Coupled Mass Transport and Reaction in LPCVD Reactors
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Continuity Egn: Convection-Diffusion-Reaction Eqns

Assumptions
» Dilute speciesi in major carrier gas (e.g., H,) I=SiH,
» |sothermal
» Constant D, and density
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Equations and Boundary Conditions for the
Intrawafer region
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> If riislinear in c then there is an analytic solution

» If ri1snonlinear we have to seek numerical solution




Approximate solution —“Fin Approximation”

» Taker=kc & average over z direction

» Averaging over the small dimension (z) is called the “fin
approximation”: an approximation which isvery good for 2-D

regions with high aspect ratio (R/A)
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Nondimensionalization & Solution
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Concantrallon, C

Concentration profilein the intrawafer region

K, haslogarithmic singularity at &=0 0 B =0
Using6=lat&=10 1=Al (D) 1, (®)
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» as® - Ouniformity gets better
and C increases; reaction

limited:; diffusion faster than rxn

» as @ >>1 uniformity degrades
and C decreases; diffusion

limited:; rxn faster than diffusion

o = reaction rate
diffusionrate




Quantifying Unifor mity

actual deposition rate
deposition rateif ¢ = c, throughout

n = “Uniformity Index” =
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Growth Ratedistribution as a function of wafer spacing

mr—'r“—'—l—lﬁ JEEl PR AN
L. T=INTERWAFER SPACING IN INCHES 1
__‘ ] Y ors scom PHy, 30 SCCM SiH, :
s 8- ~ TEMPERATURE = 623C . o -
~ . -
- _%\va D=0.63 v""fv g -
. —
E 2l & TV—y-g-g-v-v—V ,.f
; ) N
£ % N\a D=0.47 &~ &fnj
* = i \— 3
E 3 o 4—2-a-a-aa—b n/ﬂ o |
g e— o °“TO0—o-p-g-g-o—0—T- d =
\ D=0.31 . d |
L \G-... D=0.15 __,,.o/
PPN i L,
4 1 " -—? ﬂj._ﬂ ?_u-lﬂ ? lnr. |
-1.O -0.5 -0 as 1.0

POSITION RELATIVE WAFER CENTER (INCHES)




Growth Ratedistribution as a function of @
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Annular Region
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r-averaged Egns. in the Annular Region
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» We are mostly interested in wafer-to-wafer changes (z variation) and do
not care about profilesin the annulus.
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» Wewill average over the r dimension and obtain a single r-averaged
equation for C(z) where
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L ook how boundary conditionsin r end up in the differential equation
for C(z) asif they arein the gas phase (i.e, thedomain of diff eq.); surface
reactions at radial walls appear asif they are gas phase reactions
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Dimensional analysis
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Boundary conditions and Solution
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Dankwertz “continuous flow systems’ Chemical Engineering Science 2 (1), 1 (1953).




Limiting Cases: PFR limit

» Pe-o(.e,D -0o0ru, - o)
small diffusion rate compared to convection

[1 Plug flow reactor (PFR) limit
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Limiting Cases: PFR limit

» Another way of seeing thisisto ook at Pe- o of the
differential equation and boundary condition at (=0
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Limiting Cases: CSTR limit

» Pe-0(.e,D -ooru, -»0)
small flow rate (convection) compared to diffusion

[1 Continuous stirred tank reactor (CSTR) limit
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Limiting Cases: CSTR limit

> To find the concentration we average over z-direction too
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W afer-to-wafer uniformity

Uniformity index often defined as

U —_ Rmax B Rmin —_ C:rnax _Cmin —_ @max _@min
Ravg Cavg eavg

» U=0 : good uniformity

» U x 100 = % is variance with respect to average
» As U increases uniformity degrades

» For fixed Da* asPet U aso1t

» Pet meansD |

» SinceD ~1/P U lower P better uniformity

Pe = u,L _ convectivetransport
D diffusivetransport




Deposition Rate

» Often we are interested in deposition rate, Ry In
thicknesstime, e.g., A/s, A/min, nm/s, nm/min, pm/min, etc.

deposition flux (#/ cm?®s )x filmarea(cm?) = filmdensity (#/ cm®)xV (cm’/ s)
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