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Abstract

In this article the resonant properties of the plant for the investigation of Ku-band magnetrons’ operation in the low-
frequency domain from 100 kHz to 35 MHz were experimentally investigated.

Improving the electronic devices’ quality is an important task for Ukrainian scientists. It will increase the duration and
reliability of sophisticated equipment based on electronic devices, as well as improve the production economic efficiency
in the electronics industry.

The most common M-type device, the magnetron, was selected as the studied object. Low-frequency oscillation modes
were influenced to the magnetrons’ output spectrum quality. Theses modes can occur in the device itself, as well as in
the power supply circuits or be induced from the ether. It is hypothesized that spurious oscillations which may impair the
electronic devices output spectrum quality, in particular magnetrons, will be amplified at frequencies which the resonances
in the device, the supply circuits, and the system as a whole are observed. The experimental study is aimed to determine

the frequency domain of the possible occurrence of these spurious oscillations.

The measuring plant for magnetron research consists of a magnetron, a wave type transducer, an absorbent power
meter, and a spectrum analyzer. The total error of this setup does not exceed *4 dB.

The resonant properties study of this plant in the low-frequency domain was performed according to the classical
scheme of the resonant properties study of oscillating circuits. The total relative error of resonance properties measurements

did not exceed £8 %.

As a result of research, it was discovered a pronounced resonant peak of the magnetron supply circuits in the 30 MHz
band, magnetron filament circuits have a pronounced resonant peak in the 20 MHz band, the magnetron has two pronounced
peaks in the 5 and 20 MHz band and two peaks in the 15 and 35 MHz band, the system as a whole has two pronounced

peaks in the 10 and 30 MHz band.
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Introduction

In the context of the rapid development of elec-
tronic devices and the continuous industry expansion
the quality improvement is of particular importance,
both to ensure the duration and reliability of the
operation of sophisticated electronic devices, and to
increase rapidly the economic efficiency of produc-
tion in the electronics industry. Therefore, the qua-
lity improvement, operation duration and reliability
of electronic devices are constantly given special at-
tention [1].

The most important conditions for improving the
electronic devices’ quality, the duration and reliability
of their operation are the standardization of general
requirements for the electronic devices (ED) quality
assurance, the study and standardization of the various
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factors parameters influencing on the devices, and the
creation of appropriate test methods.

The electronic devices’ quality is the set of elec-
tronic devices properties that determine their ability
to perform specified functions under certain operating
conditions.

Analysis of recent research and publications

These properties are characterized by the follo-
wing indicators: the electronic devices’ mission, their
reliability, adaptability, operation safety, service con-
venience, transportability, etc., as well as the properties
determined by the ergonomic, aesthetic and environ-
mental properties of the device, the degree of standard
and unified products in it.
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Depending on the type, design and operating con-
ditions of the ED, some indicators may be missing.
The list of required indicators for certain devices types
is set out in the relevant regulatory documents.

The electronic devices’ quality control includes in-
put inspection, technological process accuracy inspection
and acceptance inspection. Input inspection is carried
out to ensure the electron devices’ production by raw
materials and semi-finished products that meet the re-
quirements of regulatory and technical documentation
for such devices manufacture. The results of the tech-
nological processes accuracy inspection are used to pur-
posefully regulate the process itself. This inspection type
is subjected to both technological operations and devices
or devices that produce as an operations result; such
inspection is also called operational. During the ope-
rational inspection the reasons are identified that lead
to the violation of the technological operations accura-
cy, the limits of regulation of the technological process
parameters are determined. Ready electron devices are
subject to acceptance inspection. Based on the results
of acceptance inspection, the possibility of industrial
production of these devices is decided. Such inspection
includes qualifying acceptance, periodic electron devices’
tests, as well as durability, safety and (if necessary) type
tests. If the test results are unsatisfactory, the defects’
causes are analyzed and remedial measures are taken.

In the electronic industry of Ukraine, the electronic
devices’ quality management is carried out by improving
the quality of both raw materials, semi-finished prod-
ucts and components, and the equipment production and
work culture. The set of controls and management faci-
lities and their connections, which ensure the industrial
release of the desired quality ED in a timely manner with
minimal material cost, is called the quality management
system [2]. Electronic devices quality management in-
volves the quality planning (forecasting, normalization),
its accounting and control, analysis and estimation, the
decision production to perform planned tasks.

Electronic device quality planning involves ensuring
that quality assurance is fulfilled through the develop-
ment of scientifically based tasks to improve (or main-
tain the achieved level) quality based on the best use of
available resources, and the implementation of organi-
zational measures, research and development activities.

Consideration covers the collection, accumulation
and information processing about the actual quality
level of electronic devices and the factors that affect
it at the stages of development, production and elec-
tronic devices operation, as well as the implementation
of the planned measures to ensure the assigned tasks.
Inspection consists of checking that the results meet the
intended standards or requirements. Assessment of the
achieved level of electronic devices quality and detec-
tion of actual values deviations of quality indicators from
the planned ones allow to evaluate more correctly the
quality work of the industries, the team and individual
performers. Solutions aimed at eliminating the detected

deviations in the electronic devices quality, which re-
quire the obligatory development of measures to ensure
these solutions implementation and the conditions to
stimulate the production, teams and individual workers
to improve the quality of the products they produce.

In addition to the factors discussed earlier [3, 4],
the magnetrons output spectrum quality is influenced
by the low-frequency oscillation modes which can oc-
cur in the device itself, as well as in the power circuits
or be induced from the ether.

Thus, it is relevant to determine the frequency
domains of possible occurrence of spurious oscilla-
tions, which will impair the output spectrum quality
of the electron devices, in particular the most common
M-type device — the magnetron.

It is suggested that spurious oscillations can be am-
plified at frequencies where resonances in the device,
supply circuits, and the system as a whole are observed.

Thus this work purpose is experimental investi-
gation of amplitude-frequency resonance magnetron
performances, circuit supply and whole system in low
frequency domain.

Experimental plant

No theoretical studies of the M-type devices beha-
vior in the low-frequency domain have been performed.

Due to the fact that the magnetron power supplies
have various constructive and schematic embodiments,
theoretical studies on this matter do not seem possible.

The results of such circuits experimental studies
are considered here because of their such system theo-
retical description is impossible.

An industrial Ku-band magnetron was selected for
a study. In addition, measurements were made in the
such devices power circuits and in the whole system.

The experimental studies were performed on the
plant according to the scheme shown in Fig. 1. Un-
fortunately, for each specific this scheme embodiment
(Fig. 1) such studies need to be repeated.
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Fig. 1. Functional diagram of the experimental plant: 1 —

Standard signal generator; 2 —Oscilloscope; 3 — Magnetron;
4 — Power supply; 5 — Coaxial-waveguide adapter; 6 — Valve;
7 — Wattmeter; 8 — Spectrum analyzer

The measuring system contains a standard signal
generator AFG-3051 with absolute error in setting the
frequency £10-° Hz, oscilloscope GDS-3000, which

30 Ukrainian Metrological Journal, 2019, No 4, 29-32



1. Moshchenko, O. Nikitenko, Chen Xin

1.4 | [——Supply circuits
——  Filament
1.2} |—e— Magnetron
—_ System

0.8

A

0.6

0.4

0.2

0 5 10 15 20 25 30 35
f. MHz

Fig. 2. Performances relative amplitude (A) vs frequency (f)

allows to measure the signal amplitude with a relative
error 2 %, the magnetron power supply, the valve,
the spectrum analyzer C4-27, the wattmeter.

Results of the experimental investigation

The procedure is as follows: to the object be-
ing investigated (device, power circuits, and system
as a whole), the standard signal generator AFG-3051
provides a calibrated signal in the frequency band
100 kHz — 35 MHz with a rms amplitude 1 V.

Using the GDS-3000 oscilloscope, the signal
passed through the object being examined was observed
and measured.

The measurement results are shown in Fig. 2.

The y-axis in the Figure (Fig. 2) shows the am-
plitude relative to the resonance amplitude.

Fig. 2 shows that the magnetron supply circuits have
a pronounced resonance peak in the 30 MHz band.

The magnetron filament circuits have a pro-
nounced resonance peak in the 20 MHz band.

In fact, the magnetron has two pronounced peaks
in the 5 and 20 MHz band and two much smaller
amplitude peaks in the 15 and 35 MHz band.

The system as a whole has two pronounced peaks
in the 10 and 30 MHz band.

Conclusion

Experimental studies of high-voltage power cir-
cuits on the part of the connector separately from the
device, and the system on “cold measurements” re-
vealed spurious resonant modes, which are located in
the 0.1-35 MHz frequency domain. Spectral power,
measured in the same range on “hot measurements”
through the cathode junction, has a distribution that
repeats by the form the output circuits amplitude-fre-
quency response of the devices on the cathode input.

Undoubtedly, the power circuits resonances will
create low-frequency modulation of the anode voltage,
which may result in lateral components and combining
components, which in turn leads to a deterioration in
the magnetron output quality.

It is clear that appropriate measures must be taken
to attenuate and suppress the spurious resonances in
the power circuits.

Any problems analysis related to the identification
of the noise causes in M-type devices requires further
consideration of additional signals in the magnetron
output spectrum.
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AxoTanis

VY cTarTi eKCrnepuMeHTAIbHO TOCHTIKEHO PE30HAHCHI BJACTUBOCTI YCTAaHOBKMU JUISl AOCHIMIKEHHSI pOOOTH MarHeTpOHiB
JIBOCAHTMMETPOBOTO ialla30Hy MOBXWH XBWJIb Y HU3bKOYACTOTHOMY miamasoHi Bim 100 xI'u mo 35 MIw.

TloninieHHs SKOCTi €J1eKTPOHHUX MpPUJIalliB € BaXXJMBUM 3aBIAaHHSAM IS HayKOBIIiB YKpaiHM, OCKiJIbKU BOHO 3a-
0e3MeYrTh IMiABUIIECHHS TPUBAJIOCTI Ta HAMIMHOCTI (PYHKIIOHYBAaHHS CKJIaQHOI arapaTypy Ha 0a3i eJIeKTPOHHUX IpUJIaiB,
a TaKkoOX CIPUITUME MiIABUIIEHHIO €KOHOMIYHOI €(eKTUBHOCTI BUPOOHUIITBA B €JIEKTPOHHIN MPOMUCIOBOCTI.

Sk 00’eKT mochimKeHHs1 OyJio oOpaHO HaMOIIbII PO3MOBCIOKEHUI npuian M-tuny — marHeTpoH. Ha skicth BU-

XiITHOTO CIIEKTpa Mal"HeTpOHiB BIUIMBAIOTh HU3bKOYACTOTHI MOAU KOJIMBAHb, SIKi MOXYTb BUHMKATU 4K y CaMOMY lexma;[i,

Tak i B JIaHLIIOraX >KMBJIEHHSI a00 HAaBOOUTUCS 3 eTepy. BucyHyTOo rimoresy, 1110 Mapa3uTHi KOJIMBAHHS, SIKi MOXYTb ITOTip-

LITyBaTH SIKiCTh BUXITHOTO CIEKTPa eJIeKTPOHHUX MPUJaliB, 30KpeMa MarHeTPOHiB, OyIyTh MiJICUIIOBATUCS HA YacTOTaX, 3a
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SIKMX CIOCTEPIiraloThCsl pe30HAHCU y MpWJaji, JaHLIorax XUBJEHHS i cucteMi B 1ijomy. ExcriepyMeHTabHe HOCTiIKEHHS
CMPSIMOBAHO Ha BM3HAYEHHSI YACTOTHUX [ialla30HiB MOXJMBOTO BUHMKHEHHS LIUX Mapa3sUTHUX KOJIMBAHb.

BumipioBaibHa ycTaHOBKA 11 AOCHIIXKEHHSI pOOOTU MArHETPOHIB CKJIANAEThCS 3 MarHeTpoOHa, MepeTBoploBaya TUITIB
XBWJIb, BATMETPA MOMNIMHAIOYOI MOTYKHOCTI Ta aHajlizaTopa criekTpa. 3arajibHa 1oxuOka 11ie€i ycraHOBKU He TepeBuliye 4 nb.

JlocmimKeHHsT pe30HAHCHUX BJIACTUBOCTEH 1Ii€] YCTAHOBKU Y HU3bKOYACTOTHOMY Aialla30Hi JOBXKWH XBWJIb BiIOyBaysocs
32 KJIACMYHOIO CXEMOIO JOCIiIKEHHSI PE30HAHCHMX BJIACTUBOCTEN KOJMBAJIBHUX KOHTYpIiB. 3arajibHa BiJHOCHA MOXWOKa
BMMipIOBaHb PE30HAHCHUX BJIACTMBOCTE He mepeBuinyBaia 8 %.

Y pesynbTati MPOBEACHHS NOCTIIKEHb BUSBJICHO SCKPAaBO BUPAXXCHWI PE30HAHCHMIA ITiK JIAHLIOTIB KUBJICHHSI Mar-
HeTpoHa B paitoHi 30 MI'1, JaHLIIOIM XMBJICHHS PO3XapeHHsSI MarHeTpOHa MalOTh SICKPABO BUpPaXKeHMI Pe30HAHCHUI MK
y paitoni 20 MI', MarHeTpoH Ma€ JBa SICKpaBO BUPaXXEHUX MiKW B paitoHi 5 i 20 MI'm Ta mBa MKW 3HAYHO MEHIIIOL
amrItityau B paiioni 15 i 35 MI'u, cucrema B 1ijloMy Mae aBa SICKpaBO BUpaKeHUX Iiku B paitoni 10 i 30 MI'.

KiouoBi ciioBa: sKiCTh; €JeKTPOHHI MpWIaau; MarHeTpOH; aMILIITyda; Pe30HaHC.
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AHHOTAIMSA

B cTarbe 3KcriepuMeHTabHO UCCIeIOBaHbl PE30HAHCHBIC CBOMCTBA YCTAHOBKM JISI UCCIEAOBAHUSI MAaTHETPOHOB JIBYX-
CaHTUMETPOBOIO Mana3oHa JJMH BOJH B HU3KOYacTOTHOM auvanazoHe oT 100 xI['m mo 35 MIw.

B xauectBe 00beKTa MCCiIeqOBaHUsI BBIOpaH Haubosiee pacrpocTpaHeHHbIH pubop M-Tura — MarHeTpoH. Ha kauecTBo
BBIXOJHOTO CIIEKTpa MarHETPOHOB BJIMSIIOT HU3KOYACTOTHBIC MOIBI KOJcOaHWI, KOTOpbIE MOTYT BO3HUKATh KaK B CaMOM
npubope, Tak U B LEMNsIX MUTaHUSI UM HaBOAUThCS U3 adupa. [Ipenmnonaraercs, 4To napasuTHble KojaeOaHus, yXyaaoume
Ka4yeCTBO BBIXOJHOTO CIIEKTpa 3JIEKTPOHHBIX TTPUOOPOB, YCUJIMBAIOTCS HAa YaCcTOTaX, Ha KOTOPBIX HAOIIOOAIOTCS pPEe30HAHCHI
B INpubope, LeNsiX MUTaHUsI U CUCTEME B LIEJIOM.

M3mepurenpHast ycTaHOBKA COCTOMT M3 MarHeTpoHa, IpeoOpa3oBaTesisl TUIIOB BOJIH, BATTMETPA TOTIOMIAOIIEH MOIII-
HOCTM M aHaym3aTtopa criekrpa. OOIiasi orpenrtHocTb 9TOM yCTaHOBKM He TpeBbiinaeT 4 nb.

HccnenoBaHne pe30HaAHCHBIX CBOMCTB 3TOil YCTAHOBKM B HM3KOYACTOTHOM MWAIa30HE JJIMH BOJH IMPOBOIMUJIOCH IO
KJIaCCUYECKOM CXeMe U3MEpPEeHUsI PE30HAHCHBIX CBOUCTB KojebaTebHbIX KOHTYpoB. OOIlass OTHOCUTEbHASI MOrPEIIHOCTh
U3MepeHnii He mpesbiaga +8 %.

B pesynbrate mpoBeneHUsT WcclenoBaHUT OOHApYKeH SIPKO BBIpaKeHHBIN PE30HAHCHBIM MUK IIeTieil TTUTaHus Mar-
HeTpoHa B paitoHe 30 MI'u, Lienu nmuTaHUs Hakajga MarHETPOHA MMEIOT SIPKO BBIPaXKEHHBI pPEe30HAHCHBIN MUK B paiioHe
20 MTI'u, MarHeTpoH MMeeT /iBa SIpKO BBIPAXEHHBIX NMuKa B pailoHe 5 u 20 Ml u nBa nmuka 3HAYMTENBHO MEHbILIEH
aMIIMTYabl B paitoHe 15 u 35 MI'1, cuctema B LejIOM MMeEET ABa SIPKO BbIpakeHHBIX NMuKa B paitoHe 10 u 30 MI'w.

KiroueBbie €lI0Ba: KaueCTBO; 3JIEKTPOHHBIE MPUOOPHI; MATHETPOH; aMIUIMTYA; PE30OHAHC.
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