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Utilizing -Mag‘ Amp Technique in
‘Flyback Converter

Chern-Lin Chen, Senior Member, IEEE and Tso-Min Chen

Abstract— Mag amps have been widely used in forward
converters to provide multiple regulated outputs. Owing to the
inherent property of forward converter, bleed resistors are added
in each output to ensure output voitage will not rise under light
load condition. These added bleed resistors waste power and
decrease circuit stability, it is worse when the number of outputs
is increased. This paper presents a mag amp assisted flyback
converter, which can provide multiple regulated outputs and only
one output, which has no mag amp in front of its rectifier, has the
minimum load requirement. Circuit operating principles and
design considerations are introduced. Experimental results
demonstrate that multiple regulated outputs can be obtained and
only one bleed resistor is needed for the switching delay
introduced by the mag amp. :

Index Terms—Aflyback converter, mag amp, DC/DC converter,
regulation.

I. INTRODUCTION

ITH a single pulse width modulation (PWM) control

system, mag amps have been popular as post regulators
in forward converters to provide multiple regulated outputs
[1]-[5]. The main drawback of these circuits is that each
output must have a bleed resistor to ensure output voltage will
not rise under light load condition. Increasing the flux
density swing of mag amps can reduce power loss on the bleed
resistors, but the core loss of mag amps increases at the same
time [5], the total loss of circuit does not reduce distinctly.
Bleed resistors waste power and heat up the circuit, the
condition becomes worse when the number of outputs
increases. .

The “time share” technique documented in [6] uses mag
amps in flyback converter can provide tightly regulated
outputs. But the single secondary winding arrangement of
the power transformer causes that only the output with highest
voltage level can be regulated by the PWM controller, thus
leading to less flexible to some applications.

The proposed mag amp assisted flyback converter is shown
in Fig. 1. Owing to the arrangement of mag amps, the
conduction ‘interval of the rectifier in the PWM-regulated
output always lags behind that of other rectifiers in the
non-PWM-regulated outputs, thus resulting in better dynamic
response while the load is varying. The second advantage of
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the proposed converter over its counterpart in [6] is that the
output with either the lower or the higher voltage level can be
regulated by the PWM controller under different design of the
secondary windings of the power transformer. This will
make it more flexible to different applications.
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Fig. 1. Proposed mag amp assisted flyback converter.

II.  PRINCIPLE OF THE PROPOSED CONVERTER

Fig. 2 shows the simplified circuit diagram of the proposed
converter with only two outputs. Although in this section the
new mag amp technique is described for the two outputs
flyback converter, this technique can be applied to flyback
converter with greater number of outputs. To describe the
basic operational principles, several assumptions are made.

@ The converter has reached a steady-state operation.

® The inductance of the mag amp is infinite when it is not

saturated, and zero when it is saturated.

@ All semiconductor components are ideal.

® The coupling of the power transformer is ideal, which

means that the power transformer does not have the
leakage inductance.

To facilitate the analysis of operation, Fig. 3 and Fig. 4
show the three topological stages of the converter during a
switching cycle and its key waveforms, respectively.

Stage 1 [to=t<t;]:

Q1 is conducting and the current flowing through the



primary magnetizing inductor of the power transformer Tx
increasing linearly. The power, however, is not delivered to
the output, but stored in the primary magnetizing inductor.
In the output side, the deviated voltage of Vo, determines the
reset current of mag amp.

However, the mechanism of the reset network for the mag
amp used here is just the converse of that in the forward
converter. The reset current applied to the mag amp is
controlled by the reset network so that it is greater when the
voltage level of Vo, is lower and becomes smaller when the
voltage level of Vo, is higher.
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Fig. 2. Proposed mag amp assisted flyback converter with two-outputs.

Stage 2 [t; §t<t2]:

During this stage, Q1 is off and the ampere-turns of the
power transformer Tx can not instantaneously change. The
voltage across all windings of the power transformer Tx
reversed to force the current transfer to the secondary
windings. Owing to the reset current applied to the mag amp
during stage 1, the mag amp M.A. is under high impedance
status and prevents current from flowing. Before the voltage
difference across M.A. drives the core into saturation, only
Do, is conducted. The more reset current applied to the mag
amp in the stage 1, which is determined by the deviated
voltage of Vo, the time required to bring the mag amp into
saturation becomes longer.

The condition of the set operation applied on the mag amp
is that the voltage across the mag amp must be greater than
zero, which can be expressed as follows:
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(1) can be further condensed into

Nsn >Zo_|, (2)
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Stage 3 [t, St<ty):
When the mag amp is saturated, its impedance drops to zero

Vs =V, >0 1y

and Vg, is clamped to Vo, while Dy, starts to conduct. By
properly design of the turns-ratio between secondary windings
of the power transformer, the reflected voltage Vg, is lower
than Vo, and Do, is reversed bias. The condition of Do, is

- blocked in the stage can be written as follows:

N
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(3) can be further condensed into

Ny Vo, . )
Ny Vo '
In the traditional multiple outputs flyback converter, all the
output rectifiers start to conduct at the turn-off instant of the
main switch. However, only one output rectifier is
conducting in the proposed converter while the main switch
Q1 is off, which is Do, in stage 2 and Dy, in stage 1. This
means that the “on-time” interval of the output rectifiers is
“divided”, which is the heart of the “time share” technique.
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Fig.3. Operating stages of proposed converter.
(a) Stage 1;
(b) Stage 2;
(c) Stage 3.
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Fig. 4. Typical operating waveforms of the converter.

III. DESIGN CONSIDERATIONS

This section presents the design considerations of the
proposed converter according to its operational principles.

(1).Power transformer Tx:

The power transformer design for the proposed converter
has no difference with that for a non-mag-amp assisted
flyback converter. Both discontinuous current mode and
continuous current mode operations can be implemented under
normal design procedures.

® discontinuous current mode:

When the proposed converter is operated under
discontinuous current mode, the following equations can be
obtained:
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where Pp is the total output power, Ly is the magnetizing
inductance of the power transformer Ty, Ipx is the peak current
conducted in the switch Q1, 7 is the efficiency of converter,
D is the ratio of the on time of Q1 to the total switching period
Ts, and Np is the primary turns number of the power
transformer. Combining (5) and (6), we can obtain:
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After choosing suitable D and estimating the circuit
efficiency, the magnetizing inductance can be determined by
(8). The maximum of the primary turns can be solved by (7)
after the maximum magnetic flux density of power
transformer is determined and suitable core is chosen.

® continuous current mode: ,
When the proposed converter is operated under continuous
current mode, we get:

Py =11, (20)- 13w @
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Lyl = N,Bl 4, x10. (1)

Solving (9) and (10), we can obtain the average primary
current during the time interval DTs:

L)+ 1,06) _ P . (12)
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The peak primary current can be expreésed as:

P, 4

X =ZD—1;+§Z'":DT" (13)
Inserting (13) into (11) yields:
B, =NL,,'Z, (V:;fz?., DTs)xlo"- (14)
Rearranging (14),
L, =VuDn (N,,A,B,;_x x10- —%DTS)- (15
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(15) can be used to determined the maximum of magnetizing
inductance of the power transformer while the converter is
operated under continuous current mode.

The turns-ratio between the secondary windings of the
power transformer can be chosen according (2) or (4) in
section I, no matter the converter is operated under
discontinuous current mode or discontinuous current mode.

(2).Mag amp:

The mag amp design of the proposed converter is almost the
same as it used in the forward converter for post-regulation
. application except the reset network is just the converse of that
in the forward converter. This means that the reset current
becomes greater when the control signal voltage Vo, is larger
and the reset network will cut down the reset current applied
to the mag amp when the control signal voltage Vg, becomes
smaller. Here lists some design considerations should be
noted.

1. The blocking time of mag amp varies with load current
of Voy: While the mag amp is used in the forward
converter, the blocking time remains the same under
different auxiliary output current for the continuous
current mode operation. But in the proposed converter,
the blocking time of mag amp will increase while
auxiliary load is increasing, and the maximum blocking
time will occur at the maximum auxiliary load and
minimum main load. While the main load is near off
and its conducted time can be omitted, the maximum
blocking time of mag amp is equal to the conducted time
OfDoz.

2. The squareness characteristic results in the minimum
load requirement in the auxiliary output: According to
the circuit operational principle described in section II,
there is no minimum load demand in any outputs for the
“time share” mechanism of their output rectifiers. But in
reality, owing to the inherent limitation of the mag amp,
there exists a time delay before the mag amp becomes
saturated from unsaturated status.  This can be
explained that even when no reset current is applied to
the mag amp, the flux in the core will return to its
residual value B, When the next power pulse is
applied, there is a delay time before the mag amp is
brought from the residual flux density B, to the saturated
level By. This undesirable delay time limits switching
frequency of mag amp and results in a minimum on time
of Do,.  This means a minimum load requirement of
auxiliary output is needed, and even when the number of
outputs is increased, just only the output without a mag
amp in front of its output rectifier has a minimum load
requirement. This is because that all these mag amps
will be set at the same time during this time delay.

IV. EXPERIMENTAL RESULTS
To verify the operation and performance of the proposed

converter, a prototype is implemented with the following
specifications:
1. input voltage V;,: 300Vdc;
2. main output: 5Vdc/0A~6A;
3. auxiliary output: 12Vdc/0A~2A;
4. switching frequency: 120kHz;
The power stage consists of the following parameters:
1. power switch Q1: Toshiba 2SK962;
2. diode Dg,: Toshiba I0GWJ2C48C;
Doa: Toshiba SDL2C41A;
3. power transformer:
A, of core: lem?
primary: 24 turns of litz wire 20x0.1mm;
secondary: Ng;: 1 turn of litz wire 50x0.1mm;
Ng: 1turn litz wire 20%0.1mm;
Magnetizing inductance: 235 uH.
4. mag amp: Toshiba MS15x10x4.5W with 6 turns.

Two load regulation curves of the mag amp regulated
output voltage Vo, at different load conditions of the main
output are shown in Fig. 5. Experimental result shows the
proposed converter can achieve tight regulation of all outputs.
Some typical waveforms measured on the prototype converter
under extreme loading conditions are shown in Fig. 6. These
waveforms resemble closely those shown in Fig. 4.
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Fig. 5. Load regulation of auxiliary output Vo, at different main output load
condition.
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Fig. 6. Typical operating waveforms measuréd on the prototype converter at
(@) loi=6A, lor=2A;
®) oi=0A, I5;=2A;
(c) loy=6A, Io;=0A;
(d) Io1=0A, Io;=0A.

V. CONCLUSION

This paper presents the analysis, design, and experimental
results for a 54W multiple-regulated-outputs flyback converter
employing mag amp circuitry. The incorporation of the mag
amp circuit into the traditional multiple-outputs flyback
converter provides a mechanism for achieving tight regulation
for all the multiple outputs. Experimental results show
circuit characteristic resembles closely the analysis.
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