
Designation: D5127 − 13

Standard Guide for
Ultra-Pure Water Used in the Electronics and
Semiconductor Industries1

This standard is issued under the fixed designation D5127; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide provides recommendations for water quality
related to electronics and semiconductor-industry manufactur-
ing. Seven classifications of water are described, including
water for line widths as low as 0.032 micron. In all cases, the
recommendations are for water at the point of distribution
(POD).

1.2 Water is used for washing and rinsing of semiconductor
components during manufacture. Water is also used for clean-
ing and etching operations, making steam for oxidation of
silicon surfaces, preparing photomasks, and depositing lumi-
nescent materials. Other applications are in the development
and fabrication of solid-state devices, thin-film devices, com-
munication lasers, light-emitting diodes, photo-detectors,
printed circuits, memory devices, vacuum-tube devices, or
electrolytic devices.

1.3 Users needing water qualities different from those de-
scribed here should consult other water standards, such as
Specification D1193 and Guide D5196.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D1129 Terminology Relating to Water
D1193 Specification for Reagent Water
D1976 Test Method for Elements in Water by Inductively-

Coupled Argon Plasma Atomic Emission Spectroscopy

D2791 Test Method for On-line Determination of Sodium in
Water

D3919 Practice for Measuring Trace Elements in Water by
Graphite Furnace Atomic Absorption Spectrophotometry

D4191 Test Method for Sodium in Water by Atomic Absorp-
tion Spectrophotometry

D4192 Test Method for Potassium in Water by Atomic
Absorption Spectrophotometry

D4327 Test Method for Anions in Water by Suppressed Ion
Chromatography

D4453 Practice for Handling of High Purity Water Samples
D4517 Test Method for Low-Level Total Silica in High-

Purity Water by Flameless Atomic Absorption Spectros-
copy

D5173 Test Method for On-Line Monitoring of Carbon
Compounds in Water by Chemical Oxidation, by UV
Light Oxidation, by Both, or by High Temperature Com-
bustion Followed by Gas Phase NDIR or by Electrolytic
Conductivity

D5196 Guide for Bio-Applications Grade Water
D5391 Test Method for Electrical Conductivity and Resis-

tivity of a Flowing High Purity Water Sample
D5462 Test Method for On-Line Measurement of Low-

Level Dissolved Oxygen in Water
D5542 Test Methods for Trace Anions in High Purity Water

by Ion Chromatography
D5544 Test Method for On-Line Measurement of Residue

After Evaporation of High-Purity Water
D5673 Test Method for Elements in Water by Inductively

Coupled Plasma—Mass Spectrometry
D5996 Test Method for Measuring Anionic Contaminants in

High-Purity Water by On-Line Ion Chromatography
D5997 Test Method for On-Line Monitoring of Total

Carbon, Inorganic Carbon in Water by Ultraviolet, Persul-
fate Oxidation, and Membrane Conductivity Detection

F1094 Test Methods for Microbiological Monitoring of
Water Used for Processing Electron and Microelectronic
Devices by Direct Pressure Tap Sampling Valve and by
the Presterilized Plastic Bag Method

3. Terminology

3.1 Definitions—For definitions of terms used in this guide
refer to Terminology D1129.

1 This guide is under the jurisdiction of ASTM Committee D19 on Water and is
the direct responsibility of Subcommittee D19.02 on Quality Systems, Specification,
and Statistics.

Current edition approved Jan. 1, 2013. Published February 2013. Originally
approved in 1990. Last previous edition approved in 2012 as D5127 – 12. DOI:
10.1520/D5127-13.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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3.2 Definitions of Terms Specific to This Standard:
3.2.1 total bacterial counts, n—total number of cultureable

microorganisms present in the named sample, excluding obli-
gate anaerobic organisms, determined in accordance with Test
Methods F1094.

3.2.2 total organic carbon (TOC), n—carbon measured after
inorganic-carbon response has been eliminated by one of the
prescribed ASTM test methods.

4. Significance and Use

4.1 This guide recommends the water quality required for
the electronics and microelectronics industries. High-purity
water is required to prevent contamination of products during
manufacture, since contamination can lead to an unacceptable,
low yield of electronic devices.

4.2 The range of water purity is defined in accordance with
the manufacturing process. The types of ultra-pure water are
defined with respect to device line width. In all cases, the
water-quality recommendations apply at the point of distribu-
tion.

4.3 The limits on the impurities are related to current
contamination specifications and to available analytical meth-
ods (either performed in a suitable clean laboratory or by
on-line instrumentation). On-line and off-line methods are used
in accordance with current industry practice. Concentration of
the sample may be required to measure the impurities at the
levels indicated in Table 1.

5. Classification

5.1 Seven types of electronic-grade water are described in
this guide. In all cases, the water-quality recommendations
apply at the point of distribution.

5.1.1 Type E-1—This water is classified as microelectronic
water to be used in the production of devices having line
widths between 0.5 and 1.0 µm.

5.1.2 Type E-1.1—This water is classified as microelec-
tronic water to be used in the production of devices having line
widths between 0.25 and 0.35 µm.

5.1.3 Type E-1.2—This water is classified as microelec-
tronic water to be used in the production of devices having line
widths between 0.09 and 0.18 µm.

5.1.4 Type E-1.3—This water is classified as microelec-
tronic water to be used in production of devices having line
widths between 0.065 and 0.032µm. This type is the water of
ultimate practical purity produced in large volumes, and is
intended for the most critical microelectronic uses. ASTM
Type E-1.3 is also identical to the SEMI (Semiconductor
Equipment and Materials International) Guide for Ultrapure
Water Used in Semiconductor Processing (F063), 2010 ver-
sion.

5.1.5 Type E-2—This water is classified as microelectronic
water to be used in the production of devices that have
dimensions between 1 and 5 µm.

5.1.6 Type E-3—This grade of water is classified as macro-
electronic water to be used in the production of devices having
dimensions larger than 5 µm. This grade may be used to
produce larger components and some small components not
affected by trace amounts of impurities.

5.1.7 Type E-4—This grade may be classified as water used
in preparation of plating solutions and for other applications
where the water being used can be of lesser quality.

5.2 Components of the water system for producing
electronic-grade water shall be grouped into five general
process sections for the purpose of simplifying the organization
of the components of the systems. These processes are de-
scribed in 5.2.1-5.2.5.

5.2.1 Pretreatment—The processes in this category include
the addition of various types of coagulants, precipitating
agents, clarifiers, sedimentation tanks, and particulate-filtration
systems (including sand filters, disposable filter elements,
ultrafilter membranes, and other particle-removing systems).
Adsorbent or entrapment beds may include greensand, acti-
vated carbon, and various synthetic materials specific for
certain organic and inorganic impurities.

5.2.2 Desalination—This process is fundamental to the
production of ultra-pure water of all grades, and may include
more than one of the processes of ion exchange, reverse
osmosis, electrodialysis, continuous electrodeionization, or all
of the above. The size of the system governs the choice of the
combination of desalination processes. Various configurations
of the different processes should be considered, including
two-bed and mixed-bed demineralization, multi-stage reverse
osmosis employing various types of membranes,
electrodeionization, and electrodialysis.

5.2.3 Organic and Biological Removal Systems—Removal
of biological and organic contaminants is an important adjunct
to any system used to prepare ultra-pure water. Dissolved
organic compounds can accumulate in the system during the
process as well as being present in the original water. Methods
of minimizing biological contamination include the addition of
hydrogen peroxide and ozone. Ultraviolet irradiation at the 185
nm wavelength provides intense energy for breaking chemical
bonds and produces traces of ozone. The 185 nm light lyses
bacteria and breaks down organic compounds to organic acids
and carbon dioxide. Also formed are active intermediate
reactants; the main such reactant is the hydroxyl radical, which
inactivates bacteria. Variables such as water flow and degree of
certain contaminants like turbidity, iron, and humic and fluvic
acid should be considered to achieve the maximum effect from
the irradiation. With the destruction of organics, TOC will be
reduced. Therefore, 185 nm light should only be used upstream
of the final ion-exchange component. Ultraviolet irradiation at
254 nm significantly reduces the growth of organisms by
dislocating the DNA base pairs. This process prevents the
bacteria from replicating. Membrane filters (including reverse
osmosis and ultrafilters) may also remove biological impurities
as well as organic molecules. Synthetic adsorbent columns
ranging from porous resins to activated carbon may be effec-
tive in removing organics.

5.2.4 Particulate Removal—Particulate removal in the pro-
duction of ultra-pure water is differentiated from pretreatment
that removes gross suspended substances. Particles of all types
(biological, organic, or inorganic) significantly interfere with
the production of electronic components. Processes used to
remove particulate matter generally consist of the use of a
microporous membrane structure of flat, cylindrical, or pleated
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configuration. The Final Filters are preceded by a bank of
Prefilters with a 2× larger pore size. Ultrafilters and reverse-
osmosis units may also be used for final filtration. The choice
of the particular membrane depends in part upon the pore size,
characteristics of that membrane, and the size of particle to be

removed. As a general rule, particles should be removed if they
are larger than 10 % of the minimum dimension of the device
being produced.

5.2.5 Storage and Distribution System—The storage of
electronic-grade water during production is very important,

TABLE 1 Requirements for Water at the Point of Distribution in the Electronics and Semiconductor IndustriesA

Parameter Type E-1 Type E-1.1 Type E-1.2B Type E-1.3B Type E-2 Type E-3 Type E-4

Linewidth (microns) 1.0–0.5 0.35–0.25 0.18–0.09 0.065–0.032 5.0–1.0 >5.0 —
Resistivity, 25°C (On-line) 18.1 18.2 18.2 18.2 16.5 12 0.5

TOC (µg/L) (on-line for <10 ppb) 5 2 1 1 50 300 1000
On-line dissolved oxygen (µg/L) 25 10 3 10 — — —

On-Line Residue after evaporation (µg/L) 1 0.5 0.1 — — —
On-line particles/L (micron range)

>0.05 µm 500
0.05–0.1 1000 200 N/A — — —
0.1–0.2 1000 350 <100 N/A — — —
0.2–0.5 500 <100 <10 N/A — — —
0.5-1.0 200 <50 <5 N/A — — —

1.0 <100 <20 <1 N/A — — —
SEM particles/L (micron range)

0.1–0.2 1000 700 <250 N/A — — —
0.2–0.5 500 400 <100 N/A 3000 — —
0.5–1 100 50 <30 N/A — 10 000 —

10 <50 <30 <10 N/A — — 100 000
Bacteria in CFU/Volume

100 mL Sample 5 3 1 N/A 10 50 100
1 L Sample 10 1

10 L Sample 1
Silica – total (µg/L) 5 3 1 0.5 10 50 1000

Silica – dissolved (µg/L) 3 1 0.5 0.5 — — —
Anions and Ammonium by IC (µg/L)

Ammonium 0.1 0.10 0.05 0.050 — — —
Bromide 0.1 0.05 0.02 0.050 — — —
Chloride 0.1 0.05 0.02 0.050 1 10 1000
Fluoride 0.1 0.05 0.03 0.050 — — —
Nitrate 0.1 0.05 0.02 0.050 1 5 500
Nitrite 0.1 0.05 0.02 0.050 — — —

Phosphate 0.1 0.05 0.02 0.050 1 5 500
Sulfate 0.1 0.05 0.02 0.050 1 5 500

Metals by ICP/MS (µg/L)
Aluminum 0.05 0.02 0.005 0.001 — — —

Antimony 0.001
Arsenic 0.001

Barium 0.05 0.02 0.001 0.001 — — —
BoronC 0.3 0.1 0.05 0.050 — — —

Cadmium 0.010
Calcium 0.05 0.02 0.002 0.001 — — —

Chromium 0.05 0.02 0.002 0.001 — — —
Copper 0.05 0.02 0.002 0.001 1 2 500

Iron 0.05 0.02 0.002 0.001 — — —
Lead 0.05 0.02 0.005 0.001 — — —

Lithium 0.05 0.02 0.003 0.001 — — —
Magnesium 0.05 0.02 0.002 0.001 — — —
Manganese 0.05 0.02 0.002 0.010 — — —

Nickel 0.05 0.02 0.002 0.001 1 2 500
Potassium 0.05 0.02 0.005 0.001 2 5 500

Sodium 0.05 0.02 0.005 0.001 1 5 1000
Strontium 0.05 0.02 0.001 — — —

Tin 0.010
Titanium 0.010

Vanadium 0.010
Zinc 0.05 0.02 0.002 0.001 1 5 500

Temperature Stability (K) ±1
Temperature Gradient (K/10 min) <0.1
Dissolved Nitrogen On-line (mg/L) 8-18
Dissolved Nitrogen Stability (mg/L) ±2
A The user should be advised that analytical data often are instrument dependent and technique dependent. Thus, the numbers in Table 1 are only guidelines. This table
will be revised whenever the semiconductor industry develops new linewidths, thereby keeping the guidelines current.
BValues shown in Type E-1.3 are a result of aligning ITRS risk factors of known contaminates to the production processes found in current semiconductor processing for
the linewidth of interest and may differ in a few cases to those found in Type E-1.2. Users who wish to use the higher numbers for Type E-1.2 water should feel free to
do so.

All values are equal to or less than with the exception of Resistivity.
C Boron is monitored only as an operational parameter for monitoring the ion-exchange beds.
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because impurities are added to the water in proportion to the
solubility of the impurities, the area of contact, and time of
contact between the water, the air, the materials of
containment, or combinations thereof. Because it is important
to minimize the contact of the water with the storage container,
the volume of storage should also be minimized. A loop-
distribution design is preferred to an antenna-distribution
design, the latter of which can constitute dead legs during
periods of non-use. Particular emphasis must be placed upon
the atmosphere above the water, since those gases may
contaminate the water with biological, organic, inorganic, and
particulate impurities. High-purity nitrogen (≥99.999 % pure)
should be used to blanket the atmosphere above the stored
water. The storage of E-1, E-1.1, E-1.2, E-2, and E-3 waters is
impossible (if expecting to maintain purity as described in
Table 1); therefore, all storage should be before the tertiary
section (see 5.3.3 for a discussion of “tertiary section”).

5.2.5.1 The distribution systems also present a large area of
contact between the water and pipe or tubing and, therefore,
must be of a pure, insoluble substance. Once again, the degree
of contamination depends upon the solubility of the materials
of contact, as well as the time of contact. For these reasons and
because biological impurities tend to accumulate in stagnant
water, the flow of water through the distribution system must
be maintained on a continuous 24-h basis. The flow rate should
be at least 3 ft/s, and 5 to 7 ft/s is recommended; this flow rate
is particularly applicable through large pipes (that is, above 50
mm in diameter) that have a small surface-to-volume ratio. To
maintain E-1, E-1.1, E-1.2, or E-1.3 specifications, a
fluorinated-polymer piping such as PVDF is required.

5.2.5.2 Polymer material should be installed with care and
without the use of oils of any kind. Generally, cleaning prior to
use is best accomplished by rinsing for several days with pure
water. If the system has been idle for a period of time or was
not clean when installed, a system sanitization using hydrogen
peroxide or ozone might be required. The distribution outlets
must also be of non-contaminating design and materials;
particular care must be given to minimizing the possibility of
back contamination of the system from the faucet or valve
outlet.

5.3 Component Sections:
5.3.1 Primary Section—This section of the water system

performs the primary purification of the input water. The
primary section should utilize one or more of the pretreatment
and desalination processes noted in 5.2. The water produced in
the primary section should have a purity equivalent to Type
E-4, and may or may not be stored prior to use or additional
purification.

5.3.2 Secondary Purification Section—This section of the
water system should be dedicated to bringing the effluent of the
primary section up to the purity level of Type E-3. This section
will include removal of organic and biological material, and
will include additional desalination processes as necessary.
Particulate removal may also be incorporated into this section
of the purification train, depending upon the processes used in
the primary section. The water from the secondary purification
section may be stored in a protected tank system, although the
purity will not be maintained over time. If a degradation of the

resistivity is to be avoided, the water should be used directly
from the purification train.

5.3.3 Tertiary Section—This section of the water system is
dedicated to the removal of traces of ionized impurities,
organic materials, and biological and particulate contaminants.
This removal process will increase the purity to the require-
ments of Type E-1, E-1.1, E-1.2, E-1.3 or Type E-2. This
section may include additional mixed-bed ion-exchange (re-
generative or cartridge) systems, ultraviolet light (both 254 and
185 nm), and final filtration, using the components described in
5.2. The water from this section of the system should be used
without storage and should be recirculated continuously
through the final ion-exchange section.

6. Requirements

6.1 Electronic-grade water, when referenced to this guide,
shall conform to the recommendations in Table 1. Additional
recommendations, including the modification or elimination of
certain test procedures, may be included as part of this guide by
agreement among the parties concerned.

7. Reagents

7.1 Purity of Reagents:
7.1.1 Unless otherwise indicated, all reagents shall conform

to the specification of the Committee on Analytical Reagents of
the American Chemical Society3 where such specifications are
available. Other grades may be used, provided it is first
ascertained that the reagent is sufficiently pure to permit its use
without lessening the accuracy of the determination.

7.1.2 Types E-1, E-2, E-3, and E-4—Reagent-grade chemi-
cals3 should be used in all tests.

7.1.3 Types E-1.1, E-1.2, and E-1.3—The purest chemicals
available should be used in all tests. Other grades may be used,
provided it is first ascertained that the reagent is sufficiently
pure to permit its use without lessening the accuracy of the
determination.

8. Sampling

8.1 The test methods specified in Section 9 assume that
great care and skill are required to obtain water samples to be
tested. It is assumed that container and airborne contamination
is minimized; operators should note possible sources of con-
tamination that are due to the sampling procedure. It is
recommended that the samples be handled as noted in Practice
D4453.

8.2 Extreme care must be exercised in handling samples for
analyses. Bottle materials that are acceptable for one analysis
may or may not be acceptable for another. For very high-purity
water, bottles should be analytically prequalified before use.
PFA or TFE-fluorocarbon will leach fluoride. Borosilicate glass
leaches ions at low microgram-per-liter levels. The major

3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.
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contaminants from borosilicate glass are sodium (Na), potas-
sium (K), boron (B), and silica (SiO2).

9. Test Methods
NOTE 1—The user should be advised that analytical data often are

instrument dependent or technique dependent.

9.1 Electrical Resistivity—Test Method D5391 measures
resistivity on-line.

9.2 TOC—Test Methods D5173 and D5997 involve on-line
oxidation of organic materials and measurements (by conduc-
tivity or infrared photometry) of the carbon dioxide produced.
Water at less than 10 ppb levels should be analyzed by on-line
instrumentation for greatest accuracy.

9.3 Dissolved Oxygen—Test Method D5462 measures dis-
solved oxygen on-line.

9.4 On-line Residue—Test Method D5544 measures on-line
residue after evaporation.

9.5 Particulate Matter (particles/L):
9.5.1 On-line methods using laser technology are recom-

mended for real-time trend analysis. The alternative of scan-
ning electron microscopy (SEM) with an elemental-analyzer
accessory is useful for particle counting and troubleshooting.

9.5.2 Most particle counters are actually particle monitors.
These instruments are most useful for monitoring change,
rather than providing an absolute number. Caution should be
used in quantitating particles near the instrument’s background
level. Particle counters are calibrated from surrogate or natural
materials and provide a reference in size to such calibration
materials. Depending on the size of the particles to be
monitored, different particle-counting techniques can be useful
for the monitoring of process performance and for trouble-
shooting. These techniques include light obscuration, electro-
zone detection, or forward-scatter particle-counting methods.
These techniques provide size and count information in a
sample, but the information is referenced to the type of
calibration materials used.

9.5.3 Laser turbidimeters are also available for use in
particulate detection. These techniques are sensitive to par-
ticles down in the nm diameters. Such techniques are best used
for the monitoring of a breakthrough event, and do not provide
descriptive information.

9.6 Bacteria by Culture (Colony Forming Units (CFU)/
Volume)—Test Methods F1094 provides for running cultures
(in triplicate) by concentrating samples on acceptable filters;
sample sizes are 100 mL, 1000 mL or larger. Total count of the
media is conducted after incubation. Incubation temperature
ranges from 25°C to 28°C and incubation time ranges from 48
hours to 7 days; choice of both parameters depend on the
within-company specifications. The common industry standard
is 28 6 2°C for 48 hours.

9.7 Silica:
9.7.1 Total Silica (µg/L)—Test Methods D4517, D1976, and

D5673 use GFAAS, ICP-AES, and ICP-MS, respectively; all
three of these techniques are suitable.

9.7.2 Dissolved Silica (µg/L as SiO2)—Methods for dis-
solved silica utilize heteropoly-blue photometry or ion chro-
matography for the lowest levels.

9.8 Ionic Concentrations (µg/L)—Many anions and cations
may be determined by using ion chromatography, either
off-line by Test Method D4327 or D5542, or preferably on-line
by Test Method D5996.

9.9 Metals (µg/L)—Metals may be determined using ICP-
AES (Test Method D1976) or ICP-MS (Test Method D5673),
using suitable ICP conditions in accordance with the analytical
requirements. Currently, ICP-MS equipment with lower detec-
tion levels is available; examples are sector field, high-
resolution ICP-MS (HR-ICP-MS), quadrupole-ICP-MS (A-
ICP-MS) fitted with a Collision Cell (CCT) or Dynamic
Reaction Cell (DRC), or combinations thereof.

9.9.1 Copper, Nickel, and Zinc—Practice D3919.
9.9.2 Potassium—Test Method D4192.
9.9.3 Sodium—Test Methods D2791 and D4191.

9.10 Where a referenced test is not sensitive enough to
measure the impurity reliably at the level specified in Table 1,
a suitable non-referenced test shall be used by agreement
among the concerned parties.

9.11 The sample may need to be concentrated in order to
measure the impurities at the levels indicated in Table 1.

10. Recycle Water

10.1 The size of the components of the primary, secondary,
and tertiary sections of the water system is influenced by the
ability of the user to recycle all or some portion of the water
after it has been used in a cleaning or component-rinse
operation. The term “recycle” refers to the process of piping
used water back to where it may be purified or combined with
water of approximately equal quality. From this point, the
water is processed through the secondary section, (and, if
necessary, through portions of the primary section), followed
by the tertiary section, and reused.

10.1.1 Water recovered from process streams that impart
contaminants to the water in large quantities should not be
reintroduced to the UPW system without additional compre-
hensive pretreatment steps.

11. Keywords

11.1 electronic; microelectronics; semiconductor; ultra-pure
water
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
COPYRIGHT/).
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