CHFEN 5655 Silicon Chip Processing


Name:___________________

Prof. T.A. Ring

Final Exam (II) Open Book, Open Notes

Score

1________/20

2________/20

3________/20

4________/20

5________/20

Total_______________

1.) The Micron memory capacitor shown below is made of three layer sandwich: one 0.01 (m of SiO2, the second 0.08 (m Si3N4 and the final 0.01 (m of SiO2.  The dimensions of this cup shaped capacitor are diameter 0.4 (m, height 1.0 (m.  The Si3N4 is deposited by CVD using a reactant mixture of 3%(mole) silane (SiH4) and 4% Ammonia(NH3) in a carrier gas of Helium.  The reaction production rate is second order in the two reactants and takes place on the wafer surface heated to 400ºC and a total pressure of 0.01 atm.  How long is the wafer in the CVD furnace to grow the Si3N4 to this thickness?
DATA:
Rate constant = 2x1013 (1/s) (mole/liter)-1 exp(-12*kcal/mole/RgT)

	Molar weight Si3N4
	140.28 g mol-1

	Density Si3N4
	3.44 g/cm3, solid
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2.) To form a bipolar transistor, it is necessary to have a phosphorous dopant profile in silicon under the n part of a n-p-n transistor.  Assume that a layer of phosphorous is deposited on the surface of a wafer in a hole in the photoresist that is 0.1 (m square where the n part is to be and the wafer is then placed in a diffusion furnace at 300ºC (after the photo resist has been removed).  The wafer is initially doped uniformly with boron at a concentration of 0.00001 atom %.  Determine the time needed in the diffusion furnace to achieve this 0.00002 atom % phosphorous dopant concentration at 0.1 μm depth.
DATA: Diffusion Coefficient for Phosphorous in single crystalline Silicon, 

DP-Si =  Do exp(-E/RgT), 









Do=  10-10 cm2/s  









E=20 Rg*298K=11.801 kcal/mole.







Rg= 1.98 cal/mole/K

	Atomic weight Silicon
	28.0855(3) g·mol−1

	Silicon Density
	2.33 g·cm−3

	Atomic weight Phosphorous
	30.973762(2) g·mol−1

	Density 
	(black) 2.69 g·cm−3


3.) Boron is to be implanted into a silicon wafer at a current of 0.001 Amps/cm2 and 20 keV.  Assuming that the standard deviation of the projected range is the same as the transverse straggle (the standard deviation in the lateral direction), determine the implantation depth where the maximum concentration occurs and the time needed for the maximum concentration to reach 0.3 atom%.  
DATA: 

	Atomic weight Silicon
	28.0855(3) g·mol−1

	Silicon Density
	2.33 g·cm−3


4.)  A via in the first layer of metallization above the transistor layer is overfilled with tungsten (W).  As a result the final profile of tungsten follows a Gaussian distribution over the center of the via with the maximum thickness of 1 micron above the silicon plane decreasing as the radius is increased.  The standard deviation in the Gaussian distribution is twice the diameter of the via.  Chemical Mechanical Planarization is used to remove the Tungsten overfill using a CMP machine that takes a single 30 cm wafer in the wafer head,  a 60 cm radius from the center of the pad to the center of the wafer and 90 rpm for both the pad and the wafer head.  When the tungsten is completely removed from over the via using a down force of 3 psi, how much silicon far from the via has been removed?  Assume that Preston’s law applied to both the tungsten and silicon during CMP.
Data:  Slurry with a tungsten removal rate of 100 nm/min was developed using a different CMP machine that used smaller wafers at conditions where the velocity was 1 m/s and the down force was 7 psi.  Under these conditions the selectivity for tungsten is 120 over that of silicon.
5.  Design the numerical aperture of a lens so that the light from a 157 nm Fluorine ion laser will have a depth of focus larger than the thickness of photo resist spun on a 300 mm wafer at 1000rpm for 5 minutes with an initial thickness of 1 mm.  Determine the lateral resolution of the lens as designed when it is assumed that the lens constants, are k1=1 and k2=0.001 (slide 19 Lecture 10-Lithography).
Data:  The photo resist to be used has a dry density of 1.2 gm/cm3 and a viscosity of 10 Pa*s at a polymer volume fraction of 2% in a volatile solvent with a density of 0.8 gm/cm3.  The governing equation for spin coater is given by:
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Remember that this equation assumes that there was no evaporation of the solvent during the coating process and the laser illumination during patterning is done after the solvent has been baked out of the polymer film.






























