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Section I 

1. Introduction 
 

Die extraction is defined as removing the silicon die from a packaged integrated circuit (IC) device.  Figure 1 below best 
illustrates the three main structures within an IC: the silicon die, the package leadframe, and the outer plastic 
encapsulation.  In some cases, the silicon die can be housed, or encapsulated, within a ceramic package body although 
the main components are similar. 
 
 

 
Figure 1 - Plastic Encapsulated Microcircuit (PEM) 

 
Reassembly is defined as the process of taking an extracted die, now similar to a component diced from a wafer 
manufactured by the original component manufacture (OCM), and assembling it into a new package substrate such as in 
Figure 2 below. 
 

 
Figure 2 – Extracted Die Reassembled Into Various Packages/Applications 

 
Die extraction and reassembly has been performed commercially by DPA Components International (DPACI) in low 
volumes (tens to hundreds of components per year) since 1995. However, in 2010, Global Circuit Innovations (GCI) 
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developed an economical, high-volume method using a combination of mechanical and chemical processing to remove 
thousands of components per year to environmentally harden OCM plastic devices for high temperature applications 
within the oil and gas exploration industry.  It was this commercial application which drove the demand for tens of 
thousands of IC’s annually to be extracted and reassembled. GCI realized that this same die extraction and reassembly 
technology could also provide low-cost IC obsolescence solutions versus very costly redesigns for older DoD electronic 
systems and introduced this technology (now DER™) to the DMSMS community at the DMSMS conference in 2011.  
At the time, the F-16 SPO (Jeffrey Sillart) was in attendance and realized that this technology could benefit the Air 
Force, among other DoD organizations.  Cost savings with the DER™ technology would average at least $1M per 
avoided line replacement unit (LRU) redesign, with some programs benefitting by as much as $15M - $20M by avoiding 
complete system redesign. 
 
Over the following 5 years, Jeff Sillart continued to promote and educate the Air Force, particularly the Air Force 
Research Laboratory (AFRL) Directorate at Wright Patterson Air Force Base (WPAFB).  With sufficient interest, the 
AFRL was able to financially support a die extraction and reassembly study for both DPACI and GCI that included 
qualification of several IC part types to MIL-STD883, as well as a thorough variability analysis of all electrical 
parameters (as measured from the original OCM device baseline relative to the extracted and reassembled part following 
dynamic burn-in and dynamic life test for thousands of hours at 125°C).  A full list of these parameters for the parts used 
within GCI’s portion of the study (also termed ‘AFRL Lab Effort’) can be found within Appendices VII and VII below. 
 
The basis of the study was to determine if the die extraction and reassembly processing technology within either 
company, or both, was sufficient to not only produce military grade parts capable of passing the stringent MIL-STD883 
qualification testing, but also indicate minimal shifting in key electrical performance parameters.  GCI chose two devices 
for this study:  1.) a low pin count, 28-pin, AT28C64B (64K Bit EEPROM), and 2.) a higher pin count, 144-pin, Xilinx 
XC4013XL (13,000 Gate FPGA).  The datasheets can be found in Appendices XVI and XVII for the Atmel and Xilinx 
devices, respectively. 

 

2. Summary 
 

For GCI’s portion of the AFRL Lab Effort, a conventional die extraction and reassembly process was employed which 
uses a bond on ball process similar to what is seen below for the bonds noted in purple dots within Figure 3.  JM7000 die 
attach material was used in all cases (see Appendix IV for a JM7000 material datasheet). 

 

 
Figure 3 – Bonding Options for Conventional DER™ Processing 

 
These bonds are referred to as compound bonds since there are new bonds over the existing ball bonds and represent the 
type of bonding for every pad on every part within this study.  The remnant bonds, which are left following manual bond 
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wire removal, can be seen in yellow within Figure 3.  For comparison, new bonds on previously non-bonded pads are 
represented in green within Figure 3. 
 
Approximately 200 – 225 devices of each type were purchased from a franchised distributor (Rochester Electronics) 
with approximately 10 devices of each type used for process development/optimization, which is typical of any new 
device that has not been previously extracted and/or reassembled.  The final number of devices produced and tested 
through the various electrical stages is summarized in Table 1 below. 
 
 

 
Table 1 – Number of Devices Tested Through Various Electrical Stages for AT28C64B and XC4013XL Product  
 

As seen in Table 1, there was one AT28C64B device, which failed following 168 Hours of Burn-In, but was determined 
to be a result of an electrical static discharge event (ESD).  A copy of this report is contained within Appendix V.  Other 
notes of interest include the DER™ yield for the AT28C64B from plastic to ceramic was ~90%, but only 53% for the 
XC4018XL devices.  The main reason for this high yield loss on the XC4013XL was the poor interface seen between the 
gold ball bond and aluminum pad for the initial OCM bonding in conjunction with the much higher bond pad count.  
Since this study was initiated, GCI has optimized a DEER™ process, which is identical to the DER™ technology, with 
the exception that the original gold remnant balls are chemically removed and the underlying aluminum pad is 
reconditioned, thereby alleviating any issue which might be present in the original bonding interface.  
 

 
Figure 4 – Socket Biasing and Pin/Signal Mapping for the AT28C64B Sockets 

 
 
Electrical stressing for the AT28C64B device was performed at 125°C for both the 168 hour Burn-In, as well as the 
follow-on life-testing to 4000 hours (also at 125°C).  As mentioned in previous CDRL summaries, the maximum number 
of write/erase cycles (100,000) was also experienced by all AT28C64B parts tested to 4000 hours by programming 5 
different 20,000 cycles at 168 Hour testing, 500 Hour testing, 1000 Hour testing, 2000 Hour testing, and 4000 Hour 
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testing.  These cycles were completed at 125°C to maximize stress to the DER™ devices.  Burn-In and Life-Testing 
schematic configuration for the AT28C64B devices can be found in Figure 4 and Appendix I (with switching circuitry to 
create dynamic test conditions) where it can be seen that the applied clock of 1 KHz provides continuous reads of 
multiple bits by toggling the address pins.  The device loading for the outputs is 10 Kohm to draw 0.5 mA of current load 
on the devices.  A greater load could have been created, although since there were no control units used within the study, 
dynamic loading and switching was kept at minimal levels to ensure overstressing would not be an issue.  VOL and 
VOH data (voltage levels of the outputs for “0” and “1” conditions, respectively), while under datasheet prescribed loads 
indicates no shift in output performance, even at 4000 hours of dynamic switching at 125°C. 
 
 
 

 
Figure 5 – Socket Biasing and Pin/Signal Mapping for the XC4013XL Sockets 
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Appendix VI represents the qualification test flow followed by GCI to satisfy the equivalent MIL-STD 883 test 
conditions.  The AT28C64B devices passed all testing within Groups A, B, C, and D, and therefore can now be 
considered a qualified part to the required MIL-STD 883 test conditions.  
 
As mentioned earlier, although there was a significant yield loss experienced between the P0 and C0 XC4013XL devices 
due to inadequate gold ball/aluminum interface issues, no subsequent failures were observed for the C0, C500, C1000, 
C1500, and C2000 test points.  To exercise programming functions on the XC4013XL device, all devices at the burn-in 
and life-test level were programmed at 125°C to configure them for proper Burn-In and Life-Testing.  In this manner, 
two distinct logic paths were generated to continuously propagate signals from inputs to outputs at 125°C.  Figure 5 and 
Appendices II and III (with switching circuitry) illustrate the schematics used to bias and dynamically test the 
XC4013XL devices during Burn-In and Life-Testing. Output loads were 4.7 Kohm to roughly draw 0.765 mA from the 
outputs during cycling at 1 KHz. 
 
With respect to MIL-STD 883 testing for the XC4013XL device, all electrical lead integrity testing passed, although 
constant acceleration and Group D testing indicated a weakness in the lid attach process (low-temperature sealing glass) 
for the package, lid, and lid sealing material chosen.  Subsequent conversations with Kyocera (package, lid, and lid 
attach material manufacturer), it became apparent that Kyocera’s low-temperature sealing glass was never qualified to 
MIL-STD 883 testing, and should not have been chosen for this study.  Kyocera’s 144-pin, ceramic package with a 
Kovar sealing ring, Kovar lid, and gold/tin (Au/Sn) solder has passed Group D and Constant Acceleration testing in the 
past and should have been selected for this study. 

 
The final Variability Analyses associated with both the AT28C64B and XC4013XL devices can be found in Appendices 
X - XV.   

 
 

3. Conclusions  
 

In support of GCI’s DER™ process, it can be consistently seen that there is actually more variability in the test 
repeatability itself (performed at Criteria Test Labs in Austin, TX) than any drift which might occur due to exposing the 
devices to the die extraction and reassembly process.  Variability Analyses within Appendices X and XI best illustrate 
this phenomena as well as to show that any test repeatability and/or downstream variability still guarantees a very large 
relative margin from the upper or lower specification limits for input leakage and output drive conditions.   
 
Quiescent (Standby) IDD is the most sensitive test for any type of potential contamination (ionic, corrosion, moisture) 
and shows incredible stability for both product types (AT28C64B and XC4013XL) across thousands of hours of +125°C 
dynamic life-testing. 
 
Only the speed propagation test for the XC4013XL indicates tighter than desired performance relative to the upper 
specification limit, but this was seen for the incoming plastic devices as well, and most likely is a non-optimized signal 
path for test set-up conditions.  
 
The only change that should be recommended to this process flow to produce a higher quality device is the package, lid, 
and lid attach material selection for future qualification of the 144-pin device (in this case, the XC4013XL).  However, 
from a DER™ perspective, the process seems very capable and reliable for this device and should not cause concern for 
future qualification of DER™ solutions for otherwise obsolete IC components. 
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4.   Appendices 
 

Appendix I 
 
 

 
Criteria Labs Dynamic Burn-In Board Configuration for GCI28C64B (originally AT28C64B) 
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Appendix II 
 

 
 

Criteria Labs Dynamic Burn-In Board Dynamic Signal Generation for GCI4013XL/XC4013XL 
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Appendix III 

 
 

 
Criteria Labs Dynamic Burn-In Board Configuration for GCI4013XL/XC4013XL 

 
Criteria Labs Dynamic Burn-In Board Configuration for GCI4013XL (originally XC4013XL) Dynamic 
Signals 1 – 7 are generated within the Schematic of Appendix V and Toggle the Device According to 
Appendix VI.  All Output Pins Toggled/Driven by the GCI4013XL Device are Loaded with 4.7K 
Resistors.  Four Test Points Monitor Effective Programming of the Device and Continuous Propagation 
of Signals within the Program Path. 
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Appendix IV 
 
Die Bonding Material Supply Data Sheet 

 

Technical Data Sheet
�

ABLEBOND�JM7000
�August-2010

�

PRODUCT DESCRIPTION
ABLEBOND�JM7000 provides� the following product
characteristics:
Technology Cyanate Ester
Appearance Silver
Cure Heat cure
Filler Type Silver
Product�Benefits •�Excellent adhesion

•�Low moisture in cavity
•�Low weight loss during cure
•�Low ionic impurities
•�High reliability
•�Minimal voiding
•�Electrically conductive
•�Thermally conductive

Application Die attach
Substrates Alumina, Gold plated alumina�and Heat

sinks
Typical Package
Application

VLSI packages, Solder sealed ceramic
packages�and Solder sealed hermetic
packaging

ABLEBOND�JM7000�die attach adhesive has been formulated
for use in high throughput die attach applications. This material
has been used successfully on rigid substrates with die sizes
up to 700�mils.

ABLEBOND�JM7000 has been approved by DESC and Rome
Laboratory for military products.

TYPICAL PROPERTIES OF UNCURED MATERIAL
Viscosity, HAAKE RV-20 Rotoviscometer,
1º cone @ 22� sec-1 , cP

9,000

Work Life @ 25°C, �hours 8�to 16
Shelf Life @ -40°C (from date of manufacture),��year 1

TYPICAL CURING PERFORMANCE
Cure Schedule

30�minutes @ 150°C

�
The above cure profiles are guideline recommendations. Cure
conditions (time and temperature) may vary based on customers'
experience and their application requirements, as well as customer
curing equipment, oven loading and actual oven temperatures.

�

TYPICAL PROPERTIES OF CURED MATERIAL
Physical Properties:

Coefficient of Thermal Expansion :
Below Tg, ppm/°C 33

Glass Transition Temperature�(Tg)�by�TMA, °C 240
Bulk Thermal Conductivity, :

@ 90ºC, W/mK 1.1
@ 165ºC, W/mK 1.0

Tensile Modulus, DMTA , MPa:
Cured 30�minutes @ 300ºC ����������������������10,000

Extractable Ionic Content, @ 100°C�ppm:
Chloride (Cl-) <10
Sodium (Na+) <15
Potassium (K+) <15

Decomposition (in N2):
TGA analysis @ 10ºC/�minute ramp from 25�to 400ºC
@ 340ºC, % 0.2
@ 400ºC, % 0.3

Electrical Properties:
Volume Resistivity, ohms-cm ≤0.01

TYPICAL PERFORMANCE OF CURED MATERIAL
Die Shear Strength:

2 X 2 mm Si die,�kg-f,
cured 20�minutes @ 150ºC

Substrate DSS
Ag/Cu LF ≥5

�

Tensile Strength :
cured 30�minutes @ 300ºC, MPa

After Cure After 1000 TC'C"
>17 >17

�

Radius of Curvature:
Si die on Alumina, meters

cured 30�minutes @ 300ºC
Chip Size: ROC

15 x 15 mm > 5
�

GENERAL INFORMATION
For safe handling information on this product, consult the
Material Safety Data Sheet, (MSDS).
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TDS ABLEBOND�JM7000,���August-2010

THAWING:
1. Allow�container to reach room temperature before use.
2. After removing from the freezer, set the syringes to stand

vertically while thawing.
3. Refer to the Syringe Thaw time chart for the thaw time

recommendation.
4. DO NOT open the container before contents reach 25°C

temperature. Any moisture that collects on the thawed
container should be removed prior to opening the
container.

5. DO NOT re-freeze. Once thawed to -40°C, the adhesive
should not be re-frozen.

6. ABLEBOND�JM7000 is non-seperating and is resistant to
settling so jar rolling is not required.

�

Te
m

pe
ra

tu
re

,�°
C

Syringe�Thaw�Time,�Minutes

30

20

10

0

-10

-20

-30

-40
0 10 20 30 40 50

1cc
3cc 10cc 30cc

DIRECTIONS FOR USE
1. Thawed adhesive should be immediately placed on

dispense equipment for use.
2. If the adhesive is transferred to a final dispensing

reservoir, care must be exercised to avoid entrapment of
contaminants and/or air into the adhesive.

3. Apply enough adhesive to achieve a 25�to 38 µm
wet�bondline thickness, dispensed with approximately 25
�to 50 % filleting on all sides of the die.

4. Alternate dispense amounts may be used depending on
the application requirements.

5. ABLEBOND�JM7000 adhesive exhibits minimum
shrinkage during cure, consequently the wet and fired
bond line is equivalent.

6. Increase bondline thickness may increase electrical
resistance.

�

POT LIFE
ABLEBOND�JM7000 adhesive has demonstrated stable
dispense weights over an 8-hour period of continuous usage.�
Use of the material up to 16�hours is possible with minor
machine adjustments to maintain consistent dispensed volume
and weight

�

CURING GUIDELINES
Suggested temperature cures are from 150�to 350º.� For
applications requiring higher electrical conductivity, a cure
cycle at 300ºC for 15�minutes is recommended.� Product
properties generally will not be reduced by subsequent post die
attach thermal exposure, i.e., wire bond, and/or lid seal up to
370ºC.
�
Acceptable curing equipment for ABLEBOND�JM7000
adhesive includes box ovens, heater tunnels, heater rails and
belt furnaces.� Curing in clean dry air atmosphere is
recommended.

�

Not for product specifications
The technical data contained herein are intended as reference
only. Please contact your local quality department for
assistance and recommendations on specifications for this
product.

Storage
Store product in the unopened container in a dry location.�
Storage information may be indicated on the product container
labeling.
Optimal Storage:� -40 °C.� Storage below minus (-)40 °C or
greater than minus (-)40 °C can adversely affect product
properties.
Material removed from containers may be contaminated during
use.� Do not return product to the original container.� Henkel
Corporation cannot assume responsibility for product which
has been contaminated or stored under conditions other than
those previously indicated. If additional information is required,
please contact your local Technical Service Center or
Customer Service Representative.�

Conversions
(°C x 1.8) + 32 = °F
kV/mm x 25.4 = V/mil
mm / 25.4 = inches
N x 0.225 = lb
N/mm x 5.71 = lb/in
N/mm² x 145 = psi
MPa x 145 = psi
N·m�x�8.851 =�lb·in
N·m x 0.738 = lb·ft
N·mm�x 0.142 = oz·in
mPa·s = cP

Americas
+1.888.943.6535

Europe
+44.1442.278.000

Asia
+86.21.3898.4800

For the most direct access to local sales and technical support visit: www.henkel.com/electronics
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TDS ABLEBOND�JM7000,���August-2010

Note
The data contained herein are furnished for information only
and are believed to be reliable.� We cannot assume
responsibility for the results obtained by others over whose
methods we have no control.� It is the user's responsibility to
determine suitability for the user's purpose of any production
methods mentioned herein and to adopt such precautions as
may be advisable for the protection of property and of persons
against any hazards that may be involved in the handling and
use thereof. In light of the foregoing, Henkel Corporation
specifically disclaims all warranties expressed or implied,
including warranties of merchantability or fitness for a
particular purpose, arising from sale or use of Henkel
Corporation’s products.� Henkel Corporation specifically
disclaims any liability for consequential or incidental
damages of any kind, including lost profits.� The discussion
herein of various processes or compositions is not to be
interpreted as representation that they are free from
domination of patents owned by others or as a license under
any Henkel Corporation patents that may cover such
processes or compositions.� We recommend that each
prospective user test his proposed application before repetitive
use, using this data as a guide.� This product may be covered
by one or more United States or foreign patents or patent
applications.

Trademark usage
Except as otherwise noted, all trademarks in this document
are� trademarks of� Henkel Corporation in the U.S. and
elsewhere.�� ®� denotes a trademark registered in the U.S.
Patent and Trademark Office.

Reference 0.1

Americas
+1.888.943.6535

Europe
+44.1442.278.000

Asia
+86.21.3898.4800

For the most direct access to local sales and technical support visit: www.henkel.com/electronics
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 Appendix V 

    
November 10, 2016 

Failure Analysis Report – AFRL Life Test – 
Single AT28C64B/GCI28C64B Device Return Part #472 

D/C 1637  – Project Closure 
 

Project Name:  Failure Analysis Report – AFRL Lab Study Qualification  – 
AT28C64B/GCI28C64B - Extracted Unit – Re-Assembled Into 28-Pin 
CDIP Package.  Single GCI28C64B Device Return D/C 1637  – Project 
Closure – Part Received: October 25, 2016. 

 
Incoming Failure Mode:  General Output Degradation (I/O7) of Single Ceramic 28-Pin CDIP GCI28C64B  

Device Return - Units Failed Output Drive Leakage under High Impedance 
Condition– IOZH (Specifically, the device exceeded 10 uA at 5V on I/O 7) 

Incoming Notations:  Single Failure of GCI24C64B (Extracted/Re-Assembled Ceramic 
Unit in 28-Pin CDIP Hermetic Package) following Successful Burn-In 
Group A testing, but failed electrical testing following Hermetic testing 
and Temperature Cycling: 

1.) Noted as Incoming Failure for IOZH Testing – 10 uA at 5V 

2.) Known Good Device For Comparison:  Both Extracted and Re-
Assembled Additional GCI28C64B Device and Original 
Plastic Donor AT28C64B Device. 

        (see Figure 1 for photo of incoming failing device as received). 

Incoming Lot #:  Single Device (D/C): 1637 (YYWW) where YY = seal year, WW = seal 
week 

Prepared By 

Document Owner(s) Project/Organization Role 
Erick Spory  CTO for GCI 
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Scope of Project: 
 
The submitted GCI24C64B device was determined to fail IOZH limits following successful electrical 3-
Temp testing after 168 Hour Dynamic Burn-In (125C), but following Mechanical/Temperature testing 
involving Leak Test and Temperature Cycling.  Although the most recent qualification testing exposure, 
following last known electrical functionality, did not involve electrical exposure, the part was 
determined to be an electrical failure for I/O leakage.  The part was confirmed at the Test House 
(Criteria Labs) to be an electrical reject and submitted for failure analysis to determine if the failure was 
a result of exposure to the Leak Testing and Temperature Cycling. 
 
 
Test Results (Failing and Passing Units): 
 
The device was confirmed as an electrical failure for the I/O test involved (IOZH) with the limits used of 
10 uA at 5V, with the laboratory test equipment used seen in Figure 2.  A curve trace of the failing pin is 
seen in Figure 3 and can be compared to identical biasing for a non-failing trace seen in Figures 4 and 5.  
All other I/O’s (0 – 6) were confirmed as passes for the identical tests and exhibited IOZH curve traces 
as in Figures 4 and 5.  Higher current stressing of the failing I/O 7 pin can be seen in Figure 6. 
 
Removal of the lid provided optical inspection of the I/O7 region.  Nothing was seen in or around the 
area, which could be responsible for the failure. Figures 7 and 8 demonstrate a clean optical appearance 
of the chip and I/O 7 region during low and higher power inspections.  
 
The device was then subjected to identical biasing, which previously confirmed the failing leakage (limit 
of 10 uA at 5V), and enabled almost 100 uA of leakage at 5V. Subsequent Emission Microcopy photos 
provided an emission site directly over the output driver region for I/O7 (see Figure 9) and was 
confidently suspected to be related to only the I/O leakage through comparison background emission 
tests (no I/O current applied) seen in Figure 10.  Additional emission photographs were taken at higher 
magnifications to assist in precise failure locations (see Figures 11 - 14). 
 

   The next stage of the failure analysis involved careful chemical deprocessing of the affected region 
down through the various manufacture’s device layers (i.e., protective oxide passivation, metal layers, 
and inter-level dielectric oxide layers) to expose the Polysilicon Gate and Source/Drain silicon 
diffusions.  Nothing was seen at any stage of deprocessing prior to reaching the silicon Source/Drain 
diffusions and Polysilicon Output Driver Gate.  Figure 16 is a conclusive photo that the leakage area 
originates from an improperly stressed area of Silicon Diffusion and Polysilicon Gate area for the I/O 7 
output driver.  Identical non-failing gate regions can be seen in the lower power SEM photograph 
depicted in Figure 15. 

 
It is the experience of the failure analyst involved (Atmel/Microchip personnel) that the failure is 
conclusively due to an electrical static discharge event (ESD) on I/O7 at the location highlighted with an 
arrow in Figure 16.  The reverse angle of the affected transistor (gate and drain region seen in Figure 17) 
indicate no additional stressing to the drain, or through the transistor channel, as would be expected in 
an electrical overstress (EOS) event.
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Appendix VI 
GCI Test and 883 Qualification Flow 

 



 24 

	
   	
   	
   	
   	
   	
   	
   	
   	
  



 25 

	
  
	
  
	
  



 26 

Appendix VII 
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Appendix VIII 
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Appendix IX 
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Appendix X 
 

Variability Analysis Results – AT28C64 Data 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 37 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



 38 

 
 



 39 

 



 40 

 



 41 

 
 
 



 42 

 
 
 



 43 

 
 
 



 44 

           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 45 

 
 



 46 

 
 
 



 47 

 
 
 



 48 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 49 

 
 



 50 

 



 51 

 
 
 



 52 

 
 
 



 53 

 
 
 



 54 

 

 
 



 55 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 56 

 
 
 



 57 

 
 
 



 58 

 
 
 



 59 

Appendix XI 
 

Variability Analysis Results – XCV800 Data 
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Appendix XII 
 

GCI28C64B-15 Test Summary  
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Appendix XIII 
AT28C64B P0 to C0 Graphs 
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Appendix XIV 
AT28C64B C0 to C168 Graphs 
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Appendix XV 
AT28C64B C0 to C4000 Graphs 
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Appendix XVI 

AT28C64B Datasheet 
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Appendix XVII 
XC4013XL Datasheet 
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