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A PSR CC/CV Flyback Converter With Accurate CC
Control and Optimized CV Regulation Strategy

Zeyu Wang, Xinquan Lai, and Qiang Wu

Abstract—This paper presents a primary-side regulation con-
stant current constant voltage (CC-CV) Flyback ac—dc converter
characterized by high efficiency and high precision of constant
current control. In CC mode, a novel ring detection and demag-
netization portion control technique is proposed, with which the
ending time of demagnetization can be accurately determined and
the portion of demagnetization in switching periods remain pre-
cisely the same, which enable the accuracy of constant current
output that can reach a level as high as £0.8%. In CV mode, a
power stage model based on steady-state analyzing method is es-
tablished, according to which the expression of static power loss
is first obtained. After that total power loss expression including
switching loss is derived as well. By MATLAB simulation, power
loss mechanism is revealed and analysis is made in detail. Accord-
ing to which, optimized parameters of Flyback converter system
and an effective CV regulation strategy are obtained eventually.
Simulation as well as experimental results verifies the efficiency
of the ac—dc converter system after optimization that can be more
than 84.7% at 5 V/1 A application.

Index Terms—Discontinuous conduction mode (DCM), effi-
ciency, model, optimization, ring detection and demagnetization
portion control (RD-DPC).

1. INTRODUCTION

N RECENT years, battery charging strategy has been widely
Iresearched and explored. With a view to high efficiency,
costless, and small in size, primary-side regulation (PSR) Fly-
back ac—dc converter characterized by constant current constant
voltage (CC-CV) is widely used in charger systems as well as
adaptors of electronic products. Fig. 1 shows the topology of
the proposed PSR CC-CV Flyback ac—dc converter system.

As shown in Fig. 1, when M is ON, the current flows through
primary-side inductor and the energy is stored in it. When M;
is OFF, energy stored in primary-side inductor then transfers to
the secondary side with the secondary current starts to decrease
from a peak value, the mean value of the secondary current in
one switching period is defined as the output current.

Fig. 2 presents the operating processes of the proposed
CC/CV converter, as shown in the figure, there are three sequen-
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Fig. 1. Topology of the proposed Flyback converter.

tial processes after power-ON. They are start-up state, constant
current regulation state, and constant voltage regulation state.
In the start-up state, the inner low-voltage power supply as well
as bias conditions would be set up. After that, system enters CC
mode, during this process, the converter system outputs an ac-
curate large current to quick charge loading equipment. When
the output voltage is charged very close to the set value, the
constant current regulation mechanism releases the control of
the converter system to constant voltage regulation process.

Among the operation processes mentioned above, the ac-
curacy of constant output current control in CC mode and the
transfer efficiency in CV mode are the two problems that mostly
concerned. For the first one, the current flows through Ry, should
be constant and large enough, so as to quick charge a battery, if
not, it will do harm to and shorten the life of the battery. As to the
second problem, low transfer efficiency signifies a large energy
consumption, quite a number of input power is converted to heat
energy and gives rise to an increment of temperature, which is
unacceptable and should be inhibited. Hence, to research a high
accurate constant current control method as well as an effective
CV regulation strategy is of great significance.

In the case of CC control method, several works have been
done currently, for one mainstream solution is to control the
primary-side current [1], [2]. Referring to Fig. 1, which detects
the peak current of the primary side at each switching cycle
through a sampling resistor Rcg, for there is a linearly relation-
ship between the peak primary current and the voltage across
resistor Rcg named Vs. Then, making a comparison of voltage
Vg with areference voltage, when V(g is greater than the refer-
ence voltage, M is turned OFF and the current would be constant
by this means. This method is easy to realize, while, the value
of sampling resistor Rcg varies a lot with process, which lead

See http://www.1ieee.org/publications_standards/publications/rights/index.html tor more intormation.
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Fig. 2.  Operating process of the proposed converter system.

to the control circuit unable to regulate the error immediately
cause by process deviation, and the precision of output current
is low and hard to control as a result. To solve this problem,
another method is proposed [3]-[5]. As the output current of a
Flyback converter working at discontinuous conduction mode
(DCM) can be expressed as

1 Np tom

Y A
2 PPINg T

where oyt is output current, Ipp signifies the peak primary
current, Np /Ny is the turns ratio of the transformer, 7" is switch-
ing period, and ¢py; is demagnetization time which is equal to
the conduction time of the secondary side. For Ipp and Np /Ng
are predetermined, and the beginning time of demagnetization
is the moment when M is been turned OFF, therefore, the only
problem to realize high precision output current is to determine
the ending time of demagnetization so as to make the ratio of
tpa /T unchangeable. Referring to Fig. 1, as the auxiliary volt-
age starts a damped oscillation process when secondary current
decreases to zero, the ending time of demagnetization could be
defined as the moment when the voltage at VS pin reaches zero,
and tpy is obtained in this way. This method is good theoreti-
cally, but the resonant period error caused by the output power
and the frequency will reduce the accuracy of the secondary-side
current averaging measurement [6].

To overcome the drawbacks mentioned above, ring detection
and demagnetization portion control (RD-DPC) technique is
proposed in this paper. This control strategy is used to precisely
detect the ending time of demagnetization based on the reso-
nance of secondary leakage inductor and capacitor. In this way,
the influence of process deviation can be eliminated, and there
will be no effect on the control accuracy, neither does output
power nor switching frequency. For the secondary resonance
is a damped oscillation, it is convinced that the ending time of
demagnetization is the time when the resonance amplitude is
smaller than a given reasonable value. In this way, the time when
the secondary current decreases to zero is accurately deter-
mined. Consequently, a high precision constant current control
is achieved without adopting expensive devices or complicated
structures, which is of great importance for low-cost application.

At the end of CC process, system enters CV mode, where
efficiency improvement is the most concern. Traditional ways
to improve the transfer efficiency are to utilize better devices
for they are of less power consumption, or to adopt other cir-
cuit structures to improve transfer efficiency [7]-[9], such as
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taking synchronous rectification technique to reduce energy
consumption caused by rectifier diode, or replacing RCD struc-
ture with active clamp, so that part of energy stored in leakage in-
ductor is able to be reused in the next switching period. Another
familiar approach is to adopt complicate control mechanism
[10]-[14]. There is no doubt that all the alike methods con-
tribute to efficiency improvement, however, they result in large
resource consumption and lead to various unreliability, which
undoubtedly opposes the principle of reliable and cost saving.
To overcome the limits of the methods mentioned above, it is
important to analyze the effects that different parameters have
on the power loss, so as to provide a fundamental solution to
improve transfer efficiency. At present, several research works
have been lead to illustrate the losses in a Flyback converter
system [15], [16]. Nevertheless, the existing models focus their
attentions on the single devices or part of the system, as for
an analysis from the view of whole system has seldom been
made. In the CV part of the paper, a power stage model of Fly-
back converter system is established according to steady-state
analysis. Based on which, losses caused by different parame-
ters are analyzed quantitatively, after that, optimized values of
these parameters are determined and an optimized CV regula-
tion strategy is derived.

The paper is organized as follows. The proposed RD-DPC
technique is presented in Section II. Power stage modeling,
power loss analysis, and optimized CV regulation strategy are
presented in Section III. Simulation, experimental results, and
discussions are given in Section IV. Finally, conclusions are
drawn in Section V.

II. CC PROCESS

Fig. 3 gives the simplified circuits of the states for a Flyback
ac—dc converter working in DCM in one switching period.

As to the energy store state, shown in Fig. 3(a), switch S is
closed, there is a current flows through primary-side inductor
and switch S to ground, with electric energy stored in primary
side during this state. At the same time, when Dg and D4 are
at the reverse blocking state, there is no current flowing through
the secondary side or the auxiliary side. Assuming that the value
of primary-side inductor is Lp, input voltage is Vin, switching
period is 7, the conduction duty cycle of switch S is D, then
the peak primary current can be derived as

v
Ipp = %-Dl .T. 2)
P

When switch S is open, Dg and D 4 are forward conductive,
as shown in Fig. 3(b), the energy stored in the previous state
transfers to both secondary side and auxiliary side. As to the
secondary side, Coyr is being charged and Vouyr being estab-
lished with decrease in secondary current starts to decrease from
a peak value to zero. For the auxiliary side, C'4 is being charged
with the voltage V4 slowly decreasing until 14 equals zero. As-
sume Np, Ng, and N, are the turns number of primary side,
secondary side, and auxiliary side respectively, then we have

Isp - Ng + Iap - Ng 3)

Ny
Vi= "4y 4
A Ne Vs 4)

Ipp - Np =
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Fig. 3. Operation states in DCM in one switching period. (a) Energy store
state. (b) Energy transfer state. (c) Resonant state.

where Igp is the peak secondary current, /5 p is the peak auxil-
iary current, Vg is the secondary voltage, and V4 is the auxiliary
voltage.

At the end of the energy transfer state as shown in Fig. 3(c),
currents Ig and 14 decrease to zero, then system enters damped
resonant state. In this state, the magnetizing inductor oscillates
with the parasitic capacitors. Fig. 4 gives the main waveforms
of the three states.

In Fig. 4, D; is the conduction duty cycle of secondary side,
Dj is the duty cycle of resonant state, time £, is the moment
when switch S is turned OFF, ¢; is the moment when secondary
current reaches zero, namely, the ending time of energy transfer
state, so that, the duration time of demagnetization process is

tpm =11 — 1. )

As has expressed in (1), to make a constant ratio of tpy /T
is the key to realize high precision of constant current output.
In order to achieve this purpose, two steps named RD and DPC
are indispensable.
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A. RD Process

RD process composes two sequential steps, ring amplification
and ring discrimination. Fig. 5 shows the design scheme of
the ring amplification, which is a two-stage switched-capacitor
amplifier. The first stage acts as a ripple amplifier, the second
stage acts as a buffer, and V,.s is a bias voltage, making its
value close to the central point of input common mode range of
OP1 when designing the amplifier. CTL is a control signal, the
frequency of which is gradually increasing in CC mode when
operation. Bias condition of the detector is established when
CTL is high, with switches Sq, Sy are closed and Sy is open.
On the contrary, when CTL turns low, switches S; and S, are
open and Sy is closed, the detector then amplifies the ring part
of signal Vsgx.

The transfer function of the detector can be expressed as

1, CTL =1

Ry -Chy -5 (6)
__ e tts et —y
Ry -Cia-s5+1

H(s) =

where (1 acts as a stopping capacitor, making only high-
frequency part of signal Vggn goes through and be amplified,
Ry, is dc feedback component of the amplifier, and C» forms
the alternating current path when switch S} is open.
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According to (6), setting the values of C; and C'5 to obtain
a proper gain, say M, of the detector, then the ring part of Vgpn
is amplified by M times and output voltage Vy1p.

Fig. 6 shows the design scheme of ring discrimination. The
voltage Vr1p got previously is then compared with two threshold
voltages of 200 mV differ in amplitude. If Vi 1p lies between the
two threshold voltages for a relatively long time, it is convinced
that the secondary current has decreased to a very small value
close to zero, and this moment is considered to be the most
accurate ending time of demagnetization, namely, the ending
time of the secondary-side conduction.

In Fig. 6, Vrrp _thl and Vi1p _th2 are two threshold voltages,
Vkip -thl is equal to Vi + 100 My and Vi1p -th2 equals Vier —
100 mV. The rising pulse named Sense_ctl is generated 300 ns
after Vrip lies between the two threshold voltages, indicating
the secondary current is about to decreasing to zero. So that,
the duration of demagnetization process in a switching period
is determined by the falling edge of signal DRV and the rising
edge of signal Sense_ctl.

B. DPC Process

Fig. 7 shows the control strategy of DPC, where Vi1, qemag 15
a threshold voltage, and the relationship between output current
and ‘/f,h,demag is

2 Lp - Ry
N - VOUT . (‘/th,demag - VL) 2

. [VIN - (Vindemag — V) + N - Vour - (Ve — V1)
(7

Io
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Making DRV and Sense_ctl as the control signals of an inte-
grator, which starts to integrate on the falling edge of signal DRV
and stops on the rising edge of signal Sense_ctl every switching
period, so that the integration time equals the demagnetization
time.

The integration function is given by

Vint =k / Veonst - dt

tpm

=k -Vconst - toum (8)

where k is an integration constant and Voongt i the voltage
for integration. From (8), the integrator output voltage VinT
has a linear relationship with the demagnetization time of a
switching period. Fig. 8 presents the waveforms of the DPC
control technique.

From Figs. 7 and 8, the integrator output voltage VinT is
compared with a threshold voltage Vij,_qmag. If the portion of
demagnetization is smaller than the target value, Vix is smaller
than Viy,_qmag, the comparator outputs high, with the drive logic
block starts to generate a DRV pulse to start a new switch-
ing period, otherwise, DRV pulses generated by drive logic are
blocked and the primary-side switching power MOSFET remains
closed until Vix is discharged below the voltage of Vii, qmag-
By this means, the demagnetization portion of a switching pe-
riod can be remains constant, and constant output current is
achieved eventually.

III. CV PROCESS

At the end of constant current mode, the output voltage
reaches the set value, system then enters constant voltage regu-
lation mode automatically.

A. Steady-State Power Stage Modeling

As have been analyzed previously, there are three states when
operating in DCM mode. Fig. 9 shows their equivalent circuits.
Particularly, as shown in Fig. 19(b), the model of rectifier diode
in secondary side can be built according to [17] and [18], where
Vr is the forward voltage drop of the rectifier diode.
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Fig. 9. Equivalent circuits of three states in DCM mode. (a) Energy store
state. (b) Energy transfer state. (c) Resonant state.

As shown in Fig. 9, assuming the voltage across Lp is vp (t),
the current flow through Cour is i¢ (¢), as to Fig. 9(a), there is

vrp (t) = Vin —in () - (Ron + Rcs)
: v )
ic(t) = —¢%
as for Fig. 9(b), we have
vp(t) = =N - (Vo + Vg - Dy)
. . v (10)
’Lc(t) = N . ZIN(t) — ﬁ

for Fig. 9(c),

VLP (t) =0

| v (11)

ic (t) = — R "

Ignoring the ripples of vy p (¢) and i¢ () compared with their
dc components Vp and I, and basing on the voltage-second
balance principle, there is

vrp(t) = Dy - Vin — Dy - (Ron + Res) - Iin

—N-Vp-Dy2-—=N-Dy-Vy =0. (12)

As to (12), it is obtained by using Kirchhoff voltage law to
find the primary-side inductor voltage during each state in one
switching period. The result is averaged and set to zero, which
also states that the sum of three terms having the dimensions
of voltage are equal to vpp(¢) or zero. Hence, (12) is of the
same form as a loop equation. In particular, it describes the dc
components of the voltage around a loop containing the primary-
side inductor, with loop current equal to the input dc inductor
current I1y. Therefore, a mesh circuit corresponding to (12) is
able to be constructed as shown in Fig. 10(a). Both the first and
third terms in (12) are dc input voltages, so voltage sources of
value Dy - Vix and N - Dy - Vi are introduced, respectively.
For the second term, resistance of value D; - (Ron + Rcs) is
able to well match the voltage drop of the corresponding term.
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Fig. 10. Equivalent mesh circuits. (a) Mesh circuit corresponding to (12).
(b) Mesh circuit corresponding to (13).
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Fig. 11.  Equivalent model of Flyback converter.

With regard to the forth term, it depends on the output voltage,
thus, a dependent voltage source is appropriate.

In the same way, according to the principle of charge conser-
vation, there is

Vo Vo Vo
——1]-D N-IIn——=1|-D —— |-D3 =0
( RL) 1+( IN RL) 2+( RL) 3

13)
by using Kirchoff current law, the corresponding circuit of (13)
can be conducted as in Fig. 10(b).

By combining the circuits of Fig. 10(a) and (b) into a single
circuit, an equivalent but more physically meaningful model is
derived in Fig. 11.

In Fig. 11, ¢(D) is the equivalent conversion ratio, which
expression is given as

$(D) =N - Dy (14)

As shown in Fig. 11, the steady-state model of Flyback ac—dc
converter operating in DCM is constructed with consideration
of the power consumption caused by sampling resistance, the
conduction loss of power switching MOSFET, and the rectifier
diode. Compared with models mentioned in [19] and [20], the
model constructed avoids complicated calculation of small sig-
nals and keep a relatively high accuracy when dealing with static
power loss.
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B. Loss Analysis

Based on the model derived, it is able to analysis the loss
mechanism when operation. By converting secondary side to
primary side, I1x can be written as

Dy - Vin—N - Dy* - Vi
Dy - (Rox + Res) +¢*(D) - Ry,
hence, the static power loss is
PLossstatic = Iin” - D1 - (Rox + Res) + Iiv - N - Dy - Vi
(16)
where according to the principle of conservation of energy, D
and D, have the following relationship:

VIN
N -V
besides, according to the analysis in [21] and [22], an equivalent
expression of switching loss can be written as

1 Vin
PLOSSJSWitChng = 6 - VDS max - t7'2 . E : (t7 + tf) : fSVV

Iix = (15)

Dy=D; -

a7

1
+ icoss VDS max - fow (18)

where Vpg, ax 1s the transient maximum drain voltages when
the power MOSFET is turned OFF, to simplify the calculation,
and Vps, .y is approximately equals to (Vix + N * Vour +
N % Vp). t, and t; are the rising and falling time of the drive
signal, respectively, and Cgg is the output capacitance of power
MOSFET.

So that the total power loss can be written as
19)

Fig. 12 provides the MATLAB simulation results of F,0gs.

Fig. 12(a) shows the relationship between Pogg and D; at
different values of N with a given fgw, which could be used
to describe the static power loss in one switching period. From
which, it can be found that larger D; results in more power
loss. Fig. 12(b) provides the curves of Pjosg versus fgw at
different N with a given D;, which is given to illustrate the
switching power loss. In Fig. 12(b), it is able to observe that
the switching loss becomes larger with an increasing switching
frequency, therefore fgw should be decrease when load turns
light. Besides, it also can be derived by combining Fig. 12(a)
with (b) that the smaller N, the larger the power loss, that is
to say the turns ratio is the larger the better when practical
design. Fig. 12(c) provides the comprehensive relationship of
P oss with Dy and fsw, which demonstrates that, compared
with switching frequency, duty cycle has a greater impact on
the total power loss. In other words, for a peak current mode
converter system, the peak primary current should be decreased
when load turns light to improve the transfer efficiency.

According to the analysis made above, to realize high transfer
efficiency, the duty cycle is the smaller the better when DCM
mode. As the switching frequency does not make a significant
difference on the power loss compared with duty cycle, it can
be set by complying the principle that high frequency at heavy
load and vice versa. As to N, for an overlarge duty cycle will

Pross = PLossstatic + PLOSS switching -
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make the converter system enters continuous conduction mode
and lead to stability problems, hence, the value of which should
be set at a moderate value according to Fig. 12.

C. Optimized CV Regulation Strategy

Based on the previous analysis, the turns ratio is set at 13.5
in this paper, and the maximum duty cycle is set at 0.45 as a
compromise. For the expression of input power is,

Py = % - Lp - Ipp® - fsw (20)
hence, the input power should be reduced correspondingly in
light load condition. Due to the transfer efficiency requirement
for ac-dc 5 W(5 V/1 A) application according to DoE.6 stan-
dard is not less than 77.72%, which is the average efficiency of
full load, 75% full load, 50% full load, and 25% full load, so
that Ipp as well as fsw should be carefully considered. Par-
ticularly, when system enters light load mode, the switching
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loss of outside power MOSFET and the losses caused by snubber
circuit as well the transformer account for the main portion of
whole power loss, in addition, these losses are proportional to
Ipp and fsw, so that the values of the two parameters should
be decreased when load turns light and vice versa.

For Ipp, as a larger value leads to a larger duty cycle, which
contributes to static power loss, therefore, setting a bigger Ipp
when heavy load to satisfy loading capability and a smaller
one when light load to reduce power loss is appropriate. The
variation tendency is given in Fig. 13, where interval AB cor-
responds to heavy load condition, interval CD represents light
load condition, and BC is adaptive adjustment interval when
load gradually turns light. Besides, the descending slop of Ipp
in BC interval is determined by referring to the curve of Pross
shown in Fig. 12(c), and its expression is

_ APross

k
AD,

2D
where A Dy is the operating range of Dy, AP oss is the varia-
tion range corresponding to A D).

Moreover, in order to achieve better dynamic response,
switching frequency should also be autoregulated. According
to [23] and [24], to reduce switching frequency when load turns
light helps us to improve the phase margin, so that the vari-
ation tendency of switching frequency is designed as follows,
when heavy load condition, fgw maintains at a high value to
ensure a good loading capability. When load turns light, the
switching frequency gradually decreases to achieve faster loop
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Fig. 17.  Photograph of experimental Flyback CC/CV converter and testing
environment.

response and small output ripple. To achieve this purpose, some
thresholds should be set to predict load conditions, as shown in
Fig. 13, two inflection points of 75% full load and 25% full load
are set, respectively, dividing the whole range of load into three
intervals to achieve an optimal regulation.

Besides, it can be found in Fig. 13 that the variation tendency
of switching frequency is similar to that of [pp, while only one
of the two critical variables changes in each load interval, which
ensures fsw and Ipp are always in an optimal combination
state, and it is of great importance for the transfer efficiency
improvement as well as the stability of the converter system in
any load conditions. In addition, a frequency jitter circuit is in-
tegrated to improve the electromagnetic compatibility character
of the system.

IV. SIMULATION AND EXPERIMENTAL RESULTS

To further validate these proposed strategies, simulation as
well as experimental tests is carried out. The design specifi-
cations and circuit parameters of this proposed Flyback ac—dc
converter shown in Fig. 1 are given as follows: Lp = 907 uH,
Np:Ng:Np = 13.5:1:3.5, M;: DMG4NG65CT, Rcs = 0.75 €,
Dg:BAS21-TP, Dy : SPR10U45SPS, Csrr = 10 puF, Cour =
200 pF, Rg1 = 120 k€2, and Rso = 30 k€. These control strate-
gies work well at universal input voltage, to given as an example,
simulation as well as experimental results at 145 V input voltage
are given as follows.

First, Fig. 14 presents the simulation results of the RD-DPC
control technique.

From Fig. 14(a), it is obvious to see that the Sense_ctl pulses
happen when the secondary current decreases almost to zero, so
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3V, average It,oap is 1.99 A. (b) Vour is 4V, average I, oap is 2.01 A.
(c) Vour is 5V, average I1,0ap is 2 A. (d) Load transient in CC mode.

TABLE I
CC ACCURACY COMPARISON WITH OTHER WORK

[1] [2] [3] [6] This paper

CC Accuracy  +7% +2% +2% +1% +0.8%
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load. (d) Vour is SV, I,oap is 100% full load. (e) Load transient from 0.2 to 2 A. (f) Measured transfer efficiency.

that the ending time of demagnetization is precisely obtained.
After that, an integration is made during the demagnetization
process with a triangular waveform is obtained as Fig. 14(b)
shows, the waveform is then compared with a threshold volt-
age to generate a width-variable pulse train, which determines
the generation of driving signal and makes the portion of de-
magnetization in each switching period precisely stay the same
consequently.

Fig. 15 provides the constant current character of the proposed
ac—dc converter system by adopting RD-DPC control strategy
in different load conditions.

In this proposed converter system, the target constant current
value is set to 2 A. As shown in Fig. 15, when load resistance
is 1.5 €, the output current is 2.02 A, when it turns to 1 €2, the
output current is 2.05 A. Namely, the output current regulation
accuracy reaches a level as high as +0.8%.



7054

TABLE II
EFFICIENCY COMPARISON WITH OTHER WORK

Transfer efficiency (Condition: 5 W output of 5 V/1 A)

[25] 78%
[26] 81.7%
[TI] UCC28910 77%
[Fairchild] FAN6100 81%
This work 84.7%

The simulation result of constant voltage regulation is given
in Fig. 16.

In Fig. 16(a), the output voltage is 5 V, the load currentis 1 A,
the average threshold of peak primary current sense is 485 mV
with the average input current is 41.2 mA. So that the transfer
efficiency in this load condition is 85.5%. In Fig. 16(b), the load
current is 0.1 A, and the efficiency is 69.8%.

The prototype of the proposed Flyback ac—dc converter sys-
tem integrated with the proposed control strategies is shown in
Fig. 17(a) with the controller IC is on the back side of the demo
board, the test environment is given in Fig. 17(b).

The experimental results of CC character of the proposed
converter system under different load conditions are presented
in Fig. 18, the CC accuracy comparison with existing methods
are given in Table I.

As shown in Fig. 18(d), when Rpoap is 2 €2, the output
current is 2.005 A, when Ry, oap is 1.5 €2, the output current is
2.04 A, so that, the accuracy of constant output current in CC
mode is +0.8%.

The experimental results of CV character of the proposed
converter system are shown in Fig. 19.

Fig. 19(a)—(d) provides the CV performance at 25%, 50%,
75%, and 100% of full load, respectively. From which, it is able
to observe that the threshold voltage of primary-side current
sense remains at its maximum value of 590 mV when load ranges
from 100% full load to 75% full load, when load turns to 50% full
load, the threshold changes into 485 mV, when load condition is
25% full load, the threshold voltage is 366 mV, which coincide
with the variation tendency of the optimized CV regulation curve
given previously. Fig. 19(e) shows the performance of transient
response. It can be found that the proposed converter system still
able to stabilize the output in a short time even load jumps from
almost no-load to full load. Fig. 19(f) provides the measured
efficiency of the optimized converter system. Obviously, the
transfer efficiency can reach a level as high as 84.7% when
5 V/1 A output, which is also consistent with the theoretically
analysis and the simulation results.

Table II lists the comparison result of transfer efficiency of
this proposed converter system with other work.

V. CONCLUSION

This paper presents a high transfer efficiency PSR CC/CV
Flyback ac—dc converter for low-cost application characterized
by accurate constant current control and optimized CV regula-
tion strategy.

In CC mode, an RD-DPC control strategy is proposed for
low-cost application, by directly detecting the voltage across
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the auxiliary side inductor inside the controller when power
MOSFET is turned OFF, the ending time of demagnetization can
be accurately determined without any other external devices.
Besides, by making the demagnetization portion to maintains
the same in each switching period, high precision output current
is able to be realized as a result. When Flyback converter oper-
ating in CV mode, a power stage model is built to find out the
expression of power loss. Based on the model, static power loss
is first derived, after that the expression of total power loss is ob-
tained with switching power loss is included. By analyzing the
power loss, effects of different factors have on the power loss are
revealed and be quantified. According to MATLAB simulation
results, optimized values of these factors are determined and
an optimal control strategy when CV process is proposed. With
such strategy, transfer efficiency of Flyback ac—dc converter
system is greatly improved with better transient performance.
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