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this fact can significantly affect the volume discharge calculated value, and hence the non-synchronization
parameter, for those of its values, which are characteristic of the TWT with a phase velocity jump. In this
paper, formulas has been obtained for computation of real and imaginary parts of the complex reduction
coefficient for a cylindrical electrons beam with exponential variable amplitude of variable current component
in the TWT. Influence of complex reduction coefficient on the parameters of the TWT operating in the linear
mode is estimated. It is shown that taking into account the imaginary part of the reduction coefficient for
linear operation of the TWT makes it possible to change the estimated amount of space charge 1.5 to 2 times,
which in its turn has quite a strong effect on the formation of the initial conditions of the nonlinear mode and,
subsequently, on the output characteristics of the TWT.

Keywords: complex reduction coefficient, cylindrical electron beam, variable current component, space charge,
TWT.
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Tuamop-mi. A. C. Jlamusi ¢ Gerymnieii Bosoit.— Mocksa: Texnocdepa, 2013.

Kuura ocHoBama Ha marepmajiax Jeknuii m cemmHapoB mo CBY-
JlaMIIaM, KOTOPbIE aBTOP MHOTOKPATHO MPEICTABJISI B BEAYIIHUX (DIp-
Mmax u yauBepcuterax CIITA. B Heii cocpeoToueHb! 6a30Bble 3HAHUS
10 TEOPUU U TEXHUKe HamboJiee BOCTPeOOBAHHOIO B TeUEHUE MHOTHX,
B TOM YHCJI€ U IOCJEIHUX AECATUIETHI, mpubopa — JaMIiibl ¢ Ge-
rymieii Bosinoii (JIBB). KHura Hamucatna JOCTYITHBIM IS IHEPOKOTO
Kpyra uuTatesieil ¥ 0Opa3HbIM SI3BIKOM, METOIUYECKH COATAHCUPO-
BaHa. IlImpoko mcnosb3yeMble MUTATHI U3 PAOOT M3BECTHBIX CIIETIH-
aaucToB 1 obmmpHas 6ubanorpadus crroco6eTByIOT Goree TIy60KO-
MY BOCIIPHUSATHIO M3JIaraeMoro Matepuaja. KHura Mosker ObITh MOJe3HA KaK s TO/I-
TOTOBKHU CTY/ICHTOB CTapIINX KYPCOB U aCIIUPAHTOB BY30B, TaK M CIEI[UAJUCTOB, 3aHS-
TBIX paspaborkoii u npumenerneM JIBB B pasimuHbIX 06/1aCTIX PAAMO3JIEKTPOHIKN.
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Hacrogiee nuzganue — BTOPOI BbIIYCK KHUTH, BbIIIe/ANIeN HECKOIb-
Ko JieT Haza. Kax/ayio 3 yacteil KHUTH MPE/ICTABJSET TPYIINA aB-
TOPOB, AaKTUBHO Pa3BUBAIOIINX /laHHOE HarpasjeHue B Harmonasub-
HOM HccJieoBaTesbckoM yHuBepeutere « MU Ts . KosiekTus aBTo-
POB CTapaJscs OCYHIECTBUTb YACTUYHYIO [IPEEMCTBEHHOCTh MaTepua-
JIa, CoZleprKalllerocs B IIePBOM BBIILYCKe, OJHAKO CTPYKTypa KHUIU
CYILECTBEHHO U3MEHUIACh: IPYIIINPOBKA CTaTeil 10 YCJIOBHBIM Pa3-
nesnam (TeopeTrKo-sKcIepuMeHTaIbHbIe PAGOTHI, METO/bI HCCJE/I0-
BaHWii, TEXHOJOTHU, TIPUOOPHI M YCTPOICTBA) NpecTaB/sgercs GoJiee MPaBUIbHON ¢
TOYKHU 3peHHs TOHUMaHWUs o6muiero HampasieHus: pabor B MMIT. Kaxmas us pa6or
MIPeICTaBIsIeT OO0 3aKOHUEHHBIN HAYYHBIN TPY/ 0630pHOTO MM 0600IIAOIIETO Xa-
pakTepa, Ju00 SBISIETCS YaCThI0O OPUTMHAJBHBIX MCCJETOBAHUN, MOJTYUYEeHHBIX 32 II0-
ciaegHIe 3 — O JeT.
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TEXHOJIOTUYECKHE ITPOLHECCHI 1 OBOPY/IOBAHUE

Po3pobieno mexnonozio eupowysants 060CMOPOHHIX GUCOKOBOIbMHUX KPEMHIEGUX P — i — N-CMPYKMYP Memo-
dom pidunHopasnoi enimaxcii 6 €OUHOMY MeXHOI0ZIUHOMY npoueci. Enexmpodizuuni napamempu Ompumanux
Cmpyrmyp 0036045110Mb UZOMOBASINU HA X OCHOBT BUCOKOB0IbMHE 0i00U.

Kmouosi crosa: enimaxcitinuil wap, piounnogpaszosa enimaxcis, pioxo3emesvHull ejemenm, 1ezyedans.

N. M. VAKIV1, S. I. KRUKOVSKY!, V. R. TYMCHYSHYN!"2, A. P. VAS’KIV3

Ukraine, Lviv, ISPE “Karat”, 2Lviv Polytechnic National University,
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OBTAINING OF BILATERAL HIGH VOLTAGE EPITAXIAL
p—1—n SI STRUCTURES BY LPE METHOD

Silicon p—i—n-structures are usually obtained using conventional diffusion method or liquid phase epitaxy
(LPE). In both cases, the formation of p- and n-layers occurs in two stages. This technological approach
is quite complex. Moreover, when forming bilateral high-voltage epitaxial layers, their parameters
significantly deteriorate as a result of prolonged heat treatment of active high-resistivity layer. Besides,
when using diffusion method, it is impossible to provide good reproducibility of the process. In this paper
a technique of growing bilateral high-voltage silicon p—i—n-structures by LPE in a single process is
proposed. The authors have obtained the optimum compounds of silicon-undersaturated molten solutions
for highly doped (5+1018 cm=3) contact layers: 0.4—0.8 at. % aluminum in gallium melt for growing p-Si-
layers and 0.03—0.15 at. % ytterbium in tin melt for n-Si-layers. Parameters of such structures provide for
manufacturing of high-voltage diodes on their basis. Such diodes can be used in navigational equipment,
communication systems for household and special purposes, on-board power supply systems, radar systems,
medical equipment, etc.

Key words: epitaxial layer, liquid-phase epitaxy, rare-earth element, dopping.

REFERENCES devices based on these compounds. Semiconductors, 2003,

1. Kharlamov R.V. Razrabotka tekhnologii proizvodstva
kremnievykh epitaksial'nykh struktur dlya silooykh priborov.
Diss. kand. tekhn. nauk [ Development of production technol-
ogy of silicon epitaxial structures for power devices. Ph.D.
tech. diss.] Moskow, 2000. 166 p. (in Russian)

2. Skorobogatov L.A., Zubritskiy S.M., Petrov A.L.,
Semenov A.L. Tekhnologii materialov dlya mikro- i nanoelek-
troniki [ Materials technology for micro- and nanoelectronics].
Irkutsk State University, 2009. 83 p. (in Russian)

3. Ufimtsev V.B., Achkurin R.Kh. Fiziko-khimicheskie
osnovy zhidkofaznoi epitaksii [Physico-chemical principles of
liquid-phase epitaxy]. Moskow, Metallurgiya, 1983. (in Russian)

4. Gorelenok A. T., Kamanin A. V., Shmidt N. M. Rare-
earth elements in the technology of III-V compounds and

vol. 37, iss. 8, pp. 894-914. DOI: 10.1134,/1.1601656

5. Vakiv M.M., Krukovsky S.I., Tymchyshyn V.R. [ Low-
temperature liquid-phase epitaxy of p-Si layers in composition
of p-i-n Si high-voltage structures] Visnik Natsional'nogo
universitetu “L'vivs'ka Politekhnika”, Ser. “Elektronika*,
2011, no. 708, pp. 50-54. (in Ukraine)

6. Korolev M.A., Krasyukov A.Yu., Polomoshnov S.A.
Sovremennye problemy tekhnologii nanoelektroniki [Modern
problems of nanoelectronics technology] Moskow, MIET,
2011. 100 p. (in Russian)

7. Vakiv M.M., Krukovsky S.I., Tymchyshyn V.R.
Grafitova kaseta dlya otrimannya dvostoronnikh epitaksiinikh
struktur [Graphite cassette for obtaining bilateral epitaxial
structures]. Pat. of Ukraine no. 73670, 2012. (in Ukraine)

HOBBIE KHUT'U

/

~

Bepmn E. B., Ceiiaman JI. A. IlonyvyeHne TOHKUX TJIEHOK PEaKTHBHBIM Mar-
HeTpoHHBIM pacnblieHneM.— MockBa: TexHocdepa, 2014.

Kuura npezcrabiiser co60il moipoGHOe CIIPABOYHOE PYKOBOACTBO 110 (DU3MIECKUM OCHO-
BaM, TEXHOJIOTHYECKUM OCOGEHHOCTSIM U IMPAKTUYECKOMY IPUMEHEHHUIO IIPOIECCa Peak-
TUBHOTO MarHeTPOHHOTO HAHECEHUS TOHKUX ILJIEHOK CJOKHOTO cocTtaBa. IloapoGHO orm-
canbl (PU3MUYECKHE TIPOIIECCHI, TPOTEKAIONINE BO BPEMsI PEAKTUBHOTO MAarHETPOHHOTO Ha-
HECEeHMUsI, TEXHOJIOIMYeCKne O0COOEHHOCTH MarHeTpOHHOro HaneceHusi. Ocoboe BHUMAHIE
VZAEJEHO Coco6aM yTIPaBJIEHUS MPOIeCCaMy HAHECEHUS TIIEHOK, 0OECTIEUNBAIONIAM CTa-
OGUJIBHOCTD 1 BOCIIPOM3BOIMMOCTD KaK CAMOTO MPOIIECCA, TAK U CBONCTB MOJIyYaeMbIX ILIe-
HOK. PaccMoTpenbl MOIUMUKAIIE [TPOIECCa HAHECEHUS, PA3JIMYAIONIAeCs UCII0Ib3YeMbl-
MU UCTOYHUKAMU MTUTAHUS: TTOCTOSHHOTO TOKA, CPETHEYACTOTHBIX MMITYJIHCOB, UMITYJTbCOB
GOJIBIIION MOIIHOCTH ¥ BBICOKOYACTOTHBIE. /[aHbI MpaKTUYeCKUE PEKOMEH/IAINH 110 OCBO-
€HWIO0 U3BECTHBIX U Pa3paGOTKe HOBBIX MPOIECCOB MOJYYEHUS MJIEHOK CJI0KHOTO COCTaBa
METO/IOM PEAKTHUBHOTO MAarHETPOHHOTO PACIIbLIEHMUS.
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