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Lecture 7: Process Modules & Surface Micromachining Process Module Overview:
*+ Announcements: * Lecture Topics:
- HW#1 due Tuesday, 2/14 at 10 a.m. % Photolithography
* Lecture Module 5 on Surface Micromachining online % Etching
+ I will be traveling this Thursday: look for a video % Oxidation
lecture to make this up % Film Deposition
Bttt % Ion Implantation
- Today: % Diffusion
- Senturia, Chpt. 3. Jaeger, Chpt. 2, 3, 6 - As stated earlier, this is now assumed knowledge

* I will gloss over this material to review it a bit,
but will not go over it in detail

* You can watch my lectures from EE245, Fall 2012
on the Webcast Berkeley site for more in depth

% Film Deposition coverage: Lectures 6-8

%, Ton Implantation bbbttt s
%Diffusizn Pricers MMJ&J
- Reading: Senturia Chpt. 3, Jaeger Chpt. 11, = fhere gre ac+\4a”\o+ 0}4{3 atfew basc modules
Handout: "Surface Micromachining for wed Pro(emy. —
Microelectromechanical Systems” | &
* Lecture Topics: : .
- mecl Seguoma
% Polysilicon surface micromachining (’o‘m!)mfhas of o m‘ % «@ "
L Stiction )’leb(r an iVlJPJmJJ Ctrcur{' ‘l’ec}«nolojy —Hm‘/
% Residual stress va{a(o: ’tmm:i,(»fw, MEHS, pomedovices, efc .
©Topography issues = For each pmadde, vaad o undoustond
© Nickel metal surface micromachining . .
% 3D “pop-up” MEMS O Physics and enginerivg of each modude
% Foundry MEMS: the "MUMPS” process 1 detail.
% The Sandia SUMMIT process @ Trlecachon beturesn modales .
- Last Time: @ Tho GHlect of each modudy m The
+ Ended up at physical deposition ... continue with this ‘(’M(IL\&'} devie.
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* Anistropic Etchant Examples:

forttemed IR © Reactive ion etch | e (ow unds, € ot
W_\ \’ % Ton milling to glve Yhe efth
diredfsordt
I/ /777277727707, \&Fim o be 44 L] PR IHL b= 2
- subshab L squae profile £ 1o urdacal
* 6o through Module 4, slides 15-21, 36-47
Biches 4o Efc%er M only - Remarks: o
fara Tﬂ-km ﬂ_ J\ 0”2 ireclicn Y Wet etching is fairl p
all olr\fcﬂ(mr E‘H\ @9, 'S’f”f'fﬁ % Dry etching reguires’a/plasma, so requires

some expensive eqdipment .
% Don't alwdys want sfrdight sidew Sf“#“"b

a - o
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+ Isotropic Etchant Examples: — L Re it
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* Remarks: * Also, have chemical vapor deposition (CVD)
% Uniformity can be better than 2% across the % Chemical reaction involved in deposition of a
wafer from lot to lot given thin film
% Need to flow the O, fairly fast in order to % High temperature, but not nearly as high as
minimize reactant losses from the first boat to often required for thermal growth
the last one . ]
Thin-Film Deposition: Pronicl g De?"”“:"ﬂ/'b“% <ol elewoif
* For deposition of films like Al (and other metals), (9_( ! P""z"”"@“)o o o & ;{am(% o “Q
Si0,, SisN,, and polysilicon - °°

+ Deposition, not thermal growth —

T
Bromo: "’“‘f"“‘h\i/ N fibn oty dgports n i (o w hartl vy

e v o0 o?

Ew ( ° &\ [ W-[ew@m\m‘
] wa o 600 4 polysilicon
ST @ Fvprctit. ™~ L Tec P
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' ) on Jonoviue , Can
Exavple: Sutferis | Tarsef (eg, A Givz, Sz, 1) - Remarks: ol hish g,ng'\ coat urdpsdes

il (o) % Lot's of materials can be deposited in a simila
\ % A slodoe m“"‘}? ?
£ =l

manner: polysiliconSiO,, Siz;N,, tungsten
OmRr %C.ompar'ed to sputtering,~6\D is less expensive
since one can coat many wafe

. sputtering generally does it one
10 dwd{cha?” Padd’ homs) % For higher temperature, CVD films are muc
more conformal than sputtered films

| —
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. Diffusion: Its similer n Gin :IMPley n silicm
* Process of introducing dopants into selected areas nasdd 'I%?Q&O"‘ng o Ahis
mne -
bo >, @ high Jem R S
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* Now, start going through Module 5 on Surface

Micromachining
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Claar Field % Dask Feclod Mwhj - Straight or Sloped Sidewalls:
oy o soeen Quore mark + Often want sloped sidewalls in order to reduce the
K sharpness of corners

% Easier to deposit over

% s @ %Sf\ar'p corners concentrate stresses

ol % High stress can weaken structures creating a
ma sk reliabilty concern
oragpa boy % High stress can .dissipfrl'e energy, lowering Q
Layout ke |G * When you want straight sidewalls (e.g., for lateral
m " Cloer B (¢ -F-) electrostatic drive), use a hard mask
v madl

U PR can't last for thick structures

% A hard mask suppresses angle transfer
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