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ASTM Committee F-1 on Electronics
Subcommittee F-1.06 on Silicon Materials and Process Control

RESEARCH REPORT F01-1018

INTERLABORATORY STUDY TO DETERMINE PRECISION OF Method 1 of ASTM
Standard Test Methods F 673 for Measuring Resistivity of Semiconductor Slices
or Sheet Resistance of Semiconductor Films with a Noncontact Eddy-Current
Gage

1. Introduction

1.1 Application of Study—The commercial interchange of silicon wafers between suppliers and their customers
involves the specification and determination of the bulk resisitivity of those wafers. The precision and bias of such
measurements affects the efficiency and utility of these wafers in their utilization for fabricating electron devices.

1.2 This is the third interlaboratory study of this method. The results of the first two studies, which were carried out
in the mid-1980s, were reported in Annexes to the Test Methods through the 1996 edition. Because this was the
edition in effect at the time of this new interlaboratory test, conducted in 1999, they appear with this standard in
Appendix A.

1.3 Nature of Study—Eight 200 mm diameter, single-side polished single crystal silicon wafers, with thickness from
about 690 um to 740 um, with bulk resistivity ranging from 0.002 to 0.020 Q-cm (low resistivity set) and seventeen
similar 200 mm wafers with bulk resistivity ranging from 1.1 to 60 Q-cm (high resistivity set) were employed in a
round-robin experiment. Four of the low resistivity samples were p-type and four were of unknown type. Ten of
the high resistivity samples were p-type, three were n-type, and four were of unknown type. Radial resistivity
gradient of each sample was reported by the sample supplier to be <3%.

1.4 Purpose of Study—The study's purpose was to determine the repeatability and reproducibility of Method | of
F673, on 200 mm nominal diameter single-side polished single crystal silicon wafers with thickness between about
693 um and about 736 um and with bulk resistivity from 0.002 to 0.020 Q-cm in the low resistivity group and from
1.10 to 60.0 ©2-cm in the high resistivity group.

2. Test Method — F673-90 (Reapproved 1996)

2.1 See Attachment A for the text of the standard in place at the time the interlaboratory test was conducted.

2.2 Only Method | of this standard was tested in this study. Although an interlaboratory test of Method Il was
indicated to be planned, such a test has never been conduced nor is one planned at the present time.

3. Participating Laboratories

3.1 Eight laboratories were originally scheduled to participate in the experiment. Four laboratories withdrew from
the experiment before it was completed. The remaining four participating laboratories are listed in alphabetical
order inTable 1. Because it is no longer current and should not be used, no contact information is provided.

Table 1 Laboratory Participants

ADE Corporation MEMC El. Materials
80 Wilson Way 501 Pearl Drive
Westwood, MA 02090 St Peters, MO 63376
Stephanie VVokey William Hughes
Lehighton Electronics SEH America
First & South Streets 4111 NE 12th Avenue
Lehighton, PA 18235-0328 Vancouver, WA 98682-6776
Austin Blew John Rudat
Experiment Coordinator: Winthrop A. Baylies
BayTech Group
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3.2 One of the four remaining laboratories reported data from two separate measurement systems, which were
counted as two laboratories for statistical purposes. This created a total of five reporting laboratories.

3.3 One of the originally scheduled laboratories was intended to make four-point probe resistivity measurements on
a standard set of test specimens in order to tie the results of this experiment to absolute resistivity values. However,
this procedure was abandoned as unnecessary during the experiment.

4. Test Program Instructions

4.1 Each participating laboratory was given the following letter:
January 1999
Dear ASTM Round Robin Participants

Thank you for participating in this round robin study. The study's purpose is to determine the repeatability and
reproducibility of Method | of F673, on single-side polished monocrystalline silicon wafers with thickness
between ~693 um and ~736 um thickness and 200 mm nominal diameter, with bulk resistivity from 0.002 to
0.020 ©-cm and from 1.10 to 60.0 Q-cm. All wafers are marked on the top surface by a label, with a unique
serial number, to the right of the fiducial. In addition to the label, the wafers are marked with the same serial
number in felt tip pen, immediately to the right of the label.

Measurements are scheduled to begin January 4, 1999 and finish April 30, 1999, with preliminary results
reported January 25, 1999 week at the ASTM meeting in San Jose, CA.

If you have any questions on the protocol, the wafer run list or the schedule, please do not hesitate to contact
me. Thank you again for participating in this critical experiment.

Kind Regards,

Stephanie Vokey
ADE Corporation

4.2 Each participating laboratory was provided with detailed instructions for carrying out the experiment as follows:

Experimental Procedure for Each Laboratory

1. Select measurement systems that

a. can collect data on disk and can provide data printout, and

b. are known to be under statistical control: either
i) one system for each sample range, or
i) a single system for both ranges. If equipment is available for only one range, complete the

appropriate portion of the experiment.

¢. Record on the Calibration Data Report the last date on which "in control" operation of each system

was ascertained, and describe the method by which this "in control” was ascertained.

Calibrate the system and ascertain systems linearity in accordance with F673 19.1.

3. Run the wafers used for calibration three successive “passes” and record on the Calibration Data Report
each measured value of the center point resistivity (23°C equivalent) and thickness.

4. Verify the order of the wafers in both sets is as shown in Table 1 (they are ordered by resistivity, with

highest resistivity first to simplify identifying measurement data anomalies). Re-order if needed, and

report this event on the Test Data Report. If problems with wafer condition are observed, call the
coordinator before proceeding.

Verify that the polished side of each wafer is up (away from the bar end of the cassette).

6. Run the Hi-resistivity Sample Set through the appropriate system in three successive passes, cassette to
cassette. Do not make any adjustments during this three pass sequence. Record on disk or attached Test
Data Report:

a. The measured center point resistivity and thickness value for each wafer
b. Date, time and operator information.
¢. Record, on the Calibration Data Report, the ambient temperature at the beginning and end of the
Run.
7. Execute Steps 2-6 above for the Lo-resistivity Sample Set, using the appropriate system.

n

o
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8. Repeat steps 2-6 above, on two additional successive business days (thus, totaling three successive
business days).
9. Retain disks, printouts and one copy of the reported data for your files.
Note - In the interest of data transfer accuracy, disks (either 3 1/2 or 5 1/4 inch) should contain data in
DOS/ASCII format with data arranged in an obvious format such as:
Run #
Wafer #
Thickness/Resistivity Values - delimited by a space
10. Forward completed report sheets, data hardcopy and disks, via traceable means to the test coordinator:
Winthrop A. Baylies
BayTech Group
80 Windsor Way
Weston, MA 02493
11. Forward all samples and the report data book via traceable, EXPEDITED shipping method to the next
laboratory, to the attention of the contact shown. The final laboratory should forward samples to the test
coordinator at the conclusion of the last measurement cycle.
12. Questions??
Call or e-mail Win Baylies at the following:
Winthrop A. Baylies
BayTech Group
80 Windsor Way
Weston, MA 02493
Tel: 781-893-9919
Fax: 781-893-0313
E-Mail: winb@mediaone.net

Analysis:
a. Test results will be evaluated in accordance with Method E 691 by the RR Task Force.
b. A repeatability/reproducibility statement will be prepared for F 01.06, and a Research Report will be
submitted to ASTM by the RR Task Force.

Sample Order

High Range Samples Low Range
Samples
Cassette Slot Wafer Cassette Wafer ID

# ID # Slot # #!
1 H1 1 L1
2 H2 2 L2
3 H3 3 L3
4 H4 4 L4
5 H5 5 L5
6 H6 6 L6
7 H7 7 L7
8 H8 8 L8
9 H9
10 H10
11 H11
12 H12
13 H13
14 H14
15 H15
16 H16
17 H17

1 Wafer ID is marked with various content and style.

5. Test Specimen Characteristics

5.1 The description of the test specimens used in the experiment is given in the table on the following page.
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ASTM F673 Non-Contact Resisitivity Round Robin
Sample Material (200MM Polished Wafers; laser marked (variously))

High Resistivity Samples

Slot # Marker & P Type N Type Nominal Resistivity Laser Marked
Scribed S/N ohm-cm RRG < 3%

1. H1 P 1.1 Yes

2. H2 P 1.1 Yes

3. H3 ? ? 3-4 Yes

4. H4 ? ? 3-4 Yes

5. H5 P ~10.7 Yes

6. H6 P 12-13 No
7. H7 P 13 No
8. H8 P 13-14 No
9. H9 P 13-14 No
10. H10 N 15-16 Yes

11. H11 N 15-16 Yes

12. H12 N 21 Yes

13. H13 P 21-22 No
14, H14 P 21-22 No
15. H15 P ~25 Yes

16. H16 ? ? 55-56 Yes

17. H17 ? ? 55-56 Yes

Low Resistivity Samples
Slot # Marker & P Type N Type Nominal Resistivity Laser Mark
Scribed S/N ohm-cm RRG < 3%

1. L1 ? ? .002-.003 Yes

2. L2 ? ? .002-.003 Yes

3. L3 P .006-.008 Yes

4. L4 P .006-.008 Yes

5. L5 P .006-.008 Yes

6. L6 P .006-.008 Yes

7. L7 ? ? .016 Yes

8. L8 ? ? .016 Yes

6. Data Report Forms

6.1 There were three report forms issued to the participants. These were calibration data reports for the High and
Low resistivity samples and a test data report. The format of these forms is shown on the following pages. The

calibration data report for the High resistivity samples was printed on both sides.
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Calibration Data Report - ASTM Round Robin on F673 Method I

HIGH Resistivity Wafer Runs - Calibration Data
Laboratory
Operator Measurement Date
ADE System 9300 9600 7200 (Please circle one) Software Revision
Lehighton System  Model Software Revision
Other System Manufacturer Model Software Revision
Most Recent "In Control Operation" Date How determined
Ambient Temperature ~ Run Start: °[ JF [ ]C RunEnd: °
HIGH Resistivity Calibration Masters Thickness Calibration Masters
HIGH Resistivity Master #1 Thickness Calibration Master #1
Stated Value Q-cm, pm Stated Value pm
Reading 1: Q-cm Reading 1: wm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: wm
HIGH Resistivity Master #2 Thickness Calibration Master #2
Stated Value Q-cm, wm Stated Value ptm
Reading 1: Q-cm Reading 1: wm
Reading 2: Q-cm Reading 2: 1m
Reading 3: Q-cm Reading 3: Um
HIGH Resistivity Master #3 Thickness Calibration Master #3
Stated Value Q-cm, wm Stated Value pm
Reading 1: Q-cm Reading 1: 1m
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: pm
HIGH Resistivity Master #4 Thickness Calibration Master #4
Stated Value Q-cm, wm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: wm
HIGH Resistivity Master #5 Thickness Calibration Master #5
Stated Value Q-cm, pm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: wm
HIGH Resistivity Master #6 Thickness Calibration Master #6
Stated Value Q-cm, pm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: Um
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Calibration Data Report - ASTM Round Robin on F673 Method I

LOW Resistivity Wafer Runs - Calibration Data

Laboratory
Operator Measurement Date
ADE System 9300 9600 7200 (Please circle one) Software Revision,
Lehighton System  Model Software Revision
Other System Manufacturer Model Softwate Revision
Most Recent "In Control Operation" Date How determined
Temperature ~ Run Start: °of JF []C Run End: o
LOW Resistivity Calibration Masters Thickness Calibration Masters
LOW Resistivity Master #1 Thickness Calibration Master #1
Stated Value Q-cm, pm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: wm
LOW Resistivity Master #2 Thickness Calibration Master #2
Stated Value Q-cm, wm Stated Value 1m
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: Um
Reading 3: Q-cm Reading 3: Um

LOW Resistivity Master #3 Thickness Calibration Master #3
Stated Value Q-cm, wm Stated Value pm
Reading 1: Q-cm Reading 1: 1m
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: pm
LOW Resistivity Master #4 Thickness Calibration Master #4
Stated Value Q-cm, wm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: pm
LOW Resistivity Master #5 Thickness Calibration Master #5
Stated Value Q-cm, pm Stated Value ptm
Reading 1: Q-cm Reading 1: pm
Reading 2: Q-cm Reading 2: pm
Reading 3: Q-cm Reading 3: wm
LOW Resistivity Master #6 Thickness Calibration Master #6
Stated Value Q-cm, pm Stated Value ptm
Readingl: = Q-cm Reading1: _ um
Reading 2: Q-cm Reading 2: wm
Reading 3: Q-cm Reading 3: Um
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Test Data Report - ASTM Round Robin on F673 Method I

This is a suggested format for recorded data; other formats are acceptable provided the listed information is reported. A
supply of these forms is included for laboratories wishing to use them.

Laboratory Operator
ADE System 9300 9600 7200 (Please circle one) Software Revision
Lehighton System  Model Software Revision
Other System Manufacturer Model Software Revision
Measurement Date [ ] Datais tecorded on disk with file name
Sample # Measured Resistivity Measured Thickness NOTES
[]Q-cm | ] mQ-cm tm
Questions
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7. Results as Reported by Participants

7.1 Table 2 lists the results of the measurements on the high resistivity test samples as reported by the participants.

Table 2 Resistivity Measurements in Q-cm on High Resistivity Test Samples as Reported by
Participants

Sample #
Lab# | Pass# 1 > 3 7 = 6 7 8 9
1 1.089 1.122 3.943 3.980 10.84 12.55 13.03 13.62 13.64
2 1.088 1.122 3.944 3.869 10.84 12.56 13.04 13.63 13.64
3 1.089 1.122 3.945 3.988 10.84 12.56 13.05 13.62 13.64
4 1.088 1.121 3.937 3.976 10.82 12.53 13.02 13.60 13.63
1 5 1.088 1.121 3.943 3.981 10.84 12.56 13.04 13.63 13.65
6 1.088 1.122 3.943 3.981 10.84 12.56 13.04 13.63 13.66
7 1.091 1.122 3.944 3.984 10.84 12.56 13.05 13.63 13.64
8 1.089 1.123 3.946 3.983 10.85 12.57 13.05 13.64 13.65
9 1.090 1.122 3.946 3.983 10.85 12.57 13.06 13.64 13.65
1 1.089 1.121 3.939 3.988 10.83 12.54 13.03 13.62 13.64
2 1.089 1.122 3.941 3.989 10.82 12.55 13.03 13.62 13.65
3 1.089 1.122 3.939 3.990 10.83 12.55 13.05 13.63 13.66
4 1.089 1.122 3.943 3.984 10.83 12.54 13.04 13.63 13.65
2 5 1.090 1.122 3.942 3.982 10.83 12.54 13.03 13.62 13.64
6 1.089 1.122 3.940 3.983 10.83 12.55 13.03 13.61 13.64
7 1.090 1.122 3.943 3.987 10.84 12.55 13.03 13.63 13.65
8 1.090 1.123 3.945 3.983 10.84 12.55 13.03 13.63 13.65
9 1.090 1.122 3.944 3.986 10.84 12.55 13.04 13.63 13.65
1 1.095 1.126 3.953 3.996 10.89 12.62 13.10 13.70 13.72
2 1.094 1.127 3.953 3.996 10.89 12.62 13.11 13.70 13.73
3 1.095 1.127 3.953 3.998 10.89 12.63 13.11 13.71 13.73
4 1.094 1.126 3.956 3.998 10.89 12.61 13.11 13.70 13.73
3 5 1.095 1.127 3.956 3.998 10.90 12.62 13.11 13.71 13.73
6 1.094 1.126 3.957 4.002 10.90 12.62 13.10 13.71 13.73
7 1.095 1.126 3.957 4.002 10.90 12.62 13.11 13.71 13.74
8 1.094 1.127 3.955 4.002 10.90 12.62 13.11 13.70 13.73
9 1.094 1.127 3.955 4.002 10.90 12.62 13.11 13.71 13.73
1 1.098 1.130 3.970 4.010 10.92 12.64 13.13 13.73 13.75
2 1.100 1.132 3.978 4.017 10.95 12.67 13.16 13.74 13.77
3 1.100 1.132 3.978 4.017 10.95 12.67 13.16 13.75 13.78
4 1.096 1.129 3.967 4.006 10.91 12.63 13.13 13.72 13.75
4 5 1.099 1.131 3.975 4.013 10.93 12.66 13.15 13.75 13.77
6 1.100 1.131 3.976 4.014 10.93 12.66 13.15 13.75 13.77
7 1.101 1.133 3.980 4.020 10.95 12.67 13.17 13.76 13.80
8 1.103 1.136 3.989 4.028 10.97 12.70 13.20 13.78 13.81
9 1.104 1.137 3.993 4.031 10.98 12.71 13.21 13.80 13.81
1 1.101259 |1.134193 |3.958755 |4.001934 |10.87418 | 12.65798 | 13.09727 |13.68827 |13.70343
2 1.103550 |1.136737 |3.973577 |4.007016 |10.89960 |12.65003 |13.12645 |13.73883 |13.77688
3 1.105541 |1.137442 |3.975222 |4.014207 |10.91640 |12.65212 |13.12599 |13.72826 |13.74362
4 1.101891 |1.132633 |3.963221 |3.998242 |10.87394 |12.62908 | 13.09006 | 13.69548 | 13.71064
5 5 1.105241 |1.135280 |3.968981 |4.003555 |[10.90371 |12.63642 |13.13374 |13.72343 |13.72331
6 1.105393 |1.137978 |3.968501 |4.014635 |10.90856 |12.66361 |13.12626 |13.72020 |13.75418
7 1.100537 |1.132859 |3.955460 |3.988268 |10.86317 |12.59752 |13.08285 |13.67804 |13.69321
8 1.102499 |1.135071 |3.962687 |3.998642 |10.87678 |12.62365 |13.09762 |13.69161 |13.71410
9 1.103629 | 1.136009 |3.966557 |4.003266 |10.89875 |12.63090 |13.11936 |13.71951 | 13.74498
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Sample #
Lab # Pass # 10 11 12 13 14 15 16 17
1 15.42 16.58 21.30 21.48 21.55 25.42 52.12 55.97
2 15.43 16.60 21.32 21.51 21.56 25.44 52.14 56.00
3 15.44 16.60 21.32 21.50 21.58 25.45 52.15 56.01
4 15.47 16.63 21.30 21.49 21.57 25.42 52.11 55.96
1 5 15.49 16.66 21.33 21.51 21.59 25.43 52.14 56.02
6 15.49 16.66 21.34 21.52 21.58 25.44 52.16 56.04
7 1550 16.67 21.34 21.48 21.56 25.42 52.09 55.96
8 1551 16.68 21.34 21.51 21.58 25.45 52.14 56.02
9 1551 16.68 21.34 21.51 21.59 25.45 52.19 56.02
1 15.42 16.60 21.31 21.51 21.57 25.41 52.21 56.18
2 15.43 16.59 21.31 21.51 21.58 25.41 52.17 56.15
3 15.43 16.60 21.32 21.51 21.58 25.43 52.21 56.20
4 15.48 16.65 21.31 21.50 21.57 25.43 52.28 56.17
2 5 15.47 16.63 21.32 21.51 21.58 25.44 52.20 56.19
6 15.47 16.63 21.30 21.50 21.58 25.43 52.26 56.17
7 15.48 16.65 21.33 21.52 21.59 25.45 52.28 56.23
8 15.49 16.65 21.33 21.51 21.59 25.48 52.30 56.16
9 15.49 16.66 21.33 21.51 21.59 25.45 52.27 56.23
1 15.58 16.77 21.48 21.66 21.73 25.60 51.56 55.27
2 15.58 16.78 21.48 21.67 21.74 25.63 52.37 56.07
3 15.60 16.78 21.47 21.66 21.73 25.61 52.20 56.00
4 15.59 16.77 21.48 21.66 21.73 25.59 52.60 56.57
3 5 15.60 16.77 21.49 21.67 21.72 25.61 52.59 56.60
6 15.58 16.78 21.47 21.65 21.74 25.60 52.58 56.60
7 15.59 16.78 21.48 21.67 21.75 25.60 52.60 56.59
8 15.60 16.77 21.50 21.67 21.75 25.63 52.65 56.60
9 15.60 16.78 21.50 21.67 21.75 25.64 52.60 56.67
1 15.64 16.82 21.52 21.71 21.78 25.68 52.63 56.54
2 15.67 16.85 21.55 21.72 21.81 25.72 52.63 56.48
3 15.67 16.86 21.55 21.74 21.81 25.72 52.65 56.47
4 15.64 16.80 21.50 21.69 21.77 25.65 52.60 56.38
4 5 15.66 16.84 21.51 21.72 21.76 25.69 52.55 56.41
6 15.67 16.85 21.54 21.70 21.80 25.68 52.57 56.41
7 15.69 16.87 21.57 21.76 21.82 25.73 52.61 56.46
8 15.72 16.89 21.60 21.77 21.85 25.76 52.68 56.50
9 15.72 16.90 21.61 21.80 21.86 25.77 52.68 56.52
1 15.61640 | 16.81122 | 21.43513 | 21.69007 | 21.72812 | 25.57965 | 52.35887 | 56.35833
2 15.67645 | 16.86221 | 21.52701 | 21.70659 | 21.81705 | 25.55523 | 52.47237 | 56.16117
3 1567190 | 16.85592 | 21.53580 | 21.69910 | 21.77336 | 25.60104 | 52.56920 | 56.18439
4 15.64101 | 16.83253 | 21.44227 | 21.61844 | 21.68834 | 25.52263 | 52.37543 | 56.17150
5 5 15.65043 | 16.81344 | 21.46256 | 21.67763 | 21.70823 | 25.58272 | 52.28904 | 56.12545
6 15.67379 | 16.84886 | 21.47897 | 21.66318 | 21.74455 | 25.60480 | 52.25496 | 56.29947
7 15.60134 | 16.77691 | 21.38075 | 21.58593 | 21.67401 | 2550078 | 52.23192 | 56.12897
8 15.65125 | 16.82035 | 21.43057 | 21.66628 | 21.68606 | 25.52703 | 52.37812 | 56.20842
9 15.66187 | 16.82531 | 21.45677 | 21.69724 | 21.72021 | 25.55929 | 52.39162 | 56.17580
Documents

Document Sharing Hub


http://www.avadocuments.com/doc/semi-aux29-0214
http://www.avadocuments.com/doc/semi-aux29-0214

