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1. (50 pts) 
 
 
Following plot shows a typical spectral content of a lamp used for optical 
lithography. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Identify the DUV and UV regions on the plot? (10 points) 
 
 
 
(b) What wavelength of the lamp output should be most suitable for the 250 
 nm technology and below? (10 points) 
 
 
 
(c) Considering NA ≥ 0.5 and using phase-shifting mask, what minimum 
 feature size can be achieved with the wavelength of question (b)? (15 
 points) 
 
 
 
(d) What would be expected depth of field for this system? (15 points) 
 
 
 



2. (50 points) 
 
Congratulations, you have just discovered a new semiconductor, “utaium” which 
has a cubic crystal structure. The E-k relationship is shown in the figure below. 
The conduction bands “A” and “B” have the same energy minima Ec.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
a)  Draw the constant energy surface(s) for electrons near the conduction band 

minima in k-space.  
 

b)  Given the following inverse effective mass tensor data measured by cyclotron 
resonance at 4 K. Calculate the density of states effective mass for the 
conduction band, mn*. 
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c)  Given the effective mass data for the valence bands are mhh=0.347mo, 

mlh=0.0429mo, and mso=0.077mo; determine the density of states effective 
mass for holes in the valence band mp*. 

 
Assume parabolic constant energy surfaces at the band minima. 

Note: The volume of a prolate spheroid is 
3

4 2ab
where 2a and 2b are the 

lengths of the major and minor axes respectively of the rotated ellipse. 
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3. (50 pts)  
 
Crystalline silicon has a lattice constant of 5.43095 Å and an atomic weight of 
28.09 gm/mole.  
 

a) What is the Bravais lattice of Si?  
 

b) What is the crystal structure of Si?  
 

c) What is the crystal system of Si?  
 

d) What are the symmetry properties of Si?  
 

e) How many atoms are there per unit cell?  
 

f) What is the mass density of Si? 
 



COLOR CHART FOR THERMALLY GROWN SiO2 FILMS 
(OBSERVED PERPENDICULARLY UNDER DAYLIGHT FLURORESCENT LIGHTING) 

 

 
OXIDE  NITRIDE    
Film 
Thickness Order 
(Microns) (5450 A) Color and Comments 
0.050  375 A  Tan 
0.075  562.5  Brown 
0.100  750  Dark Violet to red 
    violet 
0.125  937.5  Royal blue 
0.150  1125  Light blue to metallic 
    blue 
0.175  1312.5  Metallic to very light 
    yellow-green             . 
0.200  1500   Light gold or yellow 
    slightly metallic 
0.225  1687.5  Gold with slight  
    yellow-orange 
0.250  1875  Orange to Melon 
0.275  2062.5  Red-Violet                 . 
0.300  2250  Blue to violet-blue 
0.310   2325  Blue 
0.325  2437.5  Blue to blue-green 
0.345  2587.5  Light green 
0.350  2625  Green to yellow-green 
0.365  2737.5  Yellow-green 
0.375  2812.5  Green- yellow 
0.390  2925  Yellow                         . 
0.412  3090  Light orange 
0.426  3195  Carnation pink 
0.443  3322.5  Violet-red 
0.465  3487.5  Red-violet 
0.476  3570  Violet 
0.480  3600  Blue Violet 
0.493  3697.5  Blue    
0.502  3765  Blue-green 
0.520  3900  Green (Broad) 
0.540  4050  Yellow-green 
0.560  4200  Green-yellow 
0.574  4305  Yellow to “Yellowish 
    (not yellow but is in the 
    position where yellow  
    is to be expected.  At  
    times is appears to be  
    light creamy gray or 
    metallic) 
0.585  4357.5  Light orange or yellow 
    to pink borderline  
0.60  4500  Carnation pink 
0.63  4725  Violet-red 
 
 

 
OXIDE  NITRIDE     
Film 
Thickness Order 
(Microns) (5450 A) 
0.68  5100  “Bluish” (Not blue but 
    borderline between  
    violet and blue-green. 
    It appears more like a  
    Mixture between violet 
    -red and blue-green  
    and over-all looks 
    grayish.   
0.72  5400  Blue-green to green 
    (quite broad 
0.77  5775  “Yellowish”   
0.80  6000  Orange (rather broad  
    for orange) 
0.82  6150  Salmon 
0.85  6375  Dull, light red-violet 
0.86  6490  Violet 
0.87  6525  Blue-violet 
0.89  6675  Blue    
0.92  6900  Blue-green 
0.95  7125  Dull yellow-green 
0.97  7225  Yellow to Yellowish 
0.99  7425  Orange   
1.00  7500  Carnation Pink 
1.02  7650  Violet-red 
1.05  7575  Red-violet 
1.06  7950  Violet 
1.07  8025  Blue-violet   
1.10  8250  Green 
1.11  8325  Yellow-green 
1.12  8400  Green 
1.18  8850  Violet 
1.19  8925  Red-violet   
1.21  9075  Violet-red 
1.24  9300  Carnation Pink-Salmon 
1.25  9375  Orange 
1.28  9600  “Yellowish”   
1.32  9900  Sky blue to green-blue 
1.40  10500  Orange 
1.45  10875  Violet 
1.45  10950  Blue-violet 
1.50 Blue 
1.51  11550  Dull Yellow-green 
 
 
 



Physical Constants
(in units frequently used in semiconductor electronics)

Electronic charge                           q                        1.602 x 10-19 C
Speed of light in vacuum               c                         2.998 x 1010 cm s-1

Permittivity of vacuum                  ε0                                    8.854 x 10-14 F cm-1

Free electron mass                         m0                                  9.11 x 10-31 kg
Planck's constant                            h                        6.626 x 10-34 J s  

                                                                     4.135 x 10-15  eV s

Boltzmann's constant                     k                        1.38 x 10-23 J K-1

                                                                                 8.62 x 10-5 eV K-1

Avogadro's number                       A0                        6.022 x 1023 molecules (g mole)-1

Thermal voltage                            Vt=kT/q
at 80.6˚ F  (300K)                                                     2.586 mV
    68˚ F     (293K)                                                     2.025 mV

Conversion Factors

1 Ǻ = 10-8 cm = 0.1nm
1 mil = 10-3 inch = 25.4 µm
1 eV = 1.602 x 10-19 J
1 J = 107 erg
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