
Designation: F 1527 – 02

Standard Guide for
Application of Certified Reference Materials and Reference
Wafers for Calibration and Control of Instruments for
Measuring Resistivity of Silicon 1

This standard is issued under the fixed designation F 1527; 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers the application of Certified Reference
Materials (CRMs) for resistivity measurements on silicon
wafers. Specifically, this guide covers the use of these CRMs
for preparing resistivity reference wafers and for ensuring the
quality of the instrumentation used for preparing them.

1.2 This guide has not been evaluated for application to
electronic materials other than silicon.

1.3 The guide covers the selection of materials for resistiv-
ity reference wafers, procedures for preparing and calibrating
resistivity reference wafers, and use of resistivity reference
wafers in qualifying, calibrating, and controlling various types
of resistivity instrumentation.

1.4 The guide provides criteria for selection of instruments
for determining the resistivity of silicon resistivity reference
materials, procedures for maintaining such instruments in
statistical quality control, and training requirements for opera-
tors engaged in making and using resistivity reference wafers.

1.5 Appendixes are included that cover (1) suggested con-
trol charting procedures for organizations that do not already
have such procedures in place, and (2) errors in resistivity
determination that result from uncertainties in wafer diameter,
wafer thickness, and probe-tip spacing.

1.6 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:
D 5127 Guide for Ultra Pure Water Used in the Electronics

and Semiconductor Industry2

F 43 Test Methods for Resistivity of Semiconductor Mate-
rials3

F 81 Test Method for Measuring Radial Resistivity Varia-
tion on Silicon Wafers3

F 84 Test Method for Measuring Resistivity of Silicon
Wafers With an In-Line Four-Point Probe3

F 525 Test Method for Measuring Resistivity of Silicon
Wafers Using a Spreading Resistance Probe3

F 533 Test Method for Thickness and Thickness Variation
of Silicon Slices3

F 672 Test Method for Measuring Resistivity Profile Per-
pendicular to the Surface of a Silicon Wafer Using a
Spreading Resistance Probe3

F 673 Test Method for Measuring Resistivity of Semicon-
ductor Slices or Sheet Resistance of Semiconductor Films
with a Noncontact Eddy-Current Gage3

F 723 Practice for Conversion Between Resistivity and
Dopant Density for Boron-Doped, Phosphorus-Doped, and
Arsenic-Doped Silicon3

F 1241 Terminology of Silicon Technology3

F 1392 Test Method for Determining Net Carrier Density
Profiles in Silicon Wafers by Capacitance-Voltage Mea-
surements with a Mercury Probe3

F 1393 Test Method for Determining Net Carrier Density in
Silicon Wafers by Miller Feedback Profiler Measurements
with a Mercury Probe3

F 1529 Test Method for Sheet Resistance Uniformity Evalu-
ation by In-Line Four-Point Probe with the Dual-
Configuration Procedure3

F 1530 Test Method for Measuring Flatness, Thickness, and
Thickness Variation on Silicon Wafers by Automated
Noncontact Scanning3

F 1618 Practice for Determining Uniformity of Thin Films
on Silicon Wafers3

F 2074 Guide for Measuring Diameter of Silicon and Other
Semiconductor Wafers3

2.2 ISO Standards:
Guide 30:1981 Terms and Definitions Used in Connection
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with Reference Materials4

ISO 8402 Quality—Vocabulary4

ISO 10012-1 Quality Assurance Requirements for Measur-
ing Equipment—Part 1: Management of Measuring
Equipment4

2.3 SEMI Standards:
SEMI C28 Specifications and Guidelines for Hydrofluoric

Acid5

SEMI C35 Specifications and Guideline for Nitric Acid5

SEMI C39 Specification for Potassium Hydroxide Pellets5

SEMI M1 Specifications for Polished Monocrystalline Sili-
con Wafers5

3. Terminology

3.1 Definitions of Terms Related to Reference Materials:
3.1.1 certified reference material (CRM)—a reference ma-

terial one or more of whose property values are certified by a
technically valid procedure, accompanied by or traceable to a
certificate or other documentation which is issued by a certi-
fying body (ISO Guide 30:1981).

3.1.2 reference material (RM)—a material or substance one
or more properties of which are sufficiently well established to
be used for the calibration of an apparatus, (for) the assessment
of a measurement method, or for assigning values to materials
(ISO Guide 30:1981; ISO 10012-1).

3.1.3 resistivity reference wafer—a CRM or RM in the form
of a silicon wafer or chip used for routine calibration or control
of resistivity measuring equipment.

3.1.4 Standard Reference Material (SRM6)—a certified ref-
erence material issued by the U.S. National Institute of
Standards and Technology.

3.1.5 traceability—the ability to trace the history, applica-
tion, or location of an item or activity, or similar items or
activities, by means of recorded identification (ISO 8402).

3.1.5.1 Discussion—ISO 8402 states that in a calibration
sense, traceability relates measuring equipment to national or
international standards, primary standards, or basic physical
constants or properties. In the present guide, as in ISO
10012-1, the term “measuring equipment” is extended to
include both measuring instruments and measurement stan-
dards (including reference wafers).

3.2 Definitions of Terms Related to Four-Point Probes:
3.2.1 four-point probe—an electrical probe arrangement for

determining the resistivity of a material in which separate pairs
of contacts are used (1) for passing current through the
specimen, and (2) measuring the potential drop caused by the
current.

3.2.2 probe head, of a four-point probe—the mounting that
(1) fixes the positions of the four pins of the probe in a specific
pattern such as an in-line (collinear) or square array, and (2)
contains the pin bearings and springs or other means for
applying a load to the probe pins.

3.2.3 probe pin, of a four-point probe—one of the four
needles supporting the probe tips; mounted in a bearing
contained in the probe head and loaded by a spring or dead
weight.

3.2.4 probe tip, of a four-point probe—the part of the pin
that contacts the wafer.

3.2.5 probe-tip spacing, of a four-point probe—the distance
between adjacent probe tips.

3.3 Other terms related to semiconductor technology are
defined in Terminology F 1241.

4. Significance and Use

4.1 Resistivity is a widely used parameter for specification
and characterization of silicon wafers for use in fabricating
semiconductor devices and integrated circuits. Many types of
instrumentation used for making resistivity measurements
including the noncontact eddy-current instruments used for
measurements made in accordance with Test Method F 673
require calibration because they are relative measurements.
Although measurements made with in-line four-point probes in
accordance with Test Method F 84 are, in principle, absolute,
control charts should be maintained for four-point probes
because one cannot always be sure that the electrical resistivity
of the test specimen is sufficiently homogeneous for the
theoretical model of the method to apply, that the electrical
thickness of the wafer is exactly equal to its measured
mechanical thickness, or that the stability of the instrument is
adequate.

4.2 Instruments for measuring such related parameters as
spreading resistance (used in accordance with Test Method
F 525 or Test Method F 672), net carrier density (used in
accordance with Test Method F 1392 or Test Method F 1393),
and sheet resistance (used in accordance with Test Method
F 1529) also require calibration.

4.3 For all these purposes, wafers of known resistivity are
required. Such wafers are supplied by several sources with a
wide range of certified or calibrated resistivity values. Al-
though these wafers are often used directly, the resistivity
values represented by purchased standards can also be trans-
ferred to an in-house resistivity reference wafer that is then
used for routine instrument calibration or control.

4.4 The accuracy with which this transfer can be effected
depends not only on the procedures for using such reference
wafers but also on the procedures for material selection,
instrument qualification, and calibration of the reference wafer.
This guide provides recommendations for procedures for these
operations appropriate to obtaining the best available accuracy
in use of resistivity reference wafers.

4.5 These procedures are specifically intended for use in
measuring the resistivity of silicon wafers. Extension to resis-
tivity measurements on other semiconductor materials or to
resistivity values outside the range covered by the resistivity
reference wafers has not been demonstrated.

5. Reagents

5.1 Purity of Reagents—All chemicals for which such
specifications exist shall conform to Grade 1 SEMI specifica-
tions for those specific chemicals. Other grades may be used,

4 ISO Central Secretariat, C. P. 56, CH-1211 Genève 20, Switzerland; available
in the U.S. from American National Standards Institute, 11 West 42nd Street, 13th
Floor, New York, NY 10036.

5 Available from Semiconductor Equipment and Materials International, 3081
Zanker Road, San Jose, CA 95134 (www.semi.org).

6 SRMt is a registered trademark of the U.S. National Institute of Standards and
Technology and the U.S. Government.
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provided it is first determined that the chemical is of suffi-
ciently high purity to permit its use without lessening the
accuracy of the test.

5.2 Purity of Water— Reference to water shall be under-
stood to mean water meeting the requirements of Type E–3
water or better as described in Guide D 5127.

5.3 The recommended chemicals shall have the following
nominal assays:

5.3.1 Nitric Acid, HNO3, concentrated, 70 to 71 %, Grade 1
in accordance with SEMI C35,

5.3.2 Hydrofluoric Acid, HF, concentrated, 49.006 0.25 %,
Grade 1 in accordance with SEMI C28, and

5.3.3 Potassium Hydroxide, KOH, pellets, 85 % min, Grade
1 in accordance with SEMI C39.

5.4 KOH Etching Solution—Dissolve potassium hydroxide
(KOH) in water to make a 50 weight % KOH solution in
sufficient volume to allow complete immersion of the largest
wafers to be prepared for test. This solution is to be used at a
temperature of 65 to 75°C.

5.5 Etching Solution (15 + 1)—Mix 15 parts of nitric acid
(HNO3) with one part of hydrofluoric acid (HF) in sufficient
volume to allow complete immersion of the largest wafers to
be prepared for test.

6. Resistivity CRMs

6.1 Resistivity CRMs are available from several sources in
a variety of configurations, orientations, conductivity types,
and resistivity. Choose the configuration to match the desired
application as closely as possible. For example, choose whole
wafers for applications involving whole wafer measurements
and chip sets with relatively closely spaced resistivity values
and appropriate orientation and conductivity type for applica-
tions involving spreading resistance.

7. Control of Primary Resistivity Measuring Instruments

7.1 “Primary” resistivity measuring instruments are four-
point probes used for calibrating resistivity reference wafers.
Such instruments must (1) meet the requirements of Test
Method F 84, (2) be maintained in a state of control through the
use ofX̄ and s instrument control charts (see 7.1.1), (3) return
measured resistivity values of appropriate CRMs to within
desired limits through measurement of resistivity CRMs at
regular intervals (see 7.1.2), and (4) be operated within the
temperature range specified in Test Method F 84 (see X2.4 of
this guide).

7.1.1 Instrument Control Charts— X̄ and s control charts
should be maintained to establish the stability of the instrument
over the range of resistivity that the instrument is expected to
measure. A separate control chart should be maintained for
each reference wafer used. Initially, resistivity CRMs or other
wafers with adequate radial resistivity uniformity (see 8.5.1)
should be used for this purpose. As resistivity reference wafers
are prepared, these should be used for maintaining the control
charts. After in-house resistivity reference wafers become
available, it is recommended that three wafers at each resistiv-
ity level be set aside for control charting. Two of these should
be used for maintaining theX̄ and s charts on a regular basis.
The third is retained as a reference to ensure that any
apparently out-of-control conditions are due to the instrument

and not to changes in sample surface conditions, as might
occur after prolonged use of a particular sample. Each resis-
tivity determination should consist of six to ten measurements
made in accordance with Test Method F 84. Established
procedures for generating and maintaining the control charts
and for determining the existence of out-of-control conditions
and the need for corrective action should be used. A suggested
procedure for these determinations is given in Appendix X1 for
use in organizations without previously established procedures.

7.1.2 Comparison with CRMs—To provide traceability,
measurements of the resistivity of available CRMs that encom-
pass the range of resistivity expected to be encountered should
be made on a periodic, but less frequent, basis. In addition to
being in control, the instruments should return measured values
of the resistivity of the CRMs that do not deviate from their
certified value by more than the root mean square of the
two-sigma (95 % confidence level estimate) uncertainty of the
CRM (Note 1) and the two-sigma instrument variability
determined by control charting procedures (Note 2). A sug-
gested procedure for control charting of CRMs is given in X1.3
for use in organizations without previously established proce-
dures.

NOTE 1—A laboratory issuing a CRM should provide a comprehensive
statement of its uncertainty associated with the measurement and reporting
of the CRM value. This should include evaluations, or estimates, of both
random and systematic “errors” following ISO procedures for Type A and
Type B evaluations of components of uncertainty. The result would be
expressed as a Combined Standard Uncertainty (standard deviation, or
square-root of a sum of variances of uncertainty components), or as an
“Expanded Uncertainty” (2 times the Combined Standard Uncertainty). If
based on sufficient statistical degrees of freedom, the Combined Standard
Uncertainty is a one-sigma estimate, and the Expanded Uncertainty is a
two-sigma, or 95 % confidence-level, estimate. If there are insufficient
statistical degrees of freedom, the effective number of degrees of freedom
should be reported by the CRM-issuing laboratory. It is then necessary to
multiply the uncertainty value provided by the student-t factor appropriate
to that number of degrees of freedom in order to obtain values for the
one-sigma or two-sigma (95 % confidence-level) measurement uncer-
tainty.

NOTE 2—A laboratory following this procedure to establish traceability
to resistivity CRMs incorporates a value of its measurement uncertainty
based on its control chart measurements, which evaluate random compo-
nents of uncertainty only. If the laboratory then measures a value for the
CRM within the total uncertainty interval, calculated following the
root-mean-square procedure, above, about the certified value, its instru-
ment is validated for use. If it measures a value outside the prescribed
interval, this is an indication that its measurement bias with respect to true
value is statistically significant at the 95 % level, and instrument repair, or
“calibration” is necessary before proceeding.

7.1.3 Probe Assembly and Electrical Equipment Tests—
Should an out-of-control or out-of-specification condition be
encountered, the probe assembly and electrical equipment can
be tested in accordance with the section on Suitability of Test
Equipment in Test Method F 84. These tests may serve to
isolate the cause of the problem encountered. Either or both of
these components should be repaired or replaced if they fail to
meet the requirements specified in this section of Test Method
F 84.

NOTE 3—The stringent requirements on control of probe-tip spacing as
well as the need for off-center diameter correction factors required for
determination of radial resistivity uniformity (see 8.5) are a consequence
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of the single-configuration method of using the four-point probe in
accordance with Test Method F 84. Errors resulting from uncertainty in
probe-tip spacing when using the single-configuration method are consid-
ered in Appendix X2. The probe-tip spacing requirements can be relaxed
significantly if the dual-configuration method(1)7 of measuring resistivity
with a four-point probe is used. Use of this method is recommended for
determination of the radial resistivity uniformity (see 8.5). However, the
dual-configuration method has not yet been standardized for bulk resis-
tivity measurements because appropriate thickness correction factors have
not yet been published. Such corrections are required for thickness to
probe spacing ratios greater than 0.36. Nevertheless, it is noted that the
most recently issued CRMs are calibrated and certified by this technique
(2).

8. Selection and Qualification of Materials for Resistivity
Reference Wafers

8.1 Factors that must be considered in selecting materials
for resistivity reference wafers are nominal resistivity (see 8.2),
wafer diameter (see 8.3), axial and radial uniformity of the
resistivity (see 8.4 and 8.5, respectively), wafer thickness (see
8.6), wafer conductivity type and surface orientation (see 8.7),
and surface finish (see 9.1.2). It is generally desirable to qualify
a crystal section for the desired parameters and then verify that
individual wafers meet the requirements during the calibration
procedure. The uniformity requirements, in particular, depend
on the specific application of the reference wafers because
different resistivity measuring instruments are sensitive to
different volumes of material.

8.1.1 Four-Point Probe—The most straightforward applica-
tion of resistivity reference wafers is for control of four-point
probes used for measurement of resistivity and resistivity
variation. If the wafer under test has the same geometry and
surface characteristics as the reference wafer and if the same
probe geometry is used for the measurement of both the
reference wafer and the wafer under test, the transfer is direct
and no special precautions need be observed. If the wafer under
test has different thickness or diameter from the resistivity
reference wafer or if four-point probes with different probe-tip
spacings are used to measure the test and reference wafers,
attention must be paid to the use of the appropriate correction
factors. In particular, if the ratio of thickness to probe-tip
spacing becomes too large, (Note 3) while the ratio of diameter
to probe-tip spacing becomes too small, second order errors
due to the use of two two-dimensional corrections for a
three-dimensional geometry may become significant. Also, if
different probe-tip spacings are used, differences in sampling
volume must be recognized; in this case, resistivity uniformity
of both the reference wafer and the wafer under test limits the
transfer accuracy. If the wafer under test has a different surface
condition from that of the reference wafer, it is necessary to
demonstrate the equivalence of the resulting measurement
value with that which would have been obtained had the same
surface condition been employed for both. These consider-
ations apply to single-configuration four-point probes. Because
the standard test method for use of dual-configuration four-
point probes is intended for sheet resistance, rather than
bulk-resistivity measurement, these concerns with thickness

and diameter issues can be ignored. However, if the thickness
is too great, an unknown thickness correction factor must be
used if bulk resistivity values are to be compared.

8.1.2 Eddy-Current Gages—The eddy-current detector is
sensitive to the integrated sheet resistance across the thickness
of the wafer; in this respect it is similar to the four-point probe.
However, the eddy-current probe may weight various elements
of the volume sampled differently than that of a four-point
probe. Therefore, the weighted average resistivity seen in
nonuniform wafers by the eddy current gage may not be the
same as the center-point average resistivity value determined
by the four-point probe. As a result, the accuracy of transfer
between these types of instruments depends strongly on the
macro-scale uniformity of the resistivity over the central area
of the reference wafer. Because the eddy-current gage is a bulk
measurement device, the thickness uniformity over the area
sampled by the eddy-current probe is also important. The upper
limit of the expected reduction of transfer accuracy is given as
follows:
maximum percent reduction

5 SFS1 1
Dr
r D 3 S1 1

TTV
w DG 2 1D 3 100 (1)

where:
r = average center-point resistivity of resistivity refer-

ence wafer, corrected to 23°C, inV·cm,
Dr = radial resistivity variation of resistivity reference

wafer, corrected to 23°C, inV·cm, over the area
sampled by the eddy-current probe,

TTV = total thickness variation of resistivity reference
wafer, in µm, over the area sampled by the eddy-
current probe, and

w = average thickness of resistivity reference wafer, in
µm.

8.1.3 Spreading Resistance Probes—Because the spreading
resistance probe samples a volume that is exceedingly small
compared with the volume sampled by the four-point probe,
the most critical reference wafer parameter for accurate trans-
fer of resistivity value is the microvariation of the resistivity
both axially and radially. Very complex and time-consuming
procedures are required to determine the microscale depth and
lateral variations of resistivity in a reference wafer (see 8.4.3
and 8.5.2, respectively). Further, the procedures for determin-
ing microscale depth profiles are destructive and cannot be
carried out on the reference wafer itself. Consequently, for this
application crystals should be grown by procedures that result
in the best possible uniformity. These include neutron trans-
mutation doping of very high purity FZ crystals to obtain high
resistivity (neutron transmutation doped, or NTD)n-type
wafers and magnetic Czochralski (MCz) growth of crystals for
both n- andp-type wafers.

8.1.4 Mercury Probes—Similar conditions exist for refer-
ence wafers intended for calibration and control of mercury
probe systems that are primarily used for determining the net
carrier density of epitaxial layers from capacitance measure-
ments. Such probes sample a lateral area much smaller than the
four-point probe and a depth that is only a very tiny fraction of
the wafer thickness. To ensure that the resistivity in the region
sampled by the mercury probe can be taken as the resistivity

7 The boldface numbers in parentheses refer to the references at the end of this
guide.
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measured by the four-point probe, it is necessary to establish
that both the macro- and micro-scale variations in resistivity of
the reference wafer are within tolerable limits. Thus, it is
desirable to use highly uniform crystal such as NTD FZ or
MCz crystal for resistivity reference wafers for this application
(see 8.1.3). It is further required in this case to establish the net
carrier density of the reference wafer from the resistivity
measurement (see 9.2.4).

8.2 Resistivity—The center-point resistivity of the reference
wafer should be chosen to meet the requirements of the
measuring instrument to be calibrated or controlled. Most of
the test methods cited in 4.2 specify the resistivity range of the
required resistivity reference wafers.

8.2.1 Four-Point Probes—For control of instrumentation
for making four-point probe resistivity measurements in accor-
dance with Test Method F 84, it is recommended that a
minimum of three resistivity reference wafers, with resistivity
values in the upper, middle, and lower portions of the resistiv-
ity range of interest be used (Note 4). It is preferable to use
more closely spaced resistivity reference wafers to ensure
instrument linearity over the entire measurement range. If only
a narrow resistivity range (less than625 % of the nominal
value) needs to be measured, it is sufficient to use two
resistivity reference wafers at the extremes of this range.
Similar considerations apply for control of instrumentation for
making sheet resistance measurements in accordance with Test
Method F 1529, except that, in this case, of course, the
parameter of interest is the sheet resistance rather than the
resistivity.

NOTE 4—For control of instrumentation for making four-point probe
measurements over a narrow resistivity range, it may be appropriate to use
only one or two resistivity reference wafers.

8.2.2 Eddy Current Gages—For calibration of eddy current
resistivity measuring instruments, Test Method F 673 specifies
that for calibration by Method I, five reference wafers that span
the full resistivity range of the instrument are required.
However, many organizations prefer to use many more refer-
ence wafers for the Method I calibration. Two resistivity
reference wafers at the extremes of a narrow resistivity range
(typically less than about625 % of the nominal value) are
required for Method II calibration.

8.2.3 Spreading Resistance Probes—For calibration of
spreading resistance equipment, Test Method F 672 recom-
mends use of at least three resistivity reference wafers per
decade over the range of resistivity to be measured. Regular
spacing is desirable, but it may not be possible to secure
samples with adequate uniformity with arbitrary nominal
resistivity values. Selection of samples for microscale unifor-
mity should take precedence over regular spacing.

8.2.4 Mercury Probes—The resistivity of a resistivity ref-
erence wafer intended for use in calibrating mercury probe
systems for making net carrier density measurements in
accordance with Test Method F 1392 or Test Method F 1393 is
specified to be between one-half and two times the resistivity
of the specimens to be measured. However, there is some
benefit to employ several resistivity reference wafers with a
range of resistivity from very high (net carrier density less than
about 13 1014 cm−3) to the lowest value to be measured.

8.3 Wafer Diameter—Resistivity reference wafers do not
need to be the same diameter as the wafers to be measured by
the system; any diameter that fits the instrumentation and its
associated wafer handling is, in principle, acceptable. How-
ever, advances in crystal growing design and control together
with certain aspect ratio consideration make it likely that
superior radial resistivity uniformity in the central region of the
wafer can be obtained with larger diameter ($100 mm) wafers
as compared to that of smaller diameter wafers. In addition, the
diameter correction factor for wafers 100 mm in diameter and
larger measured with a four-point probe with probe-tip spacing
of 1.59 mm is within 0.2 % of its limiting value ofp/ln2
( = 4.5324). Consequently, errors due to small variations in
diameter or probe placement at the wafer center are negligibly
small (see Appendix X2), and the second order errors associ-
ated with the combination of the thickness and diameter
correction factors can also be neglected. The latter point is
particularly significant when four-point probes with small
probe-tip spacings are employed on standard thickness wafers
because the thickness correction factor for such geometries
varies rapidly with thickness (see 8.6).

8.3.1 Because of the relative insensitivity of the calculated
center-point resistivity to the exact value of diameter for large
diameter wafers, it is usually adequate to assume the nominal
diameter of standard commercially available wafers specified
in accordance with SEMI Specifications M 1. However, diam-
eter correction factors are usually required for off-center
resistivity measurements made in accordance with Test Method
F 81. When required, diameter measurements should be made
at the positions outlined in Guide F 2074.

8.4 Axial Resistivity Uniformity—The uniformity of the
resistivity along the crystal axis is important for all applications
in which the sampling volume of the measuring instrument in
the direction perpendicular to the wafer surface is different
from that of the certifying or calibrating instrument. In addi-
tion, gross axial uniformity along a crystal section may be
ascertained in order to qualify the section as a source of
resistivity reference wafers of a particular resistivity prior to
slicing the section.

8.4.1 Very crude indications of the range of center-point
resistivity within a crystal section may be obtained from
measurements made on the ends of the section in accordance
with the Four-Probe Method of Test Methods F 43. While these
measurements provide a useful preliminary screen for the
crystal section, they cannot be relied upon to give accurate
values of resistivity.

8.4.2 Somewhat more accurate but still gross indications of
axial resistivity uniformity may be obtained from measure-
ments of the resistivity at the center of wafers in accordance
with Test Method F 84 as a function of position along the
crystal section. However, because of local fluctuations in
dopant incorporation as the crystal was grown, this procedure
does not yield reliable information about the center-point
resistivity of any wafer that is not measured. In addition, it does
not yield information about the local variation in resistivity as
a function of depth from the wafer surface, even if center-point
resistivity measurements are made on each wafer in the
section.
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8.4.3 For use in connection with measurements in which the
sampling volume differs from the sampling volume of an
in-line four-point probe with 0.159 [1/(2p)] cm spacing as
specified in Test Method F 84, transfer accuracy is affected by
local resistivity uniformity. In particular, the resistivity in the
near-surface region sampled by spreading resistance or mer-
cury probes may differ significantly from the average resistiv-
ity of the resistivity reference wafer. Depth profiles of resis-
tivity near the wafer surface may be obtained from spreading
resistance measurements on beveled sections in accordance
with Test Method F 672. To obtain depth profiles across the
entire wafer, spreading resistance measurements can be made
on a cleaved or polished perpendicular section; special fixtures
are required for these measurements, which do not provide the
depth resolution of an angle beveled section. Since relative
measurements only are required, accurate calibration of the
spreading resistance probe is not necessary; however, linearity
is important. Two difficulties with this approach must be
recognized. First, if beveled specimens are employed, the
possibility of mixing the vertical and horizontal resistivity
variations must be considered. Second, because the method is
destructive, the resistivity variation of the actual material being
used for the resistivity reference wafer cannot be determined
directly at the center of a resistivity reference wafer; it can only
be inferred from measurements on nearby sections or adjacent
wafers.

8.5 Radial Resistivity Uniformity— The uniformity of the
resistivity along the surface of the resistivity reference wafer is
important for all applications in which the measuring instru-
ment samples a different area than the certifying or calibrating
instrument. Since all resistivity measurements other than those
conducted in accordance with Test Method F 84, including
four-point probe measurements made with probes with differ-
ent probe-tip spacing, sample different areas, this factor is one
of the most significant limitations in transfer of resistivity
values from one instrument to another.

8.5.1 Large scale (macro) variations in resistivity across the
surface of a wafer can be measured with a four-point probe.

8.5.1.1 Coarse indications can be obtained using an in-line
four-point probe in accordance with Test Method F 81 modi-
fied to yield a nine-site map of resistivity variation over the
central 38-mm diameter region of the wafer. In addition to
four-point probes, eddy current instruments are frequently used
for these measurements. Although the procedures for using
eddy current instruments for measuring resistivity variation are
not standardized, they provide an adequate measure of radial
resistivity variation, especially in the central region of the
wafer where edge effects are not significant. Although more
dense patterns may be measured, they are very inconvenient to
obtain manually using either a four-point probe or an eddy
current instrument.

8.5.1.2 Several commercial automated mapping instruments
that utilize dual-configuration, in-line, four-point probes(1) or
square-array four-point probes(3) are available. These instru-
ments provide for collection of sufficient data to enable
determination of the macroscale variation of the sheet resis-
tance in detail adequate for the application. Measurements
should be taken in a 49-site pattern consisting of the center

point and sites on three equally spaced, concentric circles as
specified in Practice F 1618. In this pattern the inner, middle,
and outer circles have 8, 16, and 24 sites, respectively. The
nominal diameter of the outer circle should be 38 mm (Note 5).
Procedures for measurements with square-array four-point
probes have not been standardized. Dual-configuration sheet
resistance measurements using in-line four-point probes should
be made in accordance with Test Method F 1529. Since the
thickness correction factor is not established for dual-
configuration probes, the resistivity at each measurement site
cannot be calculated accurately. However, provided that the
wafer thickness is sufficiently uniform, determination of the
sheet resistance is adequate for this application because relative
values are all that are required to establish the variation.

8.5.2 Microscale variations in resistivity across the surface
of a wafer can be established by means of spreading resistance
measurements made in accordance with Test Method F 525. It
is especially important to minimize such variations in material
to be used as resistivity reference wafers for spreading resis-
tance calibrations. Because of the high density of data points
required to obtain information on microscale variations over a
meaningful area, long times are required for making these
measurements.

NOTE 5—If it is desired to qualify a larger area of a wafer for use in
preparing chip sets for spreading resistance calibration, the uniformity of
both resistivity and thickness should be determined over the larger area of
the wafer. For determinations of macroscale radial resistivity uniformity,
it is recommended that, as a minimum, the site density used in evaluating
the central region of the wafer (see 8.5.1.2) be maintained. Table 1 lists the
minimum number of sites required for areas of various diameters.
Microscale variations should also be determined over the larger area, but
because it is impractical to make detailed microscale variation measure-
ments on each wafer, each chip should be evaluated for microscale
resistivity variations prior to use(4).

8.6 Wafer Thickness—Resistivity reference wafers should
be thick enough to avoid extreme fragility and to allow
determination of the center-point thickness to60.25 % but not
too thick to require large corrections to the thin wafer equation
for resistivity (see X2.3.2). A thickness of 625 to 875 µm is
recommended for resistivity reference wafers. Wafers with
thickness as small as 500 µm may be used, but particular
attention must be given to control of the total thickness
variation (see 9.1.1).

8.6.1 For four-point probes with 1.59-mm probe-tip spacing
as specified in Test Method F 84, the thickness correction
factor is within 0.5 % of unity for test specimens up to 875-µm
thick. For probes with 1.016-mm (40-mil) spacing, the thick-
ness correction is about 1 % for a test specimen thickness of
625 µm, increasing to about 5 % at 875 µm. For probes with
0.635-mm (25-mil) spacing, the thickness correction is about

TABLE 1 Minimum Number of Sites for Evaluating Macro-Scale
Resistivity Variation

Diameter of Area to be
Evaluated, mm

Minimum Number of
Sites in Map

51 81
63 121
76 169
89 225

101 289
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NOTICE: This standard has either been superceded and replaced by a new version or discontinued. 
Contact ASTM International (www.astm.org) for the latest information. 
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