
 

 
 

Plastic Encapsulant Impact on Au/Al Ball Bond Intermetallic Life 
 
The impact of high temperature storage on Au/Al ball bonds for integrated circuits is well 
documented in the semiconductor industry.  With time and temperature the Au/Al intermetallics 
advance to the Kirkendall voids (3.1) resulting in a ball bond lift failure mechanism.  With hermetic 
devices and non-flame retarded epoxy encapsulated devices this failure mode typically did not 
present itself as a reliability issue since device application temperatures were such that this 
failure mode did not occur within the 100K hour reliability requirement.  Since the introduction of 
halogenated resin flame retardants and synergistic halogenated resin/antimony oxide flame 
retardants into epoxy encapsulants in the mid-1970s, numerous investigators have determined 
that these flame retardants degrade the integrity of the Au/Al intermetallics which results in 
accelerated advancement to the Kirkendall voids (bond failure). 
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Example Of Bake Study And Data Analysis 
 

The time-to-failure (Tf) due to excessive intermetallic development at a given storage temperature 
is defined as the time for the MODE 1 failure value to decrease to 4.0 grams.  The tf for each 
temperature can be determined from data like that in Table 1 by interpolating the time when the 
wire pull value decreases to 4.0 grams. The interpolated Tf for 195C, 185C and 175C are 160 
hours, 550 hours and 930 hours, respectively. 

 
Onset of Failure 

Minimum Mode 1 (Bond Lift) Failure Values - Includes Interpolated Values for Charting 
 

 WIRE PULL IN GRAMS AFTER  HIGH TEMP STORAGE IN HOURS * 

STORAGE 
TEMP 

0 50 100 150 200 250 300 350 400 500 625 700 800 900 1000 

195C 8.6 8.4 9.5 4.3 1.5 0.5 0.8 0.8 0.8 0      

185C 8.6 9.2 9.9 9.8 9.6 9.4 9.1 9.2 9.4 6.3 1 0.2 0.1 0.4 0.1 

175C 8.6 8.7 8.7 8.8 8.8 8.8 8.8 8.8 8.8 9.2 9.7 9.6 9.4 5.2 1 

150C 8.6 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.4 8.5 8.6 8.8 9 9.2 

125C 8.6 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.4 8.5 8.6 8.8 9 9.4 

* Average wire pull value for the population at that read 
interval 
* Minimum MODE 1 value at that read interval 
* Interpolated value 

 
The data can be displayed graphically as shown.  To plot the data  for all five temperatures on the 
same chart it is necessary that the table 1 includes the interpolated values for read intervals taken 
a one temperature  but not taken at other temperatures. 
 

Wire Pull Versus Time  at Temperatures of 195C, 185C, 175C, 150C and 125C 
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Prediction of Intermetallic Life at Application Temperatures - The Arrhenius Approach 
 

The Arrhenius equation indicates that the rate constant (k) for a given process is an exponential function of the 
temperature. 
 
   k = Ae-(E

a
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b
)T  where A is a pre-exponential factor, Ea is the    

      activation energy (eV) for the reaction, Kb is    
      the Boltzman’s constant (0.0000861 eV/oK)    
      and T is the temperature in degrees Kelvin 
      (oK = oC + 273). 
 
The acceleration factor (AF) achieved by changing the temperature from T1 to T2  will be a ratio of the rate 
constants for the two temperatures. 
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Knowing the acceleration factor between two temperatures, one can determine the activation energy for the rate 
limiting step for the reaction occurring at the two temperatures. 
 
        Ea(1/T2 - 1/T1)              Kb ln(AF) 
   ln(AF) = --------------------  Ea = --------------- 
             Kb           (1/T2 - 1/T1) 

 
Applying the Arrhenius Approach to the Wire Pull or Ball Shear Results 
 
If tf1 is the time-to-fail the 4.0 grams (20 grams-force)  limit at temperature T1, then 1/tf1 represents the rate of 
failure to the 4.0 gram (20 grams-force) limit. Therefore, 
 
   k1  Œ  1/tf1   k2  Œ  1/tf2 
 
    k1  tf2 
  and,  AF = ------- = ------- 
    k2  tf1 

 
Using the time-to-failure data ithe acceleration factor between the respective temperatures are follows: 
 
      550 hours 
   AF from 185C to 195C = ------------------ = 3.44 
      160 hours 
 
      930 hours 
   AF from 175C to 185C = ------------------ = 1.69 
      550 hours 
 
      3750 hours 
   AF from 150C to 175C = ------------------ = 4.03 
      930 hours 
 
Knowing the acceleration factors between two temperatures, one can determine the activation energy (Ea) 
between those temperatures by using the following equation. 
 
              Kb ln(AF) 
   Ea =  --------------- 
            (1/T2 - 1/T1) 



 

 
Therefore, between 150C and 175C the activation energy would be 0.91 eV.   If the reaction mechanism or rate 
limiting step in the reaction mechanism is the same over a wide temperature range, then  we could use the 
150C/175C activation energy of 0.91 eV for calculating/predicting the time-to-failure at higher temperatures and at 
lower temperatures.  For instance, if we want to predict the time-to-failure at 125C, then we would calculate the 
acceleration factor between 125C and 150C using the following equation. 
 
   AF = e(E

a
/K

b
)(1/T

2
 - 1/T

1
) 

 
In this case, the AF between 125C and 150C is 4.80.  Multiplying the tf at 150C (3750 hours) by this AF we get 
the tf at 125C in hours (18000 hours).  If the tf  at 125C is divided by 8760 hours (number of hours in one year), 
then we get the  tf at 125C in years (2.0 years). 
 
Because of the potential for error that the activation energy based on a two point  (two temperatures) method can 
introduce into these calculations, the accepted procedure is to generate tf’s at 3 or 4 temperatures, plot ln(1/tf) 
versus 1/T and calculate the activation energy from the slope of the plot. 
 
         1  -Ea       Ea 
   ln(------) Œ  ---------   T is temperature in oK; slope = --------- 
         tf   KbT       Kb 
 
Even when using the 3 or 4 point method for determining the activation energy one must exercise some judgment 
on whether this technique will provide the most accurate results.  If the data series in the ln(1/tf) versus 1/T plot 
clearly indicates a linearity, then the 3 or 4 point method will provide the most accurate value for the activation 
energy and the most reliable predictions on intermetallic  life at application temperatures.  If, however, the data 
series in the ln(1/tf) versus 1/T plot indicates a definite curvature trend (activation energy is increasing or 
decreasing with temperature), then one is probably better off using the 2 point method where the activation 
energy is calculated from the two temperatures that are closest to the application junction temperatures. 
 
Intermetallic Life Predictions Based on a Regression Treatment of the Arrhenius Approach 
 
Once the tf’s have been determined for the temperatures being evaluated a time-to-failures versus temperature 
table can be created similar to that shown below 
 

STORAGE 
TEMP 

tf in HRS 1/T in oK 1/tf 

150 3750 0.00236 0.000267 
175 930 0.00223 0.001075 
185 550 0.00218 0.001818 
195 160 0.00214 0.00625 

 



 

Extended Trendline and Projections for Intermetallic Life at 125C and 105C 
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The example used in the above intermetallic life predictions shows the importance of having 
sufficient data points to establish what the reaction or mechanism trend is as the temperature 
decreases.  Without the 150C data point, we could not have established the linear trend below 
185C and would not have had a case for deleting the 195C data point.  Therefore, in order to 
achieve accuracy in the intermetallic life predications 4 to 5 temperatures should be used  in these 
evaluations so that the trend at lower temperatures can estimated with reasonable confidence. 
 



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity



