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APPLICATION NOTE

POWER SEMICONDUCTORS FOR HIGH FREQUENCY
AC/DC CONVERTERS SUPPLIED ON THE 380/440V MAINS

INTRODUCTION

This paper is the result of the development in our la-
boratory of different switches and converters able to
operate at ultrasonic frequency, supplied directly
from the rectified 380/440V mains.

This paper presents, in the first part, a typical spe-
cification for the converter and power switches.

The second part describes several switches and
driving circuits optimized for those requirements.

1. SPECIFICATION :

Our objective was to develop switches and drivers
optimized for AC/DC converters supplied on the in-
dustrial 380/440V mains, switching at ultrasonic fre-
quency as used in Switch Mode Power Supply,
battery charger or welding converter applications.

We based our development on the design of a 5SKW
asymetrical half bridge (2 transistor forward) conver-
ter. An equipment of 10kW could be design with the
same switches mounted in full bridge or in the as-
sembly of two asymetrical half bridge operating in
antiphase.

Because of the high voltage supply, the blocking
voltage capability of the switches is 1000V. In order
to minimize the transformer and filters size and the
acoustic noises a switching frequency over 20kHz
is required.

In a 5kW asymetrical half bridge supplied on the
380V mains, the maximum duty cycle of conduction
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of the power switches is 50% of the total period. The
current in the switch is 15A. Consequently the RMS
current in the switch is 11A.

In order to use a very small heatsink the conduction
losses in each switch are minimized (30W).

Auxiliary supplies for the power switches are also
excluded in order to minimize the volume and the
cost of the auxiliary circuitry.

2. A 1000V MOSFET SWITCH :

Power MOSFET technology is well adapted for the
design of switches able to operate at high fre-
quency. 1000V MOSFETSs exist and they present
the classical advantages of the MOSFET technol-
ogy : low drive consumption, good turn-off safe
operating area, high over current capability, ...

Butthe resistance of the epitaxial layer required to wid-
thstand the blocking voitage Vps (if 250V) is approxi-
mately proportionnal to Vps®™ Consequently, the on
resistance R(on) of the Power MOSFET increases
rapidly with the blocking voltage capability Vpss.

The only way to.reduce the conduction losses with
a 1000V MOSFET is to operate at very low current
density and to use very large die areas.

In our design, one switch requiresa Ron of 0.15 ohm
(Ti = 25°C). That means the paralleling of
25xSTHV102 (3.5 ohms in SOT93 package) or
more reasonably 5xST5MG40 (0.7 ohm in ISOTOP
package).

Figure 1 : ON Resistance Ron) versus Blocking Voltage Vo,
(die area = 1mm2 - junction temperature = 100°C).
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The gate drive presented in figure 2 provides the
galvanic isolation of the drive signal and avoids au-
xiliary supplies.

When the signal MOSFET T1 is on, the power MOS-

Figure 2 : Schematic of the Power Switch and Driver.

FET Tis on. When the signal MOSFET T2is on, the
driving transformer is short circuited and discharges
the gate source capacitance of T, turning Power
MOSFET T 'off.
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3. ACASCODE/EMITTER SWITCHING SWITCH :

50V high density Power MOSFET can operate at a
current density 100 times the current density of
1000V MOSFET for the same conduction losses
(typically 2A/mm2 instead of 0,02A/mm2).

The current density of a 1000V bipolar transistor is
in the region of 0.4A/mmZ. For applications requir-
ing the same current capability and the same dissi-
pation, the 1000V MOSFET requires about 30 times
more silicon than the equivalent bipolar solution re-
sulting in a substantially higher power switch cost.
Bipolar transistors developed with highly interdigi-
tated technologies such as the Easy-To-Drive tech-
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nology (ETD) have a very fast fall time compatible
with operation at high frequency.

Consequently a solution using a high density 50V
Power MOSFET (STVHDS0) and a 1000V bipolar
in ETD technology (BUF420A) in cascode configu-
ration has been developed.

The driving circuit presented in figure 3 requires only
one transformer to provide the voltage control of the
MOSFET and the base current of the bipolar.

When the signal MOSFET T1 is on, the power
switch T is on. The turn-on of the signal MOSFET
T2 turns-off T.

MICRGELECTRONICS

566
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Figure 3 : Schematic of the Cascode Switch and Driver.
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As presented in figure 4, the cascode switch is very
fast at turn-off. A Storage time less than 500ns and
fall time less than 20ns have been obtained. The
rate of fall of the collector current is very high
{2000A/ps). The use of low inductance wiring meth-
ods and packages is a condition for the design of
this circuit. A turn-off snubber (R, C) limits oscilla-

Figure 4 : Cascode Switching Waveforms.

tions and maintains the bipolar switch inside its spe-
cified Reverse Bias Safe Operating Area.

The rate of rise of the collector current (dl/dtjon at
turn-on is limited in the converter by the leakage in-
ductance of the power transformer. Therefore turn-
on speed of the switch is not very critical. A (dl/dt)on
of 50A/s has been obtained.
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4. BIPOLAR SWITCH :

The elimination of the 50V high density MOSFET isthe
last step to reduce the conduction losses and the num-
ber of power packages. But the remaining bipofar tran-
sistor must be driven with a negative bias on the
base/emitter junction in order to obtain fast tum-off and
a blocking voltage capability extended up to Vcev.

Figure 5 : Bipolar Switch and Driver.

In the circuit presented in figure 5, when T1 ison the
power switch T is on. T is turned-off when T2 and
T3 are on. T2 drives the negative base current of T
and is turned-off after 3us. T3 resets the magnetic
flux in the driver transformer before the next turn-on
of T.

ez

BCxx7

4700

ON 4700
o] —

_”__
(20)
)
1500

TOOO 064

j00a BYWVIO 40

|

15aF
(20) ( )

(1)

BUF420A

BYV10-40

2x5CSP222

L

(13) | (12)

Core: TGA FT 25 (LCC)

BCaz7 AD— 040
_{>_ 05y
With this circuit, a BUF420A switches 20A with a
storage time of 2us and a fall time of 50ns at
Tj = 100°C, see figure 6.
Figure 6 : The Bipolar Switching Waveforms.
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5. CONCLUSION :

This paper proposes different switches and drivers

able to operate in AC/DC converters switching at
ultrasonic frequency and directly supplied from the
rectified 380/440V mains.

The availability of 1000V MOSFET makes possible
the design of switches with high frequency capa-
bility, large turn-off safe operating area, large over-
current capability and easily controlled gate drive. A
limitation of this solution is in the trade-off between
the conduction losses and the current density. A me-
dium current 1000V MOSFET switch needs several
packages in paraliel or a big heatsink.

A switch developed with 1000V bipolar transistor
has low conduction losses and few parallel pack-
ages. Thanks to the use of highly interdigitated very
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