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A New Passive Lossless Snubber
Erlan Dzhunusbekov and Sagi Orazbayev

Abstract—Galvanically isolated photovoltaic (PV) microinvert-
ers based on single-stage flyback topology have advantages: sim-
plicity, better reliability, and low cost. But isolated flyback topology
comes with voltage stresses on semiconductor switches caused
by transformer leakage inductance. An improved regenerative
snubber has been proposed to meet the ever-growing demand for
higher efficiency of PV microinverters. The proposed topology is
the inductor-capacitor-diode (LCD) snubber with flying capacitor
modified to reduce circulating currents. Theoretical analysis re-
veals a number of advantages. Experimental results are presented
to verify the performance.

Index Terms—Flyback, LCD snubber, PV microinverter,
regenerative flying capacitor snubber.

I. INTRODUCTION

M ICROINVERTERS convert power at the module level
utilizing more solar energy from an individual photo-

voltaic (PV) panel and removing the risk of a single point failure.
Therefore, microinverters have gained fame for energy harvest
increase and reliability improvement. Since they are contributing
to the growth of distributed solar worldwide, there is a high
demand for more efficient and low-cost microinverters. The im-
provements in power semiconductors and magnetic components
make flyback topology more efficient and attractive in various
low power applications. Flyback topology has a low component
count, simple schematics, excellent robustness, and a possibility
to provide galvanic isolation; thus, it would be a good idea
to keep up with flyback topology for PV microinverters with
galvanic isolation. But one of the major challenges encountered
here by designers is the voltage stresses mitigation of semicon-
ductor switches caused by flyback transformer leakage induc-
tance. For better efficiency, those voltage stresses have to be
suppressed by implementing a nondissipative clamp preferably
the most efficient and passive one to maintain low cost.
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There are several solutions proposed to limit voltage spikes
on the main switch with the leakage energy recovery of a flyback
transformer.

Active clamp snubbers with regenerative capabilities [1]–[5]
can help effectively recover the transformer leakage energy,
also helping to provide zero voltage switching (ZVS) for the
main power transistor [3]–[5]. But, all of these benefits come
with the complexity of the active clamp. Also, the active clamp
reduces the robustness of a flyback topology. First, there is the
possibility of destructive shoot-through currents between the
conducting clamp switch and the main transistor configured as
the half-bridge circuit. Second, the topology is vulnerable for
output short circuit commutations because the auxiliary clamp
switch commutates the snubber capacitor to the output capacitor
through the transformer leakage inductance of a small value.

There are also some snubbers [6]–[8] with the straight forward
idea of the commutation of clamp capacitor to input to recover
transformer leakage energy. For example, in [6], a flyback con-
verter is claimed with the additional auxiliary dc/dc converter
that recovers leakage energy temporally stored in a snubber
capacitor back to the input. This is a costly solution not efficient
for low power applications but effective and justified in high
power converters. For example, in a PV microinverter flyback
with the peak power up to 300 W, the transformer leakage energy
loss rate could reach 10 W, which might be worth recycling with
an additional converter. In [7] and [8], the snubber embodies a
semiactive auxiliary switch that commutates the clamp capacitor
to the input through the auxiliary inductor synchronously with
the flyback main switch. These mentioned snubbers [6]–[8] are
featured with the complex structure but do not have a risk of
shoot-through current or a clamp capacitor short-circuited to
the output.

There are also a number of passive nondissipative snubber cir-
cuits for flyback converter [9]–[13] known as inductor-capacitor-
diode (LCD) snubbers, the general circuit is in Fig. 1.

It is reported that these passive snubbers reduce turn-OFF

switching losses and effectively regenerate leakage energy. The
auxiliary flying capacitor Cx in Fig. 1 resonantly recharges to
peak voltages of opposite polarities; therefore, there are addi-
tional circulating currents in snubber circuits that cause extra
power dissipation in snubber components. Before the main trans-
former discharges to the secondary side, the snubber recovers
leakage energy back to an input power supply at the beginning of
the main transistor Qm turn-OFF stage, delaying the conduction
of the flyback secondary side [14]. This delay eats out fractions
from conduction cycles of primary and secondary sides; thus,
increasing rms in the flyback circuit. There are versions of
regenerative circuits [15], [16], where snubber inductor Lx in
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Fig. 1. Flyback converter with conventional lossless LCD snubber.

Fig. 1 is integrated on the same magnetic core as the main
transformer. This offers the advantage of reducing component
count. Another advantage of the passive integrated regenerative
snubber is that it recovers part of transformer leakage energy
back to the magnetizing inductor of a flyback main transformer.
Thus, it releases part of a captured leakage energy before the
main transistor Qm turn-OFF. As a consequence, the integrated
snubber has reduced current rms in snubber circuits. Another
consequence is that it takes less time to discharge the remaining
portion of leakage energy; therefore, current on the secondary
side ramps up faster. It is reported [16] that the integrated LCD
snubber demonstrates higher efficiency than the nonintegrated
version. In integrated and nonintegrated LCD snubbers, the big-
ger the value of a capacitor Cx, the lesser the voltage spike would
be on the main transistor Qm. Controlling the voltage spike
comes at the expense of higher values of circulating currents
in the snubber and higher rms in a flyback.

The authors in [14] proposed to add a capacitor-diode (CD)
snubber circuit on the flyback secondary side to mitigate the ad-
verse influence of the resonant LCD snubber on the flyback rms.
The additional snubber receives energy from the primary side
power supply at the beginning of the turn-ON stage and releases
it to the output at the beginning of the turn-OFF stage. This results
in secondary current ramping up faster. The circulating currents
in the combined primary LCD and secondary CD snubber do
not reduce but redistribute between snubbers depending on the
ratio of snubber capacitors’ values.

The authors in [17] proposed to implement a complex aux-
iliary transformer to passively switch over the leakage energy
captured by the clamp capacitors from the primary side to the
secondary side. The auxiliary transformer would require meet-
ing isolation standards. The recovery process using a transformer
might not be efficient.

Most of the problems of the above mentioned regenerative
LCD snubber and its variations are side effects of the resonant
mode of their operation. The resonant mode helps to reach ZVS
and zero current switch (ZCS) for the main flyback switch. But
for low voltage applications, such as in our particular case, a
microinverter for photovoltaic panels, the switching losses of
the main primary switch are not predominant. In Section III, it
is shown that the traditional snubber will perform better with the
constant voltage of the snubber capacitor although the primary
switch is hard switching. But, there is a limit for the conventional

Fig. 2. Flyback converter with the proposed lossless LCD snubber.

LCD snubber to operate in this way. The voltage of the snubber
capacitor must be big enough to reverse the flyback transformer
at a reasonable time for better efficiency. That is not always
possible. Therefore, a modification for the conventional LCD
snubber was proposed [18] (see Fig. 2) and its advantages are
proved in this article.

As seen in Fig. 2 the considered snubber is a modified LCD
flying capacitor snubber designed to have increased clamping
voltage Vc as the sum of capacitors C1 and C2 voltages that
leads to an implementation expansion. The Laux inductor can
be a separate inductor or integrated with the main flyback
transformer. The integrated version of the proposed snubber
may be designed in such a way that during primary switch
SW conduction the snubber capacitors would be applied to the
auxiliary transformer winding Laux charging the transformer. In
this article, only a nonintegrated version of a new snubber is
considered.

The rest of this article is organized as follows. In Section II, the
proposed snubber is introduced. In Section III, the advantages of
the nonresonant operation mode of proposed and conventional
LCD snubbers are discussed. In Section IV, it is shown how the
conventional snubber affects flyback rms, and how the proposed
snubber improves efficiency. Experimental proofs and thorough
quantitative power loss analysis are provided. Finally, Section V
concludes the article.

II. PROPOSED REGENERATIVE SNUBBER CIRCUIT

In Fig. 2, one can see the voltage limiter consisting of clamp
capacitors C1 and C2, clamp diodes Daux1 and Daux3, and to
drain/recover energy from clamp capacitors here is the circuit
formed by auxiliary diodes Daux2, Daux4, and auxiliary inductor
Laux. Three auxiliary diodes Daux2–Daux4 and two auxiliary
capacitors C1 and C2 are configured in such a way, that: capac-
itors C1 and C2 are connected in series to capture transformer
leakage energy when the leakage current inflows into capacitors;
the capacitors are connected in parallel to discharge the captured
energy.

The behavior of the proposed snubber depends on many
snubber parameters. For example, the proposed snubber could
work in a resonant mode. The current of the auxiliary inductor
resonantly recharges snubber capacitors C1 and C2 from one
extreme voltage level to another. This increases power losses
in the snubber due to higher rms. Also, when the main switch
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SW turns OFF, it will take some time for the snubber capacitors
to be recharged from the lowest voltage to the voltage when the
transformer starts to reverse. This delays the rise of the secondary
current. The inductor Laux current can be nonresonant (discon-
tinues or continues) to keep down rms. But if capacitors C1 and
C2 still have high pulsation then it will result in prolonged trans-
former reverse time Tx, corresponding adverse consequences
like increased rms in flyback, and demand for higher-rated clamp
diodes Daux1 and Daux3. Therefore, the analysis was done for the
most efficient version of the proposed snubber: the continuous
auxiliary inductor current and the almost constant voltage of
clamp capacitors C1 and C2.

We will study flyback operation in discontinuous conduction
mode (DCM) for generality while snubber inductor Laux current
is continuous. The DCM mode is characterized by Ton time
when the main flyback switch is conducting, Toff time when
the main switch is turned OFF, and Tdis–the main transformer
discharge time into secondary output. For the flyback topology
in steady-state it is well known that Ton and Toff are related to
each other by

Vo/n× Tdis = Vin × To (1)

where n = Ns/Np is transformer turns ratio and Vo is the
secondary output voltage. Equation (1) is correct for a flyback
operating in continuous conduction mode (CCM) also. One
could transit to flyback CCM approaching (Toff–Tdis) to zero.
For analysis we assume: During flyback operation, the sum of
two snubber capacitor voltages is higher than the voltage needed
to reset a flyback transformer and are constant; all semiconductor
switches are ideal. There would be four flyback operation stages
to consider. The equivalent circuit diagrams are given in Fig. 3
for each of the four stages. In this analysis, the main attention
was paid to the operation of the proposed snubber.

The waveforms in a steady-state condition have been gen-
erated in LTspice simulation software for the particular circuit
parameters: transformer primary inductance L1 = 10 µH, turns
ratio n= 7, coupling coefficient between primary and secondary
is 0.987 (leakage inductance 0.26 µH), switching frequency
is about 69.7 kHz, input voltage Vin = 30 V, output voltage
205 V, and output power 136 W (output load resistor 310 Ω).
The proposed snubber has the parameters: C1 = C2 = 1.5 µF
and Laux = 2.2 mH. The duration of the stages and simulated
operation waveforms are presented in Fig. 4.

The main switch SW turns ON at the time moment t0 and
the whole switching cycle lasts until the moment t4. By t0
auxiliary diodes Daux1, Daux3, and secondary diode Do are
nonconducting.

A. Stage 1 (t0–t1)

In this stage, the main switch SW is turned ON, and the
transformer starts to gain power. The equivalent schematic of
this stage is presented in Fig. 3(a). Auxiliary diode Daux3 is
reverse biased by the voltage Vc. The auxiliary diode Daux1

is reverse biased by the voltage Vin + Vc. The current Ix of
auxiliary inductor Laux increases linearly because two snubber
capacitors C1 and C2 are applied to the Laux through the main

Fig. 3. Equivalent stage circuits. Np–primary winding turns number, Ns–
secondary winding turns number, Vin–input voltage, Ip–transformer primary
current, Is–transformer secondary current, Ix–auxiliary inductor Laux current,
and Io–output load current. (a) Stage 1. (b) Stage 2. (c) Stage 3. (d) Stage 4.

switch SW. The capacitors C1 and C2 are connected in parallel
through Daux2 and Daux4 diodes and share the Ix current, see
Fig. 4. Let Vc be the steady-state voltage on each of C1 and C2,
Ton = t1 − t0 then during this stage Ix will increase by value

ΔIx = Vc/Laux
× Ton. (2)

B. Stage 2 (t1–t2)

At the moment, t1 the main switch SW turns OFF, ISW = 0
in Fig. 4, and the transformer primary current Ip is redirected
and charges clamp capacitors C1 and C2 through the diodes
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Fig. 4. Simulation waveforms of the flyback converter circuit with the pro-
posed regenerative snubber. VSW–drain to source voltage on the switch SW,
ISW–current of the switch SW, Is–secondary transformer winding current,
Ip–current of the transformer primary, IDaux1 and IDaux3–currents of cor-
responding charging diodes Daux1 and Daux3, Vx–the potential of the Daux5

cathode, Ix–current of the auxiliary inductor Laux, IDaux2, and IDaux4 cur-
rents of corresponding discharging diodes Daux2 and Daux4, and VC1 and
VC2–snubber capacitors C1 and C2 voltage values.

Daux1 and Daux3 until t2 when transformer leakage energy is
depleted. The equivalent schematics of this stage is in Fig. 3(b).
The diodes Daux2 and Daux4 are nonconducting until charging
current Ip reverses to −Ix value, by moment t2. Ix current is
redirected to the Daux1 and inductor Laux discharges to the input
for this short period of time. Auxiliary capacitors C1 and C2

connected in series and provide double Vc voltage to reset the
main transformer; hence, Ip rapidly reverses

dIp
dt

= − (2Vc − Vo/n)× 1/Ls (3)

where Ls = L1 − M2/L2 is the transformer leakage inductance
measured from the primary side. L1, L2, and M are primary,
secondary, and mutual inductances of the transformer, corre-
spondingly. The time duration of this stage Tx can be derived
from (3)

Tx = t2 − t1 =
Ls × Ip_peak

2Vc − Vo/n
(4)

where Ip_peak is the primary side current peak before transistor
SW switch OFF. Deriving (4), snubber inductor current Ix was
neglected compared to Ip_peak.

C. Stage 3 (t2–t3)

The equivalent schematic of this stage is in Fig. 3(c). By the
moment t2, the transformer leakage energy has been depleted,
Ip has dropped to −Ix value, and diodes Daux1 and Daux3 have
been closed, IDaux1 = IDaux3 = 0 in Fig. 4. During this time,
the transformer secondary side discharges energy into the output
capacitor Co. The auxiliary inductor current Ix forward biases the
diodes Daux2 and Daux4, and capacitors C1 and C2 are connected
in parallel. Now, the snubber inductor Laux and capacitors C1

and C2 recover part of their energy accumulated in previous
stages to the input power supply and into the secondary output
through the main transformer. The voltage applied to the Laux

equal to −(Vin + Vo/n − Vc). Thus, taking into account (1), the
Ix current change during discharge time Tdis = t3 − t2 can be
found as

ΔIx = − [Vin × (Tdis + Ton)− Vc × Tdis]× 1/Laux
. (5)

D. Stage 4 (t3–t4)

By the time t3, the secondary current Is has exhausted, Is = 0,
and the last operation stage starts, see Fig. 3(d). The secondary
diode Do is reversed, the main switch Qm remains OFF; therefore,
the flyback enters the dwell mode. Now, the energy of the
snubber inductor Laux and snubber capacitors C1 and C2 are
recovered into the input only. The voltage applied to the auxiliary
inductor and the transformer primary inductor L1 is−(Vin−Vc).
The current Ix will change by value

ΔIx = −(Vin − Vc)× Tdw/(Laux + L1)
(6)

where dwelling time Tdw = t4 − t3 or = Toff − Tdis.

III. DISCUSSION

In steady-state the auxiliary inductance current does not
change during flyback switching cycle ΔIx = 0.

Therefore, combining changes (2), (5), and (6) of ΔIx for
stages 1, 3, and 4, and neglecting the change (3) of Ix during
stage 2, one could find that

Vc × Ton − Vin × (Tdis + Ton) + Vc × Tdis

− (Vin − Vc)× Tdw × Laux/(Laux + L1) = 0 (7)

from which it is easily found that

Vc = Vin (8)
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which means, the voltages of auxiliary snubber capacitors C1

and C2 in Fig. 2 follow input voltage. At stage 2, the transformer
primary current Ip is met by resetting double input voltage 2Vin

of serially connected snubber capacitors. Equation (8) was de-
rived assuming that the auxiliary inductor current is continuous.
It can be said that the auxiliary inductance recovers energy to
the secondary side at stage 3 through the flyback transformer.

In most practical cases, the conventional LCD snubber in
Fig. 1 is implemented with a resonant current of the auxiliary
inductor Lx and recharging snubber capacitor Cx [10]–[12]. The
snubber can also be implemented with a nonresonant (discon-
tinuous or continuous) auxiliary inductor current. In some rare
cases, the snubber could be implemented with constant voltage
Vc of the capacitor Cx. In this case, with continuous conducting
inductor Lx, the steady-state equations for the Lx current would
be the same as at stages 1, 3, and 4 of the proposed snubber,
and hence we get the same steady-state value for Vc = Vin, like
in the case of the proposed snubber (8). The advantages for the
conventional LCD snubber operating in the nonresonant mode
before the resonant mode are as follows:

1) the auxiliary inductance Lx recovers energy to the sec-
ondary side;

2) snubber capacitor Cx does not recharge;
3) no delay of the secondary current;
4) reduced circulating currents in the snubber and flyback.
The conventional snubber will work in this mode correctly

if clamp voltage Vc is big enough to reverse the transformer
at a reasonable time Tx, therefore Vc = Vin > Vo/n. For the
flyback working in CCM, it means that duty cycle D < 50%.
It is a too tight limitation, which is why the conventional LCD
snubber is never designed with constant Vc voltage. At least,
the snubber capacitor is designed to charge and discharge with
sufficient voltage swings around the Vin value. This poses the
trade-off problem between the voltage spike of the main switch
and the delay time Tx. As for the proposed snubber in Fig. 2, the
considered mode of operation will be valid for the clamp voltage
2Vc

2Vc > Vo/n. (9)

For example, for continuous conducting flyback, (9) means
the duty cycle D < 2/3. Most of the flyback designs can fit
the limit (9). The advantage is that, at the transformer reverse
stage 2, the reverse voltage is 2Vin. Therefore, with the proposed
snubber, the flyback has reduced reverse time Tx, decreased
power losses in the power train due to reduced rms, and less
power handled by the snubber. If double clamping voltage 2Vin

is an undesirable voltage stress for the primary flyback switch,
designers could reduce clamping voltage according to (12).

Let us cover the case when the auxiliary inductor current Ix
is discontinuous, C1 and C2 voltages are constant.

1) To be specific, let the current Ix vanish somewhere at stage
4, when the flyback is at the dwell mode. The current Ix
will change by value

ΔIx = −(Vin − Vc)× Ty × Laux/(Laux + L1) (10)

Fig. 5. Photo of the experimental setup of the microinverter with two-phased
flybacks.

where Ty is the Ix current time tail to extinct at stage 4. By
assumption Ty < Tdw. Combining changes (2), (5), and (10) of
ΔIx one could come to the same result (8).

2) To be specific, let the current Ix reach zero somewhere at
stage 3, when the flyback is at the discharge mode. The
auxiliary inductor Laux current will change by value

ΔIx = −(Vin + Vo/n− Vc)× Tz/Laux
(11)

where Tz is the Ix tail to extinct at stage 3. By assumption, Tz <
Tdis. Combining changes (2) and (11) of ΔIx, one can get

Vc = (Vin + Vo/n)× Tz/(Ton + Tz). (12)

This means with decreasing Tz, the Vc goes down. The adverse
effect of discontinuous conduction is that if Vc decreases, then
this results in prolonged reverse time Tx and, as a consequence,
higher rms in the flyback.

The charge Qx pumped into clamp capacitors C1 and C2

during transformer reverse time Tx can be estimated as

Qx =
1

2
Ip_peak × Tx (13)

where the 1/2 multiplier comes up because the current Ix linearly
decreases to zero during Tx. The auxiliary inductance current Ix
must discharge the clamp capacitors during the switching period
Tsw; hence, from (13) one could find the average current Ix

〈Ix〉 = Ex

Vc × Tsw
or 〈Ix〉 = 1

Tsw

Ls × I2p_peak

2Vc − Vo/n
(14)

where Ex is the part of the leakage energy captured by clamp
capacitors C1 and C2.

The above equations and conclusions are obtained for flyback
in DCM, but the same result is correct for a flyback in CCM.

IV. EXPERIMENTAL RESULTS

A laboratory sample has been created, see Fig. 5, to verify
theoretical conclusions in experiments.

The experimental flyback sample has the switching frequency
69.7 kHz, and the transformer with measured parameters is
presented in Table I.

With these parameters, the converter operates in CCM over
an input power range of 100 to 300 W. The idea behind the
transformer design was to reduce rms currents with attention to
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TABLE I
FLYBACK TRANSFORMER PARAMETERS

TABLE II
PARAMETERS OF THE SNUBBERS

Fig. 6. Conventional snubber, top—drain–source voltage of the main switch
(Qm or SW), lower—the current Ix of auxiliary Lx. (a) Resonant Ix. (b)
Continuous Ix.

the primary side because it is a high current part of the flyback
circuit. Pursuing our ultimate goal, we moved from boundary
conduction mode to CCM by increasing transformer primary
inductance. By decreasing the transformer turns ratio (n = 1/8),
the conduction time of the main switch was increased, so the
duty cycle values are around 50% at maximum power. Increasing
magnetizing inductance also increases the leakage inductance,
but if we designed the snubber with perfect recovery efficiency,
then leakage inductance issues might not be critical. Also, we
had in our mind that reducing the peak of the primary current
would make the leakage energy problem not that problematic
for the proposed snubber.

The conventional LCD snubber and the proposed snubber
have parameters presented in Table II. The capacitors of the
snubbers are made of parallel-connected capacitors to reduce
equivalent series resistance (ESR) and power losses.

A. Conventional Snubber

First, we compared the performances of the conventional
snubber (Fig. 1) with resonant and continuous conducting auxil-
iary inductances. The waveforms were measured for the flyback
in CCM at input voltage 35 V, output voltage 180 V, and output
power 100 W.

In Figs. 6(a) and 7(a), one can see the experimental waveforms
with resonant auxiliary Lx. The snubber parameters are almost
the same as in Table II, except for the Lx = 8.6 µH, 10 A (size
10x25 mm, Rx= 60 mΩ). During time interval t0–t1, the snubber
capacitor Cx is resonantly recharged to the lowest voltage.
During time interval t2–t3, the snubber capacitor is linearly

Fig. 7. Conventional snubber, top—drain-source voltage of the main switch
(Qm or SW), lower—the secondary side current Is. (a) Resonant Ix. (b) Contin-
uous Ix.

Fig. 8. Efficiency: conv—conventional LCD snubber with continuous Ix;
conv_res—conventional LCD snubber with resonant Ix.

recharged back to the highest voltage by the primary current
while the flyback transformer reverses. This reverse process
takes considerable time Tx more than 0.8 µs, see the delay of
the secondary side current in Fig. 7(a). The charge flowing into
the Cx capacitor could be estimated as Qx = Tx × Is_peak/n =
0.8 µs × 1.25 A × 8 = 8 µQ.

In Figs. 6(b) and 7(b), one can see the experimental waveforms
for the conventional LCD snubber with a continuous conducting
current of Lx. The snubber parameters are the same as in Table II.
The inductor Lx current is slightly above CCM, capacitor Cx

does not recharge. As a consequence of continuous conduction,
the Lx damps energy into the secondary side, and there is no Cx

recharge, and no much delay Tx between the switch Qm turn-OFF

and the secondary side current [see Fig. 7(b)]. Therefore, there
are considerably lower power losses in the snubber circuit and
there is no adverse influence on flyback rms. Notice that the
voltage of the snubber capacitor is constant, the voltage spike
on main switch 2Vin = 70 V.

In Fig. 8, one can compare the flyback efficiencies with the
conventional nonintegrated LCD snubber with resonant and
continuous conducting auxiliary inductance Lx.

The measurements with the resonant Lx cannot be continued
above the 120 W flyback output because of the considerable
heating of the capacitor Cx array. It appears that the conduction
losses are predominant. The efficiency of the hard switching
flyback with a nonresonant conventional LCD snubber is con-
siderably higher than the soft switching flyback with the same
resonant snubber.

In Figs. 9(a) and 10(a), there are experimental waveforms of
the flyback at 260 W output power, 280 V output voltage, and the
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Fig. 9. Snubbers comparison, top waveform–potential of clamp diode (D1 or Daux1) anode, lower waveform–auxiliary inductor current Ix. (a) Conventional
LCD snubber, continuous Ix. (b) Proposed snubber, discontinuous Ix. (c) Proposed snubber, continuous Ix.

Fig. 10. Snubbers comparison, top waveform–the drain-source voltage of the main switch (Qm or SW), lower waveform–the secondary side current Is.
(a) conventional LCD snubber, continuous Ix. (b) Proposed snubber, discontinuous Ix. (c) Proposed snubber, continuous Ix.

continuous conducting auxiliary inductance of the conventional
snubber. The test experiments were done at input voltage 35 V.
It is seen that the clamp voltage starts to swing with considerable
amplitude because its steady-state value Vc = Vin is no longer
capable to reverse the transformer. By the moment t1 transistor
Qm turns OFF and during t1–t2 capacitor Cx almost linearly
charged to the maximum about 52 V. During this transformer
reverse time Tx = t2 − t1, clamp capacitor recycles to the input
the rest of the leakage energy and captures a new portion of it.
Because some leakage energy is recovered during t2–t3 to the
secondary side, it takes less time to recover the rest of leakage
during t1–t2 of the next switching cycle; therefore, Tx = t2 − t1
is shorter than in the case of resonant Lx. Notice that at 260 W
output, Tx is 0.5 µs [see Fig. 9(a)] and compare it to reverse
time 0.8 µs in Fig. 7(a) for the 100 W case with resonant Lx.
The charge flowing into Cx during Tx: Qx = Tx × Is_peak/n
= 0.5 µs × 2.28 A × 8 = 8.7 µQ–practically the same as
with the resonant Lx and 100 W output power, but snubber rms
is considerably lower due to the continuous nature of Ix. The
thermal measurements give that the Cx capacitor array heats
over 110 °C at 100 W flyback power with resonant Ix and heats
up to 80 °C at 260 W with the continuous current Ix.

B. Proposed Snubber

In Figs. 9 and 10, there are waveforms of the flyback with
the implemented proposed snubber. The measurements were

done at the flyback output power 250 W, output voltage 280 V,
and input 35 V. Figs 9(b) and 10(b) are for the auxiliary Laux

discontinuous current with snubber parameters are almost the
same as in Table II except for the auxiliary inductance Laux =
100 µH, 2.2 A (size 10x20 mm, Raux = 90 mΩ). Figs 9(c)
and 10(c) are for the Laux continuous current with snubber
parameters are as in Table II.

With the continuous current of the snubber inductor Lx, as
shown in Fig. 10(c), the voltage spike on the flyback switch
is about 3Vin = 105 V and in coincidence with (8). With the
discontinuous current of Lx, Fig. 10(b), the voltage spike on the
flyback switch is noticeably lower than 3Vin according to (12).
Therefore, the transformer reverse time Tx = 0.6 µs is consid-
erably longer than in the case of the continuous conducting Lx,
compare to Tx = 0.25 µs in Fig. 10(c). This results in higher rms
currents in the flyback circuit and the snubber. In Fig. 11, one can
compare efficiencies of the proposed snubber with continuous
and discontinuous Ix current. As it was expected, the efficiency
of the flyback with discontinuous Ix is lower than the efficiency
with continuous Ix.

C. Comparison of the Snubbers

Comparing Fig. 10(a) with (c), one can see that the trans-
former reverse time Tx is considerably shorter with the proposed
snubber than with the conventional LCD snubber. Therefore,
higher flyback efficiency is expected because of smaller rms.
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Fig. 11. Efficiency: new–the proposed snubber with continuous Ix, new_dis–
the proposed snubber with discontinuous Ix.

Fig. 12. Efficiency measurements, constant resistive load 310 Ω: triangle–
conventional LCD snubber, square–the proposed snubber; dotted–30 V input,
solid–35 V input.

TABLE III
280 V CONSTANT VOLTAGE LOAD, Pout = 262 W

The conventional snubber has a bigger auxiliary inductance
current of about 0.5 A [see Fig. 9(a)] while the proposed one
has below 0.2 A. This is because during prolonged time Tx, the
conventional snubber clamps more charge and that charge needs
to be recovered by increased auxiliary inductor current.

Finally, the flyback efficiencies with the conventional LCD
and the proposed snubbers were measured at their best per-
formance conditions with continuous conduction currents in
auxiliary inductances (Figs. 12 and 13).

The measurements were provided at two input voltages
30/35 V and two loads: constant resistive load 310 Ω (Fig. 12)
and constant output voltage 280 V (Fig. 13). The value of the
capacitor Cx of the conventional snubber was chosen to have
about the same maximum voltage spike about 104 V on the
flyback primary switch over input voltage and output load ranges
as with the proposed snubber, see Table III. The transformer
reverse time Tx increases with load faster for the conventional
snubber than for the proposed one. Therefore, at loads more than
100 W, the efficiency of the proposed snubber is better.

Fig. 13. Efficiency measurements, constant output voltage 280 V: triangle–
conventional LCD snubber, square–the proposed snubber; dotted–30 V input,
solid–35 V input.

TABLE IV
CONVENTIONAL SNUBBER POWER LOSS BREAKDOWN

At output loads lower than 100 W, the Tx time of both
flybacks becomes negligible to adversely influence flyback rms.
The leakage energy drops and the auxiliary inductance current
Ix becomes discontinuous in the proposed snubber, switching
losses of the snubber diodes Daux2 and Daux4 become dominant.
Therefore, at loads <100 W and D < 50%, the efficiency of
the proposed snubber is slightly worse than the efficiency of the
conventional snubber. At input voltage 30 V and constant output
280 V, the efficiency of the conventional snubber is considerably
worse over the entire load range. This is because at the given
input and output voltages the flyback duty cycle is close to 50%
over the entire load range; therefore, increased currents circulate
in the snubber considerably recharging the capacitor Cx and
waste more power in the snubber circuit.

From Table III, the peak primary current, peak secondary cur-
rent, and secondary rms have about 5% gain over the proposed
snubber case at the maximum output power 250 W. It can be
said with confidence that the primary rms is affected the same
way, though not directly measured because of high sensitivity
to intrusions to the primary side.

Let us evaluate snubber losses at input voltage 35 V, output
voltage 280 V, and output power 262 W. The component losses
of the conventional snubber are listed in Table IV. The average
current of the diode D1 was estimated as peak current Ip_peak
= 18.9 A of the primary switch Qm multiplied by the fraction
of the transformer reverse time ΔTx = 0.6 µs [estimated from
Fig. 10(a), Tx = 0.8 µs] and divided by the switching period Tsw

= 14.4 µs

ID1 = Ip_peak ×ΔTx/Tsw
. (15)
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TABLE V
PROPOSED SNUBBER POWER LOSS BREAKDOWN

Fig. 14. Approximation of the efficiency data.

The rms current of the snubber capacitor Cx was estimated as

Ic =
√

Ip_peak
2 ×ΔTx/Tsw

. (16)

The component losses of the proposed snubber are listed in
Table V. The average current of the diodes Daux1 and Daux3 was
estimated as peak current Ip_peak= 18.0 A of the primary switch
SW multiplied by the transformer reverse time Tx = 0.25 µs,
divided by the switching period Tsw = 14.4 µs and divided by
two because the diodes current drops linearly during Tx

ID1 =
1

2
Ip_peak ×ΔTx/Tsw

. (17)

The rms current of the snubber capacitors C1 and C2 was
estimated as

Ic =
1

2

√
Ip_peak

2 ×ΔTx/Tsw
. (18)

The conventional snubber accounts for the additional effi-
ciency loss of about 0.33% at 250 W output power.

The flyback power losses comprise switching losses that are
linearly dependent on currents and conduction losses that are
dependent on square rms. To correctly estimate the influence of
the increased rms of the flyback currents, we should estimate the
weight of the switching and conduction losses. We approximated
the efficiency curve measured at 35 V input and constant output
voltage 280 V by the formula

Eff = 100%− 0.80/Iout − 1.48− 4.23× Iout (19)

where Iout is output current expressed in dimensionless units
referred to the maximum output current. The quality of the
approximation can be viewed in Fig. 14. In (19), the subtracted
term 1.48 corresponds to the switching losses and the subtracted

term 4.23 × Iout corresponds to the conduction losses. The
weights of each term at the maximum output power are Wsw

= 1.48% and Wcon = 4.23%, here Iout = 1. From Table III, the
secondary rms of the conventional snubber Is_RMS = 1.35 A is
about 4.7% higher than the secondary Is_RMS = 1.29 A with the
proposed snubber. Assuming that the primary rms is affected by
the same amount, one can get influence on the efficiency as

ΔEff = Wsw × 0.047 +Wcon × 0.0472 = 0.48%. (20)

Hence, the estimation of the efficiency drop is about 0.8%
and explains the measurement results in Figs. 12 and 13 at 35 V
input and maximum power.

The additional components of the proposed snubber take a
little space on the printed circuit board (PCB) (see Table II).
Comparing Tables IV and V, it is clear that the proposed snubber
could be optimized further: current ratings of diodes Daux1 and
Daux3 could be reduced two times compared to the conventional
snubber; ratings of Daux2, Daux4, and Daux5 could be reduced to
1 A; thermal ratings of all snubber components could be reduced.

The snubber diode Daux5 is helpful in case of high current
pulsations in auxiliary inductance Laux and prevents negative
current if Laux enters into DCM. If the operation condition (9)
of the proposed snubber is valid then the diode Daux5 can be
removed, because diodes Daux2 and Daux4 will prevent Laux

from negative currents while the diode Daux3 will be reverse
biased by snubber capacitors C1 and C2.

Although we have got the efficiency gain for load >50%,
it is possible to extend the achievement down to 25% load in a
two-phased converter by smart control. For example, at 25–50%
load of the microinverter, one of its phases can be turned OFF

to let the other phase operate at 50–100% of its power with the
highest efficiency.

The voltage stress on the main switch can be adjusted by intro-
ducing the snubber into DCM (12). Practically in all designs, the
conventional LCD snubber (resonant or nonresonant) imposes
a delay of the flyback secondary side current [Fig. 8(a)]. This is
because it takes some time for the clamp capacitor to reach the
value sufficient to reverse the flyback transformer. Therefore,
given the same voltage stress, the proposed snubber, although in
discontinues mode, has advantages.

The proposed snubber suggests more possibilities to study.
In the proposed snubber, an integration of a snubber auxiliary
inductor with the main flyback transformer is possible. It can
be resonant as well if the application requires it. It could be
implemented with one or two snubber capacitors resonantly
recharging.

V. CONCLUSION

The new passive lossless snubber is proposed in the article.
For the proposed snubber, the best operation mode is considered,
which better suits microinverter applications or in general, for
applications where conduction losses prevail over switching
losses. In this article, it was revealed how the conventional
LCD snubber adversely influences the flyback efficiency. For
low voltage applications such as a microinverter for photovoltaic
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panels, a method has been proposed to improve the performance
of a conventional snubber. In this particular case, switching
losses are small and ZVS can be ignored. It has been shown
that the traditional snubber will perform better with the constant
voltage of the snubber capacitor although the primary switch
is left hard switching. The method is limited to the duty cy-
cles <50%. Therefore, in this article, the improvement for the
conventional LCD snubber was proposed. The benefits of the
proposed nonresonant snubber are reduced circulating currents
in snubber circuits and the snubber does not worsen current rms
on flyback primary and secondary sides. Experimental proofs
and power loss calculations are provided. The improvement is
inexpensive and does not require a lot of space on the PCB.

REFERENCES

[1] T. F. Wu, S. A. Liang, and C. H. Lee, “A family of isolated single-stage
ZVS-PWM active-clamping converters,” in Proc. IEEE PESC, vol. 2,
1999, pp. 665–670.

[2] Q. Li and F. C. Lee, “Design consideration of the active-clamp forward
converter with current mode control during large-signal transient,” in Proc.
IEEE PESC, vol. 2, 2000, pp. 966–972.

[3] R. Watson, F. C. Lee, and G. C. Hua, “Utilization of an active-clamp
circuit to achieve soft switching in flyback converters,” IEEE Trans. Power
Electron., vol. 11, no. 1, pp. 162–169, Jan.1996.

[4] T.-F. Wu, Y.-S. Lai, J.-C. Hung, and Y.-M. Chen, “An improved boost
converter with coupled inductors and buck-boost type of active clamp,” in
Proc. Ind. Appl. Conf., 2005, pp. 639–644.

[5] S.-Y. Tseng, C.-.T. Hsieh, and H.-C. Lin, “Active clamp interleaved fly-
back converter with single-capacitor turn-off snubber for stunning poultry
applications,” in Proc.IEEE Power Electron. Drive Syst. Conf., 2007,
pp. 1401–1408.

[6] M. Fornage, “Method and apparatus for a leakage energy recovery circuit,”
U.S. Patent US2009/0225574A1, Sep. 10, 2009.

[7] G. A. Kern and T. Gopalarathnam, “Power converter and methods
for active leakage energy recovery in a power converter,” U.S. Patent
US2013/0343098A1, Dec. 26, 2013.

[8] G. Balbayev, A. Nussibaliyeva, B. Tultaev, E. Dzhunusbekov, G.
Yestemessova, and A. Yelemanova, “A novel regenerative snubber circuit
for flyback topology converters,” J. Vibroengineering, vol. 22, no. 4,
pp. 983–991, Jun. 2020.

[9] T. Ninomiya, T. Tanaka, and K. Harada, “Analysis and optimization of a
nondissipative LC turn-off snubber,” IEEE Trans. Power Electron., vol. 3,
no. 2, pp. 1147–1156, Apr. 1988.

[10] R. Petkov and L. Hobson, “Analysis and optimization of a flyback con-
vertor with a nondissipative snubber,” IEE Proc. Electric Power Appl.,
vol. 142, no. 1, pp. 35–42, Jan. 1995.

[11] M. Hirokawa and T. Ninomiya, “Nondissipative snubber for rectifying
diodes applied to a front-end power supply,” in Proc. IEEE PCC-Osaka,
vol. 3, 2002, pp. 1176–1181.

[12] C. Liao and K. Smedley, “Design of high efficiency flyback converter with
energy regenerative snubber,” in Proc. IEEE App. Power Electron. Conf.
Expo., TX, USA, 2008, pp. 796–800.

[13] J. Qian and D. F. Weng, “Leakage energy recovering system and method
for flyback converter,” U.S. Patent US 6473318, Oct. 29, 2002.

[14] A. Abramovitz, “Analysis and design of energy regenerative snubber for
transformer isolated converters,” IEEE Trans. Power Electron., vol. 29,
no. 11, pp. 6030–6040, Nov. 2014.

[15] Q. Jinrong and F. Weng Da, “Voltage clamping system and method for a
dc/dc converter,” U.S. Patent WO02/41479A2. May 23, 2002.

[16] T.-H. Ai, “A novel integrated nondissipative snubber for flyback con-
verter,” in Proc. IEEE Int. Conf. Syst. Signals, Jun. 2005, pp. 66–71.

[17] M. Mohammadi and M. Ordonez, “Flyback lossless passive snubber,” in
Proc. IEEE Energy Convers. Congr. Expo., 2015, pp. 5896–5901.

[18] E. J. Dzhunusbekov and S. A. Orazbayev, “Switch mode power converter
apparatus and method for a transformer leakage energy recovery,” Eurasian
Patent EAPO№035584B1, Jul. 14, 2020.

Erlan Dzhunusbekov received the Ms.D. degree in
solid-state physics from the Russian National Re-
search Nuclear University (MEPhI), Moscow, Russia,
in 1996.

He has been the Lead Engineer with the R&D
Forward-Looking Group of Power Electronics in
the Russian National Research University (MAI),
Moscow, Russia. He has been the Principal Engineer
with the Power Advanced Team, Samsung Electro-
Mechanics Company, Gyeonggi-do, South Korea.
Currently, he is the Principal Investigator with the

Electronics Laboratory of Advanced R&D, Kazakh-British Technical Univer-
sity, Almaty, Kazakhstan.

Sagi Orazbayev received the Ph.D. degree in the field
of materials science and technology of new materials
from Al-Farabi Kazakh National University, Almaty,
Kazakhstan, in 2015.

He is a Postdoctoral Researcher with the Al-Farabi
Kazakh National University, where he is also a Se-
nior Researcher with the National Nanotechnology
Laboratory. His research interests include the general
areas of plasma processing science and gas discharge
phenomena, especially as applied to nanotechnology
applications, light sources, solar energy utilization,

and power electronics. He studies the physics and chemistry of chemically
active nonequilibrium plasmas, related to dust particle nucleation and growth
indifferent kinds of chemistries and different applications. He and his group work
closely with various plasma users for material processing and the production of
diagnostic equipment.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


