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Abstract—The advantages of the flyback converter with the 

primary-side regulation (PSR) are small size and high efficiency 
at light load. However, when the PSR flyback converter operates 
in burst mode, the controller is not able to sense the output 
information. Therefore, it is not easy to control the output voltage 
precisely. An integrated circuit design for AC-DC flyback 
converter using primary-side controller with burst mode energy 
saving is proposed in this paper. As the load decreases, the flyback 
converter operates from discontinuous conduction mode to 
frequency reduction mode. At extremely light load, the flyback 
converter operates in burst mode. With the proposed control, the 
burst-on time is detected by the voltage across the auxiliary 
winding, and the burst-off time can be estimated to control the 
output voltage ripple. In the proposed control circuit, a capacitor 
is charged by a constant current source during the burst-on time, 
and the capacitor voltage is transferred to a controlled current. 
Therefore, the required burst-off time can be obtained by using 
the controlled current to charge another capacitor until it reaches 
the reference voltage. Finally, this controller is fabricated with 
TSMC 0.25 μm CMOS high voltage mixed signal general purpose 
process. The flyback converter with the input voltage range of 90-
130 Vrms, the output voltage of 15 V, and the output power of 30 W 
is implemented to verify the feasibility of the proposed controller. 

Index Terms------Flyback converter, Primary-side regulation, 
Burst mode. 

I. INTRODUCTION  

There are more and more portable electronic devices such 
as notebooks, digital cameras and smart phones in people’s life. 
Therefore, the power consumption of the battery chargers on 
these devices increases rapidly. Generally, the battery charger 
operates in standby mode or no-load mode at most of the time. 
How to save the power in standby mode becomes an important 
issue in many countries. To overcome the challenge of strict 
standards, the novel technologies should be found to increase 
the efficiency of the battery charger. It can be achieved by 
employing frequency reduction to reduce the power 
consumption in light load, and it can use burst mode in standby 
mode [1]-[4]. 

In the battery charger, the single-stage flyback converter 
is widely used due to its electrical isolation and simple structure. 
Conventionally, an optocoupler and secondary-side circuits are 

used to feedback the output voltage. With the secondary-side 
regulation, the output voltage can be regulated precisely [5]-[9]. 
However, it suffers from larger amount of components, higher 
cost, and higher power consumption on the feedback circuit and 
optocoupler, especially at light load. Confronting the stringent 
standards, the flyback converter with secondary-side regulation 
is not suitable because of the higher power consumption at light 
load. 

Fig. 1 shows the flyback converter with the primary-side 
control. Compared with the secondary-side regulation, the 
secondary-side feedback circuit and optocoupler are removed. 
In the flyback converter with the primary-side regulation, the 
output voltage is sampled by the auxiliary winding during the 
conduction time of the secondary-side diode. Therefore, the 
output voltage feedback can be achieved [10]-[15]. 
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Fig. 1 Flyback converter with primary-side control 

However, the information of output voltage and output 
current cannot be obtained by the controller, when the flyback 
converter operates in the burst-off time. Therefore, the output 
voltage ripple cannot be controlled. This paper proposes a 
circuit to determine the burst-on time and burst-off time to 
control the output voltage ripple in burst mode. 

II. FUNDAMENTAL CONCEPTS OF FLYBACK CONVERTER AND 

BURST MODE METHODS 

Typically, there are two control methods of burst mode, 
one is the constant burst-on time, and the other is the constant 
burst mode frequency [16]-[19]. Fig. 2 shows the waveforms of 
the gate signal according to load variations with the constant 
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burst-on time. However, the variable burst mode frequency can 
create an audible noise at very light load. To solve the audible 
noise problem by variable burst mode frequency at very light 
load, maintaining the constant burst mode frequency can 
prevent the audible noise. 
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Fig. 2 Waveforms of gate signal according to load variations with constant burst-

on time 

The waveforms of the gate signal according to load 
variations with the constant burst mode frequency are shown in 
Fig. 3. Using the constant burst mode frequency control method 
can avoid the audible noise by designing the burst mode 
frequency which is far away the frequency of the most sensitive 
to human ears. 
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Fig. 3 Waveforms of gate signal according to load variations with constant burst 

mode frequency 

The schematic of the flyback converter with primary-side 
regulation scheme and the key waveforms of the flyback 
converter at DCM operation are shown in Fig. 4 and Fig. 5, 
respectively. As shown in Fig. 4 and Fig. 5, the following 
equations describe the estimation of the output voltage and 
current by auxiliary winding. 
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Fig. 4 Flyback converter with primary-side regulation 
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Fig. 5 Waveforms of flyback converter at DCM operation 

When the power switch S1 is turned off, the diode DO is 
conducted, and the energy stored in Lm transfers to the output 
through the transformer windings. During this period, the 
auxiliary winding voltage vaux is proportional to the output 
voltage VO. 

O
S

aux
aux V

N

N
v ⋅=   (1) 

The peak current of secondary-side winding IS_pk is n times of 
the peak current of primary-side winding IP_pk, where n is 
primary to secondary turn ratio NP/NS, and the equation is 
expressed in Eq. (2). 

 P_pkS_pk InI ⋅=   (2) 

The average current of secondary-side winding IS_ave can be 
expressed in Eq. (3), where Td is the conduction time of the 
secondary-side diode DO and Ts is the switching period. 

 
s

dS_pkS_ave

1

2

1

T
TII ⋅⋅⋅=   (3) 

Based on the amp-second balance of the output capacitor CO, 
the output current IO is equal to the average current of 
secondary-side winding IS_ave. Then, 

 
s

dP_pkS_aveO

1

2

1

T
TInII ⋅⋅⋅⋅==   (4) 

From Eq. (4), the output current IO can be estimated from the 
peak current of primary-side winding IP_pk and the conduction 
time of the secondary-side diode Td. 

III. FUNDAMENTAL CONCEPTS OF THE PROPOSED CONTROL AND 

FUNCTION BLOCKS 

In this paper, the flyback converter operates in DCM at 
heavy load. In order to reduce the switching loss at light load, 
the frequency reduction mode is used. As the on-time of the 
power switch decreases to the limitation, the flyback converter 
enters to frequency reduction mode at light load. When the 
switching frequency drops to the minimum, the flyback 
converter will be operated in burst mode at very light load 
conditions. The modes of operation is shown in Fig. 6. 
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Fig. 6 Modes of operation 

The output voltage according to load variations with 
proposed burst mode control and zoom-in waveforms of the 
output voltage in one burst mode cycle are shown in Fig. 7 and 
Fig. 8, respectively. In burst-on time, the output voltage 
increases until reaching to maximum output voltage. The 
auxiliary winding voltage is compared with a reference voltage, 
and the burst-on time is ended when vaux reaches the reference 
voltage. However, there is no output information in burst-off 
time. To determine the burst-off time, the relationship between 
the burst-on time and the burst-off time is needed to proof. 
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Fig. 7 Output voltage according to load variations with proposed burst mode 

control 
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Fig. 8 Zoom-in waveforms of output voltage in one burst mode cycle 

Based on the law of charge conservation, the total charges 
on the secondary-side diode are equal to that delivering to the 
load and stored on the output capacitor. The equation is 
expressed in Eq. (5), where Q is the charges from the primary-

side to the secondary-side and nBurst is the number of turning on 
the power switch in the burst-on time. 

 
OO_minO_max

Burst_onOBurst

)(                CVV

TInQ

⋅−+

⋅=⋅
   (5) 

Since there are constant duty and constant frequency in burst-
on time, nBurst can be expressed in Eq. (6), where Ts is a 
switching cycle in the burst-on time. 

 
s

Burst_on
Burst T

T
n =    (6) 

As shown in Fig. 8, the slope of the output voltage in burst-on 
time is expressed in Eq. (7). 

 
Burst_on
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VV
S

−
=   (7) 

Combining Eq. (5) and Eq. (7), the slope of the output voltage 
in burst-on time can be derived as: 

 
OO

O

Os
Burst_on CR

V

CT

Q
S

⋅
−

⋅
=    (8) 

Eq. (8) illustrates that if RO increases which also means the load 
decreases, the slope of the output voltage in burst-on time 
SBurst_on increases. 

In burst-off time, all the energy on the load is received by 
the output capacitor. It can be seen the RC discharging circuit. 
Then, 

 OO

Burst_off

O_maxO_min
CR

T

eVV ⋅
−

⋅=    (9) 

By Using the Taylor’s Formula, Eq. (9) can be rewritten in Eq. 
(10). 

 )1(
OO

Burst_off
O_maxO_min CR

T
VV

⋅
−⋅≈   (10) 

As shown in Fig. 8, the absolute value of output voltage slope 
in burst-off time is expressed in Eq. (11). 

 
Burst_off

O_minO_max
Burst_off T

VV
S

−
=    (11) 

Combining Eq. (10) and Eq. (11), the slope of the output 
voltage in burst-off time can be derived as: 

 
OO

O_max
Burst_off CR

V
S

⋅
=    (12) 

Eq. (12) demonstrates that if RO increases, the slope of the 
output voltage in burst-off time SBurst_off decreases. Hence, the 
burst-off time TBurst_off increases with increasing RO. Therefore, 
this relationship is used to determine TBurst_off by the proposed 
controller. 

Fig. 9 shows the system diagram of the primary-side 
regulation flyback converter with the proposed burst mode 
circuit. It is composed of diode conduction period detector, IO 
estimator, burst-on time and burst-off time detector, mode 

2056



detector (Normal mode/Burst mode), oscillator, VO sample, 
PWM and compensation, and HV buffer. 
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Fig. 9 Flyback converter with the proposed controller 

 (a) Diode conduction period detector 

Fig. 10 and Fig. 11 show the circuit diagram and the 
waveforms in DCM operation of diode conduction period 
detector [20]-[21]. 
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Fig. 10 Diode conduction period detector circuit 
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Fig. 11 Waveforms of diode conduction period detector. 

When the power switch S1 is turned off, the SR1 is set by 
the inverse gate signal Gate, and the secondary-side diode also 
starts to conduct. Therefore, the polarity of auxiliary winding is 
reversed. After the voltage vaux exceeds 0.2 V, the output of CP1 
will be pulled low. Then, the signal Td will change level from 
low to high. The output signal off_knee of CP2 is change to high 
level, when vdelay is greater than vaux by the half of comparator 
hysteresis. The signal off_knee triggers rising edge detector, and 
the rising edge detector outputs a pulse signal vreset to reset SR2. 
Therefore, Td will change level from high to low. Because the 
magnetizing inductor Lm and output capacitor of power switch 
S1 Coss resonate after the secondary-side current iS decreases to 
zero, the voltage vaux may higher than 0.2 V more than one time. 
Therefore, the first pulse extractor is added to ensure that the 
output signal of SR2 is set to high level only one time in a 
switching cycle. 

 (b) IO estimator 

Fig. 12 and Fig. 13 illustrate the circuit diagram and 
theoretical waveforms of the output current IO estimator. 
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Fig. 12 Circuit diagram of the output current IO estimator 
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Fig. 13 Waveforms of the output current IO estimator 

The primary-side current ip is obtained from the current 
sense resistor Rsen, which IP_pk is held as Vhold with sample and 
hold circuit. 

 Psensen iRv ⋅=   (13) 

 P_pksenhold IRv ⋅=    (14) 

The voltage vhold is converted to a current Icharge by the voltage 
controlled current source (VCCS) with transconductance KVI. 
From Eq. (14), the equation of the current Icharge can be 
expressed in Eq. (15). 

 P_pksenVIcharge IRKI ⋅⋅=   (15) 

The average current Icharge_av of Icharge in a switching cycle Ts is 
expressed in Eq. (16), and fs is the switching frequency. 

 sdP_pksenVIcharge_av fTIRKI ⋅⋅⋅⋅=   (16) 

Based on the amp-second balance of Cav, Vsen_out is equal to the 
Icharge_av multiplied by Rav. The voltage Vsen_out can be derived in 
Eq. (17). 

 
avOsenVI

avcharge_avsen_out

2
RIRK

n

RIV

⋅⋅⋅⋅=

⋅=
   (17) 

Eq. (17) shows that Vsen_out is proportional to IO, so the load 
information can be known from Vsen_out. 

 (c) VO sample 

The auxiliary winding voltage vaux is reflected from the 
secondary-side output voltage VO during the secondary-side 
diode conduction period. The VO sample circuit and waveforms 
are shown in Fig. 14 and Fig. 15. Because the secondary-side 
diode is connected between the output load and transformer, 
there is a voltage drop at the auxiliary winding voltage vaux. In 
order to reduce the sensing error, the auxiliary winding voltage 
vaux is sampled when the secondary-side diode current iS 
decreases to zero. 
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Fig. 15 Waveforms of VO sample circuit 

(d) Burst-on/off time detector 

Fig. 16 shows the burst-on time detector circuit. The 
output voltage feedback vFB increases slowly when the 
controller operates in the burst-on time. When the voltage vFB 
is greater than the voltage Vref by a half of comparator 
hysteresis, the output signal of comparator changes state to high 
level to generate a pulse signal Bdoff. Therefore, the controller 
changes to burst-off time by the signal Bdoff. 
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Fig. 16 Schematic of burst-on time detector circuit 

The burst-off time detector circuit diagram and 
waveforms are shown in Fig. 17 and Fig. 18, respectively. 
When the controller operates in the burst-on time, the voltage 
vboff is at low level. The capacitor Cx is charged by a current 
source Icharge1, and the voltage vCx increases linearly until the 
voltage vboff changes state from low to high. The maximum 
voltage vCx_max of the capacitor Cx can be expressed in Eq. (18). 

x

Burst_oncharge1
Cx_max C

TI
v

⋅
=                          

(18) 
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Then, the voltage vCx_max converts to a current Icharge2 by the 
voltage controlled current source (VCCS) with 
transconductance KVI to charge Cy, when vbon is at low level. 
The current Icharge2 can be expressed as: 

x

Burst_oncharge1VI
charge2 C

TIK
I

⋅⋅
=                  (19) 

The voltage vCy increases linearly after it is higher than Vref. 
Based on the law of charge conservation, the charge on the 
capacitor Cy is received by the current Icharge2. Then, 

refyBurst_offcharge2 VCTI ⋅=⋅                             

(20) 
Combining Eq. (19) and Eq. (20), the burst-off time TBurst_off can 
be derived in Eq. (21). 

Burst_oncharge1VI

refyx
Burst_off TIK

VCC
T

⋅⋅
⋅⋅

=                     (21) 

From Fig. 18, if the load decreases, the burst-on time will be 
shorter and the burst-off time detector circuit will make the 
burst-off time be longer. 
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Fig. 17 Burst-off time detector circuit diagram 
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Fig. 18 Waveforms of burst-off time detector circuit 

(e) Mode detector 

Fig. 19 shows the mode detector circuit diagram. With IO 

estimator circuit, when the output current IO decreases, the 
voltage Vsen_out decreases either. After the voltage Vsen_out is 

lower than reference voltage Vref1 by a half of comparator CP1 
hysteresis, the SR latch SR2 is set and output signal Bon changes 
state from low to high to operate in burst mode. With burst-off 
time detector circuit, when the load increases, the burst-on time 
increases. Therefore, after the charging time of capacitor Cx is 
so long that the voltage VCx is higher than the reference voltage 
Vref2 by a half of comparator CP2 hysteresis, the SR latch SR2 is 
reset and the signal Boff changes to high level to operate at 
normal mode. 

Bon

CP1

S     Q

R  QN

CP2
Rising Edge 

Detector

S     Q

R  QN

Rising Edge 
DetectorVref1

Vref2

Boff

Rising Edge 
Detector

SR1

SR2

Vsen_out

vCx
Bdon

Burst-off 
Time Detector

IO 
Estimator  

Fig. 19 Mode detector circuit diagram 

IV. EXPERIMENTAL RESULTS 

The system specifications and parameters are listed in 
Table 1 and Table 2. 

TABLE I.  SYSTEM SPECIFICATIONS 

Specification Value Unit 

RMS Input AC voltage (vac) 90 ~ 130  Vrms 

Output voltage (VO) 15 V 

Output power (PO) 30 W 

TABLE II.  COMPONENT PARAMETERS 

Parameter Value Unit 

Transformer turns ratio NP:NS:Naux 6:1:1  

Magnetizing inductor (Lm) 340 μH 

Maximum switching frequency 

(fs_max) 
100  kHz 

Input capacitor (Cin) 82  μF 

Output capacitor (Co) 1 mF 

Sensing resistor (Rsen) 1 Ω 

 

The photograph of the proposed IC is shown in Fig. 20, 
and it is tested with flyback converter to verify the feasibility. 
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Fig. 20 Photograph of the proposed control IC. 

The experimental waveforms of diode condition period 
detector is shown in Fig. 21. The function works well and 
agrees with the simulation results. 
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Fig. 21 Experimental waveforms of diode conduction period detector 

The experimental waveforms of burst-on/off time detector 
is shown in Fig. 22. As shown, the signal Bdon is triggered when 
the voltage vCy reaches to 0.5 V, and the flyback converter 
operates in the burst-on time. When the signal Bdoff is triggered, 
the flyback converter changes to the burst-off time. 
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Fig. 22 Experimental waveforms of burst-on/off time detector 

The experimental waveforms of the flyback converter in 
normal mode under different load conditions are shown in Fig. 
23. As shown, the output voltage is about 15 V. 
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(a) 100% load (vac = 110 Vrms) 
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Fig. 23 Experimental waveforms of flyback converter in normal mode under 
different load conditions (a) 100% load (b) 75% load 

The experimental waveforms of the flyback converter in 
frequency reduction mode under different load conditions are 
shown in Fig. 24. As shown, when the load decreases, the 
switching frequency decreases with the minimum on time. 
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Fig. 24 Experimental waveforms of flyback converter in frequency reduction 
mode under different load conditions (a) 40% load (b) 30% load 

The experimental waveforms of the flyback converter in 
burst mode under different load conditions are shown in Fig. 
25. As shown, the flyback converter operates in burst mode 
below the 10% load. With the decreasing load, the burst-on time 
decreases. 

vGS

[10 V/div]

vDS

[100 V/div]

vO

[20 V/div]

vCy

[0.5 V/div]

Timebase[100 μs/div]  
(a) 10% load (vac = 110 Vrms) 

2060



vGS

[10 V/div]

vDS

[100 V/div]

vO

[20 V/div]

vCy

[0.5 V/div]

Timebase[100 μs/div]  
(b) 5% load (vac = 110 Vrms) 

Fig. 25 Experimental waveforms of flyback converter in burst mode under 
different load conditions (a) 10% load (b) 5% load 

Fig. 26 shows the measured efficiency curve of the 
flyback converter under different load conditions. As shown, 
the efficiency decreases with the decreasing output power. As 
a result, the switching loss dominates at light load condition. 
The maximum efficiency is 87.72% when the output power is 
at 30 W. The experimental results are measured by WT3000, 
YOKOGAWA. 

 
Fig. 26 Measured efficiency curve of flyback converter under different load 

conditions 

V. CONCLUSIONS 

A primary-side control IC for AC-DC flyback converter 
with burst mode energy saving is proposed in this paper. To 
improve light load efficiency, the frequency reduction mode 
and burst mode is adopted. In the proposed control IC, the 
output voltage is sensed through the auxiliary winding, so the 
output voltage can be regulated precisely by VO sample circuit. 
When the on-time of the power switch drops to the minimum, 
the flyback converter changes the operation to frequency 
reduction mode. With IO estimator, the output current can be 
estimated by the primary-side information, and the proposed 
control IC can estimate the load to operate in normal mode or 
burst mode. Furthermore, in burst mode, the burst-on time and 
burst-off time can be estimated by a simple way which is 
without the secondary-side feedback control. Therefore, the 
output voltage ripple can be controlled in burst mode, and the 
efficiency can be improved at light load. 
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