Page 1 of 14 

Report Q20101EV

REVISION A



--  Additions in blue  --


REVISION A

G O D D A R D   S P A C E   F L I G H T   C E N T E R

                 Failure Analysis Report
“The information contained herein is presented for guidance of employees of the Goddard Space Flight Center.  It may be altered, revised, or rescinded due to subsequent developments or additional test results.  These changes could be communicated internally by other Goddard publications.  Notice is hereby given that this document is distributed outside of Goddard as a courtesy only to other government agencies and contractors and is understood to be only advisory in nature.  Neither the United States Government nor any person acting on behalf of the United States Government assumes any liability resulting from the use of the information contained herein."
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Background


Failure Analysis Report Q20024FA reported the discovery of intermetallic halos and low bond strength for gold ball bonds inside ACTEL parts with date code 9937.  Following this report, ACTEL spare parts of  various part numbers available at Goddard were forwarded to the NASA GSFC Failure Analysis Laboratory for evaluation of their gold ball bond integrity.
Part Description 


Table 1 identifies the part numbers and date codes of microcircuits evaluated in this study.  Manufacturer logos identify the parts to be ACTEL or LORAL.
Analysis and Results


The subject parts were photographed in order to record external markings on each package.  The parts were next opened by removing the metal lid from each ceramic body.  Bond pull testing was then performed along one side of the die.  For most of the parts, the bonds tested consisted of wires leading to the high posts on the package shelf or, in other words, approximately every other wire on one side of the microcircuits.  The low wires were ignored.  For parts without a high and low wire configuration, all wires on one side of the die were pulled.  In either case, generally about 28 wires were tested--sufficient for a valid statistical sample. 


Bond pull wire sequence began at bond pad number 1.   Wire pull results were coded as follows: (1) 

break at the heel of the ball bond, (2) break at the span of the wire, (3) break at the heel of the post bond, (4) lifted bond.


The study found additional bond problems.  First, two more RT54SX16 parts of date code 9937, SN10 and SN11, exhibited lifted ball bonds thus confirming the results of Report Q20024FA.  The minimum pull strength for SN11 was 2.2 grams-force—less than the Mil-Std requirement of 2.5 grams. 


Second, SN20 with date code 9901, also exhibited bond problems.  Four gold ball bonds on this part lifted from their pads with less than average bond strength: 3.0, 4.2, 4.7, and 5.5 grams force compared to an overall average for the part of 6.95 grams force.  Lifted bonds are not normal and are cause for concern.   SEM examination of this part found evidence of intermetallic halos on the empty bond pads.  Both the halos and the bottom surface of the lifted bonds exhibited evidence of Kirkendall voids.

Moreover, SEM inspection of the remaining parts in this study confirmed that many of them showed evidence of an intermetallic halo forming at the base of gold ball bonds.  Many of these bonds also showed evidence of ‘watermelon stripe’ contamination, as referred to in Q20024FA. 


Only two parts showed essentially no evidence of an intermetallic halo, SN8 and SN9.  Two more parts, SN1 and SN6, were relatively free from intermetallic growth, exhibiting less than 5% halo around the perimeter of the ball bonds. 

Conclusion

This study found evidence of intermetallic growth and ‘watermelon marks’ on most of the parts with gold wire bonds.  While the study confirmed the known problem with date code 9937 parts, it also found problems with a part from date code 9901, which exhibited lifted bonds and 

the other evidence of intermetallic growth, con-tamination, and Kirkendall voids. 


Parts containing aluminum wires are not subject to intermetallic growth, and hence, were not examined in the SEM.  These parts had nominal bond strengths.
Table 1:    Table of Part Numbers and Results of Inspection and Testing

SN
Part Number 
Wafer Lot
Project S/N
Date Code
Gr-force
Bond lift
    Intermetallic
1
RT54SX32
T6JP04A  010 
4903
0049
10.41
No
*No

2
RT54SX32S
T25JSP03A  001
4809
0049
5.34
No
Halo
3
RT54SX32
T6JP01A  003 
2702
9949
8.04
No
Halo
4
RT54SX32
T6JP01A  003 
2803
9949
6.98
No
Halo
5
RT54SX32
T6JP03A  006 
3604
0013
7.73
No
Halo
6
RT54SX32S
T25JS001  006
6401
0151
6.56
No
*No

7
RT54SX32S
T25JSP03A  004
4531
0043
6.40
No
Halo
8
RT54SX72S
T25KS002-25  007
6801  (or 1089)
0131
5.32
No
No

9
RT54SX72S
T25KS001  001
6702
0131
5.81
No
No

10
RT54SX16
P06  007
3008
9937
4.87
YES
Halo

11
RT54SX16
T6HP12  001
7062
9937
3.86
YES
Halo
12
RT54SX16
T6HP12D  001
4206
0031
6.88
No
Halo
13
RT54SX32
T6JP01A
none
0001
6.57
No
Halo
14
RT54SX32
T6JP01A
none
0001
6.45
No
Halo

15
RT14100A
UCL082  004
3802
0013
4.79

Aluminum wire

16
RT14100A
UCL086  005
5105
0031
3.59

Aluminum wire

17
RH1280


9543
4.70

Aluminum wire

18
RH1280


9543
4.40

Aluminum wire

19
RH1280A-1
U1H609
5204
0043
3.38

Aluminum wire

20
RT54SX16
P05  001

9901
6.95
YES
Halo
21
RT1020


0113
4.14

Aluminum wire

22
RT1020


0113
3.96

Aluminum wire

23
RH1020


9729
4.02

Aluminum wire

24
A1020B


9704
4.20

Aluminum wire
25
RT54SX16
T6HP12D
4201
0031
6.33
No
Halo
26
RT54SX16
P10 003
LAN1301
9901
7.24
YES   (1/28)
Halo
27
RT54SX16
P10 003
LIC1504
9901
6.85
No
*No
28
RT54SX16
P05 002
LAN1203
9849
7.60
No
*No
29
RT54SX16
P05 002
LAN1293
9849
7.91
YES   (1/28)
*No
30
RT54SX16
P05 002
LAN1224
9849
5.74
YES  (21/28)
No
31
RT54SX16
P05 002
LAN1222
9849
7.57
No
Halo
32
A14100A
UCL062A
LAN715
9837
4.70
No
Aluminum wire

33
A14100A
UCL062A
LAN712
9837
4.57
No
Aluminum wire
See new photos at end of report  >
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Figure 1.    Top view SN1.

Figure 2.    Bottom view SN1.

Figure 3.  Ball bond SN1.
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Figure 4.    Top view SN2.

Figure 5.    Bottom view SN2.

Figure 6.  Ball bond SN2.

[image: image7.jpg]



[image: image8.jpg](&)
16JPO1A





[image: image9.jpg]



Figure 7.    Top view SN3.

Figure 8.    Bottom view SN3.

Figure 9.  Ball bond SN3.
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Figure 10.    Top view SN4.

Figure 11.    Bottom view SN4.

Figure 12.  Ball bond SN4.
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Figure 13.    Top view SN5.

Figure 14.    Bottom view SN5.

Figure 15.  Ball bond SN5.
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Figure 16.    Top view SN6.

Figure 17.    Bottom view SN6.

Figure 18.  Ball bond SN6.
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Figure 19.    Top view SN7.

Figure 20.    Bottom view SN7.

Figure 21.  Ball bond SN7.
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             Figure 22.    Top view SN8.

Figure 23.    Bottom view SN8.

Figure 24.  Ball bond SN8.
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Figure 25.    Top view SN9.

Figure 26.    Bottom view SN9.

Figure 27.  Ball bond SN9.
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Figure 28.    Top view SN10.

Figure 29.    Bottom view SN10.

Figure 30.  Ball bond SN10.
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Figure 31.    Top view SN11.

Figure 32.    Bottom view SN11.

Figure 33.  Ball bonds SN11.
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Figure 34.    Top view SN12.

Figure 35.    Bottom view SN12.

Figure 36.  Ball bond SN12.
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Figure 37.    Top view SN13.

Figure 38.    Bottom view SN13.

Figure 39.  Ball bond SN13.
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Figure 40.    Top view SN14.

Figure 41.    Bottom view SN14.

Figure 42.  Ball bond SN14.
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Figure 43.    Top view SN15.

Figure 44.    Bottom view SN15.

Figure 45.  Omit - aluminum bond.
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Figure 46.    Top view SN16.

Figure 47.    Bottom view SN16.

Figure 48.  Omit - aluminum bond.
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Figure 49.    Top view SN17.

Figure 50.    Bottom view SN17.

Figure 51.  Omit - aluminum bond.
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Figure 52.    Top view SN18.

Figure 53.    Bottom view SN18.

Figure 54.  Omit - aluminum bond.
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Figure 55.    Top view SN19.

Figure 56.    Bottom view SN19.

Figure 57.  Omit - aluminum bond.
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Figure 58.    Top view SN20.

Figure 59.    Bottom view SN20.

Figure 60.  Ball bond SN20.
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Figure 61.    Top view SN21.

Figure 62.    Bottom view SN21.

Figure 63.  Omit - aluminum bond.
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Figure 64.    Top view SN22.

Figure 65.    Bottom view SN22.

Figure 66.  Omit - aluminum bond.
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Figure 67.    Top view SN23.

Figure 68.    Bottom view SN23.

Figure 69.  Omit - aluminum bond.
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   Figure 70.    Top view SN24.

Figure 71.    Bottom view SN24.

Figure 72.  Omit - aluminum bond.
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Figure 73.   SN20, an RT54SX16 with date code 9901, had four bonds that lifted from the 100-micron pads.  Two of the failed bonds are shown in the photo above.  A third is shown in Figure 74.

Figure 74.   An intermetallic crust has been left on the pad after the bond lifted.  Note the irregular shape of the attachment area.

[image: image75.jpg]




[image: image76.jpg]B 100K W 27 s MG K139 K PHOT
]





Figure 75.
This optical view shows one of the lifted gold ball bonds from SN20.   The wire is a nominal 1-mil diameter gold wire.

Figure 76.  This gold ball bond from SN20 shows evidence of an intermetallic halo and ‘watermelon stripes’.
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Figure 77.   SEM view of intermetallic material remaining on a bond pad of SN20 after the ball bond lifted.

Figure 78.   This SEM view shows two bond pads of SN20 with intermetallic material after bond pull.
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Figure 79.
This view shows the bottom of one of the lifted gold ball bonds from SN20. 

Figure 80.  A view of a second lifted ball bond from SN20.  Note large voids around perimeter of attachment area and dark stripes on surface of ball.
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Figure 81.    Top view SN25.

Figure 82.    Bottom view SN25.

Figure 83.  Ball bond SN25.
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Figure 84.    Top view SN26.

Figure 85.    Bottom view SN26.

Figure 86.  Ball bond SN26.
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Figure 87.    Top view SN27.

Figure 88.    Bottom view SN27.

Figure 89.  Ball bond SN27.
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   Figure 90.    Top view SN28.   
Figure 91.    Bottom view SN28.   
Figure 92.  Ball bond SN28.
Part Type:
MICROCIRCUIT
Part Number:
RT54SX16, 32, 72  et. al.

Manufacturer: 
ACTEL
Date Code:
SEE TABLE 1.

Appended Photographs:

[image: image93.jpg]



[image: image94.jpg]



[image: image95.jpg]



Figure 93.    Top view SN29.

Figure 93.    Bottom view SN29.

Figure 94.  Ball bond SN29.
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Figure 95.    Top view SN30.

Figure 96.    Bottom view SN30.

Figure 97.  Ball bond SN30.
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Figure 98.    Top view SN31.

Figure 99.    Bottom view SN31.

Figure 100.  Ball bond SN31.

[image: image102.jpg]



[image: image103.jpg]



[image: image104.jpg]



Figure 101.    Top view SN32.
Figure 102.    Top view SN32.
Figure 103.    Omit - aluminum bond.
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Figure 104.    Top view SN33.

Figure 105.    Bottom view SN33.

Figure 106.  Omit - aluminum bond.
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Figure 107.   A ball bond from SN25, viewed at low beam energy in the SEM, 2.2 kV.  Note watermelon stripes.

Figure 108.   Compare to Figure 107, the same bond viewed at high beam energy, 25 kV.
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Figure 109.
 SN26 ball bond, showing evidence of intermetallic formation. 

Figure 110.  This SEM view of SN31 shows a ball bond flanked by two lifted bonds.  Note that the intermetallic remaining on the bond pads is incomplete.

N A S A  G O D D A R D   S P A C E   F L I G H T   C E N T E R
    (    Frederick Felt, Engineer    (    fsfelt@pop300.gsfc.nasa.gov    (    (301) 286-9634

