Roger Gules
roger@euler.unisinos.br

Ivo Barbi

ivo@inep.ufsc.br

1 Introduction

TWO ALTERNATIVES FOR HIGH-EFFICIENCY ISOLATED DC-
DC CONVERTERS FOR HIGH-VOLTAGE AEROSPACE
APPLICATIONS

Resumo

Neste artigo sdo propostas duas altecrnativas para a implementacdo de conversores CC-
CC isolados, operando com elevada tensdo de saida (kV) e com tensdo de entrada nao
regulada. As estruturas propostas sdo especialmente indicadas para a implementacdo do
estagio final de amplificagdo de microondas (TWTA) de satélites de comunicagéo, devido
areduzida massa e volume, além de operar com elevado rendimento. A primeira estrutura
proposta € formada por dois estdgios, um regulador conectado em série com um conversor
CC-CC isolado, o qual opera com comutagdo suave ZVS/ZCS. A segunda topologia
estudada ¢ um conversor de estdgio dnico, que mantém elevado rendimento, mesmo
operando com uma grande faixa de variagéo da tensdo de entrada.Os resultados experimentais
obtidos com os protétipos implementados sdo apresentados, considerando uma aplicacdo
com poténcia de saida de 150W, tens@o de saida total de 3,2kV e tensdo de entrada
varidvel entre 26V e 44V. O rendimento para ambos conversores, operando com poténcia
nominal, manteve-se superior a 93,4%.

Palavras-chave: conversor CC-CC isolado, elevado rendimento, elevada tensdo de saida,
satélites de comunicagdo, amplificador de microondas.

Abstract

Two alternatives for the implementation of an isolated dc-dc converter operating with
high output voltage (kV) and supplied by an unregulated low input voltage are presented
in this paper. The proposed topologies are especially well adapted for the implementation
of Travelling Wave Tube Amplifiers (TWTA) utilized in telecommunication satellite
applications, due to low mass and volume and the high-efficiency reached by the proposed
structures. A two-stage structure composed by a regulator connected in series with a
ZVS/ZCS isolated dc-dc converter is the first topology proposed. The second topology
studied is an isolated single-stage converter that maintains high-efficiency even under a
large variation of the input voltage. The experimental results obtained from two prototypes
are presented, considering an application with 150W of output power, total output
voltage of 3.2kV and a variable input voltage from 26V to 44V. The efficiency for both
converters operating with the nominal output power is higher than 93.4%.

Keywords: isolated dc-dc converter, high-efficiency, High output voltage, communication
satellite, TWTA.

There are different applications where is necessary the use of high level DC voltages (thousands volt). Typical examples
are CO, laser-based systems, medical and industrial X-ray and telecommunication equipment with vacuum tubes, like Travelling
Wave Tube (TWT) utilized in communication satellite. Therefore, several high-voltage dc-dc switching power converters
arc used in different types of electronic equipment. The designer of high voltage power supplies face many problems that are
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not present in low voltage design and the choice of most adequate solution depends of the design requirements of cach
specific application.

The design difficulty of high-voltage converters is increased in satellite application due to the severe requirements and
specifications that must be attended. The launch cost is very high and there is a permanent interest in the efficiency improvement
and reduction of the mass and volume of the satellite equipment. High efficiency is important to achieve since the primary
power source of a satellite is a solar array and batteries, presenting an important influence in the total mass, volume and cost.

The final stage amplifier in the transponder of the communication satellite is the Travelling Wave Tube Amplifier
(TWTA). In this kind of satellite, the payload mass and power consumption is mainly given by the presence of the TWTA
which represent about 35% of the total mass and from 70% to 90% of the overall DC power consumption (CERUTI,
GAMBARARA & VIGANO, 1998). Therefore, the design of TWTA has been continuously improved in order to realize
more light and efficient equipment.

The TWTA consists of a microwave amplifier tube TWT mainly determining the radio frequency (RF) performance and
an Electronic Power Conditioner (EPC) for power matching of the DC interface.

The high voltage dc-dc converter generates the high-voltages for the TW'T and can be considered the most important
part of the EPC because it is the critical point in the design of a high efficiency and competitive TWTA.

2 High-Voltage Isolated DC-DC Converters

The operation of the isolated converter is influenced by the presence of the intrinsic elements of the power transformer.
In low-voltage applications, the power transformer can be represented by its magnetizing and leakage inductance, considering
its operation without losses. However, in a step-up transformer for high-voltage applications, there is also an equivalent
winding capacitance referred to the primary side that must be included in the transformer equivalent model. Due to the high
number of turns in the secondary winding and the high transformer turns ratio, this equivalent capacitance becomes important
in the converter operation.

Figurel presents the high-voltage transformer simplified model constituted by the leakage inductance (L), magnetizing
inductance (L_) and the equivalent capacitance referred to the primary side (Cp) (TALA-IGHIL, NYOBE-YOME & GLAIZE,
1993).

This model is adopted in the principle of operation analysis of the topologies studied.

Figure 1- Simplified equivalent circuit of the high voltage and high frequency transformer.

There are some operations characteristics that an isolatcd topology must presents for its utilization in high output voltage

application, maintaining high efficiency, low volume and mass. The main operation characteristics are:

« High switching frequency reducing the reactive elements likes inductors, filter capacitors and the power transformer.

e Soft-commutation in the power switches, avoiding the reduction of the efficiency with the increment of the switching
frequency.

« Incorporation of the intrinsic elements of the circuit in the converter operation like switch capacitance, leakage inductance
and equivalent capacitance of the high-voltage transformer, avoiding the dissipation of the energy stored in these elements.

» Constant switching frequency, allowing the choice of an optimum switching frequency with respect to the mass, volume
and efficiency.

« Voltage source output characteristic, because the multiple high-voltage outputs necessaries for to supply the TWT becomes
unfeasible the utilization of output filter inductors in the high-voltage session, for a current source output characteristic.

o Input current source behavior, because the non-pulsating input current allows the reduction of the input filter.

e A step-up output characteristic, reducing the transformer turns ratio and minimizing the effects of the transformer equivalent
capacitance referred to the transformer primary side.
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¢ Good load regulation and operation with a large variation of the input voltage.

¢ Low di/dt in the high-voltage rectifier diodes, minimizing the effects of the recovery current of these diodes.
Considering as choice criterion of the isolated converters all operation characteristics presented above, two topologies

were selected and studied for the implementation of a TWTA.,

3 The Two Stage Topology
The input voltage presents a large variation range and the (irst solution proposed for the implementation of the TWTA
power stage is composed by two dc-dc converters connected in series (two-stage topology), presented in Fig.2.

3.1 Proposed Circuit

The first converter of the two-stage structure is a boost dc-de converter composed by the input inductor L, power switch
S,, diode D, and filter capacitor C,. The boost converter regulates the input voltage variations and operates with PWM
modulation and hard switching. However, the operation with low input voltage and the utilization of a schottky diode in the
boost output, high-efficiency operating with high switching frequency is reached.

The second stage is an isolated dc-dc converter with resonant operation, generating the different high voltage outputs for
supply the TWT (WEINBERG & GHISLANZONI, 1992). In this case, the isolated dc-dc converter operates in an optimized
operation point, with constant switching frequency and fix duty-ratio. The isolated topology is a resonant push-pull current
fed de-de converter composed by two power switches S and S, an input inductor L, a resonant capacitor C, and the push-
pull transformer. The intrinsic parameters of the transformer (L, L, C,, and C ) are also presented in Fig.2.

A full-bridge rectifier and filter capacitor compose the output.

The push-pull converter operates with zero current and zero voltage switching techniques (ZCS/ZVS). The input current
source characteristic of the push-pull converter is obtained with the inductor L.

High-voltage
_transformer
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Figure 2. Proposed power circuit of the two-stage topology.

3.2 Principle of operation

The push-pull ZVS/ZCS principle of operation can be described in two operation stages presented below. For
simplification, the components are considered ideal, however the switch capacitance, the leakage inductance and the equivalent
capacitance of the high-voltage transformer are included in this analysis.

The output voltage of the boost regulator is substituted by a constant voltage source A\

1) First operation stage (lt,t,] Fig.3). ‘

The current in the transformer center tap (i) initially is zero and during the conduction of the switch S,, the resonance
between the center tap capacitance C; and the lcakage inductance L,, occurs. The current (i) increases, reach its maximum

value and becomes zero, finishing this operation stage.
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During this stage the center tap current (i) is conducted to the filter capacitor and load through the transformer windings
and the rectifier diodes D, and D,

Cgy| Dsi| 8

Figure 3- First operation stage (t -t ).

2) Second operation stage ([t t,] Fig.4).

When the current in the switch S, becomes zero, the rectifier diode is blocked and the energy stored in the magnetizing
inductance is transferred to the switch capacitance and the equivalent capacitance of the high-voltage transformer. The
voltage in the equivalent capacitance of the circuit changes in a resonant way and the switch S, turn-on occurs with soft-

commutation.

Vin — Cr o
—

—
SERBE

Figure 4- Second operation stage (t,-t,).

The main theoretical waveforms of the isolated converter are presented in Fig.5. The commutation loss in the power
switches is very low. The maximum voltage across the switches is cqual twice the push-pull input voltage (boost output voltage)
plus the voltage ripple in the center tap capacitor C,. Therefore this converter is indicated for low input voltage applications.
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Figure 5- Main theoretical waveforms.
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3.3 Main Mathematical Results and Simplified Design Procedure

The main mathematical results obtained from the theoretical analysis are presented and utilized in a simplified design
procedure.

1) Specifications and parameters
The following specifications are considered in the design of the two-stage topology:

Input voltage: V =26/44V
Boost output voltage: V,=50V
Total output voltage: V =3200V
Output power: P =150W
Push-pull switching frequency: F =80kHz
Boost switching frequency: F,=120kHz

The parameters of the implemented circuit arc:

Magnetizing inductance with gap: L =85uH

Leakage inductance: L=13uH
Winding capacitance: C,=8.75nF
Switch capacitance: C=InF

2) Operation point of the Push-Pull converter

The switch current must be zero at the end of the period T (Fig.5 instant t,) and the voltage across the switch that will
be turned-on must reach a low value at the end of the period T , (Fig.5 instant t,), for the optimized operation of the push-pull
converter. These two conditions are defined mathematically by (1) and (2) respectively. The design procedure is simplified
solving numerically (1) and (2), and the results obtained are plotted in fig. 6.

cos(T.F, .t,)-M-sin(n.Fr 1,)-1=0 1N
2-cos(m-Fo-(1=tr))—m-F-trsin(m - F,-(1~tr))+2=0 (2)
Where:

t, = _g;;ﬂl._ 3)
iy lLd.CT —Fl_ )
Fra =2.,,.\/2A]Lm.ceq 71“ 5)

The relative frequency Fr is the relationship between the resonance frequency of the leakage inductance and the center
tap capacitance with the switching frequency. This resonance occurs during the conduction of the power switch. Fr2 is the
relationship between the resonant frequency of the magnetizing inductance and equivalent circuit capacitance with the
switching frequency. This resonance occurs when both switches are turned off.

Substituting the specification and parameters in (7) yields:

Ceq = Cxl + Cpl (6)

) 1
F,= L= 15453
" om 2L, Cy BT 0

Rev. Tecnol., Fortaleza, v. 23, n. 1, p. 79-95, dez. 2002. 83



Ruger Gules ¢ Ivo Burbi

The frequency F, calculated must be higher than 1.1 for to obtain soft-commutation. The components stresses are
reduced for a relative frequency F, close to 2 and arelative conduction time t close to 1. The energy stored in the magnetizing
inductance performs the voltage transitions in the equivalent circuit capacitance,

Therefore, the magnetizing inductance can be reduced inserting a gap in the transformer, allowing the choice of a good
operation point.

With the relative frequency F calculated, the value of the switch conduction time (t) is defined in Fig.6.

t=0.81
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Figure 6- Optimized operation point. -

The switch turn-on and turn-off period are calculated by:

t

T = - = SHs
2-F - ®
T

Ty = 5" T, =1.25us ©)

3) Center Tap Capacitance (C,)
Fig. 6 also defines the relative frequency Fr.

Fr=2.05 (10)
F,=F,-F, =164kHz (1)
w,=27F, (12)

The center tap capacitance can be calculated by:

1
C',' = "*’7 =T724nF (13)

L{I -,

4) Current and voltage stresses
The input current (I) is defined by (14), considering an efficiency of 1=95%.

P
I =—"—=3158A (14)
Vaom

The switch peak current (ka) is calculated by:
n.F (-t ) 1 1

- mF A=) Fops————— . — =1,5453
(4 atang( 5 ] 0.549 2 2.7 ZL”C F_‘. (15)

3 ey
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! LI 1,5453

1
I, =11+ =6864 F=—F—=———
Pk { cos((p)} : 2‘7r~1/2~L,,,-Ceq K (16)

The switch RMS current is:

U7

Spms =

The maximum blocking voltage across the switch (VSnk) is:

’L
Zn = —Ci'—zl.34 (18)

I-Zn
==t 2 'V»y :]OSV
cos(p) i (19)

pk

5) Output voltage ripple
The parameterized output voltage ripple is calculated by (20) and (21).

0 =atan g[E'_Er_ ‘glftr)] o)
2
— AV.-C -F 1 2
AV =€ To Ty LT
1, m F,-cos(8) @

I, — Average current of each output
C, - Filter capacitor

AV, — Output voltage ripple

3.4 Experimental Results

A laboratory prototype was implemented following the optimized design procedure developed and some waveforms
obtained from this prototype operating with the minimal input voltage and the nominal ontput power are presented. The
details about the power circuit implemented are shown in Fig.7. A typical configuration of load resistance representing the
TWT for the test of the power supply is used. The different current and voltage level in each output and the nominal output
power are defined by the kind of TWT adopted in the design.

The main experimental results of the push-pull converter operating with nominal output power are presented in Figs. 8
and 9. ‘

Fig.8 presents the soft-commutation obtained in the power switch of the push-pull converter and the peak voltage is
about 120V.

Fig.9 shows the voltage and current in a high-voltage rectifier diode of the push-pull. The cfficiency curve of the two-
stage topology (boost and Push-pull) operating with nominal output power and variable input voltage is presented in Fig.10.
The lowest cfficiency obtained with nominal output power is equal to 93.4%.
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Figure 7- Single-stage power circuit implemented.
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Figure 9- Rectifier diode voltage and current (100V/50mA/21s/div)
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Figure 10- Cfficiency operating with nominal output power and variable input voltage

4 The Single Stage Topology

A critical point in the utilization of the two-stage topology is the converter series connection that causes a reduction of
the overall efficiency. Both converters must present a very high efficiency in order to maintain an adequate efficiency for
satellite communication application.

The second solution proposed for the implementation of the TWTA power circuit is a single-stage converter. The
isolated de-dc converter operates with a variable operation point (non-optimum) due to the regulation action of the converter.
Thus, the single stage topology must present all suitable operation characteristics for high-voltage applications described in
session IT and maintain a high efficiency in all range of the input voltage variation.

4.1 Proposed Circuit

For the implementation of a competitive high-voltage isolated dc-dc converter, a single-stage high-efficiency topology
is proposed and presented in Fig.11. The proposed topology is based on the current-fed push-pull dc-dc converter operating
with PWM modulation, active clamping and ZVS commutation (NOME & BARBI, 1998).

Two main switches (S, and S,,), two auxiliary clamping switches (S and S ,), a clamping capacitor C; and a push-pull
transtormer compose the converter. 'I'he outputs are formed by full-bridge rectifiers and by filter capacitors.

CsallDsall S |
= ZF H__
x L Cpy Cp  [CsuDsis,
G T High-vollage Lin T3
- lsa Ds2|Cs; sransformer i
T \/ill

Figure 11- Proposed power circuit of the single-stage topology.

The anti-parallel diode and intrinsic capacitance of the MOSFET are used in the circuit operation. The current feeding is
provided by the voltage source V,_ in series with the input inductor L, . The intrinsic parameters of the transformer are also
presented in Fig.11.

4.2 Principle of Operation

Only the operation in continuous conduction mode and with the main switch duty ratio (D) higher than 0.5 is considered
in the theoretical analysis (boost operation). The converter duty ratio (d) is defined by the period where both main switches
are simultaneously conducting in the switching period.

The seven sequential circuit states that describes the principle of operation are presented below:
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1) First Stage ([t t,] Fig.12).

Both main switches are conducting and the current flowing through the primary windings have the same absolute value
and opposite direction. Thus, the rectifier diodes are blocking and the input inductor L, stores energy. The resonance between
the leakage inductance and parasitic capacitance of the transformer occurs during this stage but does not present influence in
the operation of the converter.

2) Second Stage ([t t,] Fig.13).

At the instant t, switch S, is turned off at zero voltage, and the charge and discharge of the capacitors Cg, and C, , occurs
linearly with a constant current. When the currents in the primary windings become different, the power is transferred from
the input source to the load. This stage finishes when VC__(t)=0.

3) Third Stage ([t,, t,] Fig.14).

The voltage across Cg, becomes zero and the diode D, conducted to the clamping capacitor the energy stored in the
leakage inductance. During this stage, the switch S, must be gated on.

4) Fourth Stage ([t, t,] Fig.15).

The current in i , inverts its direction and the clamping capacitors C returns to the converter, through S ,, the energy
received during the 3" stage.

5) Fifth Stage ([t t.] Fig.16)

The auxiliary switch S, is turned off. The energy stored in the leakage inductance L, accomplishes the charge and
discharge of the capacitor C, and C, in a resonant way. The voltage in the main switch decreases to zero.

6) Sixth Stage ([t t ] Fig.17)

When the capacitor Cg, reaches the clamping voltage V,, the diode Dy, starts to conduct and the i , current decrease due
to the output voltage referred to the primary side (V- The main switch S, must be enabled to conduct during the conduction
of the diode D,

7) Seventh Stage ([t, t,] Fig.18)

The current inverts its direction flowing through S,. When the currents in the primary windings become equal, the
rectifier diodes are blocked, returning to the first operation stage.

The main theoretical waveforms are presented in Fig.19.

The active clamping allows the operation with soft-commutation in all switches until a minimum load where the energy
stored in the leakage inductance is not enough for to accomplish the voltage transitions in the commutation capacitor. The
voltage across the blocking switch is limited to the clamping voltage.

An important characteristic of this structure is to operate with main switch duty-ratio (D) higher than and lower than 0.5
(with overlapping and no overlapping). The auxiliary switches operate in a complementary way in relation the respective
main switch. For a main switch duty-ratio lower than 0.5, the converter operates like a sepic dc-dc converter and with a step-
down output characteristic. For the operation with a main switch duty-cycle higher than 0.5, the converter operates like an
isolated boost converter with a step-up output characteristic. Therefore, this converter does not present inrush current for a
progressive variation of the duty-cycle and support a large variation of the input voltage.
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A = o - = Du T o o T b
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=C ke + _L‘lz. ¥2 Ll ﬂ >
Vo T Vo T% hd [m | Lifesfrm ™ T
Cs1|Dsfs, Yics: Cpy Tl Cy Csi|Dsifs
G Z L. =L G ZS == Li" Ea
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Figure 12 - First operation stage (to, t1). Figure 13 - Second operation stage (t1, &).
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Figure 19 - Main theoretical waveforms.

Rev. Tecnol., Fortaleza, v. 23, n. 1, p. 79-95, dez. 2002. 89



Roger Gules ¢ Ivo Barhi

4.3 Main Mathematical Results and Simplified Design Procedure

A simplified design procedure is presented using the main equations obtained from the theoretical analysis of the proposed
converter.

1) Specifications and parameters
The following specifications are considered in the design:

Input voltage: V, =26/44V
Total output voltage Vv =3200V
Output power: P =150W

Push-pull switching frequency F =80kHz

The parameters of the implemented circuit are:

Magnetizing inductance: L _=85uH
Leakage inductance: L =6uH
Winding capacitance: Cp=8.75nF

2) Operation point of the Push-Pull converter

The output voltage referred to the primary side (V) adopted in the design is equal to 50V, considering the main switch
duty-ratio higher than 0.5 and a step-up output characteristic.
The static gain, operating with the minimum and maximum input voltage are determined respectively by:

vV 50
=2 ="=19231
q'" Vinmin 6 (22)
v 50
= =>"=11364
“"Vin 44 (23)

The nominal input current operating with the minimum and maximum input voltage, considering the operation without
losses are:

P
lin, =—*—=5.7T1A
tnm inmin (24)
P .
lin, =—2—=341A
= 25)

man

The parameter g represents a reduction of the effective converter duty ratio due to the presence of the active clamping
circuit. This characteristic is common in the most part of the ZVS-PWM converters. This parameter is proportional to the
leakage inductance and output current. For the minimum and maximum input voltage results:

Iin L, F,
y, = 2 Fs 2008308 26)

op

— linx ) Ltl i Ev

X

op

The nominal converter duty-ratio for the minimum and maximum input voltage are:

d, = nt2Vn=1 =0.646

28
qm ( )

9y YT
d,=——"*— = 0.218 (29)
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3) Voltage stress

The clamping voljage operating with nominal output power and minimum and maximum input voltage are:
VGm = Vinin r;ju =147V (30)

“lm

. 2
Vo, =Vin —d =112.5V 3D

max
X

When the converter operates without load, the clamping voltage is:

Vg =2-V,, =2:50=100V (32)

Thus, the clamping voltage change from 100V until 147V, and this is the maximum blocking voltage across the active
switches.

4) Current stresses operating with the minimum input voltage

Main switch:

iSpruss = lin, -% 157, +13-7-d,, =3.672A (33)

Auxiliary switch:
iSagys =1lin, % 1/1 -d,, =0.945A (34)

5) Current stresses operating with the maximum input voltage
Main switch:

6
iSp ms = lin, -%-\/15-;@ +13=7.d, =2.4324 (35)

Auxiliary switch:
—  AVg, C, F, 1 2
AV — o o Sl
I, n F, -cos(8) (36)

5) Soft-commutation range

The auxiliary switches are turned-off when the energy is transferred from the clamping capacitors to the load and only
the energy stored in the leakage inductance is available for the accomplishment of the charge and discharge of the commutation
capacitors. Thus, the soft-commutation is maintained until a minimal input current where the energy stored in the leakage

inductance is lower than the encrgy stored in the commutation capacitors. The auxiliary switch turn-off is considered as the
critical commutation and defines the soft-commutation range of the converter.

Equation (37) allows the determination of the soft-commutation range.

E ) Jav, - We-27,F

2 Zn G7

Zn= |2
Cs (38)
Ly=Ly+Ly (39)
Csy =Cgy+Cyp =Cg +Cy (40)
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7) Output voltage ripple
The parameterized output voltage ripple is variable with the static gain (q) and calculated by (41).

—— 2.AV. .C..F. g1
AV = A Co 0 FA — (2 q 1) 41
17, 4.¢4* (41)

Where:

I, — Average current of each output
C, — Filter capacitor

AV - Output voltage ripple

4.4 Experimental Results

A laboratory prototype was implemented following an optimized design procedure developed and some waveforms
obtained operating with the minimal input voltage and the nominal output power are presented. The details about the power
circuit implemented are presented in Fig.20.

‘T'he main experimental results obtained operating with the minimum input voltage (26V) are presented in Figs. 21, 22
and 23. The main switch current and voltage waveforms are shown in Fig.21. The soft-commutation is obtained and the
maximum switch voltage is equal the clamping voltage.

The auxiliary switch voltage and current waveforms are presented in Fig.22. The auxiliary switch also presents soft-
commutation and the RMS current and the conduction losses are very low.

The maximum switch voltage is equal to 160V.

The voltage and current in a high-voltage rectifier diode is shown in Fig.23.

The efficiency curve operating with nominal output power and variable input voltage is presented in Fig.24. The lowest
efficiency obtained with nominal output power is equal to 94.1%.

Luid resistances

Input voltage: Vin=26/44V Cathode :
+ VOS50V RC4 RC3 RC2 [ RAO RHIx RAL
‘ot 00 Vo=3 C4 = Hoow i 4 oka 3 K2 I3k y osaxz 3 JemMa ok § Mg
Total outpul voltage: Vo=3200V I okt by ol preoad (R bl it et
Nominal output power: Po=150W Jee=SmA
1200V
Swilching (requency: Fs=80kHz .03 + == Ve300V
Collector 3 Tey=16mA
—
_l Sa| Sa ﬂ 1750v
1ce + == V250V
Collector 2 lz=30mA
T Cao 2050V
0.220F L + N R
Collector | Lo =30mA
S, Spy L
_l P1 ‘J 2800V
1LAO + == VAus150V
Anake ¢ tao=S0uA
—t
S S 30V
Pl=> P2= APT20M22LVR LHIx = VIliketooy —
Heli 1=Sn
Sat= Sp2- 1RFP254 ok TN
Rectilier diodes = MUR 1100 }—— ooy
Transolormer core ETD39-IP12/Thoraton LAl + =3 VAI= 0V
La=100uA
Anode | la=ltuA

Figure 20 - Single-stage power circuit implemented.
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Figure 21- Main switch voltage and current operating
with the minimum input voltage (50V/2A/2ps/div).
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Figure 22- Auxiliary switch voltage and current operating
with the minimum input voltage (50V/2A/2ps/div).
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Figure 23 - Rectifier diode voltage and current (100V/100mA/2us/div).
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Figure 24 - Efficiency operating with nominal output power and variable input voltage.

5 Conclusions

Two alternatives for the implementation of a high-cfficiency isolated dc-dc converter with high-output voltage for
TWTA application were propused and studied. Both structures present several opcration characteristics suitable for high
output voltage applications supplied by an unregulated input voltage.

The operation characteristics were verified by the implementation of the laboratory prototypes operating with a variable
input voltage (26V/44V) and with 3.2kV of total output voltage. The lowest efficiency obtained operating with the nominal
output power is equal to 94.1% for the single-stage topology and equal to 93.4% for the two-stage topology.

The two-stage structure presents a output ripple 30% lower that the single-stage topology in its worst operation condition
(lowest input voltage) for the same specifications. However, the single-stage topology proposed presents a lower mass and
volume and higher efficiency than the two-stage topology studied.

6 References

CERUTI, L.; GAMBARARA, M.; VIGANO, D. New generation EPC for medium power TWTs. In: EUROPEAN
SPACE POWER CONFERENCE. 1998, Tarragona. Anais... Larragona: European Space Agency, 1998, p. 299-316.

TALA-IGHIL, B.; NYOBE-YOME, J. M.; GLAIZE, C. High-voltage variable-frequency double-resonant de-dc
converters utilizing the transformer parasitic elements. In: EUROPEAN SPACE POWER CONFERENCE. 1993, Graz.
Anais... Graz: European Space Agency, 1993, p. 245-250.

WEINBERG, A. H.; GHISLANZONI, L. A new zero-voltage zero-current power switching technique. IEEE Transactions
on Power Electronics. New Jersey, v. 7, n. 4, p. 655 665, Oct. 1992,

NOME, F.J.; BARBIL I. A ZVS clamping mode current-fed push pull dc-dc converter. In: INTERNATIONAL SYMPOSIUM
ON INDUSTRIAL ELECTRONICS. 1998, Pretoria. Anais... Pretoria: IEEE Power Electronics Society, 1998, p. 617-
621.

GULES, R.; BARBL, L. Isolated dc-dc converters with high-output voltage for TWTA telecommunication satellite applications.
In: APPLIED POWER ELECTRONICS CONFERENCE. 2001, Anaheim. Anais... Anaheim: IEEE Power Electronics
Society, 2001, p.312-318.

94 Rev. Tecnol., Fortaleza, v. 23, n. 1, p. 79-95, dez. 2002.



TWO ALTERNATIVES FOR HIGH-EFFICIENCY ISOLATED DC-DC CONVERTERS FOR HIGH-VOLTAGE AEROSPACE APPLICATIONS

Roger Gules

Received the B.S. degree in electrical engineering from Federal University of Santa Maria, Brazil, in 1995 and the M.S. and
Ph.D. degree in Electrical Engineering from Federal University of Santa Catarina, Brazil, in 1998 and 2001, respectively.
Currently he is assistant Professor of the Unisinos, Brazil. His current interests include high-efficiency power converters,
power factor correction techniques and lighting systems.

Ivo Barbi

Received the B.S. and M.S. degrees in electrical engineering from Federal University of Santa Catarina, Florianépolis, Brazil,
in 1973 and 1976 respectively, and the Ph.D. degree from the Institut National Polytechnique de Toulouse, France, in 1979.
He founded the Brazilian Power Electronics Society and the Power Electronics Institute ot the Federal University of Santa

Catarina. Currently he is Full Professor of the Power Electronics Institute. Since January 1992, he has been Associate Editor
in the Power Converters Area of the IEEE Transactions on Industrial Electronics. His interests include high frequency and
high efficiency power converters and power factor correction.

Rev. Tecnol., Fortaleza. v. 23, n. 1. p. 79-95. dez. 2002. 95





