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Die Attach 1By Christopher HendersonIn this section we will cover die attach materials.  There areseveral major classes of materials, including liquid-dispensedmaterials and adhesive films.  Stay tuned as we cover this topic in thefollowing slides.We will cover the two major types of die attach: epoxy die attach,and eutectic die attach.  An epoxy die attach consists of a polymerthermoset loaded with a conductive material, like silver. A eutectic dieattach consists of two conductive metals alloyed together in thecorrect ratio to produce a eutectic material.

There are some other additional properties that can be importantfor certain applications. For instance, a one-component epoxy system
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can be stable at room temperature for applications where frozen storage and shipment cannot occur.However, these epoxies require higher curing temperatures. A quick curing epoxy might be necessary forhigh volume manufacturing. Low outgassing is necessary when engineers use epoxy die attach materialsin hermetically sealed components as the outgassing can lead to moisture or hydrocarbon buildup. Lowcuring temperatures can help reduce stress in certain packaging systems. Engineers use UV curableepoxies for some optoelectronics applications where thermally-induced outgas byproducts can degradeoptical performance. And low ionic impurities can reduce issues with ionic contamination in sensitivetransistors.

The manufacturers ship fast cure die attach frozen in a syringe. The assembly engineers then let itthaw and use it. These materials have a floor life of 24 hours so they need to be used relatively quickly.There are also shelf stable epoxies that do not require refrigeration. These don’t require mixing either, butthey do need higher temperatures to cure. 2�0 to 300 degrees centigrade is common, so this may not befeasible for high volume manufacturing. The image above shows the general use of epoxies in high volumemanufacturing. An operator inserts the epoxy syringe into the nozzle mechanism in the die attachmachine. The system then uses pressure to dispense the epoxy onto the leadframe.
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There are two methods for die attach dispense: the shower dispense and the writing dispense. Forlarge dice, the writing pattern works better, but it takes longer to do in assembly. Most companies will useshower dispense on small dice, and a writing dispense on a larger die. The machinery can write variouspatterns onto the leadframe, similar to the way a dot matrix works. Fillet height is important, so theengineers program the machinery to control the fillet height to between 2� and ��% of the die height onthe side of the die. After die attach dispense, one can use optical or x-ray imaging techniques to examinethe coverage and the fillet.
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The image above shows a cross-sectional view of a proper die attach fillet. In a plastic package, the dieis bonded to the die paddle, or the leadframe, using a silver-filled or silver-loaded epoxy. The silver flakesare the bright regions within the die attach. The die attach not only provides a mechanical connectionbetween the die and the leadframe, but also provides an electrical connection. Problems can arise if thereis insufficient silver in the epoxy, or if the silver becomes stratified. This can increase the resistancebetween the die and the leadframe. The silver-filled epoxy should also “wet” or make good contact to boththe die and the leadframe. A good wetted epoxy contact will form a long smooth contact to the surfacewhile a poor contact might ball up and have limited contact to the surface. This can occur as a result ofpoor cleaning processes, contamination, or low temperatures.
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Technical TidbitT-TestThe next technique is the T-Test. The T-Test assesses whether the means of two groups are statisticallydifferent from each other. We use this analysis to compare the means of two groups. Explained in layman'sterms, the T-Test determines a probability that two populations are the same with respect to the variabletested. For example, suppose we collected data on the heights of male basketball and football players, andcompared the sample means using the T-Test. A probability of 0.4 would mean that there is a 40%likelihood that we cannot distinguish a group of basketball players from a group of football players byheight alone. That's about as far as the T-Test—or any statistical test, for that matter—will work. If wecalculate a probability of 0.0� or less, then we can reject the null hypothesis (that is, we can conclude thatthe two groups of athletes can be distinguished by height). We can perform the T-Test knowing just themeans, standard deviation, and the number of data points. Note that the raw data must be used for the T-Test—or any statistical test, for that matter. If we record only the means, we lose a great deal ofinformation and this usually renders our work invalid. The two sample T-Test yields a statistic t, in whichthe signal to noise ratio is given by the difference between the two group means divided by the variabilityof the two groups. We show some of the associated mathematics here as well.

The following Excel sheet shows an example of a T-Test calculation on propagation delay data. Onecalculates the means, standard deviations, and determines the number of samples in each group. One canthen use the equations we discussed, or, one can use the Microsoft Excel formulas T.TEST and T.INV.2T to
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calculate the T-statistic and the confidence. The higher the T-statistic, the greater the likelihood that thetwo samples have come from the same two underlying populations that have the same mean. TheT.INV.2T value gives us the probability that associated with the T-distribution. The equations actuallygenerate the same value as the T.INV.2T function. In this example, the value for T.INV.2T is quite low,indicating that there is an extremely low probability that these samples come from different distributions.Another way to put it – these two samples likely come from the same distribution, or the machines usedto produce this data are almost identical.

Ask the Experts

Q: How can I make backside temperature measurements during RTP at
multiple locations?

A: There are two main methods for making temperature measurements during RTP:optical pyrometry and thermocouples.  To make measurements at multiplelocations, one would need multiple optical pyrometers, or multiple thermocouples.Another possibility with optical pyrometers is to mount the pyrometer such that itcan be moved to focus on different areas, or use an infrared camera system to makea map.  The challenge with optical pyrometry is that one must compensate foremissivity due to backside metallization schemes.  Mounting of the opticalpyrometer may also be problematical, as many detectors cannot be directlyexposed to high temperatures.
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Spotlight: EOS, ESD, and How to DifferentiateOVERVIEWElectrical Overstress (EOS) and Electrostatic Discharge (ESD) account for most of the field failuresobserved in the electronics industry. Although EOS and ESD damage can at times look quite similar toeach other, the source each and the solution can be quite different. Therefore, it is important to be able todistinguish between the two mechanisms. The semiconductor industry needs knowledgeable engineersand scientists to understand these issues. EOS, ESD, and How to Differentiate is a two-day course thatoffers detailed instruction on EOS, ESD and how to distinguish between them. This course is designed forevery manager, engineer, and technician concerned with EOS, ESD, analyzing field returns, determiningimpact, and developing mitigation techniques.Participants learn to develop the skills to determine what constitutes a good ESD design, how torecognize devices that can reduce ESD susceptibility, and how to design new ESD structures for a varietyof technologies.1. Overview of the EOS Failure Mechanism. Participants learn the fundamentals of EOS, thephysics behind overstress conditions, test equipment, sources of EOS, and the results of failure.2. Overview of the ESD Failure Mechanism. Participants learn the fundamentals of ESD, thephysics behind overstress conditions, test equipment, test protocols, and the results of failure.3. ESD Circuit Design Issues. Participants learn how designers develop circuits to protect againstESD damage. This includes MOSFETs, diodes, off-chip driver circuits, receiver circuits, and powerclamps.4. How to Differentiate. Participants learn how to tell the difference between EOS and ESD. Theylearn how to simulate damage and interpret pulse widths, amplitudes and polarity.�. Resolving EOS/ESD on the Manufacturing Floor. Participants see a number of commonproblems and their origins.COURSE OBJECTIVES1. The seminar will provide participants with an in-depth understanding of electrical overstress, themodels used for EOS, and the manifestation of the mechanism. 2. Participants will understand the ESD failure mechanism, test structures, equipment, and testingmethods used to achieve robust ESD resistance in today’s components.3. The seminar will identify the major issues associated with ESD, and explain how they occur, how theyare modeled, and how they are mitigated.4. Participants will be able to identify basic ESD structures and how they are used to help reduce ESDsusceptibility on semiconductor devices.�. Participants will be able to distinguish between EOS and ESD when performing a failure analysis.�. Participants will be able to estimate a pulse width, pulse amplitude, and determine the polarity of anEOS or ESD event.�. Participants will see examples of common problems that result in EOS and ESD in the manufacturingenvironment.
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INSTRUCTIONAL STRATEGYBy using a combination of instruction by lecture, written text material, problem solving andquestion/answer sessions, participants will learn practical approaches to the failure analysis process.From the very first moments of the seminar until the last sentence of the training, the drivinginstructional factor is application. We use instructors who are internationally recognized experts in theirfields that have years of experience (both current and relevant) in this field. The course notes offerdozens of pages of additional reference material the participants can use back at their daily activities.COURSE OUTLINEDay 11. Introductiona. Terms and Definitionsb. ESD Fundamentalsc. EOS Fundamentals2. Electrical Overstress Device Physicsa. Sources of EOSb. EOS Modelsc. Electrothermal Physics3. Electrostatic Discharge Device Physicsa. ESD Models b. ESD Testing and Qualificationc. ESD Failure Criteriad. Electrothermal Physicse. Electrostatic Discharge FailureModelsf. Semiconductor Devices and ESDModelsg. Latchup4. EOS Issues in Manufacturinga. Charging Associated with Equipmenti. Testersii. Automated Handling Equipmentiii. Soldering Ironsb. Charge Board Eventsc. Cable Discharge Eventsd. Ground Loops/Faulty Wiringe. Voltage Differentials due toHigh Currentf. Event Detection



 

Issue 82

9

April 2016

Day 2�. ESD Protection Methodsa. Semiconductor Process Methodsb. MOSFET Designc. Diode Designd. Off-Chip Driverse. Receiver Networksf. Power Clamps�. Differentiating Between EOS and ESDa. EOS Manifestationb. ESD Manifestationc. Circuit considerationsi. Chip levelii. System leveld. Simulating ESDe. Simulating EOS�. EOS/ESD Design and Modeling Toolsa. Electrothermal Circuit Designb. Electrothermal Device Designc. ESD CAD Design
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Upcoming Courses(Click on each item for details)
Failure and Yield AnalysisMay 1� – 20, 201� (Tue – Fri)Munich, Germany

EOS, ESD and How to DifferentiateMay 23 – 24, 201� (Mon – Tue)Munich, Germany
Semiconductor Reliability /

Product QualificationMay 30 – June 2, 201� (Mon – Thur)Munich, Germany
Advanced Thermal Management

and Packaging MaterialsJune � – 8, 201� (Tue – Wed)Albuquerque, New Mexico, USA
Wafer Fab ProcessingJune 2� – 30, 201� (Mon – Thur)San Jose, California, USA

Semiconductor ReliabilityJuly 11 – 13, 201� (Mon – Wed)Singapore

FeedbackIf you have a suggestion or a comment regarding our courses, onlinetraining, discussion forums, or reference materials, or if you wish tosuggest a new course or location, please call us at 1-�0�-8�8-04�4 orEmail us (info@semitracks.com).To submit questions to the Q&A section, inquire about an article, orsuggest a topic you would like to see covered in the next newsletter,please contact Jeremy Henderson by Email(jeremy.henderson@semitracks.com).We are always looking for ways to enhance our courses and educationalmaterials.~For more information on Semitracks online training or public courses,visit our web site!http://www.semitracks.com
To post, read, or answer a question, visit our forums.

We look forward to hearing from you!

http://www.semitracks.com/courses/analysis/failure-and-yield-analysis.php
http://www.semitracks.com/courses/analysis/eos-esd-and-how-to-differentiate.php
http://www.semitracks.com/courses/reliability/semiconductor-reliability-and-qualification.php
http://www.semitracks.com/courses/reliability/semiconductor-reliability-and-qualification.php
http://www.semitracks.com/courses/packaging/advanced-thermal-management-and-packaging-materials.php
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http://www.semitracks.com/courses/reliability/semiconductor-reliability.php
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