Birla Institute of Technology and Science, Pilani
MEL G611 IC Fabrication Technology Mid-Semester Test (Closed Book)
Time 90 mins 8.10.2016 Marks 90

Q1. Consider a silicon unit cell. Assume that all octahedral voids are filled by atoms of type “A”. Answer the
following questions:
(1) What should be exact size of “A” so that it can comfortably fit on octahedral void? [4]
(ii) Draw a (110) plane and show octahedral atoms. Calculate total planar density in atoms/nm?. [4]
(iii) Calculate packing fraction of this unit cell occupied with ‘A’ atoms on all octahedral voids. [4]
(iv) Find total linear density for [110] direction. [4]
(iv) Calculate number density for “A™ atoms and total atoms in atoms/cm® [2+2]

Q2. (a) A germanium-silicon alloy has concentration 90% wt% Si and 10 wt% Ge. What should be its
concentration in atom % ?  [5]

(b) Calculate surface energy for germanium (100) plane. Atomic radius of Ge = 0.122 nm. Bond energy =
300 kJ/mol [7]

(¢) Calculate the energy for vacancy formation in a semiconductor. Given that the equilibrium number of
vacancies at 1073 K is 3.6 x 10%/m*, The atomic weight and density is 107.9 g/mol and 9.5 g/em’,
respectively. Further, what is the fraction of atomic sites that are vacant at 1300 K? |5+3]

Q3. Assume that gate oxide thickness over a silicon wafer is 100 A. Concentration of Boron at the surface is
maintained at 10%!/cm?. Estimate the dose of impurity that enters into silicon after 4 hr of annealing process

at 1273K. For B in silicon: Dy =3 x 10 em?/s and Ea = 3.53 eV/atom. Also assume that B has same diffusion
constant in Si and Si0z. [15]

Q4. For a boron diffusion in silicon at 1273K. the surface concentration is maintained at 10*%cm? for 5 hr.
Considering infinite source diffusion, calculate gradient of the diffusion profile at (i) x = 0 and (ii) at a place
where the concentration is 10'%cm®. Diffusion constant at 1273K is =2 x 10" em?s.  [10]

Q5. Itis known that there is a volume expansion during SiO: formation such that growing 1 micron $i0; consumes
0.45 micron of silicon. For the structure shown, a window is opened to make a groove of depth 0.6 micron.
How long a wafer must be wet oxidized at 1273K so that the window is totally filled with oxide as shown in
Fig. b. Consider, for wet oxidation at 1273K: B = 0.316 pm?*hr and B/A = 0.75 um/hr [12]
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Q6. (a) At 1200 °C, the Oxidation of a 1500 A gate oxide is grown in two steps by dry oxidation. In step one-
1000 A is grown first and in second step- wafer is re-oxidized to a total thickness of 1500 A. Find the
time required in the first and second process.

(b) In another experiment 1500 A gate oxide is grown in one single step by dry oxidation at 1200 °C. Find
the time required to grow the oxide. [13]
You may use A= 0.04 pm and B = 0.045 pm*/hr at 1200 °C.

&= 0.02%h

You may need: Atomic weight of boron = 10.81g/mol, Na = 6.02 x 102, Kp = 1.38 x 10%J/K, Atomic weight
of Si = 28.9 g/mol, Atomic weight of Ge = 72.64 g/mol. Atomic radius of Si = 0.118 nm, density of Si
=2.33 g/em’, atomic weight of SiO2 = 60.08 g/mol. density of SiO2 = 2.21 g/em’ gas constant R =
8.31 J/mol.K
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