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CHARLES EVANS & ASSOCIATES     (     SURFACE SCIENCE LABORATORIES
COMPANY:
NASA Goddard Space Flight Center
FAX REF:

CEA JOB #:  E5723

ATTENTION:
PHONE NO:
Frederick Felt
(301) 286-9634
DATE:  June 28, 2002

DESTINATION
FAX #:

PAGE  1  OF   

FROM:
Patrick H. Schnabel
CE&A REPLY FAX
NO: (408) 530-3501

SUBJECT:
AES Analysis     P. O. Number:  01-1079

Dear Frederick:

Enclosed are results from the Auger Electron Spectroscopy (AES) analysis of your sample.  A hard copy of the report will be sent to you by mail.

If you have any questions about this report, please feel free to contact me by phone at (408) 530-3786, or e-mail (PSCHNABEL@CEA.COM).

Sincerely,

____________________________

Patrick H. Schnabel, Ph.D.
Senior Scientist, AES & TOF-SIMS Services


Reviewed by:

____________________________

John Moskito
Senior Scientist, AES & ESCA Services

June 28, 2002
Frederick Felt
NASA Goddard Space Flight Center
Failure Analysis Laboratory
Greenbelt, MD 20771




Subject:
Auger Electron Spectroscopy (AES) Analysis Report
CEA Number:  E5723
Purchase Order Number:  01-1079
Dear Frederick:

Please find enclosed the final report for the Auger analysis of your samples, as detailed in the following table.

Date received:
06/12/02

Results faxed:
6/28/02

Number of samples:
2

Number of units:
10

Analysis cost (@$650 per unit):
$6500

Priority surcharge (0%):
N/A

Total analysis cost:
$6500

Your samples will be retained for eight weeks after their receipt. After this time they will be disposed of, unless you specifically request otherwise. We will maintain copies of the report and data files for three years.

Thank you for using the analytical services of Charles Evans & Associates, a division of the Evans Analytical Group. We appreciate your business and welcome any suggestions you may have for improving the quality and efficiency of our service. Please do not hesitate to call us if you have any questions regarding this report.

Sincerely,

Patrick H. Schnabel, Ph.D.
Senior Scientist, AES & TOF-SIMS Services
(Tel. (408) 530-3786; Email: pschnabel@cea.com)
Enclosures:
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AUGER ELECTRON SPECTROSCOPY (AES)

SURFACE ANALYSIS REPORT
CEA NUMBER E5723

for

Frederick Felt
NASA Goddard Space Flight Center
Failure Analysis Laboratory
Greenbelt, MD 20771




Prepared by:


____________________________
Patrick H. Schnabel, Ph.D.
Senior Scientist, TOF-SIMS & AES Services
(Tel. (408) 530-3786, pschnabel@cea.com)



Reviewed by:

____________________________
John Moskito
Senior Scientist, AES & ESCA Services
(Tel. (408) 530-3744, jmoskito@cea.com)
CHARLES EVANS & ASSOCIATES
810 Kifer Road
Sunnyvale CA 94086

TEL (408) 530-3500
FAX (408) 530-3501

AUGER ELECTRON SPECTROSCOPY (AES) ANALYSIS REPORT

Requester:
Frederick Felt
CEA Number:
E5723
Analysis Date:
06/12 & 13/02
Purpose:  To investigate the cause of a bonding failure. Two samples were to be analyzed. The samples were identified as Q20101 EV S/N 11 and S/N 34. Sample S/N 34 was a plasma cleaned control sample.

Summary:  The cross section of gold filled vias of sample S/N 11 show “wishbone’ shaped features that appear to be rich in carbon, aluminum and oxygen. Potentially these features are “pockets” and carbon, aluminum and oxygen cover the inside walls of these pockets. The open vias outside the bonding area show that a 50 to 100 nm thick carbon-based residue sits at the bottom of the vias. This is not observed for the control sample (S/N 34).

Experimental:  The analytical parameters are summarized in the table below.

Analytical Parameters


Instrument
PHI Smart-200 FE-Nanoprobe


Analyzer Type
CMA

Electron Beam 
Beam Conditions
20keV, 10nA 


Tilt
30° to sample normal

FIB
Ion Species
Ga+


Beam Conditions
25kV, 10 to1000pA

Ion Beam 
Ion Species & Energy
Ar+, 5keV, 1.0(A


Incident Angle
55° to sample normal


Etch Rate
45 Å/min

Results and Discussion:  Data are reported as survey spectra, AES element maps and SEM images. Survey spectra are presented as differentiated plots of the number of electrons detected as a function of energy. Atomic concentrations were calculated by first measuring elemental peak-to-peak heights within the spectral window chosen for a given element and then applying sensitivity factors based on standard spectra of pure elements or selected compounds. The choice of sensitivity factors greatly affects the accuracy of the absolute concentrations provided. The chosen sensitivity factors are standard sensitivity factors supplied by Physical Electronics and not adjusted (calibrated) to the materials analyzed in this analysis. Therefore the accuracy of the provided absolute concentrations might be low; however relative comparisons between similar sets of samples can be made. The concentrations are expressed as percentages (atomic) for the elements detected within the analysis volume and normalized to 100%. Values equal or less than 1% may contain significant contributions from the spectral noise. AES element maps present the Auger electron intensity of a selected element as a function of pixel position. In these maps brighter (lighter) features suggest a higher relative abundance of the element mapped compared to the surroundings. SEM images and AES element maps are scaled arbitrarily to optimize contrast. AES is inherently surface sensitive having a depth of investigation that is typically in the range of 10 to 30 Å. Auger does not detect H or He.


Sample Q20101 EV S/N 11
1. Survey spectra acquired from the “as-received” surface and after ion etching to 50 and 150Å “off” and “on” the “pancake” are shown in Figures 2 and 3. Table 1 shows the atomic concentrations calculated. The carbon and oxygen observed after ion etching are probably due to the grooves and holes in the analysis area that are not accessible to the ion beam (Figure 1).

2. The FIB cross section into the “pancake” is shown in Figure 4. The row of exposed vias all show a “wishbone” shaped feature. Multiple AES survey spectra were acquired inside the via and in the surroundings to determine the elements to be mapped. The spectra are shown in Figure 5. Carbon, oxygen, titanium, aluminum, silicon and gold were detected. The presence of nitrogen could not be verified due to an interference with the Ti1 signal. 

3. AES element maps from the “pancake” cross section are shown in Figures 6 through 8. Carbon, oxygen and aluminum map with the “wishbone” feature. This is observed somewhat faintly for the via in the center and more intensely in the upper left via (Figure 6). Gold inversely maps with the “wishbone” features in the vias. Potentially the “wishbone” features represent pockets and carbon, oxygen and aluminum are present at the inside wall of these pockets. 

4. In order to determine the presence of nitrogen both titanium signals had to be mapped. Bright features that would show up in the Ti1+N map but not in the Ti2 map could be attributed to nitrogen-rich sites. A careful comparison of the two maps is not unambiguous in its result but may suggest that nitrogen is associated with parts of the “wishbone” feature.

5. AES element maps from a FIB cross section “off” the pancake are shown in Figures 11 to 13. Analysis of the maps suggests that a 50 to 100nm thick carbon-based material sits at the bottom of the vias. Oxygen partly maps with bottom layers. The titanium maps show bright spots on the inside walls of the vias.

6. A “top down” analysis of the region also shows carbon at the sites of the vias and bright spots of a carbon-based residue between the vias (Figure 14).

Sample Q20101 EV S/N 34
7. Q20101 EV S/N 34 was a plasma cleaned control sample. The cross section view into the vias shows debris in virtually all of the vias (Figure 15 and 17). 

8. AES maps of the elements detected inside and outside the vias are shown in Figures 18 and 19. Although carbon is observed inside the vias distinct carbon layers at the via bottoms (as for sample S/N 11) are not observed. A bright carbon feature is present half way to the opening of the lower right via (Figure 18). Besides this the debris observed in the SEM images predominantly maps with aluminum and oxygen. Silicon may also be associated with the debris (Figure 19). As for the vias “off” the pancake (sample S/N11) bright spots of titanium are observed at the via sidewalls.

9. The “top down” analysis of this sample shows that less carbon is present at the via openings and in the areas between the via openings. 

Table 1 
Atomic Concentration Table 



C
O
F
Al
Ti
Au

"Off"
0Å
68
13
<1
16
2
-


50Å
21
40
4
31
3
2


150Å
16
41
<1
35
4
4

"On"
0Å
63
15
<1
16
<1
3

             
50Å
33
31
<1
26
<1
8

             
150Å
24
31
<1
29
<1
15
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