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element (D,) connected in series, wherein the supplemen-
tary circuitry is connected over the second wiring such that
the second rectifying element prevents current from being
flown through the supplementary circuitry during the fly-
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capacitive element and the output voltage is indicative of the
input voltage.
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ISOLATED FLY-BUCK CONVERTER,
SWITCHED MODE POWER SUPPLY, AND
METHOD OF MEASURING A VOLTAGE ON
A SECONDARY SIDE OF AN ISOLATED
FLY-BUCK CONVERTER

TECHNICAL FIELD

The technical field relates to isolated fly-buck converters,
to switched mode power supplies comprising isolated fly-
buck converters, and to methods of measuring a voltage on
a secondary side of an isolated fly-buck converter, which is
indicative of the input voltage.

BACKGROUND

The increasing dynamic requirements, such as monotonic
start-up, recovery after short-circuit, load transient perfor-
mance, have led to the re-partitioning of the control circuits
of many modern isolated switched mode power supplies
from the primary side to the secondary side.

One problem with this control circuit, now placed on the
secondary side, is that it has to be powered from the primary
side and the input voltage has to be monitored accurately,
since it is used in the control of the main converter.

The control circuit is often powered via a small house-
keeping or auxiliary converter There are numerous of ways
of designing such a housekeeping or auxiliary supply for an
isolated switched mode power supply.

Fly-buck converters have been proposed, see US 2011/
0090724 Al, but the high voltage isolation requirements
cause problems when designing the fly-buck converter; it
may be challenging to supply the primary side with regu-
lated power.

An alternative is to use an auxiliary winding in, or tap off
power from, the main converter of the isolated switched
mode power supply. This requires, however, that the main
switches of the main converter are switching, which causes
problems during pre-bias starts and fault handling, when the
output of the main converter has to be turned off, but the
housekeeping power on the secondary side is necessary.

SUMMARY

It is an aim to provide an isolated fly-buck converter for
a switched mode power supply, by which a reliable mea-
surement of the input voltage can be made on the secondary
side of the converter, while the problems of the prior art
approaches are alleviated or at least mitigated.

A first aspect refers to an isolated fly-buck converter
provided for converting an input voltage to an output voltage
and comprising, on a primary side, a primary winding and a
non-isolated buck, e.g. implemented as a capacitor, con-
nected in series, and a pair of switches, wherein the switches
are switchable between a forward phase, in which the
primary winding and the non-isolated buck are connected to
the input voltage, and a fly-buck phase, in which the primary
winding and the non-isolated buck are disconnected from
the input voltage, but are connected to one another in a
closed circuit.

The isolated fly-buck converter comprises, on an isolated
secondary side, a secondary winding coupled to the primary
winding, and a first capacitive element connected over the
secondary winding and a first rectifying element connected
to the secondary winding to prevent current from being
flown through the secondary winding during the forward

10

15

20

25

30

35

40

45

50

55

60

65

2

phase, wherein the output voltage is achieved as the voltage
over the first capacitive element.

Further, the isolated fly-buck converter comprises, on the
secondary side, a supplementary circuitry by aid of which
the input voltage can be measured on the secondary side.
The supplementary circuitry comprises a second capacitive
element and a second rectifying element connected in series,
wherein the supplementary circuitry is connected over the
second wiring such that the second rectifying element pre-
vents current from being flown through the supplementary
circuitry during the fly-buck phase, wherein a voltage, which
is a sum of the voltage over the second capacitive element
and the output voltage, is indicative of the input voltage.

By such design of an isolated fly-buck converter, accurate
and reliable measures of the input voltage can be obtained on
the secondary side of the converter.

Optionally, the measuring circuitry comprises a resistive
element connected in series with the second capacitive
element and the second rectifying element.

Hereby, the current spikes during charging of the second
capacitive element are reduced and the produced voltage
over the second capacitive element will be less noisy.

In one embodiment, the isolated fly-buck converter com-
prises a voltage divider including two serially connected
resistive elements connected in parallel over the first and
second capacitive elements, and a further capacitive element
and a voltage reference connected in parallel over one of the
resistive elements of the voltage divider, wherein a voltage
over the voltage reference is usable as a hybrid regulated
ratio reference.

In an alternative embodiment, the isolated fly-buck con-
verter comprises a voltage divider including two serially
connected resistive elements connected in parallel over the
first and second capacitive elements, and a further capacitive
element connected in parallel over one of the resistive
elements of the voltage divider, wherein a voltage over the
further capacitive element is usable as a regulated ratio
reference.

In yet an alternative embodiment, the isolated fly-buck
converter comprises a resistive element connected in parallel
over the second capacitive element, via which the second
capacitive element can be discharged, and a sample and hold
circuit configured to sample and hold the voltage indicative
of the input voltage.

A second aspect refers to a switched mode power supply
comprising a main converter configured to convert the input
voltage to an output voltage, a control arrangement for
controlling the operation of the main converter, and the
isolated fly-buck converter of the first aspect for powering
the control arrangement. The isolated fly-buck converter is
advantageously connected to pass to the control arrange-
ment, the voltage indicative of the input voltage or any
voltage indicative thereof, and the control arrangement is
advantageously configured to control the operation of the
main converter in response thereto.

For instance, the above disclosed hybrid regulated ratio
reference, regulated ratio reference, or sample and hold
voltage indicative of the input voltage may be used as input
by the control arrangement in the control of the main
converter of the switched mode power supply.

The voltage indicative of the input voltage may also be
used by the control arrangement to handle input voltage
transients (voltage mode feed-forward). To this end, the
voltage indicative of the input voltage has to be monitored
with a high dynamic bandwidth.

The main converter may be a DC-DC converter, e.g. a
DC-DC voltage down-converter e.g. configured to operate
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with input and output voltages in the range of 10-100 V.
While the design of the isolated fly-back converter of the
first aspect is typically used with a converter ratio of 1:1, a
main voltage down-converter would typically require lower
voltages for FET transistors of the drive. Therefore, a
suitable converter ratio for the isolated fly-back converter
may be 1:0,75.

A third aspect refers to a base station comprising the
isolated fly-buck converter of the first aspect or the switched
mode power supply of the second aspect.

A fourth aspect refers to a method of measuring a voltage
on a secondary side of an isolated fly-buck converter pro-
vided for converting an input voltage to an output voltage
and comprising (i) on a primary side, a primary winding and
a non-isolated buck connected in series, and a pair of
switches, wherein the switches are switchable between a
forward phase, in which the primary winding and the
non-isolated buck are connected to the input voltage, and a
fly-buck phase, in which the primary winding and the
non-isolated buck are disconnected from the input voltage
and are connected to one another in a closed circuit; and (ii)
on a secondary side, a secondary winding coupled to the
primary winding, and a first capacitive element connected
over the secondary winding and a first rectifying element
connected to the secondary winding to prevent current from
being flown through the secondary winding during the
forward phase, wherein the output voltage is achieved as the
voltage over the first capacitive element.

According to the method a supplementary circuitry is
provided on the secondary side of the isolated fly-buck
converter, wherein the supplementary circuitry comprises a
second capacitive element and a second rectifying element
connected in series, wherein the supplementary circuitry is
connected over the second wiring such that the second
rectifying element prevents current from being flown
through the supplementary circuitry during the fly-buck
phase. A voltage, which is the sum of the voltage over the
second capacitive element and the output voltage, or a
voltage indicative thereof, is measured, wherein the mea-
sured voltage is indicative of the input voltage. Advanta-
geously, the voltage indicative of the input voltage is moni-
tored continuously and with a high dynamic bandwidth.

The measured/monitored voltage may be input to a con-
trol arrangement configured to control the operation of a
main converter of a switched mode power supply in
response thereto, e.g. using any of voltage forward feed,
regulated ratio, or hybrid regulated ratio control.

Further characteristics and advantages will be evident
from the detailed description of embodiments given herein-
after, and the accompanying FIGS. 1-6, which are given by
way of illustration only.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates, schematically, in a Nock diagram an
embodiment of a switched mode power supply.

FIG. 2 illustrates, schematically, an embodiment of a base
station comprising one or more of the switched mode power
supply of FIG. 1.

FIG. 3 illustrates, schematically, in a circuit diagram, an
embodiment of an isolated fly-buck converter, which can be
used in the switched mode power supply of FIG. 1.

FIGS. 4a-b are simplified and schematic circuit diagrams
of the isolated fly-buck converter of FIG. 3 in forward and
fly-buck modes, respectively.
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FIGS. 5a-c illustrate each, schematically, in a circuit
diagram, a respective embodiment of an isolated fly-buck
converter, which can be used in the switched mode power
supply of FIG. 1.

FIG. 6 is a schematic flow scheme of an embodiment of
measuring a voltage on a secondary side of an isolated
fly-buck converter, which is indicative of an input voltage on
a primary side of the isolated fly-buck converter.

DETAILED DESCRIPTION

FIG. 1 illustrates, schematically, an embodiment of a
switched mode power supply 11 comprising a main con-
verter 12 for converting an input voltage V,, to an output
voltage V,,,, a drive 15 for driving the converter 12, a
controller 16 for controlling the drive 15 and thus the
operation of the main converter 12, and a housekeeping or
auxiliary converter 17 for down converting the input voltage
V,, to a voltage suitable for the controller 16, such that the
controller 16 can be powered by the input voltage V,,,.

The main converter 12 is an isolated DC-DC converter,
typically down-converting the input voltage V,,, to a suitable
output power V_ . The main converter 12 may typically
operate with input V,,, and output V_ , voltages in the range
of 10-100 V.

The auxiliary converter 17 is an isolated fly-buck con-
verter with a non-insulated buck and embodiments thereof
will be further detailed below with reference to FIGS. 3-5.

FIG. 2 illustrates, schematically, an embodiment of a base
station 21 comprising one or more of the switched mode
power supply ii of FIG. 1.

FIG. 3 illustrates, schematically, in a circuit diagram, an
embodiment of an isolated fly-buck converter, which can be
used in the switched mode power supply of FIG. 1.

The fly-buck converter is configured to convert the input
voltage V,,, to an output voltage V¢ and comprises a primary
winding X, a non-isolated buck C,, and a pair of switches
Q,, Q, on aprimary side, and a secondary winding X, a first
capacitive element Cg, and a first rectifying element D, on
a secondary side.

The non-isolated buck C, e.g. implemented as a capaci-
tor, is connected in series with the primary winding X, and
the pair of switches Q,, Q, are operable to switch between
a forward phase, in which the primary winding X, and the
non-isolated buck C, are connected to the input voltage V,,,,
and a fly-buck phase, in which the primary winding X, and
the non-isolated buck C, are disconnected from the input
voltage V,,, but are connected to one another in a closed
circuit. The switching of the switches Q,, Q, may be
controlled by a simple integrated circuit (not illustrated).

The secondary winding X, is electromagnetically coupled
to the primary winding X, and the first capacitive element
Cs, e.g. implemented as a capacitor, is connected over the
secondary winding X, and the first rectifying element D,
e.g. implemented as a diode, is connected to the secondary
winding X, to prevent current from being flown through the
secondary winding X, during the forward phase. The output
voltage V., is achieved as the voltage over the first capacitive
element Cs.

In order to be able to measure the input voltage V,,, on the
isolated secondary side, a supplementary circuitry is pro-
vided. The supplementary circuitry comprises a second
capacitive element C, e.g. implemented as a capacitor, and
a second rectifying element D,, e.g. implemented as a diode,
connected in series, wherein the supplementary circuitry is
connected over the second wiring X, such that the second
rectifying element D, prevents current from being flown
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through the supplementary circuitry during the fly-buck
phase, wherein the sum of the voltage V. over the second
capacitive element and the output voltage V is a sensed
measure V. on the isolated secondary side indicative of
the input voltage V,, on the primary side. The measuring
circuitry may comprise a resistive element R; connected in
series with the second capacitive element C and the second
rectifying element D,, the purpose of which being to reduce
the current spikes during charging of the second capacitive
element C, thereby producing a less noisy voltage over
second capacitive element Cy.

The relation between the sensed voltage V.. and the
input voltage V,, will be derived below for a fly-buck
converter as of above, wherein the primary winding X, has
one winding and the secondary winding X, has n windings.
Steady state switching with a duty cycle D, small ripple
current in the inductors, and small voltage ripple in the
capacitors are assumed.

During the forward phase, wherein the switch Q, is
conducting and the switch Q, is off, the fly-buck converter
of FIG. 3 can be simplified to the circuit diagram shown in
FIG. 4a, since the rectifying element D, becomes non-
conducting. The resistive element R, is removed for sim-
plicity during the analysis.

The voltage over the inductor can be stated directly on the
primary side as

V=V

-Vp Equation 1

Or, using the reflected voltage over the second capacitive
element V. on the primary side

Ve+Vp
- n

Equation 2
Vi

where V,, is the voltage drop over the diode D, in the
forward direction. During the fly-buck phase, the fly-buck
converter of FIG. 3 can be simplified to the circuit diagram
shown in FIG. 4b.

The voltage over the primary winding can be stated
directly on the primary side as

V==V, Equation 3

Or, using the reflected output voltage V on the primary
side

Vs + Vp
n

Equation 4
=

where V,, is the voltage drop over the diode Di in the
forward direction.

For the non-isolated buck V,, the volt-second balance
using Equations 1 and 3 becomes

D(V,,~Vp)+D(-Vp)=0 Equation 5

where the forward phase duration is equal to the duty cycle
D, and the fly-buck duration is (1-D)=D'. Solving Equation
5 for V yields

Vp=DV,, Equation 6

For the isolated fly-buck, the volt-second balance using
Equations 1 and 4 becomes

5
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Equation 7

Vs + V,
%):0

D(Vy, = V) + D[
Collecting terms on each sides yields

Vs +V,
DV, =DVe+ D 272
n

and using Equation 6 yields

Vs + V)
Ve=DVp+D 2172

Collecting V, on the left hand side and using (1-D)=D'
yield

D'Vp=D

Vs +Vp
n

Dividing this with D' on both sides and solving for V
yields

Ve=uVp-Vp Equation 8

For the isolated forward-buck, the volt-second balance
using Equations 2 and 3 becomes

Ve+Vp

Equation 9
p I pvpy =0 auanon
n

Solving Equation 1 for D'(-V ) and replacing in Equation
9 yields

Ve +V,
D2 _pv,-vp =0
12

Solving for V. yields

Ve=u(V;,=Vp)-Vp Equation 10

The sensed voltage V.. indicative of the input voltage
V,, is the sum of the voltages Vg and V., and using
Equations 8 and 10 yields

Vionse=VstV=0V =V 4n(V,,-V)-V, and collecting

terms yields

Viense="Vi=2Vp Equation 11

Hence, the sensed voltage is linear with the input voltage
V,,, and offset by two diode forward voltages V. Since the
input voltage V,, times the ratio is nV,,>>2V , Equation 11
can be simplified to

Viense=V, Equation 12

The diode voltage drops can be reduced using Schottky
diodes or can even be eliminated by using synchronous
rectification.

The sensed voltage V.. indicative of the input voltage
V,,, and sensed on the isolated secondary side can be used in
the control of the main converter 12 of the switched mode

power supply 11.
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The controller 16 of the switched mode power supply 11
may thus be configured to receive the sensed voltage V., ..
or a voltage indicative thereof, from the isolated secondary
side of the auxiliary converter 11, i.e. the fly-buck converter,
and to control the drive 15 and thus the operation of the main
converter 12 in response to the sensed voltage V,,,.., or the
voltage indicative thereof.

Various approaches may be considered. The sensed volt-
age V.., or the voltage indicative thereof, as measured on
the secondary side may be used for voltage feed-forward
control in a secondary side controlled switched mode power
supply.

Alternatively, or additionally, the sensed voltage V.., or
the measure indicative thereof, may be used for setting the
reference voltage in a regulated ratio or hybrid regulated
ratio controlled switched mode power supply. Such switched
mode power supplies are disclosed in detail in WO 2012/
116750 Al and WO 2013/113354 Al.

FIG. 5a illustrates, schematically, in a circuit diagram, an
embodiment of an isolated fly-buck converter, which can be
used for hybrid regulated ratio control in the switched mode
power supply of FIG. 1.

The isolated fly-buck converter comprises, on the sec-
ondary side, a voltage divider including two serially con-
nected resistive elements R, R, connected in parallel over
the first and second capacitive elements Cg, C to divide the
sensed voltage V... A fourth capacitive element C,, e.g.
implemented as a capacitor, adding a time constant and a
voltage reference V, - are connected in parallel over one of
the resistive elements R, of the voltage divider, wherein a
voltage V5 over the voltage reference V. is usable as a
hybrid regulated ratio reference in hybrid regulated ratio
control of the main converter 12.

In FIG. 5a, the voltage v, ~nV, is divided using a
resistive divider R,, R, and a time constant is added by using
the capacitor C,. The reference voltage is saturated using a
high precision voltage reference V,_, yielding the reference
voltage for hybrid regulated ratio as

Vi, Vi }

where the regulated ratio input voltage part has the gain of

R 1
Ri+Ry

RiR,
R +R;

Vurr = min{
1+sCy

R,

Crr = —1—.
RR= Rk

and the time constant becomes

R R,

we= R Ry
1 2

FIG. 5b illustrates, schematically, in a circuit diagram, an
embodiment of an isolated fly-buck converter, which can be
used for regulated ratio control in the switched mode power
supply of FIG. 1.

The isolated fly-buck converter is identical with the
isolated fly-buck converter of FIG. 5a except for that it lacks
the voltage reference V,,. A voltage Vg, over the fourth
capacitive element C, is usable as a regulated ratio reference
in regulated ratio control of the main converter 12.
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FIG. 5c¢ illustrates, schematically, in a circuit diagram, an
embodiment of an isolated fly-buck converter, which can be
used for control in the switched mode power supply of FIG.
1.

The isolated fly-buck converter comprises a resistive
element R, connected in parallel over the second capacitive
element C, via which the second capacitive element C, can
be discharged, and a sample and hold circuit S&H config-
ured to sample and hold the voltage indicative of the input
voltage.

FIG. 6 is a schematic flow scheme of an embodiment of
measuring a voltage on a secondary side of an isolated
fly-buck converter, which is indicative of an input voltage on
a primary side of the isolated fly-buck converter.

The isolated fly-buck converter comprises (i) on a primary
side, a primary winding and a non-isolated buck connected
in series, and a pair of switches, wherein the switches are
switchable between a forward phase, in which the primary
winding and the non-isolated buck are connected to the input
voltage, and a fly-buck phase, in which the primary winding
and the non-isolated buck are disconnected from the input
voltage and are connected to one another in a closed circuit;
and (ii) on a secondary side, a secondary winding coupled to
the primary winding, and a first capacitive element con-
nected over the secondary winding and a first rectifying
element connected to the secondary winding to prevent
current from being flown through the secondary winding
during the forward phase, wherein the output voltage is
achieved as the voltage over the first capacitive element.

According to the method, a supplementary circuitry is, in
a step 61, provided on the secondary side, wherein the
supplementary circuitry comprises a second capacitive ele-
ment and a second rectifying element connected in series,
wherein the supplementary circuitry is connected over the
second wiring such that the second rectifying element pre-
vents current from being flown through the supplementary
circuitry during the fly-buck phase. A voltage, which is the
sum of the voltage over the second capacitive element and
the output voltage, or any voltage indicative thereof, is, in a
step 62, measured, wherein the measured voltage is indica-
tive of the input voltage. The voltage indicative of the input
voltage may be measured continuously in order to track any
deviations or transients.

The measured voltage may be input to a control arrange-
ment configured to control the operation of a main converter
of a switched mode power supply in response thereto, e.g.
using any voltage forward feed, regulated ratio, or hybrid
regulated ratio control.

It shall be appreciated by a person skilled in the art that
the embodiments disclosed herein are merely example
embodiments, and that any details and measures are purely
given as examples only.

The invention claimed is:

1. An isolated fly-buck converter provided for converting
an input voltage to an output voltage and comprising:

on a primary side, a primary winding and a non-isolated

buck connected in series, and a pair of switches,
wherein the switches are switchable between a forward
phase, in which the primary winding and the non-
isolated buck are connected to the input voltage, and a
fly-buck phase, in which the primary winding and the
non-isolated buck are disconnected from the input
voltage and are connected to one another in a closed
circuit; and

on a secondary side, a secondary winding coupled to the

primary winding, and a first capacitive element con-
nected over the secondary winding and a first rectifying
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element connected to the secondary winding to prevent
current from being flown through the secondary wind-
ing during the forward phase, wherein the output volt-
age is achieved as the voltage over the first capacitive
element, wherein the isolated fly-buck converter com-
prises:

on the secondary side, a supplementary circuitry by aid of

which the input voltage can be measured on the sec-
ondary side, the supplementary circuitry comprising a
second capacitive element and a second rectifying
element connected in series, wherein the supplemen-
tary circuitry is connected in parallel across the sec-
ondary winding such that the second rectifying element
prevents current from being flown through the supple-
mentary circuitry during the fly-buck phase, wherein a
voltage, which is a sum of the voltage over the second
capacitive element and the output voltage, is indicative
of the input voltage.

2. The isolated fly-buck converter of claim 1 wherein said
supplementary circuitry comprises a resistive element con-
nected in series with the second capacitive element and the
second rectifying element.

3. The isolated fly-buck converter of claim 1 wherein the
non-isolated buck comprises a third capacitive element.

4. The isolated fly-buck converter of claim 1 comprising
a voltage divider including two serially connected resistive
elements connected in parallel over the first and second
capacitive elements, and a fourth capacitive element and a
voltage reference connected in parallel over one of the
resistive elements of the voltage divider, wherein a voltage
over the voltage reference is usable as a hybrid regulated
ratio reference.

5. The isolated fly-buck converter of claim 1 comprising
a voltage divider including two serially connected resistive
elements connected in parallel over the first and second
capacitive elements, and a fourth capacitive element con-
nected in parallel over one of the resistive elements of the
voltage divider, wherein a voltage over the fourth capacitive
element is usable as a regulated ratio reference.

6. The isolated fly-buck converter of claim 1 comprising
a resistive element connected in parallel over the second
capacitive element, via which the second capacitive element
can be discharged, and a sample and hold circuit configured
to sample and hold the voltage indicative of the input
voltage.

7. A switched mode power supply comprising a main
converter configured to convert an input voltage to an output
voltage, a control arrangement for controlling the operation
of the main converter, and the isolated fly-buck converter of
claim 1 for powering said control arrangement.

8. The switched mode power supply of claim 7 wherein
the isolated fly-buck converter is connected to pass to the
control arrangement, the voltage indicative of the input
voltage or a voltage indicative thereof, and the control
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arrangement is configured to control the operation of the
main converter in response thereto.

9. The switched mode power supply of claim 7 wherein
main converter is a DC-DC converter.

10. The switched mode power supply of claim 7 wherein
the main converter is configured to operate with input and
output voltages in the range of 10-100 V.

11. A base station comprising the isolated fly-buck con-
verter of claim 1.

12. A method of measuring a voltage on a secondary side
of an isolated fly-buck converter provided for converting an
input voltage to an output voltage and comprising (i) on a
primary side, a primary winding and a non-isolated buck
connected in series, and a pair of switches, wherein the
switches are switchable between a forward phase, in which
the primary winding and the non-isolated buck are con-
nected to the input voltage, and a fly-buck phase, in which
the primary winding and the non-isolated buck are discon-
nected from the input voltage and are connected to one
another in a closed circuit; and (ii) on a secondary side, a
secondary winding coupled to the primary winding, and a
first capacitive element connected over the secondary wind-
ing and a first rectifying element connected to the secondary
winding to prevent current from being flown through the
secondary winding during the forward phase, wherein the
output voltage is achieved as the voltage over the first
capacitive element, wherein the steps of:

providing on the secondary side, a supplementary cir-

cuitry comprising a second capacitive element and a
second rectifying element connected in series, wherein
the supplementary circuitry is connected in parallel
across the secondary winding such that the second
rectifying element prevents current from being flown
through the supplementary circuitry during the fly-buck
phase;

measuring a voltage, which is the sum of the voltage over

the second capacitive element and the output voltage,
or a voltage indicative thereof, wherein the measured
voltage is indicative of the input voltage.

13. The method of claim 12 wherein said supplementary
circuitry comprises a resistive element connected in series
with the second capacitive element and the second rectifying
element.

14. The method of claim 12, wherein said measured
voltage is input to a control arrangement configured to
control the operation of a main converter of a switched mode
power supply in response thereto.

15. The method of claim 14 wherein said measured
voltage is input to a control arrangement configured to
control the operation of the main converter of the switched
mode power supply using any of voltage forward feed,
regulated ratio, or hybrid regulated ratio control.
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