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EE 62473 - ME 6218 * Reading: Senturia, Chpt. 3; Jaeger, Chpt. 2, 3, 6
IﬂTrOdUCTion to MEMS Design % Example MEMS fabrication processes
% Oxidation

Spr‘ing 2014 % Film Deposition
* Evaporation
< Sputter deposition

Prof. Clark T.-C. Nguyen * Chemical vapor deposition (CVD)
< Plasma enhanced chemical vapor deposition (PECVD)
Dept. of Electrical Engineering & Computer Sciences « Epitaxy
University of California at Berkeley = Atomic layer deposition (ALD)
Berkeley, CA 94720 * Electroplating

Lecture Module 3: Oxidation & Film Deposition

n ”‘ . . .
i & Making Mechanical Devices
) " UGBerksley

* How best does one make a
mechanical product?

* Assembly line production?
% Pick and place parts
% Used for many macroscopic
mechanical products
% Robotic automation greatly
MEMS Fabrication reduces cost L Faroet
* Problem: difficult to do this with Automobile Assembly Line
MEMS-scale parts (but not =
impossible, as we'll soon see ...)

* Solution: borrow from integrated
circuit (IC) transistor technology
% Use monolithic wafer-level
fabrication methods
% Harness IC's batch methods,

where multiple devices are
achieved all at once CMOS Integrated Circuit Wafer
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Photoresist .

Nitride Sacrificial . . Use electroplating to obtain
Isolation \ Interconnect Oxide Structural !JSZS Ic fabr:acahon . metal pstructures
Oxide '\ Polysilicon / P°/|vsilcon instrumentation exclusively * When thick: call it "LIGA"
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* Use the wafer itself as the
structural material

* Adv: very large aspect =
ratios, thick structures

* Example: deep etching and
wafer bonding

Oxidation

1mnm=* |
[Najafi, Michigan]

Glass Substrate r \

i .
Metal Interconnect \ Mlc_rorotor .
Anchor (for a microengine)

Copyright @ 2014 Regents of the University of California 2



EE 247B / ME 218: Introduction to MEMS Design

Lecture 5m2: Oxidation & Film Deposition

o Thermal Oxidation of Silicon
1+ 10 B 1
* Achieved by heating the silicon wafer to a high temperature
(~900°C to 1200°C) in an atmosphere containing pure oxygen
or water vapor

* Enabling reactions:

For water vapor:
Si + 2H,0 — SiO, + 2H,

For dry oxygen:

CTN 2/4/14

. Oxidation Modeling
U B
(1) Initially: (no oxide @ surface)

1
I

=
==

gas sfream
% Growth rate determined by
Si reaction rate @ the surface

(2) As oxide builds up:

gas stream

__ Reactant must diffuse to Si
surface where the oxidation
Si reaction takes place

% Growth rate governed more
by rate of diffusion to the
silicon-oxide interface

oxide g <~ |

Schematically:
56%
/) High T (-900°¢ - 1200°C) (_ ]
e
Indry O K
2 44%
or
Water vapor
“ . . 3
& Oxidation Modeling (cont.)
I UsBerkeley
N reactant concentration
sio Si N, = reactant conc. at oxide surface [in cm-2]
2
No ¢ N; = reactant conc. at Si-SiO, interface
ick's 1st
J J = reactant flux = —D% [Fﬁgl‘:,sof
p N; x Diffusion]
Xox Diffusion coeff.
. [in um/hr or m/s]
distance
1 ) from

surface  Si-Si0, interface surface

(NO_Ni)

In the Si0,: | J=D ¥ = constant 1)
\ ox Assumption that the
. . reactant does not
[in # particles/(cm?s)] accumulate in the oxide.
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T':’ Oxidation Modeling (cont.)

" UGBerkelsy

At the Si-SiO, interface:
Oxidation rate oc N; . J oc N, = 2)

Reaction.rate constant

Combining (1) and (2): @ Si-Si0, interface

N. -
N=Llssep No~ T,
ks XOX
D. D
JX :DNO—kJaJ(XOX+kJ:DNO

s s

D
J= % = Flux of reactants

X()X +;
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& Oxidation Modeling (cont.) & Oxide Thickness Versus Time
1+ 10 B I UGBerkeley
Find an expression for X (7): oxidizing flux Result:
v additional time required time required to grow X,
Rate of change of oxide }: AXox = S = M 3) (2 go from X, > X, [X; = initial oxide thickness]
layer thickness w/time dt M X, +DJk, o
| wor =21 480 AT
# of molecules of oxidizing | =2.2x10%cnm™ for O A A?
species incorporated into a y 3 :
unit volume of oxide =44x107cm” for H0 2D X x
where 4-—"" r=—f+4+-—1
e " o k B (B/4)
Solve (3) for X, (¢): [Initial condition X, (=0)=X,] s
2DN,, L,
= D = D €X e
dXOX DNO/M Xox 4 DN, B Y; ) p( T
= & [(Xpp +2)dxX oy = [ di , _
dt Xy + D/ k s M i.e., D governed by an Arrhenius
* X 0 relationship — temperature dependent
T . . . F . .
& Oxidation Modeling (cont.) 5 Oxidation Rate Constants
[ UGB o e —— U B e —
For shorter times: Table 6-2 Rate tméiunls“destﬁbing(llﬁ)‘silitoh'oxidmion kinetics at 1 Atm tofal
oxide growth e pressure. For the corresponding values for (100) silicon, all C; values
( ) A Y ()_ B ( ) limited by reaction . should be divided by 1.68.
I+7 <<E = Aox\l)= Z I+7 :>91'1'he Si-Sio, Ambient B B/A
interface Dy0o: | G =72 X 10 pmhr ' G = 623 X 10° pm hr?
S Ei=123eV Er=20eV
Taylor expansion (first N linear growth rate constant WetO: . Ci=214 X10umlhrt Gy = 895X 107 um hr-!
term after 1's cancel) . Ei=071eV L B=205eV
HO Ci =386 X 10°pmhr! G = 1.63 X 10° um hr~*
For long oxidation times: oxide growth diffusion-limited . E=078eV Ey=205eV
A I~ |
[(f + 7) >> E} = Xox (t ): v B(t + T) ~ /Bt * Above theory is great .. but usually, the equations are not
/ L used in practice, since measured data is available
t>>7  Parabolic % Rather, oxidation growth charts are used
rate constant
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A Oxidation Growth Charts

[ UGBerkeley
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Fig. 3.1 Fig-32
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