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ABSTRACT

Improving efficiency and flexibility in pulsed power supply technologies is the most
substantial concern of pulsed power systems specifically with regard to plasma
generation. Recently, the improvement of pulsed power supply has become of greater
concern due to the extension of pulsed power applications to environmental and
industrial areas. With this respect, a current source based topology is proposed in this
paper as a pulsed power supply which gives the possibility of power flow control during
load supplying mode. The main contribution in this configuration is utilization of low-
medium voltage semiconductor switches for high voltage generation. A number of
switch-diode-capacitor units are designated at the output of topology to exchange the
current source energy into voltage form and generate a pulsed power with sufficient
voltage magnitude and stress. Simulations carried out in Matlab/SIMULINK platform
as well as experimental tests on a prototype setup have verified the capability of this
topology in performing desired duties. Being efficient and flexible are the main
advantages of thistopology.

Index Terms — Pulsed power supply, high voltage, current source, voltage source,
power converter, DC-DC topology, plasma.

power area. Not tacking utilization of advanced Wleulge
and recent approaches in power electronics

1 INTRODUCTION

and

PULSED power is the accumulation of energy over
relatively long period of time and releasing it weguickly
which is a process aiming to increase the instautas power.
The characteristics of this pulse, including vo#tdgvel and
rising time are determined based on the load remeénts.

Although single shot based pulsed power generatitls
extremely high peak power have been considereidligifor
military and nuclear fusion applications, repettiv operated
pulsed power generators with a moderate peak ptaee
been recently developed mainly for industrial aggtions
such as food processing, medical treatment, watetrhent,
exhaust gas treatment, concrete recycling, ozonerggon,
engine ignition, ion implantation etc [1, 2]. MaBenerators
(MG) [3, 4], Magnetic Pulse Compressors (MPC) [pRlse
Forming Network (PFN) [7, 8], Multistage Blumleinines
(MBL)[9, 10] etc, are the most popular technologiesich
have been utilized so far as pulsed power supphnddaged
methods and technologies besides lack of agreebetween
power supply and load properties cause major issupsised
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&emiconductors into account was due to lack of ssteto
improve power supply technologies during past desad
Efficiency, flexibility and intricacy are major dmbacks of
these power supplies. Controlling power flow isriéical skill
which can improve the efficiency of power supplystgyns.
On the other hand these pulsed power systems eebigh
voltage, high power switches in which their voltdgecking
and switching time are limited. The switches tedbgyp
utilized for pulsed power generation has variechwitspect to
the development of power semiconductor devices,other
past few decades. Thyristor, IGBT, MOSFET, etcsamme of
those switches mostly classified as solid stateic@mmuctor
switches [11-13]. Since pulsed power applicatioesand for
high dv/dt, fast switches with short switching samts have
critical role in pulsed power supply topologies J[14he
timescales of these transients are from nanosecdads
microseconds, including a switching transition obwer
semiconductor devices, commutating processes, aiwt d
signal transmissions. These transient processestlgiaffect
the performance and reliability of power electrosigstems
with imposed restrictions over power conduction][15



Most pulsed power applications have resistive-cilipac
characteristics [16]; therefore, a current souop®liogy seems
to be a proper candidate to supply such loads. Yéipect to
this issue a combination of current and voltagercesi is
considered in this paper to develop the initialaapt of high
voltage pulse generation with low voltage switchd@he
circuit depicted in Figure 1 reveals a general igurétion for
the proposed topology. Same sort of fast and lowhame
voltage semiconductor switches and diodes are betgeen
two energy storages in order to control the eneatglvery
process. In this configuration the inductor and ¢apacitors,
which can be supposed as the current and voltageesy are
in charge of supplying energy and generation ofremiate
voltage level and stress respectively.
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Figure 1. A general configuration of proposed concept.

2 CONFIGURATION AND ANALYSES
2.1 TOPOLOGY

2.1.1 GENERAL CONFIGURATION

The topology considered in this paper is based e t.

positive buck-boost converter concept. The germratept of
this topology is presented in Figure 2.

An ac-dc converter rectifies grid ac voltage intoda
voltage and supplies the rest of the circuit. Towree voltage
charges an inductor, L, through switches,&d $, S;..., S,
composing a current source. The level of currentes in the
inductor during charging mode, can be controlled win
appropriate duty cycle ofsS

A freewheel diode, D, which is connected betweea th
switch and the inductor, conducts the current ideorto
provide a current loop and keep the current cohstamle S
is switched off. The switches;,SS...., S,, are connected to a
series of capacitors through diodes which compasitcts
diode-capacitor units. These units in a group asson act as
a combined voltage source and generate desiredvioiggge
at the output. The inductor current flows througle unit's
switches while they are on. As soon as the switanegurned
off, the inductor current flows to the capacitohsouigh the
diodes. The received energy from the current soisrstored
in the capacitors in the form of voltage.

Most pulsed power applications have
capacitive properties which can be modeled as glealnad
with a capacitor, Gaq, @ switch, Saq and two resistors, 1Rad

& R, 0aq @S shown in Figure 2. The capacitor represents the

capacitive specification of the loads and switchbefween
large and small resistors; R & R, 040 Simulates the break
down phenomena happening while pulsed power apilit®e
loads.

As shown in Figure 3, a double unit configuratia® i
investigated in this paper as a simple model. Eselts can
be extended for a multi unit topology.

Current Source Voltage Source

6
\'/_4

¢ Load

\

_— e ——————— -
/ /
C b \

l rn —— l [ |
| ' s L N s |
y AC-DC || i Joo ] |

ac Cin 7= Vin Switchin D o
Converte} | “n T Vin Spienn "+ N T |
| L Co !
220V : > : | :
50 Hz | l¢ J Dg: : : |
I > K I G| 4 < el
C SR R <
| Control S| | : | : T Cload @ RiLoadR2Loadg |

|

: Protocol | =‘T : | :
| of | D3| : | | I
I Series | HJ | | I
| Switches . | Dnl | : I
| | :Cn==| | |
l 11 1| '
| , | | |} |
N — y;

Current Source Block Diagram

Voltage Source Plasma Load Model

Figure 2. Pulsed power supply configuration with multi sw-diode-capacitor unit.
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Figure 3. A pulsed power supply with two switch-diode-caparcunits and a
non-linear load.

2.1.2 SWITCHING MODES

The operation modes of this topology are separatedwo
major groups. Switching states depicted in Figyt@sand 4b
and Figures 4c and 4d are classified in currentcgocategory
and voltage source category, respectively.

2.1.2.1 FIRST MODE: CHARGING INDUCTOR (Ss: ON,
Si: ON, S;: ON)
As demonstrated in Figure 4a, in this switchingestall the
switches, including current source switchg, &nd units

switches, $ & S,, are turned on to increase the inductor

current. Therefore the input voltage;,,Vappears across the
inductor and the charging time can be calculatefdlbsvys.

V. =V, —(VSS +VSl +VSZ) (D)
di Ai
V,=L—=L— 2
boTdt At @
If the inductor is supposed to be with no initialrrent

LO
L

2.1.2.2 SECOND MODE: CIRCULATING THE
INDUCTOR CURRENT (Ss: OFF, S;: ON, S;: ON)

As soon as the inductor current crosses a definanuat,
the control system turns off the current sourcaadwiS;, and
disconnects the input voltage source,, from the rest of
topology. Henceforth, the freewheel diode, D, catsluiand
lets the inductor current to circulate through&sS,. In this
mode, which is illustrated in Figure 4b, the lowltage drop

charge andAi =1 then At =
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Figure 4. Switching states of the proposed power supplyudif@) Inductor
charging (b) Circulating the inductor current (df)a@ging the capacitors (d)
Supplying the load.

across the diodes and switches discharges the torducTherefore, even if there is an arc occurring atlteel side,

moderately. As the total voltage across the induconot
significant, the discharging effect can be neglécémd the
circulating current is considered to be constahts Bwitching
state keeps the current stored in the inductor alwivs the
load system to be prepared for the next cycle efgining.

Ve ==(Vp +Vg +Vy) (3)
This is a mandatory switching mode but the converts
stay in this mode for a short time in order to mmize

conduction loss. Then the converter can be switdoethe
third switching mode if the load is prepared todmergized.

there will be no chance to waste a large amount¢rafrgy

through the input source.

2.1.2.3THIRD MODE: CHARGING CAPACITORS(Ss:
OFF, S;: OFF, S;: OFF)

In this switching state, the current source defivéne
inductor current to the capacitors and charges thams
exhibited in Figure 4c, the unit’s switches,&S,, are turned
off in this mode and the inductor current is pumped the
capacitors and charges them to a certain leveheéfby the
load.

Neglecting this switching state in order to avoitlet AVQ =Ii - AV -Iillt (4)
conduction losses raises stability concerns arnsl iindeed a At C “C
safety state which is necessary for this systenringuthis During this state, in reality, the resistivity ofoad

switching mode, the inductor is isolated from tlwairse by .,hgigerably collapses due to the application d$emipower
turning $ off, giving the possibility of disconnecting inputiy the load and plasma generation reaction. A pasm

voltage from the load during power delivery periodphenomenon has been modeled by decreasing the load



resistance from Ro R, through switch Sas demonstrated in and delivers it to the load which charges Qegatively.
Figure 4d. The required energy is delivered toltz from (Ss:OFF, S:OFF, S:OFF, $:0ON):

the voltage and current sources in this mode. Tamadtor —CV
bank and the inductor are discharged subsequentiyrding Vv, (3) = 271 (9)
to the proportion of energy stored in them. Once lbad G+GC,
supplying process is finished, the topology cantcwifrom CV
the supplying mode to the charging inductor modthwio  V (3) = —— (10)
concern. C+C,
2.1.24 FOURTH MODE: SEPARATELY CHARGING In a specific case when€C,, the above equations change
THE CAPACITORS(Ss: OFF, S;: OF, S,: OFF) in to:
This topology is also flexible in terms of charging (SsOFF, S:ON, S:OFF, $:0FF):
capacitors separately. In this scenario, the usiwgches will , ®=0 (11)
be turned off subsequently and gives the feasibibtf “
charging the capacitors in an appropriate sequeékeean be V. (1) =V, (12)
seen in Figure 5,,3s turned off while $is still on in order to . . . . .
charge G through B in this mode. The achievement of this (SsOFF, $:0FF, $:0FF, $:0FF):
strategy is having a voltage storage continuousigrged V. (2 _Vou —V5 (13)
which provides a basic voltage level for the lo#d.the (@)= 2
present model, s responsible for this function, so the other +V
capacitors are dedicated to providing desired gelttress. Ve, (2= ot ~ 7f (14)
L . (Ss:OFF, S:OFF, S:OFF, $:0ON):
r $)) o -V
Sio V. (3)=—- (15)
> ! 2
o +V
oF Ve, ®= Tf (16)
The separate switching strategy has a number cfradges in
Figure 5. Switching state of charging capacitors separately comparison with simultaneous switching. As already
mentioned, a fundamental dc voltage level whictalimost
2.1.3 CIRCUIT ANALYSES invariable can be generated in this method. Thisre® of

energy will be helpful to save a part of the supmyprocess

The voltage sharing of capacitors in different agien and increase the frequency of pulse supply.

modes can be calculated as follows:

While S and $ are turned on and off separately, there will 2.2 CONTROL STRATEGIES
be an initial charge in £shown with fundamental voltage V. Switches used in this power supply have two differe
in the following equations. functions. A single switch at the front side of dbgy, &, can
While C, become charged in the fourth modesC8F, charge the inductor at a certain level. A rangswitches, $
Si:ON, $:OFF, $:0FF): & S,, at the output of the topology either circulates current
V. () =0 ) or conducts it to the capacitors. The switch usediodeling
Shaan the plasma break down phenomena in the load, i$
Ve (@) =V, (6) controlled at a certain voltage level. As expectsbh type of
: these switches is functionalized under a specifinciple in
While § is turned off, as well as,Sn the next mode order to meet assigned duties. A flowchart, shawRigure 6,
(S¢OFF, §:OFF, S:OFF, $:0FF), the voltage sharing of describes the logic of decisions which generaterobsignals

capacitors would be: to charge the inductor and capacitors.
Ve @) = CoVou =GV @ 2.21 CURRENT SOURCE CONTROL
G +GC, The first stage is charging the inductor through ffont
CV,, +CV part of the circuit. Assuming the switcheg 8nd $ are on,
Ve, (2 = o 21 (8) the inductor can be charged when the switglsSurned on.
G +GC, The controller measures the inductor current anastoff the

down. . i energy stored in the inductomlsL O e -
When the load discharges the capacitors energy, the 2

capacitor allotted for dv/dt generation,, Qwill be fully As can be found in the flowchart shown in Figuréugning
discharged and then get negative charge from tpacitar Sg off which means a transition between inductor ghmy and
allocated to fundamental voltage 3, Gince it still has energy current source modes is carried out with a comparis



between actual inductor current and a specific ardys,, set
as charging limit. Whereas,sSs turned on while a load
supplying cycle is spent and the energy is deli¢oethe load
in this cycle. This will be detected for the systamsoon as
output voltage becomes less than a specific l&gh. Vimin iS
relevant to the load energy demand and determinethé
programmer. The only concern which restrictsy,V
determination is diode’s breakdown voltageg, V

V. <V,

min =

17

2.2.2 VOLTAGE SOURCE CONTROL

There are two control strategies, simultaneoussapdrate
switching, applicable for this range of switchesck has its
own features and benefits.

Initially, the simultaneous switching method is smtered
to demonstrate the performance and the capabilitfethis
topology. In this method, all unit's switches whik turned off
together after the inductor is fully charged. Aseault, the
inductor current will be pumped into all output aajtors and

To increase ¥ level, it is possible to connect a number ofVill charge them at the same time. Each capacioegtes a

low voltage diodes in series. In this way, the ifbdiky of
stopping load supply in higher voltages will be bt to this
configuration as another advantage.

[.(0)=0
c1(0)=0,V¢2(0)=0
Ihax=30A, V=500V
Vimax=2/1.5kV
Viin=100V

Sg:on, S;:on, S,:on

A

Simultaneous
Switching

Separate
Switching

v

Discharging Process

|

Figure 6. Flowchart of the control algorithm.

specific dv/dt and voltage level with respect te ttapacitor
amount. Assuming similar capacitors, the eventuztage

level will be shared among all capacitors equalyulsed

power will be generated and applied to the load ctvhi
subsequently discharges voltage and current sauieis

trend will be repeated for the next pulse supplyggles. The
simulation results of this strategy are displayeéig 9.

Separate switching is another scenario which can
considered for controlling unit's switches and iy
inevitable advantages for this topology. In thisiteking
strategy, unit’'s switches are turned off subseduertd as a
consequence let the capacitors to be charged s$elyarghis
flexibility is particularly beneficial in the cas# asymmetrical
capacitors. In this feature, it is possible to gssilifferent
duties to different capacitors and recharge therth whis
respect. As an illustration, suppose that i€ allocated to
provide a fundamental voltage level. On the othemchG is
allotted for providing required dv/dt. In this redaG, should
be appointed more capacitive than Bere in this study, Os
determined ten times,;CAs already discussed in the switching
modes, S2 is switched off while S1 is still on aetducts the
current. As the circuit indicates in Figure 5, therent flows
to G, through D and charges it up to a specific level. Just after
charging G, S is switched off as well and allows the inductor
current to be conducted through &nd charges both;& C,
simultaneously. Since, s more than Ca similar current will
charge it less than,@n a definite time. Therefore, the level of
voltage provided by Cis significantly higher than that by,C
In this regard, €is dedicated to dv/dt, and, @& assigned for a
basic and rather unvarying voltage level. The currand
voltage waveforms accompanied by switching sigradtepns
of circuit controlled with this principal are exlitibd in Figure
7.

be

2.2.3 LOAD MODELLING CONTROL

Load switch, §, is turned on when the output voltage
reaches a specific voltage level. Therefore théstiesy of
load suddenly collapses by turning &, in order to simulate
a plasma phenomenon. On the other handb&omes off
while the reaction ends.

Discharging process appeared at the bottom of aontr
algorithm flowchart is a safety procedure consideii@
situation of no prosperous plasma reaction. Oneecthtput
voltage increases to more thag,ylevel in these conditions,
an external load will be connected to the powepBuputput
and discharges the stored voltaggs\selected with respect
to the voltage tolerance of capacitors and diodeslinost
20% more than the voltage level in which plasmeaxigected
to take place. In these circumstances, the diode®,PD,



should tolerate high levels of voltage since theuoior correspondence with the application attributes dachands.

current is supposed to be finished and the outmltage In this configuration, having the least energy ésssis

locates across D and;DAs can be seen in Figure 4c andconsidered in the topology in addition to the flabiy of the

Figure 5, these diodes as well ag $hould have breakdown equipment, which needs to be adjusted for a diyersf

voltages in an appropriate range in order to hahije levels pulsed power applications. The inductive and cdpaci
of voltage components (L & ¢, should be selected appropriately in

2.3 COMPONENTS DETERMINATION AND ENERGY ~ O'der 1o both satisfy load requirements and avaiergy

wasting. As the output voltage level and stress delivered

DISCUSSION . .
energy are defined by the load, the elements siaesbe

Efficiency is the main concern when designing a @ow determined with regard to those parameters.
supply for pulsed power applications. To have thesim

possible efficient configuration, the topology sture, control ~ 1h€ Output equivalent capacitoCy, = G| C,| omc,
algorithm and components sizes should be in thet beshould be at least ten times the load capacitanpestvent any
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Figure 7. Current and voltage waveforms accompanied by asleswitching signals pattern in separate switckinategy.



loading problem. On the other hand, the equivalent ,[ i o . o o g ]
capacitance needs to be as small as possible terajen oo o VAR L L ]
voltage level and stress demanded by the load., Thus 2 2 A T E} ‘ | | |
E 77777 \71771]\ 777777 I~ ~ [ T
Ceq =10C cug (18) g4 /- SEI -
VIR AR —— S A i —~{
. . . C S i
If the capacitors, Care supposed identical th€h, = FI : S 5/ 1= o ijTfE S L L o 15 ]
< [ 1 | | | [
T o0 >le—>I A >l -
C =10n[T,, (1) O | To g
° | | IT | | |
n is the number of switch-diode-capacitor units ahhis -105 5 o T L 5
determined by the switches voltage and the demandguit Time(s) X 1C*
voltage. Figure 8. Times monitoring in a load supplying cycle.

Assuming the inductor current is constant during th
capacitor charging mode, the voltage stress cacalmilated  These results indicate how the topology decreakes t
as follows. energy losses and improves power efficiency. Famele,
dv,, presume that the current source and the units lsegics &

it (20) s,,...,S, get closed when the inductor still delivers 1€0Ahe

- load. This means 100 volt still exists across tB&1load
In the last stage, the demanded energy storecimtuctor \yhich is named as Meorr - This voltage and the remaining

IL = (Ceq + CLoad)

defines the inductance value. inductor current can be stored in these componants be
1 5 used in the recovery period of the next cycle. €f@e, no
ELDL = Eloa (21)  energy will be wasted in this topology in the pregeof

delivering energy. Based on this issue, the powssds will
be restricted to switching and conduction lossed &re
efficiency of this power supply in pulsed power glymg
systems can be considered remarkable.

Finally, the recovery time for inductive and capizei
components and the frequency of pulsed power getkbley
the power supply can be determined as follows:

LO
T L =V—L (22)
" 3 SIMULATION RESULTS AND ANALYSES
T ¢ =M (23) Several simulations at different conditions haveerbe
- I carried out to verify the validity of the proposéapology
5 performance. The input voltage level, the compansizte, the
T = LO, " +(Cyq +Clo) Vou Vi (24)  inductor current magnitude and the load breakdaesistivity
r-te v, a, are the parameters varied in an extensive ranggutty the

topology performance in different situations. Thesults
presented in this part are revealed for two diffewvitching
strategies.

In repetitive pulse generation, a time intervatlésignated
to the load to be prepared for the next supplyipgec For
instance, in plasma generation, produced plasmdsniebe
exhausted and the reactor should be filled witehfrmaterial. 3.1 SIMULTANEOUS SWITCHING
This interval is defined by Tcaq in these equations. The |n this case, the inductor is charged up to 30A kepit

frequency of load supply with pulsed power reliegharged in this level until the load becomes pregpédor the
significantly on the load features and requiremeftsoas but  sypplying cycle.

gﬁgg&t be more than the recovery frequency of treep Then S and $ are switched off simultaneously, allowing
) the inductor current to be pumped into the capabiémk. The

f 1 o5 inductor energy delivered to the capacitors is arged to the
ST T L Ty (29) voltage form. The generated dv/dt is in proportigith the

- o o inductor current level and the equivalent capasitsize. In
Load’s capacitive and resistive characteristich@interval  this respect, the output DC link’s voltage is clearqup to

of plasma phenomena define discharging time foirtactor kv, while each capacitor generates 1kV. This lewél
(Ta)- The inductor current in a load supplying cydeshown  yoltage, accompanied by an appropriate slope asedtiine,
in Figure 8 with detailed time intervals. dv/dt, is critical for the modeled load and cauadseakdown

Regarding the above determinations, a model has be&ghenomenon in the load. Thus, load resistivity iarkadly
designed in Matlab/SIMULINK  platform to analyze thegropped and consumes the stored energy. Consegutl
performance of the proposed circuit. The detailegapacitors are discharged in a considerably shoe stint

specifications of the circuit are given in Table 1. because of a very small time constant.
Table 1. Specifications of the modelled circuit r=RIC (26)
Vi | 200v | C, | 10nF Rioar | 10MQ | Cioas | InF The capacitors are not fully discharged becaus@thector

L [06mH | G | 100nF | Ruas | 10Q fs 2kHz still supplies the load with the current. This emtr magnitude




times load resistivity creates a voltage acrospuiutapacitors 3.2 SEPARATE SWITCHING

during this period. The inductor is discharged raftads In the next case, the unit's switches are turnefl of
because of a greater time constant. separately, based on a particular logic, in oraercharge

L asymmetrical capacitors for a specific purpose. Tiedevant
T=— (27)  results to this strategy are shown in Figure 10dtail. In this

R scenario, different functions are defined for eacpacitor.

The voltage remained at the output is also shage@lly  The capacitor which is opted larger is responditiestoring a
between two capacitors. This supplying process ban definite amount of energy and serving an almostiooous
stopped at anytime and this moment is determinetth®@yoad |evel of voltage. The smaller one will be chargdkravards
demand for energy. The graphs exhibited in Figure &hd is in charge for dv/dt. The discharging prodesalmost
demonstrate the inductor current, the capacitodstla@ output the same as the previous one except for voltagénghat the
voltage and the load current for a pulse generatimment end of the process. The smaller capacitor is digeltawith a

respectively. lower time constant than the bigger one.
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Figure 10. Output voltages and currents of power supply urskparate
switching algorithm, (a) Inductor current (A), (B) & S; voltage (V), (c) €

Figure 9. Output voltages and currents of power supply ursiteultaneous & S, voltage (), (d) Output voltage (V), (¢) Load cent (A).

switching algorithm, (a) Inductor current (A), (6) & S, voltage (V), (c) G
& S, voltage (V), (d) Output voltage (V), (e) Load cemt (A).



Although it has been charged to a higher voltagel}an
comparison with the other capacitor, it will be dfiarged
faster due to the lower time constans.i€still charged while
C, becomes fully discharged. Therefore; €ontinues to
deliver energy to the load through @nd this energy will
charge & with a negative polarity. This trend will be
continued until the inductor is fully dischargedurihg this
period, the output voltage, which is the resulteoitage of
capacitors, is inductor current times the loadstesi At the
end of this process, the output voltage will intéacbe zero,
corresponding with the inductor current reductiamile C
and G are charged with negative and positive voltag
respectively. This voltage balance creates inftialvisions for
the next supplying cycle of the circuit. The nexpglying
cycle starts with the inductor recovery modes ddtbpology | =
will subsequently switch to capacitors separatergihg = ; S
mode. Although the expectation is the conductiorDgfand ™ e : .
recharging of G D; conducts the inductor current due to {;g;éfecalgé;?gogiti?sr_y prototype of pulsed power supply widukle swich-
positive voltage caused by @egative voltage across it. Thusskyner 32-pro (SEMIKRON) is used as a gate driveud,
C, and G are recharged simultaneously but with differemieti - \yhjch can drive two solid state switches indepetigiend is
constants. This procedure continues as far asvdltage compatible with the utilized IGBT modules.
crosses zero level which is the time that the galtacross P The laboratory setup in this study is designed ridep to
turns to be negative. Thereforg Btops conduction and.D generate an output voltage level around one Kilt. Vihe
conducts for the rest of this switching state. Thext |GBTs assembled in the SK25 GB 065 can withstari \60
switching state commences while, @ charged up to the each, and based on this fact 1 kV is designateteasltimate
fundamental voltage level /v voltage level of power supply in order to have aprapriate

Once G voltage becomes equal to this specific amount, Safety margin. There are also other power switchith
will become off in order to charge,@s well as & Although  ygjtage ratings up to 1.5kV available commercialyich can
both capacitors are charged again in this moderiai@ goal pe ytilized in this topology to develop the voltaggralating
of this switching state is charging @ provide a desired dv/dt il This 1 kV level is also determined due tongs supply
for a load. This concem is satisfied due to indigancy of  and measurement equipment restrictions, as wedtatsction
Ci. As soon as demanded voltage level accompaniednby concerns. Hardware with such features complies Wik
appropriate dv/dt is generated the break down phena jnitial purpose of experimental test and providesfisient
happens in the load and the accumulated energy beill eyidences to validate the true performance of pego
delivered to the load. The supplying process cast@gped in topology. The specifications of the components usethis
any stage by tuming,Sand $ on. These sequences argyototype besides assigned adjustment level foctmerol of

repeated in all supplying cycles. inductor current are given in Table 2.
4 EXPERIMENTAL RESULTS Table 2. Specifications of the laboratory prototype circuit.
Vin L c S I max
To investigate the validity and accuracy of the posed 15V 0.4mH 1oln|: 10nF - 7A

topology and the control algorithm, a laboratorgtptype has
been developed with double switch-diode-capacitaitsuat The captured results are demonstrated in Figure&lba
the output of the converter. A photo of mentioned\s can be seen in Figure 12a, the inductor is @thrgp to 7
experimental setup including power and control dsaand A, while the energy exchange process starts wherctinrent
the switches’ drivers can be seen in Figure 11. is declined to 6 A. This reduction happens duriirgutating
SEMIKRON products, SK50 Gar 065 and SK25 GB 065zurrent mode. By turning;Sand $ off, the inductor current
are utilized as semiconductor components in theepaivcuit. ~ flows into the capacitors and charges them up12 kV. The
SK50 Gar 065 consists of an Insulated Gate Bipol@utput voltage is split pretty equally across botpacitors
Transistor, (IGBT) and a power diode module whigle a Since each capacitor _is almost charged up to 580ndicates
suitably arranged for buck configuration. This miedis used that the voltage sharing between the capacitoratieer done
in the power board as the front side switch andielicg and properly. On the other hand, a focused perspedative more

D. SK25 GB 065 is also comprised of two IGBTs carted Ii_m_ited time frame, Figure 1.2b' gives a_bettermisbf_ voltage
. . ) N rising trends. The low dv/dt in this test is duettow inductor
in series together. This composition is propertyedl to the

output units design and consequently hired as tikpub current level and can be markedly improved by ngisihe

itch d in thi ter. Th troller for thi current level.
switches, $and $, in this converter. The controller for this As anticipated, a portion of delivered energy issted

setup has been developed utilizing an NEC 32-bM62  §,1ing charging process due to conduction and kit
V850/IG3 micro-controller. losses. Active and passive components includingepow
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Figure 12. Inductor current, capacitors and output voltages.
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switches and diodes as well as circulating cirawdtmally
consume a part of energy. In this case, compahegstored
energy in the inductive and capacitive elementeakss that

the energy loss during exchanging energy procedsre
componentanc

considerable. Utilizing more efficient
influence the efficiency of whole converter substlly.

5 CONCLUSION

This paper presents a current source based topdtwrgy

true performance is investigated through sevenalukstion
models and the acquired results confirm the validit this
model to cover all desired duties. A laboratorytptype is
also tested and the attained results have vertfiedinitial
concept of this configuration in generating highltage
pulses.
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