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Informativais zinojums par ERAF projekta No. 1.1.1.1/16/A/203, “Daudzslanu silicija
nanokondensators ar uzlabotiem dielektriskiem slaniem” paveikto laika posma
01.11.2018.-31.01.20109.

P&c projekta istenosanas 22 ménesiem saskana ar projekta planu 2018. gada 28. decembri tika
sasniegts projekta vidusposms, un pabeigta projekta 1. aktivitates istenoSana. 1. un 2. aktivitasu
rezultati tika ieklauti vidusposma izveértéjuma. No 2019. gada 2. janvara ir uzsakta 3. aktivitates
istenosana. Projekta vidusposma galvenie rezultati ir uzskaititi Tabula 1.

Tabula 1
Projekta vidusposma galvenie rezultati
Aktivitates Nr. | Aktivitates galvenie rezultati
un nosaukums
1. NCun 1. Tika sasniegtas nanokondensatoru (NC) struktiiras ar dazadu SisNs
ON...ON dielektrisko nanoslanu skaitu un biezumu. NC struktiira ir paradita
paraugu 1.attela, SizsNs slanu parametri — Tabula 2.
izgatavoSana ar Windows® for
viena reaktora contacts
sintez€tiem
_ . 5102 (Protective Glass)
N...N slapiem ' Al (Top Capacitor Plate) d=1 1
S13Ny d = according to table2
‘ 5102 d=01
Si wafer
1.att. Sasniegto NC struktara (d — slanu biezums, pm).
Tabula 2
Vienslana un daudzslana SizNg4 struktiru parametri
SisN4 vienslana un Nanoslanu skaits

daudzslanu struktiiras | Daudzslanu struktira | Vienslana struktara
biezums (d), nm

20 3 1
40 5 1
60 5 1

2. lzgatavoti NC slanu pavadosas struktiiras ar SisN4 nanoslaniem, kas
uzklati uz SiO2 vai PolySi (2.(a) un (b) attéli). SisN4 slanu struktiira
atbilst Tabula 2 uzraditajiem datiem.




(a) S13N, d = according to table 2

510, d=0.1
Si wafer
(b) SN, d= according to table2
$10, d=01
Si wafer

2.att. NC pavados$o paraugu struktiira (d — slanu biezums, um): (a) Si-

5.

Si02-PolySi-SisNs; (b) Si-SiO2-SisNa.

Izgatavotie NC un to slanu pavadosas struktiiras tika raksturoti
2.aktivitate.

Noteikts, ka 40 un 60 nm biezam SisN4 dielektrikim ir mazaka
graudainiba neka 20 nm biezam dielektrikim, 1idz ar to, izmantojot
daudzslanu dielektriki, ir sagaidama augstaka NC kvalitate.
Izstradatas rekomendacijas par tehnologisko parametru izvéli N...N
slanu iegi$anai viena reaktora (projekta iznakuma raditajs).

2. N...N,
ON...ON un NC
raksturosSana,
t.sk. péc
apstaroSanas un
karséSanas

Nopublicgti 2 zinatniski raksti un 1 raksts pienemts public€Sanai
SCOPUS datubaze ieklautaja zurnala vai konferencu rakstu krajuma:

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) (pienemts public€Sanai)

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

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 SizN4 Coatings. Key
Engineering Materials, 2018, 788, pp.96-101.
www.scientific.net/KEM.788.96

Aktivitates rezultati prezenteti 11 starptautiskas zinatniskas konferences:
A) Prezentacijas konferencés ar publikacijam konferencu rakstu

1.

krajuma vai tezu gramatind.

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



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

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 (ICTElI 2018)",
Moldova, Chisinau, 24-27 May, 2018.

M. Romanova, L. Avotina, R. Zarins, A. Zarins, J. Bitenieks, A. Vilimans,
A. Zaslavskis, G. Kizane, Yu. Dekhtyar. Electrical properties of single layer
and multilayer SisN, 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
SisNs 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:

9.

10.

11.

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

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.

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

2.1.
Morfologijas
raksturoSana

NC pavadoso slanu morfologija tika raksturota, izmantojot atomspéka
mikroskopiju (AFM), skengjoso elektronu mikroskopiju (SEM), optisko
mokroskopiju un rentgenstarojuma fotoemisijas spektroskopijas
profilésanu (XPS profiling). legitie galvenie rezultati:

1.

SiaNg virsmai ir graudaina struktiira. Graudu izmérs palielinas,
pieaugot SizsN4 biezumam. Graudu izméra atskiribas vienada
biezuma vienslana un daudzslanu Si3sNs struktiiras netika noverotas.
Si3N4 nanoslanu raupjumu ietekmée apaksgjais slanis. PolySi slana
izmantosana sekmg biitisko SizN4 slanu raupjuma pieaugumu, kas
pasliktina NC elektriskas Tpasibas. Tapéc tiek piedavats izgatavot NC



https://www.scientific.net/KEM.788.96

ar SisN4 dielektriskiem nanoslaniem, kas uzklati uz SiO2 vai zemas
pretestibas Si plaksnes.

3. SiaNg slanu skersgriezuma mérfjjumi ar AFM, SEM un XPS

profiléSanas metodém apstiprinaja slanu biezuma atbilstibu
izgatavosanas laika planotajam.

2.2. Elektriska

NC ar daudzslanu Si3N4 dielektriki piemit lielaks caursites spriegums un

raksturoSana mazaka nopliides strava neka NC ar vienslana dielektriki, bet zemaka
kapacitate.
Daudzslanu 40 un 60 nm biezs dielektrikis ir ieteicamaks NC razosanai.
2.3. Kimisko Infrasarkanas absorbcijas spektroskopijas (FTIR) mérijumi paradija, ka
saiSu izgatavoto SiO> un Si3N4 slanu kimiskais sastavs atbilst SiO2 un SizN4
raksturoSana stehiometrijai.

2.4. KarséSanas
un starojuma
ietekme

Daudzslanu NC un to slanu pavados$as struktiiras uzradija labakas
strukturalas, elektriskas un radiacijas stabilitates raksturojumus neka
vienslana struktiiras. 40 un 60 nm biezas daudzslanu struktiiras paradija
augstaku radiacijas stabilitati saltidzinajuma ar 20 nm biezam struktiram.
Tomér NC ar vienslana un daudzslanu SizNy ir lidziga termiska
stabilitate.

Publicets 25.02.2019.




