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Project Overview: SiC Passive Monitors

Purpose
« SiC frequently used as passive temperature monitor (TM) in irradiation experiments
« ASTM standard does not exist for SiC temperature monitors

« Historical SiC TM analysis methods better suited for high fluence experiments
which achieve saturation swelling

Scope

* Plan for development of SiC thermometry ASTM standard & round robin testing

« Apply deep level transient spectroscopy (DLTS) as irradiated SiC analysis technique
Schedule

* Project completion delayed to FY25 — waiting to receive irradiated SiC
— M3CT-240R0703022: Research plan for the development of SiC thermometry ASTM standard and round robin testing
— M3CT-240R0703021: Assessment of the use of deep level transient spectroscopy (DLTS) for low fluence SiC temperature measurement

Participants
« INL: Malwina Wilding

« ORNL: Anne Campbell, Hsin Wang, David Glasgow



Technology Impact: SiC Passive Monitors

Benefits

* Does not require instrument leads

« Continuous temperature indication ~200 — 1,000° C Cladding
Specimen

« Compact geometry “

Mechanism /

* Neutron irradiation damage causes point defects and
lattice dilations in SiC

« Defects can be annealed post-irradiation when the
annealing temperature exceeds irradiation
temperature

Role in Nuclear Energy Industry

* Provides indication of temperature conditions during
materials irradiations
— Cladding materials
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SiC Passive Monitors Workshop

( Dimensional ) ul!
. . Serial Change
* Hosted SiC passive thermometry workshop e e ore et
Gl Silicon Carbide Passive Thermometry
M ay 8-9 2024 e e R Best Practices Workshop and ASTM
’ Resistivity Standard Development Roadmap

Serial or Thermal
Continuous Diffusivity

— 27 attendees from US/international labs and industry
— Discussed various SiC analysis methods/best practices

— Several sessions on SiC TM technique, tours of HFIR,
LAMDA, hot cells i

— Developed high-level plan for ASTM standard development oneaing | Banson (——opieal
« Workshop outcomes, review of SiC analysis e S—

Anne Campbell
L Spectroscopy Y Malwina Wilding

methods, and ASTM standard development plan T
included in upcoming ORNL Technical Memo |
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Irradiated SiC Analysis Methods
4

Nuclear Research and Consultancy Group (NRG)
Canadian Nuclear Laboratories 1

Idaho National Laboratory

X 9/ National Centre for Nuclear Research (NCNR)
Nielson Scientific *b

Stony Brook University

%

Oak Ridge National Laboratory Silicon Carbide Passive Thermometry Workshop
ORNL ORNL INL External
Anne Campbell Padhraic Mulligan Pattrick Calderoni Sebastien Teysseyre (CNL)
Stephanie Curlin Andrew Nelson Chase Case Mark Luloff (CNL)
Richard Howard Chad Parish Kurt Davis Travis Skippon (CNL)
Yutai Katoh Christian Petrie Brenden Heidrich Rafal Prokopowicz (NCNR)
Annabelle Le Coq Adrian Schrell James Jewell Ralph Hania (NRG, virtual)
Stephen Taller Ashley Lambson Viviam Marques (NRG, virtual)
Ahmad Rashdan Lance Snead (MIT/Stony Brook, virtual)
%OAK RIDGE Malwina Wilding Greg Nielson (Nielson Scientific)
'National Laboratory




SiC Passive Monitors Workshop (Round Robin Testing)

Developed plan for round robin SiC analysis SiC TM and TC Locations

— Pre-irradiated SiC from three reactors
« HFIR, ATR, MITR

* Range of temperatures & fluences
— Six laboratories to perform analysis
« INL, ORNL, MIT, CNL (Canada), NRG (Netherlands), NCNR (Poland)

Discussed ASTM standard development with ASTM
E10 Committee

* Requested a “best practices” document to subcommittee chairs
for discussion

Awaiting shipment of HFIR irradiated experiment
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SiC Deep Level Transient Spectroscopy

« DLTS can identify electrically active DLTS System
defects in semiconductor . 7
— Activation energy (AE)
— Capture cross section (o,,)
— Defect concentration (Ny)
 Requires
— Rectifying junction (Schottky or p-n)
— Well-behaved depletion region
— High defect concentration (10 x N,)

« Setup and integrated DLTS system

LN2 Reservoir

i Cartridge Heater

4 Point Probe
2=

MFIA

SiC TM —| 5 MHz Impedance Analyzer

at ORNL NS [ e 1 -
— 77-500K {i N = me Uik el
— DC-5MHz fi: ----- ! -
— -10-10V bias | PO AN o ot
— GUI controlled/automated I

+ Traditional lock-in amplifier/pulse ko ismeme s e e
generator/DAQ replaced with u
DLTS Signal: S = C(t;) — C(t;) = AC(0) x (e; *-e, 7) DLTS Software Credit: George Nelson, RIT

programable MFIA (Zurich Instr.) https:/igithub.com/nelsongt/mfiaDLTS




DLTS Specimen Fabrication

Five Types of Commercially Available SiC
« Five different types of SiC

substrates L

- Metal contact deposition B oty conedt
performed in Center for sic
Nanophase Materials Science

Au
Cl eanroom Backside Ohmic Contact ID Prefix Vendor SiC Type Form Factor
4H, N-type,
A MSE 4.0° off axis toward <11-20>
4H, Semi Insulating (SI),

0.35%101 mm diameter wafer

— Electron-beam evaporation

B MSE on axis <0001> 0.5x101 mm diameter wafer
— Full'backside ohmic contact T e i e VD | S oetamm s a
. Shadow mask used for topside E ASCM 3C, High Resistivity 6.35%152 mm square plate
Schottky contacts
— Avoided annealing of contacts

4H N-type SiC 3C SiC

« Deposited on both Si- and C-
face of wafer

Backside contacts 4H Semi Insulating SiC




DLTS Specimen Characterization

|-V measurements
showed N-type 4H
material produced good
rectify contacts

~ V,;=145-1.66V

— ldeality factor = 1.22 — 1.63

— g =1.25-1.41
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DLTS Specimen Characterization

Semi-insulating 4H SiC and
three types of 3C SiC all
produced ohmic contacts
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DLTS-Unirradiated SiC

e Unirradiated SiC analyzed using C-V measurement of Schottky diode
DLTS system

~ 80-320K \
~ 1 MHz i e,
— 2V reverse bias 300 "-.,.
— 1V pulse height, 2 ms pulse width j:g "...

« |dentified two defect levels . ) ; . . .
— E;—0.35,E;.—0.66eV e

* Doping concentration measured Diode capacitance as a function of temperature
— N;=6.1x10"cm™3 1251

« Working to incorporate
frequency and bias voltage
sweep into measurements

 Defect concentrations will be
compared to the irradiated SiC =
material
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Irradiated SiC

SiC specimens irradiated in graphite rabbits using the
pneumatic tube of HFIR Neutron Activation Analysis
Laboratory

4 different fluences

3C- and 4H- SiC sample for each fluence
— 3C- for dilatometry measurement
— 4H- for DLTS measurement

Ready for sample preparation by end of year

ORNL-DWG 92MC-2473

LEGEND:
(1) REACTOR VESSEL

(2) GRATING

Sample | Irradiation [Total Fluence
Time (min) (n/cm?2)
A 5 1.92E+17
B 10 3.84E+17
C 20 7.68E+17
D 30 1.15E+18

_:ﬂ o 3-9-?5—‘;

Irradiuated SiC Specimens

(3) PERMANENT BERYLLIUM

(@) IN REACTOR STATION 'Z"

(8) HOLE V-7 IN PERMANENT BERYLLIUM
| FLOW RESTRICTOR

| ACCESS HOLE VH-4

INTERMEDIATE HOLD-UP STATION "y
) FLIGHT TUBE

0 PENETRATION NO. 116

—

':‘ ‘_,l OVERHEAD SHIELDING

(12 LOADING STATION "X"

(13 SAFETY VALVE ASSEMBLY
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Concluding Remarks

ASTM Development

« Hosted SiC Passive Thermometry Workshop

« Plan for round robin testing of pre-irradiated SiC
DLTS Analysis of SiC

 DLTS system is integrated and operational

« Fabricated specimens for DLTS measurements on five types of SiC
Semi insulating and polycrystalline SiC are not good candidates for DLTS measurements

 Irradiated four samples of 3C- and 4H- to 1.9E+17 — 1.2E+19 n/cm?
Future Work (CO, no new BA)

* |ssue report on SiC Workshop and round robin

« Perform DLTS on irradiated SiC specimens

Padhraic L. Mulligan

R&D Staff, Oak Ridge National Laboratory
mulliganpl@ornl.gov

(865)-574-9856

ORCiD: 0000-0002-5826-5402
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