramp compensation required

@ Simple control architecture +— Variable OFF time

@ Fast transient response : control

(7) CrM control

Fig. 3. Advantages of several representative control techniques
for floating buck converters.

The constant frequency and fixed peak current control method offers advantages
such as minimal power losses and cost effectiveness [5]-[9] (Fig. 3). In order to properly
regulate the LED current, this topology uses the information provided by a grounded
feedback resistor (Rpp — Fig. 1a) only during the ON time. Thus, the control block
can be manufactured in a low-voltage technology, greatly alleviating fabrication cost.
On the other hand, average LED current accuracy is low and strongly dependent on
the external components’ values (input voltage, number of LEDs, inductor).

The latest trend in constant frequency topologies is to employ an averaging circuit,
substantially improving the current accuracy [10]-[13] (Fig. 3). Even so, the constant
switching frequency operating mode still imposes harsh constraints on external com-
ponent selection. Moreover, these control techniques are vulnerable to subharmonic
oscillations and require ramp compensation [10]-[13], [27], [28]. The resulting circuit
complexity increases, further limiting its general purpose capability.
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The hysteretic control method exhibits complementary performances to its fixed
frequency counterparts (Fig. 3). The inductor current varies between fixed thresholds
regardless of the switching period [5], [6], [14]. As a result, the tolerable range for ex-
ternal components is much larger without affecting LED current accuracy. Moreover,
the transient response to external parameter variations settles in a single switching
cycle. However, current monitoring during the OFF time is required, which implies
control block manufacturing in high voltage technologies, especially for driving large
strings of LEDs. Also, because the sensing resistor is connected in series with the
inductor, the power losses increase [6], [14].

The critical conduction mode (CrM) control method has the same operating prin-
ciple (fixed thresholds for the inductor current) and advantages as the hysteretic
technique (Fig. 3). The main difference is the zero value for the lower threshold. In
this case, the feedback resistor is once again grounded, so the power losses are reduced
[15]-[17].

Our previously introduced controller architecture, relying on variable OFF time
[18] finds an advantageous compromise between fixed frequency, hysteretic and CrM
topologies’characteristics, inheriting all benefits except fast transient response (Fig. 3).

The proposed LED string extension technique using ISMS can be used in floating
buck converters with any of the above control methods. In order to get the best out
of the application, a control technique with variable frequency is preferred. The next
section is focused on integrating the proposed stacked MOSFETSs switch in floating
buck converters with CrM (V.1) and variable OFF time (V.2) control architectures,
due to the high number of provided benefits (Fig. 3).

5. Proof Of Concept

5.1. Critical conduction mode (CrM) control

Figure 4a depicts the floating buck converter’s standard architecture with a CrM
control block. The latter monitors the current through the inductor and turns the
switch (SW; — Fig. 4a) OFF and ON when its value reaches a maximum threshold
and zero (by ZCD, a zero current detection circuit [29]), respectively.

In the basic topology (Fig. 4a), the control block architecture incorporates two
comparators that detect both the maximum and zero thresholds for the inductor
current [15]. The peak current detection is performed by monitoring the voltage drop
on the Rpp resistor and comparing it with an internally generated voltage reference
(Vpeak). When Viep exceeds Vprak, the switch is turned OFF. For the zero current
detection, the Cy comparator senses the forward voltage of the DSp Schottky diode.
When the current through the inductor reaches 0, all current paths are closed, and
DSp voltage becomes zero. Vzcop becomes equal to Vyny and the Co comparator
triggers zero current detection, turning SW; ON.

Depending on the voltage capabilities of the control block, the maximum Vjy
value and, implicitly, the maximum number of driven LEDs are limited. In order to
increase this number, the proposed ISMS has been incorporated by stacking a high
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power switch (SWy — Fig. 4b) on SW;. The supply voltage of the control circuit
(Vsuppry — Fig. 4b) must be connected to an external power supply, because a high

value for Vi is required.
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Fig. 4. Floating buck converter with CrM control block —
standard (a) and enhanced architectures (b).

The addition of the stacked MOSFET (SW3) requires an adjustment in the way
zero current detection is performed. Hence, resistor Rz¢cp and capacitor Cz¢op are
also included. As can be seen in Fig. 4b, the voltage difference between the two inputs
of the C2 comparator is now given by DSy, forward voltage. This diode is directly bi-
ased by the Rzcp—Czcp tank that overtakes a small amount of the inductor current
when the ISMS is OFF. Now, the Lp current decreases until it reaches zero. At this
point, DSp and DSy, forward voltages become zero. This once again determines ZCD
and SUPPLY pin potentials to be equal and the Co comparator detects zero inductor
current, turning SW;ON. The triggering conditions are time-wise nearly identical (for
both architectures in Fig. 4), so the control circuit maintains its functionality also

when driving larger strings of LEDs.
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5.2. Variable OFF Time Control

The proposed ISMS was also incorporated in a floating buck converter with vari-
able OFF time control block. Our previously introduced fixed peak current and vari-
able OFF time controller (see Fig. 3) is used [19]. Figure 5 illustrates the converter’s
architecture both without (Fig. 5a) and with ISMS (Fig. 5b).
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Fig. 5. Floating buck converter with variable OFF time control block —
standard (a) and enhanced architecture (b).

The variable OFF time control block monitors the current through the inductor
and turns the external switch (SW; — Fig. 5) OFF when its value reaches a predefined
threshold. This action is performed in the same manner as for the CrM converter.
During the ON time, the averaging block monitors the voltage drop on Rpp and
outputs its mean value (Vay ), which is then compared to the internal reference
Veer [18], [19]. Depending on the difference between Vayg and Vigp, the time
modulator block adjusts the OFF time in order to obtain a constant average current
of Vrer / Rrp through the inductor [19].
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The control block can be manufactured in a low-voltage, cost efficient technology,
with modest driving capabilities. Therefore, it may command an external low power
MOSFET as a switch (SW; — Fig. 5), with small input capacitance. On the other
hand, the SW; low drain-source voltage capability allows the converter to drive only
few LEDs.

In order to increase LED driving capability, a ISMS was incorporated (Fig. 5b).
Hence, a high-power SWsis once again stacked on the existing low-power MOSFET
(SW1). Unlike the CrM architecture (Fig. 4b), there is no need for additional com-
ponents in order to ensure adequate operation of the control block, as there is only a
low-side detection performed.

6. Experimental Results

In order to analyze the performances of the proposed technique, floating buck
converter applications with ISMS were developed for both CrM and variable OFF
time control architectures. Figure 6 shows the photograph of the experimental setups
used for validating the proposed LED string extension technique.

@SB (backplaneD ( to LED string j
C; (backplane)

@SB (backplaneD (CB (backplaneD

HM;MMM““““HH

N3N|‘

Fig. 6. Practical implementation of floating buck converters with ISMS
using CrM (a) and variable OFF time (b) control blocks.
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Initially, a commercially available CrM control block [16] was chosen for inves-
tigating the ISMS technique. For the basic topology, without stacked transistors,
the input voltage is limited by the integrated switch (SWy, Fig. 4a) to a maximum
40 V. As a result, the converter can drive up to 8 LEDs [16]. By incorporating the
proposed ISMS (Fig. 4b) using the NDD05N50Z device, with 500 V maximum drain-
source voltage capability [30] as SW5, the LED limit is transcended. Note that a
power supply as low as 12 V is enough to bias the control circuit and the gate of the
power switch.

The designed values for Czop and Rzop are 470 pF and 22 kS, respectively.
These results were validated through the PSpice simulations illustrated in Fig. 7.
Cursors A1l and A2 mark the zero voltage — current crossing for the DSp and DSy,
diodes, respectively. The 75 ns time difference can be considered negligible in respect
to the 19.7 us switching period. Moreover, the maximum Czcp current is 2.5 mA,
much lower than the maximum inductor current of 500 mA.

The improved converter’s functionality was experimentally validated for a wide
range of numbers of LEDs (up to 48) and input voltages (up to 250 V). The measured
efficiency is depicted in Fig. 8. Very high values, with a maximum of 97%, were
obtained throughout the entire Vi range. It is noted that, for each number of LEDs,
the efficiency decreases inversely proportional to V.
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Fig. 7. Zero current detection for the ISMS CrM converter — simulation
results for Viny = 100 V, 15 LEDs, laye = 250 mA and L = 1 mH.
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Fig. 8. Measured efficiency results for the ISMS CrM converter.

Figure 9 shows the measured switching frequency as a function of input voltage and
number of LEDs. Operating frequencies varying from 25 to 115 kHz were recorded.
It can be seen that, for a fixed number of LEDs, the switching frequency is directly
proportional to the input voltage. Also, a complementary analysis of both plots from
Figs. 8 and 9 emphasizes an efficiency increase in the lower switching frequency range.
This is mainly due to the switching losses, which obviously occur more often at higher
frequencies.
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Fig. 9. Measured switching frequency results for the ISMS CrM converter.
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The proposed ISMS technique was also implemented in a floating buck converter
operating with the variable OFF time control circuit from Fig. 5a. The latter is
manufactured in a low-cost, 0.5 pm CMOS technology, with a maximum allowed
supply voltage of 5 V. Hence, in the basic topology, an external NTA4001N device was
used as SW; due to its low gate capacitance [31]. However, its 20 V maximum drain—
source voltage [31] determines a maximum input voltage of 20 V and, implicitly, up to
4 LEDs can be driven [19]. The ISMS topology was built with the same NDD0O5N50Z
transistor as SW5. Due to the proven versatility of the controller [19], proper LED
driving is achieved for Vg as low as 7 V.
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Fig. 10. Converter oscilloscope waveforms (a) with zoom on turn-ON (b)
and turn-OFF (c) times — L = 680 uH, 10 LEDs, V;x =50 V and Vgg =7 V.

The oscilloscope waveforms from Fig. 10 illustrate the ISMS converter operation
for Viy =50V, Lg = 680 uH, n = 10 LEDs, Vpp = 5 V and Iayg = 100 mA.
During the OFF state, Vp; is limited to roughly Vpp, ensuring the safe operation



402 A. G. Purdila et al.

of the low voltage switch (SW1). The excess voltage up to Vi is supported by the
high voltage transistor (SW3). Figures 10b and 10c emphasize turn-ON and turn-
OFF sequences for the ISMS. Waveforms are consistent with the analytical study
performed in Section 3 and depicted in Fig. 2. Measured values for turn-ON/OFF
times are t7_on = 120 ns and t7_orr = 350 ns. These values are much lower than
the converter switching period (i.e. 6 us). The Vpgo waveforms confirm that the
turn-ON and OFF times are determined mainly by SWs’s switching sequence.

Measurements were also performed on the variable OFF time converter with ISMS
for Vi up to 100 V, driving 100 mA through up to 30 LEDs. Figures 11 and 12 show
the converter efficiency and switching frequency, respectively. The measurements were
performed maintaining the same inductor (Lp = 680 pH).

Similar to the CrM converter, the efficiency decreases with input voltage. However,
efficiencies of over 87% can be obtained for all cases. The most favorable scenario is
when the input voltage value is very close to the voltage drop on the string of LEDs.
A maximum efficiency of 93% was recorded (Fig. 11). Switching frequencies between
50 and 170 kHz were obtained for the entire voltage range (Fig. 12).
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Fig. 11. Measured efficiency results for the ISMS variable OFF time converter.

Table 1 summarizes the specifications and performances of the floating buck con-
verters with and without proposed stacked-MOSFETS switch. Firstly, a dramatic
increase in both maximum number of driven LEDs and input voltage range can be
observed for the floating buck converter with SMS, regardless of the control circuit.
The controller supply voltage is the same or lower for converters with stacked switches
(Table 1).

Maximum efficiency is higher for the ISMS topologies. Also, when comparing
the two ISMS converters, a noticeable efficiency difference, favoring the CrM control
method, is evinced. These differences are mainly caused by the variations in average
LED current and string voltage drop.
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Table 1. Floating buck converter performances with and without ISMS
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CcrM Variable Variable

CrM OFF time .
Parameter| Symbol Control . OFF time

Control . control with

with SMS control
SMS

Low YOlt_ SW, Integrated | Integrated NTA4001 NTA4001
age Switch
Power
MOSFET SWj, - NDDO5N50Z | NDDO05N50Z -
No. of
LEDs n up to 8 up to 48 up to 30 up to 4
Inductance | Lp 1 mH 1 mH 680 uH 470 uH
Average
LED Tave 250 mA 250 mA 100 mA 100 mA
Current
Controller Vsuppry | upto40V | 12V 5V 5V
Supply
Gate Bias
Voltage Vaa B 1z v a
Input
Voltage Vin up to 40 V | up to 240 V up to 100 V up to 20 V
Switching | - 95115 KHz | 50-170 KHz | -
Frequency
Maximum | _ 94% 97% 93 % 91 %
Efficiency
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Another reason for the increased efficiency of ISMS CrM control is the lower
switching frequency which incurs smaller switching losses (Table 1). The switching
frequency is directly dependent on the inductance value [28]. In consequence, higher
efficiencies may be obtained for the variable OFF time control method by changing
the inductor.

Table 2 summarizes the main features of the proposed ISMS floating buck con-
verters with CrM (a) and variable OFF time (b) control circuits in comparison with
state-of-the-art topologies used in LED driving applications [22], [32], [33], [34], [35].
The performances in terms of output voltage, efficiency and number of series con-
nected LEDs, are comparable or superior for the proposed ISMS converters architec-
tures. Moreover, the ISMS converters deliver similar performances to a commercially
available control circuit [35]. The measured LED current and, consequently, the out-
put power are lower for the proposed topologies, but the values were dictated by the
application’s specific — LED LCD backlighting. Moreover, the user can increase the
LED current value by adjusting the Rpp resistor.

Table 2. Proposed ISMS converter performances compared to state-of-the-art topologies.

Para Sym This This
- Y= | 29 [32] [33] [34] [35] Work | Work
meter bol (a) (b)
Single- Single- Two-
Stage Single- Stage Stage
Converter buck- Floating | Floating | Floating
Topol Fly- Stage boost buck- Buck Buck Buck
opology back PFC 008 boost/ ue ue ue
Ac/D PFC- 1 ek
c/e flyback ue
E}?}bzf n 3 25 8 60 up to 18 | up to 48 | up to 30
Output
Voltage Vour | 35V 150 V 200 V 216 V - 173V 96 V
Input Vi ?5%: 8A5C: DC: AC: Epci:;o Epci:;o Epc;;o
IN — -
Voltage 520V | 265 v | 200V | HOV gy 240 V 100 V
LED 500 280
Conront Lave | 21A | T00mA| >0 A 1A 250 mA | 100 mA
Inductance | Lp - 1.3mH | 3 mH 2 mH - 1 mH 680 nH
Maximum 88.2% | 92% 91.7% | 93% 96% 97% 93 %
Efficiency

7. Conclusions

This paper proposed a technique to extend the number of driven LEDs in floating
buck converters, using an imbalanced stacked MOSFETs switch. The ISMS is com-
prised of a low power switch with small gate capacitances, and a high voltage power
MOSFET biased at a constant gate potential. A Schottky diode was introduced in
order to limit the drain-source voltage drop on the low power switch.

An investigation of the ISMS switching sequence was performed. The study
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showed that the MOSFET transistors exhibit sequential switching. The main contri-
bution to the total turn-ON/OFF times was given by the power MOSFET. Selecting
low gate capacitance transistors, along with a suitable gate bias (Vg¢a), yielded neg-
ligible switching sequence durations compared to the total switching period.

A comparative analysis of different control block architectures was carried out.
CrM and variable OFF time control circuits emerged as the most suitable for imple-
menting the ISMS technique. Therefore, the MOSFET stack was incorporated in a
floating buck converter with both high performing controller architectures. A signif-
icant increase in the number of driven LEDs and acceptable input voltages — up to
48 LEDs with 250 V for CrM control and 30 LEDs with 100 V for the variable OFF
time architecture — was proven. Also, high efficiencies were obtained for any number
of LEDs, for both control methods. Maximum values of 97% and 93% were achieved
for the ISMS converter with CrM and variable OFF time control block, respectively.
For the latter, the switching frequency was in the 50 kHz — 170 kHz range. Thus, the
turn-ON/OFF time measured using variable OFF time control, of up to 350 ns, did
not affect proper converter functionality.

Experimental results confirmed that the proposed imbalanced stacked-MOSFET's
switch converter exhibits steady operation for high input voltage and large number
of series LEDs. Furthermore, the external components’ range is not limited by the
technique, but rather by the voltage capabilities of the switching transistors chosen
for a specific application. The minimal addition of components, effectiveness and
ease of implementation recommend the ISMS technique for increasing the number of
driven LEDs in any floating buck converter.
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