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Problem 2 A Crystal Growth via BL MT Silicon Properties
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Problem 1 Chip Speed Data 

ρAl 2.824 10 6−⋅ ohm⋅ cm⋅:= nSiO2 1.55:=ρCu 1.724 10 6−⋅ ohm⋅ cm⋅:=

εo 8.854 10 12−⋅ F
m

⋅:= εSiO2 nSiO2:=

Thickness 0.25 µm⋅:= Gap 3 Thickness⋅:=

Height 3 Thickness⋅:=

Length 2000 Thickness⋅:=
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Chip_Speed R C⋅( ) 1−:= Chip_Speed 0.624 GHz= Al wiring
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Problem 2 B Crystal Growth via BL HT
uses Data from 2A α k
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T 1.683 103× K=
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∆Hf
:=

FluxH T( ) 0.652
mol

m2s
=

GrowthRateH T( )
FluxH T( ) Mw⋅

ρ
:=

GrowthRateH T( ) 7.83 10 3−× mm
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=

BL-MT gives the slower growth rate, 
thus MT is rate determining.



Problem 3 Implantation

A) Implantation Energy from figure is 250 keV



( )
Qdose Nmax σx,( ) Ndose Nmax σx,( ) 1.602 10 19−⋅ coul⋅( )⋅ π

Dwafer
2⋅


⋅:=

Ions/cm^2Ndose Nmax σx,( ) 1.005 1013× 1

cm2
=

Ndose Nmax σx,( ) Nmax 2πσx⋅( )⋅:=

# atoms/cm^3Nmax 5.012 1017× 1

cm3
=Nmax
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2πσx⋅
=

Nmax 0.00001 Ceq⋅:=Dopant Dose Calculation

Ceq 5.012 1022×=Ceq
ρ NAv⋅
Mw

:=

Mw 28
gm

mole
⋅:=ρ 2.33

gm

cm3
⋅:=

Dwafer 30 cm⋅:=
Silicon Data NAv 6.023 1023⋅:=taken from figure aboveσx 0.08 µm⋅:=

0.08 µm⋅
0.3 µm⋅

0.267=Standard Deviation of Projected Range σx=0.08 µm



Qdose Nmax σx,( ) Ndose Nmax σx,( ) 1.602 10⋅ coul⋅( )⋅
4

Dwafer⋅ 
⋅:=

Qdose Nmax σx,( ) 1.138 10 3−× A s⋅=

Notice this is a short time!!

Remember the Video where
the wafers are put into a high
speed carriage and passed in
and out of the implantation zone
for many ver short period of times. 

3C) Si3N4 Mask Layer Growth

Minimum Si3N4 thickness = 0.37 µm
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⋅ CN2 CN2eq−( )⋅= Film Growth Equation
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T 1100 K⋅:=3/2 Si(s)+ N2(g) <-->  ½ Si3N4(s)    HoRXN =  +89.65 kcal/mole
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