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Abstract

This paper proposes a primary side constant power control scheme for TRIAC dimmer compatible LED drivers. The LED

driver is a Flyback converter operated in boundary conduction mode (BCM) to minimize the switching loss. With the proposed
control scheme, the input power of the Flyback converter can be controlled by the TRIAC dimming angle, which is not affected
by AC input voltage variations. Since the output voltage is almost constant for LED loads, the output current can be changed
by controlling the input power with a given conversion efficiency. The isolated feedback circuit is eliminated with the proposed
primary side control scheme, which dramatically simplifies the whole circuit. In addition, the input current automatically follows
the input voltage due to the BCM operation, and the resistive input characteristic can be achieved which is attractive for TRIAC
dimming applications. Experimental results from a 15W prototype verify the theoretical analysis.
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I. INTRODUCTION

With the rapid development of high brightness LED
technologies, both the performance and the cost of phosphor
converted white LEDs (WLED) has improved significantly.
The efficacy (light output per watt) of WLED is now
competitive with compact fluorescent lamps [1], [2]. Solid
state lighting technology using LEDs as an efficient lighting
source for commercial and residential lighting has recently
become more attractive.

The most convenient way to use LED lighting is to replace
existing lighting fixtures directly to reduce cost and avoid
waste [3], [4]. The replacement of incandescent lamps with
LED bulbs is already ongoing in many countries to reduce
carbon emissions and save energy. However, there are still a
lot of new issues during this direct replacement.

The most important issue of replacement is related to
dimming [5], [6]. Although there are quite a lot of dimming
methods, the dominant domestic and architectural dimming
systems are based on TRIAC (phase-cut) dimmers. A
traditional lighting system using a TRIAC dimmer and an
incandescent bulb is shown in Fig.1. A variable resistor R,
can be used to adjust the dimming angle (firing angle or
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phase angle) 0, as shown in Fig. 1, i.e. the energy delivered to
the lamp. For the proper operation of a TRIAC, it has
minimum latching current and holding current requirements.
When a TRIAC is triggered, the voltage across the device
must be sufficient to enable the flow of the minimum latching
current. After the device has been latched, a continuous
holding current must flow through the device in one direction
[7].

An incandescent lamp is purely resistive and works well
with a TRIAC dimmer because the lamp resistance can
provide sufficient damping to the parasitic ring and holding
current to the TRIAC dimmer after it has been triggered.

However, LED lamps are totally different from purely
resistive bulbs, which results in a considerable difference in
the way the dimmer works. Since a LED should be powered
by a DC current, there is a LED driver to convert the AC
input to the required DC output. The conventional low power
LED driver has an input rectifier bridge and a capacitive
input filter as shown in Fig. 2. Therefore, the current is drawn
from the input only during a very short period when the input
voltage exceeds the DC bus voltage, and it drops below the
holding current quickly. It is not possible to control the
TRIAC conduction angle in such a circuit, which may cause
issues like flickering, audible noise, improper dimming
function or even damage of the lamp or dimmer [5]-[6].
Special design efforts are necessary to make LED drivers
compatible with TRIAC dimmers.
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Fig. 2. Conventional LED driver with TRIAC dimmer.

Generally, in order to be compatible with a TRIAC dimmer,
the input characteristic of a LED driver should be similar to
those of an incandescent lamp. Therefore, the input current
needs to follow the input voltage like a resistor even under
the dimming condition. The power factor correction (PFC)
technique is a simple way to achieve such input
characteristics. Furthermore, for lighting equipment above
25W, the low-frequency harmonics must comply with the EN
61000-3-2, Class C regulation. In addition, the Energy Star
requirement for Solid State Lighting Luminaires is PF>0.7
for residential and PF>0.9 for commercial [8]. Therefore, the
PFC function is a general requirement for LED drivers.

The conventional two stage method with a front-end PFC
converter is too costly and complex for low power LED
driver applications. A lot of PFC techniques with a single
switch for LED driver applications have been proposed
[9]-[12]. However, all of them need an isolated feedback
circuit for output current control, which is complex. In
addition, the opto-isolator in the feedback loop also affects
the output performance due to the current transfer ratio
degradation caused by temperature rises. Furthermore, the
TRIAC dimming capability has not been discussed [9].

To meet safety requirements, the output of a LED driver is
usually galvanic isolated. The TRIAC dimming signal is
detected in the transformer primary side while the output

current is sensed in the secondary side. An extra galvanic
isolation circuit is required to implement the dimming
function and the output current regulation, which further
complicates the whole circuit.

In order to further reduce cost and size, regulation of the
output current in the primary side is preferred. Many primary
side control schemes have been proposed for the Flyback
topology [13]-[20]. Most of them are only suitable for
discontinuous conduction mode (DCM) operation with a
relatively stable DC input, and the primary side peak current
is usually fixed in order to achieve a constant output current
[13]-[16]. Therefore, they are not able to achieve a high
power factor at the same time, which makes them unsuitable
for TRIAC dimming applications.

In [17]-[19], primary side current control methods based
on switch peak current detection were proposed for Flyback
PFC converters. These methods can achieve output current
regulation and a high power factor. The most popular
industry solutions for TRIAC compatible primary side
controlled LED drivers with PFC are based on a similar
concept. However, the output current accuracy is affected by
the internal delay time and the current rising slew rate
[19]-[21]. The output current accuracy with a different delay
time is also discussed in [19]. In [20], a more accurate
primary side current control method based on the average
switch current was proposed. However, the delay time of the
zero current detection will affect the output current accuracy.

Based on the issues discussed above, this paper proposes a
new primary side constant power control scheme for LED
driver applications based on the Flyback topology, which
features TRIAC dimming compatible, resistive input
characteristic, no isolation feedback circuit and a nearly
constant output power. With input voltage and dimming
angle signal feedforward, the output current can be controlled
and adjusted by the dimming angle, and no secondary side
current feedback is required, which dramatically simplifies
the whole circuit. The Flyback converter is operated in BCM
to minimize the switching loss. The detailed operation
principle will be illustrated in section II. The design
considerations are given in section III. Section IV will present
the experimental results from a 15W prototype with a TRIAC
dimmer.

II.  PRINCIPLE OF OPERATIONS

In order to design a LED driver compatible with a TRIAC
dimmer, the input characteristic of the LED driver should be
resistive. Generally, the conventional PFC control can make
the LED driver look like a pure resistor from the AC input
side, which helps provide the holding current of the TRIAC
dimmer. For low power LED driver applications, the Flyback
converter in DCM or BCM operation is widely adopted due
to its simplicity and inherent high input PF. A conventional
Flyback PFC converter with output current feedback control
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is shown in Fig. 3 [22]-[23]. The average output current is
regulated via an isolated feedback circuit. For TRIAC
dimming applications, the TRIAC dimming angle detected in
the primary side should be transferred to the secondary side
and the output current should be changed. Therefore, an extra
opto-coupler is usually required. The transformer auxiliary
winding N, is used to power the primary side control circuit
during normal operation. The circuit is quite complex with
these isolation circuits.

To simplify the whole circuit, this paper proposes a new
primary side constant power control scheme for a Flyback
PFC converter compatible for TRIAC dimming applications.
The circuit diagram is shown in Fig. 4. The output current or
output power regulation and PFC function are achieved by
the primary side controller shown in Fig. 5. The detected
dimming angle signal at the primary side can be used directly
to adjust the output current or power without any isolation
circuit.

By comparing Fig. 4 with Fig. 3, it is clear that the isolated
circuits shown in Fig. 3 are eliminated by the primary side
control method. The circuit is dramatically simplified. The
output current is controlled by a primary side controller. And
the primary side controller can be an integrated circuit (IC)
designed with the required control functions.

The key point of the primary side controller is the
implementation of the PFC function and the output current
regulation, which are achieved by the proposed primary side
constant power control using the feedforward method.
Assuming the converter is ideal and the LED forward voltage
drop is constant, the output current is proportional to the
input power. Therefore, the input power can be used to
control the output current with a given output voltage.

Considering the AC input voltage variation in real
applications, the input power should be kept constant at a
given dimming angle under various AC input conditions,
which is achieved by input voltage and dimming angle
feedforward control. Generally, for low power Flyback PFC
converters, BCM operation is preferred to minimize the
switching loss. In addition, peak current mode (PCM) control
and voltage mode control (constant on time control) are two
of the most popular control methods to achieve the PFC
function. The detailed implementation of the proposed
feedforward control scheme along with these two control
methods is described as follows.

A. Peak Current Mode Control

Based on the power stage shown in Fig. 4, the diagram of
the proposed primary side control scheme for PCM control is
shown in Fig 5. The rectified input voltage Vy(?) is used for
the input voltage feedforward, the current waveshape and the
TRIAC dimming angle detection. These three signals are fed
to a multiplier to generate a current reference signal Ipgr(?) to
set the peak current value of the switch current /. The
transformer third winding voltage signal V, is also used for
zero current detection and duty cycle compensation. The
steady sate waveforms of the Flyback PFC converter in
boundary conduction mode (BCM) operation are shown in
Fig. 6.

While Q; is on, the primary side current (same as the
switch current [,) increases. As soon as [, reaches the
reference Izr(?), switch Q, turns off. The magnetizing current
is transferred to the secondary side and decreases linearly.
Once the current reaches zero, Q, turns on again. The zero
current detection (ZCD) block shown in Fig. 5 is used to
detect when the secondary side current reaches zero based on
the third winding voltage signal V. Once the secondary side
current reaches zero, V, starts to decrease from the reflected
output voltage due to resonance between the transformer
magnetizing inductor and the circuit parasitic capacitors,
which can be used for ZCD.

Fig.7 shows the circuit implementation and the related
waveforms of the control blocks shown in Fig.5. V,.(¢) is the
input voltage waveshape signal derived from the rectified
input voltage V,?) by a simple resistor divider. The
feedforward voltage Vis the average value of V,.(#), which is
determined by the AC input voltage amplitude and the
dimming angle 0. A low pass filter (LPF) can be used to
obtain Vj from V,(#) as shown in Fig.7(a). The dimming
angle detection circuit detects the TRIAC dimming angle 0
and generates a dimming angle voltage signal V, proportional
to 0. The comparator compares the rectified input voltage
signal V,.(z) with a small threshold (OV shown in Fig. 7) and
generates a pulse signal Vyp. The Veyp signal has a fixed
amplitude V. and its pulse width is proportional to the
dimming angle 0. The dimming angle voltage signal V, is the
average value of V¢yp which is also proportional to 6.
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Based on Fig 7, the expressions Vy, V, and V,(t) are given

below.
0, if 0<wt<é
Vi) = _ )
V,-sin(at), if O<or<rz
LT 1+ cos(@
V.ffZ;-fkv.Vd(t).d(a)t):kv.Vp,A @
0 T
T—0
Ve=re G)
T

Vac (= kv : Vd (t) 4)

where V), is the peak value of the AC input voltage; k, is the
gain of the resistor divider shown in Fig 7; o is the input line
frequency in rad/s; and V., represents the fixed voltage
amplitude of the pulsed dimming angle detecting signal.

The waveshape signal V,(t), the input voltage feed
forward voltage Vj; the dimming angle signal ¥, and the duty
cycle compensation Kp(2) are fed to the multiplier to generate
the current reference signal Izz-(2). The current reference can
make the input current follow the input voltage waveshape
and achieve a constant input power with a given dimming
angle and various input voltages, which is given as:

m
I rer ()= km . Vace (7)- Vi 2' Kp O]
Vir

In (5), k, is the constant multiplier gain and m is the

coefficient for the dimming angle signal. Unlike the

,m=2or3 (5

conventional Boost converter, the input current of the

Flyback topology is duty cycle

compensation factor Kp(?) is used compensate the difference

between the average input current and the peak input current.

From Fig 6, Kp(?) is given as:

2(7, 4T, +T,)
T

on

discontinuous. The

K,(@t) = (6)
where T, is the switch on time and T, is the secondary side
current decreasing time. T4 is the delay time between the
secondary side current drop to zero and the switch turn on,
which depends on the ZCD detecting threshold and the circuit
delay. In conventional BCM operation, the delay is usually
half the parasitic resonant period in order to minimize the
turn on switching loss, which is usually small when compared
to the switching period. For the sake of simplicity, this delay
time is neglected and K(?) can be simplified as:
2(V,(+N-V,) )
N-V,

where N is the transformer turn ratio and V, is the output
voltage, which can be sampled from the auxiliary winding
voltage V, during the flyback period.

Based on (4) to (7), assuming that the input peak current
follows the reference current given in (5), the theoretical
input power is given in (8), which is also shown in Fig 8(b).

KD(t):

1 7 Lo (2
P, =—-J.Vd(l)-L()d(a)t)
7 0 KD (t) (8)
vk (m—0)" x—0+sin(20)/2
k,  (1+cos@)’ 2.7
It is clear that the average input power is not affected by
the AC input voltage amplitude and can be controlled by the
dimming angle 6.
In some conventional Boost PFC controllers, such as the

UC3854, it already utilizes input voltage feedforward to
achieve the constant maximum input power limitation at
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different AC input voltages. In TRIAC dimming applications
with the Flyback topology, it is no longer effective. Since the
input voltage feedforward signal is related to the input
voltage amplitude and the dimming angle, the dimming angle
signal V, should also be included in the current reference to
achieve a constant input power at different input voltages.

Fig. 8(a) shows the input power versus the dimming angle
0 with the input voltage feedforward only and with dimming
angle signal feedforward only. From Fig 8(a), it can be seen
that the input power varies with the input voltage. However,
it decreases with an increased dimming angle if there is only
a dimming angle signal feedforward. With the input voltage
signal feedforward only, the input power increases with an
increased dimming angle because the input voltage
feedforward signal Vy is also affected by the dimming angle 0
as given in (2). Therefore, there should be a signal that
contains the dimming angle information to make the input
power decreases with an increased dimming angle 6. Fig.
8(b) shows the average input power with the proposed
feedforward control scheme as given in (8) with m=2 and
m=3, respectively. It is clear that the input power varies
almost linearly with the dimming angle 0 and it is not
affected by the input voltage amplitude. To simplify the
multiplier calculation, m=2 is usually preferred in practical
applications.

The duty cycle compensation is related to the Flyback
topology itself. Fig 9 shows the average input power with and
without the duty cycle compensation. The theoretical input

20 N=3, Vo227V

With compensation

Without compensation

Input power P;, (W)

>0 150 200 250 300 350 400
AC input voltage (V)

Fig. 9. Input power with and without duty cycle compensation.

power decreases with an increase in the input voltage if there
is no duty cycle compensation. It is true that the Flyback
converter only draws input current when the primary side
switch is on. In addition, the duty cycle of the primary side
switch decreases with the input voltage.

B. Voltage Mode Control (Constant on Time Control)

The PCM control limits the switch current with a
calculated current reference Irzr(2) based on feedforward
signals. In order to reduce the complexity of the multiplier
shown in Fig 5, constant on time control can be used.
Constant on time control does not need current waveshape
signals. The control circuit diagram is shown in Fig 10, and it
differs slightly from Fig 5. The switch current ,, is replaced
by a sawtooth voltage signal generated by a current source
and a capacitor. As soon as the voltage on the capacitor
reaches the control voltage, the switch turns off. The switch
turns on again when the secondary side current reaches zero.
The converter is operated in BCM mode and the steady state
waveforms are shown in Fig. 6.

The control voltage to determine the on time is given in (9).
The switch on time is given in (10). The peak current is
automatically proportional to the input voltage and the on
time. When compared to the PCM control, the constant on
control can be treated as a voltage mode control.

2
V.. - Kp(t
Vet () = by - 2220 ©)
Vi
Ton (t) — Vctrl (t) ) Ct (10)
Loy arge

where C, is the timing capacitor to set the on time and /. 18
the charge current for the timing capacitor, as shown in Fig
10, which can be treated as constant.

The input power can be derived based on (2), (3), (7), (9)
and (10), which is given as:

P _1 J'Vd(t).Kd_(t).L@.L.d(wt)
0 L, 2 K, (11)

_V2k, (-0 z-0+sin20)/2 C,

k7’  (1+cos@)’ 2-7-L, 1 e
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where L), is the transformer magnetizing inductance.

The input power characteristic is exactly the same as that
shown in Fig. 8(b) with m=2 since they have the exact same
circuit operation. Comparing (11) and (8), although the input
power can be controlled by the dimming angle 0, the input
power for constant on time control is also affected by the
tolerance of L,. This is not preferred for constant input power
control since the inductance usually has a large tolerance in
real applications, such as +10%.

III. DESIGN CONSIDERATIONS

Based on the analysis given above, the PCM control is
attractive due to the fact that the input power is not affected
by the primary side inductance tolerance. In the following
analysis, the control diagram shown in Fig. 5 will be used.

With the assumption that the output voltage (LED forward
voltage drop) is constant and the converter is ideal, the output
current can be regulated by regulating the input power.
However, the LED forward voltage may have some tolerance,
which results in output current tolerance even when the input
power is the same. The voltage compensation can be applied
to adjust the input power based on the difference between the
actual output voltage and the nominal output voltage. Fig. 11

shows the circuit diagram of the output voltage compensation.

The output voltage is sampled from the third winding voltage
V, after a short delay Tggy When Q; is off. Thus the parasitic
ring caused by the leakage inductance will not affect the
output voltage sampling accuracy. The ratio of the sampled
output voltage to the reference voltage is the output voltage
compensation factor K,.. This can be used as an input of the
multiplier shown in Fig. 5 to adjust the current reference. To
simplify the multiplier, the output voltage compensation
factor can be merged into the duty cycle compensation factor
given in (7). The new duty cycle compensation factor Kj'(2)
can be expressed as:

V,0)+N-V, 7,
N-V, VREF

Vi@ +N-V,

KD,(t) =
N -Vrer

(12)

where Vizgr is the reference for the nominal output voltage.

Therefore, once the output voltage is higher than the
nominal value, the input power increases proportionally,
which keeps the output current constant.

V(1) Gate
| — signal

I

Vi RN

TS&HI
VU KVC
Vi—| S&H |5 V,/Vigr|——>
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rigger
Input
-TS&H
Ve

Fig. 11. Circuit block diagram for output voltage compensation.

From (12), the gain of the resistor divider £, to sample V(%)
and the reflected output voltage NV, should be kept the same.
The value should be determined by the voltage level required
by the controller and the input voltage.

The constant multiplier gain k,, can also be designed based
on the input signal amplitude and the desired current
reference amplitude. There are no other restrictions.

The converter efficiency variation is another concern for
the output current accuracy especially at the maximum output
power. However, the efficiency difference between LED
drivers is usually quite small and it is caused by the device
tolerances in mass production. A 1~2% difference is typical,
which means the difference in the output current is also small.
As a result, it will not be a big issue when using the proposed
constant power control method.

The switching frequency of a Flyback PFC converter
always varies with the instant input voltage and load current.
Since this has already been analyzed in many studies [24], it
will not be repeated here.

IV. EXPERIMENTAL RESULTS

To verify the proposed constant power control scheme, a
LED driver with a 30V/0.5A output and an AC
160~265Vrms input for TRIAC dimming applications is
designed and built. Since there is no commercial integrated
circuit (IC) with the desired control function, shown in Fig. 5,
it must be built using external circuits. In the prototype, a
conventional L6562 PFC controller is used to implement the
BCM operation. A S12XS128 microcontroller (MCU) from
Freescale is used as an analog multiplier to generate the
desired current reference since it is in line frequency.

The bus voltage, the dimming angle signal and the third
winding voltage signal are fed to the MCU A/D input. The
current reference is calculated by (5) and the duty cycle
compensation Kp'(?) is calculated by (12) considering output
voltage compensation. The system diagram of the prototype
is shown in Fig. 12. The current reference generated by the
MCU is sent to an input of the L6562’s internal multiplier
and the other input of the multiplier is fixed to 3V to set the
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TABLE I

KEY PARAMETERS OF THE EXPERIMENTAL PROTOTYPE

Parameters Symbol | Value

AC input voltage Vi 160-265V (RMS)
Output V./1, 30V/0.5A
Primary side inductance | L, ImH
Transformer Core EE25/26/7
Transformer turns ratio | N,:Ng:N, | 90:30:12

Primary side switch Q P10NK70Z
Secondary rectifier D, FI0LC20U
Output capacitance C, 2000uF/35V
Current sense resistance | R 05Q

TRIAC dimmer Siemens 5TGO 752

current reference. If the maximum AC input is 265Vrms, the
resistor divider gain &, should be 0.0079. Thus the maximum
voltage of V,.(¢) is around 3V. In the prototype, the resistor
divider is selected as 12kQ and 1.5MQ to minimize the
power loss. The key parameters of the prototype are given in
Table I.

As shown in Fig. 12, a small film capacitor C;, is used to
filter out the switching frequency current ripple. The
capacitance of C;, should be minimized to achieve a high
power factor and to limit the inrush current when the TRIAC
is on. The input EMI filter is used to suppress the common
mode and differential mode noise. Nevertheless, with the
inductors, the capacitors in the circuit and the TRIAC dimmer
itself, a parasitic ring may occur due to the sudden rising of
the input voltage when the TRIAC is on. With a conventional
incandescent lamp load, the lamp impedance can damp the
ring sufficiently. With a LED lamp, it is a little bit different.
The luminaire efficacy of the LED lighting source is usually
above 70lm/W for well designed lighting fixtures, which is
much higher than that of incandescent bulbs. Therefore, for
the same light output, the LED lamp consumes much less
power. Although LED drivers exhibit a resistive input
characteristic with the control scheme mentioned above, the
relatively large input impedance may not be sufficient to
damp the parasitic ring when the TRIAC turns on. This can

cause undesirable behaviors such as flickering or a limited
dimming range. An extra damping circuit is used to overcome
this issue. A passive damper circuit comprised of C4 and Ry is
used in the prototype, as shown in Fig. 12. The damping
capacitance Cy should be 3 to 5 times the capacitance of C;,.
Ry was selected to minimize the parasitic ringing. In the
prototype, the value of C;,, C4 and Ry are 68nF, 220nF and
220 Ohm, respectively.

Fig. 13 shows the chopped AC input voltage V;, and the
line input current I;, at different dimming angles. It is clear
that the input current follows the input voltage and the input
characteristic is resistive. In addition, there is no severe
parasitic ring with the proper passive damper in the circuit.
Due to the limited charge time of the RC inside the TRIAC,
the maximum and minimum dimming angles are limited. The
minimum dimming angle (maximum output) that can be
achieved is 20° and the maximum dimming angle is around
160°.

Fig. 14 shows the input power P;, and output power P,
versus the input voltage V;, under the no dimming condition.
From Fig. 14, it is clear that P;, is almost constant with the
proposed control scheme. It can also be seen that P, is
proportional to P;,. The maximum input power variation in
the entire input range is around 5.4%. The output current also
follows the same shape of the input power, as shown in Fig.
15. The maximum output current difference is around 5.5%,
which is almost same as that of P;,. For comparison, the
output current variation with the conventional feedback
control shown in Fig. 3 is also given in Fig. 15. It is clear that
the output current variation is very small when using the
conventional isolated feedback circuit. However, it needs an
opto-coupler which increases the cost and complexity.

The measured efficiency at the no dimming condition is
shown in Fig. 16. The variation is less than 2% in the entire
input range, which is quite small as expected. Fig. 17 shows
the power factor (PF) versus the input voltage under the no
dimming condition. The PF is well above 0.9 in the entire
input range, which can meet the related regulations. Fig. 18
shows the dimming curve at different input conditions. For
comparison, the theoretical dimming curve is also shown in
Fig. 18. It is clear that these dimming curves match each
other quite well when the dimming angle is small. When the
dimming angle is increased to a certain level, the output
current begins to decrease a little faster due to converter
efficiency decreases with a reduced output power and the
saturation of the current reference generated by the MCU.
Fig.19 and Fig.20 present the input power and output current
versus the input voltage at different dimming angles 0,
respectively. With the same TRIAC dimming angle, the
output current is almost constant at different input voltages.
There is small output current fluctuation, which is mainly
caused by dimming angle detection errors at different input
voltages.
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Fig. 21 shows the LED voltage and current waveforms.
The LED current has a line frequency ripple which depends
on the output filter capacitance. The larger the capacitance,
the smaller the current ripple.

The minimum switching frequency of the prototype at the
no dimming condition and a low AC input (160Vrms) is
around 100 kHz, and the maximum switching frequency is
limited by the L6562 internal maximum switching frequency
limitation.
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V. CONCLUSIONS

This paper proposes a primary side constant power control
scheme for TRIAC dimmable LED drivers. With the
proposed control scheme, the input power can be controlled
by the TRIAC dimming angle and it is not affected by AC
input voltage variations. Therefore, the output power can also
be controlled with a given conversion efficiency. For the
LED load, since the output voltage is nearly constant, the
output current can be changed by controlling the input power.
In addition, a conventional isolated feedback circuit is not
needed, which dramatically simplifies the whole circuit.
Considering the output voltage variation in practical
applications, the voltage compensation method is also
presented to improve the performance of the proposed
feedforward control scheme. The implementation of the
proposed primary side control scheme for a BCM Flyback
converter with PCM control and constant on time control is
analyzed. A 15W prototype based on PCM control is
implemented and tested. The experimental results from the
prototype verify the theoretical analysis and the advantages

mentioned above.

Since a lot of primary side control schemes for LED driver
applications have been proposed in recent years, a
comparative study of these control schemes based on a
common base is necessary and will be a future work. This
study should consider the output current accuracy, sensitivity
to parameter tolerances, delay time effect, cost, efficiency,
etc.
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