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Letters

An Improved Variable On-Time Control Strategy for a CRM Flyback
PFC Converter

Chengdong Zhao, Student Member, IEEE, Junming Zhang, Senior Member, IEEE, and Xinke Wu, Member, IEEE

Abstract—The traditional critical conduction mode (CRM) fly-
back PFC converter with constant on-time control strategy usually
suffers low power factor (PF) and high total harmonic distortion
(THD) due to the nonsinusoidal input current waveform. In order
to solve this problem, an improved variable on-time control strat-
egy for the CRM flyback PFC converter is proposed in this letter.
A simple analog divider circuit consisting of an operational ampli-
fier, two signal switches, and an RC filter is proposed to modulate
the turn-on time of the primary switch, and the PF and THD of
the CRM flyback PFC converter can be evidently improved. The
theoretical analysis is presented and the experiment results verify
the advantages of the proposed control scheme.

Index Terms—Critical conduction mode (CRM), flyback
converter, power factor correction (PFC), variable on time (VOT).

I. INTRODUCTION

A T present, most ac/dc converters are forced to reduce the
harmonic current to meet the power factor (PF) and har-

monic current requirements, such as IEC61000-3-2, energy star
specifications, and DesignLights Consortium [1]–[3]. As a re-
sult, active PFC converters have been widely used in both low-
power and high-power applications [4], [5].

In low-power applications, the flybak power factor correction
(PFC) converter operating in critical conduction mode (CRM)
is widely used for the advantages of input and output isolation
capability, simple structure, and low cost [6]–[8]. The major
benefit of the CRM flyback PFC converter, compared to CCM
flyback PFC converter, is that zero-voltage turn-on for the pri-
mary power switch and zero-current turn-off for the secondary
rectifier diode can be easily achieved [9], [10]. The most popu-
lar control scheme for CRM flyback PFC converter is constant
on-time (COT) control scheme, and only a voltage control loop
is needed [11]–[13]. The switch turns on for a predefined pe-
riod and then turns off till the inductor current reaches zero.
With COT control scheme, the input peak current automatically
follows the input voltage in a line cycle. Generally, for COT-
controlled boost PFC converter, the theoretical average input
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current is sinusoidal and the PF is unity. However, for a flyback
PFC or a buck PFC converter, the average input current is also
related to the duty cycle, which will lead to low PF and high
THD. In some LED driver applications, the THD of LED driver
should be below 20% as required by DesignLights Consortium
[3], for LED lighting in India, the THD should be even below
15% [14]. Considering the variation in mass production, it is
better to have THD less than 10% with universal input.

Literature [15] introduces a variable on-time (VOT) control
scheme for CRM flyback PFC converter to improve its PF and
THD performance. Although the theoretical PF is unity, the
parameters should be very carefully designed and an extra mul-
tiplier is needed, which will increase the cost and control circuit
complexity.

To further improve the performance of the CRM flyback PFC
converter, this letter proposes an improved VOT control scheme
by adding a simple and low-cost analog divider (consisting of
an operational amplifier, two signal switches, and an RC fil-
ter) into the traditional COT control circuit. The circuit and
parameters design are very simple. With the proposed control
method, the input current is pure sinusoidal and unity PF can
be achieved theoretically. In Section II, the operation principle
of the proposed VOT control scheme is analyzed. The exper-
imental results based on a 60-W prototype with universal ac
input and 24-Vdc output is presented in Section III. Section IV
concludes this letter.

II. PROPOSED VOT-CONTROLLED CRM FLYBACK PFC
CONVERTER

A. Traditional COT-Controlled CRM Flyback PFC Converter

In this section, the traditional COT-controlled flyback PFC
converter will be briefly reviewed. The main circuit and control
diagram of a traditional COT-controlled flyback PFC converter
are shown in Fig. 1(a), and the main operation waveforms during
half a line cycle are shown in Fig. 1(b). In order to achieve COT,
the bandwidth of the control loop should be quite narrow so as
to maintain the voltage loop error signal Vcomp almost constant
during half a line cycle. In steady state, the peak current of the
primary side can be expressed as

iL peak(t) =
Vinsin(ωt)

Lm
· Ton (1)

where Vin is the input peak voltage, Lm is the primary induc-
tance of the flyback transformer, and Ton is the on-time of switch
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Fig. 1. Control scheme and theoretical waveforms of the traditional COT-
controlled flyback PFC converter. (a) Control scheme. (b) Theoretical
waveforms.

Q1 , which is determined by the feedback loop error signal Vcomp
and keeps almost constant during half a line cycle.

Therefore, the average input current of primary side can be
derived as

iL avg(t) =
1
2
iL peak(t) ·

Ton

Ts(t)
=

Vin sin(ωt) · Ton · nVo

2Lm [Vin sin(ωt) + nVo ]
(2)

where Ts(t) is the switching cycle of primary switch Q1 , n is the
transformer turns ratio (NP /NS ), and Vo is the output voltage.

According to (2), the average input current iL avg(t) is not
sinusoidal, so the theoretical PF is not unity and the input current
THD is high, especially when the reflected output voltage n · Vo

is small and input voltage is high.

B. Proposed VOT-Controlled CRM Flyback PFC Converter

Fig. 2(a) shows the CRM flyback PFC converter with the
proposed VOT control scheme. Only an extra analog divider
(shown in red dash box) is required compared to the traditional
COT control scheme. The structure of the analog divider is
quite simple, which is consisted of an operational amplifier,
two signal switches (S1 and S2) and an RC filter. S1 and S2
are only used for signal processing with very low voltage and
current requirement, which can be implemented by standard
analog switch like CD4053B, and the gate drive signal for Q1
can be used as digital select signal. No extra driver circuit for
S1 /S2 is required. The two signal switches are complementarily
controlled while the duty cycles of S1 and S2 are d(t) (the same
as primary switch Q1) and 1-d(t), respectively. R6 and C3 are

Fig. 2. Control scheme and theoretical waveforms of the proposed VOT-
controlled flyback PFC converter. (a) Control scheme. (b) Theoretical
waveforms.

used to filter out the switching frequency component and get a
stable voltage at the inverting input terminal. The noninverting
input voltage is Vcomp from the output voltage feedback loop,
the output of the operational amplifier is V ∗

comp(t), and the
average inverting input voltage is V ∗

comp(t) · d(t). In steady-
state operation, the inverting input voltage of the operational
amplifier follows the noninverting input voltage, so the output
of the analog divider V ∗

comp(t) equals to Vcomp/d(t), and the on-
time of main switch Q1 in the proposed method can be expressed
as

T ∗
on(t) =

Ct · V ∗
comp(t)

Icharge
=

Ct · Vcomp

Icharge · d(t)
=

Ton

d(t)
(3)

where

Ton =
Ct · Vcomp

Icharge
(4)

where Ct represents the timing capacitor and Icharge represents
the controller internal charging current, as shown in Fig. 2(a).
d(t) is the instant duty cycle of primary switch Q1 , and Vcomp
and Ton are constant like COT control.

According to (1), the average current of primary side can be
also calculated as

iL avg(t) =
1
2
iL peak(t) · d(t) =

Vin sin(ωt)
2Lm

· T ∗
on(t) · d(t).

(5)
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Fig. 3. Calculated switching frequency and inductor peak current at Vin =
110 V. (a) Switching frequency. (b) Inductor peak current.

Combining (3) and (5), the average input current can be
derived as

iL avg(t) =
Vinsin(ωt)

2Lm
· Ton . (6)

According to (6), since Ton is constant as given in (4), the the-
oretical average input current of the proposed VOT-controlled
flyback PFC converter is sinusoidal, which is not affected by the
variation of the input voltage and output load. Hence, high PF
and low THD can be achieved naturally.

Fig. 2(b) shows the theoretical waveforms of the flyback PFC
converter with VOT control scheme. In order to achieve pure
sinusoidal waveform for the average input current, the on-time
of the primary switch is variable and the envelop of peak primary
inductor current is no longer sinusoidal.

The proposed solution is a variable frequency control so-
lution. Therefore, the design of the EMI filter is penalized in
comparison to a fixed-frequency control solution, but it is the
same as that with traditional COT control scheme. Generally, the
design of the differential-mode (DM) filter is based on its mini-
mum switching frequency, which can be obtained according to
the noise at the critical frequency in the worst noise spectrum
[16]. The calculated instant switching frequency and inductor
peak current of both COT-controlled and VOT-controlled fly-
back PFC converter at 110-Vac input during half a line cycle are
shown in Fig. 3. It can be seen that the VOT control scheme has
a lower minimum switching frequency and higher maximum
inductor peak current during half a line cycle, which indicates

Fig. 4. Improved PCM-controlled CRM flyback PFC converter.

that a slightly larger DM filter is needed for VOT control scheme
compared to COT control scheme.

C. Application in PCM-Controlled CRM Flyback PFC
Converter

Another popular control scheme for the CRM flyabck PFC
is peak current-mode (PCM) control method, which directly
commands the peak input current following the input voltage
waveform shape, such as L6562 from ST, and it has the same
performance as the COT control scheme theoretically. The pro-
posed analog divider can be also applied to the CRM flyback
PFC converter with PCM control in the same way. Fig. 4 shows
the proposed control scheme of the improved PCM flyback PFC
converter. In steady state, the peak current of the primary side
can be expressed as

iL peak(t) =
k · V ∗

comp(t) · Vinsin(ωt)
Rcs

=
k · Vcomp · Vin sin(ωt)

d(t) · Rcs
(7)

where k is a constant parameter represents the multiplier gain
and input voltage waveform sensing gain, Rcs is the current
sensing resistor.

So the average input current can be derived as

iL avg(t) =
1
2
· iL peak · d(t) =

k · Vcomp · Vinsin(ωt)
2Rcs

. (8)

From (8), it can be seen that the average input current of
the proposed PCM-controlled flyback PFC converter is also
pure sinusoidal theoretically, and the theoretical waveforms are
exactly the same as VOT-controlled flyback PFC converter as
shown in Fig. 2(b). Therefore, in the experimental verification,
only the results with the proposed VOT control scheme are
presented.
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TABLE I
KEY PARAMETERS OF THE PROTOTYPE

Parameters Value

AC Input Voltage Va c 90–264 V
Output Vo /Io 24 V/2.5 A
Primary Inductance of Transformer Lm 300 μH
Transformer Core PQ26/25, PC40
Turns Ratio of Transformer NP : NS : NA 40:10:5
Output Capacitor Co 3000 μF/35 V
Main Switch Q1 IPA60R160P6
Secondary Diode D1 MUR820
DM Filter L1 /C1 350 μH/1 μF

Fig. 5. Waveforms comparison with full load at 110-Vac input. (a) Traditional
COT control scheme. (b) Proposed VOT control scheme.

Fig. 6. Waveforms comparison with full load at 220-Vac input. (a) Traditional
COT control scheme. (b) Proposed VOT control scheme.

III. EXPERIMENTAL VERIFICATION

A 60-W laboratory-made prototype with universal ac input
and 24-Vdc output is built to verify the proposed VOT con-
trol scheme. The key parameters of the prototype are shown
in Table I. As a comparison, a 60-W flyback PFC converter
with the traditional COT control scheme is also built with the
same parameters. The controller for traditional COT control is
NCP1607, and the analog divider is implemented with LM358
and CD4053B (for S1 and S2).

The measured rectified input voltage Vrec , input current Iac ,
and feedback loop error signal Vcomp or V ∗

comp(t) waveforms
at 110- and 220-Vac inputs are shown in Figs. 5 and 6, respec-
tively. It can be seen that the error signal Vcomp for on-time
control in traditional COT control scheme is constant, while the
error signal V ∗

comp(t) (output of the analog divider as shown in
Fig. 2) for on-time control in the proposed VOT control scheme

Fig. 7. PF and THD comparison at different input voltages. (a) PF comparison.
(b) THD comparison.

Fig. 8. Input current harmonics at 110- and 220-Vac inputs. (a) 110-Vac input.
(b) 220-Vac input.

is no longer constant. As a result, the average input current is
more sinusoidal than that of COT-controlled CRM flyback PFC
converter during the whole input voltage range.

The PF and THD of COT-controlled and VOT-controlled fly-
back PFC converters at different input voltages and full load
are shown in Fig. 7. From Fig. 7(a), it can be seen that the
PF of VOT-controlled flyback PFC converter is always above
0.98 during the whole input range, which is always higher than
that of COT-controlled flyback PFC converter.

The THD of VOT-controlled flyback PFC converter is well
below 10% during the whole input range, which is much
lower than that of COT-controlled flyback PFC converter from
Fig. 7(b). The highest THD of VOT-controlled flyback PFC
converter is 8.2% at 264-Vac input, while, the highest THD of
COT-controlled PFC converter is 17.8% at 264-Vac input.

Fig. 8(a) and (b) shows the requirements of IEC61000-3-
2 Class C and measured input current harmonic contents of
COT-controlled and VOT-controlled flyback PFC converters at
110- and 220-Vac inputs, respectively. It can be seen that both
COT and VOT control scheme can meet Class C limits, but the
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Fig. 9. Full load efficiency comparison at different input voltages.

proposed VOT-controlled flyback converter has much more mar-
gins than the traditional COT-controlled flyback PFC converter,
especially the third and fifth harmonic contents.

Fig. 9 shows that the efficiencies of COT-controlled and VOT-
controlled flyback PFC converter are almost the same.

IV. CONCLUSION

This letter presents a novel VOT control scheme to improve
the PF and THD of CRM flyback PFC converter by adding a
simple and low-cost analog divider circuit, which is consisted
of an operational amplifier, two signal switches (S1 and S2) and
an RC filter, and it can be easily integrated into the traditional
PFC controller. The superiority of this method is its simplicity
and great improvement of input current PF and THD compared
to traditional COT-controlled CRM flyback PFC converter. Be-
sides, the design of control circuit is much simpler compared to
existing flyback VOT control scheme. The experimental results
clearly verify the theoretical analysis.
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