Thermal Oxidation of S

» General Propertiesof SIO,
» Applications of thermal SIO,
e Deal-Grove Modd of Oxidation

Thermal SIO, Isamor phous.
Weight Density = 2.2 gm/cm?3
Molecular Density = 2.3E22 molecules/ cm?

Crystalline SO, [Quartz] = 2.65 gm/cm?3
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(1) Excellent Electrical Insulator
Resistivity > 1E20 ohm-cm

Energy Gap ~ 9 eV

(2) High Breakdown Electric Field

> 10MV/cm

(3) Stable and Reproducible SI/SO, Interface

(4) Conformal oxide growth on exposed SI surface

Thermal

- Oxidation

Si02

_— SI02
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(5) SO, Isagood diffusion mask for common dopants

DSioz <<Dg eg B, P, As, Sb.
2 2 2 2 *exceptionsare Ga
? ? ? (a p-type dopant) and some
2 2 S0, metals, eg. Cu, Au
y

S
(6) Very good etching selectivity between S and SO..

3'02 HF dip
G —
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Thickness of S consumed during oxidation

original
surface

Si

N «—— molecular density of SIO2
X. =X X

Sl OX
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atomic density of S

2.3 10*molecules/cm’
5° 10**atoms/cm®
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1nmm S oxidized
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Kinetics of SO, Growth

Oxidant Flow
> (e.g. O,, or H,0)

Solid-state ,
SO
Diffusion ‘L ‘l’ 2

-/ S-Qubstrate
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Deal-Grove Modél

stagnant S50 g
Co | layer 2
e C,
i Note
i Cs > Co CO ,
i C
< >
Xox
Fl F3
—— — F, m—— —,
gas diffusion reaction
transport flux flux
flux through SO,  atinterface
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F = hG(CG il CS)
g mass transfer coefficient [ cnv/sec] .

1C

F,=-D——  Fick’'sLaw of Solid-state Diffusion.
11X
@ &:o j CI 9
@ox |

A\ surface reaction rate constant [ cnvsec]
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We use Henry’s Law to relate C, and C,

partial pressure of oxidant
Henry's at surface [in gaseous form].
constant

=HXKT>C,) |

PV = NKT
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—_— CO
= C.- HKT

Define C, © (HKT xCg)

F = CA-CO)

1

“~
At steady-state: °h

— — 2 equations:
=k =R 2 unknown: C, & C
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CI_
1+ s_|_ksxox
h D
C, = C, 1+ KsXox
e D ¢
K.C A
F(:F1:F2:F3):ks>ci: k kx
1+ S+ S
h D
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Now, to convert F into Oxide Thickness Growth Rate

—_ ajx OX..O.
F =N, x .
e 1]

.

oxidant molecules/unit volume required
to form a unit volume of SO..

kSCA
k, . kX

1+_S + S” "0X

h D

(D4
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¢ 3
N dX OX — ? ksCA lZI
1° — € u
at a4 Ks 4 KXoy
é€ h D @
[Comment]
N, =23" 10* /cny for O, as oxidant
S+0 ® S0,
N, =46 10 / cm?® for H,O as oxidant

S +2H,0® SO, +2H, -
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Boundary Condition: At t=0,X_ =X

OX I

after :
: . Xox SO
X 1 S0, timet I 2

>

S S

Solution Xox” + AXOX — B(t +1 )

po 20+ Ly 2
K, h o X HAX
5o 2DC, B

N,
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X, =1 e s g

o2 I 4B% |

(Casel) Larget [large X,]

X_, ® /Bt

(Case 2) Small t [Small X, ]

X ® St
A
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X, A Deal-Grove M odd

~— U { _
t
X +AX ,, =B(t+t)
ZXOX dXOX _I_AdXOX :B
dt dt
dx, B Oxide Growth Rate slows

dt A+2X_ down with increase oxide thickness
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B = Parabolic Constant
B/A = Linear Constant

Temperature (°C) Temperature (°C)
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The charts are
based on

X.=0 |

Oxide thickness (pm)

=

0.01 Lttt Lot L L L1l
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Oxidation time (hn)

Wet and dry silicon dioxide growth for {100) silicon
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Two Ways to Calculate Oxide Thickness
Grown by Thermal Oxidation

Xox

E.Q.
1100C g0,
o, I x- 33min
. 2000A T —
S Steam g

Method 1: Find B & B/A from Charts

Solve X “+AX_=B(t+t)
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Method 2: Use Oxidation Charts

Xon \}Ogoc T,
6500°A The charts are
4000°A F--- ¥ based on
X. =0
= > time(mmin)
24 3397

X; =4000 AP t =24 min at 1100°C from chart

\ Tota effective oxidation time
(24+33) min=57min if start with X, =0
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(1) Grown at 1000°C, t=5hrs ~ (3) CVD Oxide

. AN CVD
Xii SO, 4000 Ai Oxide

SO,  4000°A
S
S
(2) Grown at 1100°C, 24min
SO,  4000°A t iIsthesamefor all three

S cases shown here
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Effect of X; on Wafer Topography
©® 5 @ |06

S0, so, }x

mor e oxide grown
more S consumed

S |

less oxide grown \
lessS consumed = @0 oT~—Q N
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