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Hybrid Microcircuit Packaging Part IIBy Christopher HendersonConductors are used for a variety of purposes in hybridmicrocircuits. In addition to the usual function of interconnects, theyalso form terminals and electrodes. The table in Figure 8 lists some ofthe more commonly-used conductors in hybrid microcircuits.

Figure 8. Conductors.
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Adhesives also play a big role in hybrid microcircuit assembly. There are two basic types of adhesives:thermoplastic and thermosetting. These terms are discussed in more detail elsewhere on this site.Adhesives can be cured with heat, light, microwave energy, and even moisture. In hybrid microcircuits,adhesives can serve one or more purposes such as mechanical attachment, electrical connection,assistance in the removal of heat, and as a buffer layer to absorb stress. They are typically used for die,substrate or lid attachment, or surface mounting. Adhesives usually come as a pre-form, or a shape that isspecially formed to be the size of the area required (Figure 9).

Figure 9. Adhesives.Hybrid microcircuit packages (Figure 10) can be used in systems in an unencapsulated orencapsulated manner. In an unencapsulated system (a), the components and the surface of the substrateare exposed. This solution is fine if themicrocircuit will be used in a protected,controlled environment. One can protectthe hybrid with a polymer (b). This canbe useful for mechanical protection fromdust or foreign objects, but it doesn’tprotect against moisture or corrosiveenvironments. For more robustenvironmental protection and for use in awider temperature environment, ceramic(c) or metal (d) packages are moreappropriate. These packages can also bemade hermetic, to seal out moisture andother contaminants.
Figure 10. Packages.
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The last item to discuss in relation to hybrid microcircuit packaging is die attach. A common die attachmaterial is gold-silicon eutectic (Figure 11-a). It provides a stable mechanical and electrical connectionthat works at high temperatures. Silver-filled epoxy is the most common die attach method. It is low costand easy to process, but it does have some reliability issues like poor electrical connectivity. Silver-glassadhesives are a potential substitute for gold-silicon eutectic, as they have high thermal conductivity and acoefficient of thermal expansion (CTE) close to that of silicon. A fourth die attach material is solder.Solders provide better thermal conductivity. The first three alloys listed in the table (b) are the mostwidely used in die attach. Sn5Pb85Sb10 is used for the second of two steps in soldering operations, whereone of the first three alloys is used in a first step. By controlling the reflow profile, the first solder joint isnot disrupted. No completely satisfactory nontoxic lead-free alloy is available at this time to fill the rolesof the first three alloys listed in the table. Au80Sn20 would be useful, but is prohibitively expensive.Others—such as Sn95Sb5—are just slightly too low in liquidus temperature. In any case, high-Sn alloystend to be brittle, exhibit poor thermal cycling behavior and are susceptible to the Kirkendall effect indevices operating at elevated temperature. Bismuth is available and inexpensive but is the least metallicof all the metals. It offers relatively poor ductility and thermal and electrical conductivity. It isquestionable whether Bi/Ag alloys will find wide application, despite having a suitable liquidustemperature. 

Figure 11. Die attach.In conclusion, we briefly discussed hybrid microcircuit packaging. There are several elements thatcomprise a hybrid microcircuit beyond the semiconductor devices. They include the thick and thin filmmaterials used on the substrate, the substrate itself, the resistors, capacitors, adhesive materials to bondthe substrate to the package, the passive elements to the substrate, and the lid seal. We also covered thepackages themselves as well as the die attach material. Hybrid microcircuits are likely to be used for sometime into the future as they fulfill an important niche in high-reliability electronics.
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Technical TidbitRandomized Block ExperimentsAn extension of the ANOVA method is to use the process to examine an experimental design withblocking.  Blocks might represent different batches of wafers, or a product run through different factories,or material run over different periods of time in the same factory.  In a blocked design the idea is toquantify the effect of the different treatments, or methods, and the blocking scheme.  In a randomizedblock design, the setup will eliminate variations between the batches.  One can then test if the methodsare effective by checking to see if the means are equal.  One can also look at the residuals, or what remainsafter the grand average, methods and block effects are taken into account.  Put another way, one can useresiduals to identify relationships between the means and the variances.

Figure 1. Example.Probably the best way to understand this is to show an example.  Let’s assume that we have 5 batchesof a new chip design that we plan to run through � factories, to comply with multi-sourcing requirementsfor our customer.  We’ll refer to these factories as Factory A, Factory B, Factory C, and Factory D.  We thenlook at the yield associated with those factories and group them in the table like we show here.  We then
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generate averages associated with the Blocks (or batches in this case) and the Treatments or Methods(the factories in this case).  Those averages are also shown here in this table.

Figure 2. Example (cont.).We then perform an ANOVA single factor analysis.  We use an alpha value of 0.05, which correspondsto a 95% confidence level in our F-distribution.  This analysis yields the results shown here on this slide.Notice that our F statistic, or F-ratio, is 2.�05.  This value is less than F-crit, which for 19 degrees offreedom (the sum of the between groups and the within groups degrees of freedom) and an alpha value of0.05, is 3.2�.  This implies that the null hypothesis is true, or in this case, the yields are not statisticallydifferent, which would further imply that our four factories are manufacturing essentially identicalproduct.  Furthermore, since the P-value is greater than 0.05, that further confirms that our four factoriesare manufacturing essentially identical product. 



Issue 87

6

September 2016

Ask the Experts

Q: Does a Defect Density of 3 defects/cm2 mean that a chip that is 1cm2 will
not yield (i.e., the yield will be zero)?

A: No that is not true. Defects are typically randomly dispersed, so a defect density of3 defects/cm2 is the average. There will be 1cm2 areas with 2, 1, or even no defects,and other 1cm2 areas with more than 3 defects. So there will be some yield.  It willnot be very large, but there will be some yield.

In the ANOVAdata, we assumed asingle factor, or thatour batches wereidentical.  Now let’sassume that thebatches are actuallywafers fromdifferent supplierswe intend to use.In order to accountfor this additionalvariable, weperform a two-factor ANOVAwithout replication.We do it withoutreplication sincethere is just onevalue we’reexamining, theyield.  This tableshows the results.Again, notice that our F ratios are less than the F-crit values, so the implication is that the manufacturingmethods are statistically the same.  Also, notice that the p-value for the rows is much greater than 0.05.  Itis important though, not to read too much into this.1. The p-value is not the probability that the null hypothesis is true, or the probability that thealternative hypothesis is false.2. The p-value is not the probability that the observed effects were produced by random chance alone.3. The 0.05 significance level is merely a convention.�. The p-value does not indicate the size or importance of the observed effect.5. In the absence of other evidence, the information provided by a p-value is limited.

Figure 3. Example (cont.).



Issue 87

7

September 2016

Spotlight: Defect-Based TestingOVERVIEWSemiconductor and integrated circuit developments continue to proceed at an incredible pace. Forexample, today’s application-specific ICs and microprocessors can contain upwards of 100 milliontransistors. Traditional testing relies on the stuck-at-fault (SAF) to model defect behavior. Unfortunately,the SAF model is a poor model for defects. Other models and strategies are required to catch killer defectson integrated circuits. As transistor sizes decrease, the types and properties of the killer defects change.This has created a number of challenges related to the testing of components. Defect-Based Testing is atwo-day course that offers detailed instruction on the electrical behavior and test strategies for integratedcircuits. We place special emphasis on electrical behavior, fault models, and test techniques. This course isa must for every manager, engineer, and technician working in IC test, IC design, or supplying testhardware and software tools to the industry.By focusing on the fundamentals of circuit behavior and the impact of defects on circuit behavior,participants will learn how to design, write, and implement test strategies to catch defects. Ourinstructors work hard to explain semiconductor test without delving heavily into the complex algorithmsand computer science that normally accompany this discipline.Participants learn basic but powerful aspects about defect-based testing. This skill-building series isdivided into four segments:
1. Electrical Behavior of Defects. Participants study the electrical behavior of defects. They learnhow open circuits, resistive vias, shorts, and transistor variations affect the electrical behavior ofthe individual transistor as well as gate elements and larger blocks.
2. Fault Models for Defect-Based Testing. Participants learn about the historical underpinnings ofthe stuck-at-fault (SAF) model. They also learn about other testing models, including IDDQ testing,at-speed testing, and delay testing.
3. Production Test Methods. Participants learn about standard digital testing, SAF testing, IDDQ,timing, low voltage tests, and other types of stress tests. They explore the strengths andweaknesses of each test type.
4. The Economic and Quality Impact of Defect-Based Testing. Participants learn how defect-based testing can actually improve test economics. They also study the impact to quality andreliability.COURSE OBJECTIVES1. The seminar will provide participants with an in-depth understanding of defect-based testing and itstechnical issues.2. Participants will understand the basic concepts of test economics, yield, test time and the cost of test.They also learn how defect-based testing can reduce the possibility of failures in the field.3. The seminar will identify underused test techniques like IDDQ and Very Low Voltage (VLV) testtechniques that can successfully find defects that are difficult to catch using conventional testtechniques.
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�. The seminar offers the opportunity to discuss specific test problems with our expert instructors.5. Participants will be able to identify basic and advanced principles for defect-based test.�. Participants will understand the difficulties in extending IDDQ testing to leading edge products andhow to overcome some of these limitations.�. Participants will become familiar with Design for Test (DFT) and Automatic Test Pattern Generation(ATPG) tools used for defect-based testing.8. The seminar will introduce fundamental and advanced concepts related to extending defect-basedtesting to future designs.9. Participants will learn what tools are available today to implement defect-based testing.INSTRUCTIONAL STRATEGYBy using a combination of instruction by lecture, classroom exercises, and question/answer sessions,participants will learn practical information on defect-based testing. From the very first moments of theseminar until the last sentence of the training, the driving instructional factor is application. We useinstructors who are internationally recognized experts in their fields that have years of experience (bothcurrent and relevant) in this field.COURSE OUTLINEDay 11. What is Defect-Based Testing?a. Introductionb. Terminologyc. Existing test techniques2. CMOS IC Defect Mechanisms and Detection Techniquesa. Normal transistor and gate behaviorb. Sources of random and systematic defectsc. Types of Defects and How to Detect Themi. Bridging defectsii. Resistive defectsiii. Open circuit defectsiv. Delay defects3. Fault Models for Defect-Based Testa. Stuck-at-fault (SAF)b. Delay faultDay 2 c. Leakage faultd. Methods for implementing fault modelse. Existing software tools
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�. Production Test Methodsa. Functional testing (At-speed testing)b. IDDx Testingc. Timing Testd. Low Voltage Testinge. Stress Testing5. Defect-Oriented test Economics and Product Qualitya. Test set reductionb. Effectiveness in catching defectsc. Yield and fallout�. Case Histories
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Upcoming Courses(Click on each item for details)
Semiconductor Reliability /

Product QualificationSeptember 12 – 15, 201� (Mon – Thur)San Jose, California
Introduction to ProcessingJanuary 5 – �, 201� (Thur – Fri)Shanghai, ChinaFeedbackIf 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 1-505-858-0�5� 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/reliability/semiconductor-reliability-and-qualification.php
http://www.semitracks.com/courses/reliability/semiconductor-reliability-and-qualification.php
http://www.semitracks.com/courses/processing/introduction-to-processing.php
http://training.semitracks.com/forums
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