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ABSTRACT Direct AC LED drivers have advantages over conventional LED drivers in size and cost because
of no need for bulky and expensive inductive components. However, none of conventional direct AC LED
drivers researched so far support triode AC switch (TRIAC) compatibility at low percent flicker. This paper
achieves both TRIAC dimmer compatibility and low percent flicker by correlating a phase-cut ratio to
luminance and using always-on multi-arrays, respectively, without the need of a dedicated IC. The proposed
LED driver consists of a phase-cut/DC converter, a switch controller, a current regulator, and three LED
arrays. The experimental results based on commercial 15W LEDs show that the percent flicker of 18.6% @

120 Hz is achieved with an efficiency of 84.7% and a power factor of 97.3% @ 120 V.

INDEX TERMS Direct AC, LED, percent flicker, TRIAC, dimmable, inductor-less.

I. INTRODUCTION

For indoor household and commercial lighting, light emit-
ting diodes (LEDs) are widely replacing incandescent and
fluorescent lamps because of their long lifetime and high
luminous efficiency [1]-[5]. In conventional lighting systems
without using LEDs, triode AC switch (TRIAC) dimmers
are used for controlling luminance of resistive loads such as
incandescent or halogen light bulbs. However, LEDs without
proper control circuits cannot be directly compatible with
these TRIAC dimmers because LED drivers may cause visi-
ble flicker [6]. Flicker is defined as a change in intensity of
a light source caused by the fluctuations of the light source
itself, power-line flicker, or incompatibility with an external
dimmer. As shown in Fig. 1, flicker can be quantified as two
different parameters: percent flicker and flicker index. The
percent flicker is the ratio between the maximum light and
the minimum light in a cycle. Flicker index, on the other
hand, requires the accurate measurement of waveform shape
with complex integral math. So the percent flicker is more
generally used than the flicker index to qualify the amount of
flicker. IEEE PAR1789 standard working group introduces
possible health risks of higher percent flicker [7], [8].
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FIGURE 1. The definition of percent flicker and flicker index [7].

Many circuit topologies for a TRIAC dimmable LED
driver are based on a switched-mode power supply (SMPS)
with a phase angle to current converter that leads to lower
flicker [3]. Conventional two-stage topologies in [9]-[13]
can achieve aforementioned performances at the expense
of many inductive components, large form factor, and high
manufacturing costs. The single-stage topologies with power
factor correction (PFC) flyback converters are developed to
alleviate those problems in two-stage topologies, but still
bulky inductive components and large smoothing capacitors
with a high voltage rate cannot be avoided [14]-[24].

Recently, direct AC LED driver topologies are developed
to reduce form factor and cost compared with conventional
SMPS based topologies by directly connecting multiple LED
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strings to the rectified AC input without using bulky induc-
tive components [28]-[34]. In order to increase power factor
and efficiency, direct AC LED drivers in [28]-[30] adopted
either a micro-controller or a dedicated IC for string controls.
In [31], a direct AC LED driver using a simple LED bridge
structure is introduced without using either a micro-controller
or a dedicated IC, but it requires an inductive component
for sensing LED sting current. Other direct AC LED drivers
n [32], [33] have developed by adding standard operational
amplifiers and switches without the need of a dedicated
IC, a micro-controller, or an inductive component. However,
aforementioned direct AC LED drivers have a significant
drawback that yields the percent flicker of 100%. To enhance
percent flicker, a direct AC LED driver in [34] adopts a
valley fill circuit and achieves the percent flicker of 28%.
Nonetheless, both power factor and output power are too low
to be used for residential and commercial lighting systems.
Furthermore, none of the conventional direct AC LED drivers
is TRIAC dimmable.

In this paper, TRIAC dimmable direct AC LED driver
with percent flicker less than 20% is proposed. For reducing
percent flicker, the proposed LED driver sequentially drives
always-on multiple LED strings. Additionally, high power
factor, efficiency, and output power are achieved without
using a dedicated IC, a micro-controller, or an inductive com-
ponent. This paper consists as follows: The topologies of con-
ventional LED driver are described in Section II. Section III
introduces the basic theory and the circuit implementation of
the proposed LED driver. The simulation result and exper-
imental results the proposed LED driver are presented in
Sections IV and V, respectively, and followed by conclusion
in Section VI.

Il. CONVENTIONAL LED DRIVERS

Fig. 2 shows a basic configuration of a TRIAC dimmable
LED lighting system. A phase-cut ac voltage viy is generated
by the TRIAC dimmer from an AC line voltage vac and fed
to the TRIAC dimmable LED driver that chops up the voltage
waveform by phase angle of 6 depending on dimming level.
The brightness of the LED array varies in accordance with
the output current.

|
= '
ac | | TRIAC !
+ | DIAC : . TRIAC .
| R lim C im i |
@VAC | y T : VIN dlﬂlﬂé%be Vout EZQ‘
- I_ _________ | - . -
TRIAC dimmer ariver aray

FIGURE 2. Basic configuration of a TRIAC dimmable LED lighting system.

For driving LEDs from AC power supplies, one of the basic
approaches is a single-stage AC/DC conversion topology
that consists of a full-bridge rectifier (FBR) and a DC/DC
converter as shown in Fig. 3(a). Because a single-stage
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FIGURE 3. Conventional AC/DC conversion topologies. (a) A single-stage
conversion and (b) a two-stage conversion.
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FIGURE 4. Conventional direct AC LED drivers (a) with FBR and LED arrays
and (b) with an additional valley fill circuit.

AC/DC converter has wide input voltage range, a flyback
converter with a bulky transformer is widely adopted at the
expense of large amount of switching and snubber losses [35].
It is suggested that residential and commercial LED light-
ing sources below 25 W have a minimum power factor
of 0.9 [36], but a single-stage AC/DC converter hardly meets
this condition. A two-stage AC/DC converter structure in
Fig. 3(b) has been developed to reduce those losses and to
increase power factor by having an additional power fac-
tor correction (PFC) stage for higher cost and larger form
factor [37].

In order to eliminate the bulky inductive components and
reduce form factor, direct AC LED drivers in Fig. 4(a) have
been researched. The rectified AC input voltage vgpr is
directly applied to the LED arrays. According to input voltage
value, each LED array is determined on or off by the array
controller that can be composed of a control logic, switches,
and a current regulator and be implemented by a dedicated
IC, a micro-controller, or discrete components.

VOLUME 8, 2020



S.J. Yun et al.: Low Flicker TRIAC Dimmable Direct AC LED Driver for Always-on LED Arrays

IEEE Access

The current drawn from vgpR is directed only to the LED
array LED| when the switch S; turns on. In sequence, when
VEBR reaches a voltage enough to turn on both S; and S,
the LED string current i gp is directed to LED| and LED;.
In this way, each switch can be determined when to be turn
on, and the current through the LED arrays can be adjusted
to a predefined value for each step. However, there a several
drawbacks of this topology. First, the average current of each
LED array significantly varies, which causes luminance non-
uniformity in terms of location. Second, the percent flicker
becomes 100% due to no current flown through any LED
array for a certain time period.

To alleviate these problems, a direct AC LED driver with
a valley fill circuit in Fig. 4(b) have been researched [33].
A valley fill circuit is added to a conventional direct AC LED
driver. vpgr under a specified level is boosted by the valley
fill circuit, which makes i; gp continuously flow through the
LEDs to enhance percent flicker. Nonetheless, the percent
flicker achieved is only 28% and the non-uniformity due to
current imbalance among LED arrays cannot be avoided.

Ill. PROPOSED FLICKER REDUCTION TECHNIQUE

A. CHARGING PHASE OF AN LED ARRAY

Fig. 5(a) shows a simplified block diagram of the proposed
direct AC LED driver with an LED array in parallel with an
energy storing capacitor C. When vpgr is higher than the
voltage across the LED array, vigp, the input current flows
through the LED array and charges the capacitor simultane-
ously as depicted in Fig. 5(b). In the capacitor point of view,
this time period can be noted as the charging phase. Once the
string current gy, is regulated to a specific value, the currents
through the LED array, ii gp, and the capacitor, ic, satisfy

iLep(?) + ic(t) = Isy. (1

Discharging
Discharging Charging | Charging

VFBR
VLED N— NN — T

ov

+

cT VIED  ILED ot A o
- 0A

(b)
FIGURE 5. Proposed direct AC LED drivers with an always-on LED array.
(a) A simplified block diagram and (b) a timing diagram.

Assuming that the LED array consists of m number of LEDs
with an ideality factor 5 and the saturation current I, Eq. (1)
according to time becomes

t d t
Is exp VLED(?) LC VLED(1) _ I 2)
mnVr dt

where v gp(?) is the voltage across the LED array in terms
of time. Then solving the first-order nonlinear ordinary
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differential equation yields v gp(?) as

vLED(?)

Is 1 colsir syt
=—mnVr-In| — — —exp — .(3)
mnVr  mnCVr

I Str I Str
If Is/Isy is a small value, it can be approximated as

Is
VLED(?) ~ ?trt +ci, 4

where cg and ¢ are constants. ¢; can be obtained as it meets
vLED(0) = V) for initial condition ¢+ = 0, which gives

IStr
vLED(?) = ?l + V. ©)
For the time + = g when vpgr goes lower than vigp,

the boundary condition yields

Isy
vLED(fB) = < B + Vo. (6)
From Eq. (5), the LED current equation can be obtained as

Isyt + V0C>

7
mnCVr @)

iLED(7) = Is exp (
By using the linear approximation of the exponential func-
tion for small ¢ values, f(f) = e’ can be approximated
as f(¢) ~ 1+t. Thus i gp(¢) can be rewritten as

Vo Isyt
14— ) 8
UVT> < * mﬁCVT> ®

B. DISCHARGING PHASE OF AN LED ARRAY

When the case that vpgr is lower than vigp, on the other
hand, the diode D blocks the reverse current flowing from the
capacitor to the input and makes the string current be zero.
Then the capacitor discharges through the LED array and
makes the LED array always on. Eq. (1) can be rewritten as

iLep(?) ~ Is exp (m

iLep(?) + ic(1) = 0. ©)
Putting the current equations gives
t d t
Is exp vLED(?) LC VLED(?) _o (10)
mnVr dt

Solving the first-order nonlinear differential equation yields
VLED(?) as

vLED(?) = —mn VT - |:1n (%t + Cz) — ln(mr)VT)i| , (11)

where ¢ is a constant. If the discharging phase is followed
by a charging phase, the initial condition of the discharging
phase in Eq. (11) at + = O is identical to the boundary
condition of the charging phase in Eq. (6) att = g, ¢» can be
obtained as

Is

1
—mnVr-exp| ——— [ 2+ Vo )|. 2
¢ =mnVr eXP[ mnVT(C B+ 0)} (12)

Finally, putting Eq. (11) into the LED current equation gives
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iLep(?) = Is exp (VLED(I)>

mnVr

I
= Isexp |:ln(m17VT) —In (Est + 02>]

CVvrl
— M, (13)

Ist + c»C
Assuming that luminance of an LED array is linear to the
current through it, percent flicker can be obtained either

Eq. (7) or Eq. (13). Using Eq. (7)

irep(tB) — iLep(0)
iLep(tB) + iLep(0)
IStrtB

S E— (14)
2mnCVr + Isytp

%flicker =

The lager the capacitance, the better the percent flicker is.
As the string current and thus the rated power increase,
an LED array exhibits degradation in the percent flicker.
However, the current through a single LED string needs to
be regulated in order to meet percent flicker requirement
by using a current regulator. The excess voltage other than
the regulating the LED string current is applied across the
current regulator, which becomes power loss in the current
regulator. Thus, having multiple LED arrays and changing the
connection among LED arrays depending on the input voltage
reduce the excess voltage across the current regulator and thus
power loss [29], [30].

C. ANALYSIS OF THE PROPOSED LED ARRAYS

Fig. 6(a) shows the block diagram of the proposed direct
AC discrete LED driver with a flicker reduction technique.
The proposed LED driver consists of a full bridge rectifier,
three LED arrays, a current regulator, a phase-cut/DC con-
verter, and a switch controller. To reduce percent flicker,
it is important to make each LED array always turns on.
For its implementation, each LED string LED|_3 is com-
posed of several LEDs connected in series and connected to
each energy storing capacitor C;_3 in parallel, respectively.
Switches S;_3 are implemented by using PNP Darlington
pairs and controlled by the signals SC1_3. Once a switch is
on, the dedicated LED array is disconnected from the input
and fed by its own capacitor that falls into discharge state as
discussed in Fig. 5. Each diode D;_3 allows each capacitor
to be discharged only through the dedicated LED array by
floating at least one of the terminals of a capacitor and its LED
array. The phase-cut/DC converter generates the reference
voltage VRer to the current regulator that controls the string
current as I, = VRef/Rcr depending on the amount of phase-
cut by a TRIAC dimmer.

Depending on switch controls, there can be five different
phases as follows: In phase I, all LED arrays are floated from
the input and fall into discharging phase. In phases II, III,
and IV, only one of LED arrays is floated from the input.
In phase V, all the LED arrays are connected to the input.
Fig. 6(b) depicts the connection of LED arrays in each phase,
when VL Ep1 > VLED2 > VLED3. The gray colored LED array
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FIGURE 6. The proposed direct AC LED driver. (a) Block diagram, (b) the
current through the LED array for each phase, and (c) timing diagram.

indicates the LED array powered by its dedicated capacitor.
Regardless of configuration, all LED arrays are continuously
powered either from the input or from their own capacitors,
which allows for low percent flicker in the proposed direct
AC LED driver. Fig. 6(c) shows the voltage and the current
waveforms of each LED array for the half cycle of vin. The
sequence of switching of the proposed LED driver is chosen
to increase the efficiency by minimizing energy loss by the
current regulator, Ey osscr, as follows:

1) Phase I: If vs¢ < VLED2+ VLED3, S1 turns on, while So
and S3 turn off. Then all LED arrays are floated and fed
the current from each dedicated capacitor.

2) Phase II: If vLEp2+ VLED3 < VSt < VLEDI+ VLED3»
S| turns on, while S» and S3 turn off. Then Isy flows
through LED, and LED3 and charges their dedicated
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capacitors Cp and C3. The current through LED; is fed
by C;.

3) Phase lIL: If vi gp1+ VLED3 < Vsu < VLED1+ VLED2, S2
turns on, while S1 and S3 turn off. Then Ig; flows only
through LED; and LED3 and charges their dedicated
capacitors C; and C3. The current through LED; is fed
by Cs.

4) Phase IV: If v gp1+ VLED2 < Vsy < VLEDI1+ VLED2+
VLED3, S3 turns on, while S; and S, turn off. Then Ig,
flows only through LED; and LED; and charges their
dedicated capacitors C; and C,. The current through
LED3 is fed by Cs.

5) Phase V: If vi gp1+ VLED2+ VLED3 < Vstr, all switches
turn off. Then Igy flows through the strings LEDy,
LED,, and LED3 and charges all capacitors Ci, Ca,
and Cs.

D. OPTIMUM CONFIGURATION OF LEDS
Because Ig is regulated by the current regulator, the power
from the input can be defined as

PiN(t) = IseVp sin(27ft), (15)

where Vp is the peak value of the sinusoidal input voltage.
Using quarter-wave symmetry, the energy input in a cycle can
be written as

T/4
EN = 4lsy / Vp sin(2rft)dt . (16)
o

In phase I, the string current becomes zero due to the input
floated from any of the LED array. Then the average input
power can be

4[Str

T/4
(PiN) = / Vp sinQ2rft)dt, (17)
I
where t; is defined as the time when the phase I ends and can
be a constant for a given input power as

1 (P
= b cos ! (TN (18)
2nf 215 Vp
Assuming that the current ripple is much smaller than its
average value, the efficiency of the proposed system, 1, can

be optimized by maximizing the sum of shaded area from A,
to As in Fig. 7 as

T/4
(Po) x / (vsu(t) — vp(2))dt. (19)
n

Defining that each array has a certain number of LEDs in
series and the average values of the voltage across each
LED array are m; <VLgp>, mp <VLED>, and m3 <VLEp>
where <vpgp> stands for the average voltage across an LED,
the relationship among each LED array can be m; > my >
mj3. Then, each shaded area can be defined as

Ay = (my +m3)(t2 — 1) (VLED) , (20
A3z = (my +m3)(t3 — 1) (VLED) , 2D
Ay = (my +mp)(ts — 13) (VLED) , (22)
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FIGURE 7. Maximizing the conversion efficiency of the proposed LED
arrays.

As = (my + my + m3)(t5 — t4) (VLED) - (23)
Then the sum of the shaded area becomes

> Ai=(viep) [0m + m3)(t2 — 1) + (m1 + m3)(ts — 1)

+ (my +mo)(ts — 13) + (m1 + my + m3)(t5 — 14)],
24

where t5 is T/4. t1, to, t3, and t4 can be obtained at each edge
of phase from vsy = Vp sin(27w ft) as

ty = sin~! ((m1 4 m3) (vLED) /Vp) /(270f), 25)
13 = sin~! ((m1 4+ my) (vLgD) /Vp) /(27f), (26)
1y = sin~! ((my 4+ my 4+ m3) (vLgp) /Vp) /2nf). (27)

In determining each timing, the basic condition is

Vp > (m1 + ma + m3) (VLED) - (28)

E. SWITCH CONTROLLER

Fig. 8(a) shows the circuit diagram of the switch controller. A
voltage divider is located in the dotted box, which generates
the switch control voltages vi_3 out of vgy. A Zener diode
Dz and a capacitor Cz; generate a bias voltage Vg to control
the outputs SC;_3 through bipolar junction transistors Q;_3.
Depending on the values of vi_3, the base terminals of Q;_3
can be grounded through M;_3 and Q4_¢. SCi_3 are fed
to the base currents of PNP Darlington pair switches Sq_3,
respectively. The operation of each transistor depending on
v1—3 and phase is depicted in Fig. 8(b).

F. PHASE-CUT/DC CONVERTER

Fig. 9(a) shows the circuit diagram of the phase-cut/DC
converter. When vgpRr is higher than the Zener voltage Vz
of Dz, the gate voltage of My, vg, equals to Vz. Otherwise,
vg remains to be vggr. Then, vs is defined by the resistive
voltage divider as

vs = (vg — V) - (29)

8
R7+Rg’
where Vry, is the threshold voltage of My. vs is connected
to a passive RC low-pass filter and generates the reference
voltage VRer that depends on the phase-cut ratio. The voltage
waveforms of each node without phase-cut and with 50%
phase-cut are depicted in Figs. 9(b) and 9(c).
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FIGURE 8. Proposed switch controller. (a) Circuit and (b) timing diagrams.
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FIGURE 9. Proposed phase-cut/DC converter. (a) Circuit implementation
and (b) timing diagrams without phase-cut and (c) with 40% phase-cut.

IV. SIMULATION RESULTS
Fig.10 shows the simulation results in determining the num-
ber of LED strings of the proposed LED driver.

100 40
80 E
30 8
g g
> 60 g
g 203
5 <
Q
2 40 3
10 E
20 E
O L 1 L 0

1 2 3 4 5
Number of LED arrays

FIGURE 10. Simulated results for efficiency and the number of
components according to the number of LED arrays.

Efficiency and the number of critical components includ-
ing capacitors, diodes, and switches are depending on the
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number of LED arrays. The more the LED arrays, the higher
the efficiency is achieved. The proposed driver is chosen to
have three LED arrays because the efficiency enhancement
is only 4.4% at the expense of 1.94 times more components
compared to the configuration with five LED arrays. For
maximizing the sum of shaded area from Aj to As, < v gp >
and < P|y > aresetto6 V @ 110 mA and 15 W. By sweeping
m1 and my with various integer values of mj3, the sum of the
shaded area that meets the condition in Eq. (18) is depicted
in Fig. 11. The differences between the maximum area and
the area with quantized values of m; and m; are less than 1%.
The maximum area with integer values of mj, mp, and m3
is given by 20.88 Vs @ (m; = 12, my = 8, m3 = 4).
The proposed LED driver is also simulated by using SPICE
parameters.

22 22
Max: 20.65

>18 @(12.2,8.4,5)
16

12 Area 20.47@(11,8,5)

] /

Area (Vs)
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my
(b)
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(c) (d)

FIGURE 11. Simulated results for Maximizing the sum of Area A,_5(a)
ms =4, (b) ms =5, (c)m3 =6,and (d) ms =17.

Fig. 12 shows the simulated transient waveforms of the
proposed direct AC LED driver without phase-cut. Both
the input current and the current through the LED arrays
LED;_3 are depicted. Since the LED current can be approx-
imated as linear to the luminous flux output of the LED,
percent flicker can be calculated by using the LED cur-
rent. The simulated percent flicker of each LED string
LED;, LED;, and LED3 are 18.6, 18.5, and 17.9%, respec-
tively, and the simulated percent flicker of overall LEDs is
18.3%. Fig. 13 shows the transient waveform of the switch
controller.

VB1-3 in Fig. 8 are turned on and off sequentially depend-
ing on vi_3. Fig. 14 shows the transient waveforms of the
phase-cut/DC converter to obtain Vgef, where the settling
time of VRger is 0.05 s with no phase-cut. Vger according to
various values of the phase-cut ratio is presented in Fig.15,
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FIGURE 12. Simulated transient waveforms of the proposed direct AC LED
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FIGURE 14. Simulated transient waveforms of the proposed direct AC LED
driver without phase-cut.

which leads Vger inversely proportional to the phase-cut ratio.
As VRger decreases, so do Isy and the luminance of each LED
array.

V. EXPERIMENTAL RESULTS

The proposed LED driver is implemented only with discrete
components. Fig. 16 shows the photograph of the proposed
LED lighting. The diameter of the metal PCB is 100 mm.
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FIGURE 16. Photograph of the proposed LED driver.

The number of LEDs in LED1_3 is 12, 8, and 4, respectively.
C1—3 are set to 150, 150, and 270 wF with the rated voltage
of 80, 50, and 35 V, respectively. The critical components of
the proposed driver are listed in Table 1.

TABLE 1. Critical components of the proposed LED driver.

Component Description

Rectifier Full bridge, 200V, 1A
Dgr String diode, 200V, 1A

Dy-D; Switching diode, 100V, 0.5A
S1-S3 PNP Darlington switch, 120V, 2A
01-Qs NPN, 180V, 0.5A
M,\-M; NMOS, 100V, 0.17A
LED, ; LEDs, LEMWS36X80LZ3B00
C, 150 pF, 80 V, electrolytic
G, 150 pF, 50 V, electrolytic
G 270 uF, 35V, electrolytic
OP, Op-amp, MCP6281

Nominal output power is 15W for the input voltage ranging
from 80 to 140V. The average value of Vp is minimized for
each phase to enhance the efficiency of the proposed LED
driver as simulated in Fig. 11, which leads to the measured
efficiency of 84.7%.

Fig. 17(a) shows the measured transient waveforms of
vFBR, vp and iy with the phase-cut ratio of 0%. The
power factor extracted from iy yields 96.8% at 120 V
input. To obtain percent flicker as in [38], the brightness
of the LED arrays for the proposed LED driver is mea-
sured with a light-to-voltage optical sensor TSL251RD as
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FIGURE 17. Measured transient response of the proposed LED driver with
(a) 0%, (b) Measured brightness of LEDs (c) 20%, and (d) 40% phase-cut.

shown in Fig. 17(b). The measured percent flicker obtained
as 18.6%. Figs. 17(c) and 17(d) show the measured transient
waveforms vpgRr, vp, and in with the phase-cut ratio of
20 and 40%. At the phase-cut angle, glitches caused by RC
delay in Vg1, VB2, and Vg3 turn on switches Si, S7, and
S3 momentarily, make vp to be vpgRr, and cause sharp rise
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FIGURE 19. Measured average brightness according to the phase-cut
ratio.

in vp. Thus, a high voltage transistor is required for Mcr
in Fig. 6(a). By sweeping the input voltage ranged from
80 to 140 V at phase-cut ratio 0%, power factor and percent
flicker are measured as shown in Fig. 18. The power factor
and the percent flicker of the proposed driver at the input
voltage range from 80 to 140 V are achieved at the range from
93.2% to 97.3% and from 15.79% to 23.7%, respectively.
Fig. 19 summarizes measured average brightness according
to the phase-cut ratio at 120V input. For phase-cut ratio
higher than 55.6%, the proposed direct AC LED driver
turns off completely. The proposed LED driver is compared
with other conventional direct AC LED drivers as shown
in Table 2.

TABLE 2. Performance comparison.

This
Parameter [30] [317 [32] [33] [34] work
Dedicated-IC free X o (0] O O o
TRIAC dimmable X X X X X (0]
Always-on X X X X X (0]
Vinao) (V) 110 85~265 424 220 110 80-140
Poutr (W) 19 20 25 N/A 3.6 15

Power factor (%)  99.8 >90 97 9 72 973
Percent flicker (%) 100 100 100 100 28 18.6
Efficiency (%) 89.3 92.4 82 N/A N/A 84.7

“X” stands for not applicable and “O” stands for applicable

The proposed LED driver is superior to other direct AC
LED drivers not only percent flicker but also TRIAC com-
patibility and always-on capability that increases uniformity
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among LED arrays. Moreover, no dedicated IC or controller is
required for supporting compatible performances with others.

VI. CONCLUSION

In order to replace conventional lamps with LEDs, nowadays,
LED drivers are required to meet IEEE PAR1789 standard
to reduce health risks by higher percent flicker. Moreover,
LED driver compatible to a TRIAC dimmer can be widely
used for various applications. The proposed direct AC LED
driver supports above two characteristics without using a ded-
icated IC, which no conventional direct AC LED driver has
ever achieved. Other performances achieved by the proposed
direct AC LED driver such as efficiency and power factors
are comparable to others.
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