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Final Exam FYSS335 Micro- and nanofabrication 

Friday 6.5.2011 at 12:00 

You can answer either in english or in finnish 

1. Explain briefly 

(a) Tensile and compressive stress. (1p) 

(b) Langmuir Blodget deposition. ( 1 p) 

(c) Atomic Layer Deposition ( ALD). ( 1 p) 

(d) Isotropicity and anisotropicity in wet and 
dry etching. ( 1 p) 

(e) Different doping methods for silicon. (2p) 

2. One evaporates an Al/Mn-alloy film on a 15.6 em diameter Si wafer by using resistive 
heating of 1:1-mixture of aluminium (Al) and Manganese (Mn) inside a UHV chamber. 
Metals are heated to a constant temperature of 1200°C, yielding a high enough vapour 
pressure Pv > 10-2 mbar for both metals to be evaporated. After the evaporation, the 
film thickness was measured to be 80 nm and the electrical four probe measurement of 
the film, by using the probe configuration shown below, yielded 302 m V with 60 rnA 
current. Calculate the sheet resistance and the resistivity of the film and explain by 
formulas, i.e. by calculating, why the resistivity deviates from the expected resistivity of 
the 1:1-mixture of the two metals: PAl ~ 2.7. 10-8 nm and PMn ~ 185. 10-8 nm ==::::} 

P1:1 ~ 93.8 · 10-8 Om. 

3. Gold (Au) film is sputtered inside a sputtering 
chamber of a volume of 20 litres. Ar+ -plasma 
with ionization level of nions/natoms ~ 10-5 is 
utilized in the process yielding plasma potential 
of 75 V. Other parameters are T = 300 K and 
P = 10-2 mbar which induce the self-biasing of 
the capacitively coupled cathode to be -9925 V. 
What is the theoretical maximum film growth 
rate? Sputtering yield, i.e. sputtered atoms per 
arriving ion, as a function of ion energy is plotted 
on the image right. Gases can be dealed as ideal 
gases. 
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4. Explain in detail the general principles of Chemical Vapour Deposition (CVD) and at least 
free different types of CVD. Briefly explain also the uses and advantages/disadvantages 
of the different types of CVD. 



5. Develop a process, starting from a plain silicon wafer, to fabricate a photonic crystal 
shown below. Briefly describe every process step needed. (Patterning by lithography 
needs not to be described in detail) 

Si 

Undercut air region 

Some of these might be useful: 

V = _ kBT ln (Temi) 
2e ~me 

Rate = Z(T) exp (- k~~) 
F = -D°C Esi = 190 GPa ox Psi= 2.33 gjcm3 1/si = 0.27 

kB = 1.3806503 · 10-23 JjK 7f = 3.141592654 PAl~ 2.7 · 10-8 Om 

PSi3N4 ~ 3.1 gjcm3 AtomicMassConstant = 1.66053873 · 10-27 kg 

AvogadroConstant = NA = 6.02214199 · 1023 vsi = 0.27 

ElectronMass = 9.10938188 · 10-31 kg ElectronCharge = 1.602176462 · 10-19 C 

1 Torr = 133.3 Pa R.Lsi3N4 ~ 2.05 PAu = 19320 kg/m3 

R(Molargasconstant) = 8.314472 Jj(Kmol) 
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