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C1.1 Preface

In the 1950, chemicals purchased by the electron-
ics industry were of a quality defined by the Com-
mittee on Analytical Reagents of the American Chem-
ical Society, or of lesser quality. With recognition
of the importance of impurity content of chemicals
in the manufacture of semiconductors, suppliers
responded by introducing products with improved
analytical characterization, notably for trace elements.

The SEMI Subcommittee on Standards for Chemi-
cals began its efforts in the fall of 1975, With this
publication, the Subcommittee establishes the defini-
tions, general procedures, specifications, and analyt-
ical procedures for the chemicals listed in the index.

Products within all of the requirements can be de-
scribed as “meeting SEMI specifications,”

Where an analytical procedure different from that
provided is substituted by a supplier or user, the bur-
den of proof is on said supplier or user to confirm the
equivalency.
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Although many persons have aided the Subcom-
mittee In its efforts, the major contributors include:
Dr. M. B. Berenbaum, Allied Chemical Corpora-
tion, Chairman
Mr. R. I. Scace, National Bureau of Standards,
SEMI Representative
Mr. J. W. Anderson, Allied Chemical Corpora-
tion, Secretary
Dr. A. J. Barnard, Jr., J. T. Baker Chemical Co,
Dr. B. H. Campbell, J. T. Baker Chemical Co.
Mr. J, Feldman, EM Laboratories, Inc.
Mr. C. L. Gray, Jr., E. 1. du Pont de Nemours &
Ca., Inc,
Dr. W. J. Larson, Mallinckrodt Chemical Works
Mr. F. B. Rozek, Allied Chemical Corporation
Dr. R. T, Schenck, Lehigh Valley Chemicat Co.
The Subcommittee is continuing work on improve.
ment of specifications and procedures and addition of
other chemicals. The Subcommitiee will welcome
comments, suggestions, and recommendations.

C1.2 Definitions

C1.2.1 Accuracy and Tolerances in Measurements —
In a test procedure, unless otherwise specified, the
accuracy required in the amount of sample taken
shall be understood to be within 2.0% of the stated
amount, whether a weight or a volume. Where a dilu-
tion is performed to a stated volume or a stated vol-
ume of a solution is taken, that volume shall be
within 2.0% of the stated amount. Unless otherwise
stated, a transfer by a pipet shall be made by means
of a volumetric pipet conforming to the tolerances
established by National Bureau of Standards Circular
602, April 1, 1959,

C1.2.2 Abbreviations and Sisns — In this work
abbreviations and signs used shall be restricted to
those listed in Table 1. Most of the abbreviations are
identical to those used in publications of the Ameri-
can Chemical Society as of 1975,

C1.2.3 Acidity and Alkalinity — A test for acidity
or alkalinity, or both, of organic liquids is common.
In brief, it usually involves shaking of a stated volume
of water with a stated volume of the sample, then
adding a suitable acid-base indicator to the resulting
solution or the aqueous extract, and adding 0.1
normal base {or acid). The test is met if not more
than a specified volume of the acid (or base) is
required to change the indicator from its base (or
acid) form. The test result has often been expressed
qualitatively as “passes test” or quantitatively as the
content of an acid (or base) known or assumed to be
present. In this work, the test result shall be ex-
pressed in microequivalents of acid (or base) per gram
of sample (ueq/g).

Ci

Ci.2.4 Apparatus — Apparatus, unless otherwise
qualified, shall be that commonly employed in the
conduct of the relevant test.

C1.2.5 Aromic end Formula Welghts — Atomic
weights (that is, atomic masses) used shafl be those
of the latest report of the International Commission
on Atomic Weights. Formula weights shall be calcu-
lated from a given empirical {molecular) formula by
addition of the stated multiples of the atomic
weights. Uniess otherwise stated, formula weights shall
be rounded to 2 significant figures to the right of the
decimal point (see Rounding of Numbers, Section
C1.2.18). All relevant factors given in this work are
based on the 1975 Table of Atomic Masses.

C1.2.6 Blank Preparation — Where a “blank” is
specified to be run, unless otherwise stated, it shall
be performed with the same quantities of the same
reagents and in a manner identical to that followed
with the sample portion under test, but with the
material itself omitted.

C1.2.7 Comparison of Analytical Results with
Specification Limits - In the comparison of an ana-
lytical result for a test with the numerical limit asso-
ciated with the specification, the result shall be
rounded to the number of significant figures indi-
cated for that limit (see Rounding of Numbers, Sec-
tion C1.2.18). Consequently, a specification stated as
96% minimum will be met by a result as small as
95.5% and that stated as 96.0% minimym will be met
by a result as small as 95.95%. A specification of 0.1%
maximum will be met by a result as large as 0.14%
and that of 0.10% maximum by a result as large as
0.105%.

C1.2.8 Density — The density of a liquid shall be
determined for the compound in air at 25°C and be
expressed in gram/milliliter (g/ml}. Where the specific
gravity, with respect to water, is defermined, it shall
be expressed as density by the use of tabular values
for the density of water at the relevant temperature(s).

C1.2.9 Desiccator — A desiccator shall imply
a tightly closed container charged with a suitable
desiccant {commonly calcium chlordde or sulfate)
that allows an atmosphere of low humidity to be
maintained.

C1.2.10 Drying or Igniting to Constant Weights —
A statement “dried to constant weight” or “ignited
to constant weight”™ shall imply that two separate
weighings differ by no more than #0.4 mg, (unless
otherwise specified) where the second weighing
follows a second drying (for one hour, unless other-
wise stated) or ignition (for 15 minutes, unfess other-
wise stated}, respectively.

C1.2.11 Expression of Content and Congentration
— Unless otherwise stated, a specificatio
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experimental results related to it, shall be expressed
in units of weight by weight. The concentration of a
solution of a test reagent shall be expressed either in
molarity or normality or as per cent weight by vol-
ume. A redox normality value shall always be fol-
lowed, parenthetically, by the relevant molarity. In
the approximate dilution of reagents, a parenthetical
expression of two numbers with an intervening “plus”
sign shall imply that the relative volume of the stated
reagent given by the first number shall be admixed
with the relative volume of water given by the second
number, Thus, “dilute” sulfuric acid (1 + 3) directs
that one volume of reagent grade sulfuric acid be
added to 3 volumes of water and the mixture stirred
to form a uniform solution,

C1.2.12 Filtration — A statement to ““filter”, un-
less qualified, shall imply filtration through suitable
filter paper until the filtrate is clear.

C1.2.13 Hegvy Metals fus Pb) — The test described
as “Heavy Metals (as Pb)” responds to many of the
metals precipitated by hydrogen sulfide. Unless other-
wise stated, the test shall involve a visual comparison
of the color developed by the sample preparation and
2 lead standard (*“‘contral”), upon treatment with
hydrogen sulfide at pH 3 to 4. The color comparison
shall be made with matched 50-ml Nessler tubes with
vertical viewing over a white background. The treai-
ment of the sample shall be specified in detail in the
test -procedure. Unless otherwise stated, the standard
shall involve addition of 10 ml of hydrogen sulfide
water to a solution containing 0.02 mg of lead, ad-
justment of the acidity to ph 3 to 4, using a pH meter,
and final dilution to a volume of 40 ml. The test is
proximate in nature and does not imply that lead is
present either alone or with other heavy metals,

C1.2.14 Physical Properties — Physical properties
shall not usually be employed for specification pur-
poses; for information, however, representative values
for a particular chemical, as supplied, may be in-
cluded as item 2 in the monograph for that chemical.
Where relevant, physical properties shall be specified
for 25°C.

C1.2.15 Reagent Chemicals -~ Unless otherwise
stated, reagents to be used in tests shall conform to
the minimum standards of quality set forth in the 5th
Edition of Reagent Chemicals, published by the Amer-
ican Chemical Saclety, and any revisions thereto.

C1.2.16 Residue After Evaporation — A “residue
after evaporation” test is often used in the assessment
of organic liquids. (See Determination of Residue
After Evaporation, Section C1.3.3.)

C1.2.17 Residue After Ignition — A “residue after
ignition” test serves to assess the amount of non-vola-
tile inorganic matter present in a sample, Unless

otherwise stated, the ignition shall be performed at
800 + 25°C for 15 minutes, Where the addition of
sutfuric acid is specified, the result corresponds to
what is often termed “‘sulfated ash.”

C1.2.18 Rounding of Numbers — The following
rules for “rounding” of measured or calculated values
shall be employed.

1. When the figure next beyond the last place to be
retained is less than 5, leave unchanged the figure
in the last place retained.

2. When the figure next beyond the Tast place to e
retained is greater than 3, increase by 1 the fig-
ure in the last place retained.

3. When the figure next bevond the last place to be
retained is 5 and there are no figures beyond this
S5 or only zeroes, (a) increase by 1 the figure in
the last place retained if it is odd, or (b) leave
the figure unchanged if it is even.

4, When the figure next beyond the last place to be
retained is 5 and there are figures other than
zerges beyond this 5, increase by I the figure in
the last place retained.

5. Obtain the rounded value in one step by direct
rounding and not in two or more steps of suc-
cessive roundings.

C1.2.19 Samples and Sampling — For chemicals
provided in small containers, one (or more) shall be
freshly opened for testing, thereby reducing possi-
bilities for contamination or change in composition
{for example, by moisture pickup). Where the chemi-
cal is provided in larger bulk quantities, one or more
drums or other container shall be sampled appro-
priately and the combined sample shall be placed ina
labelled, well cleaned container that shall be tightly
closed and transferred expeditiously to the testing

Jlaboratary.

C1.2.20 Specifications and Specification Limits —
The specifications provided by this work are intended
to serve for chemicals to be used in the manufacture
and processing of semiconductors and advanced
electronic devices and circuits. The specifications and
the associated test procedures are based on the expe-
rience of suppliers and users and also on published
studies relating to chemicals of the required quality.
The function of the specifications is to establish
minimum standards of quality.

Where feasible, a specification of content shall be
expressed as a numerical limit in units of weight by
weight. For a specification that cannot be assigned
such a limit, the expression *“To pass test” shall be
used,

For a major component, the value (assay, purity,
etc.) shall be expressed as a minimum permissible
limit. For an impurity, the value shall be expressed
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'_ Specifications

as a maximum permissible limit.

A chemical conforming to the specifications will
commonly contain more of the major component
than the minimum permissible limit or contain less
of an impurity (or several impurities) than the maxi-
mum permissible limit. In neither case shall the chem-
ical be considered as of higher quality than that de-
fined by the specification,

It is manifestly impossible in the specifications and
procedures for a chemical to consider every impurity
or contaminate that might be present. For certain
applications, it is recognized that more stringent or
additional specifications and procedures might be
reguired. The intent of these specifications and the
associated procedures is, on one hand, to assure that a
chemical is suitable for the common uses to which it
may be put in the manufacture and processing of
semiconductor devices and, on the other hand, to be
consistent  with  contemporary  manufacturing
processes for that chernical.

C1.2.21 Specification Parameters — In this work,
the order of statement of specification parameters in
Item 1 of the monograph for a particular chemical
shall be, as far as practical: 1} assay or other test

_assessing the content of the major componeni(s);
2) color; 3) acidity or alkalinity, or both; 4) residue
after evaporation or ignition; 5) water content;
6) diverse general tests, arranged alphabetically;
7) tests for stated anions, arranged alphabetically
(bromide, chloride, phosphate, sulfate, suifite, etc.);
8) ammonium; 9) heavy metals; 10} arsenic and anti-
mony; 11} tests for specific trace elements, especially
metals, arranged alphabetically by name.

All major words in a specification parameter shall
have their initial letter capitalized.

Following the statement of a specification para-
meter, where relevant, the species on which the cal-
culation of ‘the result is based shall be expressed

parenthetically as the atomic symbol or empirical’

formuta,

C1.2.22 Tared Containers — Where the use of a
tared container is specified, it shall be carried through
operations identical to those used in the test proce-
dures, including drying or ignition, or both, cooling
in a desiccator and weighing. When a new container
is placed in service, special measures may be required
to assure that it is brought to contant weight by the
operations.

C1.2.23 Temperature — Temperature values shall
be expressed in degrees Celsius (°C).

C1.2.24 Water — References to water in the test-
ing procedures are understood to mean distilled or
deionized water which is suitable for the intended
purpose. Water meeting the requirements for Water,

Ci

Reagent in Reagent Chemicals, ACS specifications,
current edition, or Type I Reagent Water in ASTM
specification 1193 may be used. In tests for nitro-
gen compounds, water should be “ammonia free” or
“nitrogen-free”. For some tests, freshly boiled water
must be used in order to ensure freedom from mate-
rial absorbed from the air, such as ammonia, carbon
dioxide, or oxygen,

C1.2.25 Water by Karl Fischer Titration — The Karl
Fischer method for the determination of water in-
volves a titration with the so-called Karl Fischer
reagent, consisting of iodine, sulfur dioxide, pyridine,
and methanol. For most relevant chemicals intended
for use in semi-conductor manufacture and other
electronics applications, the water content is small
and electrometric detection of the end point is to be
preferred. Details of this method are provided by
ASTM E203 2nd in Reagent Chemicals, published by
the American Chemical Society.

C1.2.26 Water and Steam Baths — A water bath,
unless otherwise stated, shall imply a bath of vigor-
ously boiling water. A steam bath (at 1 atmosphere
pressure), unless otherwise qualified, shall imply
cither exposure to flowing steam or to another source
of heat at the temperature of flowing steam.

C1.2.27 Weights and Measures — The weights and
measures used shall be, to the extent possible, those

. of the International System (SI}, adopted by the Gen-

eral Conference of Weights and Measures of 1960.
Some relevant quantities are listed below:

Physical Expression in
Quantity Name Symbol  SI Buse Unifs
length meter m (base)
mass kilogram kg {base)
time second 5 {base)
electric current ampere amp* (base)
amount of mole maol (base}
substance
slectric sterens s m-2kg 15347
conductance
electric potential  volt v m2-kges—3.A~1
difference
electric resistance  ohm I3 m2kges3 A2
energy, work joule J m?okges2
guantity of heat
force newton N mekges™2
frequency hertz Hz -1
power, radiant watt W m? kg5
flux
pressure pascal Pa m~Likges2
quantity of coulomb C $oA
electricity,

electric charge

#1n this work, the ampere is abbreviated amp to aveid confu-
sion with absorbance.
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