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QHny) Designation: F 1512 — 94 (Reapproved 1999)

Standard Practice for
Ultrasonic C-Scan Bond Evaluation of Sputtering
Target-Backing Plate Assemblies *

This standard is issued under the fixed designation F 1512; 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 bility of regulatory limitations prior to use.

1.1 This practice describes a method for ultrasonic mappin% Referenced Documents
of the soundness of a bond joining a sputtering target to its”
supporting backing plate. The results of the examination may 2-1 ASTM Standards: , _
be used in predicting the target-backing plate assembly’s E 127 Practlce_for Fabricating and Checking Aluminum
suitability for use. Accept/reject standards are not specified; _Alloy Ultrasonic Standard Reference Blocks
these are subject to agreement between target supplier and userE 428 Practice for Fabrication and Control of Steel Refer-

depending upon the application requirements. ence Blocks Used in Ultrasonic Inspectitn _ _
1.2 This standard is intended to be used with Practice E 1001 Practice for Detection and Evaluation of Disconti-
E 1001. nuities by the Immersed Pulse-Echo Ultrasonic Method

1.3 The method reveals unbonded areas 0.125 in. (3 mm) in _Using Longitudinal Waves _ o
diameter and larger. The technique permits, for example, E 1316 Terminology for Nondestructive Examinatidns
unambiguous quantitative measurement of the voided area in 2-2 American Society for Nondestructive Testing Standard:
solder bonds. ASNT Recommended Practice SNT-TC-1A for Personnel

1.3.1 This technique may also show regions in which bond Qualification and Certification in Nondestructive Testihg

integrity is marginally degraded by imperfect adhesion, for3_ Terminology
example, areas in which oxide inclusion has inhibited the .
development of full bond strength. Evaluation of indications of -1 Definitions: o ,
degraded bond areas may vary in rigor from purely subjective 3.1:1 For definitions of' terms used in this practice see
to semiquantitative. Target supplier and user must agree updractice E 1001 and Terminology E 1316.
the means used to display and grade partially bonded areas, Summary of Practice

1.4 This practice is applicable to assemblies having planar
bonds in which the design provides at least one flat plan(%

e

parallel to the bond that may be used as the entry/exit surfa . . .
for ultrasonic excitation. In a sputtering target-backing plate bond. The target-backing
plate assembly is immersed in demineralized water, used as a

1.5 Only the immersion pulse-echo method is covered. . S
1.6 Evaluation by this method is intended to be nondestrucSPUPlant, and the target-backing plate joint is scanned ultra-

tive. For target assemblies that would be degraded by imme?—onica"y'
sion in demineralized water, for example, for porous target Significance and Use

materials, the test should be considered a destructive one. . . . o
1.7 This practice is applicable to bonding methods that use >-1 This practice supplements Practice E 1001 by indicating

a filler material to join the target and backing plate. TheseSpeCifiC equipment choices and test arrangements appropriate

: for evaluating sputtering target bonds.
include solder, epoxy, and braze bonds. d5.2 The bond between sputtering target and its supporting

1.8 The values stated in inch-pound units are to be regard i late | tical reliability el ti "
as the standard. The values given in parentheses are ?QPC INg plate 1S a critical reliabiiity element in a sputter
eposition system. A bond must have high thermal conductiv-

information only. : . : . :
1.9 This stagdard does not purport to address all of thelly 10 provide adequate target cooling during sputtering. The

safety concerns, if any, associated with its use. It is théarget—backing plate joint must also have strength enough to

responsibility of the user of this standard to establish appro_wnhstand the shear stresses caused by differential thermal

priate safety and health practices and determine the applica?)(p""nSIOh between target and backing plate.

4.1 This practice describes a preferred means of applying
ractice E 1001 to obtain a two dimensional map of the flaws

1 This practice is under the jurisdiction of ASTM Committee F-01 on Electronics 2 Annual Book of ASTM Standardéyl 03.03.
and is the direct responsibility of Subcommittee FO1.17 on Sputter Metallization.  * Available from the American Society for Nondestructive Testing, 1711 Arlin-
Current edition approved April 15, 1994. Published June 1994. gate Plaza, P.O. Box 28518, Columbus, OH 43228-0518.
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5.3 Flaws in a bond, for example, voids in the joining unaided eye under ordinary room lighting conditions.
material, degrade bond performance. An inadequate bond may6.1.3 Data Acquisition SystemThe data system must be
fail in service, potentially causing catastrophic separation otapable of displaying a C-scan mode plot of the reference
the target from the backing plate. Assurance of sound bonds Islock calibration indications (6.7) with contrast and resolution
an important concern among users of sputtering equipment. sufficient to permit unambiguous identification by unaided eye

5.4 Ultrasonic testing is accepted as an efficient method founder ordinary room lighting conditions. A sampling rate of at
evaluating target bonds, but differences in technique inhibiteast 50/in. (2/ mm) of search unit travel is recommended.
intercomparison of results from one laboratory to another. Thi®isplay of the ultrasonic map’s features in contrasting colors
practice is intended to promote uniformity in use so thatmay be used to enhance visibility.
specifications for bond integrity may be universally applied. 6.2 Voltage RegulaterProvide if necessary, in accordance

5.5 The C-span display of ultrasonic test data is a direcivith Practice E 1001 (6.2).
method for visually demonstrating bond character. Practice 6.3 Search Units~Use round, immersion type, single ele-
E 1001 upon which this practice is modeled, however, does nghent, straight-beam (longitudinal), focused search units. The
address C-scan display. Instructions specific to the C-scacal length must be sufficiently long that the beam minimum
display mode are indicated in this practice. In other respectgrea may be focused at the target-backing plate interface.
this practice is a section by section commentary on Practicgearch units 0.375 to 0.500 in. (9.5 to 12.5 mm) in diameter,
E 1001. tuned at 5 or 10 Mhz operating frequency, with focal length (in
water) of 2 to 4 in. (50 to 100 mm) have proved satisfactory for

. . . . . _ most applications.
6.1 Electronic Equipmenrt-Provide electronic equipmentin = 4 Aj2rm—Not applicable for this determination

general conformance with the requirements of Practice E 1001, 6.4.1 Gate Synchronization-Set the electronic gate syn-

6.1. It is recommended that 5 or 10 Mhz frequency be used fo o
testing sputtering target bonds. The equipment and its Cathog{i:romzatlon to lock onto the top surface echo pulse from the

6. Apparatus

ray tube (CRT) display, operating in the A-scan mode, shoul est article (not the primary excitation pulse) as reference. Set

be capable of producing echo amplitudes of at least 60 % a? gﬂ;ifﬁfy 6;239 \;\Iq:jet?f;é)ecapture the echo pulse from the

full scale, with the noise level no greater than 20 % of full 6gS Manipuglart)ing Equipmer.nshould conform to Practice

scale, using an 0.125-in. (3-mm) diameter flat-bottom test hol 1601 (6.5) '

in a reference block (6.7) simulating the assembly under test. o . . . .

Note that for C-scan mapping of target bonds the A-scan mod 6.6 Tank—Provide tank in accordance with Practice E 1001

is used for assisting in the setup only. A-scan data are n -6). ,

collected or reported. 6.7 Reference BlocksUltrasonic referencg blocks, often .
6.1.1 C-scan Plotter/Data Acquisition SystesThe C-scan called test blocks, are us_ed_ to standard_lze the ul'grason_lc

presentation is a mapping of the reflected ultrasound pu|sgq_u_|pm_ent and to evaluate indications received from disconti-

intensity (peak voltage) from the target/backing plate interfac&Uities in the test part.

as a function of position. Modulations of the reflected inten- 6:7.1 Itis mandatory that test blocks specifically made for
sity* indications” are indicative of variations in the metallur- SPUttering target testing be provided for this procedure. Blocks

gical bond between target and backing plate. The electroniér_‘c’u'd be.de3|gned, manufactured, and tested in conformance
system may be equipped with a plotter to make C-scan map¥ith Practices E 127 and E 428.
on-line as the search unit traces a raster pattern over the test6-7.2 Test blocks must be 1.5 in. (38 mm) square or
article’s surface. diameter, or larger. In order to duplicate the target-backing
6.1.1.1 Suitable plotters may use an electric discharge pe[hlate assembly, test blocks must be made of the same materials,
and conductive paper; a mechanical or electrical linkage causélat is, having the same acoustic properties as the article under
the pen to traverse the paper in Synchronism with the Seard]he teSt, of the same thiCknesseS, and jOined in the same manner
unit's raster of the test article. The density of the pen trace i@ the target assembly to be evaluated.
made proportional to the reflected ultrasonic pulse from the 6.7.2.1 ltis critical for test block credibility that the bonding
target/backing plate interface. Alternatively, a computer-base@f target and backing plate materials be sound in areas not
data acquisition system may be used in which the gateaurposefully altered to provide calibration indications (6.7.4,
reflected signal is sampled at a rate sufficient to characterize tHa7.5). New test blocks should be surveyed using the method of
area-modulated ultrasonic reflectance of the bond interfac&ection 8 after laminating. Imperfect bonds should be re-
These data may be plotted off-line to provide an equivalenworked or the test blocks discarded.
C-scan map. 6.7.3 The top surface finish of the test blocks must be the
6.1.1.2 It is intended that the C-scan plotter be set to makeame as the article under test.
a full-sized map of the bonded area. If a scaling factor other 6.7.4 Three precision flat bottomed holes, arranged in a
than 1:1 is used the enlargement/reduction factor may bpattern as illustrated in Fig. 1 must be drilled from the back
determined from the reference block scan (see 8.2.3.1, 8.3.8ide of the test block. The diameters of the holes are 0.125,
and 9.1.1). 0.250 and 0.500 in. (3, 6, and 13 mm). The holes shall be deep
6.1.2 Plotte—The plotter system must be capable of re-enough to penetrate the bond interface.005 in. (-0.13
solving the reference block calibration indications (6.7) withmm). After drilling, the holes must be cleaned, tested, and
contrast sufficient to permit unambiguous identification by thesealed as described in Practices E 127 and E 428.
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FIG. 1 Reference Block

6.7.5 Additional purposeful discontinuities may be provided
to simulate areas in which the metallurgical bond is degrade
by oxide inclusions or residual contamination on the bonde
surfaces. Whether such artifacts will be provided, and thei
nature, should be agreed upon in advance by the parties to t
evaluation. The validity of purposefully degraded areas in
reference blocks for simulating actual bond flaws must b
verified, for example, by tensile tests, metallographic exami

nation of bond interface sections, or by other means.

7. General Examination Requirements

7.1 Material Condition—Perform the ultrasonic bond tes

plane for ultrasonic pulses. In special cases better results may
be obtained by mounting target side down. The reference block
construction must duplicate the target assembly orientation.

8.1.2 Reference Block Selectieflse reference blocks du-
plicating the target-backing plate construction. All inspections
are conducted in the far field portion of the sound beam.

8.1.3 Search Unit AdjustmentFollow the instructions of
Practice E 1001 (8.1.3) to adjust the search unit so that
maximum echo amplitude is received from the sound-entry
surface. Adjust the distance from the search unit to test article
surface so that the target-backing plate interface is at the beam
focus. This is accomplished by maximizing the pulse echo
signal from the bond interface.

8.1.4 Water Path—Follow the instructions of Practice
E 1001 (8.1.4). For most applications it is sufficient that the
water path be uniform across the surface of the test article to
+0.05 in. 1.3 mm).

8.2 Initial Scanning Standardization

8.2.1 Scan Index-Use a scan index of 0.020 in. (0.5 mm).

8.2.2 Distance-Amplitude RelationshkipNot applicable to
this determination.

8.2.3 Scanning Gain DeterminatienrPlace the reference
block next to the test article, and at the same height. Set the
CRT display in the A-scan mode and adjust gain and gate
settings to capture the echo signal from reference block’s
reflector holes.

8.2.3.1 C-Scan Plotter SystemScan the reference block,
5eadjusting the gain settings as necessary to provide a clearly

oles will be saturated black against a slightly grey back-
ound. Make further refinements of the gain and gate settings
as necessary to provide adequate visual contrast for additional

%esolved image of the three reflector holes (6.7). Ideally, the

éndications, if incorporated into the reference blocks (6.7.5).

_ 8.2.3.2 Digital Data Acquisition System-Activate the data
acquisition system. Scan the reference block to compile a data
file. Print a C-scan map. Adjust controls as necessary to
provide a clearly resolved image of all reference block indica-

¢ tions (6.7).

on finished target-backing plate assemblies. Baking the assem-8-2-4 Alarm Setting—Not applicable for this determination.
bly to dry it after immersion, and final cleanup and packaging, 8-3 Initial Scanning Procedure _
are usual steps required to prepare the test article for delivery 8-3.1 Scanning SpeedSet scan speed at the maximum

to a user.
7.2 Coverage—The bonded area should be scanned.

7.3 Ultrasonic Frequency-Use 10 Mhz for most applica-

tions.

8. Procedure
8.1 Examination (Scanning) System Setup

value that still provides clear resolution of all reference block
indications on the C-scan map. Trials at graduated speeds will
generally be required to establish the suitable operating point.
8.3.2 Coverage—Scan the entire bond surface and the
reference block.
8.3.3 Scanning—Position the search unit over the target
assembly and reference block using the same search unit-to-

8.1.1 Tank—Immerse the part to be inspected, referencepart distance (water path) and angular relationship as in setup.

blocks, and search unit in tank filled with demineralized waterMake sure that the system settings are the same as in 8.2.3.
Make sure that the couplant water is clean and deaerated tdount fresh paper in the plotter and activate the pen amplifier,
eliminate attenuation of the sound beam, to improve the signalr activate the data acquisition system. Start search unit raster.
to noise ratio, and to minimize contamination of the sputteringComplete the scan of target and reference block.
target. Do not add corrosion inhibitors or wetting agents. 8.3.4 Indications—Examine the C-scan map. Note that the
Remove air bubbles that collect on the test article, referencndications from the reference block are all resolved. Note
blocks, and search unit. indications from the article under test.

8.1.1.1 Generally the test article will be mounted in the tank 8.3.5 Loss of Back ReflectienNot applicable for this
target side up. In this orientation the target face is the entrgletermination.
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9. Evaluation of Discontinuities 10.2 System PerformaneeThe C-scan plotter/data acqui-

9.1 Bond Voids—\Void areas in a target bond have a char-Sition system should be subjected to the system performance
acteristic appearance on the C-scan map similar to the refle¥€rification checks indicated in Practice E 1001 (10.1).
tors (flat bottom holes) in the reference blocks. The shade 10.3 Corrosion Inhibitor and Wetting Agent ContrelUse
(color) is saturated and the edges are generally sharp and w&@ corrosion inhibitors or wetting agents.
defined. Various common methods may be used to quantita-
tively measure and total the voided area. Digital data acquisit1- Report
tion systems may have the capability for computing and 11.1 Report all specific test requirements, procedural de-
reporting the void area. tails, and results for a particular examination in written
9.1.1 The apparent void area indicated on a C-scan map mayreements, procedures, and reports.
be slightly larger or smaller than actual size, depending upon 11.2 Contractual AgreementMay not be applicable for
system parameters. Where precise measurement of voided angés practice. Target bond testing is usually an implied require-
is required, use the indications from the known hole sizes in thénent of the user’s purchase order.
reference block for correcting the apparent void areas mea- 11.3 Written Procedure and RepertUltrasonic inspections
sured on the C-scan map of the article under test. performed in accordance with Practice E 1001 should be
9.1.2 The measured void areas from a C-scan map may hfetailed in a written procedure or report, or both, sufficient in
compared with previously agreed upon accept/reject criteria tgetail that another qualified operator could duplicate the test
determine the bond’s suitability for use. and obtain equivalent information. As a minimum, the follow-
9.1.3 Intrusion of water into a void at the edge of a targeting items should be documented in the written procedure or
may sufficiently couple the target and backing plates to hidgeport (see 11.3 of Practice E 1001):
any discontinuity. The bond fillet must be closely inspected 17.3.1 Specific part number and configuration tested,
visually, or the target assembly X-rayed, to detect this class of 11 3 2 Manufacturer, model number, and serial numbers of

voids. _ all instrumentation used in the test. This includes all recording
9.2 Marginally Degraded Bonds-Bond areas degraded by equipment or digital data acquisition system components, or

oxide inclusion, surface contamination, or similar faults arepggp,

generally indicated on a C-scan map by an indistinct patchy 11 33 Type, serial number, and size of search unit. Include

gray-scale texture. Measuring the affected area may be impr?r‘equency, model number, and focal length,

cise because the indications are dependent upon system sensiy{ 3 4 Description of manipulating and scanning equip-

tivity. In some cases it is possible to compare the indication$,ant and special fixtures
from the test piece with indications from a well characterized 1 3 5 Couplant, clean aemineralized water
reference block (6.7.5) to achieve semiquantitative evaluation. 11.3'6 Scanning’ plan. Describe the surface,from which the

Establishing accept/reject criteria for marginal discontinuitiest f d and the ul ic b h d
requires consultation and agreement among the parties to theéSts wer? per orn:e gn ¢ E u (tjrasomc eam)pat S used,
11.3.7 (Not applicable to this determination.),

test. M . e
11.3.8 Description and identification of reference blocks,
10. Quality Assurance Provisions and

10.1 Personnel Qualificationa-In order to meet the intent of ~ 11.3.9 Evaluation procedure.
this practice it is essential that evaluation be performed by
properly trained and qualified testing personnel. The user id2- Keywords
referred to ASNT Practice SNT-TC-1A or other equivalent 12.1 backing plates; bonding; nondestructive testing; sput-
programs. tering; targets; thin films; ultrasonic testing
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