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APPLICATION NOTE

MODULAR DESIGN FOR MULTI-OUTPUT
SMPS WITH SYNCHRONOUS POST REGULATION

ABSTRACT

This paper proposes a modular way of
designing multiple output SMPS. A
Synchronous Post Regulator, (SPR),
circuit is described in detail. This circuit
is able to post-regulate both flyback and
forward outputs and has built-in protection
features.

An asymmetrical half bridge converter
working in flyback mode was made using
two independent modular SPR outputs.

A comparison of the resulting operation is
made between this modular SPR circuit
and an equivalent conventional SMPS
with two outputs.
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INTRODUCTION

Usually Switch Mode Power Supplies, (SMPS),
use a transformer as galvanic insulation
between the primary source ,which can be the
rectified mains or a battery, and the secondary
low voltage d.c. outputs.

A particular difficulty that power supply
designers often encounter is: how to regulate
several output voltages, independently loaded,
but having a common duty cycle fixed by the
power level switched in the primary.

For this reason a compromise between cost
and performance of the solutions available
must be made by the designer. These
solutions are outlined in figure 1a, which shows
the secondary side of a multi-output flyback
converter.
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APPLICATION NOTE

Figure 1A

Post regulators review in a multi-output flyback:

- L78XX linear (<1A): cost effective but low efficiency.
- Step down converter L497XA (3A-->8A): High precision output voltage with

additional LC filter and rectifier.

- Mag. amp. circuit (>8A): High efficiency but no “open load” regulation.
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The linear post regulator is probably the
most popular solution for low current
applications (<1A). But this cost effective
approach suffers from high dissipation and
poor efficiency.

For the higher current range, >8A, the
magnetic amplifier still has a good overall
performance. The magnetic amplifier
circuit has a high efficiency and the ability
to handle high output currents. But the
difficulty in implementing effective current
limiting and the poor regulation output
performance (open load) has often
restricted the use of this circuit.

For the medium current range, 3A to 8A,
the housing size and especially the cost of
a magnetic amplifier core are no longer
attractive. In this range of application, high
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efficiency step down converters, for
example the L4970A family can be used as
non-synchronized post regulators. This
type of solution provides a high precision
output voltage and is well suited to
distributed power supply concept [1].
However, this step-down topology always
requires additional components, i.e. an LC
filter and rectifier.

A synchronous semiconductor switch has
many advantages over a comparable
saturable reactor, particularly in medium
power applications. Indeed, a
semiconductor switch gives excellent load
regulation performance. Control and
protection functions such as over current
limiting, short-circuit shutdown, remote
on/off, etc. are easily implemented in a
semiconductor switch.This type of
synchronous post regulator allows the
construction of a multi-output SMPS in a
completely modular way, see Fig. 1b.
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#

SYNCHRONOUS POST REGULATOR
CONTROL PRINCIPLES

The saturable reactor of a magnetic
amplifier used in an SMPS output stage
( Fig.1a) can be replaced by a driven switch
in series with the rectifier. This
configuration has given rise to the term
Synchronous Post Regulator, SPR. In this
configuration a voltage controlled PWM
circuit synchronized with the switching
frequency controls the turn-on delay of the
power switch. The circuit is designed so
that zero turn-on delay corresponds to
maximum load level.

Figure 2 :

Figure 1b : SPR modular multi-output SMPS

design: Each output can be
designed as an independent single
output channel delivering

POUI = VOU( X IOU(

The basic reason for using delayed turn-on
rather than delayed turn-off for controlling
the output is because interrupting the flow
of current through the secondary parasitic
stray inductance would produce over-
voltages across the switch (fig.2). This
would require a dissipative clamping
snubber to protect the SPR against
potentially damaging over-voltages.

Delayed turn-on control is well suited to
discontinuous mode flyback operation
because zero turn-off current avoids
recovery losses in the series rectifier.

SPR control principle : “delayed turn-on rather than delayed turn-off” in order to avoid over-

voltages across the switch due to sharp current changes in the parasitic stray inductance.
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CIRCUIT DESCRIPTION

The block diagram in figure 3 shows the
principle of operation. The output voltage of

the transformer is pulse width modulated
by a power MOSFET switch. The efficiency
of the switch will depend on the R of

DS(on)
the Power MOSFET.

Figure 3: SPR block diagram : A voltage mode PWM synchronized with the switching frequency controls

the turn-on delay of the power MOS.
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A series rectifier is necessary to avoid
reverse conduction through the power
MOSFET body diode during primary on-
time (reverse mode : see fig.4). The

reverse breakdown voltage rating of this
rectifier is the same as for a conventional
flyback :

(Vi mad NV, -
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Figure 4: Minimum breakdown voltage ratings required for the power MOSFET (mode 1 : direct V) and

the series rectifier (mode 2 : reverse V)
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When the SPR is kept off during the flyback
direct mode (fig.4), the power MOSFET has
to withstand a voltage of (V.. /N)-V_,. In
practice, a Power MOSFET with a 50V
breakdown voltage is enough for both 5V and
15V flyback outputs. Low voltage drops can be
achieved by using a power MOSFETS in the

isolated ISOWATT218 package such as

The output voltage error signal controls the
delay width before turning the power
MOSFET on. The PWM sawtooth ramp is
synchronized with the negative edge of the
secondary winding voltage (fig.5). This
means that 100% of the available flyback
current can be transferred to the load
without any propagation delay due to the

STH8ONOSFI (RDsOn = 0.012 Ohms). control loop.
Figure 5 : Synchronization of the PWM sawtooth ramp with the negative edge of the secondary winding
voltage allows 100% of the flyback energy to be transferred to the load.
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APPLICATION NOTE

As the power MOSFET has to be driven
properly in “high side configuration”, the
gate driver supply requires a higher voltage
than the output. A suitable auxiliary supply
can be made without an additional
transformer winding. One possibility is to
build a voltage doubler with two signal
diodes and two small capacitors (fig.6a).

Another method can be to put the flyback
rectifier in the negative output rail. Then
use a signal diode/capacitor network
across the power rectifier which will provide
a supply voltage with a maximum output
(Vo iV, /N) (fig.6b).

out

Figure 6 :  An auxiliary supply, (V) higher than the output voltage can be made in flyback mode in two ways:
6a : Voltage doubler circuit
6b: Peak voltage detection circuit across the rectifier put in the negative rail
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This SPR circuit is also compatible with forward converters (fig.7).

Figure 7: The same Synchronous Post Regulator circuit can be used in forward configuration.
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PRACTICAL EXAMPLE

A 60W output asymmetrical half-bridge
flyback working in discontinuous mode at
100kHz has been designed to illustrate the

operation of this type of power supply. The
converter has two SPR outputs which are
completely independent from the primary
circuit. Explicitly, there is no feedback loop
from secondary to primary side (fig.8).

Figure 8: Asymmetrical half bridge flyback with two Synchronous Post Regulated outputs. There is no
feedback loop from secondary to primary.
* P,y = 60W out 1 : 5V/6A
* f = 100 kHz out 2 : 15V/2A
+HV e
« |
a ’_‘ — RECT1 SYN. + V01
REG. I °©
+
T.
+
ITFO gég V02
DRIVING + l*
STAGE e T .
i DS IRECT2
A4

DOUBLE VERSUS SINGLE SWITCH
FLYBACK

Earlier applications of some ten years ago
avoided the asymmetrical half-bridge
configuration for flyback converters
because the base drive of the high-side
bipolar switch was very complex. The
circuit has the advantage of replacing one
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1000V switch by two 500V switches. Now
it is possible for such an asymmetrical
structure to be reconsidered with great
interest for 220V AC off-line applications.
Indeed, two 500V MOSFETs such as the
IRF830FI (isolated ISOWATT220 package)
only require a very simple gate driver and,
at today’s prices, are cost effective (fig.9).
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Figure 9: Primary side circuit diagram of the asymmetrical half bridge converter.
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APPLICATION NOTE

This type of converter structure improves
efficiency. Usually, a single switch flyback
requires an additional dissipative snubber
network to dump the transformer leakage
inductance L, energy (up to 15% of the
total output power). In the asymmetrical
half-bridge, the energy stored in the

Figure10: Single versus double switch flyback:

transformer leakage inductance is returned
to the reservoir capacitor (fig.10). The two
demagnetisation diodes D, and D, (Axial
BYT03-400) provide a simple non-
dissipative systematic way to clamp the
voltage across the switch to the input line
value V, .

The energy stored in the transformer leakage inductance, (L), of the double switch flyback
is returned to reservoir capacitor C,, avoiding additional dissipative snubber network.

Vin O Vin O y
ot ET * Hm
+ +© +
1==1 Couik i H 1==1 Coulk Lieak
O
Lieak
HTh
GND O GND O

The asymmetrical half-bridge flyback
allows the use of SPR without any
additional transformer winding and/or
components. All the energy stored in the
primary inductance which is not transferred
to the secondary side is automatically
returned to the reservoir capacitor C,_
through the two demagnetisation diodes.

In this way, a completely modular design
approach can be used to separate primary
and secondary sides:

*On the primary side, (fig.9), the input line
voltage is regulated through a simple
current mode control, using the low cost
UC3845 control IC. For a given line input
voltage, current mode control determines

7

the maximum duty cycle available for all
the output channels. The weak point of
such a simple system is the poor efficiency
at low load level.

*On the secondary side, the SPRonly
compensates for any load variations since
the complete SPR feedback loop is looking
for the output voltage variations. So, each
SPR output can be designed as an
independent self-protected module (fig.1b).

UNDERSTANDING
WAVEFORMS

PRACTICAL

Practical waveforms of an SPR used in an
asymmetrical half-bridge are represented
in the oscillogram of Fig.11.
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APPLICATION NOTE

Figure 11: Practical waveforms of a Synchronous Post Regulator used in the asymmetrical half-bridge
flyback. Parameters are defined in the diagram of Fig. 8. V is the gate to source voltage of

the SPR power MOSFET.
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During the on-time, (t ), the currentin the
transformer primary winding, 1., increases
with a slope of typically Vm/Lp, Lp being the
transformer primary winding inductance.

SPR off: interval t

When the primary power MOSFETs are
turned off, the energy is first returned
to reservoir capacitor through
demagnetisation diodes, the output being
open since the SPR is off. During this
period (t,) the primary current I is
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freewheeling with a decreasing slope of
(Vin+2Vf)/Lp and a voltage of V,_ is applied
across each power MOSFET.

SPR on: interval t,

As soon as the SPR turns on, energy is
transferred from primary to secondary with
a corresponding primary current slope of
(V. NV, The rectifier current |,
decreases to zero as in a standard

discontinuous flyback circuit.
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TWO SPR OUTPUT WAVEFORMS

The following oscillograms ( Fig. 12) were taken at 3 different output power levels:

Figure 12: Oscillograms of the 2 Synchronous Post Regulated outputs used in the asymmetrical half-bridge

flyback.

out 2 : 5V/0,5A

: 15V/2A

out 1

t: 2us / []

out 2 : 5V/2A

:15V/1A

out 1

out 2 : 5V/5A

: 15V/0,3A

out 1

: Pout1 > Pout2

Oscillogram 1

Pout2

Oscillogram 2 : P_ .

Oscillogram 3 : P_ ., < P_ .,
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Whatever the power balance between the
outputs, output 1 is always the first to turn
the SPR on. This sequence occurs
because of the unbalanced values of each
primary reflected output voltage (N, V).
The primary winding of the transformer has
74 turns. Three turns on the secondary
give 5V on output 2, and 6 turns are
enough to give 15V on output 1. Output 1,
therefore, has a greater reflected voltage
than output 2 :

Nl D\/01 > N2 D\/OZ

Serial voltage drops are included in V _, N,
and N, being the turns ratios of output 1
and output 2, to the primary, respectively.

This ratio of secondary winding turns,
which is non-linearly connected to the
output voltages, can be realized only by
using SPR outputs. This is not possible in
conventional flyback circuits.

EFFECTS OF UNBALANCED N. V,
Assuming that N; V,, > N, V,, and
(N; Vo, /N, V,,)= C, then:

1.The lowest reflected output voltage
(N, V,,) has the maximum output power
capability.

P

=P x C with C>1

out2 max outl max

2.The highest reflected voltage (N, V,) has
a degraded load regulation effect.

Those two effects have also been detected
in our example. In this case ,

(N, V,/N, V,,) = 197/160 = 1.2

The maximum measured output power
capability for each secondary channel, the
other channel being open loaded:
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P = 60W (5V output)

out2 max
and = 49W (15V output)

outl max
With the other output 50% loaded, the load
regulation for a 0 --> 100% load variation
was measured as:

output 1: 15V --> +/- 0.45%
output 2: 5V --> +/- 0.1%

SMPS DESIGN CONSEQUENCES

The use of an SPR circuit facilitates SMPS
design by avoiding several difficult points
commonly met in a typical multi-output
flyback.

* Power transformer

- Even if a high frequency transformer gives
high volts per turn, the secondary turns
adjustment is more flexible than in the
conventional flyback. In our example, 3
turns for 5V, and 6 turns for 15V output.

- Tight coupling between secondary
windings is not so critical anymore, since
cross regulation effects between the
different output channels are compensated
by SPR circuits.

* Protection

A SPR circuit can perform effective output
protection against overload, short-circuit
and over-voltage since these functions are
decentralized in each channel.

* Standard approval costs

The cost of the expensive UL/VDE
approved opto-coupler in conventional
secondary to primary feedback loops can
be saved by using SPR modular approach.
Moreover, any combination of any
approved SPR module that complies with
safety standards, makes approval
procedures more rapid.
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CONVENTIONAL VERSUS MODULAR APPROACH

Load and cross regulation performance between a conventional and an SPR  modular
flyback converter are compared in Fig. 13.

Figure 13: Comparison of load and cross regulation between the SPR modular flyback converter under
test and a comparable conventional version.

P, = 60W at: 5V/6A
f = 100kHz and 15V/2A

CONVENTIONAL MODULAR

LOAD REGULATION

0,2%
5%

0,05%
2%

50% load on the other output

+ I+
+ I+

- Reg. out. (0 -> 100% load)
- Unreg. out. (50 -> 100% load)

CROSS REGULATION

Influence on the indicated out (50% load)
for a load variation from 20% to 100% on
any other output ]
1% nil

5% <*=25%

+

- reg. out.
- unreg. out.

Better load and cross regulation are maximum duty cycle in the modular
observed in the unregulated outputs of the  approach is independent of the load.
modular approach. This is because the
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CONCLUSION

In typical multi-output SMPS, a common
design difficulty is to achieve tight
regulation in auxiliary outputs, mainly
because of leakage inductances between
the power transformer windings but also
because of the different forward voltage
drops of rectifiers.

Also, high frequency transformer design
gives high volts per turn, meaning more
volts supplied than are actually required.

The proposed SPR circuit can easily
compensate for the cross regulation effects
and also efficiently protect each output.
Furthermore, a secondary to primary
feedback loop is not required when using
this modular concept.

For medium current range the synchronous
post regulator offers many advantages
over the other comparable solutions.
Decentralized control and protection
functions can be easily implemented in an
SPR circuit. An interesting application
example is the tape video recorder SMPS.
Here an SPR circuit can be directly
interfaced with a microcontroller,

programming the output voltage for proper
motor control. Another diagnostic function
could indicate a fault condition, over-
temperature, short-circuit etc., to the
microcontroller by an external status output
signal.

The potential to integrate all those control
functions into a monolithic IC, gives the
SPR an additional advantage over other
circuits. Each output can be effectively
considered as an independent self-
protected module. This modular design
approach can dramatically reduce power
supply development time.
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