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Abstract- One of the most efficient lighting technologies is based on light-emitting diodes (LEDs). Common LED
drivers with AC-input (50-60Hz) usually require a bulk electrolytic capacitor to decrease low-frequency ripple in the
output. However, the critical element that limits the lifespan of the LED driver is the electrolytic capacitor. An isolated
off-line LED driver is proposed in this paper, in which the required output capacitance is reduced so that the
electrolytic capacitor can be omitted from the driver structure. The driver’s configuration and controlling method
provide a high input power factor. Just a single switch and therefore a single controlling IC have been used in the
proposed structure. The input power factor correction is implemented utilizing a boost-based method, and a novel
structure is introduced for dc/dc conversion section. Power factor correction and dc/dc conversion are performed
employing a simplistic and single controlling system. The output current feeding the LEDs is a high frequency pulsating
current. Calculations, simulations and experimental waveforms of a laboratory prototype are presented to confirm the

validity of the proposed driver.
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1. INTRODUCTION

A significant portion of power production at facilities is
spent on lighting. Traditional light sources have some
disadvantages such as low efficiency, large size,
containing hazardous materials, etc [1]. Long lifetime,
high efficiency, high light quality, and very low
maintenance costs make LEDs a popular choice to
replace the traditional lamps. LED lamps have extensive
use for various applications from low brightness to high
brightness illumination [2], [3]. For single-phase (50 or
60 Hz) general lighting LED drivers, it is necessary to
correct the input power factor to meet the IEC 1000-3-2
Class C standards [4]. Furthermore, the U.S. energy star
program mandates that the input power factor of LED
drivers must be greater than 0.9 and 0.7 for commercial
and residential lightings, respectively [5].

Compared with other lighting appliances, LEDs are
more prone to flickering because of their low intrinsic
resistance. The low-frequency ripple in the output current
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will cause low-frequency light flickering, which is
harmful to human health [6], [7]. Two-stage LED drivers
can significantly reduce the output current ripple.
However, the number of elements, costs, and size of the
circuit are increased and usually two separate controlling
parts are required for PFC and DC/DC stages which
increase the complexity of the driver. Single-stage AC
input LED drivers are more efficient and can be
implemented with low cost and fewer components.
However, excessive low-frequency ripple in the output
current makes them unsuitable to drive the LEDs.
Usually, bulk electrolytic capacitors are used to decrease
the output low-frequency ripple. Estimated lifetime of an
electrolytic capacitor is about 5000 hours [8] and the
useful lifetime of an LED is about 50000 hours [9]. The
electrolytic capacitor is the most critical limiting factor
for driver life [10]. Therefore, this capacitor should be
removed from the structure.

Consequently, several literatures [11]-[28] have been
presented to remove the electrolytic capacitor from the
circuit and maximize the life time of the LED driver. A
modified harmonic injection technique to decrease the
output current low-frequency ripple and eliminate the
electrolytic capacitor from the driver structure is
presented in Ref. [11]. The driver can be implemented in
a simple and cost effective manner; however, significant
power factor reduction is the main drawback of this
technique. Ref. [12] proposes an offline LED driver
based on inverted buck converter with multiple switches
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connected to LED segments. It achieved a high power
factor and high efficiency, however, the main impediment
of this circuit is the large numbers of the employed
switches that could increase the total cost and complexity.
A current balancing modular driver including a master
and a slave module is presented in Ref. [13]. The master
and slave parts are implemented using an LLC and LC
resonant converters, respectively. However, the measured
power factor and the exact value of the output current
ripple have not mentioned and not analyzed in this paper.
A single-coupled inductor multi-output structure is
proposed in Ref. [14]. There is a direct energy flow path
connecting the DC-link capacitor and output capacitors
to improve the efficiency of the circuit. The driver is
designed with a buck-boost PFC converter cascaded with
a buck converter including multiple outputs. The
proposed circuit has a complex controlling process, and
there is no galvanic isolation between the input and
output parts. In Refs. [15-16] a semi-Flyback electrolytic
capacitor-less AC/DC converter is introduced to provide
small size and improved efficiency for the circuit.
However, according to the presented experimental and
simulated waveforms of the output current, there is a high
low- frequency ripple in the output which can lead to
light flickering effects. In Refs. [17-18], an active energy
storage method with an additional parallel compensation
stage is used to drive the LEDs; this method can achieve
a high power factor and acceptable current regulation.
Another unidirectional converter based on parallel
current ripple cancellation approach has been presented
in Ref. [19] to obtain high power factor and flicker free
LED driving. However, in such structures due to the high
voltage stress on the parallel or compensation stage, the
implementation costs and power losses increase
relatively. Some techniques based on series
compensation approach is proposed in Refs. [20-22]. In
Ref. [23] an electrolytic capacitor-less LED driver is
presented with constant output current, including a
Flyback converter for the input power factor correction
part and a buck converter as an extra path for supplying
the electrical power to the load.

In comparison with parallel compensation, the
voltage stresses of the elements are reduced. However,
the drawback of these methods is using an additional
winding which is extracted from the main stage. A full
bridge series ripple compensation approach employing a
floating capacitor is introduced in Ref. [24]. The
auxiliary winding is eliminated in this structure; however,
the controlling approach is somewhat complicated.

Pulsated current driving technique has been used in
some recent works. Driving LEDs with high DC current,
lead to luminous saturation. For duty cycles higher than

50%, LED’s output light starts to saturate [25], [26]. It
should be noted that the maximum peak current of each
LED must remain under the specified value regarding the
LEDs datasheet [27]. In Ref. [28] a high frequency
pulsating current LED driver for residential lighting is
proposed. The electrolytic capacitor has been removed.
However, the output current low-frequency ripple is
relatively high, and also no electrical isolation is
provided. In some cases, LED semiconductor terminals
are accessible; thus, due to safety considerations,
electrical isolation is necessary between AC input and
output LEDs. This paper proposes a novel isolated LED
driver configuration, with high frequency pulsating
output current. Output low-frequency ripple is reduced,
and no electrolytic capacitor is required. In addition to
remove electrolytic capacitors from the driver’s structure
and creating electrical isolation as one of the crucial
issues in providing users security against electric shock
especially in domestic and general lighting applications,
the other main advantage of the proposed structure is the
reduction of the employed switches and using just a
single switch, that reduces the required elements for the
implementation of the control section, decreases the
complexity and also the costs. The number of the
employed switches for some of the mentioned modern
structures are listed in table 1. As can be seen, the number
of the switches in these references are higher than the
proposed LED driver, which in turn could increase the
complexity and cost of control implementation. The
proposed structure ensures a high input power factor,
which will be illustrated through the simulations and
experimental results. The characteristics and operating
principles of the proposed LED driver are provided and
analyzed in this paper. Fig.1 shows the generic power
stage diagram of the proposed circuit.

Table 1. The number the employed switches for some of the novel
references

Number of the Number of the

Ref. employed Ref. employed

switches switches
[12] 4 [18] 2
[13] 2 [19] 3
[14] >3 [22] 6
[15] 2 [23] 2
[16] 2 [24] 6

This paper is organized as follows: The proposed
topology, operating stages and related equations are
discussed in section 2. Section 3 presents the design
example and experimental results. Finally, the conclusion
is given in section 4.
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Fig. 1. Generic power stage diagram of the proposed LED
driver

2. OPERATING PRINCIPLES

The proposed electrolytic capacitor-less LED driver is
illustrated in Fig.2. The circuit consists of an input filter,
a bridge rectifier and the converter. L and Cy form the
input filter. L;, Dy, D> and C; provide a boosted voltage
without any switch. Actually, the main switch (S), and
two diodes (D; and D) turn on and off such that the
voltage across C; boosts the input voltage. The
aforementioned part, corrects the input power factor in
similar way to a boost converter. The transformer (T), has
two major functions: first, it provides isolation between
the input and output parts; and second, the magnetizing
inductance of transformer in series with the switch (S),
make a high frequency pulsating current at the output.
The output capacitor will charge up through the diode
(D3) and the inductor (L,). The operating stages and

circuit analysis are given in the following part.
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Fig. 2. The proposed LED driver

2.1 Operating stages in a switching cycle
Fig.3 illustrates the key waveforms of the proposed
LED driver. The circuit operation can be analysed in
three different stages as shown in Fig.4.

First stage (to < t < t1): The switch (S) turns on at the
beginning of this stage. Di is off, D, and Ds; are
conducting and LEDs are off in this stage, thus i,=0. The
input positive rectified voltage across L; will charge it
until tg:

VLl = Vrec (1)
The boost inductor current (L1) can be written as:

[V dt = Vres ¢ @)

o 1 i T
Fig. 3. Key waveforms of the proposed LED driver

The current through L, reaches to its peak value at
the end of this stage which is equal to the peak current of
D2:

ILl, peak = -D2, peak (3)

The time interval between 0 (t=0), and t is equal to
the ON time of the switch (DT), where D represents the
duty cycle of switching. So, iL1 peak can be expressed as:

=i — Vrec D
L1, peak D2, peak fs L1 (4)
Where f; is the switching frequency. In Fig.4, iim
represents the current of magnetizing inductance for the
transformer (T). 1; is equal to the sum of itm and the
primary current of the transformer (ir1):

i1 = iLm + iTl (5)

The magnetizing inductance current can be expressed as:

t
i, :ijvi dt = Vit (6)
Lo L,
Where V; is the average voltage across Ci. Here V; is
a positive voltage which increases the magnetizing
inductance current during this interval. Thus iLmpeak Will
be equal to:

. vV,

Iim, peak — m D (7)

Secondary voltage of the transformer can be written as:
V,

v, =t ®

Where V=V, and n is the turn ratio of the transformer

(Np/Ny).
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Fig. 4. Circuit operating stages: (a) to <t <ty (b) i <t<ty,
() ta<t<T

Applying KVL in the secondary side of transformer
leads to:

Vi, =V, =V = FI_Vdc 9)

V. is the average voltage across Co. Thus, the current
through L can be written as:

. 15V 1V
i, =—[(=-V, )dt=—(=-V)t
L2 ng(n i) I_z(n i) (10)

This expression is equal to the charging current of Co.
The peak value of iL», as well as, ic, for this stage can be
obtained as:

iL2,peak = iCo,peak = ﬁ(\%_vdc)D (11)

Second stage (t1 <t<ty): Asthis stage starts, the switch
turns off and i, drops to zero. Also, the diode D, turns on,
and LEDs start conducting. D, and Ds are off in this time
interval. The peak value of the output current is an
important quantity in high frequency pulsating current
LED drivers. According to Fig.4(b), the output peak
current can be expressed as:

Io,peak = r"Lm,peak (12)

The peak value of the magnetizing inductance current
can be obtained from Eq. (7). Thus:

. V,
Io,peak = T nD (13)

s—m

The voltage across Ly, can be found using Eq. (14) and
then iLm(t) can be expressed as Eq. (15).

VLm = nVZ = n(vdc _Vo) (14)
. 1 V,
i, = L—ijT n(v,, —V,)dt +L—m DT (15)

The time interval between t; and t; is represented by
D'T, which shows the discharge time of iLm. As time
passes in this stage, the magnetizing inductance current
decreases and eventually reaches to zero at t,. Evaluating
Eqg. (15) at t=t, and noting that t,= (D+D")T, D’ can be
found as:

V.D
D!: 1
n(VO _Vdc) (16)

In this stage, V11 is given by the difference between
Viee and Vi Vi is greater than the rectified voltage.
Therefore, the voltage across L1 will be negative in this
stage. This voltage discharges L1 until t,. The relation
between v and V; can be obtained using the volt-second
balance principle for L1 as Eq. (17). Fig.5 illustrates the
voltage across L, in a switching cycle.

Ve (DT) + (V.. —V,)(D"T) =0 7)

The second operating stage can be divided into two
sub-stages: 1. When iy is decreasing and 2. After iy4
reaches to zero. D"T, shows the time required for
discharging L, from its peak value to zero. In this time
interval, i1 can be found as:
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Fig. 5. The voltage across L1 in a switching period

Because of DCM operation of Ly, i1 reaches to zero at
t=(D+D")T. By evaluating Eq. (19) at t=(D+D")T, D"
can be obtained as:

Vv
D" — rec D 20
(Vi ~Viee ) ( )

Using (4), the above relation can be rewritten as Eq.
(21). Assuming that ipzag=D(iL1pear/2), D" can be
expressed as (22).

f LliLl k

D" = s , peal 21
Vi ~Viee ( )
2f L

D" — SLl D2,avg (22)
D(Vi _Vrec)

Third stage (t <t < T): As shown in Fig. 4(c), the
switch, all of the diodes and LEDs are off in this stage;
thus ii=0, i1=0, and i,=0. This period ends at t=T.

2.2. Calculating the voltage across Co(Vdc)

First of all, the relation between V; and Vg should be
calculated. Input capacitor (C;) charges up in the first
operating stage and discharges in the next one. The
current through C; at (to < t <t3) is equal to -i; which can
be obtained using (5), (6) and (10). The relation in (23)
expresses the result for ici. On the other hand, ic; for the
interval of (t1 <t <ty) is equal to i1 which is given by
(19).

-

. V. 1V

. =—(—++— -Vt

o (Lm L ( " a)
According to Eqg. (23) and Eg. (19), the absolute peak

value of ig; for (to<t<t;) can be found as Eq. (24); also

the peak value of ic; for (t1 <t<ty) is equal to iL1 peak, Which

is given in Eq. (25).

,0<t <DT (23)

Vv, 1V
C peak — ( LG ( n _Vdc))DTy O0<t <DT (24)

. v..D ,
ICi,peak = ;ecl_l , DT<t <(D+D)T (25)

S

Fig.6(a) shows ic; in a switching cycle; according to
the charge balance principle of the capacitor, two
illustrated areas must be equal. Thus, the relationship
between Vqc and V; can be obtained from Eqg. (26).

2
Vy =ty (2 (26)
Vv L L

Fig.6(b) shows the current waveform of C, in a
switching cycle. The current passing through C, for the
time intervals of (to <t <t;), and (t1 <t < ty) is equal to
iLo and io, respectively, which i,=ni_m. Then the peak
values of i, and i, for the specified intervals could be
found using Eg. (11) and Eg. (13), respectively.
According to Fig.6(b), and the charge balance principle
for C,, another relation between Vg and Vi can be
obtained as Eq. (27).

VL, +nLY, - JW,L, +nLV,)
© L,
@
V, is equal to the sum of LEDs forward voltages. To
obtain the value of V¢, the value of V; should be found

at first. Substituting Eq. (27) in Eq. (26) provide a new
relation in term of V; as:

4L, )V Lo -nLy,®)

VL, +nL,V, —\/(\/i L, +nL,V,)* —4(nL,)(V,L,Vo-nLV?)

2nL,,
2
+VrL L n _V ( 1) =0
Vi _Vrec Ll m n
)

As expressed in Eq. (29) a fourth-degree equation will
be obtained for Vi. Solving this equation and substituting
its solution in Eq. (26), returns the value of V.

aV'+aV’+aVi+aVi+a,=0 (29)
Where:
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a,=a’-c
a, =-2a’vrec +2anL V, —d
a, =a’v,’+(nL,V,)* +2ab—4anL Vv

rec

a =-2v ((nL,V,)* +ab)+2nV L (av,’ +b)— f
8 = b — 2bn|‘mVoVrec
And:

» Lon
L12——b2L —-
a=L,( (+)) n L

I’EC
m

c=L,2+4n’L,L,, d=-2L2(v
e=L,"((V, +V,e.)* +2nV,V,,,
f =-2nL,V v, (v, +NV,)

0 "rec

rec T nv, )_8n2Lm szrec
)+4n’L Ly, 2

rec

ig;

A

iL1,peak

(D+D)T T

ni| m_peak

(b)

Fig. 6. Waveform of the currents passing through: (a) the Ci (b)
the Co

2.3. Average value of iL1 in a switching cycle
The input current value (i, (8)) is the same with the

average value of ii1 in a switching cycle (iL1avg). Since
f, >> f_, the line current can assume to be constant in a

switching cycle (fu is the line frequency). To find the
average value of ips, it should be noted that iL1,avg has two
different parts:

i =i +p2 avg (30)

L1,avg D1,avg

iLa(t) for (0<t<DT)and (DT <t<(D+D")T) can

be obtained using Eq. (2) and Eq. (19), respectively.
ip2,avg CaN easily be found as:

. v,..D?
ID2,avg = 21; L1 (31)

The average current flowing D1 can be defined by Eq.
(32). Substituting Eqg. (20) into Eq. (32), will result in Eq.
(33), and according to (30) the final value of iL1 avg can be
obtained as Eq. (34).

(D+D")T

. 1 Vi =V,

DLavg — — = I DT)+ dt 32

lotag == j (=D~ Ll) (32)

i _ vreczD2 33

Dl’avg_Zstl(Vi_vrec) ( )
D ( reC|) (34)

i =
B9 2f LV, -,

Now the rms value of the input current can be defined
as Eqg. (35). Substituting Eq. (34) into Eq. (35), will result
in (36).

iin,rms = 1:‘Eiin2 (g)d@ (35)
T

0

iin,rms = 2f Li\/ j( rec _ rec ) dg (36)

Where for a half line cycle, vrec can be assumed as:
vrec = Vm Sin 9 (37)

2.4. Output capacitance (Co) calculation

To further decrease the output low-frequency ripple,
the output capacitance should be increased; however, to
remove the electrolytic capacitor form driver’s structure,
the capacitance must be reduced. Peak to peak voltage
ripple across the output capacitor is given by:

P P

inavg in,avg

V = —
©roCVo CoxVy x2zx(2f,)

(38)

Where Pinavg is the average value of the input power.
Thus, the required output capacitance can be expressed
as:

P

C = in,avg 39
° V. xV, x(4rf) (39)

de—r

2.5. Input power factor

A high input power factor can be achieved in the
proposed LED driver. Power factor correction (PFC) in
this circuit is similar to the boost PFC converter operation
in discontinuous conduction mode; however, it should be
noted that the PFC and the output current regulation are
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done just by a single switch. Input power factor relation
can be expressed as Eq. (40).
P

PP = — o (40)

Where vinyms is the effective value of the input line
voltage which easily can be found as v, /\/5 Vm is the
peak value of the input voltage. Average input power can
be expressed as Eq. (41). Assuming v,, =V, sing and

substituting Eq. (35) into Eq. (41), Pinavg Can be obtained
as Eq. (42).

Pin,avg = 1]ivin (g)lm (0) d 0 (41)
%

_ _ D%,V .[(sm (6)
|n avg 2f L17Z'

Substituting Eq. (36) and Eg. (42) into Eqg. (40), and
simplifying it; the final relation for the input power factor
can be obtained as:

(42)

J_J-(S|n (6’))d6
PF = v (0) (43)
sin )
[ise

rec

According to Eq. (43), changing the value of V; will
alter the power factor of the circuit, so Vi must be selected
such that a high power factor could be achieved.

2.6. Voltage stress across the switch

The maximum voltage stress on the switch (S) will
occur when the diode D1 and LEDs are conducting, and
D2, D3, and the switch are off (i.e., the second operation
stage).
According to Fig .4(b), Vs can be obtained as:

Vv, =V, -V, (44)

Assuming V1=nV- and substituting Eq. (14) into Eq.
(44), maximum voltage stress across the switch can be
described as follows:

sz :Vi,max + n(vo _VCo) (45)

2.7. Controlling the output current

A simple controlling approach is utilized in this paper
to control and limit the peak value of the output current.
The output peak current should be kept under the
mentioned specified value in LEDs datasheet. To
regulate the output current, the voltage across the input
capacitor (Vci) is measured at first, and then the duty
cycle of switching is calculated according to (13). To
further simplify the relation, Eq. (13) can be written as:

fL
D= o peak ‘s —m 46
v (46)

The resulted duty cycle prevents overdriving of LEDs
by limiting iopeak in @ switching period. No feedback
signal is used from the secondary part to control the
current, that enables a simple implementation for the
control section. As shown in Figure 7, a microcontroller
(LPC1768) has been used to implement the control
section of the circuit. The measured voltage by the sensor
is given as a physical input to the microcontroller. Also,
the maximum allowed duty cycle to prevent an increase
in the output current from the permissible limit is given
to the microcontroller through the software codes. This
value will be obtained according to the following
discussions and specifications of the selected LED. The
microcontroller has been programmed to receive the
value of Vi, and then calculate the value of duty cycle
employing the relation (46). If the calculated value for D
is inside the allowable range (i.e., less than Dma), the
microcontroller will apply the switching pulses to the
circuit with a predefined frequency. If for a moment the
calculated D exceeds Dmax, the duty cycle will be set to
Dmax. Also, it should be noted that a resistive voltage
divider and analog to digital part of the microcontroller
could be used instead of the voltage sensor. This method
increases the complexity of programming and decreases
the relative accuracy, however, on the other hand, it
reduces the implementation cost of the control circuit.

Voltage Sensor
For mcasunng the To microcontroller—p| ARI‘[/‘LP%OII;%); B —To the switch—jp REENEENINE &

Upper I 1m forD

Fig. 7. The general block diagram of the control system

3. DESIGN EXAMPLE AND EXPERIMENTAL
RESULTS
A 24.2W prototype is simulated and constructed to
verify the validity of the proposed LED driver. The
circuit is simulated in PSIM. The driver uses the line
voltage (220Vrms) as input. The switching frequency is
100kHz. The ON time portion for LEDs (D) is lower

than 50%, thus according to [27], iopeak can be increased
up to 200% of the maximum DC rated current of LEDs.
The parameters and component values of the proposed
driver are given in Table 2.

The voltage drop of the selected LEDs is 36V for each
one, and 8 LEDs are connected in series. Therefore, the
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total forward voltage of the LED string will be equal to
288V(DC). Maximum rated DC current of the LEDs is
175mA [29], thus with D' under 50%, the peak value of
the output pulsating current can be 350mA. If it is
assumed that the value of iy is approximately equal to
D'(i
will be about 84mA. The proceeding information will
result in the output power of 24.2w.

opeak /2) » With a maximum value of 48% for D', ioave

Table 2. Prototype specifications

Transformer turn ratio (N,:N;) 3:2
Magnetizing inductance (Lm) 2.2mH
Input inductor(L,) 0.7mH
Output inductor(L,) 7uH
Capacitor (C) 5uf
Line frequency (f.) 50Hz
Driver output voltage (V,) 288V
LED load MHBAWT-000NOHC227G
MOSFET (S) IPP80R450P7XKSA1, 800V
Diodes (D3, D5, D3) 1N4937RLG, Fast Recovery
Filter capacitor (Cy) 50nf
Filter inductor (L¢) 2.2mH
Output capacitor (C,) 6.8uf

Assuming a minimum efficiency of 85% for the
proposed circuit, the average input power can be found to
be 28.46w. According to Eq. (43) the power factor is
affected by V. Vi is selected to be 375V in this circuit;
from Eq. (43) the theoretical power factor for this voltage
will be equal to 0.945. From Eq. (12), the peak value of
the magnetizing inductance current is obtained to be
233mA. With a maximum value of 20% for duty cycle
and using Eq. (7), the value of magnetizing inductance
will be around 2.2mH. The peak value of i, is equal to
the peak value of ic, (at (to <t <t;)); actually, L, is used
to limit the peak value of ic, (while C, is charging). On
the other hand, the value of L, should be small enough,
so that i;, immediately drops to zero and D3 could turn
off after the switch. L, is selected to be 7uH. Now,
according to Eq. (27), Vq. is calculated to be 240V.

According to Eq. (36), the rms value of the input
current, (iin,ms) can be found to be 0.135A; then using Eq.
(40), the average input power is calculated to be 28.1W,
which result in an efficiency of 86.1%. Eq. (39) is used
to find the minimum required capacitance of C,. By
allowing a 30V peak to peak ripple in Vg, the minimum
value of Cq. can obtain to be 6.2uf. The final value of Cgc
is selected to be 6.8uf. According to Eq. (45), the voltage
stress on the switch will be around 465V.

Fig. 8(a) illustrates the simulated output current and
the high frequency pulsating waveform of i, is shown in
Fig. 8(b). It can be seen that the peak value of output
current is limited to 350mA. Also there is a little low-
frequency ripple on i, (less than 10%). The output

voltage is shown in Fig. 8(c) and a detailed view of V, is
indicated in Fig. 8(d). As can be seen from the last figure,
the voltage across the LEDs is around 288V while they
are conducting (second operating stage), after that (third
operating stage) i,=0 (and ir>=0) and V, is equal to V.
The voltage across LEDs is zero in the first operating
stage.

o
0.4

0.2

(a)

0.02312 002314 002316 0.02318

o.02 0.025 0.03 0.035 o.04 0.045 0.05

w0 (=)
Vo
00
a
(@ Time (1)

Fig. 8. (a) Output current (b) High frequency pulsating
waveform of i () Output voltage (d) Detailed view of Vo

Fig. 9(a) shows the waveform of the input current, the
obtained rms value of ii, is 0.13A. According to Fig. 9(a)
the input power factor of the circuit is 0.95. The current
passing through L1 is shown in Fig. 9(b) and (c). The peak
value of i1 in each switching cycle varies with the
amplitude of the input voltage, which results in a high
input power factor. It should be noted that the rising part
of i1 is equal to ip2 and the descending part is the same
with ip1. Fig. 9(d) and (¢) show the current of
magnetizing inductance. The peak value of i_n is equal to
io peak divided by transformer turn ratio (n), thus as can be
seen in Fig. 9(e), iLmpeak IS about 233mA.

Fig. 10(a) shows the voltage across C,. Peak to peak
voltage ripple of C, is 24V, and the average value of V¢,
is 241V. Note that, V¢, does not directly apply to the LED
load. The voltage across C; is shown in Fig. 10(b); peak
to peak voltage ripple of C; is 35V, and the average value
of V; is about 375V. Fig. 10(c) and (d) show the voltage
stress across the switch. As can be seen from Fig. 10(d),
the voltage across the switch will be near zero while the
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switch is in ON state (first operating stage). Vg for the
OFF state of the switch can be found using Eq. (45);
which is the maximum voltage stress across the switch
(second operating stage). At last (in the third operating
stage), Vs will be equal to V.

0.02343 0.0232s 0.02345 0.023a8

0.023a3 0.023a4 0.023a5 0.02346
(©) Time (=)

Fig. 9. (a) Input current (b) Current waveform of L1 (c) Detailed
view of iL1 (d) Current waveform of Lm (e) Detailed view of iLm

Veo

0.02 0.04 0.06 0.08 0.1

<>

0.0434 0.04341 0.04342 0.04343
«dy Time (=)

Fig. 10. (a) Voltage across the output capacitor (b) Voltage across
Ci (c) Voltage stress across the switch (d) Detailed view of Vv

According to the designed LED driver, a prototype has
been built and tested successfully. Fig. 11 shows the
measured experimental waveforms of the proposed

driver. The output current and voltage, the current
passing L1, the voltage across Cjand C,, the voltage stress
across the switch and the input voltage and current are
presented in Fig. 11.

Fig. 11. Experlmental waveforms of the prototype

The total time interval for the illustrated waveform of
the output current is equal to a few line cycles. The low-
frequency ripple of the current through the LEDs is
measured to be 13.9%. The peak to peak voltage ripple
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value is around 35V for V¢ and 25V for Vc,. The
maximum voltage stress across the switch is measured to
be around 470V.

The measured power factor of the constructed circuit
is 0.948 which is in good agreement with the proceeding
analysis and simulation results. The maximum voltage
stress across the switch (or switches) for the proposed
circuit and some recent structures are shown in Fig.12.
These values show the voltage stress across the switches
in the same conditions (regarding the input voltage and
the voltage of the DC link). As can be seen, the proposed
circuit has a better position in this comparison. With the
measured input power of 28.1w and output power of
24.2w, the efficiency of the driver will be equal to 86.1%.
Fig.13 shows the photograph of the prototype.
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Fig. 12. Voltage stress comparison (the ** sign shows the voltage
stress for the proposed circuit)

Fig. 13. Photograph of the prototype

4. CONCLUSIONS

This paper has proposed an innovative isolated LED
driver with high frequency pulsating driving current. The
driver ensures a high input power factor and low, output
low-frequency ripple which is illustrated over the
simulations and experimental results of the paper.
Reduction of the output low-frequency ripple, make it
possible to remove the electrolytic capacitor from the
driver structure; by eliminating the electrolytic capacitor
the lifetime of the proposed LED driver better matches

the lifetime of LED semiconductors. The PFC action and
output current regulation have done just by using a single
switch and a simple controlling approach. The operating
stages, calculations and detailed analysis of the proposed
LED driver have been discussed in this paper.

Design example has been provided, and an
experimental prototype has been built to verify the
validity of the proposed LED driver. The implemented
circuit is a 24.2w, 288V(DC output) driver with 220V,
50Hz AC input.
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