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Abstract. The results of experimental research of high-efficiency high-frequency power supplies
for specialized computer systems that require high load current at low output voltage are given in
the article. In particular, the new methods for the design of MOSFET synchronous rectifiers in
power converters based on high-frequency magnetic amplifiers are investigated. The proposed
methods allow obtaining significantly higher power converters efficiency compared to existing
ones.
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BHUCOKOYAaCTOTHUX JOKEPEJI IKUBJIICHHA I Cl'[eL[iaJ'[i3OBaHI/IX KOM]'[‘}OTCp]-H/IX CUCTEM, AKI
noTpeOyloTh BHCOKOTO CTPYMy HaBaHTaKeHHs NpH HHU3bKiH BHUXimHil Hampysi. 3okpema,
JOCHIKYIOTbCS  HOBI  METOJIM IPOEKTYBaHHSA CHHXpOHHUX Bumpsimisuie MOSFET B
MEepeTBOPIOBaYaX MOTY)KHOCTI HAa OCHOBI BMCOKOYAaCTOTHMX MArHITHUX  ITiJICHIIIOBAdiB.
3anponoHoBaHi CocoOu J03BOJNAIOTH OTPHUMATH 3HAYHO OinbIly eeKTHUBHICTH MEpeTBOPIOBAYIB
HOTYKHOCTi MOPIiBHSHO 3 iCHYIOUHMH.
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INTRODUCTION

Modern specialized computer systems often require high-frequency power supplies with high level of the
load current at low level of the output voltage. This current may be equal to several dozens or, sometimes,
hundreds of amps. The decisive characteristic of such a converter is its efficiency. It is known that the main
losses in modern high-frequency power converters are the losses on the diodes of the output high-frequency
rectifier. At a high level of the load current, they are particularly noticeable and significantly reduce not only the
efficiency of the power converter, but also worsen its specific power, the level of reliability, the level of
electromagnetic interference, quality of the output voltages, its dynamic characteristics.

The so-called Schottky diodes, which can be used as rectifying diodes of the output high-frequency
rectifier, somewhat reduce its losses level due to smaller value of the direct voltage drop. However, this solution
cannot be satisfactory at high load current levels.

In addition, high-frequency power converters with high level of the load current must satisfy the
following requirements [1]: 100% range of the change of the load current; high quality of the output voltages; low
level of the electromagnetic interferences; high level of the specific power; must allow a wide range of input
voltage change; high reliability; low cost.

With the appearance of high-frequency MOSFETs there has developed a new rectifier topology:
synchronous rectifier. Its novelty consists in the use of a MOSFET instead of a rectifying diode, which is
controlled in a function of voltage of high-frequency power transformer secondary winding (synchronously with
this voltage) [2-4]. The use of MOSFET synchronous rectifiers in push-pull circuits leads to short-circuit
currents. Therefore, the use of MOSFET synchronous rectifiers in push-pull circuits requires a solution to this
problem. For this purpose, respectable control circuits and specialized drivers are being developed. Works [5-7]
describe digital solutions for synchronous rectifier control. They significantly complicate the circuitry of the
converters. Works [1, 8] propose methods for using synchronous rectifiers in power converters based on high
frequency magnetic amplifiers that do not require specialized control circuits. This article is dedicated to the
experimental study of such power converters.

FUNDAMENTALS OF MAGAMP POWER CONVERTER DESIGN
A MagAmp, used as a switch, can block and delay the applied voltage. However, MagAmp cannot

interrupt the current once started. Hence, MagAmps are used in pulse circuits where they are assisted by diode
rectifiers, which cut off the current.
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MagAmp is just a coil wound on a core of amorphous alloy with a relatively rectangular hysteresis loop
(fig. 1) [1, 8-12].
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Fig. 1. Hysteresis loop of MagAmp core material [1]

When the voltage of negative polarity is applied to MagAmp, its core demagnetizes (corresponds to 1-2
slope in fig. 1; ts...t2 in fig. 2).
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Fig. 2. Ideal MagAmp waveforms: Vg — transformer secondary winding voltage, Vms — MagAmp switch
voltage; io — MagAmp switch output current [1]

The MagAmp core is unsaturated and due to high resistance there flows no current through its winding.
When the input voltage changes its polarity to positive, MagAmp requires a certain volt-sec, which is the integral
of voltage over time, to be applied to its terminals for the magnetic flux to build up in the core and reach the
saturation level (interval 2-3 in fig. 1; to...t3 in fig. 2). When the magnetic inductance reaches the saturation level
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(slope 3-4 in fig. 1), the MagAmp resistance approaches zero, which allows the current to flow trough
MagAmp’s winding (interval 4-1 in fig. 1; ts...t4 in fig. 2) [1,13,14].

In fig. 3 there is presented a functional scheme of a dc voltage regulator based on high-frequency
magnetic amplifiers, which contains an unregulated high-frequency transistor voltage inverter 1, power
transformer, push-pull centre-tapped rectifier, controlled MagAmps, output filter 2, load, control circuit 3,
demagnetizing diodes [1, 15,16].

However, providing a high level of output current in such voltage regulator is followed by the increase of
losses on the_diodes of high-frequency rectifier. This leads to a significant decrease of efficiency.
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Fig. 3. Functional scheme of a dc voltage regulator based on high-frequency magnetic amplifiers [1]

EXPERIMENTAL RESEARCH OF MAGAMP POWER CONVERTER WITH SYNGHRONOUS
RECTIFIER

In article [1, 17, 18] the principle of operation of the proposed DC voltage stabilizer based on high-frequency
magnetic amplifiers with synchronous rectification is described. This article also demonstrates the possibility of
using a MOSFET instead of a high-frequency diode in the output LCD filter and substantiates its control of the
MagAmp in a function of voltage, which in its turn is a function of the output current. The corresponding
functional circuits and timing diagrams, which explain the principle of operation of the proposed topology, are
explained.
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Fig. 4. The functional scheme of MagAmp power converter with synchronous rectifier without control circuit
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DI10DE RECTIFIER

Input DC

voltage, V 310 310 310 310 310 310 310

Input DC 0.025 0.2 0.39 0.58 0.77 0.95 1.06

current, A

Output DC 17.83 14.74 14.28 13.89 13.51 13.16 12.74

voltage, V

Output DC 0 a1 7.9 11.9 16 20 22.6

current, A

Efficiency, % | - 95.22 93.31 91.93 90.55 89.37 87.62
MOSFET SYNCHRONOUS RECTIFIER

Input DC 310 310 310 310 310 310 310

voltage, V

Input DC 0.025 0.21 0.39 0.59 0.78 0.96 1.06

current, A

Output DC 17.83 14.74 14.62 14.26 13.98 13.53 13.23

voltage, V

Output DC 0 4.3 8 12.3 16.2 20.2 22.6

current, A

Efficiency, % | - 97.4 96.74 95.9 93.66 91.84 90.1

This article explores power converter based on high-frequency magnetic amplifiers. As input high-
frequency transistor inverter 1 used the converter on a half-bridge circuit on MOSFET IRF740 with a working
frequency of 50 kHz. The IR2110 output driver is used to control the transistors in the control circuit. In all
cases, the power converter with open loop was investigated (like Fig. 3 with no control circuit) at input DC
voltage Uin =310 V.

At first, we investigated the converter using the MBR2080 diode in the output rectifier. The load
characteristic of this converter has been obtained. The results are shown in Table | and Fig. 5.
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Fig. 5. Load characteristics of power converter with diode rectification (line 1) and with MOSFET synchronous
rectification (line 2)
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Functional diagram of the power converter with the synchronous rectifier MOSFET IRL3705 with the
channel resistance in ‘on’ state of 10 mOhm is shown in Fig. 4. In order to control high-frequency MagAmps,
two resistors were introduced into the remagnetization circuit - resistor R1 and potentiometer R2. The results of
the external characteristics of this converter are shown in TABLE Il and Fig. 5.

TABLE | and TABLE Il summarize the results of the calculation of the efficiency for both cases. Charts 1
and 2 in Fig. 6 show the function of the efficiency dependence on the load current.

Waveforms of voltage of high-frequency power transformer TV and gate voltage of transistor VT1 at the
load current 1.=20 A are shown on Fig.7. Waveforms of voltage on high-frequency power transformer TV
secondary winding and output voltage ripple at the load current 1,.=20 A in power converter with open loop are
shown on Fig. 8.
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Fig. 6. Efficiency of power converter with diode rectification (line 1) and with MOSFET synchronous
rectification (line 2)

Fig. 7. Waveforms of voltage on secondary winding of high frequency power transformer TV and voltage on
gate of transistor VT1 at the load current 1. = 20 A.
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Fig. 8. Waveforms of voltage on secondary winding of high-frequency transformer TV and output voltage ripple
at the load current I_ = 20 A in power converter without output voltage feedback.

Theoretical waveforms of MagAmp power converter with synchronous rectifier with MOSFET instead of
output LCD filter diode [1, 19] are shown on Fig. 9. The functional scheme of MagAmp power converter with
synchronous rectifier without control circuit with MOSFET instead of output LCD filter diode is shown on Fig.
10.
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Fig. 9. Theoretical waveforms of MagAmp power converter with synchronous rectifier with MOSFET instead of
output LCD filter diode [1]: V1 — voltage on secondary winding of high frequency power transformer TV; V, -
dB/dt (voltage) in high-frequency MagAmp core TS1; Vs - dB/dt (voltage) in high-frequency MagAmp core
TS2; V. — voltage on gate of transistor VT3; i1- current through transistor VVT3; i> — load current.
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Fig. 10. The functional scheme of MagAmp power converter with synchronous rectifier without control circuit
with MOSFET instead diode in output filter

With resistor R2 we change the remagnetization depth of MagAmps TS1 i TS2, which results in the load
current change. Waveforms of dB/dt in high-frequency MagAmp cores and winding voltage Wca at transistor
VT1 gate at the load current I, = 12 A are shown on Fig. 11. Transistor VT1gate voltage at the load current I, =

12 A is shown on Fig. 12. Output filter current through MOSFET VT3 at the load current I. = 12 A is shown on
Fig. 13.

Fig. 11. Waveforms of dB/dt in high-frequency MagAmp cores and winding voltage for gate of transistor VT1 at
the load current I =12 A

Fig. 12. Waveforms of dB/dt in high-frequency MagAmp cores and gate voltage of transistor VT1 at the load
current . =12 A
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Fig. 13. Waveforms of dB/dt in high-frequency MagAmp cores and of current through MOSFET VT3 in output
filter at the load current I =12 A

CONCLUSION

Thus, the possibility of using MOSFET synchronous rectifiers in DC voltage gulators based on high-
frequency magnetic amplifiers is experimentally confirmed in this article. It is the presence of high-frequency
MagAmps switched on in series with the MOSFET that enables the current flow through push-pull rectifier
circuit, thus allowing the use of a synchronous rectifier without the any drivers or control circuits.

High efficiency of the power converter based on high-frequency magnetic amplifiers with synchronous
rectification is confirmed by analysis of its experimental loading characteristics in the open loop operation mode.

Some increase in efficiency is possible provided:

- optimization of the design of high-frequency power transformer, in particular the use of magnetic
materials with the maximum possible saturation induction;

- development and optimization of operation modes of the high-frequency power transistor inverter,
intended for joint work with DC regulators on the basis of high-frequency magnetic amplifiers. Such a converter
should have high efficiency and prevent the magnetization of the high-frequency power transformer.
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