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Abstract

Objectives. The paper describes the creation of a DC/DC converter for powering hollow cathode lamps widely used
currently as highly stable sources of spectral lines in spectral absorption analyzers and other applications. Typically,
mains power supplies are used for such lamps, since installations using hollow cathode lamps are manufactured
as stationary. However, there are no principal obstacles to manufacturing portable versions by simply substituting
the power supply. However, special attention should in this case be paid to the power supply of the spectral lamp
itself, since the amplitude stability of the radiation depends on the smoothness of its supply voltage. Therefore, the
development of the pulse DC/DC converter with high efficiency and low rippling is a relevant and expedient problem.
Methods. The set task is solved by methods of mathematical calculations, circuit simulation in LTSpice XVII
computer-aided design system, and experimental verification.

Results. The structural and principal electrical circuit of a prototype converter is developed on the basis of a
topological analysis of pulse DC/DC converters, along with its calculations and simulation, and a printed circuit
board. The developed autonomous high-voltage DC/DC converter has a low ripple level (~250 mV) of the output
voltage (~491 V) at a load current of ~20 mA to ensure highly stable radiation.

Conclusions. The possibility of obtaining a high voltage when using the topology of a step-up DC/DC converter with
a choke is demonstrated. The experimental verification confirmed the correctness of calculations and modeling of a
high-voltage DC/DC converter for powering hollow cathode spectral lamps.
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HAYYHAA CTATbA

DC/DC-npeodpa3oBareiib
JJIl MIUTAHUS CHIEKTPAJIbHBIX JIAMII

M.1O. Hukonbwmx 1,
A.B. dpyH3se 2,
B.K. Butiokos 1: @

T MUP3A — Poccuiickuii TexHonornyeckuii yansepcutet, Mocksa, 119454 Poccus
2 AHO HTT1 «TepmokoHT», MockBsa, 119361 Poccus
@ AsTOp Ans nepenvcku, e-mail: bitukov@mirea.ru

Pe3iome

Llenu. Llenb pabotbl — co3naHne DC/DC-npeobpalsoBartens Ans NMTaHUs namn ¢ NosbiM KaTo40M, KOTOPbIE B Ha-
CTOSILLEE BPEMS LUMPOKO UCTMOMNb3YIOTCH B KAYECTBE BbICOKOCTAOUIIbHBIX MICTOYHMUKOB CNEKTPabHbIX JIMHWIA B yCTa-
HOBKax criekTpasibHOro abcopOLMOHHOro aHanM3a 1 B UHbIX Crydasix. 3a4acTyo 418 Takux Jamn UCMonb3yTcs
CeTeBble UCTOYHMKN NUTAHUS, T.K. YCTAHOBKU C UCMOSIb30BAHMEM flaMi C NOJibIM KaTOAOM BbIMOSHSAOTCS B CTaLm-
OHapHOM mncnonHeHun. OgHaKo NPENAaTCTBMIA NPUHLUMNMANBHOIO XapakTepa Ans BbIMOHEHMS TaKOro poaa ycra-
HOBOK B MepPeHOCHOM BapuaHTe HeT. [15g 3Toro, B NepBylo o4epenb, cliefoyeT 0TKa3aTtbCa OT NPUBA3KM NMUTaAHUS
K CETM NepeMeHHoro Toka. Ocoboe BHUMaHWeE Npu 3TOM A0JIXKHO ObITb 06paLLeHO Ha MMTaHNe CaMoii CekTpasbHOM
namnbl, T.K. OT NyNbCauUnii ee NUTAIOLLErO HaNPSXXeHUst 3aBUCUT aMnINTyaHas cTabunbHOCTb n3nydeHns. Cneposa-
TenbHo, padpaboTka nmnynscHoro DC/DC-npeobpasoBaTtens ¢ Bbicokum KM 1 MansiMy nynbcaunsimm SBnsieTcs
aKkTyanbHOW 1 LienecoobpasHol Npobemoin.

MeTopabl. [locTaBneHHas 3agada peLleHa MeTogaMmm MaTemMaTMYeCcKmMx Pac4eToB, CXEMOTEXHMYECKOro MOAENNPO-
BaHWsi B CUCTEME aBTOMATM3NPOBAHHOIO NPOeKTnpoBaHus LTSpice XVII v akcnepuMeHTanbHOM NPOBEPKMN.
PesynbTatbl. BeinonHeH aHanusa Tononoruin umnynscHeix DC/DC-npeobpa3oBaTeneit, padpaboTaHbl CTPYKTYpHas
1 NPUHUMNNANbHAsA 31EKTPUYECKME CXxeMbl NpeobpasoBaTens, NPoBeAeHbl UX pacyeTbl U MOAENNPOBaHNE, paspa-
6oTaHa neyatHas nnarta. [Jns obecneyeHns BbICOKOCTabUAbHOIrO U3y4eHns paspaboTaH 1 co34aH aBTOHOMHbIN
BbICOKOBOJIbTHBIN DC/DC-npeobpadoBatesib, UMEILNA Masiblil ypoBeHb Nynbcaunin (~250 MB) BbIXOAHOro Hanps-
xeHus (~491 B) npu Toke Harpyake ~20 MA.

BbiBoabl. [Noka3aHa NpuHUMNManbHas BO3MOXHOCTb MOSTyYEHUS BbICOKOrO HANPSXXEHUS NPU UCMOIb30BaHUN TO-
nonoruu nosbiwatouiero DC/DC-npeobpaldoBartens ¢ ApocceneM. IKcnepuMeHTanbHas npoBepka noarsepanna
KOPPEKTHOCTb pacyeToB 1 MOAENNPOBaHNS BbICOKOBOJSIbTHOro DC/DC-npeobpa3oBaTens Ans NuTaHs CrnekTpanb-
HbIX J1JaMn C NOMbIM KaTOAOM.

KnioueBble cnoBa: cnekTpasnbHasa 1amMmna ¢ NonbiM KaToAoM, razopaspsagHas naMmna, MMMnynbCHbIN npeobpaszosa-

Tenb, DC/DC-npeoGpasoBaresib, BbICOKOBOJIbTHLIV NpeobpasosaTesib, MOASIMPOBaHNE

e Moctynuna: 27.01.2023 » Aopa6oTaHa: 07.05.2023 ¢ MpuHaTa k ony6nukoeaHuio: 13.07.2023

Ana uutupoBaHua: HukonbwnH M.IO., ®pyH3e A.B., butiokoB B.K. DC/DC-npeobpasoBaTenb AJ1s NUTaHUS Crek-
TpanbHbIx namn. Russ. Technol. J. 2023;11(5):81-93. https://doi.org/10.32362/2500-316X-2023-11-5-81-93

Mpo3payHocTb hpMHAHCOBON AEeATEJSIbHOCTU: ABTOPbI HE UMEIOT PUHAHCOBOM 3aUHTEPECOBAHHOCTM B NPeACTaB/IEH-
HbIX MaTepmanax uam meTogax.

ABTOpr 3as9Bn410T 00 OTCYTCTBUA KOHq)J'II/IKTa MHTEPEeCOB.
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INTRODUCTION

Hollow cathode lamps are used to obtain highly
stable spectra of certain wavelengths [1-5]. When
adischarge occurs in a lamp of this type, its cathode and
inert filler gas start emitting energy in the ultraviolet
and visible spectral ranges. The wavelengths of
radiation are determined by the composition of the
filler gas and cathode alloy. For example, LF-6M lamp
with zinc-coated cathode has the main spectral line of
229.6 nm.

Since a hollow cathode lamp is a gas discharge
lamp according to its principle of operation, it follows
that the essential nature of its discharge occurrence
does not differ from that of other gas discharge lamps,
such as indicator lamps with neon filling and gas-filled
relays. However, indicators can tolerant a significant
level of pulsations in their power supply, which is
unacceptable for spectral lamps, since the pulsations
of current flowing through the lamp cause changes in
the amplitude of spectral components. Considering that
spectral lamps are used in instrumentation, the intensity
of the formed spectral components must be as stable
as possible. Thus, the stability of the radiation intensity
depends on both the properties of the lamp itself and the
parameters of the supply voltage. However, a detailed
consideration of the properties of the lamp affecting
the stability of the radiation intensity, such as emission,
purity of glass, durability, etc., are beyond the scope of
the present paper.

The stability of power supply parameters can be
achieved by using a negative feedback system [6].
For devices with spectral lamps, this may be achieved
by introducing a negative feedback loop either for the
lamp current consumption or for the level of the emitted
luminous flux. Here, the reduction of the lamp emission
ripple is largely related to the reduction of ripples in its
supply voltage.

As arule, devices using spectral discharge lamps are
mains powered, which determines the stationary nature
of their use. Such a power supply is traditionally carried
out using a continuous regulation scheme according to
which devices permit a relatively stable voltage having
small ripples at the output. Moreover, issues of their
efficiency and mass-dimensional parameters are not
relevant. One of the implementations of such power
supply for spectral lamps wherein the mains voltage
multiplication principle is used for obtaining high
voltage is proposed in [7].

However, the portable form-factor of using devices
with a spectral lamp is also relevant and fundamentally
possible. For such autonomous devices, it is advisable
to use a switching power supply due to its smaller mass-
size parameters in comparison with linear sources of
secondary power supply.

CONVERTER PARAMETERS
AND ITS BLOCK DIAGRAM

Specifications for output voltage and load current of
the DC/DC converter are determined by the parameters
of manufactured Russian hollow cathode lamps shown
in Table 1.

Table 1. Parameters of ignition voltage and amperage of
Russian hollow cathode lamps

Lamp type Ignition voltage, V Lamp amperage, mA
LT-2 450 20
LV-2 300 20
LT-6M 500 12

The following basic requirements to the pulse converter
for hollow cathode lamps may be formulated: output
voltage ~500 V; load current >0.02 A; output voltage ripple
at current load 20 mA <0.5 V; and input voltage ~15 V.

These parameters may be obtained using the
DC/DC converter based on the classical step-up
converter scheme (Fig. 1) [8, 9].

L1

VD1
O—— VY D o

VT1
Control e
unit | e | ——
l—‘ Negative

feedback
signal “Ugyt

O O

Fig. 1. The power section schematic diagram of the
step-up DC/DC converter. Here and in the following
figures, the designations of scheme elements correspond
to the designations adopted in GOST 2.710-81"

The output voltage of the converter is regulated
by pulse-width modulation (PWM) or pulse-frequency
modulation (PFM). The features of these modulations
are considered in [8—12].

The control unit changes the pulse duty factor—or
ripple frequency—when the specified output voltage
threshold is reached. The main element of the control
unit circuit is the one that changes the duty factor
upon reaching a certain output voltage threshold. The
widespread integrated timer KR1441VI1? (TLC55
chip analog? being the NE555 CMOS version*), which

' GOST 2.710-81. Unified system for design documentation.
Alpha-numerical designations in electrical diagrams. Moscow:
Izd. Standartov; 1985 (in Russ.).

2 Manufactured by Mikron, Zelenograd, Russia.

3 TLCS555 datasheet. https:/datasheet.lcsc.com/lesc/2008261939
HGSEMI-TLC555N _C725329.pdf. Accessed 20.05.2023.

4 A complementary metal-oxide semiconductor (CMOS)
is the integrated circuit technology and circuit design based on
p- and n-channel transistors with insulated gate.
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Fig. 2. Structural diagram of the DC/DC converter

can be switched into stable multivibrator mode, i.e.,
a rectangular pulse generator having a given duty cycle,
may be used for this purpose. The adjustment of output
voltage in the circuit is provided by changing current
between the control pin (pin 5 for 8-pin case) and the
circuit common wire. This would change the frequency
of the output ripples. The bipolar transistor is used as the
regulating element that changes the control pin current.

The circuit clearly recording the fact of reaching the
specified voltage is required as the sensor that would
detect the voltage of 500 V at the converter output.
This is due to the fact that the control pin switch has
an active mode area when it is not fully open, as well
as a technological opening voltage spread. For example,
one bipolar transistor may be fully open at 0.76 V,
another at 0.78 V, the third at 0.75 V, etc. The voltage
spread would cause the stabilization voltage spread, i.e.,
the transistor opening should be provided by a third-
party circuit having the lowest actuation voltage spread.

A comparator, for example, K554SA301A5
(LM311 analog®), may be used as such sensor to whose
inverting input the reference voltage source (RVS)
implemented on a parametric voltage regulator is
connected, while to the non-inverting input the midpoint
of the output voltage divider is connected, designed so
that the voltage equal to the RVS output voltage would
be at its midpoint at the input voltage of 500 V. When
the voltage at the non-inverting input is exceeded, the
comparator closes the built-in output transistor to set
a high voltage level at the output. This high voltage
opens the transistor connected to the control pin of the
KR1441VI1 chip thus stopping the generation. When
the output voltage drops below 500 V, the comparator
changes its state due to the reference voltage level
exceeding the divider output voltage, while the transistor
closes causing the generation of ripples again.

The structural diagram of the converter is shown in
Fig. 2.

5 Manufactured by Mikron, Zelenograd, Russia.
6 LM311 datasheet. https://www.onsemi.com/pdf/datasheet/
Im211-d.pdf. Accessed May 20, 2023.

The functionality of the DC/DC converter blocks
marked by numbers in Fig. 2 is as follows:

1. RVS. This is designed to form stable voltage
being the reference voltage for actuating comparator
2 upon reaching the set output voltage.

2. Comparator (COMP). As long as the voltage at
the output of the negative feedback divider 6 is less than
the voltage generated by RVS, the comparator has low
voltage level at its output. The low voltage level at the
control unit 3 input is responsible for ripple generation.
When the voltage at the negative feedback divider
6 output exceeds the RVS level, the comparator sets high
voltage level at the output which prohibits the control
unit 3 from generating ripples.

3. Control unit (CU). This generates rectangular
pulses that control the power section 4 of the converter
by switching MOSFET VT17 on or off.

4. Power section. This consists of the choke L1 on
which the induction EMF is induced, MOSFET VT1
commutating the right output of the choke L1 either
to diode VD1 or to “ground”, the rectifier diode VDI,
and the buffer stage. The buffer stage is required
for matching the low-current output stage of the
control unit 3 with the high gate charge current of
MOSFET VT1 when it opens and closes in a short time
interval.

5. Ripple filter. This is designed for smoothing the
output voltage.

6. Negative feedback divider. The divider division
ratio determines the output voltage: when the voltage at
the output of the negative feedback divider connected
to the non-inverting input of comparator 2 becomes
higher than the output voltage of RVS 1 (connected to
its inverting input), comparator 2 would set high level
while control unit 3 would stop generating ripples, thus
stopping conversion until the comparator output level
becomes low again. This is achieved only if the voltage
at the output of divider 6 supported by capacitive filter 5
does not become lower than the voltage of RVS 1 again.

7 The metal-oxide-semiconductor field-effect transistor

(MOSFET) is a field-effect transistor with insulated gate.
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The divider output voltage Uy, is determined by the
following formula:

U, =U, —2
div =i TR (D
where U, is the input voltage of the divider (it is the
converter output voltage in this circuit), while R, and
R, are resistances of the negative feedback divider arms.
7. Linear stabilizer. For reducing the output
voltage ripple level, a compensating voltage regulator
with continuous regulation is used. Its scheme is shown
in Fig. 3 (elements R16, VD6-VDI10, VT7, and C7).
The stabilizer output voltage is equal to the sum of
stabilization voltages of stabilitrons VD6—-VD10 plus the
base-emitter voltage of transistor VT7 (about 0.5-0.7 V).
Calculations have shown that, at a pulse converter output
voltage of 530 V, a linear stabilizer output voltage of
500V, and a load current 20 mA, power of 0.6 W would
be dissipated on the control transistor.

8. Protection. When the current exceeds the nominal
value determined by the resistance of resistor R3, the
voltage at the non-inverting input of comparator 2
becomes higher than the voltage level of RVS 1, which
would cause the control unit 3 to stop generating ripples.
This is essentially a parallel feedback channel. The
diode VD2 is designed to prevent the current flow from
the negative feedback divider 6 through resistor R3. The
resistor R3 resistance is calculated based on the switching
voltage of the comparator Upyg, the load current flow at
which protection Iprotect actuates, and the direct voltage
drop Uy, 4, across diode VD2 by the following formula:

Urvs +Uvp g
RVS VD2 dir
Ry = : )

1 protect

For the protection actuation current of 25 mA, the
reference voltage of 3.3 V and the direct voltage drop across
the diode of 0.6 V, the resistor R3 resistance is 156 Q. This
resistor is included in series with the load, and it would
inevitably drop some of the output voltage. Operating
voltage of spectral lamps ranges within 250-300 V, while
the recommended current for maintaining the discharge
is up to 2/3 of the maximum, i.e., 812 mA. It should be
noted that the service life of spectral lamps is normalized
in milliampere-hours, i.e., reducing the current increases
not only the empirical, but also the documented service
life of the lamp. The equivalent resistance of the lamp,
accordingly, would be in the range from 20.8 to 37.5 kQ.
In the worst case, i.e., when the tube resistance is minimal,
the voltage drop across R2 is calculated by formula (1) is
3.7V, i.e., less than 1% of output voltage, which is totally
unnoticeable in practice. If, however, the output voltage
should precisely match the data sheet, it can be adjusted
by setting the output voltage not at idle but under load,

which may be a resistor of equivalent resistance to that of
a particular type of lamp.

It is worth detailing the selection of the type and rating
of choke L1. The step-up converter has both continuous-
current and discontinuous-current operating modes.
The discontinuous-current mode means that the current
flows through the choke L1 winding to all converter
operation phases, which varies but never goes to zero.
In discontinuous-current mode, the current through the
choke L1 winding has time to drop to zero when the key
transistor closes. In terms of reducing the ripple level,
discontinuous current mode is preferable. However, the
choke calculation according to the method [8] shows that
the inductance for discontinuous currents mode for PWM
would be in a range from 1.5 to 5.0 mH (depending on
the converter frequency). Due to the considerable size,
mass, and cost of such a choke, the mode of discontinuous
currents with inductance of the choke of the order of
50-150 pHY in the converter. The inevitable increase in
ripple was leveled by using the linear voltage regulator.

SCHEMATIC CIRCUIT DIAGRAM

The schematic circuit diagram of the DC/DC
converter for powering spectral lamps is shown in Fig. 3.

Elements L1, C1, and C2 form the input filter.
Choke L1 smooths the input current, thus reducing the
pulse interference level of the converter power supply.

The master oscillator is made on elements DD1, R2,
R4, and C3. The ripple frequency before transiting to
the stabilization mode is 27.7 kHz, while the duty factor
is 0.8.

The power section of the converter is built on
elements R3, VT2-VT6, R6-RS, and L2. It is noteworthy
the schematic feature of the power section construction
that is parallel inclusion of MOSFETs VTS5, VT6, and
VT7 operating in the cutoff mode. The KP7173A8 is one
of the few Russian MOSFETs suitable” for this application
in terms of drain-source voltage. Unfortunately, the
resistance of its open channel leaves much to be desired
and can reach 2 Q (according to data on its full analogue
STP4NK60Z!9). Obviously, with the drain current of
4 A and the duty factor of 0.5, the mean square value of
power dissipation would be 4 W. This does not take into
account losses caused by the transistor operating point
being in the active mode during opening and closing of
the channel. Such dissipated power is acceptable for the
transistor but it forces to use coolers for it, thus reducing
the converter efficiency significantly. One way to solve
this problem is connecting several transistors in parallel.

8 Reference data on KP7173A. https:/integral.by/sites/
default/files/pdf/kp7173.pdf. Accessed May 20, 2023.

9 Manufactured by Integral, Minsk, Belarus.

10 STPANK60Z datasheet: https://www.st.com/resource/en/
datasheet/stp4nk60z.pdf. Accessed May 20, 2023.
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Fig. 3. Schematic circuit diagram of the DC/DC converter

Since, the transistor with the lowest resistance would
be more heated because of the greater current flow even
in the case of (inevitable) spread of channel resistances,
parallel connection of MOSFETs is acceptable. When
the temperature of the MOSFET crystal increases, the
resistance of its open channel increases, thereby causing
a decrease in current.

The calculation of the required number of key
transistors is dictated by the current flowing through
them as well as their heating.

Themaximum transition temperature ofthe KP7173A
transistor is +150°C; the “crystal-to-package” thermal
resistance is 1.78 K/W. The “crystal-to-medium” thermal
resistance for the KT-28-2 (TO-220) package wherein
the KP7173A transistor crystal is mounted, according to
various data, ranges from 50°C/W to 70°C/W. When using
the converter under UHL 4.2 conditions!! (maximum
air temperature is +40°C), taking a margin of +25°C
for heating inside the item, and selecting the maximum
transition temperature of the transistor of +100°C, the
permissible overheating of the package is +35°C. In
the case of the “crystal-to-medium” thermal resistance
of 70°C/W, a maximum power dissipation of 0.5 W is
obtained. Hence, three transistors (power dissipation
on each is 0.45 W, crystal temperature is 96.5°C, and
package temperature is 54.2°C) would be sufficient in
terms of thermal conditions without using coolers!?

Transistors VT2 (KT639V13) and VT3 (KT961V'4)
are driver transistors for field-effect transistors VT4,
VTS5, and VT6, since the MOSFET gate is a capacitance
which has to be rapidly charged and discharged for

11 GOST 15050-69. Machines, instruments and other
industrial products. Modifications for different climatic regions.
Categories, operating, storage and transportation conditions as to
environment climatic aspects influence. Moscow: Standardinform;
2010 (in Russ.).

12 At the thermal resistance of 50°C/W, the crystal
temperature is 87.5°C while the body temperature is 49.2°C.

13" Manufactured by GRUPPA KREMNI EL, Bryansk,
Russia.

14 Manufactured by Integral, Minsk, Belarus.

opening and closing the transistor. The total charge Q of
the gate [13] for the STPANKG60Z transistor is 26 nC,
as stated in its technical documentation. Knowing the
total charge and the necessary time 7' to communicate
this charge, the current intensity / is determined by the
following formula:

_9
1==. ?3)

Forthe charge of 78 nC (three transistors connected in
parallel) and the charge time of 100 ns, the charge current
is 780 mA'3. Since the output of the KR1441VI1 chip is
not designed for such current, a buffer stage is required.
At the same time, the current consumed by the buffer
stage at the input would be £, ; times less than the output
current. According to [14], the minimum current transfer
coefficient /,,; for the KT961V and KT639V transistors
is 100, which means that the maximum output chip
current would be reduced to 7.8 mA. Resistor RS serves
to limit current while resistors R9-R11, in addition to
current limiting, also suppress resonant oscillations
in the ‘“capacitance-‘gate-source’-drain inductance”
circuit [15]. Choke D13-14 with windings connected
in series (125 pHY, 4 A, 0.05 Q, and 2 MHz) is used
as storage choke L2. The output voltage rectification is
carried out by the 2D220B-type diode VD416,

The output voltage stabilization circuit is made
on the comparator DAI, transistor VT1 and its
harness, parametric voltage regulator (RVS) on
stabilitron VD3 (3.3 V), and divider R11-R15. The
divider R11-R15 upper arm consists of four resistors
connected in series for increasing the maximum
allowable applied voltage. Resistor R10 serves as
a trimmer, rotating its slider to set the output voltage
to 530 V. In case of its interruption the output voltage

15 The limiting case is 26 nC of gate charge; the typical
value is 18.8 nC.

16 Manufactured by the Scientific and Production Enterprise
TOMILINO ELECTRONIC PLANT, Tomilino, Russia.
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Table 2. Power dissipation of parallel connected transistors

Number pf transistors, Syl raEes, @) Total power dissipation at 4 A and | Power dissipation per tr'fmsistor in case
items ’ duty factor 0.5, W of equal channel resistances, W
3 0.667 1.35 0.45
4 0.5 1.00 0.25
5 0.4 0.80 0.20

Table 3. Components used and their analogs

Type by scheme Model Analog (full or partial) Comments
KR1441VI1 TLC555 Full -
K554SA301A LM311 Full -
The 1.4-ohm resistor is added to the drain for approaching
KP7173A SPP20N60C3 Partial Rpg on Of KP7173A, where Ryq - is the drain-source resistance
in the open state of the transistor
. Matches in capacitance, reverse voltage U__, and direct current
1 4 rev’
2D2208 DLUSH Partial 1;,» but has a shorter reverse recovery time (75 ns vs. 600 ns)
2S600A PH BZX585-B752, Full The model uses an assembly of 75 V and 51 V stabilitrons for
PH_BZX585-B5120 total stabilization voltage of 601 V
KS133A3 BZX84C3V3!? Full -
KT961V BD139* Full -
KT639V BD14022 Partial Matches in the collector-emitter voltage U, collector current
I, and cutoff frequency Fp
KT850A BD139 Partial Matches in U, I, and Fp
KT3102A5 2N3904p® Partial Has lowest %, but it does not matter in this particular case
' Manufactured by Vishay, USA.
2 Manufactured by Nexperia, Netherlands.
3 Manufactured by Novosibirsk Semiconductor Device Plant, Novosibirsk, Russia.
4 Manufactured by ST Microelectronics, Switzerland.
3> Manufactured by GRUPPA KREMNI EL, Bryansk, Russia.
6

Manufactured by Diotec Semiconductor, Germany.

would be set to 160 V. When the converter is switched
on, the output voltage starts increasing; therefore, the
divider output voltage starts increasing as well. Once
it equals or exceeds the reference voltage of 3.3 V,
the comparator would set a high level at the output by
opening transistor VT1 and closing pin 5 of chip DD1
to the common wire to prevent ripple generation. The
output voltage would be maintained by the capacitive
filter. As soon as the voltage at the divider output
drops below 3.3 V, the comparator would set low
level, closing transistor VT1, and thus enabling ripple
generation again.

The output voltage capacitive filter is made
on capacitor C6. The parallel connection of ten
0.22 pF x 630 V ceramic capacitors of size 2220 with
total capacitance of 2.2 puF is used.

The linear stabilizer is made on transistor
VT7 KT850A!7, stabilitrons VD6-VD10 2S600A!8,
and the current set resistor R16. The series connection

17 Manufactured by GRUPPA KREMNI EL, Bryansk, Russia.

of five diodes is used for obtaining stabilization voltage
of 500 V, since the Russian industry does not produce
500 V stabilitrons.

The current protection is made on elements
R18 and VD7. When the current through the
load (hence, through resistor R17) exceeds 25 mA,
the voltage drop across resistor R17 minus the voltage
drop across diode VD5 would be 3.3 V. This will cause
the comparator DD2 to set the output to the high level,
thus stopping ripple generation. Diode VD5 is designed
to prevent current flowing from the negative feedback
divider to resistor R17.

CONVERTER SIMULATION

The simulation has been performed within the
LTSpice XVII software [16]. The active component
models given in Table 3 have been used.

The model schematic is shown in Fig. 4.

18 Manufactured by Novosibirsk Semiconductor Device Plant, Novosibirsk, Russia.
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Simulation  has  been  performed  using
the .tran 0 500m lu uic directive: transient analysis;
start time of the data acquisition is 0 s; end time of the
data acquisition is 0.5 s; simulation step is 1 ps; and
transients in reactivities are included.

Main characteristic diagrams are shown in Fig. 5.
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Fig. 5. Characteristic diagrams of the converter
operation: (a) feedback divider output voltage U,
(b) converter output voltage U, ,;, (C) gate voltage
of field-effect transistor M1 Uy, o5, (d) comparator
output voltage U2 Uj, .

The simulative converter reaches operating mode
about 79 ms after start. At this time, the voltage at the
feedback divider output Uy, reaches the level of the
comparator reference voltage. The comparator output
U, is set to the “high state” level. The high signal

U2 out
level at the comparator output, which is formed when

Fig. 6. Assembled converter board

the output voltage reaches 500 V, causes generation to
stop at the TLC555 chip output.

ASSEMBLY AND EXPERIMENTAL VERIFICATION
OF THE CONVERTER

The converter is assembled on a double-sided printed
circuit board (PCB) made of foil fiberglass. The pattern
of the printed tracks is made completely on the bottom
side of the board. The upper side of the board is used for
the common wire; thus, its resistance and inductance are
minimized, which is important in pulsed high-frequency
circuits [17]. The mounting is mixed. The PCB image is
shown in Fig. 6.

The test bench of the converter consists of a Element
PSN-305D laboratory power supply unit!® providing
power for the converter; a Fluke 17B+ handheld
multimeter?? in the voltmeter mode for measuring the
output voltage; and a Uni-T UT802 bench multimeter?!
in the milliammeter mode for measuring the output
current. A Rigol MSO 4024 digital oscilloscope?? is used
for taking voltage waveforms. The test bench images are
shown in Figs. 7 and 8. The oscillogram of pulsations at
the converter output under load is shown in Fig. 9.

19" Manufactured by Element, China.

20 Manufactured by Fluke, China.

21 Manufactured by Uni-Trend Group, China.
22 Manufactured by Rigol Technologies, China.

Fig. 7. Checking the load capacity of the converter
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Fig. 9. Oscillogram of the output voltage ripple under load

The load capacity of the converter is confirmed by
the output voltage of 491 V at a current of 20 mA. The
compound resistor with total resistance of 25 kQ is used
as the load.

For checking the ripple level, the oscilloscope is
connected to the converter output through the differential
RC-chain with ratings of 0.022 pF and 100 kQ. The
cutoff frequency of the high-pass filter formed by such
circuit is 72 Hz at the 3 dB level.

The peak ripple level is 250 mV (0.05% over 500 V),
which confirms the above conclusions about the low
ripple level of the converter under consideration.

CONCLUSIONS

In the paper, the results of the development, modeling,
circuit assembly, and experimental study of the specialized
pulse DC/DC converter for powering spectral tubes are
presented. Development of the circuit diagram is carried

out with the expectation for a minimum number of tuning
operations during assembly (as shown, this operation may
be neglected), as well as the absence of a necessity to
use a heat sink, and minimized use of imported element
base. Simulation of the DC/DC converter is done partly
on approximated analogs, whereby additional elements
are introduced into the circuit for approximating model
parameters to actually used components. The PCB for
the converter is traced with allowance for minimizing
the inductance and resistance of the high-frequency
conductors and the common wire. The converter
performance (including with an equivalent load for
achieving the required output current) and the compliance
of measurements with simulation results confirm the
correctness of calculations and simulation. The converter
provides 491 V at the current of about 20 mA and peak
ripple of 250 mV (0.05%).

Authors’ contribution. All authors equally contributed
to the research work.
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