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Outline: studies, methods, objects 
Where

Tbilisi, TSU

Chernogolovka, ISSP

Sendai, IMR

Chernogolovka, ISSP

Sendai, IMR

Hiratsuka, Komatsu EM

Sendai, IMR

Linköping, LIU

Cottbus, JointLab

Dresden, TUD IAP

Freiberg, TUBAF IAP

How
Carbon dating, Mass-spectrometry

EPR, EDMR, EDSR, DLTS, PL

EPR, EDSR, DLTS, FTIR

HRTEM, DLTS, PL

ESR, HRTEM, EDSR, FTIR

HRTEM, TDDB, TZDB, DLTS, EDMR

ESR, FTIR, DLTS

ODMR, EDMR, EL

PL, Raman, EBIC, DLTS

EL, DLTS, IRPC, Electrical methods

Electrical methods, …

What
Laser source MS

Si, HTC SC, defects

Si defects

Si, Ge, defects

Si-Ge, grinding

SIMOX, COP, defects

Si, Ge

InGaAs, Ga(Al)NAs, …

PV, Nano-tec, LID, Si

PV, HKMG FET

HKMG FET…



Main subject: Laser and spark-source mass-
spectrometry

Affiliation: Tbilisi State University & 
Institute for Analytical Chemistry, Moscow
Country: USSR; Period: 1978-84 
Positions: Ms. student, research-engineer
Publications: 5

• How much energy 
should be invested in 
the process of ion 
formation?

• What is most important: 
substrate or impurities?

• Double excitation, for 
evaporation and for 
ionization.

• Spark, laser or ions?



Main subject: Electric-dipole spin resonance on 
dislocations in silicon

Affiliation: Institute of Solid State Physics, 
USSR Science academy, Chernogolovka
Country: USSR; Period: 1984-94 
Positions: PhD student, researcher
Publications: 17 manuscripts

• SO interaction in absence 
of inversion center.

• Straight dislocations.
• 7-8 orders of ESR strength.
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Extra subjects: High Tc superconductivity 
Defect states on dislocations



Main subject: Electric-dipole spin resonance on 
rod-like defects

Affiliation: Institute for Materials Research
Country: Japan; Period: 1991-92, 94-95 
Positions: JSPS fellow, research associate
Publications: 7 manuscripts

• Identification of defects responsible for EDSR signal
• Relation between EDSR intensity and MW conductivity
• Relation between EDSR line-shape and RLD structure

{311} structural defects



Extra subjects: Growth & properties of SiGe crystals
Influence of Fe on oxygen precipitation



Extra subjects: Growth & properties of SiGe crystals
Influence of Fe on oxygen precipitation



Extra subjects: Defects in Si polished in ductile mode
• Damage (cracks & dislo-

cations) density depends 
on lattice directions in the 
crystal: single directional 
grinding?

• Thin (5-20 nm) a-Si layer 
is formed at top.  

• Compressive stress in 
cracked layer is ∼2 Gpa.
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Subject: Defects in Cz and FZ-Si
Affiliation: Komatsu Electronic Metals
Country: Japan; Period: 1995-2000 
Positions: Device group manager
Publications: 11 manuscripts

• Comparison of HR TEM and EDX analyses 
results.

• Looks like COP inside is empty (Ga comes from 
preparation)! Agglomeration of vacancies.

• Shape of COP is octahedron with <111> 
sidewalls. Size is about 100nm.

J. Electrochem. Soc., 1996,  Vol. 143, L244

COP

OP



Subject: Defects in Cz and FZ-Si

• Effect of oxidizing ambient on the buried oxide synthesis in low-dose SIMOX.
• Silicon incorporation in a shallow donor center in hydrogenated Czochralski-

grown Si crystals: an EPR study
• EPR study of hydrogen-related radiation-induced shallow donors in silicon.
• Electrically detected magnetic resonance signal from iron contaminated Cz-Si 

crystal.
• Dependence of EDMR signal shape from iron-contaminated Si wafers on the 

thermal treatment of the samples.
• Electrical activity of defects induced by oxygen precipitation in Cz-Si wafers.
• N+P-junction leakage current caused by oxygen precipitation defects and its 

temperature dependence.
• Si wafer polishing damage classification and characterization.



Subject: Defects in Cz and FZ-Si

• Increase in the number and the proper arrangement of 
measuring tips contacting poly-Si gate.

• Combination of voltage ramp for low electric field region 
and current ramp for strong electric field region.

• Calculation of actual breakdown field, using values of 
current and oxide resistance at the breakdown moment.

Solid State Phenomena 2001, Vol. 82-84, pp. 735-742



Subject: Defects in Cz and FZ-Si
Affiliation: Institute for Materials Research
Country: Japan; Period: 2000-04 
Positions: Research associate
Publications: 22 manuscripts

• B3 & NL51 originate from charge states of I4.
• I4 parameters determined: size of exciton, ratio of lifetimes 

in singlet and triplet states, energy level…
• I4 formation mechanism proposed.
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Subject: Defects in Cz and FZ-Si

• Clusters of self-interstitials in silicon, nanostructures.
• Properties and interaction of tetra-interstitial defects.
• Defects in silicon samples, which represent a model for the contemporary 

"device area" of silicon wafers.
• Hydrogen-related defects in silicon. Interaction of hydrogen and intrinsic 

defects and defect clysters.
• Platinum in silicon. Interaction between platinum and hydrogen in silicon 

crystals.
• Iron-related defects and complexes in silicon. High-resolution photoinduced 

transient spectroscopy of iron-related defects.
• Properties of iron-vacancy and iron di-vacancy pairs in Si.
• Spin resonance methods in materials studies.



Subject: Defects in Cz and FZ-Si



Subject: Defects in Cz and FZ-Si

+H2



Subject: Defects in dilute nitrides

Affiliation: Institute for Phys. & Meas. Tech.
Country: Sweden; Period: 2004-05 
Positions: Visiting researcher
Publications: 5 manuscripts



Subject: Si technology and applications
Affiliation: JointLab IHP-BTU
Country: Germany; Period: 2005-11 
Positions: Researcher
Publications: 36 manuscripts
• Properties of agglomerates of intrinsic defects in silicon.
• Si based light – emitting devices, Si photonics. Stark effect for Si-DPL.
• Si wafer direct bonding, regular dislocation networks.
• Fe-P complexes in Si and gettering mechanisms for PV applications
• Band structure engineering in Si for photonic and PV applications.
• Defect control and defect engineering for photonic and PV applications.
• Characterization and development of Si PV materials (mc-Si, thin films, 3rd 

generation PV materials).
• Properties of Crystal Silicon on Glass films for PV and development of related 

technology.
• Characterization of CuInSe thin films for photovoltaic (PV) applications.
• Light-induced Solid Phase Crystallization of thin Si films and nano-structures.



Subject: Si technology and applications



Subject: Si technology and applications



Subject: Si technology and applications



Subject: Si technology and applications

Lifetime map

Bare wafer

Ratio ID1/IBBL Si3N4 passivated



Subject: Si technology and applications
Affiliation: Technische Universität Dresden
Country: Germany; Period: 2012-21
Position: Researcher
Publications: 18 manuscripts
• Development of PV-material characterization technique.
• Simulation of PV-cell fabrication processes and thermal budget.
• Iron-related defects in solar cells.
• Capability of DLTS for characterizing multi-crystalline silicon.
• Near-Junction volume defects in Si solar cells.
• Light- and current-induced degradation of solar cells (LID).
• Solar cell degradation induced by light and elevated temperatures (LETID).
• Photoconductive (FTIR) detection of defects in ultrathin layers.
• Capacitance transient spectroscopy measurements on high-k metal gate field 

effect transistors fabricated using 28nm technology node.
• Characterization of fully depleted HKMG SOI FET structures using capacitance 

transient and subthreshold swing measurement methods.



Subject: Si technology and applications



Subject: Si technology and applications



Subject: Si technology and applications

2nm



Subject: Si technology and applications



GADEST’17, Lopota, Georgia
- Dates 01-06 October 2017.
- 96 participants from 23 countries.
- 9 Leading semiconductor companies.
- 46 scientific institutions.
- 53 conference publications in: PSSa (29) & PSSc (24).
- 61 oral presentations (21 invited).
- 39 Poster presentations.



Acknowledgments

• M.Sh.Kaviladze (5)
• G.I. Ramendik (5) and O.I. Kryuchkova (3) 
• V.V. Kveder (11) and  Yu.A. Osip’yan (7)
• K. Sumino (6) and M. Suezawa (24)
• I. A. Buyanova (7) and W. M. Chen (7)
• M. Kittler (41)
• J. Weber (12)



Acknowledgments
Arguirov T (34) Holleman J (4) Imai M (2) Beigmohamadi M (1)
Reiche M (15) Hong YG (4) Kohler K (2) Binetti S (1)
Wilhelm T (10) Izadifard M (4) Lauer K (2) Chaplygin I (1)
Seifert W (9) Schmitz J (4) Lavrov EV (2) Herklotz F (1)
Fukata N (8) Tu CW (4) Leminh P (2) Herms M (1)

Shalynin AI (8) Yonenaga I (4) Moller C (2) Hieckmann E (1)
Berghoff B (7) Dagnelund D (3) Murin LI (2) Kaminski P (1)

Spangenberg B (7) Forst M (3) Nisimura M (2) Kissinger G (1)
Rolver R (7) Jablonski J (3) Ratzke M (2) Kot D (1)

Vyvenko OF (7) Kasuya A (3) Schmid RP (2) Miyamura Y (1)
Yu X (7) Kononchuk O (3) Suckow S (2) Müller M (1)
Jia G (6) Markevich VP (3) Tyurin DA (2) Pizzini S (1)

Kouteva-Arguirova S (6) Saito K (3) Yamabe K (2) Riemann H (1)
Matsumoto K (6) Drescher M (2) Schade M (1) Seibt M (1)

Vorona IP (6) Erben E (2) Abrosimov NV (1) Uchiyama H (1)
Trushin M (5) Herguth A (2) Asano E (1) Yang D (1)
Hoang T (4) Herguth A (2) Batzner D (1) etc.



Summary (formal)
h – index: 18
i10 –index: 47  
Publications >125
Citations > 1210
Presentations > 70 1985 1990 1995 2000 2005 2010 2015 2020

0

10

20

30

40

50

60

70

80

90

100

110

120
 

 

 Citations

Year

Nu
m

be
r o

f C
ita

tio
ns

36%

4%

16%

16%

28%

Countries:

 Germany
 Japan
 Georgia
 Russia
 Sweden & other

2%
9%

26%13%

14%

5%

32%

Systems

 Bulk
 MQW
 Devices
 Thin films
 Solar cells
 Bonded
 Other

5%
6%

4%
2%

21%2%

60%

Materials

 Si
 Ge
 Interfaces
 Si-Ge
 GaInNP, GaAs
 Dielectrics
 Other


	Defects, structures, methods
	Outline: locations
	Outline: studies, methods, objects 
	Main subject: Laser and spark-source mass-spectrometry
	Main subject: Electric-dipole spin resonance on dislocations in silicon
	Extra subjects:
	Main subject: Electric-dipole spin resonance on rod-like defects
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in Cz and FZ-Si
	Subject: Defects in dilute nitrides
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	Subject: Si technology and applications
	GADEST’17, Lopota, Georgia
	Acknowledgments
	Acknowledgments
	Summary (formal)

