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UNIVERSITY OF OSLO 

 

FACULTY OF MATHEMATICS AND NATURAL SCIENCES 

Guide	for	this	exam:	
 

Exam in: FYS4260 and FYS9260 Microsystems and Electronic Packaging & 
Interconnection Technologies 

Day of exam: Monday, May 31st, 2010 

Exam hours: 14:30 – 17:30 (3 hours) 

This examination paper consists of 4 pages. 

Appendices: No appendices 

Permitted materials: None except the general allowed aids as for instance approved 
electronic calculators. For instance, tables and programmed data in calculators not allowed. 

 

Make sure that your copy of this examination paper is complete before answering. 

 

 

Additional information: 

Course responsible Per Øhlckers will not be present at University of Oslo on exam day but 
can be reached on cell phone 9590 3989. / Kursansvarlig Per Øhlckers vil ikke være 
tilstede på Universitetet i Oslo på eksamensdagen men kan nåes på mobiltelefon 9590 
3989. 

The test questions are given in Norwegian and English, and can be answered in either 
Norwegian or English. Use maximum 1 page for each question; that is for the sum of both 
the a) and the b) answers / Hvert spørsmål gis både med norsk og engelsk tekst. 
Besvarelsen kan gis valgfritt på norsk eller engelsk. Bruk maksimum 1 side på hver 
oppgave, dvs. summert for både a) og b) besvarelsen.  
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Question 1: Technology trends 
Describe what you consider the 6 most important technology trends within electronic packaging and 
interconnection technology, and explain shortly for each of them why they are important. 

Oppgave 1: Teknologitrender. 
a)  Beskriv hva du mener er de 6 viktigste teknologitrendene innen elektronikk byggemetoder, og 

forklar kort for hver av dem hvorfor de er viktige.  

b)  Sammenlign best mulig arealbehovet ved bruk av henholdsvis trådsveisingsteknikk og snudd-
brikke-teknikk ved konnektering av integrerte kretser til et substrat eller en komponentkapsel. 
Kommenter hvorfor trådsveising er den dominerende konnekteringsteknikken for integrerte 
kretser i dag, og gi din vurdering av hvordan bruksomfanget blir fremover for hver av de to 
brikke konnekteringsteknikkene. 

 

Suggested answer: 

The development in semiconductor technology makes ever more advanced electronic systems 
possible. Some important trends for the systems development are: 

1. Smaller critical dimensions, i.e. line widths and distances on the IC and module/PCB. 
2. Increasing packaging density, i.e. more and more electric functions are possible to implement in 

a given area or volume 
3. Increasing maximum operating frequency/bit rate  
4. Increasing power dissipated per unit area and –volume 
5. Increased possibility to realise complex circuit functions with standard hardware by 

programming software 
6. Ever lower price per electrical function 

Comment from po: Some candidates have listed the increased importance of different technologies 
as trends, for instance increased use of surface mount technology, increased use of MEMS, etc. 
Since these changes might be identified as trends, this way understanding the question is partly 
accepted with good will. 

Compare as best as you can the area efficiency when using respectively wire bonding technology and 
flip chip technology when connecting integrated circuits to a substrate or a chip package. Comment why 
wire bonding is the most important connection technology for integrated circuit chips today, and give 
your evaluation of expected future level of usage for each of these two types of chip connection 
technologies. 

Suggested answer: 

See fig 2.6, page 2.8: 

 
Wire bonding is dominating because it offers the highest flexibility combined with high packaging 
density, high yield, excellent reliability, low cost and a mature industry infrastructure.  

Wire bonding will still dominate in the foreseeable future, but will be challenged by a growing use of 
flip chip technology, driven by the its ultimate 1:1 packaging density, excellent performance and high 
reliability. For instance, high frequency operation and thermal properties are excellent. 
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Question 2: Printed wiring boards (Unassembled printed circuit 
boards) 

a)  Describe a common used manufacturing technology for through hole plated double sided printed 
wiring boards. This is best done by outlining a flow chart with a supplemental text for each 
process step. 

 

Suggested answer: 

Described in Chapter 5.6 in the textbook. Best described by using figure 5.5 with additional text: 

 

 
Fig. 5.5: Through hole plated PWB, process steps: a) panel plating, b) pattern plating, c) hot 

air levelling. 

5.6.1 Process 

 

 We start with a glass/epoxy laminate with double sided Cu foil, normally 18 µm thick. The 
process for panel plating is as follows, please refer to Figure 5.5: 

 

1. Drilling of registration holes, component holes and via holes. 

 

2. Cleaning of the surface and holes ("deburring"), and a mild etch to ensure adhesion in the 
subsequent steps 3 and 4. 
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3. Activation for chemical plating: The panel is dipped into a solution containing Sn2+ ions, to 
increase the sensitivity of the surface. The Sn2+ ions are adsorbed on the surface. The activation takes 
place in an acidic solution of palladium chloride, that is transformed into metallic Pd. Reaction:  

  Sn2+ + Pd2+ -> Sn4+ + Pd. 

 In the plating process, Pd catalyses the deposition of copper. (There is still some doubt about 
the detailed mechanism, see [5.2]). 

 

4. Chemical plating [5.1, 5.2] of Cu: The panel is dipped into a reducing bath containing Cu2+ 
ions for example in the form of dissolved CuSO4. Formaldehyde, HCHO, is the common means of 
reduction. In this bath, Cu2+ is reduced to Cu that covers the whole surface, including the holes, also 
where the surface is electrically insulating. At the same time formaldehyde is oxidised into acetic acid. 

 

 The plated thickness is approximately 3 µm. The purpose is to create an electrically conducting 
surface everywhere, for the subsequent step. 

 

 The chemical plating is very critical. The composition of the bath is complex, and if the 
composition, temperature, "bath loading" (the ratio between plated area and bath volume) is outside 
acceptable values, Cu2+ may be reduced to metallic Cu in the bath itself, which is then ruined. 

 

5. Electrolytic plating of Cu: The panel is dipped into an electrolyte that contains Cu2+ ions, such 
as CuSO4 dissolved in H2SO4. The panel forms the negative electrode (cathode), and a metallic copper 
plate forms the positive electrode (anode) of an electrolytic cell. At the anode copper is dissolved:  

   Cu  ->  Cu2+ + 2e-. 

 The reaction at the cathode is the following: 

   Cu2+ + 2e-  ->  Cu, 

 thus, metallic copper is deposited on the panel. Approximately 25 – 30 µm Cu is normally 
plated, in order to get good coverage in the via holes. 

 

6. Pattern definition: Dry film photoresist is laminated on to both sides, normally negative resist. 
The resist is illuminated through a positive photographic mask and is developed. The pattern is 
therefore black on the photomask, and the photoresist will dissolve where there is a pattern, during the 
development. 

 

7. Tin/lead plating for etch masking: The panel is connected to the cathode of an electrolytic bath 
containing Sn2+ and Pb2+ ions. The anode is metallic Sn/Pb alloy. The electrolyte is based on 
fluoroboric acid, HBF4. The ratio between the concentration of the ions in the bath and on the anode, is 
such that the deposited layer of metal on the panel will be approximately the eutectic mixture 
63Sn/37Pb (percent by weight). The normal thickness is about 7 µm. After this the photoresist is 
dissolved in a suitable solvent, for instance methylene chloride. 

 

8. Etching: The Cu foil is etched simultaneously on both sides, analogous to step 4, Section 5.5, but 
with an ammonia-based etch bath, which does not attack Sn/Pb. The plated Sn/Pb serves as an etch 
resist. After the etching, the Cu is covered with Sn/Pb where we want conductor pattern and solder 
lands, as well as in the holes through the board. 

 

9. If it is desired to have Sn/Pb on the completed board, a "fusing" step follows. It consists in 
heating of the board to a temperature where the alloy melts and changes its crystalline structure. It 
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flows and covers the nearly vertical edges of the etched copper. We get an intermetallic copper/tin 
interfacing layer. The heating may take place in hot air or oil, by IR radiation heating, etc. 

 

 The tin/lead layer serves two purposes: It is both an etch mask and it makes a durable, 
solderable surface. 

 

 If one wishes clean copper surface on the completed boards, a new etching step replaces step 
9. In this step the Sn/Pb is removed. 

 

 Finally, organic solder resist is deposited, as described in steps 6-7 in Section 5.5. For boards 
with pure copper surface, a solder coating may also be deposited. 

 

 In a slightly different process, pattern plating, the pattern is defined with photoresist after 
drilling of the holes and activation, step 3, see Figure 5.5. The copper is then plated only at the 
desired conductor pattern and in the holes. Then tin/lead is deposited and the photoresist is 
stripped. The copper is etched, but in this process it is only the original thickness (17 µm) 
which has to be etched away. In this way, waste is reduced and improving pattern definition is 
obtained by reduced underetch (Section 5.8.1). This process dominates today. 

 

b)  Explain what you consider the two most important motivations for the use of metal core printed 
wiring boards. Give an example of a metal used for such a core, and give an approximate value 
of the coefficient of thermal expansion for this metal. 

Suggested answer:Described inChapter 5.9 in the textbook 

O2: Mønsterkort (Ubestykkete kretskort) 
a)  Forklar en vanlig benyttet fremstillingsmåte for hullpletterte tosidige mønsterkort. Dette gjøres 

best ved å skissere et flytdiagram og med en utfyllende tekstforklaring for hvert prosesstrinn. 

b)  Forklar hva du mener er de to viktigste årsakene til at metallkjerne mønsterkort benyttes. Nevn 
et eksempel på et metall som benyttes til en slik kjerne og gi en tilnærmet verdi av den termiske 
utvidelseskoeffisienten for dette metallet. 

Question 3: Capacitors 
a)  Give a list of the most important properties of capacitors used in electronics. Make a drawing of 

a general electrical equivalent model for a capacitor and give the formula for the impedance 
when the parallel resistance is neglected. Define the loss tangent and set up the formula. 

Suggested answer: See Chapter 4.3 in the textbook: 

In addition the capacitance, the following properties are important for the area of application of 
capacitors: 

- Maximum voltage rating 

- Temperature dependence of the capacitance (temperature  coefficient) 

- Loss tangent (tan ), see below 

- Equivalent series resistance 

- Long term stability and ageing phenomena 

- High frequency properties 

- Leakage current 
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- Ability to withstand various production processes (high temperature, etc.) 

- Price, physical size, etc. 

4.3.1 Electrical model 

 An ideal capacitor consists of two electrodes of area A, with a perfect insulator between 
them, of thickness d and relative dielectric constant r : 

 C = o r x A /d 

 Practical capacitors can be described by models like the one in Fig. 4.3. Deviations from the ideal 
are represented by series resistance Rs, parallel resistance Rp, and inductance L. The various 
parasitics dominate at different frequencies. 

 

 

 

Fig. 4.3: Electrical equivalent model for capacitor. 

 

 If Rp can be neglected the impedance is given by: 

   

 /Z/ = [ Rs2 + (L - 1/C)2]1/2. 

The loss tangent is of special importance. It is defined as the ratio between the resistive and reactive 
parts of the impedance (please refer to Section 3.2.3):  

 tan  = R / /Im Z/ = [Rp + Rs ( 1+ ( CRp)2) ] / ( CRp2 - L (1+ ( CRp)2) ]. 

 

b)  Explain the construction and manufacturing technology for multilayer ceramic capacitors. 
Explain how such a capacitor may be ruined if exposed to mechanical overload, for instance by 
excessive temperature cycling. 

Suggested answer: See Chapter 4.3.3 in the textbook: 

4.3.3 Multilayer ceramic capacitors 

 Ceramic multilayer capacitors, see Figure 4.7, are the dominating type for SMD. They are 
composed of a number of metal electrodes, isolated from each other by thin layers of a ceramic 
dielectric. Every other electrode is connected to the end termination on the left and the right side. 
The dielectric layers are only of the order 20 µm thick, and the dielectric may have a very high 
relative dielectric constant. Thus, one achieves very high capacitance to volume ratio. The 
capacitors are manufactured by processes similar to those used for making multilayer ceramic 
packages and multichip modules, please refer to Chapters 3 and 8 and [4.2, 4.3, 4.6, 4.8]. Due to 
the high temperatures used during sintering the inner electrodes are normally made of the noble 
metals Pt or Pd, which have a high melting point. The end electrodes are AgPd or Ag, see Figure 
4.7, and a diffusion barrier of Ni outside it, and on top of that, a eutectic composition of SnPb 
solder. See also Section 4.7. 
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 The ceramic dielectrics are of different types. Designations and compositions vary between 
manufacturers, but properties are similar. The dielectrics are divided into classes according to 
relative dielectric constant and other properties. The ceramic is often based on barium- or 
strontium titanate with additives. These materials are ferroelectric, therefore the high dielectric 
constant, please refer to Figure 4.8. Near the Curie temperature r  is strongly temperature 
dependent, and the purpose of the additives is to move the Curie point or in other ways reduce the 
temperature dependence in the temperature region of use. 

 

 

 

Fig. 4.7 a): SMD multilayer ceramic capacitor. 

 

Fig. 4.7 b): Metal system for the end termination of multilayer ceramic capacitors. 

See figure 4.10 regarding crack formation due to thermal stress: 
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Fig. 4.10: Crack formation because of thermal stress in ceramic capacitors [4.11]. 

Oppgave 3: Kondensatorer 
a)  Gi en liste over de viktigste egenskapene for kondensatorer brukt i elektronikk. Tegn opp et 

generelt elektrisk ekvivalentskjema og gi formelen for impedans når parallellmotstanden 
neglisjeres. Definer tapsfaktoren og sett opp formelen for denne. 

b)  Forklar konstruksjon og fremstillingsteknologi for multilags keramiske kondensatorer. Forklar 
hvordan en slik multilags keramisk kondensator kan bli ødelagt hvis den utsettes for mekanisk 
overlast, for eksempel ved overdreven termisk sykling. 

Question 4: Printed Circuit Boards (Assembled Printed Circuit 
Boards) 

a)  Explain a common used manufacturing technology for double sided printed circuit boards with 
only surface mount devices (SMD) on one side of the board and only hole mounted devices on 
the other side of the board. This is best done by outlining a flow chart with a supplemental text 
for each process step. 

Suggested answer: See Figure 7.44 c on page 7.40 in the textbook: Add supplemental text. 

 

 

Fig. 7.44: Process sequences for boards with different types of components on the two sides. The 
steps marked "For all processes" on figure a) are not repeated on the other figures. 

 

b)  Explain the wave soldering process for a printed circuit board. Describe the two most important 
solder defects when using wave soldering, and how they best can be minimised. 

Suggested answer: Recommended answer: See page 7.11-7.12: 

Wave soldering 

Wave soldering is done in the same way as for hole components, but it is more critical. Problem 
areas are: not wetted surfaces, generation of solder bridges and thermal stress on the 
components. 
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The component bodies cast shadows for themselves and their neighbours, see Figure 7.14, and the 
simplest solder machines give unreliable contact between the solder areas and the wave. To 
remedy this, many machines have two waves, see Figure 7.15. The first is a turbulent wave, 
reaching and wetting all corners and crevasses. However, it will create solder bridges. The 
second, called the "lambda wave" is a gentle wave that removes the superfluous solder. In 
addition to the solder process conditions, also the dimensions of the solder pads are very 
important for defect free soldering. 

There are several other principles for SMD wave soldering machines. The "jet wave" moves in the 
opposite direction to the board at high velocity. In some machines, a vibration is generated in the 
solder. Solder bridges may be blown off with a stream of hot air, "air knife", and oil can be mixed 
with the solder to reduce dross formation. 

 
Fig. 7.14: a): Shadowing in SMD wave soldering, b): Solder bridging on fine pitch package. 

a)  

Fig. 7.15: Double wave for SMD soldering. 

 

Figure 7.16 shows a typical temperature profile in a double wave solder process, as measured 
inside an SMD. The peak temperature is 230 - 250 °C, and the time during which the component is 
above 200 °C is 5 - 10 sec. 
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Fig. 7.16: Temperature profile during wave soldering in a 
double wave machine. 
 
To the right: Schematic presentation of combined reflow and wave 
soldering. Please note that use of adhesive is necessary. 
 

 

Oppgave 4: Kretskort (Bestykkete kretskort) 
a) Forklar en vanlig benyttet fremstillingsmåte for tosidige kretskort med kun overflatemontasje-

komponenter på en side av kortet og kun hullmonterte komponenter på den andre siden av 
kortet. Dette gjøres best ved å skisserer et flytdiagram med en utfyllende tekstforklaring for 
hvert prosesstrinn. 

b) Forklar bølgeloddeprosessen for et kretskort. Beskriv de to viktigste loddefeil ved bølgelodding, 
og hvordan en best kan unngå slike feil. 
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Question 5: Adhesivesfor electronic products/Microsystems 
MultiProject Wafer (MPW) foundry services 

a) Adhesives are widely used in electronics assembly for mechanical assembly, thermal 
management and electrical connections. Explain the difference between thermoplastic adhesives 
and thermosetting additives, and list 3 different main types of adhesives in each group. Explain 
the principle of Anisotropic Conductive Adhesive (ACA) using mono sized particles. This is 
best done by combining text and graphic presentation by sketching a cross-sectioned view of an 
assembly of a chip connected to a substrate with ACA with supplemental text. 

Suggested answer: See transparancies 11 and 13 regarding thermoplastic and thermosetting adhesives 
in “Adhesives in electronics”: 

Thermoplastics 

Reversible melting ↔solidifying 

Heating provides thermal energy for polymer chains to move “freely” 

Cooling reduces the molecular motion 

Linear molecular chains 

Entanglement 

Inter-molecular forces 

No chemical cross bonding 

Mechanical anisotropy  

Preferential orientation of molecules 

Types: Polyesters, acrylics, polysulfones 

Thermoset 

Do not melt upon heating 

Forms links or chemical bonds between adjacent chains, during curing (intra-molecular bonds)  

Three dimensional rigid network  

Properties depend on the molecular units, and the length and the density of the cross-links 

Thermosetting resins are usually isotropic  

Epoxies, silicones, urethanes 

ACA: See transparancies 58 and supplement with text. 

 

b) Tronics Microsystems of Crolles, France is offering microsystems MPW foundry services using 
their SOI-HARM process technology. A cross-sectioned view of the process and an example 
SEM image is shown in Figure 5.1 below. Write the full wording of the acronym SOI-HARM, 
and describe the main processing step of this MPW process, including the Deep Reactive Ion 
Etching (DRIE) process steps. This is best done by combining text and graphic presentation. 
Visualise shortly some of the basic features of the SOI-HARM MPW process by explaining how 
a 2-axis accelerometer can be designed and manufactured in this process. This is best done by 
combining text and graphic presentation. Explain how we can modify the design to adjust the 
full scale acceleration range.  
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Figure 5.1: Cross section view of the Tronic’s SOI-HARM MPW process and an example SEM image 
with this process/Figur 5.1: Tverrsnittbilde av Tronic’s SOI-HARM MPW prosess og et eksempel på et 
SEM bilde med denne prosessen. 

 

Suggested answer: See transparancies 14 and 22 in “4-TRONICS_Microbuilder_Course.ppt”. 
Important to explain the etching/polymertisation steps of DRIE. See transparency 19 for accelerometer 
design; acceleration range can be changed by changing inertial mass, width of cantilever and length of 
cantilever beam. 2-axis by having 2 separate beam/mass structures with 90 degrees difference in 
orientation. 

 

Oppgave 5: Lim for elektronikkprodukter/Mikrosystem MultiProsjekt 
(MPW) produksjonstjenester 

c)  Lim brukes mye i elektronikk sammenstilling for mekanisk sammenstilling, termisk husholdning 
og elektriske konnekteringer. Forklar forskjellen mellom termoplastiske lim og herdelim, og list 
3 forskjellige hovedtyper av lim innen hver gruppe. Forklar prinsippet ved Anistropisk Ledende 
Lim (ACA) med bruk av monostørrelse partikler. Dette gjøres best ved å kombinere tekst og 
grafisk presentasjon med en tverrsnittskisse av en sammenstilling av en brikke konnektert til et 
substrat med ACA med supplerende tekst. 

d)  Tronics Microsystems i Crolles, Frankrike tilbyr mikrosystem MPW produksjonstjenester 
(”smie”) basert på deres SOI-HARM prosessteknologi. Et tverrsnittbilde og eksempel på et SEM 
bilde er vist i Figur 5.1 overfor. Skriv ut de fulle ordene av forkortelsen SOI-HARM, og beskriv 
de viktigste prosess-stegene for denne MPW-prosessen, inkludert Dyp Reaktiv IoneEtsing 
(DRIE) prosess-steg. Dette gjøres best ved å kombinere tekst og grafikk. Visualiser kort noen av 
de grunnleggende egenskapene til SOI-HARM MPW prosessen ved å forklare hvordan et 2-akse 
aksellerometer kan konstrueres og fremstilles i denne prosessen. Dette gjøres best ved å 
kombinere tekst og grafikk. Forklar hvordan vi kan tilpasse designet til forskjellige full skala 
aksellerasjonsområder.  

e)   

----- End / Slutt----- 


