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QH”) Designation: F 374 — 00a

Standard Test Method for

Sheet Resistance of Silicon Epitaxial, Diffused, Polysilicon,
and lon-implanted Layers Using an In-Line Four-Point Probe
with the Single-Configuration Procedure

This standard is issued under the fixed designation F 374; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope for which a complete nonreferee method has not yet been developed. The

. . relaxed test conditions given are consensus conditions only and their effect
1.1 This test method covers the direct measurement of th N measurement precision and accuracy has not been explored.

average sheet resistance of thin layers of silicon with diameters ) ]
greater than 15.9 mm (0.625 in.) which are formed by epitaxy, 1-4 The values stated in SI units are to be regarded as the
diffusion, or implantation onto or below the surface of g Standard. The values given in parentheses are for information
circular silicon wafer having the opposite conductivity type ©MlY-

from the thin layer to be measured or by the deposition of 1.5 This standard does not purport to address all of the
polysilicon over an insulating layer. Measurements are made &2f€ty concerns, if any, associated with its use. It is the
the center of the wafer using a single-configuration of thg®Sponsibility of the user of this standard to establish appro-
four-probe, that is, with the current being passed through th@"ate safety and health practices and determine the applica-

outer pins and the resulting potential difference being measuregility of regulatory limitations prior to useSpecific hazard
with the inner pins. statements are given in Section 9.

1.2 This test method is known to be applicable on filmsz_ R QB D8cuments
having thickness at least 0.2 um. It can be used to measure
sheet resistance in the range 10 to 50Ddnclusive. 2.1 ASTM Standards: _ ,
1.2.1 The principle of the test method can be extended to D 5127 Gu_|de for Ultra Pure Water Used in the Elecrronics
cover lower or higher values of sheet resistance: however, the _and Semiconductor Industfy
E 1 Specification for ASTM Thermometets

precision of the method has not been evaluated for sheet g . .
resistance ranges other than those given in 1.2. F 42 Test Method for Conductivity Type of Extrinsic Semi-
conducting Materialé

Note 1—The minimum value of the diameter is related to toleranceson  F 1529 Test Method for Sheet Resistance Uniformity
the accuracy of the measurement through the geometric correction factor. Evaluation by In-Line Four-Point Probe with the Duel-
The minimum layer thickness is related to danger of penetration of the Configuration Procedurke

robe tips through the layer during measurement.
probe fip g Y 9 2.2 SEMI Standard:

1.3 Procedures for preparing the specimen, for measuring ¢ 3 15 Specifications for Nitrogen Gas
its size, and for determining the temperature of the specimen ¢ og Specification for Hydrofluoric Aciél

during the measurement are also given. Abbreviated tables of - 31 Specification for Methanél
correction factors appropriate to circular geometry are included
with the method so that appropriate calculations can be mad& Terminology

conveniently. 3.1 Definitions:

NoTe 2—The principles of this test method are also applicable to other 3-1-1_ fpur'pOint p_ropg—an eleCtriC?-' p.mbe _arrangement fo.r
semiconductor materials, but neither the appropriate conditions nor thdetermining the resistivity of a material in which separate pairs
expected precision have been determined. Other geometries can also & contacts are used (1) for passing current through the

measured, but only comparative measurements using similar geometricghecimen and (2) measuring the potential drop caused by the
conditions should be used unless proper geometrical correction factors 8 rrent

known. . . . ..
Note 3—Some relaxations of test conditions are mentioned in order t 3':."'1'1 DiscussioR—It may (.:onSBt of a unitized probe head
assist in applying the principles of the method to nonreferee application "OIFII.ng all four probes or it may have ea(_:h of the four
individual probes attached to a separate cantilevered arm.

1 This test method is under the jurisdiction of ASTM Committee FO1 on 2 Annual Book of ASTM Standardgol 11.01.
Electronics and is the direct responsibility of Subcommittee F01.06 on Silicon 2 Annual Book of ASTM Standardgl 14.03.
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3.1.2 probe head, of a four-point probethe mounting that 6. Interferences

(1) fixes the position of the four-point probe in a specific g 1 photoconductive and photovoltaic effects can seriously

pattern such as an in-line (collinear) or square array and (Zhfluence the observed resistivity, particularly with nearly

contains the pin bearings and springs or other means fQntrinsic material. Therefore, all determinations should be

applying a load to the probe pins. made in a dark chamber unless experience shows that the
3.1.3 probe pin, of a four-poirt-one of the four needles material is insensitive to ambient illumination.

supporting the probe tips; mounting in a bearing contained in 6 2 Spurious currents can be introduced in the testing circuit

the probe head and loaded by a spring or dead weight. ~\yhen the equipment is located near high-frequency generators.
3.1.4 probe tip, of a four-point probe-the part of the pin |t equipment is located near such sources, adequate shielding
that contacts the wafer. must be provided.
3.1.5 probe tip spacing, of a four-point probethe distance g 3 Minority carrier injection during the measurement can
between adjacent probe tips. occur due to the electric field in the specimen. With material

3.1.6 sheet resistance, R[Q) or Q per square]—of a possessing long lifetime of the minority carriers and high
semiconductor or thin metal film, the ratio of the potential resistivity, such injection can result in a lowering of the
gradient (electric field) parallel with the current to the productyesistivity for a distance of several centimeters from the point
of the current density and thickness. ) of injection. Carrier injection can be detected by repeating the

3.1.6.1 Discussior—The sheet resistance is formally measurements at lower current. In the absence of injection, no
equal to the bulk resistivity divided by the thickness of thejncrease in resistivity should be observed at the lower current.
material, taken in the limit as the thickness approaches zerorne current level recommended (Table 1) should reduce the
4. Summary of Method probability of difficulty from this source to a minimum, but in
cases of doubt the measurements of 12.4 through 12.8 should

4'1. A in-line f°“r.'p°'”ét pr<_)be IS USEd. to determine the be repeated at a lower current. If the proper current is being
specimen sheet resistante direct current is passed through used, doubling or halving its magnitude should cause a total

the specimen betwgen the outer probe pins, gnd the resu'.“%ange in observed resistance which is less than 0.5 %.
potential difference is measured between the inner probe pins. 6.4 Semiconductors have a significant temperature coeff-

The sheet resistance is calculated frpm the e of th%ient of resistivity. Consequently, the current used should be
measur_ed voltage to current values using Cofrection factor§ma|| to avoid resistive heating. The current level recom-
appropriate to the geometry. )

. I . mended (Table 1) should reduce the chances of this difficulty.
4.2 The spacing between the probe tips is determined frorn resistive heating is suspected, it can be detected by a change

measurements of |ndentat!ons made by the probe tips in A readings as a function of time starting immediately after the
polished silicon surface. This test is also used to determine thgurrent is applied. If such a change is observed, repeat the

Coz(éltl'?'ﬂeoggg:ir[zirgbf)ftlt%se. electrical measuring equipment igneasurements of 12.4 through 12.8 at a lower current.
' y g equip 6.5 Vibration of the probe head may cause variations in

tested by means of an analog circuit containing a knowrEontact resistance, which is often manifested in unstable

resistance together with other resistors that simulate the reSi?éadin s If difficulty is encountered. the apparatus should be
tance at the contacts between the probe tips and the semicogh—Ock ?nbunted y ’ PP

ductor surface. 6.6 Penetration of either current or voltage probe tip through
5. Significance and Use the layer to be measured to the substrate can result in erroneous

5.1 The sheet resistance of silicon epitaxial, diffused, ande@dings. This can usually be checked by mounting the
implanted layers is an important materials acceptance angP€cimenin direct contact Wl_th a metallic support grounded to
process control parameter. The sheet resistance measurembl current supply and looking for a reduction in measured
may be used by itself or may be combined with a value of layeFPECImen voltage in at least one polarity. If this condition
thickness, obtained separately, to obtain an estimate of tHPt@ins, examine the probe tips microscopically for sharp

resistivity of an epitaxial layer or of the surface concentration@SPerities and remove these by polishing, or reduce probe
of dopant for diffused layers. force, or obtain probe pins with blunter tips.

5.2 This test method is suitable for use in materials accep- 87 The accuracy with which the separation of the probe tips
tance, manufacturing control, research, and development. 1S measured affects the accuracy of the calculated sheet

Note 4—An alternate method, Test Method F 1529, will generally

; . . B TABLE 1 Current Values Required for Measurements of Sheet
provide superior measurement precision that may be very important for

spatial uniformity mapping requirements. That test method will also avoid Resistance
the need to apply a lateral geometry correction to the measurements. Sheet Resistance, () "
However, that test method will generally require the use of a fully 2.0-25 10 mA
automated four-probe measurement system. 20-250 1mA
200-2500 100 pA
2000-25 000 10 pA

® Smits, F. M., “Measurement of Sheet Resistivities with the Four-Point Probe,” A The proper value of current depends on layer thickness and probe spacing in
Bell System Technical Journal, BSTJA, Vol. 37, 1948, p. 711; Swartzendruber, L. J addition to layer sheet resistance. The current used shall be stable to within 0.05 %
“Correction Factor Tables for Four-Point Probe Resistivity Measurements on Thinduring the time of measurement and shall be selected to give a measured
Circular Semiconductor Samples, NBS Technical Note 199, NBTNA, April 15, specimen voltage between 5 and 20 mV, inclusive. The overlap in ranges in the
1964. table is intentional since the table illustrates starting points for current selection.
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resistance. The relative accuracy of probe tip spacing measurshall be in the range from 0.30 to 0.80 N (31 to 81 df),
ment decreases as the nominal value of the probe tip spacingclusive, when the four-point probe is against the specimen in
decreases. For referee measurement purposes, use of a fomeasurement position. For hemispherical-tipped probe pins
point probe with 1.59 mm (0.0625 in.) nominal spacing iswith tip radius less than 100 um, the force on each probe tip
required. Four-point probes having other nominal probe tipshall be 0.30+ 0.03 N (31 = 3 df), inclusive, when the
spacings are suitable for nonreferee measurements. four-point probe is against the specimen in measurement
6.8 The accuracy of the final calculated value of sheeposition.
resistance is degraded if the four-point probe is not placed at Nore 5—The combination of probe tip radius and probe pin load,

the center of the specimen during measuremem (see 12.4), Fifich is chosen, affects not only the immunity from probe tip penetration
referee measurements, the center of the tip array probe shaflvery thin layers but also the electrical quality of contact and hence the
not be more than 1.0 mm from the center of the specimen asoise and accuracy of measurement. The presence of higher resistivity
measured along a nonflatted diameter. values at the top surface of the silicon layer to be measured may require
6.9 The sheet resistance value calculated from the measur&1 increase in the force of probe pin or use of sharper probe tips. An
ments may be in error if the thin film intended for the front &xample of this situation is a buried peak boron implant.
surface is also formed on the rear surface of the wafer, and if 7.3.3 Insulation—The electrical isolation between a probe
the wafer edges provide a conducting path between thgin (with its associated spring and external lead) and any other
front-surface and rear-surface films. The effect of completdrobe pin or probe head part shall be at leasf@0
coverage of the wafer front surface, edge, and rear surface by 7.3.4 Probe Alignment and SeparatierThe four-point
a thin conducting film is to make the appropriate value of theProbe tips shall be in an equally spaced linear array. The
correction factorF, equal to the limiting value of 4.532, separations between adjacent probe tips shall have a nominal
regardless of wafer diameter or probe spacing. It is generallyalue of 1.59 mm (0.0625 in.). (Other nominal probe spacings
difficult or impossible to test for the conductivity type of the such as 1.0 and 0.6 mm (0.040 and 0.025 in.) are suitable for
wafer edges. However, if a conductivity-type test of the reamonreferee measurements.) The spacing between probe pins
surface of the wafer shows this surface to be of the samgéhall be determined in accordance with the procedure in 11.1in
conductivity type as the front surface, the resulting sheegrder to establish the suitability of the probe head as defined in
resistance measurements may be in error. The absolute value®¥.1.3. The following apparatus is required for this determina-

. . IF, — 4.532 tion:
the maximum error is given AR 7.3.4.1 Piece of Material such as porous silicon or germa-
nium that is softer than single crystal silicon, for use with blunt
7. Apparatus probes, and a slice or block of silicon for use with sharp probe
7.1 Specimen Preparation tips as designated for layers more than 3—um thick. In each

7.1.1 Chemical Laboratory Apparatusuch as plastic bea- case the surface of the piece of material must be polished and
kers, graduates, and plastic-coated tweezers suitable for ubave a flatness characteristic of semiconductor wafers used in
both with acids (including hydrofluoric) and with solvents. microelectronic device fabrication. The surface must have
Adequate facilities for handling and disposing of acids andateral dimensions adequate to span the outermost of the probe

their vapors are essential. tips.
7.1.2 Ultrasonic Cleaner of suitable frequency (18 to 45  7.3.4.2 Micrometer Movementapable of moving the probe
kHz) and adequate power. head or silicon surface in increments in the nominal range from
7.2 Measurement of Specimen Geometry 0.05 to 0.10 mm in a direction perpendicular to a line through
7.2.1 Means for Measuring Specimen Diametsuch as a the probe tips and parallel to the plane of the surface.
micrometer or vernier caliper. 7.3.4.3 Toolmaker's or Other Traveling Microscopea-
7.3 Probe Head pable of measuring increments of 2.5 um.
7.3.1 Probe Pins 7.3.4.4 Microscope with a magnification of at least 660

7.3.1.1 For Specimen Layers Having Thickness of 3 um omwith an eyepiece magnification no greater thar<15
Less—Probe pins shall have blunt conical tips of a durable 7.4 Specimen and Probe Pin Supports
material such as tungsten carbide, with included angle in the 7.4.1 Specimen Suppe#t A copper block at least 100 mm
nominal range from 45 to 150°. The probe tips shall terminatg4 in.) diameter and at least 40 mm (1.6 in.) thick, or a
in a hemisphere with a radius in the nominal range from 100 toectangular block of equivalent mass and thickness, shall be
250 um, or in a flat circular truncation with a circle radius in used to support the specimen and provide a heat sink. For
the nominal range from 50 to 125 um. adequate heat transfer, vacuum clamping or other means for

7.3.1.2For Specimen Layers Having Thickness Greaterrigidly clamping the specimen to the heat-sink is necessary.
Than 3 pm—Probe pins shall have sharp conical tips of aThe heat sink shall contain a hole that can accommodate a
durable material such as tungsten carbide, with included angltnermometer (see 7.5) in such a manner that the center of the
in the nominal range from 45 to 150°. The probe tips shallbulb of the thermometer is not more than 10 mm below the
terminate in a hemisphere with a radius in the nominal rangeentral area of the heat-sink where the specimen will be placed
from 35 to 100 pm. (see Fig. 1). Comparable provision for the installation of a

7.3.2 Probe Force— For hemispherical-tipped probe pins thermocouple, thermistor or resistane temperature detector
with tip radius greater than 100 um or for flat-tipped probe pindRTD) be made instead. An insulating disk, less than 0.076 mm
with tip radius greater than 50 um, the force on each probe tiphick and suitably perforated, shall be placed over the center
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SPECIMEN
MICA

\—THERMOMETER

>38mm

>100mm

FIG. 1 Heat Sink with Specimen, Mica Insulator, and Thermometer

area of the copper to provide electrical isolation between the 7.6.1 Any circuit that meets the requirements of 11.2 may be
specimen and the heat sink. Mineral oil or silicone heat sinkused to make the electrical measurements. The recommended
compound shall be used between the insulating disk and tharcuit, connected as shown in Fig. 2, consists of the following:
copper block to reduce the thermal resistance. The heat sink 7.6.1.1 Constant-Current SoureeThe value of current to
shall be arranged so that the center of the four-probe array case used depends on the layer sheet resistance and shall be
be placed within 1.0 mm of the center of the specimen (segelected so that the potential difference across the inner probes
12.4). The heat-sink shall be connected to the ground point d& between 2 and 60 mV. Currents betweer®Hhd 1072 A are
the electrical measuring apparatus (see 7.6). The heat-sink shedlquired if the sheet resistance range 1 to 25 Q0d@clusive
be at a temperature of 28 1°C during measurement. is to be covered (Table 1).

Note 6—Shallow rings, concentric with the center of the copper block, 7.6.1.2 Double-Pole, Double-Throw Current-Reversing

may be machined into the heat sink in order to assist in rapid centering opwitch
specimens. 7.6.1.3 Standard Resistoselected so as to yield a potential

7.4.2 Probe Assembly SuppexThe probe head support difference which is in the range from 0.1 to 10 times the
shall allow the probe pin to be lowered onto the surface of théotential difference measured across the layer when using the
specimen with no evidence of lateral movement of the prob@ppropriate current value for the layer. Recommended resis-
tips as observed under a magnification of at least608ing ~ tances for various layer sheet resistance ranges are given in
an eyepiece having a magnification no larger thax 15 Table 2. Such a standard resistor is not needed when using a

7.5 Thermometer- ASTM Precision Thermometer having Precision current supply that is known to have an output
a range from -8 to 32°C inclusive and conforming to the@ccuracy of 0.1 % or better of the nominal set point value for
requirements for Thermometer 63C as prescribed in Specifthe measurement being made.
cation E 1. The thermometer hole shall be filled with mineral 7.6.1.4 Electronic VoltmeterTo read the potential drop in
oil or silicone heat sink compound to provide good thermalvolts or (when calibrated in conjunction with the current
contact between heat sink and thermometer. source) to read the volt-current ratio directly. The instrument

7.5.1 A thermocouple, thermistor or RTD known to be shall be capable of measuring potential differences between
accurate to at least 0.1°C over the range of normal roomd0 >V and 10"V full scale and be able to resolve increments
temperatures may be mounted, instead of the glass buks small as 0.1 % of reading for each range, and must have a
thermometer, in a comparable location in the heat sink. d-c input resistance of 18Q or greater.

7.6 Electrical Measuring Apparatus 7.6.2 Analog Test Circuit—Five resistors connected as

o ELECTRONIC
VOLTMETER

CONSTANT [ !
CURRENT o L —te
SOURCE el o7 et LT

1A - 10mA /T VY \ POTENTIAL

SELECTOR
e SWITCH
CURRENT
REVERSING FOUR-PoC;r\FJ{T PROBE
SWITCH

ANALOG CIRCUIT
FIG. 2 Recommended Electrical Circuit
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TABLE 2 Sheet Resistance Range Appropriate to Analog Test Therefore any changes of connection to a constant-current
Circuit Resistance, r, and Recommended Standard Resistance, supply should be made either with the current supply turned off
R., Values or with its output short-circuited.
Sheet Resistance, () Analog and Standard
Resistor, 0 # 10. Suitability of Test Specimen
AP I 10.1 Determine the average specimen diameter by measur-
200-2500 1000 ing individual specimen diameters as follows. For specimens
2000-25 000 10 000 that are expected to be more than 51 mm (2 in.) in diameter,

A The resistance shall be within a range from one half to twice the nominal value measure the length of three diameters at angular separations of
given, inclusive, and shall be known to *+0.05 %. The value of the standard 50 to 70°: for specimens that are expected to be between 32 and
resistor, r (Fig. 3), should be chosen to yield a voltage drop comparable to that ! . . . . .
measured across the specimen. 51 mm (1.25 and 2.0 in.) in diameter, measure five diameters

at angular separations of 30 to 45°. For specimens smaller than

shown in Fig. 3 shall be used in testing the electrical measurir;ig mm in diameter, measure ten diameters at angular separa-
apparatus in accordance with the procedure given in 11.2. TH#NS of 15 to 20°. Do not measure along any diameter that
resistance of the central resistorshall be selected according INtersects an orientation notch or flat._Calculate the simple
to the sheet resistance of the layer to be measured as listed &ithmetic average of these measuremeis;or the specimen

Table 2. to be suitableD must be greater than 10 times the average
7.7 Conductivity-Type DeterminatierApparatus in accor- Probe spacingS (see 11.1.2.4), and the sample standard
dance with Method A of Test Method F 42. deviation of the diameter measurements shall be less th#h (
7.8 Ohmmetercapable of indicating any leakage resistance % of D. Record the value ob.
up to 160Q. 10.2 Determine the conductivity type of the layer to be
measured and the substrate of the specimen according to
8. Reagents and Materials Method A of Test Methods F 42 if conductivity types are

8.1 Purity of Reagents-All chemicals for which specifica- unknown. Follow the procedure as given in_Test Method F 4_2
tions exist shall conform to Grade 1 SEMI specifications forexcept that the surfaces shall be cleaned in accordance with
those specific chemicals. Other grades may be used provideg}ig-2 of this test method. The layer and substrate must be of
is first ascertained that the reagent is of sufficiently high purityoPPosite conductivity type in order to make sheet resistance
to permit its use without lessening the accuracy of thgmneasurements.
determination.

. 11. Suitability of Test Equi t
8.2 Purity of Water— Reference to water shall be under- » g s qupmen .
stood to mean either Type | or Type Il Reagent Water as 11.1 Probe Head-Establish the spacing between probe

specified in Guide D 5127. pins angl probe tip condition in the following manner immedi-
8.3 Dry Nitrogen ately prior to each referee test.
8.4 Hydrofluoric Acid (HF), 49.0* 0.25 %. Note 7—This test procedure need be performed only once even if
8.5 Insulator, 0.076 mm (0.003 in.) thick or less (See 7.4.1). several specimens are to be measured during a single referee test.
8.6 Methanol (CH ;0H). _ 11.1.1 Procedure
8.7 Mineral Oil or Silicone Heat Sink Compound 11.1.1.1 Make a series of indentations of the probe tips on a

polished silicon surface or other polished surface (depending
) i , . on the sharpness of the probe tips, see 7.3.4.1) with the
9.1 The chemicals used in tr_us test method are pOtent"i,"Your-point probe. Make these indentations by applying the
harmful and must be handled in an acid exhaust hood, with,pe tips to the surface using loads as specified in 7.3.2. Lift
utmost care at all imes. _ _ the probe pins and move either the chosen polished surface or
9.2 Warning—Hydrofluoric acid solutions are particularly e probe head 0.05 to 0.10 mm in a direction perpendicular to
hazardous. They should not be used by anyone who is N@fe |ine through the probe tips. Again apply the probe tips to

familiar with the preventive measures and first aid treatmenf,o nqjished surface. Repeat the procedure until a series of ten
given in the appropriate Material Safety Data Sheet. indentation sets is obtained.

9.3 Constant-current power supplies are capable of produc-

ing high voltages if not connected to an external circuit. Note 8—lItis recommended that the silicon specimen or the probe tips
be moved twice the usual distance after every second or third indentation
——— Vl — -
R |

9. Hazards

set in order to assist the operator in identifying the indentations belonging
to each set.
11.1.1.2 Ultrasonically degrease the specimen in acetone,
rinse with methanol, and let dry. Place the specimen in a pliable
plastic beaker during ultrasonic agitation in order to reduce the
R R R=(1000%100)r risk of breakage.
11.1.1.3 Place the chosen polished specimen on the stage of
-\ — the toolmaker’s microscope so that thaxis readingsY, and
FIG. 3 Analog Test Circuit to Simulate Four-Point Probe Y g in Fig. 4@)) do not differ by more than 0.15 mm (0.006 in.).
Measurement For each of the ten indentation sets record the readigs
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3 = (0 4
F i ;

(a) Measurement Locations (c) Photograph Showing Three Indentations of a Badly Worn Tip
- T L % 3
(b) Photograph Showing Three Indentations of a Satisfactory Tip (d) Photograph Showing Three Indentations of a Probe Tip which Moved Later-

ally on Contact With the Specimen Surface

Note 1—The indentations are 0.05 mm apart.
FIG. 4 Typical Probe Tip Indentation Pattern

throughH (defined in Fig. 4(a)) on th¥-axis of the toolmak- 11.1.2.5 Calculate the probe pin spacing correction factor,
er's microscope and the readinys, and Yg on theY-axis.  Fgy
These data should be recorded to the nearest 2.5 um (0.0001 Fo=1+ 10821 (S/9)]
in.). Use a data sheet similar to that shown in Fig. 5. * ®)
11.1.1.4 Examine the indentations for continuity of the
contact region and evidence of horizontal motion under a
microscope of at least 660 magnification.
11.1.2 Calculations
11.1.2.1 For each of the ten sets of measurements calculalf
the separationsS;;, S,;, S 3;, between adjacent probe tips as

11.1.2.6 For a referee test, record results of all above
%alculations on a data sheet such as that shown in Fig. 5.
11.1.3 Requirements- For the probe head to be acceptable,
must meet the following requirements:
11.1.3.1 The set of ten measurements for each ofthleall
have a sample standard deviat®mot more than 0.3 % d.

follows: (For a four-point probe with nominal 1.59-mm (0.0625-in.)
Sy =[G+ Dpi2] - [(A + B i2], spacing, this is equivalent ® < 4.7 um.) B
@ 11.1.3.2 The individual average separatioiss, (S,, ands;)
shall not differ by more than 2 % of the overall avera§ésee
Szj = [(E] + FJ)/Z] - [(CJ + D])/Z], and 11124)
11.1.3.3 The indentations obtained should show only a
S =[G+ H /2]~ [(§ — .F/2]. single area of contact for each probe tip when examined under
In Eq 1 the indeX is the indentation set number and takesa microscope having a magnification of at least 60(Fig. 4).
the values 1 through 10. If the indentations obtained show disconnected areas of contact

11.1.2.2 Calculate the average value for each of the thretr one or more of the probe tips, the probe pin or probe pins
probe tip spacings as follows, using tBg calculated above: should be replaced and the test rerun.
§=(1/1032 @ 11.1.3.4 The probe tip indentations shall not show any
. ) = evidence of horizontal sliding movements along the surface
where the index takes the values 1, 2, 3 and rec@dS,,  \when observed at a magnification of at least 600 An
Iazmd% in the appropriate box of a table such as that shown 'rbxample of such evidence is shown in Fig. 4(c).
g
11.1.2.3 Calculate the sample standard deviatn for Note 9—In some instances, lateral movement of the probe tips will
each of the three spacing between probe pins using$he result in motion of the specimen and a corresponding reduction in the

extent of the skid mark. In such cases the probe head should be checked
calculated from Eq 2, and tlﬁ calculated from Eq 1, and the by examining indentations made by lowering the probe tip onto a polished

equation: surface that is held rigidly in place.

Sy =[(G + H 2] - [(§ — Fyr2] 11.2 Electrical Equipment-The suitability and accuracy of

_ ®) the electrical equipment shall be established in the following
11.1.2.4 Calculate the average probe pin spacfpr the  manner immediately prior to a referee test (Note 7).
four-point probe: 11.2.1 Procedure
S=(1/3)(S+ S,+ S. 11.2.1.1 With the current supply short-circuited or turned
4) off, disconnect the probe head from the electrical circuit.
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