CHFEN 5655 Silicon Chip Processing


Name:___________________

Prof. T.A. Ring

Final Exam (III) (Take Home Due)


This exam is a take home exam to be completed by 5 PM, 19 April 2005.  It is to be delivered to the Chemical Engineering Office, MEB 3290 and placed in my mailbox.  This exam is open book and open notes, only.  Some of the questions have problem specific data associated with them.  A copy of a periodic table is also attached to the exam.  Please sign the declaration, below, when you have finished the exam.

Declaration:

I have completed this exam without consultation with any other individual.  In preparing this exam, I have used only the materials provided in this exam, my book (The Physics of Solids by Richard Turton), lecture slides taken from the web and my notes for this class.

Signed: ___________________________       Date:________________________

Hours spent on this exam:____________

Score

1________/20

2________/50

3________/30

Total_______________

1.) What is the capacitance of the Micron memory capacitor shown below and made of three layer sandwich: one 0.01 (m of SiO2, the second 0.04 (m Si3N4 and the final 0.02 (m of SiO2.  The dimensions of this cup shaped capacitor are diameter 0.4 (m, height 1.0 (m.

DATA:


Refractive Index
Permitivity((o)

SiO2



1.55

Si3N4



2.65

Vacuum





8.854x10-12 farad/m
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A) To form a bipolar transistor, it is necessary to have a phosphorous dopant profile in silicon under the gate of a n-p-n transistor that has a concentration of 0.00002 atom % at a depth of 0.1 (m.  Assume that a layer of phosphorous is deposited on the surface of a wafer in a hole in the photoresist that is 1 (m square where the gate is to be and the wafer is then placed in a diffusion furnace at 300 C.  The wafer is initially doped uniformly with boron at a concentration of 0.00001 atom%.  Determine the time needed in the diffusion furnace.
B) What is the common-base configuration current gain of the n-p-n transistor produced?  For this calculation assume that the diffusion length of holes in the base is 5 (m.

C) What is the voltage gain of the n-p-n transistor produced

DATA: Diffusion Coefficient for Phosphorous in single crystalline Silicon, 

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









Do=  10-10 cm2/s  









E=20 Rg*298K.









Rg= 1.98 cal/mole/K

2.) Boron is implanted into a silicon wafer at a current of 0.001 Amps/cm2 and 20 keV for 10 sec to form a resistor.  From the implantation profile determine the resistivity of the doped material.  Assume that the resistivity is approximated by ½ the sum of the surface and the maximum dopant concentrations.

DATA: 

Silicon, Band Gap energy, Eg=1.21 eV, effective mass of the electron, m*e/me=0.43, effective mass of hole, m*h/me=0.54, electron mobility, μe= 0.14 m2/(V sec), hole mobility, μh=0.05 m2/(V sec), index of refraction n=3.42.































