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(54) Titlee POWER CONVERTERS

incorporates a Faraday shield.

(57) Abstract: A power converter
unit comprises a transformer (10)
mounted on one side of a PCB
(11), with the control circuitry on
the other side of the PCB. The
circuitry excludes any components
which require scaling for different
power ratings, or which are
excessively radiation emitting or
sensitive; such components must
be added externally to the unit. The
transformer is mounted with its
aperture perpendicular to the PCB,
so that the unit has a fixed footprint
regardless of its rating; only its
heights varies with rating. The
transformer is wound with the high
voltage/high frequency windings
inside the other windings, which
act as a shield for radiation from
the former windings. The PCB also
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POWER CONVERTERS

The present invention relates to power converters, particularly power factor
controllers or continuous mode boost pre-regulators. Applications of such units include
Power Supplies for PABXs, Base Stations, Servers, Welding Equipment, Industrial
Printing, Industrial Photocopying, and General Industrial Equipment, UPS Power Factor
Correction, and Battery Chargers.

Such units generally combine a transformer with electronic control circuitry and
power electronic components. The kernel of such units is a “boost” inductor controlled by
and control and switching circuitry to increase an input DC voltage to a higher output DC

voltage; the input DC voltage is usually generated by a rectifier from an AC supply.

In designing such units, it is desirable to minimize the number of components
required to achieve active power factor correction in an AC/DC or an AC/AC switched
mode power supply. It is also desirable to minimize the emission of and susceptibility to

electromagnetic radiation.

A further consideration is that such units are often bought in by the manufacturers
of products such as those listed above. The manufacturers of the units therefore have to
provide not a single design but a range of designs with, in particular, different power

levels.

According to one aspect, the present invention provides a power converter unit
comprising a printed circuit board, a transformer mounted on one side of the board, and a
control circuit mounted on the other side of the board, the transformer being mounted with
its aperture perpendicular to the board, and the circuitry excluding components whose size
is dependent on the power rating of the unit, ie require scaling for different power levels.
Any components which would create excessive electromagnetic interference (eg semi

conductors) are also preferably excluded.

CONFIRMATION COPY
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The present design thus provides a module or package that maintains a constant
small footprint as power levels increase; only the height of the module changes when
power is increased. If a PSU designer wishes to use the module in higher power supplies,
then the only dimension of the module that will change will be its height. The module has
a fixed footprint that designers can “plug in” to all of their different power supplies, and
gives them flexibility to then choose the optimum location for these other components in

finalizing their design.

Although the control circuitry excludes components which require scaling for
different power levels, there are few other constraints on it. Preferably, therefore, it also
provides a variety of additional functions, including the following features:

a synchronizing input to allow the synchronization to an external switching circuit.

an inhibit/shutdown input to allow externally connected circuitry to shutdown the

module.

a Vbltage adjust input to override the internal circuitry in controlling the output

voltage.

an auxiliary DC voltage to power up connected circuitry.

These additional functions, such as Sync and Vaux, simplify the process of incorporating

the present unit into existing non-power factor corrected power supplies.

The module may be coupled to an external inductor connected across power in
/power out to increase output power, an external bridge rectifier connected to the power in
to allow the unit to accept AC voltage, and an external totem pole transistor configuration
to drive larger mosfets. It is easy to incorporate the present unit in larger systems, and
adding a handful of external components results in a fully functional power factor

corrected front end.

Preferably a substantial part of the transformer side of the board carries a shield

conductor, to minimize the effect of electromagnetic radiation emitted by the transformer.
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In addition to any shielding which may be provided on the PCB between the
transformer and the control circuitry, it is desirable to design the transformer to minimize

its inherent emission of radiated electromagnetic interference.

According to another aspect of the invention, there is provided a transformer for a
power converter unit in which the connections between the electrical windings are such
that the high frequency/high voltage winding(s) is inside the low frequency/low voltage

winding(s).

The effect of this is that the outer windings act as a Faraday shield for

electromagnetic interference.

Preferably the windings are connected in series. Preferably also the external
electric field generated by the inductor is also reduced by connecting the inside winding
(the high voltage/high frequency winding) to the drain of the boost mosfet of the

surrounding circuitry.

A power supply unit embodying the invention will now be described by way of
example and with reference to the drawings, in which:

Fig. 1 is a circuit diagram of typical power stage circuitry;

Fig. 2 is a circuit diagram of the control circuitry;

Figs. 3A and 3B show the printed circuit board (PCB);

Fig. 4 is a rough perspective view of the unit; and

Fig. § is a diagram of the transformer windings.

The present unit is a power factor controller with integrated boost choke
(transformer). Combining this component with an external bridge rectifier, mosfet, diode,
electrolytic capacitor, and current sense resistor results in a power supply with AC input
(90V-270V AC) and a DC output (385-405V DC) being obtainable. This power supply
exhibits a near unity power factor, ie both input voltage and current will be in phase and

sinusoidal.
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Fig. 1 shows typical power stage circuitry in which the present control unit may be
used. This power stage circuitry comprises a bridge BR, an inrush diode D101, a diode
D102, a switching transistor Q101, a current sense resistor R101, and a capacitor C101.
This circuitry, together with the circuitry 100 shown in Fig. 2, forms an AC-to-DC power
supply in which power factor is almost unity, ie Vac and Iac are in phase and sinusoidal.
The circuitry 100 compares the voltages at +Vsense, Isense, and Vin and controls Q101 so
that the current drawn into the power supplier Iac is a sinusoidal AC current in phase with
Vac. Vaux is provided to power external DC circuitry if desired. Ena is provided to
allow remote shut down / start up of the circuitry. Sync is provided in order to allow the

switching rate of Q101 to be synchronize with an external frequency.

The structure of the module comprises a C core transformer placed on top of a
printed circuit board. The module excludes specific components which would require an
alteration of the footprint (length and width) as the power level is increased. Fig. 4 shows
the general structure of the unit in simplified form. A transformer 10 is mounted on the
upper side of a PCB 11, which has control circuitry 12 (not visible in the drawing)
mounted on its other side. The transformer has two bobbins 13 and 14 carrying its
windings, and a core 15 formed of 2 C-shaped elements. The aperture through the core is
12 x 42 mm, and the thickness of the core material is 12 mm. The aperture is oriented
perpendicular to the board 10, and the height of the core is between 8 and 20 mm
depending on the power rating of the unit (between 1 to 3 kW). (All dimensions are of

course approximate.)

Fig. 3A shows the transformer side of the PCB 12, and Fig. 3B shows its control
circuit side. The transformer terminals are connected to the two horizontal rows 17 of
large terminals close to the upper and lower edges of the board. The large dark area 16 on
the transformer side of the board covers a substantial part of the board and forms a shield
between the transformer and the circuitry on the other side of the board. The details of the

board layout are otherwise broadly conventional.

The present transformer core is designed to maximum the surface area to volume

ratio. The volume of the transformer core generates losses, which in turn cause the
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temperature of the core to increase (the temperature rise being proportional to losses
generated divided by surface area). So by maximizing surface area to volume ratio, a
lower temperature rise is achieved. The problem to be solved is to increase the amount of
power which can be got from the transformer (which is limited by the surface area of the
transformer core). This is achieved by making a flatter transformer, thereby increasing
surface area for a given weight and volume of transformer core. The present transformer
achieves a power throughput of 1500 W with a core of 110 g compared to the standard 150
g of iron used by other suppliers. This allows the use of smaller components that can fit

onto a footprint that is the same length and width of the core dimensions.

The present winding arrangement also minimizes losses through the length of the

copper wire wound around the iron core.

The transformer consists of windings connected in series. One end of the
transformer windings is connected to 50/60 Hz rectified AC voltage (peak value of voltage
is 400 V); the other end of the winding is connected externally to the drain of a mosfet,
which is switched on and off at a frequency of 45-50 kHz. The voltage of this end of the
transformer winding changes between +400 V and 0 V very rapidly. This combination of
high voltage and high frequency will radiate an electromagnetic field. To minimize this,
the transformer windings are wound in layers keeping the high voltage/high frequency end
as the innermost layer, so that the high voltage/low frequency winding acts as a faraday

shield to reduce the radiated electromagnetic field.

Fig. 5 is a diagram of the transformer windings. These are in the form of two
identical bobbins 13 and 14, each containing 5 windings. However, in each bobbin, 2
pairs of windings are connected in parallel, so there are effectively only 3 windings per
bobbin — 20, 21, and 22 for bobbin 13, and 204, 21A, and 22A for bobbin 14. In bobbin
13, winding 22 is the outermost, winding 21 is the middle, and winding 20 is the
innermost, in bobbin 14, winding 22A is the outermost, winding 21A is the middle, and
winding 20A is the innermost. Further, windings 21A, 21, 20, and 20A are connected in
series as shown by means of tracks 23 on the PCB. Winding 21A is connected to the Vin

signal, and winding 20A to the Vout signal. Thus the Vout signal, which is high voltage
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and high frequency, is fed to the innermost windings 20A and 20, which are shielded by
the middle windings 21A and 21. Windings 22 and 22A also effect a shielding function,

and are utilized by the control circuit shown in Fig. 2.

The present unit has the following unique combination of functional connections:
Current/Power In (Viv)

Current/Power Out (Vour)

Voltage Sense In (+VsensE)

Voltage Sense Out (-Vsgnsg)

Current Sense (Isgnsg)

Gate Drive In (+GTpgry)

Gate Drive out (-GTpryv)

Auxiliary DC power supply (Vaux)

High Frequency Synchronizing connection (SYNC)
Inhibit/shutdown (ENA)

Vout Adjust (Vapy)

Fig. 2 shows the control circuitry 101. This consists of start-up circuitry, auxiliary
DC voltage circuitry, Vac sense circuitry, Vdc sense circuitry, Iac sense circuitry, mosfet
drive circuitry, enable circuitry, and sync circuitry. These functions can all be
implemented by circuitry that is length and width independent, ie whose dimensions are

not dependent on the power level of the unit.

The start-up circuitry is a pass transistor circuit comprising R20, R22, R23, Q1, D5,
C16 ,Q2, and R21. When full wave rectified voltage is applied to the node of R20 and
R22, Q1 will turned on, D5 will conduct and C16 will charge. When C16 charges above
the threshold voltage required to start the integrated circuit U1, Ul will compare +Vsense,
-Vsense, CS, and Vrms, and will start the drive circuitry for the external mosfet gate drive
signals Gtdrv+ and Gtdrv-. Once the mosfet Q101 starts to switch on and off, high
frequency AC current will flow in the primary of the transformer. This primary AC will
induce a voltage across the secondary of the transformer (LIN, LIA). As soon as the

external mosfet starts switching, the start up circuitry becomes redundant. The unit is
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powered up by two sources Vstartup and VAUX which are logically ORed through diodes
D4 and D3.

The auxiliary drive circuit components are D1, D2, C7, C2, ZD2, R29, Q3, C1, C3,
and C6. They generate a DC voltage approximately equal to the Zener voltage of ZD2 at
the emitter of Q3. When this voltage exceeds the voltage rating of ZD1, Q2 turns on
which in turn causes Q1 to turn off, thereby eliminating any stress on components R23,
R22,R20 and Q1.

The level of the rectified line voltage is measured using U1, R17, R18, C15, R15,
R13, and C12. The output DC voltage is sensed through a potential divider comprised of
R9, Rg, R19 ,R24, and R25, and compared with an internal reference voltage inside Ul by
a voltage amplifier inside Ul. The amplitude and frequency gain of the voltage amplifier
is set by R16 and C14. The desired input current wave shape is measured from the input
voltage through R12, R10, R21, and U1 (pin 6). The input voltage is measured as above
and squared internally in Ul. The DC output voltage, the desired input current, and the
input AC voltage are compared, and internal circuitry inside Ul decides how to pulse
width modulate the mosfet Q101.  This pulse width modulation sequence forces the
current through the primary of the transformer to be full wave rectified sine wave in phase

with the full wave rectified input voltage.

The present design is a compact solution providing high power density (> 0.3 W
mm?), a high efficiency (>96%), a high power factor (>99%), low harmonic distortion
(<5%), good line and load regulation (both <5%), and low EMI. In addition, it provides
auxiliary DC, a voltage to power downstream converter, a sync pin to reduce beat
frequencies, and a comprehensive range of power levels, and meets the appropriate
standards. Measurements on a unit operated at a switching frequency of about 50 kHz and
a power level of slightly over 1 kW, with an input voltage of 180 V and an output voltage
of 375 V, gave an efficiency of 97-98%, a magnetic core temperature of less than 100 °C,
and a control board temperature of about 70 °C (the ambient temperature being 25 °C).
The gap between the cores was 0.8 mm, giving an inductance of 400 pH at 12.8 A.
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In summary, a power converter unit is provided which comprises a transformer 10
mounted on one side of a PCB 11, with the control circuitry on the other side of the PCB.
The circuitry excludes any components which require scaling for different power ratings,
or which are excessively radiation emitting or sensitive; such components must be added
externally to the unit. The transformer is mounted with its aperture perpendicular to the
PCB, so that the unit has a fixed footprint regardless of its rating; only its height varies
with rating. The transformer is wound with the high voltage/high frequency windings
inside the other windings, which act as a shield for radiation from the former windings.

The PCB also incorporates a Faraday shield.

It is to be understood that the invention is not to be limited to the specific details
described herein, which are given be way of example only, and various modifications and

alterations are possible without departing from the scope of the invention.

In the claims, all references in parentheses to technical features are references
within the meaning of EPC Rule 29(7), whether the reference are to individual features
within specific figures or to complete figures, and are not to be taken as implying reliance

on those features within the meaning of Rule 29(6).
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CLAIMS:

1 A power converter unit comprising a printed circuit board (11) , a transformer (10)
mounted on one side of the board, and a control circuit (12; Fig. 2) mounted on the other
side of the board, the transformer being mounted with its aperture perpendicular to the
board, and the circuitry excluding components whose size is dependent on the power rating

of the unit, ie require scaling for different power levels.

2 A power converter unit according to claim 1 providing at least some of the
following functions:

Current/Power In (Vi)

Current/Power Out (Vour)

Voltage Sense In (+VsgnsE)

Voltage Sense Out (-Vsensg)

Current Sense (Isgnsk)

Gate Drive In (+GTpgrv)

Gate Drive out (-GTpgrv)

Auxiliary DC power supply (Vaux) to power up connected circuitry

High Frequency Synchronizing connection (SYNC) to allow the synchronization to
an external switching circuit

Inhibit/shutdown (ENA) shutdown input to allow externally connected circuitry to
shutdown the module

Vout Adjust (Vap;) input to override the internal circuitry in controlling the output

voltage.

3 A power converter unit according to either previous claim wherein a substantial

part of the transformer side of the board carries a shield conductor (16).

4 A transformer (10) for a power converter unit in which the connections between the
electrical windings are such that the high frequency/high voltage winding(s) (20, 20A) is
inside the low frequency/low voltage winding(s) (21, 21A, 22, 22A).
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5 A transformer according to claim 4 wherein the windings are connected in series.
6 A power converter unit according to any of claims 1 to 3 including a transformer
according to either of claims 4 and 5.
7 A power converter unit according to claim 6 wherein the inside winding (the high

voltage/high frequency winding) of the transformer is connected to the drain of the boost

mosfet of the surrounding circuitry.

8 A set of power converter units according to any of claims 1 to 3, 6, and 7 having
different power ratings, wherein the printed circuit boards and control circuits are
substantially identical and the transformers have different heights.

9 A transformer substantially as herein described and illustrated.

10 A power converter unit substantially as herein described and illustrated.

11 A set of power converter units of different power ratings substantially as herein

described and illustrated.

12 Any feature of novelty or combination thereof within the meaning of Article 4H of

the International Convention (Paris Convention).
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