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Lecture 6: Process Modules & Surface Micromachining Process Module Overview:
I - Lecture Topics:
* Announcements: & Photolithography
+ We will go 2 hours today % Etching
+ HW#1 due tomorrow morning % Oxidation
* Lecture Modules 3 & 4 on Process Modules online % Film Deposition
* Lecture Module 5 on Surface Micromachining online % Ton Implantation
B e % Diffusion
* Today: * As stated earlier, this is now assumed knowledge
- Senturia, Chpt. 3. Jaeger, Chpt. 2, 3, 6 - I will gloss over this material to review it a bit,
but will not go over it in detail
% Photolithography * You can watch my lectures from EE245, Spring
% Etching 2012, on the Webcast Berkeley site for more in
% Oxidation depth coverage: Lectures 6-8
i::rr‘n:[[r)neﬁosmoru Procers Plodll &I;\
plantation
% Diffusion = {here e ac'f"w”\o-'r 0’4{3 a 'l[@"’ basic modules
- Reading: Senturia Chpt. 3, Jaeger Chpt. 11, wed fa prcesing.  —
andou‘r: "Surface Micromachini'r’\g for y
LMlcr'oeIecTr'o.me.chamcal Systems (’Mn!)fn dhon o‘f ’V\““’ " ’\10 correct Jequona
* Lecture Topics: . _ vtk technol thd
% Polysilicon surface micromachining Y'eH‘: an 'V’JPJ'?J“’I circurt " ij
% Stiction vaw(e: ’tinﬂ.('fw, MEHS, pomedovices, ete .
% Residual str'cf.ss = For eoch o M‘ waed 4o widprshandd -
% Topography issues . .
© Nickel metal surface micromachining @Fh\/.ﬂ'cf avd engiheenty of each module
% 3D “pop-up” MEMS i detfail.
% Foundry MEMS: the "MUMPS" process @ Trdevachon betiven moda, .
Y The Sandia SUMMIT process
_____________________________________ @mgcm of each moduly o The
* Last Time: started process modules (‘M(rke(} devie.
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E4 * Anistropic Etchant Examples:
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,_K_é_\ % Ton milling o ofve e efd

\// /1777727272 | Fimtsbe e direcfiodit,

oitkaf
c (PRI
S subibeb o e
| Square pm({k % b undbcl
BAches the Efcher i ol - Remarks:
fama 12 k"\ Fr J\ ore Oliredicn Y Wet etching is fairly cheap
all d&ecﬁonr ©9,, MW % Dry etching requires a plasma, so requires
some expensive equipment

% Don't always want straight sidewalls
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- Remarks:

% Uniformity can be better than 2% across the
wafer from lot to lot

% Need to flow the O, fairly fast in order to
minimize reactant losses from the first boat to
the last one

Thin-Film Deposition:

* For deposition of films like Al (and other metals),
Si0,, SizN,4, and polysilicon

+ Deposition, not thermal growth
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* Also, have chemical vapor deposition (CVD)

% Chemical reaction involved in deposition of a
given thin film

% High temperature, but not nearly as high as
often required for thermal growth

Chemicad Vapon Deosition) _~loaths coll elewodt”
(e Pdv-vi'fcgﬂz, .o OL.,/AM;, wok,

e S
§(H4, l ‘ ‘ l ” ’
Gsilane) w hordle s,

( oo v oe? wedeio 8 omce |
(‘ IxcYa —~ 6007 ‘QL Po(v.ﬁ,"(or\
chombedlly decompases o depostt pely SI

S\"u" —/-} S| "" ZJ'\Z
éOOC. c\'&ﬂ-fu, L\d\T
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% Lot's of materials can be deposited in a similar
manner: polysilicon, SiO,, Siz;N,, tungsten

% Compared to sputtering, CVD is less expensive
since one can coat many wafers at once;
sputtering generally does it one at a time

% For higher temperature, CVD films are much
more conformal than sputtered films
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Clear Rl ¢ Dork Feet Hoks|

+ Straight or Sloped Sidewalls:

s oo + Often want sloped sidewalls in order to reduce the
°p \;Z‘”' sharpness of corners

% Easier to deposit over
l % Sharp corners concentrate stresses

| % High stress can weaken structures creating a
— | 2]

- reliabilty concern
’;4 ok % High stress can dissipate energy, lowering Q

* When you want straight sidewalls (e.g., for lateral
L s _ electrostatic drive), use a hard mask
Loyt ’ Mok Plgb % PR can't last for thick structures
i "',"n‘;l‘% (36;/019_‘10/@ % A hard mask suppresses angle transfer

\/‘\/\—' o ;
Cloarfidd 4 Etcey Slopsl STheall g

/////// = =
{{ %{/{//a Davk Field () —= L S,

SpolySi Confoct poo]

. shigwe Subshoil
oo = o gt shoped sidol):

///// 7&&_
B3t 77 et s

Copyright © 2015 Regents of the University of California



EE C247B/ME C218: Introduction to MEMS Design CTN 2/12/15
Lecture 6w: Process Modules & Surface Micromachining I

(et e wand e sidocalls wobon o R
Sidowall; ore net mwyr

'E,'IE of S‘?)\:ﬁ.‘; 'W

Subsrhahy

Copyright © 2015 Regents of the University of California



