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ABSTRACT

With the advent of the lead-free initiative, many component manufacturers and end users are finding it necessary to verify the reliability and survivability of the wide variety of components at the higher temperatures required by lead free solder.   Unfortunately, using commercial IR reflow ovens to statistically profile new lead free parts to JEDEC, IPC, JAPAN and other high temperature reflow specifications has been very difficult.   The difficulty is achieving accurate and repeatable temperature ramp rates of 6 oC /Sec or higher with little to no overshoot at the peak of the reflow cycle which is critical in evaluating device integrity.

In response, Criteria Labs developed a extremely high accuracy, temperature profile oven with six (6) isolated independent mini ovens plus one static zone at ambient combined with a variable time and dwell transport system.   For the first time, Criteria Labs has the capability to accurately and repeatably stress devices to JEDEC, IPC, JAPAN and other solder reflow standards.   Our overall performance to control critical parameters far exceeds the capabilities of most equipment in use today.   This gives one the advantage to statistically evaluate components using custom profiles for their unique package requirements.

"Some consultants are bandying about figures with no consideration of company size, for example saying RoHS compliance will cost $100 million.   Based on hundreds of interviews with electronics companies, their contract manufacturers, suppliers, and our colleagues, we at TFI estimate that meeting RoHS requirements requires a one-time investment of 2% to 3% of cost of goods sold.   And we estimate that meeting the WEEE requirements 'if done strategically' can earn the company revenue and market share," concluded Pamela Gordon.   [1]
With the costs incurred, many component and electronic equipment manufacturers are concerned about the reliability of their products after assembly using lead free solder along with the other “green” package materials, due to the more extreme process requirements.   

The reliability of these products can be easily verified using Criteria Labs temperature profile oven.   The oven is a repeatable, real time data logging, seven zone oven that is programmable to produce ramp rates from 1 oC to 20 oC per second with no overshoot and control temperatures up to 400 oC ±2 oC in a nitrogen environment to minimize lead oxidation.   In addition the CLC has the capability of real time electrical testing during the profile time using up to 20 I/O signals.   Data is collected and displayed real time on both the control panel and graphed on a computer display.   Temperature samples are collected twice a second and displayed every 2 seconds.

This paper will address how the Criteria Labs temperature profile oven verifies “green” packages and provides meaningful data to the end user or supplier when tackling the many challenges the industry faces today meeting the RoHS (Reduction of Hazardious Substances) often referred to as the lead free initiative.   Several examples will be presented illustrating problems and issues encountered when using conventional profiling techniques and why more accurate temperature profiling is necessary and required to guarantee reliable, long term device performance.

INTRODUCTION

Industry today is constantly evolving as packages become thinner, die geometries are shrinking, speed is increasing, and packing more complexity into a small space.  Not only are we dealing with thinner and larger packages being susceptible to mechanical failure and having to endure more stringent process controls to control moisture, but also the current focus has turned to improve our environment by eliminating the lead out of semiconductor products.  This also includes the elimination of other chemicals like the flame-retardants; bromine and antimony.  This offers a new challenge on how to effectively evaluate the changes of the new semiconductor package, which this paper will address.

EVOLVING REQUIREMENTS

Much emphsis is being placed on the MSL of the package to avoid the “popcorn” effect and delamination.  We would all like to achieve a MSL1, which would simplify processing and save a ton of $$$, however with the temperature requirements increasing one can expect this to get worse initially before it gets better.

CHALLENGES WE FACE

RoHS impacts everyone from design and development to the OEM end product.  Molded leadframe packages may see the largest impact due to die attach (delamination), mold compound adhesion, lead finish and solderability issues, however other packages are affected as well.  Ceramic packages are affected by solderability, lead finish, and long-term storage.  Organic packages are impacted in substrate composition, delamination, die attach (delamination), and solderability ball integrity reflow issues.  Another problem that acquires the same attention as MSL is the reemergence of tin whiskers.

To fully understand which change has the most positive impact, one requires a tool to adequately evaluate the experiment.  Conventional ovens today provide a cumbersome means to collect statistical data.  One should have the ability to regulate rise times, soak times, hold temperatures with ±2°C, and have repeatability.
PACKAGE RELIABILITY PROCESS MEASUREMENT

JEDEC has a defined process for evaluating plastic packages called pre conditioning.  This process will certify whether or not a package will meet a specific MSL one is trying to achieve.  In its simplest form one takes a picture (PreCSAM) of the package.  The part is baked to remove all moisture for a zero base reference.  The part is then subjected to a temperature humidity bake for the period of time as defined by the MSL criteria.  The next crucial step entails the part being subjected to three passes through the IR Profile Reflow oven.  One will then take another picture (Post CSAM) and look for signs of delamination.  The profile is defined by peak temperature, slew rates, and cycle time.  Each of these parameters can be adjusted to characterize ones part.

Figure 1 is an example of a profile at 240°C.  The liner line of each zone is a representation of the minimum profile run time as defined by JEDEC.  One can see the 240°C graph follows the specification very closely vs. that of a conventional oven.
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Figure 1 - 240°C Profile
Conversely Figure 2 is an example of a profile at 260°C with a cycle time that approaches the maximum time specification called out by JEDEC.  In both figures one can visualize the linearity at the peak temperature vs. the mountaintops normally seen from conventional ovens.  The importance here is the part sees a consistent temperature within the critical zone.  We are capable of achieving peak temperatures beyond 300°C, however we have not seen a practical application that would call for a temperature this high.
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Figure 2 - 260°C Profile
Just as equally important one should be able to reproduce the same profile over time to have the confidence in the experimental results.  Figure 3 is an example of the repeatability of 30 samples run over a period of five days.  Six samples were pulled from each day and checked for repeatability.  What we observed was a difference in the starting temperature that attributed to the deviation for repeatability.
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Figure 3 - Repeatability

One other parameter that is important to the evaluation of a part is the slew rate ramping toward peak temperature and cool down.  Figure 4 is an example of an achievable ramp rate of 9°C/sec.  We have been able to achieve ramp rates up to 20°C/sec, however the fastest rate we have been asked to evaluate parts is 6°C/sec.
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Figure 4 – Ramp Rate

RoHS ANALYSIS USING TOOL

With all the variables that each team is addressing, one needs to have a good reliable and repeatable tool for performing the experimental evaluations.  There are several advantages with the profile oven we are using to evaluate parts for our customers.

A tool that is easy to program will speed up the cycle time for each profile developed.  All the timing and temperatures are set from the front panel.  The ramp rate is programmable within the body of the main program through subroutine calls.  The program is stored in the PLC for easy recall.

The parts are cycled through six temperature zones and one cool down zone.  Each zone is controlled by two temperature controllers that will maintain the temperature within ±2°C.  There are multiple temperature monitoring channels to insure compliance.  Overshoot and undershoot from one temperature to the next is virtually eliminated.  Set points are maintained with ±2°C which is critical to the peak temperature.  All parts are cycled in a N2 controlled environment and have the proper safeguards for ESD protection.

The profile oven is capable of demonstrating repeatability reproducing the same profile for hundreds of consecutive runs over a period lasting several days without any adjustments.  All data is collected real time and graphed at a rate of one date point every two seconds.  The data is easily stored and can be sent electronically to the customer.
This tool is just another avenue in reducing the cost for determining which change is the best to meet the desired MSL result with a lead free package.

FUTURE REQUIREMENTS

There is no crystal ball that tells us what is beyond the horizon.  With the direction the IC has gone in my short lifetime, it would be no surprise to see the package part as we know it today to be gone and the die intergrated directly into the end product.  This will indubitably bring on a whole new set of issues, but when have we ever backed down from a challenge.

SUMMARY

There is probably no unique answer for every package type since each package material used will have different characteristics determining the profile it will survive.  For sure the acceptable results will vary until the materials have caught up with the process requirements.  Our profile oven is a good development tool in analyzing one’s package made with different materials until the best fit is determined.  Through the characterization experiments one will be able to find the ideal profile for their parts.  Not only will they meet the lead free RoHS initiative, they will also be environment friendly and perform as well or better than the tin lead counterpart.
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