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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International|Standard ISO 14237 was prepared by Technical Committee ISO/TC 201, Surface chemical analysis,
Subcommittge SC 6, Secondary ion mass spectrometry.

Annexes C and D form a normative part of this International Standard.*Annexes A, B and E are for informfation only.
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Introduction

This International Standard was prepared for the determination by secondary-ion mass spectrometry (SIMS) of
boron atomic concentrations in uniformly doped silicon wafers.

SIMS needs reference materials to perform quantitative analyses. Certified reference materials are only available

for Iimited’ﬁm&MLWﬁMh&y_u&mw_sms_mmahMmmn&h&mﬂence materials
at every measurement. Thus, secondary reference materials which can be prepared by each(laporatory and

calibrated |using a certified reference material are useful for daily analyses.

In this Intgrnational Standard, a standard procedure is described for quantitative boron analysis'in single-crystalline
silicon usiipg secondary reference materials calibrated by a certified reference material implanted with oron.

© 1SO 2000 — All rights reserved \
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INTERNATIONAL STANDARD

ISO 14237:2000(E)

Surface chemical analysis — Secondary-ion mass spectrometry —
Determination of boron atomic concentration in silicon using
uniformly doped materials

1 Scope

This Inter
atomic co

material implanted with boron. This method is applicable to uniformly doped boron in the concentratio

1x 1016 g

2 Normative reference

The followfjng normative document contains provisions which, through, reference in this text, constitute

this Intern
not apply.
possibility
the latest

ISO 5725-0:1994, Accuracy (trueness and precisiorn)-of measurement methods and results — Part 2: |
for the defermination of repeatability and reproducibility of a standard measurement method.

3 Pringiple

An oxygen-ion beam or a caesium-ioh beam is impinged onto the sample surface and the emitted s¢
of boron ahd silicon are mass-analysed and detected.

Uniformly

4 Reference materials

centration in single-crystalline silicon using uniformly doped materials calibrated by a certif

oms/cm3 to 1 x 1020 atoms/cm3.

htional Standard. For dated references, subsequent amendments to, or revisions of, this p
However, parties to agreements based on this International Standard are encouraged to in
of applying the most recent edition of the normative document indicated below. For undate

ational Standard specifies a secondary-ion mass spectrometric method for thé’determination of boron

ed reference
h range from

provisions of
ublication do
vestigate the
i references,

edition of the normative document referred to applies. Members of ISO and IEC maintaif registers of
currently valid International Standards.

Basic method

condary ions

Hoped secondaty)yreference materials are calibrated by using an ion-implanted primary refergnce material
and are uged as working reference materials.

4.1 Primary reference material

A primary reference material is used for the determination of the boron atomic concentration of the secondary
reference materials. The primary reference material shall be a certified reference material (CRM) of silicon

implanted with boron.

NOTE NIST Standard Reference Material 2137 (referred to hereinafter as NIST SRM) is the only CRM of boron in silicon at
this moment.

© I1SO 2000 — All rights reserved 1
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4.2 Secondary reference materials

4.2.1 Secondary reference materials are used for the determination of boron atomic concentrations in test
specimens. At least one boron-doped reference material together with one non-boron-doped reference material
shall be used for daily analysis. Two other different boron-doping levels are recommended to be used to confirm
the performance of the apparatus (see annex C).

4.2.2 The secondary reference materials (referred to hereinafter as bulk RMs) shall be single-crystal silicon
wafers or epitaxial silicon wafers with a ca. 100 um thick epitaxial layer, and shall be uniformly doped with natural-
isotopic boron.

4.2.3 Borop-doped wafers with boron atomic concentrations between 1 x 1010 atoms/cms and 1 x 1020
atoms/cm3 shall be obtained. It is recommended that the three doping levels given in Table 1 are used-’When only
one level is lised, RM-B or RM-C should be chosen. A non-boron-doped wafer shall be obtained\for bpckground
checking.

Wafers with mall boron concentration gradients shall be selected. The boron concentrationvgradient sHall be less
than 5 % perjcm.

NOTE Approximate boron atomic concentrations can be determined as carrier densities-from the resistivity of|the wafers.
The resistivity|measurement procedures and the procedure for converting between resistivity and carrier density ar¢ presented
in annex A.

Table 1 — Bulk reference materials

Boron doping, level
Name
atoms/cm3
RM-A low 1x1016t0 1 x 1017
RM-B middie 5 x 1017 to 5 x 1018
RM-C high 1x1019to 1 x 1020
RM-BG none <1x 1014

4.2.4 The |isotope ratio of 11B t6_19B in the bulk RM chosen in 4.2.2 shall be determined by one of following
methods.

a) The isofope ratio shallvbe evaluated by a magnetic-sector SIMS instrument detecting BSi~ [ions. The
measurg¢ment procedure stipulated in 7.5.2 shall be used for this purpose.

b) The bulk RMgshall be assumed to have the accepted nominal natural isotopic composition of 19,9 atomic
percent OB and 80,1 atomic percent 11B, i.e. a ratio of 11B atoms to 10B atoms of 4,025. The borpn isotope
ratio in d_specific material, however, can have +5 % deviation from the natural isotope ratio

NOTE SIMS will generally measure a deviated isotope ratio depending on type of instrument and detected ions. The
deviation is smaller between 10B28Si~ and 11B28Sj~ than between 19B* and 1!B* in a magnetic-sector mass spectrometer (see
annex B).

5 Apparatus

Secondary-ion mass spectrometry apparatus equipped with an oxygen-ion source and/or a caesium-ion source
shall be used.

2 © IS0 2000 — All rights reserved
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Whenever the apparatus performance is required to be confirmed, the procedures stipulated in annex C shall be
carried out. The procedures for linearity of measurement stipulated in C.6 can be replaced by local documented
procedures.

6 Specimen

The analysed specimen shall have a mirror-polished surface. The specimen shall be cut into an appropriate size for
analysis and further degreased and washed if necessary.

7 Procgdure

7.1 Adjlstment of secondary-ion mass spectrometer

For oxygep-ion beam use, see Table 2. For caesium-ion beam use, see Table 3. Other.conditions nof shown here
shall be s@t in accordance with the manufacturer’s instructions or a local documented procedure.

Table 2 — Measurement conditions for oxygen-ion peam

Element Characteristic

Primary-ion species 02+

Secondary-ion polarity Positive

Analysed area >100 pm?2

Primary-ion scan area 4 times the analysed area or larger

Table 3 — Measurement conditions for caesium-ion beam

Element Characteristic

Primary-ion species Cs*

Secondary-ion polarity. Negative

Analysed area >100 pm?2

Primary-ion-sean area 4 times the analysed area or larger

7.2 Optjmizing the secondary-ion mass spectrometer settings

7.2.1 Set the required instrument parameters and align the ion optics in accordance with the manufacturer's
instructions or a local documented procedure.

7.2.2 Ensure the stability of the primary-ion current and the mass spectrometer in accordance with the
manufacturer's instructions or a local documented procedure.

7.3 Specimen introduction

Immediately prior to introducing the specimens into the SIMS apparatus, dust particles shall be removed from the
surfaces with a pressurized duster. After introducing the specimens into the analysis chamber, analysis shall not
start until the pressure has recovered to the normal value recommended by the manufacturer or a local
documented procedure.

© I1SO 2000 — All rights reserved 3
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NOTE

detection, so care should be taken to obtain a better vacuum condition when a caesium-ion beam is used.

7.4 Detected ions

7.4.1

Residual gases in the analysis chamber can produce a 1°B28SilH- background signal which interferes in 11B28Sj-

When an oxygen-ion beam is used, both 10B* and 11B* shall be detected as secondary-ion species of

boron. When a caesium-ion beam is used, both 10B28Sj- and 11B28Sj- shall be detected as secondary-ion species

of boron.

7.4.2

manufacturer's instructions or a local documented procedure.

The ion species of silicon which has an appropriate ion intensity shall be detected, following the

NOTE If
of B* using th
BSi~ detection

he instrument has an electrometer detection mode, it is recommended that 28Si+ be detected as the“rd
e electrometer. For the pulse-counting mode, the silicon-ion intensity should be less than 1x\0° ¢
Si,™ is preferable as the reference ion.

ference ion
bunts/s. For

7.5 Calibrgtion
7.5.1 Meadqurement procedure for CRM
75.1.1 The depth profile of boron (either 10B or 11B) in the CRM shall be measured using the same|conditions
as those for the bulk RMs on the same day as the bulk RM measurements;\following the procedures stjpulated in
annex D. Thg mean integrated ion intensity ratio of the CRM, A™MP, shall be calculated following the grocedures
stipulated in flause D.7.
7.5.1.2 The relative sensitivity factor of the CRM shall be obtaifed from the following formula:

RSFmP|- 2

AImp

where

RSFIMP | is the isotopic relative sensitivity: factor obtained from the CRM;

@ is the implanted boron (either 1B or 11B) dose of the CRM.
7.5.2 Meadqurement procedure forbulk RMs
7521 Measurements Shall be made from the central region of the specimen holder window. When the boron-
ion intensity pf the bulk RM-is high, care shall be taken so as not to saturate the detector. If the boron-ign intensity

is higher tham 1 x 10° eouints/s, the primary-ion intensity shall be reduced.

75.2.2
described be

Depth\profiles of boron and silicon shall be measured for all the bulk RMs. The datg
low, shall start after any surface contamination is removed and the secondary-ion intens

sampling
ties reach

Ly bt chall I conelidad baofara o

o surface

stationary ve

ac ane chanaa 10 naarsian ntanaihy Ao e o
TUT S, YUl ofian vt LUTIvIiuutTUu JTTUTC A Litaliygtc 1 ostLuTiudr y-1uTT 1rmetiony  UvtLuro  uuc

roughening induced by ion bombardment.

7523 The secondary-ion intensities of boron and silicon shall be measured for at least 10 cycles alternately,
for at least 1 s for each boron isotope per cycle, at the same analysis position. This procedure shall be repeated
three times at different positions on the same specimen surface. Then another specimen shall be measured.

If the variation of silicon-ion intensity for one measurement point is less than the value guaranteed by the
manufacturer or that determined to be acceptable by local documented procedures, it can be regarded as constant.
In this case, it is not necessary to measure the silicon-ion intensity cycle by cycle. It can be measured at any one
cycle for each analysis position.

© 1SO 2000 — All rights reserved
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The detected secondary-ion intensity of boron in RM-BG shall be used as the backgroun

d level of the

7.5.2.5 lon intensity ratios of boron to silicon for each bulk RM shall be determined for each measurement cycle
by cycle at one measurement position, and then a mean value for all the measurement cycles shall be calculated,
and the mean value obtained further averaged for three measurement positions, using the following formulae:

where

I,lj1 a

cycle

NENT

=]
7

J

The same

7.5.2.6
bulk RMs.
lower bord

concentrafion greater than 1 x 1017 atoms/cm3 with‘a known isotope ratio. The measured isotope

calculated

where

q

J

(2

Jé%; 3

A correctid

1410 _ 410
J7 - J5

and measurement position j;

the mean ion intensity ratio for 11B in each bulk RM;

the total number of measurement cycles for each bulk RM.

procedure shall be used to determine the mean intensity-ratio, J10, for 10B.
The experimental boron isotope ratio for the SIMS instrument shall be determined usin

Since there is a possible mass spectral interference between 10B+ and 30Si3* that may be

n atomic concentration specimens, it is recommended that a bulk RM be used which has a

using the following formula:

S

the measured jsetope ratio of 11B to 10B;
nd Jég are'the mean background ion intensity ratios for 11B and 19B, respectively, derived f

n factor for the measured isotope ratio shall be determined using the following formula:

nd Ii’Sji are the 11B-ion intensity and the silicon-ion intensity in each RM,.respectively, at rheasurement

g one of the
Significant for
boron atomic
atio shall be

om RM-BG.

6:

0
a

where a is the actual isotope ratio in the bulk RM.

If «is not known, the natural isotope ratio, aq = 4,025 (see 4.2.3), shall be used.

o shall be used to correct the experimental mass discrimination between 108 and 11B.

75.3 Ca

libration of bulk RMs

The value of RSFIMP obtained in 7.5.1 shall be used as the calibration relative-sensitivity factor. The 11B atomic
concentration in each bulk RM shall be calibrated using the calibration relative-sensitivity factor.

© 1SO 2000 — All rights reserved
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If the CRM is implanted with 10B, the mass discrimination correction factor obtained in 7.5.2 shall be used:

C&lcal _
where
C&lcal

It

RSF"“Pé(Jﬁl— Jéé)

is the calibrated 11B atomic concentration in each bulk RM;

is the mean ion intensity ratio for 11B in each bulk RM.

If the CRM ig

Clil.lcal

implanted with 11B, mass discrimination correction is not necessary:

- RSF"“'O(Jﬁ1 - Jé%;)

7.6 Measdirement of test specimen

7.6.1 Meag
Test specimg
lon intensity

measuremer]
obtained sha

urement procedure
bns shall be measured under the same conditions as stipulated in 7.5.2.
ratios of boron to silicon shall be determined for, each measurement cycle by cya

|l be further averaged for three measurement positions:

7.6.2 Detemination of working relative-sensitivity factor

7.6.2.1

the mass dis
be selected
boron atomid
NOTE U9
7.6.2.2
specimens o

lon intensity
measuremer]
obtained sha

Jse one of the previously calibrated bulk<RMs to determine the working relative-sensitivity
crimination correction factor for the test'specimen measurement. It is recommended that th
lvhose boron-ion intensity is as clese to those in the test specimens as possible. Use the
concentration determined in 7.5.3"as the reference value.

e of RM-A is not recommended When boron-ion intensities for the sample are lower than 1 x 102 coun

The bulk RM chosen(and the RM-BG shall be measured under the same conditions 3

N the same day, following the procedures stipulated in 7.5.2.
ratios of each/boron isotope to silicon shall be determined for each measurement cycle by c)

|l be furthernaveraged for three measurement positions.

8 Expre

le at one

t position, and then a mean value for all the measurement cycles shall be calculated. The njean value

factor and
e bulk RM
calibrated

s/s.

s the test

cle at one

t position, and-then a mean value for all the measurement cycles shall be calculated. The npean value

sion of results

8.1 Method of calculation

8.1.1 The working relative-sensitivity factor shall be obtained from the following formula:
11cal
work _ Cm
T T
m BG

where

RSFwork is the working relative sensitivity factor obtained from the bulk RM chosen;
6

© 1SO 2000 — All rights reserved
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1ical
Cm is the calibrated 11B atomic concentration in the bulk RM chosen;
Ji is the mean ion intensity ratio for 11B in the bulk RM chosen;
3L is the mean background ion intensity ratio for 11B derived from the RM-BG.

8.1.2 The mass discrimination correction factor for the test specimen measurement, &, shall be determined
using the following formula:

S =]

where
aom
Ji0

10
‘JBG

8.1.3 The boron atomic concentration in the test specimens shall be determined from the follow

using the

c=dt+clo

where

C11 apd C10 are, respectively, the 11B and 10B atomic concentrations in the test specimens;

C ig the total boron-atemic concentration in the test specimens;

Jtll a

8.2 Pre

— RSFwork(Jtll _ Jé%;)

| RSFY™(3{% - 382)

710 _ 410
DG

UITI T

=domT11 1
am Jm — G

is the actual isotope ratio in the bulk RM chosen;
is the mean ion intensity ratio for 19B in the bulk RM chosen;

is the mean background ion intensity ratio for 1B derived from the RM-BG.

vorking relative-sensitivity factor:

Sm

nd J1O are;réspectively, the mean ion intensity ratios for 11B and 10B in the test specimens.

Cision

ing formulae

This International Standard was subjected to an interlaboratory test programme involving 12 laboratories in four

countries.

Repeatabi

Four bulk RMs were analysed to cover the scope of the method.

lity and reproducibility were calculated in accordance with the principles of ISO 5725-2.

A statistical report of the interlaboratory test programme is given in annex E.

It should be noted that the reproducibility data may include errors due to any inhomogeneity of the specimens.

© 1SO 2000 — All rights reserved
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9

Test report

The test report shall include the following information:

a)

b)

<)
d)

e)

f)

all information necessary for the identification of the specimens, the apparatus, the laboratory and the date of
analysis;

the CRM and the bulk RMs used, as specified in this International Standard;

information about isotope ratio correction, as specified in this International Standard,;

informatipn about apparatus performance and the method of linearity evaluation used, as specified in this
Internatipnal Standard, if apparatus performance was required to be confirmed;

the resulfs and the form in which they are expressed;
any unugual features noted during the analyses;

any opetation not specified in this International Standard, as well as any optionaloperation which|may have
influenc¢d the results.

© 1SO 2000 — All rights reserved
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Annex A
(informative)

Determination of carrier density in silicon wafers

eral

This anne
secondary

K gives information for the determination of boron atomic concentrations in silicon waféers
reference materials (see 4.2).

used as the

A.2 Determination of carrier density in silicon bulk samples
Carrier dgnsities in bulk silicon crystals can be directly determined by using methods listed in Tgble A.1. The
application of such methods is limited, however, because a Schottky junction js“tequired for them. Al4o, applicable
carrier densities are limited to 4 x 1013 cm=3 to 8 x 1016 cm=3.
Table A.1 — ASTM standards for determining carrier density’in bulk silicon wafers
F1392 |[Standard Test Method for Determining Net Carrier Density Profiles in Silicon Wafers by Gapacitance-
Voltage Measurements With a Mercury Probe
F 1393 |[Standard Test Method for Determining Net Carriex Density in Silicon Wafers by Miller Feedpack Profiler
Measurements With a Mercury Probe
Consequently, resistivity is generally measured.and converted into the carrier density in the whole resi|stivity range.
F43 and H 84 given in Table A.2 are standard methods for measuring resistivity, while F723 is a stanfard practice
for convergion between resistivity and carrier density. In general, resistivity is measured by F84 mak|ng reference
to F43 angl is converted into carrier density in accordance with F723.
Table A.2 — ASTM standardsfor measuring resistivity of bulk silicon wafers and conversion of carrier
density
F43 Standard TestMethods for Resistivity of Semiconductor Materials
F84 Standard Test Method for Measuring Resistivity of Silicon Wafers With an In-Line Four Poini Probe
F723 Standareh"Practice for Conversion Between Resistivity and Dopant Density for BorontDoped and
Phasphiorus-Doped Silicon

A.3 Determination of carrier density in epitaxial silicon layers

A.3.1 Dir

ect determination of carrier density

Carrier density in epitaxial silicon layers can be directly determined by standards listed in Table A.3. However, their
applicable ranges are limited within the carrier densities ranging from 4 x 1013 cm=3 to 8 x 1016 cm=3, due to
Schottky junction formation or specimen preparation.

© 1S0O 2000 -
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Table A.3 — ASTM standards for determining carrier density in epitaxial silicon layers

F 1392

F 1393

Standard Test Method for Determining Net Carrier Density Profiles in Silicon Wafers by Capacitance-
Voltage Measurements With a Mercury Probe

Standard Test Method for Determining Net Carrier Density in Silicon Wafers by Miller Feedback Profiler
Measurements With a Mercury Probe

A.3.2 Conversion from resistivity

The resistivi
generally ob
measuring t

resistance by

A standard tg
the conversid

1

ained by growing a desired conductive-type epitaxial layer on a different conductive-type
he sheet resistance of the epitaxial layers as well as their thickness, and multiplying
the thickness.

bst method for the sheet resistance of epitaxial silicon layers is given in Table A4. F723 is
n of resistivity into carrier density using the epitaxial layer thickness.

able A.4 — ASTM standard for measuring sheet resistance of epitaxiahsilicon layers

of epitaxiatsiticom fayers tarm betonvertedtocarrer density. T e Tesistivity of epitaxig

| layers is
substrate,
the sheet

applied to

F374 St

L&

yers Using an In-Line Four-Point Probe

hndard Test Method for Sheet Resistance of Silicon Epitaxial, Diffused, Polysilicon, and lon-

implanted

A.3.3 Standards for measuring thickness of epitaxial layers

Standard tes
is not appli

7,8 x 1016 cn

p-type and 1

F110 describ

is a conducti

layer and the

however, dif

surface inclipes too much towards the optical system of the interference microscope used for such

measuremer|

In either of t

affect the me¢asured valtie-of the epitaxial layer thickness. The effect of such a transition region on the

determinatio

[ methods for the thickness of epitaxial layers:-are listed in Table A.5. F95 has good reprodu
able if the dopant density of the epitaxial layer is high (max. 2,8 x 1017 cm=3 for ¢

3 x 1018 cm=3 for n-type).
es a conventional method using angle lapping and stain etching. This method is applicable
ve-type difference or resistivity\difference of more than one order of magnitude between th

substrate, even for epitaxial layers with a high carrier density which cannot be measured by
icult to apply F110 to measurements of epitaxial layers over 25 um thick since the an

ts.
hese standards;\the width of the transition region between the epitaxial layer and the sul

1 is largenfor thin epitaxial layers (e.g. 5 um) than for thicker ones (e.g.100 pm).

Table A.5 — ASTM standards for measuring thickness of epitaxial silicon layers

Cibility, but
-type and

n—3 for n-type). The dopant density of the'substrate should also be high (at least 3,2 x 1018 cm=3 for

vhen there
e epitaxial
F95. ltis,
ple-lapped
thickness

strate can
thickness

F95

F110

Standard Test Method for Thickness of Lightly Doped Silicon Epitaxial Layers on Heavily Doped Silicon
Substrates Using an Infrared Dispersive Spectrophotometer

Standard Test Method for Thickness of Epitaxial or Diffused Layers in Silicon by the Angle Lapping and
Staining Technique

A.3.4 Alternative method for determining thickness of epitaxial layers

Table A.6 gives a standard test method for measuring resistivity profiles in a silicon wafer using a spreading
resistance probe, and a standard practice for preparing the specimen for the measurement. When F672 is

10
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employed, the depth of the p-n junction or the boundary between layers of different resistivity can be measured,
which enables the determination of the thickness of epitaxial layers.

This method is applicable to determining the thickness of epitaxial layers regardless of the carrier density of the
specimen. Furthermore, the thickness of thick epitaxial layers (e.g. 100 um) can be determined. Application of this
method is preferable when the carrier density is so high that a Schottky junction for CV measurements is hard to

form.

Table A.6 — ASTM standards for measuring spreading resistance of silicon

F672 Standard Test Method for Measuring Resistivity Profiles Perpendicular to the Surface of a Silicon Wafer
Using a Spreading Resistance Probe

F674 Standard Practice for Preparing Silicon for Spreading Resistance Measurements

A.4 Summary

A.4.1 Bulk silicon specimens
Resistivity|is measured by F 84 making reference to F 43, and the result.is converted into carrier density by F723.

If the carrigr density is in the range where a Schottky junction can be formed, F 1392 or F 1393 is appli¢able.

A.4.2 Epjtaxial silicon specimens
If the carrigr density is in the range where a Schottky junction can be formed, F1392 or F 1393 is appli¢able.
If the carrier density is out of this range, it is preferable to convert from resistivity to carrier density Qy F 723 after

determinir]g the resistivity of the epitaxial layer.by ,measuring the sheet resistance by F 374 and the thickness of the
epitaxial Igyer by F672.

© 1SO 2000 - All rights reserved 11
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Annex B
(informative)

Boron isotope ratio measured by SIMS

B.1 General

The boron is
with a boron

ptope ratio was evaluated in an interlaboratory test programme. A boron-doped bulk silicon
atomic concentration of ca. 1 x 1019 atoms/cm3 was analysed by SIMS in 20 laboratories. 1

were compaied with that of a precise isotopic analysis.

B.2 Tests
Two boron-d
atoms/cm3 o
participating

The other w.
BIRCK, J.-L.,
complex”, Cf

B.3 Proce

SIMS analys

B.4 Resulf
B.4.1 The
B.4.2 The

ag =39

B.4.3 The

pecimen
f boron. One of the wafers was cut into 7 mm x 7 mm pieces and subjected to SIMS analy
aboratory.
hfer was subjected to isotopic analysis using the method\presented in NAKAMURA, E., ISH

and ALLEGRE, C.J.. “Precise isotopic analysis of natural rock samples using a boro
emical Geology (Isotope Geoscience Section), 94 (1992), pp. 193-204.

dure of SIMS analysis

s were done following the procedures.stipulated in 7.5.2.

s of isotope ratio analysis
results of the isotope ratio_analysis for each laboratory are given in Table B.1 and Figure B.1
result of the precise isotopic analysis is as follows:

221+ 0,0004(25)

correctionvfactors ¢ for the measured isotope ratio from each laboratory are also given in Ta

oped bulk silicon wafers were cut from adjacent positions in an™ingot doped with c4g.

specimen
[he results

1x 1019
5iS In each

IKAWA, T.,
h-mannitol

ble B.1.
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Table B.1 — Measured isotope ratio

a and correction factor

ISO 14237:2000(E)

Laboratory Detection mode Instrument a S
1 Positive ions Magnetic sector 3,878 1,011
2 3,808 1,030
3 3,669 1,069
4 3,367 1,165
5 37845 1,620
6 3,608 1,087
7 3,808 1,030
8 3,739 1,049
9 4,263 0,920
10 3,762 1,043
11 3,566 1,100
12 3,878 1,011
13 3,615 1,074
14 5,098 0,769
15 Quadrupole 4,155 0,944
6 3,566 1,100
11 3,950 0,993
16 3,762 1,043
17 4,236 0,926
18 3,566 1,100
1 Negative ions Magnetic sector 3,785 1,036
2 3,902 1,005
3 3,751 1,046
19 3,808 1,030
11 3,831 1,024
20 Quadrupole 3,566 1,100
1% 3,695 1,061

© 1SO 2000 — All rights reserved
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Figure B;1=— Measured isotope ratios and correction factors
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Annex C
(normative)

Procedures for evaluation of apparatus performance

C.1 General

The appafatus performance shall be evaluated using the three levels of boron-doped bulk RMs (RM-A, RM-B
and RM-() and the non-boron-doped RM (RM-BG) given in Table 1. The boron atomic concentrations in the RMs
shall be gletermined using the procedures stipulated in annex A by an expert capable, of/implementing the
procedurep in annex A.

C.2 Measurement procedure for bulk RMs

Follow thel procedures stipulated in 7.5.2.

C.3 Masgs resolution

C.3.1 THhe minimum ion intensity of the valley between the pegaks for 198 and 11B in the RM-C shall| be less than

1 % of the

C.3.2 TH
of the max

C.4 Min

The secor]
backgroun

C.5 Min
C51 T

be measu
the standd

maximum ion count for the 11B peak.

e minimum ion intensity of the valley between'the peaks for 29Si30Sij and 30Si30S;j shall be |
imum ion count for the 29Si30Sj peak.

mum ion intensity

d intensity evaluated by using the RM-BG.

mum precision

e intensity.ratio of boron-ion (or boron cluster-ion) to silicon-ion (or silicon cluster-ion) in th
ed threé.times at different points on the specimen surface in order to obtain the mean inten
rd deviation.

pss than 1 %

dary boron-ion (or boron cluster-ion) intensity in the RM-A shall be at least three times higher than the

e RM-C shall
Sity ratio and

The stand

hrd-deviation shall not exceed 10 % of the mean intensity ratio

C.5.2 The intensity ratio of boron-ion (or boron cluster-ion) to silicon-ion (or silicon cluster-ion) in the RM-A shall
be measured three times at different points on the specimen surface in order to obtain the mean intensity ratio and
the standard deviation.

The standard deviation shall not exceed 20 % of the mean intensity ratio.

NOTE

An intralaboratory standard deviation is defined by the following formula:

© 1SO 2000 — All rights reserved
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where

2000(E)

o is the standard deviation of X;

n is the total number of measurements of X;

X,y is the mean value of X.

C.6 Linearity of measurement

C.6.1 Dete

The relative-

RSFPUk

where
the suffi
ap

k

RSFPUK

CIE)U”(

11
JaG

If ap, is not Known, the natural isotope ratio (= 4;025) shall be used.

C.6.2 Evalu

The mean va

The standarg deviation shall notvexceed 20 % of the mean relative-sensitivity factor. If the value is g

20 %, the m4

mination of relative-sensitivity factors
Eensitivity factor for each boron atomic concentration shall be obtained from the following for

a0, chuk
= XTIT 11
Itag, 3¢ - 355

k denotes RM-A, B and C;

is the actual isotope ratio in each bulk RM,;
is the relative-sensitivity factor for each bulk RM;
is the boron atomic concentration in each bulkRM determined by resistivity;

is the mean background ion intensity ratio for 11B derived from the RM-BG.

ation of linearity
lue and the standard-deviation of the relative-sensitivity factors for three bulk RMs shall be

asurement conditions shall be changed so as to reduce the deviation.

mula:

calculated.
eater than
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Annex D
(normative)

Procedures for the depth profiling of NIST SRM 2137

D.1 Adjustment of secondary-ion mass spectrometer

37:2000(E)

Follow thi procedures stipulated in 7.1 except for the primary-ion scan area. The primary-ion scan)area shall be
t

10 times

D.2 Opt

Follow the

D.3 Dat@a sampling range

The depth

D.4 Detgected ions

When an

caesium-ipn beam is used, 10B28Sj- shall be detected as the secondary-ion species of boron.

The ion sp

D.5 Def

Since the poron intensity at the peak position is high, care shall be taken so as not to saturate the d
boron intepsity at the peak pasition is higher than 1 x 10° counts/s, the primary-ion intensity shall be
primary-ioh beam currentand the beam scan area shall be chosen so that at least 50 measurement
the 0 um tp 0,4 um range-(Sputtering rate is 8 nm/cycle or less).

The secor]
per cycle.

sputter depth-referring to the profile shown in Figure D.1), or to a measurement cycle 20 cycles or n

e analysed area or larger.

mizing the secondary-ion mass spectrometer settings

procedures stipulated in 7.2.

profile shall be obtained from the surface to at least 0,4 um(see D.5).

oxygen-ion beam is used, 19B+ shall be detected as the secondary-ion species of bo

ecies of silicon shall be the same as‘\that for the bulk RMs.

th profiling procedure

on. When a

ptector. If the

educed. The
cycles are in

dary-iontintensities for boron and silicon shall be measured alternately, for at least one second for boron

The measurement shall be continued until a depth of 0,4 um is reached (determine the

ackiaronind Ar it Af Antactian e raachad Tha maaciiramant chall ha ranaatad thraa o

constant b
points on t

TG ot oo it o o tC oo o T CaCrco— e caourc e o ot Trecptatco—trircS—thTe

he specimen surface.

D.6 Determination of depth scale

approximate
ore after the
s at different

In the ion intensity measurement cycle (or time) profile, the midpoint of the width at 0,2 of the maximum of the
implanted profile shall be determined. The midpoint shall be 0,167 um (see Figure D.1). The depth scale shall be

calibrated

NOTE

using this midpoint.

The above procedure describes a tentative method of depth scale calibration. When an International Standard for
depth scale calibration in depth profiling is established, this procedure will be revised. An interlaboratory programme of depth

© 1SO 2000 — All rights reserved
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scale measurements showed the difference in depth scales between those determined by this procedure and by crater depth
measurement was 2,6 %, which was within experimental error.

D.7 Determination of integrated intensity

lon intensity ratios of boron to silicon shall be determined for each measurement cycle by cycle at one
measurement position, and then an integrated intensity ratio for all the measurement cycles shall be calculated
using the following formula. Any intensity anomaly in the surface region caused by native oxide or surface
contaminants shall be excluded from integration. The integrated intensity ratio obtained shall be further averaged
for the three measurement positions.

Aimp _

TN TN

i=1| i=1 ij
where

AImp is the mean integrated ion intensity ratio of the NIST SRM;

n is the total number of depth profiling measurement cycles;

Ii1,j0 and Ii’Sji are the boron-ion intensity and the silicon-ion intensity, respectively, in the NIST SRM at

measurgément cycle i and measurement position j;

lgg is the mean background ion intensity in the NIST SRM;

Az is the depth profiling depth interval [= (total depth)/n].
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