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Fasit for eksamen på UiO den 7. juni 2004 i FYS3260/FYS4260 Mikrosystemer og Elektronikk Byggemetoder


Fasit for eksamen i 2004 i FYS3260/FYS4260 Mikrosystemer og Elektronikk Byggemetoder. Fasit for enkelthets skyld bare gitt på engelsk.
Recommended answers for course test in 2004 in FYS3260/FYS4260 Microsystems and Electronics Packaging

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 trådsveising, filmbærerteknologi og snudd-brikke-teknikk ved konnektering av integrerte kretser til substrat eller kapsel. Kommenter hvorfor trådsveising er den dominerende konnekteringsteknikken, og gi din vurdering av hvordan bruksomfanget blir fremover for hver av de tre konnekteringsteknikkene.
Question 1: Technology trends
a. Describe what you mean are the 6 most important technology trends within electronic packaging and interconnection technology, and explain shortly for each of them why they are important.

Recommended answer:
See page 2.21 -2.22:

Smaller critical dimensions

Increasing operation frequency

Etc.
b. Compare as best as you can the area efficiency when using respectively wire bonding, tape automated bonding, 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, and give your evaluation of expected future level of usage for each of these three connection technologies.
Recommended answer:
See fig 2.6, page 2,8:
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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.
Tape automated bonding sees to be gradually loosing ground, based upon its need for high volumes to be cost effective and complicated implementation with custom made toolin, etc.
Oppgave 2: Materialer for elektronikk og de viktigste prosessteknologier
a. Oppgi navnet på 3 forskjellige metaller som brukes mye innen elektronikk byggemetoder. Oppgi en viktig anvendelse for hver av materialene innen elektronikk. Ranger de tre materialene etter fallende verdi på materialegenskapene smeltetemperatur, den elektriske ledningsevne og den termiske utvidelseskoeffisienten.
b. Tinn/bly legering benyttes mye til lodding av elektronikk. Forklar hensikten med å bruke loddefluks ved lodding med tinn/bly, og beskriv de tre hovedtypene av vanlige brukte loddeflukser. Forklar hvorfor det er vanlig å tilføre 2 % sølv i loddtinnet.
Question 2: Materials for electronics and basic processes
a. Give the names of 3 different metals that are used extensively in electronic packaging. Describe one important use for each of these materials in electronics. Set up a list for the three materials with falling values for the following three material properties: Melting point, the electrical conductivity and the thermal expansion coefficient.
Recommended answer:

For instance, use examples like copper, gold and aluminium from:
Table 3.1 a): Properties of some important materials in electronics: Conductors[3.1].
	
	Melting Point
	Electrical

Resistivity
	Thermal

Exp. Coeff.
	Thermal 

Conductivity

	Metal/Conductor
	[°C]
	[10-8Ohm(m]
	[10-7/°C]
	[W/m.°K]

	Copper
	1083
	1.7
	170
	393

	Silver
	960
	1.6
	197
	418

	Gold
	1063
	2.2
	142
	297

	Tungsten
	3415
	5.5
	45
	200

	Molybdenum
	2625
	5.2
	50
	146

	Platinum
	1774
	10.6
	90
	71

	Palladium
	1552
	10.8
	110
	70

	Nickel
	1455
	6.8
	133
	92

	Chromium
	1900
	20
	63
	66

	Invar
	1500
	46
	15
	11

	Kovar
	1450
	50
	53
	17

	Silver-Palladium
	1145
	20
	140
	150

	Gold-Platinum
	1350
	30
	100
	130

	Aluminium
	660
	4.3
	230
	240

	Au-20%Sn
	280
	16
	159
	57

	Pb-5%Sn
	310
	19
	290
	63

	Cu-W(20%Cu)
	1083
	2.5
	70
	248

	Cu-Mo(20%Cu)
	1083
	2.4
	72
	197


b. Tin/lead alloy is used extensively for soldering of electronics. Explain the rational for using soldering flux when soldering with tin \lead solder. And describe the three main types of solder fluxes. Explain why it is quite common to add 2 % silver in the solder metal.
Recommended answer:

See Chapter 3.10.3  Flux and cleaning [3.11, 3.13, 3.14, 3.15]


Fluxes are used to improve the soldering and have several functions:

- 
Dissolve and remove harmful surface layers (oxide, etc.)

-
Protect the surface against new oxidation

-
Improve the wetting

Many types of flux are used. They consist of active ingredients dissolved in a liquid. They are of two main categories:

-
Soluble in organic liquids

-
Water soluble


The category determines how one will be able to clean the flux residues.


The common fluxes are also characterised as:

-
Organic resin fluxes ("rosin")

-
Organic non resin based fluxes

-
Inorganic fluxes


Resin fluxes are most used and they contain natural resin from (pine-) trees, dissolved in alcohol, etc. It has a certain effect without additives, but it is normally "activated" by adding an organic chlorine compound: Dimethyl-ammonium chloride (DMA-HCl) or diethyl-ammonium chloride (DEA-HCl). The effect of the chlorine added is shown in Figure 3.19, while wetting of pure copper takes 6 seconds without activation, the time is below 1 sec. with 1 % Cl- - content.
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Fig. 3.19:
Time for solder alloy to wet a pure Cu surface, depending on the activation of the solder flux. The degree of activation is given by the concentration of Cl- ions in the flux (temperature: 230 °C) [3.13, page 232].


The following symbols/designations characterise the fluxes:

-
R (Rosin, non-activated): Resin flux without chlorine added. It acts because of weak acids in the resin

-
RMA (Rosin mildly activated): Up to 0.5 % Cl content 

-
RA (Rosin, activated): Higher content of chlorine


Chlorine is strongly corrosive, and if it remains on the surface after the solder process is completed it may give reliability problems later. A suitable cleaning process after soldering removes the residues. In many types of products it is accepted to use R and RMA flux without washing, but RA flux must be removed. All inorganic flux residues must also be removed.


Popular organic cleaning agents have been trichloro-trifluoro-ethane (Cl3CCF3 also designated TCTFE) mixed with an alcohol. One type is made by DuPont under the name Freon [3.13, page 45]. TCTFE has many good properties: It is efficient, does not burn, it is not poisonous and is chemically inert to most materials in electronics. 


Like many other chlorine-fluorine-carbon combinations (CFC) TCTFE is very stable. Due to its low boiling point the vapour will spread in the atmosphere and the chlorine combinations will over long time break down the ozone layer [3.13, 3.14, and 3.15].


TCTFE and similar combinations are now prohibited from use in most countries (the Montreal accord). Cleaning agents based on alcohol, cleaning with soap, etc. are replacements, and an extensive development work is taking place in fluxes that do not need to be removed. For certain purposes the soldering is performed in an inert or reducing atmosphere, without use of flux that has to be removed.

Silver is added because: See Chapter 3.10.2, page 3.31- 3.32:
SMD (Surface Mount Devices) resistors and capacitors often have silver in their terminals (please refer to Chapter 4), and the dissolution of the termination metal ruins the metallurgical and the electrical properties ("leaching" [3.11, p. 165]). For surface mounting it is therefore common to add 2 % Ag in the solder metal to impede the dissolution of silver into the solder metal, Figure 3.18. Another way to reduce the solubility is to alloy Pd or Pt into the silver in the component terminals.
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Fig. 3.18 
a) Left: Dissolution rate of Ag in solder metal, and in solder metal with 2 % Ag, as function of temperature; b) Right: Dissolution rate of various metals in solder alloy [3.11].

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. Sett opp de tre viktigste typer av kondensatorer og gi minst en grunn for hver av dem for å benytte dem i en applikasjon.
b. Forklar oppbygningen og virkemåten til en aluminium våtelektrolytt kondensatorer. Forklar hvordan en slik kondensator havarerer når den blir utsatt for spenning med feil polaritet.
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. Give the three most important types of capacitors and give at least one motivation for each of them for using them in an application.

Recommended answer:
See Chapter 4.3:
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

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

-
Price, physical size, etc.
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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) ].

Capacitors are of the following types:

-
Ceramic multilayer: Where small size is important

-
Electrolytic, dry and wet: High capacitance value

-
Metallised plastic film dielectric (polyester, polystyrene, etc.): High capacitance for nonpolarised applications.
b. Explain the construction of an aluminium wet electrolyte capacitor. Explain how such a capacitor is ruined if exposed to a voltage of wrong polarity.

Recommended answer:
See Chapter 4.3.4:
Wet aluminium electrolytic capacitors are manufactured by anodic oxidation of Al [4.2]. The Al foil has been etched to give a rough surface with very high effective area. The wet electrolyte forms one electrode, the cathode, and Al the other electrode, the anode. Fig. 4.12 shows geometry and some electrical data. Wrong polarity of the voltage will ruin the dielectric and short-circuit the capacitor. Positive hydrogen ions will drift through the dielectric, become neutralised at the Al electrode and form hydrogen gas that breaks the dielectric and gives shortages.
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Fig. 4.12 a):
Aluminium electrolytic capacitor for SMD mounting (Philips).

Wrong polarity is ruining the electrolytic capacitors because the thin oxide layer on the anode making up the dielectric of the capacitor is reduced and ultimately the electrodes are short-circuited.
Oppgave 4: Kretskort

a. Beskriv en vanlig benyttet fremstillingsmåte for tosidige kretskort med kun overflatemonterte (OFM) komponenter på en side av kortet, og kun hullmonterte komponenter på den andre siden.. Dette gjøres best ved å skissere et flytdiagram og 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. 
Question 4: 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 components on the other side. This is best done by outlining a flow chart with a supplemental text for each process step.

Recommended answer:
See Chapter 7.5, Fig 7.44: 
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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.
Recommended answer:

See Chapter 7.3.1 and Fig. 7.15 and 7.16:
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.


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.
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Fig. 7.14:
a): Shadowing in SMD wave soldering, b): Solder bridging on fine pitch package.
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Fig. 7.15:
Double wave for SMD soldering.

Oppgave 5: Mikromaskinerte komponenter
a. Vi skal foreta en anisotrop etsing av en enkrystallinsk silisiumskive med orientering (1-0-0). Vi benytter en maskeåpning i skivens maskeringsfilm som er arealet innenfor en likesidet trekant med en sidelengde lik 200 mikrometer og en side parallell med skivens flatkant <0-1-1> (Fysikalsk ekvivalent med <1-1-0>-retningen) Se Fig. 5.1. Skisser hvordan etsegropen i en (1-0-0) skive vil se ut dersom vi etser i 2 timer med KOH-ets med etsehastighet lik 1 Å/minutt i <1-1-1> retningene og 1 mikrometer/minutt i alle andre retninger. Dersom vi med samme maskeåpning bruker isotrop ets istedenfor anisotrop ets vil etsegropen bli seende annerledes ut. Skisser hvordan etsegropen vil se ut etter 50 minutter dersom vi etser med en isotrop ets med en etsehastighet på 5 mikrometer/minutt.
b. Gi også en generell sammenligning av fortrinn og ulemper ved anisotrop og isotrop etseteknikk for silisium. Gi et eksempel på en mye brukt anisotrop etsevæske samt å angi de viktigste bestanddeler. Gi et eksempel på en mye brukt isotrop etsevæske samt å angi de viktigste bestanddeler.





Fig.5.1. Etseåpning formet som en likebenet trekant med en akse i parallell med 

<0-1-1> retningen.

Question 5: Micromachined devices

a. We intend to perform an anisotropic etching of a single crystal silicon wafer of (1-0-0) orientation. We shall use a mask opening in the masking film which is the area of an equal-sided triangle with a side length of 200 micrometer, and one side parallel with the wafer flat <0-1-1> (Physical equivalent with the <1-1-0>-direction) See Fig. 5.1. Sketch out how the etch pit in a (1-0-0) wafer will look like if we etch for 2 hours with KOH-etch with an etching speed of 5 Å/minute in the <1-1-1> directions and 1 micrometer/minute in all other directions. If we with the same mask opening are using an isotropic etch, the resulting etch pit will look different. Sketch out  how the etch pit will look like after 50 minutes if we use an isotropic  etch with an etching speed of 5 micrometer/minute.
Recommended answer:
See ppt-file for Chapter 9 on the Course Homepage:
The etch pit will be limited by the four 1-1-1 planes coming up at 54.7 degrees and at 90 degrees between each of them and aligned in <1-1-0> direction, giving a side length equal the side of the triangular mask + underetching of 5 Å times 50 minutes equals 25 nm. Depth will be 5 micrometer times 50 minutes equals 250 micrometer.
b. Give also a general comparison of advantages and disadvantages of anisotropic and isotropic etching techniques for silicon. Give an example of a much used anisotropic etching solution including listing its main ingredients. Give an example of a much used isotropic etching solution including listing its main ingredients.
Recommended answer:
See ppt-file for Chapter 9 on the Course Homepage:
Isotropic: 

Advantages: High speed, isotropic with rounded corners, need no alignment with wafer flat, fair accuracy

Disadvantages: Large underetching, selective etch stop difficult, fair accuracy

Anisotropic: 

Advantages: High accuracy, selective etching

Disadvantages: Convex corner underetching, needs alignment with wafer flat.
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