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OUTLINE UNID\ G

Part I: Progress in Heteroepitaxial Growth

The layer system Dia/lr/YSZ/Si
Recent progress in dislocation density
Recent progress in size

Outlook for ELO

Part Il: Characterization

Methods: Free carrier absorption, CCE,TCT,
Trapping, carrier lifetime

Correlation with dislocation density
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THE HETEROEPITAXIAL

MULTILAYER SYSTEM Dia/lr/YSZ/Si IND i

Microwave Plasma CVD:

(1) Bias enhanced nucleation (BEN)

/ (2) MWPCVD diamond growth
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EVOLUTION OF THE DEFECT

STRUCTURE WNIB 5

Phase 4

~Xmm

3 x 10%cm2
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VARIATION OF CRYSTAL QUALITY

WITH FILM THICKNESS LN
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VARIATION OF THE DISLOCATION

DENSITY WITH FILM THICKNESS WNIB 5

Extremely high dislocation
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SAMPLE SIZE N s
Sample size
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STATE OF THE ART IN TERMS OF N
SIZE AND STRUCTURE -
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M. Schreck, S. Gsell, R. Brescia, M. Fischer, Sci. Rep. 7, 44462 (2017).
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AUGSBURG DIAMOND N
TECHNOLOGY GmbH (AuDiaTec) o

Office: Am Technologiezentrum 5
86159 Augsburg
Foundation: 11/2015
Founders: M. Fischer, S. Gsell,
M. Schreck
CEO: M. Fischer, S. Gsell
Business

administration:  A. Rieger
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APPLICATIONS: MECHANICAL & OPTICAL «
& NEUTRON MONOCHROMATORS UND G

Cutting tools (inserts) for ultraprecision machining

Windows

Neutron
monochromator PSS

™
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APPLICATIONS LN

Part Il

Characterization:

How crucial is the role of dislocations?

ADAMAS_Workshop_Wien_2018 11

TRACKING & TIMING DETECTORS LN' -
IN PARTICLE PHYSICS o
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Acqgiris signal [V]

Acqiris signal [V]

PULSE ENERGY MONITOR
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STATE OF THE ART & POTENTIAL

FOR FURTHER IMPROVEMENT
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SYSTEMATIC VARIATION OF

DISLOCATION DENSITY

nucleation side
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ELECTRONIC PROPERTIES [_N. Py
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1) Free Carrier Absorption
(FCA)
P. S¢ajev (Vilnius)

2a) Transient Current
Technique (TCT)

2b) Charge Collection
Efficiency (CCE)
M. Trager, M. Ki$ (GSI)
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Differential Transmissivity DT
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Lifetime vs. dislocation density
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CHARGE COLLECTION EFFICIENCY

MEASUREMENTS

Measurements with high-impedance charge-sensitive amplifier (CSA)

(integration time ~ 10 ps)

alpha CCE measurement of unpumped Dol samples MFAIX394 in vacuum

Am-241 (5kBaq), blue LED illumination at OV between steps

guard ring at same potential as measurement electrode
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TCT MEASUREMENTS
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TCT MEASUREMENTS WITH
COOLFET AMPLIFIER

Hole signal generated
before any trapping

Signal generated by holes
after release from traps
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Estimation: ~1 ppb of compensated boron (i.e. B- traps)
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TCT MEASUREMENTS WITH l.N.k o
fugburs
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TRAPPING CENTERS [_N. ey
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Charged trap: Coulomb energy of point charge
E (meV)
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STRESS FIELD AROUND
DISLOCATIONS -

Edge dislocation
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H. Pinto and R. Jones: Theory of the birefringence due to dislocations in single crystal CVD diamond, J. Phys.: Condens.
Matter 21 (2009) 364220

The stress field around the dislocations also modifies valence and conduction
band edge = trapping potential
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SUMMARY AND CONCLUSIONS UNID s

Ir/YSZ/Si substrates + BEN + extended growth
=>» Dia(001) with high structural quality

Wafer scale diamond(001):  155ct, ® ~ 3.5”
Material available via Augsburg Diamond Technology GmbH
Recent progress in dislocation density reduction

Improved understanding of dislocations as charge carrier traps

ADAMAS_Workshop_Wien_2018 25

MANY THANKS TO .... UNID G

Funding support by

UFG

][ Deutsche
Forschungsgemeinschaft
R | B ® | i
und Forschung 05 KO9WA1 ae 03EFEBY087
17V0077
THANKS FOR YOUR ATTENTION
ADAMAS_Workshop_Wien_2018 26

13



