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Cooperation on the Network Establishment

between Korea and Germany for the Particle Analysis
Data Evaluation of the Swipe Samples
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SUMMARY

I. Project Title

Cooperation on the Network Establishment between Korea and Germany for
the Particle Analysis Data Evaluation of the Swipe Samples

Il. Objectives and Importance
The particle analysis of swipe samples, one of the technologies for the

IAEA’s strengthened safeguards system, was identified to be one of the
powerful technologies for verification of declared nuclear activities or
monitoring the clandestine nuclear activities. The effectiveness and the
efficiency of the technology have been tested and proved through the field
trials. The IAEA had performed baseline campaigns for various types of
nuclear facilities, especially enrichment plant and reprocessing/or hot-cell
facilities, from early 1996 to 1998. And now, the IAEA adapted the particle
analysis as a routine inspection method from early 1999. In Korea, we joined
the IAEA’s field trial from 1994. Many swipe samples have been taken by the
IAEA inspectors at the various nuclear facilities including Post-Irradiation
Examination Facility(PIEF) and Irradiated Material Examination Facility(IMEF)
at KAERIL The analytical results reviewed during the ”"Joint Annual Review
Meeting” between Korea and the IAEA every year. We have been feeling that
we have to improve our capabilities to interpret the analytical results exactly.
There are 5 institutions which have commercial contract with the IAEA for
nuclear material particle analysis in swipe sample. They are named as
NWAL(NetWork Analytical Lab.) of the IAEA which includes the DOE labs,
AFTAC in US Air Force, Aldermaston in UK, Microparticle Analysis Lab. in
Russia and the the Institute for Transuranium Elements(ITU) in Germany.
The institutions except the ITU are all restricted to contact due to their

military use or national security. Only the ITU which is one of the Joint
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Research Center of European Commission is available for the private
commercial use. In this regard, we tried to establish an international
cooperation network with the ITU for analyzing the swipe samples taken at
KAERI facilities and for improving the capability to interpret the particle
analysis results. We think that these activities are necessary for coping with
the IAEA's strengthened safeguards system, and for a preparation to the
expected mutual nuclear inspections between South and North Korea in the

future.

lll. Contents and Scopes

(O To Build Technical Cooperation Network with the ITU

- analytical service contract with the ITU for analyzing swipe samples
taken at KAERI nuclear facilities.

- participation in the analytical procedure at the ITU for clear
understanding of the particle analysis
smear paper treatment in the clean lab.
element analysis by Scanning Electron Microscopy(SEM)
isotope ratio measurement of U, Pu isotopes by Secondary Ion
Mass Spectrometry(SIMS)

(O To Improve Evaluation Technology for Particle Analysis Result
- technical consultation with a specialist invited from the ITU

- for improving the technologies of sample taking and transportation
- handling of trace particle samples

- characteristic tools for sample taking and transportation in specific

nuclear facilities

- correlation between nuclear activities and analytical results
nuclear activities and uranium isotope ratios
nuclear activities and plutonium isotope ratios

U, Pu contents, isotope ratios and fission products



IV. Results

On our review, the particle analysis technology needs very high initial
investment to set up the clean lab. and high quality equipments such as high
sensitivity mass spectrometers and scanning electron microscope, etc. Also it
needs several hundreds of Korean Won as an operation fee every year. So we
concluded that it is more economically efficient to make a channel abroad to
cover our national needs than to build our own laboratory for the particle
analysis. Among 5 institutions proved to have particle analysis capabilities, we
tried to make a cooperation channel with the ITU, which is the only one
available for private commercial use now. For the cooperation, we have two
seminars and technical consultations with a specialist, Dr. Tamborini, invited
from the ITU in August. One of TCNC staff visited the ITU in November to
participate in the whole procedure of the particle analysis as an observer. We
think that-the participation in the analytical procedure improved our capability
for much clearer evaluation of the particle analysis results. Both sides
concluded to cooperate further step by step and case by case. For examples,
the cooperation needed to technical development will be proceeded under the
existing KAERI-ITU cooperation arrangement which was signed in 1998 and
scheduled to be amended next year. And the ITU will give analytical services
for KAERI swipe samples through analytical service contract each year and

give chances to the TCNC staff to participate in the analytical procedure.

V. Proposal for Application
- development of evaluation technology for the IAEA’s analytical results

of Korean swipe samples

- database of the analytical results on the KAERI nuclear facilities for
South—North mutual nuclear inspection

- development of technical cooperation items for swipe sample analysis

with the ITU under existing KAERI-ITU cooperation arrangement.
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Burn-up
3 GWD/TU

Burn-up
<<
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Very low
0.4 GWD/TU

Irradiation of 3.5% U-235 fuel in PWR
MOX fuel with natural U and U/Pu

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
U/Pu
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- "Overview of SIMS and correlated analytical methods for particle
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JOINT RESEARCH CENTRE

EUROPEAN COMMISSION

"Overview of SIMS and
correlated analytical methods
for particle analysis”

N

by Gabriele Ta

B £

mborini

6. Tamborini - August 2002

JOINT RESEARCH CENTRE .

2.’ EUROPEAN COMMISSION

Detection of clandestine activities by High
Performance Trace Analysis (HPTA)

@ Nuclear verification, disarmament and the prevention
of illicit trafficking are fundamental issues for
international security.

< In the aftermath of the Gulf war there has been the
need to implement analytical techniques able to detect
ongoing nuclear activities.

6. Tamborini - August 2002
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", JOINT RESEARCH CENTRE

EUROPEAN COMMISSION

Detection of clandestine activities by High
Performance Trace Analysis (HPTA)

@ Since 1993, ITU has been actively collaborating on the
implementation of techniques able to detect nuclear
activities in support to IAEA's 93+2 program and
EURATOM's HPTA program.

@ Development of the Secondary Ton Mass Spectrometry
(SIMS) method for analysis of uranium and plutonium
in particles sampled in a broad range of nuclear
safeguards contexts. ITU, in '95 First civil Laboratory
using SIMS for radioactive micro-particle analysis.
&. Tamborini - August 2002

*

JOINT RESEARCH CENTRE

EUROPEAN COMMISSION

Analysis of Radioactive
Micro-particles

* Aims of this work

F" to increase the probability to identify radioactive
particles in the environment

& to improve the detection of undeclared nuclear
activities

& to reduce measurement uncertainty (safeguarding
of bulk handling facilities)

F to develop an accurate and cost effective
technigue (missing of data/methods)

&. Tamborini - August 2002
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. JOINT RESEARCH CENTRE"

EUROPEAN COMMISSION

Analysis of Radioactive Micro-particles

Scanning Electron Microscopy (SEM) SIMS imaging analysis &. Tamborini - August 2002

JOINT RESEARCH CENTRE -

EUROPEAN COMMISSION

Enrichment of 28U in few
Chernobyl particles. This result
is also confirmed in Leféevre O.,
Mikrochim. Acta [suppl], 13, (1996),
399-408..

U-235/U-238

1 2 3 4 5 8 7 8 ] 10 11 12 L.
Particle number &. Tamborini - August 2002
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JOINT RESEARCH CENTRE~

EUROPEAN COMMISSION

Find a Needle in the Hay
Stack

“swipe" sample: billions of dust
particles

amongst them

Natural U, 0.72 wt % of 235
Nuclear power production, 0.72-5 wt% of 235
Weapons grade U, 20-90 wt % of 235

U-235 SIMS image U-238 SIMS image
6. Tamborini - August 2002

JOINT RESEARCH CENTRE -

“..."  EUROPEAN COMMISSION : o
Analytical Techniques and Facilities at ITU

A Clean room laboratory class 10-100

Technigues for particle analysis

@ Scanning Electron Microscopy-Energy Dispersive X-ray (SEM-EDX)
morphology, dimension, elemental composition

@ Fission Track-Thermal Ionisation Mass Spectrometry (FT-TIMS),
Nuclear tracks: a-tracks, p-autoradiography
hot spots related to particles

< Secondary Ion Mass Spectrometry (SIMS)

- Elemental Analysis

- Isotopic Composition

- Imaging Systems

- Line Scan and Depth Profile

- Mass and Energy Resolution 6 Tamborini - August 2002
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JOINT RESEARCH CENTRE

EUROPEAN COMMISSION

Analytical Techniques and Facilities at ITU

Analysis of Radioisotope Traces for the Identification of Nuclear Activities

100-10 Clean Laboratory (ARTINA)

Activities performed Characteristics
@ chemical treatments @ Lab. Environment: class 100
< preparation of samples < working bench: class 10

« preparation and certification of the
cleanliness of sampling materials

6. Tamborini - August 2002

. JOINT RESEARCH CENTRE:

. SIMS analysis

6. Tamborini - August 2002
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.. JOINT RESEARCH CENTRE

EUROPEAN COMMISSION “

Study on the recovery of particles from
swipes for SIMS analysis

= Use of standard particles produced in house

« Use of the automatic SEM for counting standard particles on substrates
= Use of a high energy ultrasonic process to suspend particles in solvent

= Deposition strategy improved, particles in 2-3 mm? area

= Counting of particles after deposition on substrates by automatic SEM

Classic Classic Plasma
Method before 2000 today asher
Recovery < 3% 40-60% 2 15%

Results on the recovery of particles from swipes &. Tamborini - August 2002

JOINT RESEARCH CEMTRE‘

EUROPEAN COMMISSION

Automatic SEM

mm

@ Useful for particle counting and environmental samples

@ Measurement of lighter elements possible

@ Fast for particle re-location, i.e. by SIMS (the coordinates
of the individual particles are stored) and low-cost

6. Tamborini - August 2002
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JOINT RESEARCH CENTRE " .

EUROPEAN COMMISSION

From SEM to SIMS

T 5006
— .
.1ﬁoo H 0 1000 °
A
* 20
A 4 n ‘ . \
| W'Y
A4 a
. : A -500
A A
W
m
measured by SIMS #
* predicted by SEM 4500
44

&. Tamborini - August 2002

. JOINT RESEARCH CENTRE -

EURGPEAN COMMISSION =

SIMS IMS6f

Transfer Rod & ¢
Introduction Chamber

6. Tamboriri - August 2002
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<" JOINT RESEARCH CENTRE

"~ +.:"  EUROPEAN COMMISSION

SIMS Technique.

@ Sample surface is bombarded with a beam of
primary ions
- 0,7 0.6 pm to 200 ym, 0.5 to 17.5 keV
- Cs*: 0.3 ym to 100 tm, 1.6 to 20 keV

= Sample ejected particles are:
- Electrans
- Neutral atoms
- Positive and negative ions

@ Tons are mass analysed in a double focusing mass spectrometer
Mass resolution M/AM: from 300 to 15000

@ Ton currents are representative of sample composition and
detected by an Electron Multiplier, Faraday cup or 3 different
imaging systems.

6. Tamborini - August 2002

JOINT RESEARCH CENTR'

EUROPEAN COMMISSION

Ener,
Anal gzyer

. /\V 235U /2381
l L ’ I 239py /240py

Image Depth Profile Mass Spectrum Isotopic Ratios Line Scan
& Tomborini - August 2002
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EUROPEAN CC&MMI&SSQN,

JOINT RESEARCH CENTRE

MICROPROBE MODE |

MCPAFS

image detector |

\
4

MASS

)

SPECTROMETER

Q
Q Electron multiplier

-

MASS
SPECTROMETER

CRT

-

Rastered primary

&. Tamborini - August 2002

JOINT RESEARCH CENTRE"

EUROPEAN COMMISSION

@ O,* primary beam (15KeV, 0.5-50nA current)
@ Mapping particles (250um diameter, 250X250um? area)
@ Individual particle analysis (typical 0.5-3um diameter)

<« EM: dead time 25ns: counting range 5.10° ¢/s-0 c/s

= Detection limits: ~ 5x10% atoms

SIMS Technique

of U, ng range

&. Tamborini - August 2002
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JOINT RESEARCH CENYRE

EUROPEAN COMMISSION

SIMS Techmque

@ Microprobe mode at a mass resolution of 1000. Flat top peaks
improve accuracy;

@ Intereferences resulted from organics or carbon coating: 40 V
offset at the sample surface;

< Detector background levels: less than 0.1 ¢/s;

@ Calibration of U isotopes: in house produced particles. Plutonium
reference material;

@ TIsotopic ratios 234U/238Y, 235 /238, 236238, 240Py/239Py: 3 cycles
(9 measurements);

@ Total uncertainty: 0.5-10% (for 235U and 234U)

6. Tamborini - August 2002
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SIMS Technique

Energy window

/

E(eV)
Ion energy _ , ,
distribution Centring and displacement of the energy window

&. Tamborini - August 2002
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SIMS Technique
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235U
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Mass{am.u.]
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Mapping of the particles
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SIMS Technique

Individual analysis

Fig.1 Distribution of particles over a Fig2 The
large area with the scanning system
Rastered O,* primary beam:

- diameter of the scanning 250 pm

- intensity 50 nA

[2] Tamborini G. in ‘Development of
the SIMS technique for the analysis
of radioactive particles’, 1998, PhD
thesis.

microprobe mode for
analysis of individual particles.
Focused O,* primary beam:

- diameter 1-2 um

- intensity 0.5-1 nA

- use of the scanning system

the
the

6. Tamborini - August 2002

Counts, arbitrary units

Large uranium oxide particle as detected
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SIMS Technique for particle analysns

Characterisation of the Chernobyl particles

UM, Chernobyl big U-particle
12 H
10 4
I L
6
4 4
24 CuK, yp,
|H FeK, ‘ UL,
0 - T 1 Al T T
0 5 10 15 20 25 30

Channel, keV

by SEM-EDX

Large uranium particle by SIMS

6. Tamborini - August 2002
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SIMS Technique for particle analysns

ENVIRONMENTAL SAMPLES

Cesium particle in soil sample (Chernobyl)

&. Tamborini - August 2002
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SIMS Technique for particle analysis
Particles of Pu

(1) platelets of PuO,
(2) fibrous rods of PuO,
(3) rods of U304

6. Tamborini - August 2002
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SIMS Technlque for par'hcle analysns
Highly enriched U particle
] n i
1

o RN :210"3 im (\ E
U0, enriched up to 90% in U-235 §r3 ] ! [ i! b
| i
o ‘ ] f L
! T

A 11

lmel CEC-tTY ) Mass [amu]
UO; enriched particle by SEM 6. Tamborini - August 2002
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L . Ld
Isotopic ratio analysis
ITU-SIMS6f Sampie name : U010
1.0E+08
1.0E+05
1.0E+04
8 1.0E403
1.0E+02 e e T T s —
1.0E+00 ™
0.0E+00 2.0E+01 4.0E+01 6.0E+01 8.0E+01 1.0E+02 1.2E+02
£
&. Tamborini - August 2002
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(a) SEM and (b) SIMS images of the uranium standard particles

&. Tamborini - August 2002

dilution air fluometer

dispersion air fluometer

3

ersion _mitrate-oxide
1 H 2 P

furnaces

4—drying column

vibrating orifice collecting filter

&'———> waste

g
2 o
g Eg
& i3
L
cooler g eS membrane-
=
- E- 8 pump
Z

AEROSOL GENERATOR

frequency
generator

syringe
drive

compressed air

+ crystal (piezo) 60 KHz of frequency
+ uranium nitrate conc.: 70 mg/! for 1 pm size
« solution: 50% water + 50% isopropanol

- filter : MILLIPORE ATTP 02500 (pores of
0.8 um)

&. Tamborini - August 2002
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@ Production of particles with 7 different enrichments (0.5, 1, 2, 3, 10, 50 and
90%)
@ Diameter distribution: 2 populations, the second is formed from 2 droplets
of solution (theoretical double mass = diameter ratio of 3V2= 1.26) & Tamborini - August 2002
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Mean values and statistical errors for the 235/238 U ratios
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SIMS Technique

UO2 particles 1 ym, 2% enriched, 235/238 ratio, SIMS 6F

2.40E02

2.30E-02

2.20E-02

235/238 ratio

2.00E-02

1.90E-02

1.80E-02 .
0 5 10 15 20 25

particle number &. Tamborini - August 2002
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SIMS Technique

UO2 particles 1 ym, 2% enriched, 234/328 ratio, SIMS 6F

3.0E-04

2.5E-04

£ 20E04
e
©
I
d
g 1.6E-04
a1

1.0E-04

5.0E-05 . ]
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SIMS Technique

U02 particles 1 pm, 2% enriched, 236/238 ratio, SIMS 6F

3.0E-04

2.58-04

2.0E-04

1.5E-04

236/238 ratio

1.0E-04 4t a3 S T R P

5.0E-05

C.0E+00

10 15
particle number &. Tamborini - August 2002
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SIMS particle analysis: total uncertainty

12

10

uncertainty (%)

S

e
L

0.00 0.02 0.04 0.06 0.08 0.10
mean value 234/238 &. Tamborini - August 2002
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SEM image of particles produced from a
mixture of U and Th (U:Th = 10:1) EDX spectrum of the same particles

@ SEM analysis: spherical, dense particles, as for pure U
@ EDX analysis: composition ~ 15% Th, ~ 85% U in mixed particles

6. Tamborini - August 2002
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Software for Automatic Particle Deflnmon
and Quantitative Isotope ratio Imaging

o Starting point. SIMS images (333U, 23°U) of a field of
uranium-bearing particles.

e Goal

& Automated particle search and definition

@ Calculaté{U/?*8U) for each particle directly
from the image data

6. Tamborini - August 2002
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Particle Search Pr'ogr'am

e Particle definition algorithm
. 1. Local maxima = particle centers
« 2. Edgeddefinidion : the « profile-derivative » method

b

Section of an ion image containing three particles. On the left is a
gray scale representation with intensity contours: on the right is a shaded
surface p|01’ 6. Tamborini - August 2002
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part  235/238  err
1 0.03887 0.0044
2 0.02814 0.0078
3 0.03912  0.0079
4 0.03360 0.0099
5 0.01977 0.0080
6 0.02742  0.0065
7 0.03123  0.0098
8 0.01327 0.0084
9 0.04336  0.011
10 0.03085 0.0054
11 0.02919 0.0081
12 0.03300 0.015
13 0.02548  0.0075
14 0.04942 0.015
15 0.03843  0.0092
16 0.02900 0.0061
17 0.03327 0.014
18 0.02930  0.011
19 0.03891 0.014
20 0.02538 0.026
21 0.05793 0.012
22 0.03194 0.015
H 23 0.03077 0.015
Examples of processed SIMS images S ooams 0016
25 0.04921 0.012
26 0.03045 0.038

6. Tamborini - August 2002
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1% *Uentichment
partide size: 1 &
neutron fiux 5 x 16* Nt

number of particles

Tracks/ partide
Distribution of the number of fission tracks
per parficle observed for several 1% 235U
enriched UO, particles of 1 ym diameter

Purpose: use the produced standard particles to correlate the number of
tracks per particle with the different enrichments & Tamborini - August 2002

JOINT RESEARCH CENTRE .

Fission tracks, observed for several 1%
235 enriched U0, particles of 1 ym
diameter

Fission Tracks Analysis. Particles from a swipe sample

x{mm) |[y(mm) Tracks
1,68 O, 66 <a. 25
3,45 2,08 20
7,25 2,58 20
8,29 2,18 10 + 20

10,21 2,20 14
12,08 3,28 ca. 30
2,51 3,93 S
10,45 3,65 17
7.91 5,47 12
15,59 5,24 ca. 40
1,36 7.30 15
0,59 7,24 ca. 30
16,23 9,01 11
14,55 8,55 12
12,30 8,94 T0
7.73 D, 12 27
3,60 9,50 > 100
9.50 9,41 22
G4, 34 9.43 30

6. Tamborini - August 2002
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Determination of Hot Particles in Soil from the
Chernobyl Region by o~ and B-Autoradiography

6. Tamborini - August 2002
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= CLEAN ROOM (1995) < 300000:$
@ Instrumentation for the clean room 150000-$
@ Aerosol generator (particle production; 1996) 100000 $
o Optical microscope 50000 $
@ Scanning Electron Microscope-EDX and WDX (2001) 300000 $
o SIMS 6f (1995) ‘ 1000000 $
o SIMS 4fE6 (1999) 500000 $
@ Others 50000>$
&. Tamborini - August 2002

_52...



#7.  JOINT RESEARCH CENTRE"

eyt - EUROPEAN COMMISSION

“How to deduce nuclear
parameters from the results of
particle analysis”

by Gabr'ele Tambor'ini &. Tamborini - August 2002

. JOINT RESEARCH CENTRE
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Particle analysis - Flelds of work

< Environment - Analysis of particles found in
environmental samples, ie. soil, sediment, air, to
establish the nature and the origin of those particles

@ Safeguards - Detection of undeclared nuclear
activities and diverted nuclear material through the
analysis of particles in swipe samples

@ Forensics - Determination of the history of
confiscated nuclear materials by the characterisation

of few particles contained in the samples

&. Tamborini - August 2002
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Environment

@ A big flat grain of aluminium matrix containing uranium was
found at the beach

@ At ITU, it was stuck to a conductive carbon adhesive tape
for SEM and SIMS analysis

SIMS imaging unulysis Scanning Electron Microscope (SEM) analysis

6. Tamborini - August 2002
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ui 1 i pS.in:35P 1 g -

The SIMS imaging analysis confirms the matrix to be Al and show also
that the other major elements present in the sample are not directly
located with the uranium spots 6. Tamborini - August 2002

._54—



 JOINT RESEARCH CENTRE:
EURCPEAN COMMISSION B
Environment

Uranium isotope measurements on different particles of the grain

Particle 234U/ 238U 235U/ 238U 236/ 238U 238U 1H /238U
Mean 1s Mean is Mean 1s Mean 1s
1.90E-01  763E-04 | 1.05E+01 ©.23E-02 | 9.61E-01 9.62E-03 | 3.86E-02 2.46E-03
1.86E-01 238£-03 | 1.03+01  8.31E-02 | 941E-01 7.86E-00 | 416E-02 1.96E-03
1.89E-01 3.65E-03 | 1.05E+01 1.70E-01 | 96BE-01 1.26E-02 | 4.66E-02 1.73E-03
1.88E-01 536E-03 | 1.05E+01 1.34E-01 | 9.58E-01 1.13E.02 | 4.04E-02 3.76E-03
1.87E-01 _3.44E-03 | 1.05E+01 7.17E-02 | 965E-01  5.60E-03 | 4.13E-02  2.06E-03
1.87E-01 2.80E-03 | 1.04E+01 1.20E-01 | 8.52E-01 1.30E-02 | 4.16E-02 271E-03
1.87E-01 1.21E-03 | 1.05E+01 9.20E-02 | 0.63E-01  1.64E-02 | 3.35E-02 3.46E-03
1.88E-01 2.27E-03 | 1.04E+01  7.82E-02 | 9.56E-01 7.41E-03 | 4 32E-02 2.27E-03
1.85E-01  2.16E-03 |1.03E+01 Q.02E.02 { 947E-01  77BE.03 | 4.25E-02 2.57E-03
10 1.90E-01 ©.71E-03 | 1.05E+01 1.33E-01 | 9.66E-01 1.63E-02 | 4.62E-02 2 54E-03
1 1.91E-01_ 5.10E-03 | 1.05+01 1.61E-01 | 9.64E-01 1.35E-02 | 5,00E-02 2 74E-03
12 1.91E-01 2.58E-03 | 1.05E+01 1.02E-01 | 992E-01 1.86E-02 | 523E-02 1.71E-03
13 1.87E-01 3.47E-03 | 1.05E+01 9.58E-02 | 9.69E-01 1.40E-02 | 3.94E-02  1.08E-03
14 1.85E-01 2.86E-03 | 1.04E+01  1.25E-01 | 9.54E-01 1.02E-02 | 3.96E-02 1.94E-03
15 1.83E-01 _3.05E-03 | 1.03E+01_ 9.77E-02 | 9.53E-01 8.44E-03 | 447E-02 2 29E-03
16 1.87E-01 3.07E-03 § 1.04E+01  1.29E-01 | 9.46E-01 1.20E-02 | 4.02E-G2 1.79E-03
17 187E-01 2376-03 | 1.04E+01 1.53E-01 | 862E-01 1.73E-02 | 3.85E-02 2.73E-03
18 1.87E-01  2.12E-03 | 1.04E+01  1.42E-01 [ 983E-01  1.06E-02 | 3.61E-02 1.20E.03
19 1.84E-01_ 3.55E-03 | 1.04E+01 1.23E-01 | 9.67E-01  7.07E-03 | 3.54E-02  1.96E-03 ! Y
20 1.87E-01 3.50E-03 | 1.04E+0% 1.70E-01 | 961E-01 1.56E-02 | 3.53E-02 275E-03 i L 20um
21 1.84E-0% 3.60E-03 | 1.04E+0t 1.62E-01 | 950E-01 2.57E-02 | 3.17E-02 2.72E-03 !
22 1.85E-01 4.61E-03 | 1.04E+01 1.81E-01 | 8.54E-01 1.36E-02 | 2,84E-02 262E-03
23 1.87E-01 2.67E-03 | 1.04E+01 . 9.47€-01  4.86E-03 | 3.86E-02 2.56E-03
24 1.B5E-Q1 _ 2.86E-03 9.53E-01  1.50E-02 | 3.61E-02 _1.32E-03
25 1.87E-01 4.05E-03 | 1.05E+01 1.23E-01 | 9.82E-01 1.45E-02 § 3.43E-02 2B1E-03
26 1.88E-01 5.16E-03 | 1.04E+01  1.48E-01 | 9.64E-01 1.66E-02 | 3.03E-02 212E-03
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Uranium particles analysed by SIMS

SIMS uranium isotope ratio results & Tamborini - August 2002
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Environment

Summary of the uranium, plutonium and plutonium/uranium
isotope measurements

isotopes SIMS ICPMS

234U atom% 1.4861 +- 1.5% 1.4910 +- 1% ratio SIMS ICPMS
2sUatom¥ | 829266+ 1.1%| 827453+ 1% 239Pw240Pu_| 6.04E+00 | 25.22% | 5.89E+00| ?5%
236U atom% 7.6292 +- 2.6% 7.5610 + 1%

239Pw/238U 1.51E-02 ?2.45% 1.43E-02 ? 5%
238U.atom% 7.9581 + 2.6% 8.2027 +- 1%

) SIMS and ICP-MS isotope ratio results for

SIMS and ICP-MS results of the uranium the plutonium and the plutonium/uranium
composition in atom percent measurements

6. Tamborini - August 2002
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The uranium and plutonium isotopic ratic results are used for the identification of the

reactor and fuel type. In order to calculate the theoretical parameters, the following

calculation assumptions were done:
Initial compositions of an MTR fuel:

U234 U235 238 Burnup
Case A 12% 94% 48% 270 6Wd/+

Case B 12% 93% 58% 250 6Wd/t

PARAMETER Experimental Case A (HEU Case 8 (HEU
values 94%) 93%)
U-234 atom % 15% 15% 1.4%
U-235 atom % 83.0% 83.7% 835% On the left, the results
U-236 atom % 76% 8.4% 7.6% of SCALE programme
calculations of HEU
U-238 atom % 8.0% 6.4% 75%
fuels are presented
Pu239/Pu240 6 6.6 70
Pu239/U238 0.015 0.027 0.026

6. Tamborini - August 2002
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From these calculations, the following conclusions can be drawn:

- the experimental compositions is consistent with a HEU fuel
(enrichment > 90%) irradiated in an MTR reactor to a burnup of 25 to
30%,

- initial enrichment of 93% seems to be the most likely, but 94% is
also possible,

- all (except one) calculated parameters reproduce experimental values
within calculation errors,

- the inconsistent parameter (Pu/U ratio) is generally very sensitive to
the irradiation condition which are unknown.

6. Tamborini - August 2002
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Another important information supplied from the analysis of this sample is the
Al/U ratio in the alloy. Al has a considerable higher ionisation efficiency than U
by SIMS, the RSF of 50.36 obtained from the literature is applied for the
correction of the Al/U ratio. A value of 6.9 is obtained by SIMS and this result
is confirmed by ICP-MS (AI/U = 7).

- What is this grain? Small grain of a high burnup, highly enriched UAI, + Al
matrix material test reactor fuel.

- How long has it been in the sea? From the 134Cs to 137Cs ratio (by Gamma)
this and many other grains were discharged some thirty to forty years ago.

- What is likely to be their long-term behaviour? Rather than dissolving, the
grains are becoming covered with a layer of crud which is effectively protecting
them from dissolution. They will probably be around for a long time.

&. Tamborini - August 2002
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Particle Analysis for Safeguards

Safeguards objectives

@ Enrichment plants

- to provide increased assurance of the absence of undeclared
operations involving enrichments higher than declared and of
undeclared material

@ Hot Cell Facilities

- to provide increased assurance of the absence of undeclared
operations

- depending on the declared status of the facility:
? Separation of Pu or HEU
? Undeclared U and Pu metallurgy

&. Tamborini - August 2002
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Particle Analysis for Safeguardvs

G. Tamborini - August 2002
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Particle Analysis for Safeguar'ds” |

234/23%U Analysis for a Gaseous Diffusion Plant B
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U234 [m%)]

Particle Analysis for Safeguards

234Y/23U Analysis for a Gaseous Diffusion Plant B
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Particle Analysis for Safeguards

Isotopic Correlation for a Gaseous Diffusion Plant C
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Particle Analysis for Safeguards
Hot Cell Samples
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Particle Analysis for Safeguards
Hot Cell Samples

@ Information coliected
— the installation has manipulated different enrichments

— for the sampling location 16, a mean value around 36-37% is
detected

— the presence of 0.3% < 236U > 0.4% indicates a low burnup

— the U isotopic ratio results together with the detection of
Al are characteristic of few types of research reactor still

used in Europe

6. Tamborini - August 2002
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Forensic Analysis

Determination of the origin of nuclear material

@ endogenous information which is self-explanatory
— age, date of the last separation of daughter nuclides
— production mode, reactor type
— processing method, deduced from trace impurities

@ exogenous information, comparison of the parameters with a database
— specifications by the fuel manufacturers
— surface roughness

— 180/1¢0 ratio for geological location

6. Tamborini - August 2002
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Forensic Analysis

Isotope ratios for nuclear parameters

Actinides Fission Products and Lantharides

B2/ (o) B4 (@)

BB () 29,299 @ 1142184y ®)
2$Qu/230~n,‘ (q) 240PU/236L} (G) 149/150/151/1525‘1,\ (b‘C)
2o/8g (q) 2aip, /28 5 (@ BV, ©
B/ () 22p /23 ) @ 1YW/ 146/148 4 ©
BB () B2z, © 15¥154, ©
232/235/236U (d) BE/TB9/ZW24L/Z4ZPU (d) 133/13‘/135/13765 (O-C)

(a) age determination
(b) processing method
(c) neutron hardness and burnup

(d) fuel and reactor type 6. Tamborini - August 200

Highly enriched U particle
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Forensic Analysis
CASE 1 U0, enriched up to 90% in 235U

- Enrichments  found  for lmU (at %) =m - burnup(at %)+ c\
groups of particles in the
range 1.90-88.81 at % 235U, 0.66 - 236U (at %) <> 3.0 -burnup (at %)=> m=0.22

@ Presence of the isotopes

239Th and 23'Pa which are used 25 2 o
to calculate the age of the U (at %) U (%) Burnup (at %)
material. 0
@ The SIMS analysis of these 34,30 0,20 0.9
particles revealed also

impurities  typical of a 41,00 0,31 1,40
pyrochemical process.

@ The burnup is caleulated 61,10 0,51 2,30
applying the relation for

enrichments higher than 20 at 80.00 0.67 3,02

% 235U shown above. ’ ’

G. Tamborini - August 2002

2 JOINT RESEARCH CENTRE”

P EURQPEAN COMMISSION

Forensic Analysis

CASE 2 Analysis of plutonium particles

@ Age: dating, i.e. time interval elapsed after the last
separation from daughter products

« in illicit trafficking, limits the number of reprocessing
plants

@ in nuclear safeguards, controls that all the coum‘mes
respect the cut-off convention

@ Measurements problem
< legal limitation on the sample surface activity
@ different ionization efficiencies for U and Pu

G. Tamboriri - August 2002
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Forensic Analysis
CASE 2 Analysis of plutonium particles

Solution of the problem

@ Few drops of solvents containing plutonium particles are dried on
the SIMS planchet in order to get activity less than 5 ¢/s.

@ The activity is immobilized by coating the particles with a special
carbon deposition system installed in glove box.

5

6. Tamborini - August 2002
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CASE 2 Analysis of plutonium particles

Ionization efficiency factor Pu/U
@ Tonization efficiency factor of Pu>> U

U-Pu clay
microsphere Pu efficiency | U efficiency | Pu/URSF
Stoffels et al. 1994

SIMS 8.510.8% 2.9%0.3% 2.9

TIMS 4.8%1.6% | 0.8310.27% 5.7

Literature information on ionization efficiencies for U and Pu

—

@ Analysis of two PuO, reference materials by SIMS at ITU

Sample Pu/_U
! Relative Sensitivity Factor
RR-I + ’
RR-II 2.410.04%

Pu/U RSF by SIMS calcuiated from PuO, reference material & Tamborini - August 2002
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CASE 2 Analysis of the plutonium particles in the « F-19 » sample

Rods shaped broken (left) and small platelets (right) of PuO,

@ Isotopic ratio measurements performed by SIMS
@ Pu ratios: 238/239, 240/239, 241/239 and 242/239
@ Pu/U ratios: 238/234, 239/235 and 240/236
@ U ratios (on the U particles present on the same sample)
&. Tamborini - August 2002
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Forensic Analysis
CASE 2 Analysis of the plutonium particles in the « F-19 » sample

@ Tonization efficiency factor 2.41 used to correct the
difference in sensitivity between Puand U

Sample | AR | MpySy | Ppuy | M puy
RR-I 23 2301009 | 475024 | 2.46%0.04
RR-1 ) 2.34%0.07 2.65%0.14 2.2810.04

i
FI9 1 206 - - e
Fio 1 . - % R

Results of age determination {age in years + 2c) for the 4 samples
corrected to February 2000.

* Results affected by uranium contamination.

&. Tamborini - August 2002 |
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= Cs* beam bombards
the sample

= measured ions O

« compared ratios in
samples having three
different known
origins

Forensic Analysis

CASE 3 80/'%0 in UO, for geological location assignment
The 180/'%0 ratio by SIMS is a potential indicator of the place of fabrication

180/160 ratio
Ed
8 8

2.15E

210603 {

o

180/%Q ratios for different UQ, samples

6. Tamborini - August 2002

= normalized values
compared with those
obtained by TIMS

agree well

JOINT RESEARCH CENTRE?"

EUROPEAN COMMISSION

Forensic Analysis

CASE 3 180/'¢0 in UQ, for geological location assignment

1.02
1.01

0.99
0.98
0.97
0.96

SIMS

E France
B Russia

USA

&. Tamborini - August 2002
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Others Application of the Particle Analysis
< industrial sector

— Examination of metal surface prior to painting enables the detection
and identification of particles and common oil based contaminants

— Rapid identification of the common contaminants (surface particles)
that arise during processing of semiconductor wafers

— Corrosion inhibition of ail and gas wells, petrochemical plants, steel
reinforced cement, water cooling systems

— Evaluation of thin film composition and stoichiometry, nitrides,
oxides, silicides

&. Tamborini - August 2002
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Others Application of the Particle Analysis

@ Pollution detection

— The analysis of individual aerosol particles is a key task of
environmental policy such as pollutant transport prediction, risk
assessments and recognition of pollutant sources. The SIMS technique
is used to identify sources of aerosol particles and to quantify their
contributions to particulate emission (i.e., particles < 1 ym consist
mainly of C, N, O and S; the particles > 1 ym contain in addition
elements as Na, Al, Si, Mg, Kand Fe)

<« Interstellar dust particles and geochemistry

— The oxygen and magnesium isotopic compositions of meteorites
particles measured by SIMS strongly contribute to the study of the
evolution of the extraterrestrial material

— The capability of the technique to measure isotope ratios and
mapping out the distributions of isotope fractions in certain rocks,
leads to build up the thermal history of the rocks. This data can
indicate geological events such as earthquakes

6. Tamborini - August 2002
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Others Application of the Particle Analysis
= Drug smuggling

— The detection and quantification of drugs (cocaine, morphine,
scopolamine, LSD and buprenorphine) with a minimal work-up of the
specimens is an important advance. This kind of technique permits the
extraction of spectra from defined regions within the images allowing
the chemical identification of the drug materials in-situ to a spatial
resolution of 1 ym

@ Cell imaging in biology

— The SIMS is a unique technique for studying subcellular elemental
distribution, ion transport and drug localization. The technique can
detect isotopic distribution with high sensitivity, produce single cell
images with subcellular details and analyze a cell in three dimensions
{providing sequential, multi-isotopic distributions at various cell
depths, which reveal intracellular locations of chemicals). Ion
microscopy can be used in application with stable isotope tracers for
localizing the transport of ionic or isotopically labeled molecules.

&. Tamborini - August 2002

**. JOINT RESEARCH CENTRE

) EUROPEAN COMMISSION

Conclusion

@ Key benefit of using SIMS for particles at ITU
— Excellent detection limit, ~ 10° atoms of U per 1 ym particle
— Excellent depth resolution, sub nm
— Full periodic table coverage
— High precision, few %o for O and C, few % for U and Pu isotope ratios
— Fully quantitative, using standards
- Rapid ion image acquisition capabilities
— Excellent complementary technique to bulk methods as TIMS and ICPMS

The SIMS method developed at ITU has become a powerful instrumental
approach for the identification and determination of the composition of
micro-particles stemming from different nuclear activities for safeguards.

&. Tamborini - August 2002
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Meeting Minutes for
The Visit of Dr. Tamborini
to TCNC/KAERI

. Dr. G. M. Tamborini from the ITU, JRC, EC was invited to the
TCNC/KAERI by Dr. Jang Soo Shin as one of the activities for
promoting international cooperation on particle analysis related
subjects between TCNC/KAERI and ITU from Aug. 25 to Aug. 31,
2002.

. For the invitation of Dr. Tamborini, TCNC/KAERI covered his 7
day-per diems, 4 day-consultant fees and round trip economy class

air fares from Frankfurt to Incheon.

. Dr. Tamborini made 2 presentations, one topic was "Overview of
SIMS and correlated analytical methods for particle analysis” and the
other was "How to deduce nuclear parameters from the results of
particle analysis”.

. About 25 researchers from TCNC, Nuclear Chemistry Research Team,
Laser Application Research Group and others were participated in
each presentation.

. Dr. Tamborini had technical visits to the laser application research
group (guided by Dr. K.S. Song) and the nuclear chemistry research
group (guided by Dr. KY. Jee) on Wednesday, and had many
technical discussions about the laser and TIMS applications to
particle analysis.

. Dr. Tamborini gave many characteristic informations related to SIMS
and TIMS methods for particle analysis, and explained ITU'’s on
going progress on establishing the FT-TIMS method which is
believed to be more direct for nuclear particle selection.
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7. Dr. Tamborini gave the informations about the particle analysis in the

industrial fields. He explained the application of particle analysis in
the car companies, semi—conductor companies and others for detecting
and identifying the contaminants on the rﬁaterial surfaces. In addition,
he said that the informations about the application in metallurgy will
be given soon to Dr. Shin.

On answering to the question about the analysis of U/Pu ratio
measurement in single particle, Dr. Tamborini said that it would be
measured by SEM WDS(wavelength dispersive spectroscopy). But,
for more clear information, he would like to check it again, and give
clear answer.

Dr. Shin explained the TCNC’s plan for particle analysis in ITU, and

requested the informations about the transportation of hot swipe
samples. Dr. So added the IAEA’s problems currently facing on the
transportation of hot samples by airplane from Korea to Vienna. Dr.
Tamborini will check the current situation in Europe/or ITU and give
the related information soon.

10. Dr. Shin explained the inconvenience of the current 1-year contract

11.

for the analysis of korean swipes, and asked the possibilities of
3-year contract. Dr. Tamborini will give the answer soon. In addition,
he recommended that it would be more convenient way to add this
item to the existing cooperation agreement between KAERI and ITU.

In relation to the long term collaboration for the particle analysis, Dr.
Shin insisted his intention to support KAERI’'s research groups, one
is Dr. Song’'s laser application group and the other is Dr. Jee's
TIMS application group, through keeping intimate relations with ITU.
Dr. Tamborini agreed the Dr. Shin’s intention. Both agreed to make
action items through the discussions ‘with KAERI's related research
groups. | '
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12. Dr. Shin asked standard U/Pu particle samples on graphite planchets.
And Dr. Tamborini answered there would be no problem to include

this item in the possible future joint research collaboration between
TCNC/KAERI and ITU.

13. Dr. Shin asked to join one TCNC staff to the next particle analysis
procedure of the korean swipe samples in November, and Dr.
Tamborini agreed to arrange it.

Both sides confirmed the above and agreed to promote the
correlations with goodwill and warm heart.

Aug. 30, 2002
' C e |
-—M (_:::.) B(L.».m—‘m“{ —Q(' »__\,,A.,v_...i»
Dr. Jang Soo Shin Dr. G. M. Tamborini
Project Manager, Visiting Scientist

TCNC/KAERI ITU, JRC, EC
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I- INTRODUCTION

This final report concerns the results obtained on 2 sets of samples analysed
in compliance with order n° TCNC-ST-1/2002 dated 08.05.2002. This order is
part of the contract between KAERI and JRC-ITU KA-12/2002 whereby ITU
performs particulate analysis of U and Pu on swipes collected and sent by
KAERI.

The samples were taken by smearing at the working and service area in some
KAERI! nuclear facility. The 2 samples (the first taken in a chemical room and
from an equipment surface, code TCNC-17, the second sampled on a
chemical waste tank and in a storage room, code TCNC-21) arrived at ITU
during the first week of June 2002. Both sample batches were brought to the

class 100-10 clean for the processing of the swipes.
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ll- ldentification and characterisation of Uranium particles by

Automatic Scanninqg Electron Microscope.

2. Experimental

2.1. Instrumentation

The samples were analysed using an automatic Scanning Electron
Microscope-Energy Dispersive X-ray (SEM-EDX) system of RJL
Micro&Analytics GmbH company (R.J. Lee “Personal SEM®).

2.2. Sample preparation

Due to their low activity, the samples TCNC-17 and TCNC-21 were prepared
in a class 100-10 clean room placed outside the controlled area. One swipe
for each sample was introduced in a disposable glove bag and opened. 6
squares of 1 cm? were cut out from each of the swipe using a disposable
scalpel. The 6 sub-samples were one after the other extracted under laminar
flow with 2-3 ml suprapure heptane in 12ml tube posed in an ultrasonic bath.
After each extraction the supernatant solution (500 ul of the heptane) was
pipetted stepwise (using 20ul for each deposition) onto a pre-cleaned high
purity carbon support (Fuliam Inc., grade A carbon planchets No. 17680) and
dried on a hot plate using a surface temperature on the carbon support of
70°C.

In addition, a blank of the clean room was also prepared at the same time.
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2.3. Instrumental analysis

To search for uranium containing particles the samples were scanned
automatically by SEM using the backscattered mode. The applied voltage was
30 kV. The contrast was set so, that only particles containing elements with
high atomic number (Z) were detected. They appear as bright spots against
an otherwise dark background signal. Whenever such a signal is received
from the sample, a particle is identified and the system analyses it by taking
the X-ray spectrum with the EDX detector during 3s. The U patrticles only with
a content of uranium more than 20% are recorded. The obtained energy
spectrum is automatically evaluated by comparing the peaks in the spectrum
with known peaks in the source library. From these analyses, the number of
uranium particles deposited on the planchet, together with their elemental
composition and their coordinates are obtained. The distribution of the
particles on the planchet and the results of the analyses for the different

samples are presented in the Annex 1.

lil- Determination of isotopic abundances in Uranium particles

found in swipe samples using Secondary lonisation Mass
Spectrometry (SIMS).

3. Experimental

3.1. Instrumentation

The analyses were performed on a CAMECA SIMS 4fE6 and on a CAMECA
6f secondary ionisation mass spectrometer (CAMECA, Courbevoie, France).
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3.2. Sample preparation

The same planchets of the samples TCNC-17 and TCNC-21 prepared for
the SEM measurements were used for SIMS analysis (cfr. chapter 2.2).

3.3. Instrumental analysis

The dried support was brought to the SIMS mass spectrometer, mounted
in a sample holder and introduced into the mass spectrometer. Before
analysis the mass spectrometer was aligned and calibrated according to the
CAMECA operation manual.

Each analysis consisted of scanning the surface of the support at either mass
numbers 235 and 238. When a particle was detected the intensity ratios
234/238, 235/238, 236/238 and 239/238 were recorded using magnetic peak
jumping (9 measurements of 4 seconds per minor isotope). The scanning of
the surface then continued until the next particle was detected. The ratios of
all particles found were imported in a spreadsheet and evaluated. The same
procedure was followed for the analysis of Pu particles. In this case, when a

plutonium particle was detected only the ratio Pu-239/Pu-240 was obtained.

IV. Results
4.1. Quality control for U particles (Annex 2)

Every day at least one standard sample was measured from a support
containing 1um particles produced from certified reference material (CRM U-
100 and CRM U-020 National Bureau of Standards, Washington, USA).

During‘the preparation of the two samples, a blank has been prepared in the
clean lab in the same conditions as the real sample and has been measured

by SEM and SIMS to confirm the absence of cross-contamination.
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4.2. Samples

Sample TCNC-17

The automatic SEM analysis on a small portion of the sample TCNC-
17 performed during 73 minutes found only 5 uranium particles. The particle
distribution at the surface of the sample is shown on Annex 1. 4 of these
particles have a mean diameter centred between 1 and 2 pm. Only one
particle has an average diameter of more than 5 pm.

More than 50 particles were analysed by SIMS (see Annex 3), but it
was possible only for 26 particles to perform a complete measurement. in
fact, many of the particles were very small and were sputtered rapidly after
few seconds of analysis. Following the dimension and the density of the
particles, the counting rates are quite different from particle to particle.

Basically, one population of uranium particles centred on the natural
enrichment of uranium was found. Between them, only 1 uranium particle 3%

enriched was identified in the same sample.

TCNC-17

~3% enriched

Natural

Fig.1 Pie chart giving the distribution of the uranium particles enrichment of in
the sample TCNC-17.
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Sample TCNC-21

The major problem encountered during the analysis of this sample is the
interference given by the presence in the sample of many lead particles
detected by SIMS. Their oxides interfere on the isotope masses of uranium
and plutonium (Annex 4). A lot of very small and not dense particles were also
analysed. In many cases their signal was so small that the analysis could not
be finished. Consequently, in some cases, the results of the minor isotopes
are also not given due to the bad statistic.

The automatic SEM analysis (Annex 1) identified 18 uranium particles
during 3 and half-hours. Almost all these particles were found and analysed
by SIMS (see Annex 3). In few cases, a good quality of the results for the
minor isotopes (***U and 2*®U) was obtained. On the basis of **U and #°U

results a graph showing the enrichment line could be constructed (Fig.3).

Nevertheless, also in this sample the background contribution due to the

presence of lead and mercury particles in the sample is quite important. As a
consequence, for many particles the results of the minor isotopes are not
given. This sample contains a majority of uranium particles of 4 to 5%

enriched, few depleted ones and only a couple of natural uranium particles.

TCNC-21

Natural

-

4-5% enriched -

Depleted

Fig.2 Distribution of the uranium enrichments in the sample TCNC-21.
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U234 at%

TCNC-21

0.10

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

p

0.00
0.00

1.00

2.00

TCNC samples could start.

3.00 4.00 5.00

U-235 at%

Fig.3 Enrichment linearity graph for the sample TCNC-21.

4.3. Plutonium search (Annex 4)

In order to calibrate the SIMS instrument for Pu particle analysis, PuO,
particle sample very well characterised at ITU was used. Once the instrument

calibrated for the plutonium masses, the research for Pu particles in the 2

Some very small particles were analysed. In all the cases their signals were
poor and unstable so that only a qualitatively analysis could be done due to a
very bad counting statistic. The analysis of these particles could not be
validated due to the presence in both samples of a huge amount of lead
particles, whose oxides (*’PbO, and ?®PbQ,) interfere on the plutonium

isotopes 239 and 240. Some scanning ion images by SIMS of these nice lead
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particles are presented in the Annex 4. During this kind of analysis, the lead

oxide interference was shown recording also the signal for the mass 239.

Conclusion

In general the requirements of the contract have been met.
Unforeseeable problems have occurred due to the presence of Pb particles

giving isobaric interferences above all on the Pu masses.
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Annex

. SEM raw data results for the samples TCNC-17 and TCNC-
21.

2. SIMS quality control results on standard NBS U020.
3. SIMS results for the samples TCNC-17 and TCNC-21.
4. SIMS scanning ion images of many lead particles in both

samples.
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Particles Data

Part# X_abs Y_abs Dave Dmax Dmin Area u

F w Th Pb Type(det)#
1 1.88 13.26 1.26 1.74 0.91 1.3 32 0 0 14 o] Fe- U-Th
2 294 13.37 1.04 1.46 .65 0.95 35 o o] G 52 Pb-U-S
3 -0.79 12.03 1.12 1.24 1.02 0.99 39 0 0 17 35 U-Pb-Th-C
4 0.71 10.91 5.08 5.81 4.44 20.41 A3 o] 4] 16 30 U-Pb-Th-C
5 042 10.34 2.6 3 2.19 5.39 92 0 0 0 8 U-Pb
ITU-Particle Analysis TCNC-17-report.xis
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Particles Data

i

X_abs Y_abs Dave Dmax Dmin Area u F W Th Pb Type(det)#
1 0.55 14.62 0.93 1.09 0.83 0.71 66 0 0 0 10 U- §-Pb-Ca
2 043 14.59 0.54 a.82 0.31 0.32 37 0 0 20 33 U-Pb-Th-§
3 -1.56 14.98 1.16 1.52 0.88 1.1 33 0 0 22 36 Pb- U-Th-S
4 -2.55 13.77 0.77 1.05 0.58 0.5 40 0 4] 12 36 U-Pb-CI-Th
5 1.81 13.08 3.52 3.75 3.22 9.69 38 0 o] 15 47 Pb- U-Th
6 -2.37 13.25 3.88 4.05 3.75 11.82 54 0 0 36 10 U-Th-Pb
7 -2.34 12.61 0.89 1.09 0.65 0.65 39 0 0 20 41 Pb- U-Th
8 -3.62 11.92 1.31 1.54 1.14 1.36 100 0 0 o 0 U
9 3.61 12.51 0.91 1.14 0.65 0.67 39 0 0 10 34 U-Pb- §-Th
10 -3.28 11.47 0.54 072 0.37 0.26 37 0 0 19 44 Pb- U-Th
1" 527 10.18 0.66 0.94 0.37 04 41 o] 0 14 33 U-Pb-Th- S
12 -1.18 9.93 0.67 0.8 0.5 0.36 43 o 0 12 36 U-Pb-Th-§
13 -1.22 9.94 0.71 0.94 0.51 0.4 48 0 0 27 25 U-Th-Pb
14 -1.58 8.7 0.92 1.29 085 0.73 50 o 0 ¢ 50 Pb- U
15 0.09 9.18 0.81 0.97 0.51 0.59 35 0 0 13 36 Pb- U- §-Th
16 0.73 8.52 0.82 1.02 0.58 0.55 32 0 o] 9 37 Pb- U-Cd-Ct
17 -0.43 8.02 223 2.48 1.9 3.99 42 Q 0 14 32 U-Pb-Th-Ci
18 -0.12 6.94 3.43 63 2.05 1047 45 0 0 13 42 U-Pb-Th

{TU-Particle Analysis TCNC-21-report.xls
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Measurement of certified reference material by SIMS (Cameca 4FE6).

NBS U020.
[ 234/238 235/238 236238 2397238 | 236/238 corrected for “*U'H contribution
Certified value: 7.5359E-04 | 1.1360E-01 | 4.2250E-04 4.2250E-04
Measured value: Mean | 7.5436E-04 | 1.1432E-01 | 5.9207E-04 | 1.4329E-03 | 4.2834E-04
s 2.1568E-05 | 6.3243E-04 | 3.6368E-05 | 3.0537E-04 | 2.5060E-05
Sver (%) 2.86% 0.55% 6.14% 2131% 5.85%
bias (%) 0.10% 0.63% 40.14% 1.38%
relative uncertainty (1s) 2.86% 0.84% 6.01%
8-Apr-02 7567E-04 | 1.146E-01 | 5.768E-04 | 1.260E-03 | 4.324E-04
8-Apr-02 7719E-04 | LISIE-0] | 5.733E-04 | 1.100E-03 | 4.467E-04
8-Apr-02 7770E-04 | 1.140E-01 | 6.220E-04 | 1.195E-03 | 4.847E-04
8-Apr-02 7457E-04 | 1.134E-01 | 5517E-04 | 1.196E-03 | 4.161E-04
8-Apr-02 7699E-04 | 1.131E-01 | 6.332E-04 |- 1.850E-03 | 4.240E-04
8-Apr-02 7.946E-04 | 1.IS0E-01 | 5.303E-04 | 1.211E-03 | 3.910E-04
12-Apr-02 7742E-04 | 1.143E-0] | 5982E-04 | 1.746E-03 | 3.986E-04
12-Apr-02 7389E-04 | L.143E-01 | 6040E-04 | 1.532E-03 | 4.289E-04
12-Apr-02 7665E-04 | 1.143E-01 | 5.685E-04 | 1.061E-03 | 4.472E-04
12-Apr-02 7318E-04 | 1.141E-01 | 5969E04 | 1.229E-03 | 4.567E-04
12-Apr-02 7531E-04 | 1.143E-01 | 6.132E-04 | 1.699E-03 | 4.190E-04
12-Apr02 7281E-04 | 1.137E-0] | 6211E04 | 1.685E-03 | 4.295E-04
12-Apr-02 7579E-04 | 1.139E-01 | 6.515E04 | 1.797E-03 | 4.468E-04
12-Apr-02 7.579E-04 | 1.139E-01 | 6.515E-04 | 1.797E-03 | 4.468E-04
12-Apr-02 7523E-04 | 1.148E-01 | 6.084E-04 | 1.423E-03 | 4.450E-04
16-Apr02 7.170E-04 | 1.142E-01 | 6.338E-04 | 1.679E-03 | 4.421E-04
17-Apr-02 7.748E-04 | 1.144E-01 | 5.564E-04 | 1.028E-03 | 4.388E-04
21-May-02 7.465E-04 | 1.145E-01 | 5.504E-04 | 1.443E-03 | 3.852E-04
21-May-02 7.399E-04 | 1.143E-01 | 5.887E04 | 1569E-03 | 4.094E-04
22-May-02 7252E-04 | 1.138E-01 | 5927E-04 | 1.335E-03 | 4.408BE-04
23-May-02 7.578E-04 | 1.1S0E-01 | 5.835E-04 | 1.450E-03 | 4.157E-04
23-May-02 7765E-04 | 1.152E-01 | 5439E-04 | 1.348E-03 | 3.886E-04
24-May-02 7611E-04 | 1.148E-01 | 5.620E-04 | 1.300E-03 | 4.128E-04
5-Jun-02 7.8906E-04 | 1.1S0E-01 | 6.125E-04 | 1.619E-03 | 4.263E-04
5-Jun-02 7425E04 | 1.14SE0I | S.560E-04 | 1.325E-03 | 4.043E-04
7-Jun-02 7504E-04 | 1.139E-01 | 6.780E-04 | 2.168E-03 | 4.311E-04
7-Jun-02 7492E-04 | LI141E01 | 6414E-04 | 1.645E-03 | 4.537E-04
10-Jun-02 7.488E-04 | 1.145E-01 | 5525E-04 | 8.823E-04 | 4.515E-04
11-Jun-02 7558E-04 | 1.141E-01 | 5.690E-04 | 1.289E-03 | 4.219E-04
11-Jun-02 7.590E-04 | LI47E-01 | 6502E-04 | 1492E03 | 4.791E-04
12-Jun-02 7.811E-04 | 1.146E-01 | 6.079E-04 | 1474E-03 | 4.390E-04
12-Jun-02 7747E-04 | 1.153E-01 | 5.395E-04 | 6.614E-04 | 4.632E-04
13-Jun-02 7334E-04 | 1.144E-01 | 5.462E-04 | 1.389E-03 | 3.873E-04
13-Jun-02 7.464E-04 | 1.124E01 | 5.728E-04 | 1.435E03 | 4.115E-04
17-Jun-02 7761E04 | 1.I152E01 | 6.146E-04 | 1437E-03 | 4.491E04
17-Jun-02 7.045E-04 | 1.133E01 | 5.861E-04 | 1.412E-03 | 4.261E-04
19-Jun-02 7.635E-04 | 1.140E-01 | 5.717E-04 | 1.561E-03 | 3.937E-04
19-Jun-02 7.467E-04 | 1.138E-01 | 6313E-04 | 2.227E03 | 3.779E-04
20-Jun-02 7461E.04 | 1.142E01 | 5860E-04 | 1.374E-03 | 4.291E-04
20-Jun-02 8.010E04 | 1.147E01 | 5.340E04 | 8.494E-04 | 4.366E-04
21-Jun-02 7644E-04 | 1.144E-01 | 5988E-04 | 1.565E-03 | 4.198E-04
24-Jun-02 7458E-04 | 1.156E-01 | 6325E-04 | 1.444E-03 | 4.656E-04
27-Jun-02 7.016E-04 | 1.137E-01 | 5.931E-04 | 1411E03 | 4327E-4
27-Jun-02 7360E04  1.136E01  5651E-04 | 446E-03 | 4.008E-04
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Sample: TCNC-17

U236%

Particle no U234 U234% U235 U235% U236
atom % 1o atom % 1c atom % 1c

1 0.0061 0.0030 | 0.7384 0.0363

2 0.0301 0.0074 24371 (1.2449 0.0022 0.000)2
3 0.0046 0.0042 | 0.76uD D.U627

4 0.0047 0.0027 (.87 Ouat?

5 0.0095 0.0046 | 0.7394 (243

6 0.0062 0.0035 (L6YK0 (11330

7 0.0054 0.0023 0.7207 10364

8 0.0072 0.0018 | 1.708Y (.29

9 0.0061 0.0016 1.7059 (L0371

10 0.0055 0.0016 | 0.7343 AESRRRY

11 0.0041 0.0040 | 0.7946 .0833

12 0.0049 0.0029 | 0.7326 0.0726

13 0.0023 0.0018 ).7286 (.0d6N

14 (.0092 0.0039 | 0.7355 0.0280

15 0).7491 0.0782

16 0.0054 0.0027 | 07611 0.0260

17 0.0045 0.0019 | 0.7217 0.0335

18 0.0067 0.0025 | 0.7187 0.0271

19 0.0054 0.0016 | 0.7207 0.0456

20 0.0081 0.0054 | 0.7276 0.0511

21 0.0043 0.0013 | 0.7404 0.0597

22 0.7393 0.0564

23 0.0100 0.0051 ().7473 H.0610
24 0.7372 0.0423
25 0.0080 0.0037 | 0.760] .0369
26 0.0098 0.0024 0.7206 0.0629

NB.: 236U results have been corrected for isobaric interference.

- 100 -




Sample: TCNC-21

U236 . U236%

Particle no U234 U234% U235 U235%
atom % 1o atom % lo atom % 1c

1 0.0022 0.0021 (17861 {).223] ENROICY RS ENIE
2 5.0866 (.6073
3 48706 0.1101 ‘
4 0.0422 0.0061 PO 1.3855 10033 O0OOS
S 0.0090 0.0065 {(1.739¥ S IRE D008 Y 1.00:42
6 0.0486 0.0241 S1264 BIRSIER LL00N RN BRI
7 0.0468 0.0268 SOET7Y (730
8 0.0436 0.0140 4587, 0.333%
9 0.0376 0.0118 3.8893 0.3400 oty D007
10 0.0409 0.0354 | 47328 (.8237
11 0.0447 | 00077 | 41324 | 0.227% 00100 | 0.0040
12 0.0004 (.0006 0.2761 00136 00079 0039
13 0.0405 0.0006 4.7258 {14088 00128 0.0022
14 ~4.8697 0.7338
15 5.0027 (0.5209
16 0.0050 0.0009 | 0.2438 0.0252

NB.: 236U results have been corrected for isobaric interference.
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[ o 2D Process

) _File.. ) Scale..) Image v ] Compute v Print.} grid | 4 x 256

m tmp2,im:207Pb :1

H 10 um

Emp2, im2239:1

- 103 -



i ) 2D Process
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e, 2D Process
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., 2D Process
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o 2D Process
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2D Process
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Nano Surface Group EU=BEENHTY

KOREA RESEARCH INSTIVUTE GF STANDARES AND SCIENCE

Contents

introduction
- Surface Analysis
- Principle of SIMS

Instrumentation
- lon Sources
- Mass Analyzer
- lon Detector
Theory
- Sputtering Effect
- lonization and Sputtering Yield
Applications
- Mass Analysis
- Depth Profiling
- Quantitative Analysis
- lon imaging
Nano Surface Group g p = H = H A
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Introduction

Surface Analysis

Photon
lon
Electron

Photon

lon

Electron

Nano Surface Group

Nano Surface Group O %mam%vgmnmtﬁm% .ﬁa%
Introduction
Surface Analysis
Input output Signal
Signal Photon lon Electron
XRF, TXRF
Photon XRD LIMS XPS, UPS
SIMS, ISS
lon PIXE RBS INS
A AES, SEM
Electron EEPng ESD LEED, TEM
XPS : X-ray Photoelectron Spectroscopy
SIMS : Secondary lon Mass Spectrometry
AES : Auger Electron Spectroscopy
g J=BENHATY

KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE
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Introduction

(x-ra MeV

e - h?Y) e L* I He* He*

L ] L | L ] L i
Auger X-ray Secondary Rutherford
Electron Photoelectron on Backscattering
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%(iglgg.g]ng ]I“;Il‘g%teron Transmission Total Reflectron

Microscopy Micro | Electron X-Ray

(SEM) Analysis Microscopy Fluolescence

(EPMA) (TEM) (TXRF)
p =B =AY

Nano Surface Group

R KOREA RESEARCH NSTITUTE OF STANDARDS ANO SCIENCE

¥ Chemicat bonding/
molecutar information

B Elementat information
% Imaging information

© 2000 CHARLES EVANS A ASSOCIATES

Raman |

!
o
&

- 113 -




Introduction

Secondary lon Mass Specirometry

(SIMS)
Secondary Ion Primary Ion
Nano Surface Group g %ﬁ,ﬁﬁﬂﬁﬁiﬁ
Introduction
Principle of SIMS
Secondary Ion (~10 eV)

Primary Ion (~10 keV)

Surface
Information Depth (~ 1 nm)

‘ Penetration Depth (~ 10 nm)

Nano Surface Group g A=H = (A QY

R KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE
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Application

Characteristics of SIMS

Special Features
- High Sensitivity(ppm-ppb)
- Analysis of all Elements with Isotopes
- Rapid Analysis
- High Depth Resolution
- Microanalysis with Focused lon Beam
- Chemical Information

Problems

- Severe Artifacts
- Matrix Effect (Poor Quantification)

- Destructive
Nano Surface Group \ %fmﬁ&%mgﬂ% fw%
Introduction

Main Applications of SIMS

Semi-conductor industry
- Concentration depth profile of dopants
- Detection of contaminants
- Impurities bulk analysis

Metallurgy and Material sciences
- Corrosion process studies
- Oxide identification
- Quantitative trace analysis
- Localization and identification of precipitates

Geology:
- Isotopic measurements and trace analysis

Biology:
- Image of elements in cells and tissues

Nano Surface Group P CI=HEUAUHTY

RS KOREA RESEARCH INSTYTUTE OF STANDARDS ANO SCIENCE
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Introduction

v
=
7
i
rm
=4

Schematic Diagram of

Gate

Shallow Junction Gate oxide

Source

; 100-200 nm
Si-substrate * Doped Junction l
International Technology Roadmap for Semiconductors : 1999
Tech. Node : 180nm >130nm >100nm > 50nm
(‘99; 1G)  (‘02;4G)  (‘05; 16G) (‘11; 64G)
Gate Oxide T,, Logic: 1.9nm t.5am [.0nm (.6 nm
2& 3D dopant profile: 3 nm Inm f.5nm 0.8nm
Precision T A% Yo 4% 4%
Nano Surface Group pUREE N UHTA

: KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE

Instrumentation

Schematic Diagram of SIMS Instument

Energy Mass —
Analyser Spectrometer

MASS SPECTRUM

y

Primary Secondary Detector [
lons lons
DEPTH PROFILE
Nano Surface Group g SIRH= AN IY

R KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE
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Instrumentation

lon Source

- Electron Impact (inert gas)

- Duoplasmatron (Gases, e.g. O, Ar)
- Surface lonization (Cs)

- Electron Beam (Cs)

- Liquid Metal (Ga, Cs)

Nano Surface Group pURB=0AUAIY

R KOREA RESEARCH INSTIFUTE OF STANDARDS AND SCIENCE

Instrumentation

Primary lons

- Argon : sputtering, surface cleaning (ion
milling)
AES, XPS sputter depth profiling

- Oxygen : positive SIMS
Enhanced ion yield for electropositive elements

- Cesium : negative SIMS
Enhanced ion yield for electronegative elements

- Liquid metal : Small beam size (50 nm)
FIB technology , Microprobe mode

Nano Surface Group ) I B = NN I

& KOREA RESEARCH INSTIFUTE OF STAMOARDS AND SCIENCE
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Instrumentation
for Gun | i@u{}ﬁmﬁ?ﬁat%’{}ﬁ ion gun (Ar',
0.7

Duoplasmatron

|- Anode

/ Plasma

Intermediate
Electrode

Gas (Op) ——= % —p 05 O

N\ .
Extraction
— Electrode
{ground)

Cathode

% lron M Stainless steel

a O[EH=NYHTY
Nano Surface Group k XOREA SESEARCH INSTIUTE OF STANDARUS AND SCIEWEE

Instrumentation

fon Gun i : Cesium lon Gun {Cs*)
- Enhance ion yield for electronegative elements

Cesium Surface lonization Source

Focus Extraction
i Electrade Electrode
Cesium (~ground)
Reservior
Cs*
Porous
Tungsten
(0to 20 kV) Plug
Nano Surface Group ' ﬁﬁmﬁmﬂ'ﬁ%@%
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Instrumentation

ton Gun i Liguid Metal lon Source
- FIB technology , Small beam size (50nm)

X LMt emitter source {x
blanking  extractor aligr:m{n(y’
aperture
\ lens

I
sy
—t
stigmator/
deflector
suppressor
ditferential-
pumping
ozzie
tiquid
tiquid
~needle
{a} {b)

Nano Surface Group U3 B=E AN

N KOREA RESEARCH INSTITUTE OF STANDARDS ANO SCIENCE

Instrumentation

Mass Analyser

- Quadrupole :
Relatively inexpensive
Fast switching
Control of incidence angle : uitra high depth resolution

- Double Focusing Electrostatic/ Magnetic Sector:
High transmission : ultimate detection limit
High mass resolution : no mass interference

- Time-of-Flight :
High molecular weight determination
Rapid survey
Ultra low dose: surface contamination analysis

Nano Surface Group pS=HENHIY

Q KOREA RESEARCH INSTITUTE OF STANDUARDS AND SCIENCE
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Instrumentation

Quadrupole Mass Analyser

resonant ion

)

Nano Sutrface Group

Detector

U+Vcos(wt

p S[=HENAH I

K KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE

Instrumentation

Quadrupole Mass Analyser

() Low-voltage
ion
extraction

Pre/post-filters

|

Quadrupole

©

Constant
resolution

U =constant
v
Low resolution

of stability

f/

dc.=U rf.=V coswt

p I=HE= A Y

g KOREA RESEARCH INSTTTUTE OF STANDARDS ANO SCIENCE

Nano Surface Group
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Instrumentation

Time-of-Flight Mass Spectrometer

i 96 B. M. Ti
laser beam jon @19 issue

extraction drift tube

io:izat‘i)on iy A reflectron
chamber *‘j\fs ............................... I
detector DE.,,r

K.E.=qV =1, mv?
v = (2av/ )12

t=L / (V)1

S8 ) =qie
Nano Surface Group 3 #Aﬁmﬁuﬁqﬂr&%ﬁwﬁ

Instrumentation

Time-of-Flight Mass Spectrometer

fon Mirror

- High Sensitivity
high transmission
parallei mass detection

- High Mass Resolution

Ton Gun ‘ > 10,000
NN s Spectram - High Mass Accuracy
Pulsing :
w1 k- i ‘ Detector (1-10 ppm)
Focusing \, © Transport Optics - High Lateral Resolution
<
Raster \%% © puractor 100 nm at loYv mass resoln.
- < 500 nm at high mass resoln.
Target - Electron . M R
Flood Gun - High Mass Range
up to 10,000u
= =qe
Nano Surface Group @xn"&[m;mﬁmg s-r;rt‘m% Aﬁu%
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Instrumentation

Magnetic Sector Mass Analyser

ion source K.E.=0.5 mv2=eV

mv?/r=Hev

my m
counter or = H = 1z 2V7
_ electrometer H
ion detector amp | | _m__ H¥F
. p P
= o =
Nano Surface Group 1 aﬁ,ﬁ,ﬁmﬂ'ﬁﬁ .ﬁu%

Instrumentation

Magnetic Sector Mass
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(a)

Magnetic
field
High-energy —
ion extraction=a | = o
60° magnetic
Sample Detector [ sector

(c)
®  gpeave }
90° electrostatic
- sector
E /_\V+AV
“~ R
2y

- Single Focusing analyzers : (a), (b)
- Doble Focusing analyzers : + electrostatic analyzer : (c)
--- separate particles with difference in K.E.

'Nano Surface Group g ISHE=ENHIY

X KOREA RESEARCH INSTITUTE OF STANIUARDS AND SCIENCE

- 122 -




Instrumentation

Lomparison of Mass Spectrometer

Resolution Mass Range Transmission Rel?t.l v.e
Sensitivity
Quadrupole g2 193 <103 0.01 - 0.1 1
Msag“et'c 104 > 104 0.1-0.5 10
ector
Time—-of-
3 3_ 104 - 4
Flight >10 10%- 10 05-1.0 10
8] =
Nano Surface Group ! &{ﬁgu‘ﬁﬂ! sﬁ{% »ﬁu%
Instrumentation

Electron Muitipliers

Ground

Path

| Ground Electron
.J\eng‘v\f\a\;\l‘\;‘\.f\r‘\/',J\;W\-\/x{«,- J\A4’\/\Aql\f\ﬂ‘3J\N. A Signa‘ out Cascads
LA NAANIA
B /\J\J\/\J\J\J\y J .2y
Signal Out
~ +2 keV
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Instrumentation

Faraday Cups

-100V

lon .
Soam !——To Amplifier

Nano Surface Group p =B EUUHIY

R KOREA RESEARCH INSTITUTE OF STANDUARDS ANO SCIENCE

Instrumentation

lon Image Detectors

[y Side Incomin g lons

Lt

EASSIINIAIINAIIINIssFhashsseisssssss
LU DU L O
¥

Ground

Otp TkY

g Front

Electron Cascades ™ 01ip 2 kY

Electrons

Nano Surface Group p OI=H = N[UAIQY
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Instrumentation

=LY SIMS 8l &

Model Analyser Hej
IMS-4f Sector K-mac, KRISS; &d &8 A}, ol0|H A
IMS-6f Sector RIST, AAE EJ|R, SE & X
IMS-6f Sector &4 ETH2), 501 A(2), SRSt D
VG Quad ASEIIN
VSW Quad ~ KRISS
~ PHI Quad LGEIIH, 310l A
Cameca ION-TOF- LGEDIR, 44ET
PHI TOF KIST, A& & X
Nano Surface Group (7 %ﬂfmﬁ,ﬁ&[ﬁﬁ‘fw%
Instrumentation

Nano Surface Group

CAMECA-IMS 4f
p SIEHENHHY
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CAMECA - IMS 4f

QEMLECIORE

FRRALACRRELIE

MASS SELECTION APERTURE
REFLECTOR. 4

R e

KSR o rASE M

Nano Surface Group

Theory

Principle of lon Beam Sputtering

Collision Cascade

Nano Surface Group g SI=HENYUNAY
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Theory

B

Applications of lon Beam Sputtering

1. Microsectioning for Sputter Depth Profiling
-- controlled removal of materials

2. Surface Cleaning Source.
-- removal of surface contaminanis

3. Sputter Source for Thin Fim Deposition
-- controlled deposition of sputtered materials

4. Micromachining
- desired surface topography
-- etching for desired surface patterns

Nano Surface Group p = H =AY

R XOREA RESEARH INSTILTE Of STAHDARDS AKD SDIENCE

Theory

Secondary fon Energy Distributions

>
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©
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.
0 5 10 15 20
Energy (eV)
Nano Surface Group p U=HEDAHIY
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Theory

Secondary lon Yields —~ Positive lons
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Nano Surface Group ' ﬁz{ﬁﬁmﬂ!ﬁ&gﬂ%

Theory

Secondary lon Yields — Negative lons
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Theory Secondary lon Yields

O,* Primary H
Positive Secondary €
Cs* Primary Ne
Negative Secondary Ar
Kr
Xe
Po| At |Rn

Fr{Ra]Ac
) =
Nano Surface Group ! mﬂﬁmgm?mq!sﬁn‘mg u?su%

Theory

Relative Sensitivity Factors

RSF. : Relative Sensitivity Factor for Element E

Iz : Secondary lon Intensity for Element E

I : Secondary lon Intensity for Reference Element R
Ce: Concentration of E

Cr : Concentration of R

I:C
Ce=RSFee 5 e
M Ce=RSF»
RSF = Cy, * RSF¢ l
Nano Surface Group g ) %mamgm‘?ﬁng[ﬂmgﬁw%
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RSF Ranges (atomjcc)

10 1.0

E21-
<10 10 106 10 10 >10
E21 E22 E23 E24 E25 E25

Nano Surface Group

pU=HZ= 1Y

R KOREA RESEARCH INSTITUTE OF STANDARTS AND SCIENCE

Theory

Relative Sensitivity Factors

RSF Ranges (atom/cc)

10 10 10 10
E22- E23- E24- E26-
Be <10 10 10 10 10
E27
Mg

Nano Surface Group

@EIEHEDI‘-’JG?&J

R KOREA RESEARCH INSTITUTE OF STANDARDS AND SCIERCE
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Application

SIMS Operation Modes

Surface Spectroscopy Surface Imaging Depth Profiling

deptn

mtensity

Nano Surface Group H=B=UAAIY

R XDREA RESEARCH INSTITUTE OF STANDARDS AND STIENCE

Application

Main Applications of SIMS

Mass Analysis
- Trace Analysis
- High Mass Resolution

Depth Profiling
- Depth Resolution

Quantitative Analysis
- Relative Sensitivity Factor

lon Imaging

Nano Surface Group p OIS E =10/ 19

g ROREA RESEARCH INSTITUTE OF STANDARDS AND STIENCE
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Application

Survey Mass Spectrum
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Application

High Mass Resolution R=m/?m

g
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Application

SIMS Depth Profiling
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Application

SIMS Quantification

Phosphorus lon implant in Silicon
(dose =1 x 10%/em?, energy = 100 KeV)

Integral = 3.681 x 10° (ians}

Secondary lons (s*)

Crater Depth
A 0.7d um

o 50 700 150

Time (second)
Dose i
Cl=— =C; oM
!~ Crater Depth RSF=C;» It
Nano Surface Group g U=H= 0218

R KIREA RESEARCH INSTITUTE OF STANDARDS AND SCIENCE
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Application

Crossection
zy View

Nano Surface Group

pU=HE=EL =AY

R KOREA RESEARCH INSTITUTE OF STANDARDS ANG STIENCE
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m Surface ?

® Physical and chemical interface

B Incident beam and Signal beam

Energetically unstable

Chemical reaction begin

Normally 2~5 nm from interface to bulk

For X-ray, surface range extends to few pums

/

SAMPLE

PHOTONS (X.RAYS, UV, VISIBLE, 1A}

BACKSCATTERED JONS & ELECTAONS

K-MAC —
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Principle of Surface Analysis

m Detection limit or Composition resolution
® Minimum amount of the elements required for identification
® Detection limit normally depends on emission yield
® Qualitative and Quantitative analysis

- Quantitative : standard specimen and calibration

H  Co Zr Nd Hg
Ne {zn [sn v | Th
[} i
1 - egscA—— Auger electron |
: spectroacopy §
G ‘\J 1 >
£ 107 e N ] §
£ - if\"\ = - N lsx1oe &
E 10 |- tov wmer LI ToEpo), £
5 Backscattering spectromatry £
B Tl T T 2
f oLl Ll TT T %
s <
108 fom g 4
L B T i
[} 20 40 60 80 100
Atomic number

K-MAC =
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Principle of Surface Analysi

r—

m Spatial resolution

® Incident beam diameter

- E-beam : focusing by electrostatic or magnetic lens

- Ion beam : partly focusing

- X-ray : no focusing

® Interactive volume : depends on energy , mass, incident angle....

1 I I I 1 T
. , 1 25KeV 100KeV B0KeV  gKeV AUGER
XRAY Hy good  x-ray || 1004 WOA 10004 ELECTRON
) ‘ 2 iy ELECTRON
-y "
< AR L I BEAM
£g N 5004
S =
g= s
= =

h ELECTRON

(b) (c) (d)

ION BEAM

— et e teegaan -~

DHAEDY T2 ASEE0 2ote] 2= 2

X~-RAY
SN I|ME0 BAMNE : (3) MAM DN 2A 1
(b) =AY EDBFNS0IZ (c) DANUK aa2D RNy p— ;

A WA L QD0 A lpm 10um  100pm 1, 000um lem
(d) Auger 2% AMALYTICAL DIAMETER
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Analytical Technique
Parameter ESCA SIMS SEM/EDX/WDX RBS LIMS
Probe paritcle X-ravs fons Electrons lons Fhotons
(laser)
Detected entity Electrons |Electrons lons Electrons/X- rays lons lons
Detectable elements All but Al All<beryllium Al > All
- hydrogen helium
Diameter for routine ( )
. 1 Sub gm to [1-3(EDX/WDX):
- - - — ~1
small-area analysis 150-300 several zm 0. 01(SEM) 1000
{gem)
Surface sensitivity ~4 ~0.3-1 |>100(EDX/wWDx) | Depth |LD-adsorbed
(nm) resolution material
is 2.5-20 LI=100
Routine detection ey 1 (EDX) o gt
limitst (atom %) ~] 0.1-1 107°-10 107 (WDX) 0.01-10 107°-10
Rou tine survey
{data-acquisition) 5 5 ;0((%\/0[;(}1 )° 15 < seconds

 analysis time (min)

K-MAC ——
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SIMS Analytical Outputs

AR, R S RO
RSB

Survey Mass Spectrum

Depth Profiling

Secondary Ion Imaging

Line Scan

K-MAC —



B SCANNING ION IMAGE

Distribution of CN- in a biological specimen
(60X60um)

B SCANNING ELECTRON IMAGE

Ion induced secondary electron image of an integrated
circuit (40X40 pum)

- erl -

B MASS SPECTRUM

Low mass resolution spectrum recorded in a

B HIGH MASS RESOLUTION SPECTRUM

Spectrum recorded at a mass resolution of 40,000
rfering on mass 56

showing the Fe and CaO peaks inte

metallurgical sample.

ooty (9}

Ca0

i

MIAM .. 40,000
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e

A wide range of output

R T

B DEPTH PROFILE

Depth profile of silicon in a GaAs multilayer specimen

%
Intenalty (c's)

!
10
i
W
e

" 'i:‘iih i

2

|

| Vet
!

B DIRECT ION IMAGE

Elemental distribution of K in Au/Cu sandwich.

The thinnest bar is 0.11 pm wide.

e 30

B LINE SCAN

Line scan was recorded across a fiber of SiC
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Caracteristics of CAMECA IMS 4 B

rem T —
Prlmary I(ms ‘

02+, AI+, Oh, CS+

Acceleratmn Potentml R ; ,

| 5kVto17.5kV

anary Ign Net Energy

- |05t 13KeV

Beam Dmmeter Cs sourc
L_ Beam llameter ’ " "las,_ma

0.2 pm to 100 um
1 .| 0.3 um to 200 um

X Y Rastermg

From 0 to 500 pm

F
Mass Range

- 11-280 AMU

Ma‘ss Resolutmn

20025000

Lateral Reselutmn
Ion erosc()pe -
Ion Mlcmpmbe ; ».;

Depth Resolutwn

L

| Upto2sA
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Main Fields of Applications

B Characterisation of semiconductor materials

e Dopant depth profiles

® Measurement of Junction depths

o Identification of contaminants

e Base impurity levels in bulk materials

B Metallurgy

e Identification of grain boundary segregants in metals
e Oxidation and corrosion studies

e Trace impurity Analysis
B Glasses

o Alkali Metal Distributions

B Geology

e [sotopic Ratio Measurements

e Trace element analysis

B Biology

® Images of elements within cells and tissues

K-MAC ——
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Abstract(About 300 Words)

On our review, the particle analysis technology needs very high initial investment to set
up the clean lab. and high quality equipments such as high sensitivity mass spectrometers
and scanning electron microscope, etc. Also it needs several hundreds of Korean Won as an
operation fee every year. So we concluded that it is more economically efficient to make a
channel abroad to cover our national needs than to build our own laboratory for the particle
analysis. Among 5 institutions proved to have particle analysis capabilities, we tried to make
a cooperation charnel with the ITU, which is the only cne available for private commercial
use now. For the cooperation, we have two seminars and technical consultations with a
specialist, Dr. Tamborini, invited from the ITU in August. One of TCNC staff visited the
ITU in November to participate in the whole procedure of the particle analysis as an
observer. We think that the participation in the analytical procedure improved our capability
for much clearer evaluation of the particle analysis results. Both sides concluded to cooperate
further step by step and case by case. For examples, the cooperation needed to technical
development will be proceeded under the existing KAERI-ITU cooperation arrangement
which was signed in 1998 and scheduled to be amended next year. And the ITU will give
analytical services for KAERI swipe samples through analytical service contract each year

and give chances to the TCNC staff to participate in the analytical procedure.
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