Junction Temperature Derating for Integrated Circuits in Plastic Packages

I have examined the available technical literature in regard to life limiting mechanisms for integrated circuits in common plastic packages.  I attached the articles I have captured that are available electronically to this email.

Premature AuAl bond failures have been found in plastic encapsulated microcircuits due to the precipitation (outgassing) of flame retardants commonly used in epoxy mold compounds.  Typically these are tetra-bromo-bisphenol-A (TBBPA) and its diglycide ethers or Antimony Trioxide.  Sometimes these are used in combination (particularly since older data showed less bond degradation under dry bake conditions with the Antimony Trioxide).  Usually the flame retardants are approximately 2% of the epoxy mold compound.

Failure analysis has been performed of these “early” failures and shown that the physical mechanism was Kirkendall voiding (intermetallics) in the Aluminum Gold ball bond, similar to what has been observed in hybrids.  The rate of failure has been shown to be related to the outgassing rate of HBr or other active halogens in the epoxy mold compound.  It is known that water and halogens accelerate intermetallic formation and Kirkendall voiding in Gold Aluminum bonds.  In plastic parts, after the halogens have precipitated out of the epoxy matrix and become mobile, both conditions are present to have the accelerated bond degradation occur.

Later it will be shown that use of plastic parts in high moisture environments (and high temperatures) accelerates this failure mechanism.  However this is not relevant to long-lived space missions.  We can talk about ground storage prior to launch, however, the long history of commercial parts being used near room temperature on earth doesn’t make me scared.  For now, I will restrict the discussion to low humidity environments, so that dry bake is the correct simulation.

“The Microstructure of Ball Bond Corrosion Failures” by Ritz, Stacy, Broadbent (IRPS 1987, p. 28 – I have paper copy) – Aluminum Gold bonding in various epoxy mold compounds was subject to high temperature bakes between 175 and 200 degrees Celsius.  Growth of the intermetallics is shown in cross-sectioning studies at various hours of high temperature stress (100-1000 hours).

R. J. Gale “Epoxy Degradation Induced Au-Al Intermetallic Void formation in Plastic Encapsulated MOS memories (IRPS 1984 – I have a paper copy only) reports 0.8 eV activation and approximately Arrhenius equation dependence of this failure mechanism.  Many different plastic packages were subjected to high temperature bakes at 125, 150, 180 and 225 degrees Celsius.  No failures due to weak or failed bonds were found at less than 200 hours (for 180 degrees Celsius bake).  This paper has the largest sample size tests I have seen.

S. S. Ahmad, R. C. Blish II, T. J. Corbett, J. L. King, C. G. Shirley “Effect of Bromine in Molding Compounds on Gold-Aluminum Bonds” IEEE Transactions on Components, Hybrids, and Manufacturing Technology, December 1986 p.379 (see attachment “Bromine_AlAuBonds.pdf”) did various high temperature bakes and plotted the dependence of the time to failure for lower (which is standard) brominated epoxies and high brominated epoxies.  The lower brominated epoxies had significant increases in bond resistance (but did not fail) between 50 and 120 hours at 200 degrees Celsius.  The activation energy was 2.1 to 2.3 eV.  The higher brominated epoxies had significant resistance increases in the same time range, but with activation energy between 2.1 and 0.8 eV.  At 2% by weight Br the activation energy was 1.6 eV.

M. Khan, H. Fatemi, J. Romero, E. Delania “Effect of High Thermal Stability Mold Material on the Gold –Aluminum Bond Reliability in Epoxy Encapsulated VLSI Devices” – IRPS 1988, p.40 (see attached “Epoxy Mold and Au Al Bonds.pdf”) reported results on high temperature bake of both standard (labeled Q) and specially made epoxy mold compounds which had lower than average halogenated organic residues and therefore were supposed to have long bond life at high temperature.  I report here only the results for the standard epoxy mold compound.  (Indeed the special mold compounds were better).  The standard compound had a significant failure rate (1%) at 225 degrees Celsius bake of 30 hours.  The reported activation energy was 0.72 eV.  The extrapolated time to failure at 175 degrees Celsius was 292 hours.  These tests were performed on special test structures and not on complete devices.

I received a short paper from Richard Biddle at Texas Instruments – “Plastic Encapsulant Impact on Au/Al Ball Bond Intermetallic Life” (see attachment “Bond_Intermetallic_Life.pdf”).  In addition to making references to the same technical literature that I have used, he reports a back study of Biphenyl Epoxies used on advanced packages (these packages should be worse for this phenomena, since the Tg of Biphenyl’s is much lower than for cresol Novolac epoxies).  Wire pull failures (counting less than 8.0 grams as a failure) occurred at 500 hours at 185 degrees Celsius and 900 hours at 175 degrees).  The approximate activation energy was 0.91 eV.  However a regression approach was used to get a prediction of the lifetime at low temperatures.  It was 2.1 years at 125 and 8.8 years at 105 degrees Celsius.

I also got from Richard a paper he has submitted called “Reliability Implications of Derating Leading Edge High Complexity Microcircuits” (see attachment “Reliability Implications of Derating-Biddle.pdf”).  In that paper he has TI data on the Au/Al Intermetallic limited Life for various encapsulants.  The Biphenyl’s (as expected) are worse with lifetimes between 9.5 and 18.4 years at 105 degrees Celsius.  Multi-functional epoxies (which are cresol Novolac based) are much better with lifetimes greater than 100 years at 135 degrees Celsius and greater than 1400 years at 105 degrees Celsius.

I also attach for general interest the higher rate of degradation seen in experiment done with high temperature exposures in humid environments (AutoClave).  See attachments “Gallo Mold Au Al Bonds.pdf” and “High Temperature Reliability of PEMs.pdf”.  There is not much data on dry bakes in these articles.  What is presented does not conflict with the data above.

Using the reported activation energies and the Arrhenius equation leads to a lifetime prediction of:

R.J. Gale - 0.386 years at 125 degrees Celsius, .963 years at 110 degrees Celsius, 1.84 years at 100 degrees Celsius

Ahmad, Blish, Corbett, King, Shirley – 9.3 years at 125 degrees and 57.4 years at 110 degrees Celsius

Kahn, Fatemi, Romero, Delania – 0.35 years at 125 degrees and 0.79 years at 110 degrees Celsius

Biddle – Novolac – greater than 100 years at 135 degrees Celsius; Biphenyl – 2.1 years at 125 degrees Celsius and 8.8 years at 105 degrees Celsius

