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IEGULDIJUMS TAVA NAKOTNE

Informativais zinojums par ERAF projekta No. 1.1.1.1/16/A/203, “Daudzslanu silicija
nanokondensators ar uzlabotiem dielektriskiem slaniem” paveikto laika posma
01.11.2019.-29.02.2020. un projekta galvenie rezultati

P&c projekta vidusposma (28.12.2018) un Iidz projekta isteno$anas beigam darbs koncentréjas
uz nanokondensatora (NC) ar daudzslana SisNs dielektriki izgatavoSanas tehnologijas
atkartojamibas parbaudi un izgatavoSanas tehnologijas prototipa izstradi laboratorijas vidg.
Projekta istenoSana tika pabeigta 2020.gada 29.februari.

Projekta rezultata tika izstradata daudzslanu SizN4 dielektrika iegliSanas metode pielietojumiem
nanokondesatoros. Saskana ar $o metodi, vairakus SisN4 nanoslanus nogulsné cits uz cita,
izmantojot ktmiskas tvaiku nogulsn&Sanas pan€mienu, saskana ar ktmisko reakciju starp silana
(SiHs) un amonjaka (NH3z) gazém: 3SiHs + 4NHz — SisN4 + 12H,. P&c katra nanoslana
nogulsnésanas apstadina SiHs gazes padevi uz nogulsnésanas reaktoru un veic nogulsnéta SisN4
virsmas atkvélinasanu 700-800 °C temperattira NH3 gazes plisma. Tad atkal iesledz SiH4 gazes
padevi un nogulsné nakamo SizNs nanoslani. Nanoslanu nogulsnéSanu un to virsmas
atvelinasanu NHs gazes plusma atkarto, lidz tiek sasniegts v€lamais dielektrisko SizNg
nanoslanu skaits.

Izmantojot $adu dielekrika izgatavosanas metodi, nover§ caurumdefektu veidoSanos plana
dielektriskaja slani. Caurumdefekti ir tipiskais defektu veids planos dielektriskajos slanos, kura
legiiSanas varbitiba palielinas, samazinoties dielektriska slana biezumam lidz nanometriem.
Caurumdefekti var izraisit elektrisko Tssavienojumu starp kondensatora augséjo un apaksgjo
elektrodu, ka art caurumdefekti samazina kondensatora caursites spriegumu. Caurumdefektus
ir iesp&jams noverst, izgatavojot dielektriki no vairakiem viens uz otra uzklatiem vienada
materiala nanoslaniem. Saja gadijuma katrs nakamais slanis aizklaj iepriek$gja slana
caurumdefektus, ka tas ir shematiski paradits 1. attela.
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l.attels. Caurumdefektu novérSana daudzslana dielektriki: pa kreisi — vienslana dielektrikis,
kura caurumdefekti iziet caur pilnu dielekrika biezumu; pa labi — daudzslana dielektrikis, kura
katrs nakamais dielektriskais nanoslanis aizklaj ieprieks€ja nanoslana caurumdefektus.



Par izstradato metodi 2019. gada 23. decembri Latvijas Patentu valde (PV) tika iesniegts
patenta pieteikums Nr. P-19-17 "Plana daudzslanu dielektrika nogulsné$anas panémiens".
Patenta pieteikuma A publikacija (LV15492A) ir publicéta PV Oficiala izdevuma 2020. gada
20. marta (305.lpp.): https://www.lIrpv.gov.Iv/sites/default/files/20200320.pdf#page=305

Pamatojoties uz izstradato daudzslanu SisNs dielektrika nogulsnéSanas metodi, projekta
rezultata tika izstradati divi nanokondensatoru izgatavosanas tehnologijas prototipi. Pirmaja
prototipa (2.att€ls) nanokondensatora apaks€jo elektrodu izgatavo no polikristaliska silicija
(Poly-Si). Polikristaliskais silicijs ir mikroelektronika izplatits materials, ko izmanto elektrodu
izgatavosanai mikroelektroniskas komponentgs. Vidusposma rezultati paradijal, ka Poly-Si
elektrodam ir graudaina struktiira un ta virsmas raupjums varétu bit salidzinams ar SizNa
nanoslana biezumu, ja SisN4 nanoslana biezums ir dazi desmiti nanometru. Saja gadijuma SizNa4
nanoslana raupjums atkarto Poly-Si raupjumu. Paaugstinats dielektrika raupjums
nanokondensatora gadijuma ir nevélams, jo palielinas nanokondensatora dielektriskas caursites
varbiitiba un pieaug noplides strava.
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2. attels. Prototips Nr. 1 — nanokondensators ar daudzslanu SizsNs dielektriki, kura apaksgjo
elektrodu izgatavo no Poly-Si: pa kreisi — slanu struktiira; pa labi — kondensatora topologija
(viena kondensatora laukums ir 2,95 mm?); d — slanu biezumi (um). SisNa dielektrika
parametri ir paraditi Tabula 1.
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3. attels. Prototips Nr. 2 — nanokondensators ar daudzslanu SisN4 dielektriki, kura par
apaksgjo elektrodu izmanto Si plaksni: pa kreisi — slanu struktiira; pa labi — kondensatora
topologija (viena kondensatora laukums ir 2,1 mm?). SisNa dielektrika parametri ir uzraditi
Tabula 1.

! Avotina, L., Pajuste, E., Romanova, M., Enichek, G., Zaslavskis, A., Kinerte, V., Avotins, J., Dekhtyar, Yu.,
Kizane, G. Surface morphology of single and multilayer silicon nitride dielectric nano-coatings. Materials Science
(Medziagotyra), 2020, 26(1), pp.25-29. http://matsc.ktu.lt/index.php/MatSc/article/view/21479



https://www.lrpv.gov.lv/sites/default/files/20200320.pdf#page=305
http://matsc.ktu.lt/index.php/MatSc/article/view/21479

Lai noverstu min&to trikumu, tika izstradats otrais tehnologijas prototips (3.attels), kura Poli-
Si elektroda vieta izmanto zemas pretestibas Si plaksni, jo tas raupjums sastada ~0.1 nm, kas

neietekmé SisN4 slana raupjumu?.
Tabula 1
Daudzslana SizN4 dielektrika parametri — biezums un nanoslanu skaits
Daudzslanu SizN4 dielektrika Si3N4 nanoslanu skaits
biezums (d), nm dielektrikt
40 S
60 5

Tabula 2 ir salidzinatas izstradato prototipu parametri ar publiski pieejamajiem jaunakajiem
analogiem (state-of-the-art).

Tabula 2

Izstradato prototipu parametru salidzinajums ar publiski pieejamajiem jaunakajiem analogiem
(state-of-the-art)

Prototips 1 (izmanto Prot(_)t|ps 2 (lz_mantq
Poly-Si elektrodu) zemas pretestibas Si
Parametrs plaksni)
Daudzslana SisN. dielektrika biezums, nm
40 60 40 60
Nanokondensatora Izstradats projekta 0.45*10! | 0.47*10' | 0.50 *10' | 0.45*10!
dielektriska slana . -
dielektriska izturtba?, i\_’[uSd@?? attistibas 110!
MV/em Tmenis™
Izstradats | pie 10 kHz 1700 1300 2200 2200
projekta .
C, pE/mm? pie 1 MHz 1700 1300 2200 2200
1\_/[ﬁsdie2u attistibas 480
Iimenis
Nopliides stravas lieak | Izstradats projekta <1,7%10%° | <1,7*10° <1,7*10° | <1,7*%10°
blivums DC rezima®, Miisdienu attistibas 5*107 1*10°3 5*107 1*10°®
A/m? Iimenis °
Noturiba pret joniz&joso starojumu
Izstradats projekta Nav Nav Nav Nav
Nopludes strava DC ietekmes ietekmes ietekmes ietekmes
rezima, l eak Misdienu attistibas Nav Nav Nav Nav
Iimenis ° ietekmes ietekmes ietekmes ietekmes

2 Attieciba: (Caursites spriegums) /(daudzslana SisN4 dielektrika biezums).

3 https://en.wikipedia.org/wiki/Silicon_nitride, skatits 26.02.2020.

4 Yota, J. (2011). Effects of deposition method of PECVD silicon nitride as MIM capacitor dielectric for GaAs
HBT technology. ECS Transactions, 35(4), 229

5 S. T. Patton, A. J. Frasca, J. W. Talnagi, D. J. Hyman,B.S. Phillips, J.G. Jones, R. A. Vaia, A. A. Voevodin.
(2013). Effect of space radiation on the leakage current of MEMS insulators. IEEE transactions on nuclear science,
60(4), 3074-3083.

® Parametra noteik3anai 40 nm un 60 nm biezam dielektrikim izmantoja darba spriegumu 5 V un 10 V attiecigi.



Dzeltenaja krasa iezimé&tas Stnas parada parametrus, kas ir ievérojami labaki neka misdienu
analogiem. Ar peléko krasu iezimétie parametri ir tada pasa limeni ka miisdienu analogiem.
Kopuma salidzinajums liecina, ka projekta izstradato nanokondensatoru parametri parsniedz
vai atrodas tada pasa limeni ka to musdienu analogi.

Projekta rezultatu izplatiSana zinatniskajas publikacijas un konferencés

Nopublicéti 5 zinatniski raksti SCOPUS datubazgé ieklautaja zurnala vai konferencu rakstu
krajuma:

1. M. Romanova, L. Avotina, M. Andrulevicius, Yu. Dekhtyar, G. Enichek, G. Kizane,
M. Novotny, E. Pajuste, P. Pokorny, T. Yager, A. Zaslavski. Radiation resistance of
nanolayered silicon nitride capacitors. Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials and Atoms, 2020, 471, pp.17-23.
https://doi.org/10.1016/j.nimb.2020.03.010

2. Dekhtyar, Yu., Enichek, G., Romanova, M., Schmidt, B., Vilken, A., Yager, T.,
Zaslavski, A. Charge Trap Analysis of nanolayer SisN4 and SiO. by electron irradiation
assisted photoelectron emission. Physica B: Physics of Condensed Matter, 2020, 586,
412123.
https://doi.org/10.1016/j.physb.2020.412123

3. Awvotina, L., Pajuste, E., Romanova, M., Enichek, G., Zaslavskis, A., Kinerte, V., Avotins,
J., Dekhtyar, Yu., Kizane, G. Surface morphology of single and multilayer silicon nitride
dielectric nano-coatings. Materials Science (Medziagotyra), 2020, 26(1), pp.25-29.
http://matsc.ktu.lt/index.php/MatSc/article/view/21479

4. Dekhtyar, Yu., Avotina, L., Enichek, G., Romanova, M., Schmidt, B., Shulzinger, E.,
Sorokins, H., Vilken, A., Zaslavskis, A. Interface of Silicon Nitride Nanolayers with
Oxygen Deficiency. 2018 16th Biennial Baltic Electronics Conference, Estonia, Tallinn, 8-
10 October, 2018. Tallinn University of Technology: 2018, pp.1-4.
https://ieeexplore.ieee.org/document/8600964

5. Avotina, L., Pajuste, E., Romanova, M., Zaslavskis, A., Enichek, G., Kinerte, V., Zarins,
A., Lescinskis, B., Dekhtyar, Yu., Kizane, G. FTIR Analysis of Electron Irradiated Single
and Multilayer SisN4 Coatings. Key Engineering Materials, 2018, 788, pp.96-101.
www.scientific.net/KEM.788.96

Projekta rezultati prezentéti Starptautiskas zinatniskas konferences:

A) Prezentacijas konferencés ar publikacijam konferencu rakstu krajuma vai tézu gramatina:

1. Avotina, L., Dekhtyar, Yu., Jenichek, G., Kizane, G., Pajuste, E., Romanova, M., Yager,
T., Zaslavskis, A. Radiation stability of multilayer silicon nitride nanocapacitors. 20th
International Conference on Radiation Effects in Insulators: Book of Abstracts,
Kazakhstan, Nur-Sultan, 19-23 August, 2019.

2. Avotina, L., Romanova, M., Pajuste, E., Enichek, G., Zaslavskis, A., Dekhtyar, Yu.,
Kizane, G. Electrical properties of single and multilayer silicon nitride dielectric for
applications in nanocapacitors. 21st International Conference-School "Advanced Materials
and Technologies 2019": Book of Abstracts, Lithuania, Palanga, 19-23 August, 2019.


https://doi.org/10.1016/j.nimb.2020.03.010
https://doi.org/10.1016/j.physb.2020.412123
http://matsc.ktu.lt/index.php/MatSc/article/view/21479
https://ieeexplore.ieee.org/document/8600964
http://www.scientific.net/KEM.788.96

10.

11.

Andruleviéius, M., Avotina, L., Dekhtyar, Yu., Enichek, G., Romanova, M., Shulzinger, E.,
Sorokins, H., Tamulevicius, S., Vilken, A., Zaslavski, A. XPS, FTIR and photoelectron
emission spectroscopies to analyze nanocapacitor silicon nitride nano layered structures.
2nd International Conference on Nanomaterials Science and Mechanical Engineering:
Book of Abstracts, Portugal, Aveiro, 9-12 July, 2019.

Yu. Dekhtyar, L. Avotina, G. Enichek, M. Romanova, B. Schmidt, E. Shulzinger,
H. Sorokins, A. Vilkens, A. Zaslavskis. Interface of Silicon Nitride Nanolayers with
Oxygen Deficiency. 2018 16" Biennial Baltic Electronics Conference, Estonia, Tallinn, 8-
10 October, 2018. https://ieeexplore.ieee.org/document/8600964

L. Avotina, E. Pajuste, M. Romanova, A. Zaslavskis, G. Enichek, V. Kinerte, Yu. Dekhtyar,
G. Kizane. Modifications of Silicon Nitride Bonds under Action of Accelerated Electrons.
RACIRI 2018 Summer School, Germany, Riigen, 25 Aug-1 Sep., 2018.

E. Pajuste, M. Romanova, L. Avotina, G. Enichek, A. Zaslavskis, V. Kinerte, Yu. Dekhtyar,
G. Kizane. Surface Morphology of Single and Multilayered Silicon Nitride Dielectric
Nanocoatings. 20" International Conference-School "Advanced Materials and
Technologies™, Lithuania, Palanga, 27-31 August, 2018

L. Avotina, E. Pajuste, M. Romanova, A. Zaslavskis, V. Kinerte, B. Lescinskis,
Yu. Dekhtyar, G. Kizane. FT-IR Analysis of Electron Irradiated Single and Multilayer
Si3N4 Coatings. 8" International Conference on Silicate Materials "BaltSilica 2018",
Latvia, Riga, 30 May-1 Jun., 2018. https://www.scientific.net/KEM.788.96

L. Avotina, Yu. Dekhtyar, M. Romanova, E. Shulzinger, B. Schmidt, A. Vilkens,
A. Zaslavski, G. Enichek. Silicon Nitride Multi Nanolayer System Fabricated in One
Reactor. 6™ International Conference "Telecommunications, Electronics and Informatics
(ICTEI 2018)", Moldova, Chisinau, 24-27 May, 2018.

M. Romanova, L. Avotina, R. Zarin$, A. Zarins, J. Bitenieks, A. Vilimans, A. Zaslavskis,
G. Kizane, Yu. Dekhtyar. Electrical properties of single layer and multilayer SisNa4
dielectric on Si substrate. 3" International Conference “Innovative Materials, Structures
and Technologies” (IMST2017), 27-29 September, 2017, Riga, Latvia.

L. Avotina, R. Zarins, E. Pajuste, M. Romanova, J. Bitenieks, J. Zicans, A. Zaslavskis,
Yu. Dekhtyar, G. Kizane. Influence of ionizing radiation on the SisN4 coatings on Si
substrate. 19" International Conference-School "Advanced Materials and Technologies
2017", 27-31 August, 2017, Palanga, Lithuania.

L. Avotina, R. Zarins, M. Romanova, E. Pajuste, A. Zaslavskis, Yu. Dekhtyar, G. Kizane.
Characterisation of silicon nitride coatings irradiated with accelerated electrons and
bremsstrahlung radiation. International Conference "Functional Materials and
Nanotechnologies 2017" (FMNT-2017), 24-27 April, 2017, Tartu, Estonia.

B) Mutiskas prezentacijas konferencés bez publikacijas:

12.

13.

14.

L. Avotina, E. Pajuste, M. Romanova, A. Zaslavskis, Yu. Dekhtyar, G. Kizane. FTIR
studies of radiation stability of multilayered silicon nitride thin films for nanocapacitors.
78" International Scientific Conference of the University of Latvia, Riga, Latvia,
February 21, 2020.

T. Yager, A. Vilkens, E. Shulzinger, Yu. Dekhtyar, G. Jenic¢eks, A. Zaslavskis. Investigation
of electrical defects of dielectric layers of SisN4. 60" International Scientific Conference of
Riga Technical University, Riga, Latvia, October 17, 2019.

E. Pajuste, M. Romanova, L. Avotina, A. Zaslavskis, G. Enichek, G. Kizane, Yu. Dekhtyar.
Influence of fabrication parameters on morphology of SisN4 dielectric of nanocapacitor.
77" International Scientific Conference of the University of Latvia, Riga, Latvia,
February 1, 2019.


https://ieeexplore.ieee.org/document/8600964
https://www.scientific.net/KEM.788.96

15. T. Yager, M. Romanova, Yu. Dekhtyar, A. Zaslavskis, G. Enichek, G. Kizane. Influence of
manufacturing technology and ionizing radiation on electron emission properties of SisNs
dielectric nanolayers. 59" International Scientific Conference of Riga Technical University,
October 11, 2018, Riga, Latvia

16. L. Avotina, E. Pajuste, M. Romanova, A. Zaslavskis, J. Dehtjars, G. Kizane.
Characterization of chemical bonds in nanolayers of silicon nitride with FT-IR. 76%
International Scientific Conference of the University of Latvia, Riga, Latvia, February 2,
2018.

17. M. Romanova, Yu. Dekhtyar, A. Vilimans, A. Zaslavskis, G. Kizane. Study of electrical
defects in SisNg dielectric layer. 58" International Scientific Conference of Riga Technical
University, October 13, 2017, Riga, Latvia.

Projekta fotogalerija tieSsaistes medijos

e 2020. gada 21.februari organizetais seminars uznémeéjiem “Nanokondensatori Latvija”:

https://www.facebook.com/biedribaLETERA/posts/204933940884315
https://www.letera.lv/letera-biedri-iepazistas-ar-inovativu-nanokondensatoru-razosanas-

tehnologiju

e Fotogalerija “Tiecamies uz pasaules nanokondensatoru tirgu!”:
https://www.facebook.com/pg/rigastehniskauniversitate/photos/?tab=album&album_id=3
643198279053551

e Informacija medijiem RTU majas lapa:
https://www.rtu.lv/Iv/universitate/masu-medijiem/zinas/atvert/rada-tehnologiju-kas-var-
palidzet-latvijas-uznemumiem-ieklut-pasaules-nanokondensatoru-tirgu

Publicéts 13.03.2020.
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