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Sheet Resistance of Thin Metallic Films With a Collinear
Four-Probe Array *

This standard is issued under the fixed designation F 390; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope film, the quotient of the resistance, measured along the length

1.1 This test method covers the measurement of the she@f the film, divided by the length, to width, w, ratio. The ratio
resistance of metallic thin films with a collinear four-probe | / W is the number of squares.
array. It is intended for use with rectangular metallic films
between 0.01 and 100 um thick, formed by deposition of a4' Summary of Test Method ) ]
material or by a thinning process and supported by an 4.1 A collinear four-probe array is used to determine the

insulating substrate, in the sheet resistance range frori tt0 sheet resistance by passing a measured direct current through
1040/ (see 3.1.3). the specimen between the outer probes and measuring the

1.2 This test method is suitable for referee measuremer€Sulting potential difference between the inner probes. The
purposes as well as for routine acceptance measurements. sheet resistance is calculated from the measured current and
1.3 The values stated in Si units are to be regarded as tfRotential values using correction factors associated with the

standard. The values given in parentheses are for informaticdeometry of the specimen and the probe spacing.
only. 4.2 This test method includes procedures for checking both

1.4 This standard does not purport to address the safety}he probe assembly and the electrical measuring apparatus.
concerns, if any, associated with its use. It is the responsibility 4-2-1 The spacings between the four probe tips are deter-
of whoever uses this standard to consult and establish apprdlined from measurements of indentations made by the tips in
priate safety and health practices and determine the applica suitable surface. This test also is used to determine the

bility of regulatory limitations prior to use. condition of the tips. _ _ _ _
4.2.2 The accuracy of the electrical measuring equipment is

2. Referenced Documents tested by means of an analog circuit containing a known
2.1 ASTM Standards: standard resistor together with other resistors which simulate
E 1 Specification for ASTM Thermometérs the resistance at the contacts between the probe tips and the

F 388 Method for Measurement of Oxide Thickness onfilm surface.
Silicon Wafers and Metallization Thickness by Multiple-

Beam Interference (Tolansky Methdd) 5. Apparatus

5.1 Probe Assembly
3. Terminology 5.1.1 Probes—The probe shaft and tip shall be constructed
3.1 Definitions: of tungsten carbide, Monel, hardened tool steel, or hard copper

3.1.1 thin film—a film having a thickness much smaller than @nd have a conical tip with included angle of 45 to 90°.
any lateral dimension, formed by deposition of a material or byAlternatively, the tip may be formed from a platinum-
a thinning process. palladium aI_on e_m_d_ resistance welded to the shaft. The tip shall

3.1.2 thin metallic film—a thin film composed of a material have a nominal initial radius of 25 to 50 um. In all cases all of
or materials with resistivity in the range from 18 to  the four paths from the electrical measurement equipment
1073Q-cm. inputs to the film surface must be identical.

the potential gradient parallel to the current to the product of® exert a force sufficient to deform the metal film but

the current density and the film thickness; in a rectangular thifnsufficient to puncture the film. A rough guide for loading is a
load of 20 g/Mohs (unit of hardness) of the film material on

each probe.

1 This test method is under the jurisdiction of ASTM Committee F-1 on 5.1.3 Probe Characteristics=The probes shall be mounted

Electronics and is the direct responsibility of Subcommittee F01.17 on Sputtered

Thin Films. in an insulating fixture such as a sapphire bearing in a methyl
Current edition approved May 10, 1998. Published October 1998. Originallymethacrylate or hardened polystyrene block in an equally
published as F 390~ 73 T. Last previous edition F 390 - 97. spaced linear array. The electrical insulation between adjacent

2 Annual Book of ASTM Standagdgol 14.03.

2 Discontinued; sed992 Annual Book of ASTM Standardél! 10.05. probe pOimS shall be at least iQimes greater than the/I
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ratio of the film. The spacing shall be 0.64 to 1.00 mm 7.1.1 Procedure
inclusive (0.025 to 0.040 in. inclusive) as agreed upon between 7.1.1.1 Make a series of indentations on the surface of the
the parties concerned with the test. The precision and repraspecimen to be tested or other surface of similar hardness with
ducibility of the probe spacing shall be established according tthe four-probe array. Make these indentations by applying the
the procedure of 7.1. probes to the surface using normal point pressures. Lift the
5.1.4 Probe Suppor-The probe support shall allow the probes and move either the specimen surface or the probes 0.05
probes to be lowered perpendicularly onto the surface of théo 0.10 mm in a direction perpendicular to a line through the
specimen so that the center of the array is centered on th@obe tips. Again apply the probes to the specimen surface.
specimen withint10 % of the specimen lengthand widthw. Repeat the procedure until a series of ten indentation sets is
5.2 Electrical Measuring Apparatus obtained.

5.2.1 The electrical apparatus shall consist of a suitable .
| d el ical . Note 1—It is recommended that the surface or the probes be moved
voltmeter, current source, ammeter, and electrica Connectlor1§/ice the usual distance after every second or every third indentation set

(see 7.2). o ) ) in order to assist the operator in identifying the indentations belonging to
5.2.2 Voltmeter with input impedance 16 times theV/I each set.

ratio of the film. A vacuum-tube voltmeter, a digital voltmeter, 7 1 1 5 pjace the specimen so indented on the stage of the

or similar high-impedance input apparatus is suitable. toolmaker’s microscope so that teaxis readingsY, andYg
5.2.3 Current Sourcewith current regulation and stability ;, Fig. 1) do not differ by more than 0.15 mm (0.006 in.). For

of 0.1 % or better. The recommended current range is from,-h"of the ten indentation sets record the readhgwough

0.01 to 100 mA. H (defined in Fig. 1) on theX-axis of the toolmaker's

5.2.4 Ammetercapable of reading direct current in the microscope and the readinys and Yg on the Y-axis.
range from 0.01 to 100 mA to an accuracy-0.1 % or better. 7.1.2 Calculations ®

5.2.5 The current source and ammeter are connected 10 the 1 5 1 For each of the ten sets of measurements calculate
outer probes; the voltmeter is connected to the inner probes,, probe separations,, S,, andS, from the equations:
5.3 Specimen SupperA copper block at least 100 mm e !

(approximately 4 in.) in lateral dimensions and at least 40 mm Sy = [(G + Dyi2) = [(A + By/2),
(approximately 1.5 in.) thick, shall be used to support the S = [(§ + Fpi2] = [(C; + Dy)/2], and
specimen and provide a heat sink. It shall contain a hole that Sy = (G + H)/2] — [(§ + F)/2]

will accommodate a thermometer (see 5.4) in such a manner
that the center of the bulb of the thermometer shall be not more
than 10 mm below the central area of the top of the block
where the specimen is to be placed.

5.4 Thermometerhaving a range from -8 to 32°C and

where the inde is the set number and has a value from 1
10.

7.1.2.2 Calculate the average value for each of the three
separations using th#; calculated above and the equation:

conforming to the requirements for Thermometer 63C as S - (i) S
prescribed in Specification E 1. 10/=,
5.5 Vernier Calipers =3
5.6 Toolmaker's Microscopecapable of measuring incre-
ments of 2.5 um. where the index successively takes the values 1, 2, and 3
) (see 7.1.2.1).
6. Test Specimen 7.1.2.3 Calculate the sample standard deviasidor each

6.1 The specimen shall consist of a continuous rectangulasf the three separations using thealculated in 7.1.2.2, thg
thin metallic film with a thickness greater than 0.01 um andcalculated in 7.1.2.1, and the equation:
less than 100y m. Thickness variation shall be less thhh % 1y 10 _
of the nominal thickness for thickness from 0.01 um to 0.1 pm, §= <§> [j; (S - 9%
inclusive; for greater thicknesses, the variation shall be less
than £5 % of the nominal thickness. The specimen shall be

used as prepared by deposition of a material or by a thinning 7.1.2.4 Calculate the average probe spa@reg follows:

process, with no further cleaning or preparation. The test 5 <}>(§l+§2+ 5)
specimen shall be supported by a substrate consisting of a 3
suitable insulating material. 7.1.2.5 Calculate the probe spacing correction faktgras

6.2 Geometry—Measure the lengti, and width,w, of the  follows:
specimen with vernier calipers. Record the values.

6.3 Measure the thicknedss,of the film in accordance with N R
Method F 388. 8
7. Suitability of Test Equipment

7.1 Probe Assembh+The probe spacing and tip condition

shall be established in the following manner. It is recom- H G F E D C B A
mended that this be done immediately prior to a referee FiG. 1 Measurement Locations for Typical Probe Indentation
measurement. Pattern
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Fo=1+1.0871— (S/9)] frequent inspection and replacement necessary.

8.5.3 Spurious currents can be introduced into the test
specimen by high-frequency generators. If equipment is used
near such sources, adequate shielding should be provided.

7.1.3 Requirements-For the probe assembly to be accept-
able it must meet the following requirements:
7.1.3.1 Each of the three sets of ten measurements for
L 0
shall have a sample standard deviatipof less thag 1% o§. 9. Calculations
7.1.3.2 The average values of the separatiog G,, and ) , i
S,) shall not differ by more than 5 % & 9.1 Calculate the specimen resistaigerom the ratio of
7.1.3.3 The probe indentations shall not puncture the film.measured voltage and current. oo _
7.2 Electrical Equipment-The suitability and accuracy of ~ 9-2 Calculate the average specimen resist&has follows:

the electrical equipment shall be established in the following — (1\ i =

manner. It is recommended that this be done immediately prior R= (E>EJ’ -1R

to a referee measurement. 9.3 Calculate the sample standard deviation as follows:
7.2.1 Measure the current through and voltage across a 1

standard resistor whose resistance value is within a factor of s= <§>[21-12 (R — R?™*

ten of theV/I ratio of the film to be measured. Perform ten

9.3.1 Requirement-For acceptance of the resistance, the
sample standard deviatiashall be less than 1 % d?.

9.4 Calculate the ratio of the specimen widil{see 6.2) to
the average probe separati(see 7.1.2.4). Calculate the ratio
of specimen lengthto specimen widtlv. Determine the lateral
_ 1\ 0 : ) .
r= <E)EJ‘ o gg;‘rectlon factorc from Table 1 by means of linear interpola-
where: 9.5 Calculation the ratio of the film thicknes¢see 6.3) to
r, = one of the ten values of resistance determined in 7.2.1the average probe separatiSifsee 7.1.2.4). Find the correla-

7.2.2.2 Calculate the sample standard deviation as followgion factor F(t/ S) from Table 2 by means of linear interpola-

tion.
§= (%)[21131 (r,— 1% 9.6 Calculate the geometrical correction fadtas follows:

times.

7.2.2 Calculate the resistancefor the ratio of voltage to
current for each measurement.

7.2.2.1 Calculate the average resistanes follows:

7.2.3 Requirements-For the electrical measuring equip- F=cxXF(U9 xFg
ment to be suitable, it must meet the following requirements:Where
7.2.3.1 The value of must be within 1.0 % of the known ¢ ~_ probe spacing correction factor (see 7.1.2.5).

value ofr. S : :

7.2.3.2 The sample standard deviatgpmmust be less than 9.7 Calculate the sheet reflstarﬁseas follows:
1.0 % ofr. Ri= RXF

7.2.3.3 The resolution of the equipment must be such tha{
differences in resistance of 0.05 % can be detected. 0. Report

10.1 For areferee test the report shall include the following:

8. Procedure 10.1.1 A description of the specimen, including:

8.1 Connect the voltage measuring apparatus to the two 10.1.1.1 Type of film,
center probes. 10.1.1.2 Specimen identification,

8.2 Connect the current source to the outer two probes. ~ 10.1.1.3 Color,

8.3 Equilibrate the specimen at room temperature=23 10.1.1.4 Appearance,
2°C) on the heat-sink block. Record the temperature. 10.1.1.5 Source, and

8.4 Place the test specimen on the mounting block under the

pr_Ob_e with the length parallel to the line of the PrObe array tOTABLE 1 Lateral Correction Factor, c, for Rectangular Thin Films
within= 2°. Lower the probe onto the test specimen ensuring

h . w/' S Cw=1 Chw =2 Chw=3 Chw=4

that the center of the probe array is centered on the specimen
within =10 % of the specimen lengtrand widthw. Establish 1.00 0.9988 0.9994
a current (see 8.5.1) between the outer probes. Record the 1.25 1.2467 1.2248
voltage and current. Perform ten times. 1.50 1.4788 1.4893 1.4893
. . . . 1.75 1.7196 1.7238 1.7238
8.5 Caution—Spurious and inaccurate results can arise from 5 1.9454 10475 10475
a number of sources. 2.50 2.3532 2.3541 2.3541
8.5.1 It is recommended that, consistent with the desired 300 2.4575 2.7000 2.7005 2.7005
. . 4.00 3.1137 3.2246 3.2248 3.2248
accuracy, the gpplled (_:urrent'be as low as po§5|t_)le to'reduce 5.00 3.5008 35749 35750 35750
specimen heating. In high resistance or very thin films, it may  7.50 4.0095 4.0361 4.0362 4.0362
be desirable to reduce the specimen current to prevent resis- 10-9 4.2209 4.2357 4.2357 4.2357
. e . . . 15.00 4.3882 4.3947 4.3947 4.3947
tance hgatmg. A d_rlftmg of the voltagg reading may indicate a 5000 4.4516 4.4553 4.4553 4.4553
change in the resistance due to heating. 40.00 4.5190 4.5129 4.5129 4.5129
o 4.5324 4.5324 4.5324 4.5324

8.5.2 Wear and deformation of the tips in use may make
3
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TABLE 2 Thickness Correction Factor for Thin Films 10.1.4 Calculated average value and standard deviation of
s F(/S) resistance.
10.1.5 Values of correction factors used.
0.4000 0.9995 10.1.6 Calculated value of room temperature sheet resis-
0.5000 0.9974
0.5555 0.9948 tance. . .
0.6250 0.9898 10.2 Fur a routine test only such items as are deemed
0.7143 0.9798 significant by the parties to the test need be reported.
0.8333 0.9600
1.0000 0.9214 11. Precision and Bias
1.1111 0.8907 o )
1.2500 0.8490 11.1 Precision—A two-laboratory comparative test of the
igggg 8-;322 measurement of sheet resistance on two groups of thin metallic
50000 0.6336 films using separate pieces of equipment has yielded agreement

to within £0.44 % of the average value for sheet resistance
values in the range from 25 to 40/?> and =1.7 % for sheet
resistance values in the range from 0.010 to 0.060

. . X o 11.1.1 Precision—Subcommittee F01.17 will conduct an
10.1.2 Dimensions anq data, including: interlaboratory test to confirm the precision of this test method.
10.1.2.1 Length and width, L 11.2 Bias——Since there is no accepted reference material
10.1.2.2 Average values and standard deviations of probgitapie for determining the bias for the procedure in this test

spacing, _ method, bias has not been determined.
10.1.2.3 Standard resistor value,

10.1.2.4 Measured average value and standard deviation 4. Keywords

10.1.1.6 Previous treatment and tests.

standard resistor, and 12.1 collinear four-point probe; electrical resistance; elec-
10.1.2.5 Temperature. trical sheet resistance; four-point probe; resistance; thin films;
10.1.3 Measured values of current and voltage. thin conductive films; thin metallic films
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