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8 MHz High Efficient Resonant SEPIC Converter Design for LED
Driver of Endoscopy Systems

Highlights

% High Efficiency
SEPIC Converter
LED Driver

» Endoscopic

R/

X3

o

R/
0.0

B3

Graphical Abstract
In this work, a LED driver design based on resonant SEPIC converter is presented for using in Endoscopy Systems.
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Figure. The picture of the built prototype.
Aim

In this work, high-efficiency and high-power density resonant SEPIC DC-DC converter design is aimed for light
emitting diode (LED) driver of the LED integrated endoscopy device.

Design & Methodology

In the design procedure, low power consumption and low volume are taken into consideration. The operation
frequency is selected high enough, 8 MHz, to provide high power density. First, a LED which has high power density,
is determined to adapt the distal tip of an endoscopy device. Then, the design procedure presented in the literature is
applied to the resonant SEPIC converter to drive selected LED.

Originality

In this work, the resonant SEPIC converter is designed for endoscopic LED driver with high efficiency and high power
density. The design of the converter is carried out based on the voltage/current characteristic of a real high power
density LED by Cree to be placed distal tip of an endoscopy device. The operation of the converter is provided at 8
MHz operation frequency while its peak efficiency is high enough as 84.5%.

Findings

The presented design was validated on a prototype and the output voltage is provided at 2.82 V to provide typical
voltage of the LED while the load current is around 1 A.

Conclusion

According to obtained results, the peak efficiency is measured around 84.5% while the output voltage 2.82 V.
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permission and/or legal-special permission.
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ABSTRACT

In this work, a light emitting diode (LED) driver design based on resonant SEPIC converter is presented for usin
Systems The resonant SEPIC converter operating with soft SW|tch|ng is good candldate to reduce the

The maximum efficiency of the converter is measured around 84.5% while the output voltal

around 1.02 A.

Key Words: LED Driver, SEPIC converter, high frequency, high efficiency.

Endoskopi Sistemlerinin LED
Yiksek Verimli Rezonans
T'glsan

yapilmistir. Son olarak, donistiiriiciinii
dogrulanmigtir. Doniistiiriiciiniin maksimum
civarindadir.
Anahtar Kelimeler: LED siirii

1. INTRODUCTION
Endoscopy systems 3

invasive surgery (V
treatment of dige

Phile the imaging optics captures the
the surgical field and directs it to the
ages [2]. The light is directed to the tip
of endoscopy device by a fiber bundle, which is
connected to the external light source with limited
acceptance angle. Therefore, the most of the light is lost
due to the way of the connection. Besides, an infrared
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BEPIC doniistiiriicii tabanli bir LED siiriici tasarimi
stiirticii, gii¢ tiiketimini azaltmak ve verimliligi artirmak

uounu artirmak igin calisma frekansi 8 MHz olarak segilmistir.

literatiirde 6nerilen gerilim tahrikli dogrultucu temel alinarak

D yuklu yiiksek giic yogunluguna sahip bir prototip {izerinde
imi A>84 5 civarinda Olgiiliirken ¢ikis gerilimi 2,82 V ve ¢ikis akimi 1,02 A

icii, yiiksek frekans, yiiksek verimlilik.

heat energy caused by fiber bundle can be transmitted to
the patient and results in danger during the process [3-5].
The overall efficiency of the systems including an
external light source and endoscope is around 16%-19%
as well [2]. Therefore, there is a need for integrated new
systems to replace external light sources in endoscopy
systems.

The xenon, halogen or light emitting diodes (LEDs) are
usually used as endoscopic light source. However, xenon
and halogen lamps generate a lot of heat, they are
expensive and short-lived. Approximately 300 W
electrical power is needed to provide only 1 W optical
power [6]. Recently, LEDs have started to replace
halogen and xenon lamps for endoscopic light source [3,
6]. LEDs have entered the lighting industry and provided
noticeable advantage in terms of energy saving [7]. They
can be integrated into the endoscope system due to their
small volume. Thus, closer light source to the processing
area can be obtained. In addition, LEDs have advantages
of low cost, light weight, high energy saving and low heat
generation compared to xenon and halogen lamps for
endoscopy systems [5].



For safe operation of LEDs, drivers controlling the
current and the voltage of LEDs are required. It is also
important that LED drivers should be designed to not
limit the performance of the LED [8]. Therefore, design
stage of the selected driver topology is important task to
provide the best performance of the LED. The power
converters are usually used for LED drive process. The
low power consumption, high efficiency, high power
density and thermal management are the key issues for
the power converters designed to be used as LED drivers
in the endoscopy system.

In the power converters, the most of the volume is usually
occurred by passive components which are reducing the
power density [9-11]. Therefore, the operation of the
selected LED driver at high frequency is required to
provide small volume and high power density. The stored
energy in the passive components reduces at high
switching frequency due to their reduced volume and
values [12, 13]. However, operation at high frequency
increases the switching losses causing lower efficiency.
Thus, in order to reduce or eliminate the switching losses,
the use of soft switching techniques or soft switched
converters is unavoidable [14, 15]. The soft switching
techniques keep the voltage across the power
semiconductors at a very low level during the turn-on and
turn-off transitions [16-19]. The recovering the energy
stored in the output capacitance of the poWve
semiconductor plays important role to increase thk
efficiency at high operation frequency [16, 20].

In the resonant converter topologies,

—t

losses are minimized or eliminated
frequency.

One of the resonant conver

operation region [24
inductor-capacitor
are presented in
efficiency, but their
lex and bulky. It is not

not ferenced switch reduces the
relj jve circuit. The circuit topologies,
whic e actlveXSwitches with ground reference, are
usually in high frequency applications. [9, 28].

resonant converters, the resonant SEPIC
converter, class E resonant converter, resonant boost
converter and class @2 resonant converter have ground-
referenced switch. When these converters evaluated
based on [9], [12], [28] and [29], resonant SEPIC
converter is more advantageous at high operation
frequency compared to the others. Because the resonant
SEPIC converter does not include a bulk inductor and
operates at constant operation frequency. Thus, it has
improved response speed and allows low loss resonant
gate drive [30]. Based on these features, in this work,

resonant SEPIC converter is selected to drive the LED of
an endoscopy system.

The resonant SEPIC converter applications have been
presented in different works, in the literature [9], [21],
[28], [30]-[33]. In [9], a new design method is presented
for the high frequency resonant SEPIC converter
operating at 30 MHz. The new design procedure
redivided the resonant SEPIC topology into two
subsystems to provide independent tuning the amplitude
and the phase. In this way, the voltage-driven rectifier
with series capacitor replaces the current-griven rectifier

that can operate at very high freq 30
MHz to 300 MHz is preﬂe’t reSented
circuit has complex desi ith two
resonant SEPICs and connection

over wi
different
iort SEPIC topology over other
lained, and simulation results are

reducg/voltage stress of the semiconductors and increase
foltage transformation ratio, another self-oscillating
SEPIC converter is proposed in [34]. The target of the
method is provided with the use of additional component
in conventional SEPIC converter. In [35], a quasi-
resonant converter is discussed in terms of distributed
maximum power point trackers. The maximum
efficiency of the converter is evaluated in a medium
frequency range. In [36], ZVS resonant SEPIC converter
is evaluated for photovoltaic applications. The closed-
loop operation of the converter is tested by simulation.

In this work, high-efficiency and high-power density
resonant SEPIC converter design is proposed for LED
driver of the LED integrated endoscopy device. In the
design procedure, low power consumption and low
volume are taken into consideration. First, a LED which
has high power density, is determined to adapt the distal
tip of an endoscopy device. Then, the design procedure
presented in [9] is applied to the resonant SEPIC
converter to drive selected LED. The spotlight of this
paper is the carrying out the high efficiency design of the
converter based on the voltage and current characteristic
of a real high power density LED by Cree, to be placed
to the distal tip of the endoscopy device. The obtained
design procedure was validated on a prototype which has
2.82 V output voltage and 1.02 A output current. The
operation of the converter was provided at 8 MHz
operation frequency while its efficiency is high enough.
According to the obtained results, the peak efficiency



was measured around 84.5% while the output voltage is
2.82V.

2. PRINCIPLES OF THE RESONANT SEPIC
CONVERTER

The circuit diagram of the resonant SEPIC converter is
given in Figure 1. The circuit topology of the resonant
SEPIC converter is similar with the conventional SEPIC
converter in [37] and with the multi resonant SEPIC
converter given in [38]. However, component size,
operation principle and placement of the component in
the resonant SEPIC converter are very different. The
conventional SEPIC converter operates with hard
switching and has two bulk inductors. The multiresonant
SEPIC converter also has bulk inductors but it achieves
ZVS for the switch and diode. The resonant SEPIC
converter requires only two inductors as shown in Figure
1. The resonant SEPIC converter operates at the constant
operation frequency and duty ratio [28, 30] with the use
of on/off control. Thus, bulky inductors are eliminated
compared to previous designs presented in [37] and [38].
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Figure 1. The resonant SEPIC Converter.

The operation of the resonant SEPIC conver
simplified with two subsystems which
and the rectifier stage [9]. Accordi
procedure given in [9], Vin input source,
capacitor, Lg filter inductor, S
capacitor consisting of the
MOSFET constitute the i
includes D diode,

Ly

Vo

)\

Rc load. Finally oltage. These two
subsystems can be e 2 and Figure 3, as
presented j aveforms representing
operatio EPIC converter is given

Figur
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Figure 2. The voltage driven rectifier stage of resonant SEPIC
converter.

L,

?1 4t

cp

AAAA
vy
=

Figure 3. Inverter stage of resonant SEPIC converter.
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Figure 4. The operational key waveforms of the resonant
SEPIC converter.
In the voltage driven rectifier stage, there are three
resonant components which are Lg, Cr and Cs. A
resonance occurs between Cs, Lr and Cgr while S
MOSFET is on and D diode is off condition. In the
resonance operation, the voltage of the diode, Vcg,
smoothly decreases and the current of Lr discharges
while the voltage of Cs increases. At t=t;, Vcr reaches
zero, Vs charges to the output voltage and so S
MOSFET is turned-off and D diode is turned-on, at t=t.
With the conduction of the D diode, the voltage across
the Lr becomes positive and its current starts to increase.
When the current of Lgr exceeds the input current of the
rectifier, D diode is turned-off at t=ts. After the turn-off
of diode, the voltage of Cr capacitor smoothly starts to
increase while the voltage of Cs capacitor continue to
increase in inverse direction. At t=ts, iLr reaches its
maximum value while Cs reaches own maximum in
negative direction. Then, Lg starts to discharge, Vcr
reaches its maximum at t=ts. At t=t¢ S MOSFET is on
again and cycle repeats. The resonant frequency fo-recand
the characteristic impedance Z,.rec can be defined, based
on [9], as follows:
1

Cree = ——— 1
fo rec o {7LR(CS+CR) ( )

|
|
|
1
|
|
|
I
1
|
1
|
|
|
1
|
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In the inverter stage, rectifier stage represented by Re
equivalent resistance and there are two resonant
components which are Lg and Cp, as shown in Figure 3.
Based on [9], the equivalent resistance of the rectifier
stage, Re, can be written, as follows:

2

svZ 1
j— mn
R Zin

2 a (3)
Where Piy is the input power of the rectifier stage. When
the S MOSFET is turned-off, a resonance occurs between
Lg and Cp. In order to achieve ZVS for S MOSFET,
inductive operation should be provided. For this purpose,
resonance frequency can be set by

1
fo—inv = zﬂm- (4)
When the S MOSFET is off condition, the equivalent
circuit across the MOSFET shows parallel characteristic
including Lg, Cp and Re. Thus, switching frequency
below resonant frequency provides ZVS for the
MOSFET. During the turn-off of the MOSFET, the
voltage of Cp smoothly increases while the current of Lg
decreases and the current of Lr increases. When the
current of Lg reaches zero, the voltage of Cp reaches its
maximum value, at t=t;. Then, Cp capacitor starts &
discharge while the current of Lg is increasing in negaiv
direction. When the voltage of Cp reaches zero, at t=
the body diode of the MOSFET turns-on to achieve Z
turn-on for the MOSFET. During the turn-
MOSFET, Lg inductor stores the energyll for
determined time.

3. DESIGN OF THE RESONANT SEP
DRIVER

In the conventional desig

LED

resonant frequency
Although this desi easy, it is quite

lot of optimization

dependently, which simplifies
prier stage contains only two resonant

stage as

In the desigsr of LED driver, the input voltage is selected
as 3.7 V taking into consideration the feeding from a Li-
ion battery. For the load of the resonant SEPIC converter,

a LED with high power density (XLamp XP-L2 from
Cree) is selected. According to determined LED
datasheet, the typical voltage is around 2.82 V while its
current is 1050 mA.

Based on given design procedure in [9], circuit
components of the resonant SEPIC converter for the LED
driver are determined as given in Table I. The switching
frequency is selected as 8 MHz to provide high power
density. In order to achieve ZVS for the MOSFET,
inverter resonant frequency is around 27.7 MHz based on
equation (4). Resonant SEPIC converier design is

Different results can be seen in circuit w
output power level due to the inea

switching and the requir

Table 1. The determin sign of the proposed
resonant SEPIC con¥ﬁrter.
Parameters Value

Lg 33 nH
Cp 1nF
Cs 5.9nF
Cr 5nF
Lgr 33 nH
Co 47 uF
Cin 4.7 uF
Vin 3.7V
Vo 2.82V
lo 1050 mA

4. SIMULATION AND EXPERIMENTAL
RESULTS

4.1. Simulation Results

The operation of the converter is firstly tested with a
simulation work implemented by PSIM. The LED is
modeled with a resistor and Zener diode at the load side.
The determined design parameters mentioned earlier
were used in the simulation work. The output voltage of
the converter and gate-source voltage of the power
MOSFET, Vgs, are shown in Figure 5. According to
obtained results, 2.8 V output voltage and 1.09 A output
current were provided with simulation work. The ZVS
operation of the power MOSFET was also tested by
simulation as shown in Figure 6. The power MOSFET is
turn-on with ZVS, while the drain-source voltage of the
power MOSFET, vps, is zero.
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4.2. Experimental Results
The operation of the res

given in Table I. In
semiconductors, IR

the power
G4050EP are

gate drive is used. An
n for the power control

ent, was determined as the gate driver.
e built prototype is given in Figure 7.
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The measured waveforms of the output voltage and gate-
source voltage of the power MOSFET are given in Figure
8. As shown in Figure 8 (a), the output voltage at 2.8 V
is experimentally provided while the duty ratio is 0.35
and the output current is 1.02 A. Figure 8 (b) shows 320
mV measured ripple on the output voltage. The ripple can
be minimized further with the use of larger filter
capacitor at the output of the converter.
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efficiency is

measured aroun put voltage is 2.82

V and the dt 1.02 A. The efficiency
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The LE in proportion to the power
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L ucipfg due to the temperature increase.
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Figure 11. The measured efficiency variation of the converter
as function of LED voltage.

6. CONCLUSION

In this paper, a LED driver design for an endoscopy
system is presented. In order to provide high efficiency,
resonant SEPIC converter operating with soft switching
is used to drive the LED. The operation frequency is
selected high enough, 8 MHz, to provide high power
density. The design procedure, which is including
inverter and rectifier stage, of the resonant SEPIC
converter is built based on the methods proposed in
literature. Finally, a prototype is built to validate the
operation of the LED driver. A real LED with high power
density is used as load at the output of the converter. The
output voltage is provided at 2.82 V to provide typical
voltage of the LED while the load current is around 1.02
A. According to measured results, the maximum
efficiency of the converter is measured as 84. 5%.



ACKNOWLEDGEMENT

This work is supported by Pamukkale University under
grant number 2021FEBEOQ13.

DECLARATION OF ETHICAL STANDARDS
There is no need to obtain permission from the ethics
committee for the article prepared. There is no conflict of
interest with any person/institution in the article
prepared.

AUTHORS’ CONTRIBUTIONS

Irem Corak: She put contribution in literature searching,
analyzing of the SEPIC converter. She also built the
prototype and measured the current, voltage and
efficiency results of the SEPIC converter.

Sevilay Cetin: She put contribution in the creating idea
of the paper and managing the all stages in the paper.

CONFLICT OF INTEREST
There is no conflict of interest in this study.

REFERENCES

[1] Smith T., “Endoscopy. British Medical Assomatlw
Complete Family Health Encyclopedia”, Doging
Kindersley Ltd., 403-404, (1990).

[2] Gértner A, Belloni P., “Optical designs to 1mprove LEB
lighting efficiency of medical endoscopesy
Professional, :

(2020).
[3] Briiggemann, D., Blase, B., Biihs, F.,
M., Lehr, H., Oginski, S. and

Berlin Heidelberg, Beij
[4] Hensman C., Han

dle of light cables”,

T 985-337, (1998).

d Hamel A.J., “Disposable

sougge unit for an endoscope”,

¢ States Patent, (2005).

., Rogers K., Driscoll P., Excel P.,

son D.S., “Development and evaluation

itting diode endoscopic light source”,
iomedical and Clinical Diagnostic Systems,
8214: 82140R-1- 82140R-7, (2012).

[71 Govind B.N. and Dhoble S.J., “The fundamentals and
applications of light-emitting diodes”, Woodhead
Publishing, 35-56, (2020).

[8] Lamar D.G., “Latest developments in LED drivers”,
Electronics, 9(4): 619, 2020.

[9] Zhang Z., Lin J., Zhou Y. and Ren X., “Analysis and
decoupling design of a 30 MHz resonant SEPIC
converter”, IEEE Transactions on Power Electronics,
31(6): 4536-4548, (2016).

[10] Shen W., Wang F., Boroyevich, D. Tipton, C.W., “High-
density nanocrystalline core transformer for high-power

[5] Todd

[6

high-frequency resonant converter”, IEEE Transactions
on Industry Applications, 44(1): 213-222, (2008).

[11] Li B, Li Q., Lee F.C., “High-frequency PCB winding
transformer with integrated inductors for a bi-directional
resonant converter”, IEEE Transactions on Power
Electronics, 34(7): 6123-6135, (2019).

[12] Wang Y., Lucia O., Zhang Z., Gao S., Guan Y. and Xu
D., “A review of high frequency power converters and
related technologies”, IEEE Open Journal of the
Industrial Electronics Society. 1: 247-260, (2020).

[13] Guan Y., Liu C., Wang Y., Wang W. and Xu D.,
“Analytical derivation and design of 20-Mhz dC—dC soft-
switching resonant converter”, |IEEE
Industrial Electronics, 68(1): 210-221,

[14] Cetin S. “An improved zero voltage transiti

Systems, and Comput
23, (2016).
[15] Cetin S. “High effici
hase-shifted full-
ems”, Journal of
015).

Power Electr:
i ann O., Sagneri A.D., Han

[16]

Poost converter”, IEEE Transactions on Industry

Abplications, 54(4): 3508-3517, (2018).

Your Y., Knott A. and Petersen L.P., “High frequency soft

switching half bridge series-resonant DC-DC converter

utilizing gallium nitride FETs”, 19th European

Conference on Power Electronics and Applications, 1-7,

(2017).

[20] Zulauf G., Tong Z., Plummer J.D. and Rivas-Davila J.M.,
“Active power device selection in high- and very-high-
frequency power converters”, |IEEE Transactions on
Power Electronics, 34(7): 6818-6833, (2019).

[21] Kovacevic M., Knott A. and Andersen M.A.E., “Very
high frequency interleaved self-oscillating resonant
SEPIC converter”, 15th European Conference on Power
Electronics and Applications, Lille/France, 1-9, (2013).

[22] Li M., Ouyang Z., Andersen M.A.E., “High frequency
LLC resonant converter with magnetic shunt integrated
planar transformer”, IEEE Applied Power Electronics
Conference and Exposition, San Antonio/USA, 2678-
2685, (2018).

[23] Fei C., Gadelrab R., Li Q., Lee F.C., “High-frequency
three-phase interleaved LLC resonant converter with GaN
devices and integrated planar magnetics”, IEEE Journal
of Emerging and Selected Topics in Power Electronics,
7(2): 653-663, (2019).

[24] Cetin S., Yenil V., “Optimal operation region of LLC
resonant converter for on-board EV battery charger
applications”, IEEE 18th International Conference on
Power Electronics and Motion Control Conference,
Budapest/Hungry, 78-85, (2018).

[25] Oncu S., Nacar S., “Investigation of the effects of
different operating regions of ZVS LLC resonant
converter on the converter performance”, Journal of
Polytechnic, Early Access, DOl:
10.2339/politeknik.1089364, (2022).


https://www.led-professional.com/resources-1/articles/optical-designs-to-improve-led-lighting-efficiency-of-medical-endoscopes
https://www.led-professional.com/resources-1/articles/optical-designs-to-improve-led-lighting-efficiency-of-medical-endoscopes
https://www.led-professional.com/resources-1/articles/optical-designs-to-improve-led-lighting-efficiency-of-medical-endoscopes

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36

[37]

[38]

Khatua M., Shahzad D., Pervaiz S., Afridi K.K., “A high-
power-density electrolytic-free offline LED driver
utilizing a merged energy buffer architecture”, IEEE
Applied Power Electronics Conference and Exposition,
Anaheim/USA, 768-773, (2019).

Kim K., Youn H., Baek J.,, Jeong Y. and Moon G.,
“Analysis on synchronous rectifier control to improve
regulation capability of high-frequency LLC resonant
converter”, IEEE Transactions on Power Electronics,
33(8): 7252-7259, (2018).

Jingying H., Sagneri A.D., Rivas J.M., Yehui H., Davis
S.M. and Perreault D.J., “High frequency resonant SEPIC
converter with wide input and output voltage ranges”,
IEEE Transactions on Power Electronics, 27(1): 189-
200, (2012).

Yilmaz S., Sazak B.S. and Cetin S., “Design and
implementation web-based training tool for a single
switch induction cooking system using PHP”,
Elektronika ir Elektrotechnika, 99: 89-92, (2010).

Jose R., Shivanandan A. and Venugopal V., Devi K. “DC-
DC SEPIC converter topologies”, International Journal
of Research in Engineering and Technology, 4: 20-23,
(2015).

Madsen M.P., Knott A. and Andersen M.A.E. “Very high
frequency resonant DC/DC converters for LED lighting”,
Twenty-Eighth  Annual IEEE  Applied Power
Electronics Conference and Exposition, Long
Beach/USA, 835-839, (2013).

Vadivoo R.S., Maheswari L., Vijayalakshmi S. al
Vairamani K., “Design and modeling of ZVS res
SEPIC converter for high frequency application
International Conference on Circuits, Power a
Computing Technologies, Nagercoil/India,
(2014).

Kovacevic M., Knott A. and Andersen M.A.

Electronics Conference and
Worth/USA, 1402-1408, (2014
Kovacevic M., Knott A. ai

series-input parallel-outp cillating
resonant SEPIC conve |IEEE Energy
Conversion Congress a n) Denver/USA,

Duman, T. an . tion of zero voltage
r module integrated
int tracking applications"”,
erence on Electrical and
gineer)ig (ELECO), Bursa/Turkey,

aRani, P., “Modeling and Control of
with Closed Loop ZVS Resonant
rter”, International Journal of Innovative
and Exploring Engineering (IJITEE), 9:
152-158, (2019).

Erickson R.W. and Maksimovic D., “Fundamentals of
Power Electronics”, Springer, Boston, MA, (2001).

Tabisz W. and Lee F., “Zero-voltage-switching
multiresonant technique: A novel approach to improve
performance  of  high-frequency  quasi-resonant
converters”, IEEE Transactions on Power Electronics,
4(4), 450-458, (1989).



